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WD 2005/ 105863 PCT/ US2005/ 014340 METALLOCENE LI GANDS,
METALLOCENE COVPOUNDS AND METALLOCENE CATALYSTS, THEIR
WEYNFHESES AND THEI R USE FOR THE POLYMERI ZATI 23M/0B2005/014340

OLEFINS 5 BACKGROUND 1. Field of the Invention The
present invention relates to substituted |igands and
to a process for the preparation of such substituted
ligands, to netal |l ocenes conprising such O substituted
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s and the stirrer if pol yner i s obtalned
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25 t ly arti whenever, net al | ocene and/ or
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catBly8PEResAE. The deposits.in the reactor systens
qui ckly reach considerabl e thickness and have a high
strength. They prevent heat exchange to the cooling

medium and t herefore have to be renoved regul arly.
2. Sucgi‘%ﬁ%%@%ﬁ}gfggt al yst systens cannot be used
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To avoid deposit formation in the reactor, ported

Sysé@amwogampr@y@t%tfenwﬁ)n wmetalicontronast af thﬁc'@\%a!mén@ﬁynm@nd a
cotHTE M SRR P Fie3Fh b ARurfiRGRAAL Y5 Lewis acid or an ionic

compound are well known. in polymerizations using such soluble, homogeneous

catalyst systems, heavy deposits are formed on reactor walls and the stirrer if the
polymer is obtained as a solid. These deposits are formed by agglomeration of
the polymer particles whenever metallocene and/or cocatalyst are present in
dissolved form in the suspension. The deposits in the reactor systems quickly
reach considerable thickness and have a high strength. They prevent heat
exchange to the cooling medium and therefore have to be removed regularly.
Such homogeneous catalyst systems cannot be used industrially in liquid
monomer or in the gas phase.

To avoid deposit formation in the reactor, supported catalyst systems in

which the metallocene and/or the aluminum compound serving as cocatalyst
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1 WD 2005/105863 PCT/ US2005/ 014340 is/are fixed on an
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For exanple, the nolecular weig

reag@]lg,ﬁyc@ggrgﬁ@eﬂyldag@égowppﬁnq%wltbgghg@s of trgnsmon metals,
sucﬂ'{geﬁtg Uﬁ* ertcﬁhlﬁﬁ? eﬁg Heﬂﬁj Ry!)zirconiumdichlorides is

descrl pi ca val ues for PP waxes of
37,153Igh well &knbRnthbd basic pEoherdl of thelreetaRosemass, yich as

(EP 0 485 822 131, US
polymerization activity, stereoselectivity, regioselectivity, and maximum
achievable polymer molecular weight can be systematically controlled by specific
substitution patterns of the ligand sphere. For example, the molecular weight M,
of the polypropylene produced with the use of dimethylsilylbis(2-R-
indenyl)zirconium dichlorides is described with the typical values for PP waxes of
37,500 g/mole (R = H) to 197,500 g/mole (R = methyl) (EP 0 485 822 B1, US
5,243,001).

With respect to controlling stereoselectivity, regioselectivity, and polymer
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stereosel ectivity, regioselectivity, and polyner 2 WO
wWQO@510B6863 PCT/ US2005/ 014340 nol ecul ar wei gh€T/UB1965/014340

substitution of an indenyl ligand in the 4-position

has al so been found to be effective. For exanple, EP
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controll'ing effect of units that bridge the idenyl
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284 708 Bl 6,117, 957) d i b et hod
molegglaf WAghtR] 9&2‘?%@& _glmp'@)c%ncgﬁg'&é\eg Smaﬂﬁ@tpﬁgg%égﬁﬁ
mehid %tﬂghrﬁq]eﬁééc@f'uﬂ&@ thé’tadrlo?%' A8 idenhyl nggﬁd@ﬁsﬁ also been
ed that t

di scover changl ng t he ructure a composi tion
descidbedt Fer bxangde,| EROL80/ ChBAGYS 6.1 17 185 7ndiestiilgpspainmtbod

for o&Rtiiag BpWstBOlERer Meiatitcid HBsr i Robty brides
variaﬁgtﬁgﬁ RdLbedR @_iﬁﬁ)vgr&%a%ﬁaﬁdﬂ% *hé %t?uc?tﬁfé and E@mposition of

_ ocenes Wi th standard bridges, such as the.
the hiidgetiegdstd ghangdsdgdhe mghiinhpoiaeand arleedar weishts af the

he |i d i '
polvEER iSSP e GoTs B g fans 120 8110
5,679i8329 4 AR ER44 987 R¥S B €7, 714Et al | ocenes bridged in

this’way can be isolated in pure racenmic ("rac") form

onllye matalflan;mimwzfaﬁapdaﬁdglvfi asl, gurlb asdke dimmethysHyl bridge,
nic§FB5RSEBLoBy R H BhoBis MR EPRRReRE 88y being

usedPAREGstrP YeHERallZidetferne G eSS e ativantayey e For egample,
incrustation is made even nore conplicated b

metallesanes badged yn Hius M@V:qaﬂ;b%iéﬁm% i pere ﬂ@é@@ji%é@fgﬁﬁﬂm
oty ST s b PRSI R 8 BRI 0e P

the JIRSRMLSroldRCTbA StePasdasbalyfon tteasany metalivwene$ i Ak modern
correspondi ng meso form produces undesi r&d atactic

polypisirizption presrsses por prevameng BIsFHSaL) Isymple SVPASMHEC
comtRCAe T SR8 R TREL P46 gy
pr elodreied tefusat meeaIsterdds ih thegolymerization of olefins, the

preparation of the isomerically pure racemic form is absolutely necessary, since
the corresponding meso form produces undesired atactic polypropylene ("PP").
The isomerically pure racemic form is understood to mean a rac:meso ratio of
greater than 5:1 preferably of at least 10:1, more preferred of at least 15:1 and
most preferred of at least 20:1.

The separation of the metallocene and inorganic by-products is usually
carried out by dissolving the metallocene with organic solvents, such that the

inorganic by-products can be separated as practically insoluble components.
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nost preferred of at |east 20:1. The separation of the
net al | ocene and i norgani c by-products is usually O
we@arositessedut by di ssol ving the netal | ocene w t PCDUSENF/E14340
sol vents, such that the inorganic by-products can be
separated as practically insoluble conponents. 3 WO
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controversi al are often used. Since the inorganic

arefnyftesy qugagi:_tSinae ];éh?fmﬁ%thMGlCﬁSrﬁr@@fE?nfqt}’Séine i? very fine
s it et pp8Sng Y8R0 B G RGP e Y bR 2Rgec

and 81 iledtionts @rried ovitheslertes sreseurel OT dbe albletd igolate the
isolate the netallocene as conpletely as possible

I
metallorena@sfaomplately as possible§oem the fietasit i ysually npcessary to
cdistil off the, so ' ;
cisfi Gt e Rk TABY prEEGhs e R B Ttk BLARKEEL Rlose
type8lofin staso depasoistidnsRowaids éapuritiesh sash as awess of moisture,
noi sture, bases, protic conpounds, and .t E.e&ga{
basey, gselic epivpaends endihersal plEess: HNgtaeIRINKigHREY therlarge
reaction ste ' | g [ i
nufrERELt RcTbR R ERet £ oL ABARBERAM SRnei STl
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steps, sone of which contain educts, C?Zlgq?m%q%e .
putiieationesieps.iseoee phwhich geatapriucis. SaparLlR SokIREoHBRE ey

in mxtures t t or depleting inorganic
are, RGOy a%%%r@g{eﬁq\ﬁg&%{/ﬁt%ﬁolﬂﬁg?%; are described in EP 0
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ars paecs Bt 03 B G EoDa B GBER " Bt PRs PI R

betBGsd RlseSlirfiRdtdl SRS reduh it'tHe 1884 6f VallgBieceilidey ah8 @9l
products, and the yield of the desired end product is ultimately reduced by these
losses to an extent that is no longer acceptable.

Therefore, the object of the invention is to eliminate the disadvantages of
the state of the art and to make available compounds that are more soluble and
have the same or an improved catalytic property profile and/or make available a
direct synthesis, which yields the desired isomer with the use of surprising

synergistic effects of alternative bridging concepts, suitable ligand substitution
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| osses to an extent that is no | onger acceptable.

Therefore, the object of the invention is to elimnate
wo b@sdiserlvant ages of the state of the art anPCT/USI00K@14340

avai | abl e conpounds that are nore soluble and have

the same or an inproved catal ytic property profile
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systesns/aiethisZavei®Ncondi ti ons using the catal yst systens
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achi eved by a supp catal yst syste conprising at
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ubstituted and specifically bridged netall ocene

conmseintitatbd tind specitiaaly hridgeslymetatioeene kenmansaiof the
i nvention, .use i s de qof at |east an
cotp e ks i S dbe st H RS ARG offppounc

of the formula 1a below,

R°L'L2 M'R'R?
(Formula 1a)

where L' and L2 are identical or different and are each a substituted mononuclear
or polynuclear hydrocarbon radical or (a) hetero atom(s) containing hydrocarbon
radical(s), for example substituted cyclopentadienyl, indenyl, tetrahydroindenyl,
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which can
form a sahdwich structure with the central atom M',

R' and R? are identical or different and are each a hydrogen atom, an alkyl

group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10



?5 where L1 and L2 are identical or different and are

each a substituted nononucl ear or polynucl ear
whyasoewsbon radical or (a) hetero aton(s) conPEI/NBIVG5/014340

hydrocarbon radical (s), for exanple substituted

cycl opent adi enyl, indenyl, tetrahydroindenyl,
6 a
carodF LT an R b PSR cotihaRsi kB oy

groupvot frotrheboirs tahbatiphd bérboRlatamd, Eﬁ azlkemyl dentp ofofromr2 to

different and are ch a hydrogen a Kyl
aboufy1 Qo pRIRS 198 ABBUIP. £ IBOTOAIT ol Ty a$Hebiey Where

L

an aryl group of from
6 to Sbdut BhoarboRtGtvnay, bod Rt amdR? aandeyh org orgnongyring system(s),

about 6 to about 10 carbon atons, an al kenyl group of
from2 to .about 10 carbon atoms, an OH group, a

tighg! MRS aie 1R Wrang ElfRRrts an al kyl
M |shgn8%§g?ﬁ§fdgl [in% gfa out lld car on atoms or an aryl

group of from 6 to about 14 carbon atons, and Rl and

. R2, can formon nor e, {i ng, systen(s), M is a nmetal
R®is bcﬁ%m’f%efa?h? h@a‘ﬁ%‘?P (gL'FabI e of the Elenents, RO

is a bridge between the kigands L1 a L2, RO Pw-C
_O-I\/I12 {, RROPOMR4O R I i fii, --lyl 12|
["vi 12 -C G P{, RA—K+—Ral R—\B—RL&G R 40 40 N
-R 40 or P(O R40 wher el R40 and R41, lewen when beari ng
t he same index, can beRdentl cal or &different and
are each a C2-C40 group such as an al kyl group having

from2 to about 30 carbon atons, a fluoroal kyl group
of from2 to about 10 carbon atons, an al koxy group

of from2 to,about 10 carlppm atgms, an aryl qxy gr eup
-] |

of fromé6 I, | :
— M = s/1—~ '—(IZ—(%—
Fl% 4 H R H R H = o
\ R " >\| —R" ) —R " \N —R"  or P(O)R#0
B
/ Yo /P / /

where R* and R*', even when bearing the same index, can be identical or
different and are each a C>-Cso group such as an alkyl group having from 2 to
about 30 carbon atoms, a fluoroalkyl group of from 2 to about 10 carbon atoms,
an alkoxy group of from 2 to about 10 carbon atoms, an aryloxy group of from 6
to about 10 carbon atoms, an alkenyl group of from about 3 to about 10 carbon
atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group
of from 7 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyt or
arylsilyl group, or an arylalkeny! group of from 8 to about 40 carbon atoms. R
and R*' together with the atoms connecting them can form one or more cyclic
systems and/or R* and R*' can contain additional hetero atoms (i.e., non-carbon

atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br, and/or if R* and



to about 10 carbon atons, an al kenyl group of from

about 3 to about 10 carbon atons, an aryl al kyl group
wo@Roosnaiss¥ to about 40 carbon atons, an al kyl apgT/U§200%/p14340

15 of from7 to about 40 carbon atons, a substituted

or unsubstituted alkylsilyl or arylsilyl group, or an

41 ¥ :
R R e e R o T BB R B
carbomatdneg, R*‘dcendre arhyérocatidnogrosy sf #om hiwlaloutR4O0caahdn

R41 can contain additional hetero atons (i.e.,
atomggn: carbon atons) like Si, B, Al, 0, S Nor P or
M2 iBaliRgRNg@huhidf@inCanar Br, and/ or i f- R4O and 6 WO
2005/ 1b%863 PCT/ USZOOS/ 014340 R41 are different and
R® mRaals link twalvoitaetibe formaup 1eftofaneranabiirit 4 to about 40
carbon atoms, R4l can be a hydrocarbon group of froml
to about 40 carbon atonms, ML2 is silicon, gernmanium

of |ntfbfmulani@ PishstefBivedihse L isni siivaituisd b?cl@berﬁt_halenyl
formula | a to one another. In fornmula la it i

S
indepyletasrahydroindanyl, Bzuseryl siupsen Lazeapepiaie b dhiaaantaigny) or

oxeng R amb R R sine medry AR e B ptom ey
and Eaﬂs & @ﬁﬁétﬁut%légﬂg\éﬁ btgrléflﬁc%rggﬁlemfgﬁz@l’@ﬁleﬂMr@ﬂM at om

azan&ritalanyidﬁmamaiﬁnyl eranepaypialem, urdw@lhy‘an fphpsARAViEhy | |

t.hi | h
strug IERRANR EMip Bo AR RE Bt AR R RAR B ¢ e
R“%@f‘@@gl RY mHig= HYL (SR:*»OH%@%“SR“) \Aﬂ%%iﬂiﬂ‘@m R4 areRd@atcal or

or - (R4ORALC- CR4AOR41)-, where RA0 and R4l are
differerdraridcaie esch ajhydr@pémonaq«faurapfsff%@@n%aw B GarpRIHatoms,

o o358 B ) PR R o Byl

of frékPTo aBdSUt&rLNéé#blSWat@thUIan atifyldrylogroidp bbfrabo‘ﬂto 14 carbon
carbonoatom;f an al ky groug of from?toé
atorgarlbBA’ ard Bisare dlffeazﬁmtéﬁd ¥drgcaren<reuR RETrRIpabQut

carbon_gr oup,s0f
o oSO B B by PR Bt o oy
30 d®b@batdms.30 carbon atoms.. 0 In formula 1a it is very

parti cul arly preferred that L1 and, L2 are i genti
di im &aranda Aad iavenepamcdlagy pETerad Sptin@eAH are idéHic8l or

AL AR e GAAAPE Sk ARG Sy, (R aREE AR orY.
thlagig%ﬁ or Gﬂﬁ&%ﬂiigmhm caarformieesdndwiefi sigucinie Wit the
central atorn M, and the bridging un% "ER™MR1si= or ROR*'Ge=, where R®
and R*' are identical or different and are propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, cyclo-pentyl, cyclo-pentadienyl or cyclohexyl. If
R% and R* are different and R*® is butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, cyclopentyl, cyclopentadieny! or cyclohexyl, R* can be methyl,
ethyl, propyl, butyl, pentyl, he;(yl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

cyclopentyl, cyclopentadieny! or cyclohexyl.



and R41 are identical or different and are propyl,
butyl, pentyl, hexyl, heptyl, octyl, 15 nonyl, decyl,
wanasaydsss dodecyl , cycl o-pentyl, cycl o- pent adi PE/USIHN5/014340
cyclohexyl. If R40 and R41 are different and R40 is
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undéen! prefERE Ws t | : heoy QL
cyclondiyl | i1 EXELRRRINS bnd SEERPFAM, PSR mppcene
conyantept of c;qt,alyﬁépygﬂlam @‘dhylpresmrtghverdlimu Iuseuﬁl;ﬁhﬁl?qdé 91; at
C ent cyclopent adi enyl or cycl ohexyl.
A'9853%.8%‘?g@%ﬁ;%%@%&%w@&g%ﬂmo More preferred, as
- .the substituted and specifically bridged netall ocene
conponent of the-catalyst systemsof the present
i nvention, use is made of Rt |&ast one conmpound of
the formula 1 b below R4 RS\ R6 _R3 R® R8 RO MR R2
s R R" 38 RRRY '34 N a 1l b) where the
substituents and indi ces hawg oI7I oW ng neani ngs:
M is a netal of Group | Vb pf\the P&’ odic Tabl e of
the Elenments, R and R2 are i i cal or different and
are each a hydrogen atom 0 group of from1l
to about 10 carbon atorms, oup of from1l to
about 10 carbon atons, an\aryl ,group of from®6 to
about 20 carbon atons, R Xy

R?

(Formula 1b)

where the substituents and indices have the following meanings:

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

R" and R? are identical or different and are each a hydrogen atom, an alkyl
group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy
group of from‘6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an OH group, a halogen atom, or a NR,* group, where R* is an
alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to
about 14 carbon atoms, or R" and R together can form one or more ring
system(s), |

R, R* R%, RS R7,R¥and also R®*, R*, R%", R®", R” " and R®" are identical
or different and are each a hydrogen atom, a linear, cyclic or branched
hydrocarbon group, for example an alkyl group of from 1 to about 10 carbon
atoms, an alkenyl group of from 2 to about 10 carbon atoms, an aryl group of

from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon
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15

25

30

group of from®6 to about 10 carbon atons, an al kenyl

group of from2 to about 10 carbon atons, an OH
wW@e@afngsse3 hal ogen atom or a NR232 group, wher BCRB22005014340

an alkyl group of froml to about 10 carbon atons or

an aryl group of from6 to 5 about 14 carbon atons, or

atorhs, ainda| p re L
o, Sy SR BT |BOpR" GArLR Fpins hen anplieny
grawsy of frgn 8 tezbouh40 Ratboarakomderta sabstiteleddiriheubstitugnd

RSN RE5 hS B BACE arlF ot B e

grollp*sqngjg ettitallo s A8 Sh AL BonfNikel SEBY l B °§,pll}l ?Jfr g %x?@/or

2 to about 10 carbon atons, an aryl group of om

maysobdnthapgesatona like GuE| oabr,anglar tupl adjacen radichlsaRA. RS

6 apout A0 ear ben 78 072095/ 196863, PCT/,US2005/ 014340
°r§t o?}{s?,’%gré aﬁk@f yR g058: %f Ofeiom {noeaiversesmay oo R

hydrooamboarTirgns)@tath ke me! bridghruieR® hee @ﬁ@n{e%nﬁg;gé’ét f8fh

carbon atons, or a substituted or unsubstitut
ab%‘f’@(%@i@%ﬂe%]@f@(mukﬂ@l group, with the proviso that

R3 ! not . hydr,oge h royps ont ai.n
e T 41502 Rl EuP iRl adne L nefiaatBig T entanisg deny
alodles cor et ta iké&@isE.

A o CrevhonaRiy @ the SaImpe A SA0Re likéMisgof fhpSiiaite. |
R6, Indprpplapdd it is prferred, thak ME{?S, ZiRRndrmRr hegium, each

X J i d . th
br Garny ot e LR atad 8% B S bRt o
abowtsiiecdrbbe atamandraikod: grdbg of franb1 To BEbLETY B5oRARBMs, an
nd t he (?gf het er oat on(s) contai ni ng i ndenyl 110 )
afyg%f%n HYUR & By @ i b gRIRgN AR O @digleaenatom ordt eand R

' [ ' | la 1b it i f d
oM e A 2,10, P

S .zl rconi um or R1 and R2 are

i deRt ianle%rareliide‘r&igalrttr chiffet eairmcaaTe;ék@H a JheaD ¢ él}itcf(ﬁrom
| to,,ahout 10 carbon atons, an al koxy group o rom1
bre@&‘ﬁ%&fﬁf%ér%@faﬁm Nhighsmay he halggenaiedrisupxampler amalky!
1
archip KA 19308 OIF oiboft RO 9P By Blo ol Zo fbout
10 R8tbon @pmsj dentical or different and are each a

ey RO 1 e MR OB S R S bl
diff%fegma;ad:age g%gﬁ{a ﬁ';l%& g?%grﬁﬂtg?égﬁﬁss?fut@@ oPLKETDStitHES Wity
or arylsilyl group, a linear, cyclic or branched alkyl group of from 1 to about 10
carbon atoms, or an aryl group of from 6 to about 10 carbon atoms, which may
contain one or more hetero atoms like Si, B, Al, O, S, N or P, and/or may contain
halogen atoms like F, Cl or Br, and/or the two adjacent radicals R, R® and R®,
RS may form a hydrocarbon ring system,

RYis RPR*Si=, R*R*Ge=, R* R*'C= or -(R*R*'C-CR**R*")-, where R*®
and R*! are identical or different and are each a C;, -Csg hydrocarbon group, in
particular an alkyl group of from 2 to about 10 carbon atoms, an arylaikyl group of
from 7 to about 14 carbon atoms or an alkylaryl group of from 7 to about 14

carbon atoms. If R*® and R*' are different and R*’ is a hydrocarbon group of from



20 4, S R6, R, RBand also R4 ', ', R6 ', R7'

and R8 'are identical or different and are each a
whyasoesn at om a substituted or unsubstitut edPCT/US2005/014340

al kylsilyl or arylsilyl group, a linear, cyclic or

branched al kyl group of from1 to about 10 carbon

4to %‘bBUFBO %rb%ﬁ e?tBPHs 9(40#% ok 4 Fv%?o@al‘@or?apctﬁeor éP ife %]TE 0 about

al n-one’or nore
30dartbcmé§10msB Al O S, Nor P, and/or may contain 25
F, G or Br, and/or the two
S Bt o9t e ptaining inlony
4
e e T e
ar & fodenta thait ipvedi peﬁrehcelarlquelfeare@ tat M 'as G2rcoBRim,

Y B 250t e Rent o cifie {%éar%%n%ﬁlw%lagﬁn%@rwrmlate
30RPLOMRE’ té’reﬁBQHﬁca]f%r‘aﬁFéﬁHt @@gﬁ% R m%s%v %lc or

group of from 7 to about
brarRAnEd;hydr@ba‘rbm gmu;:awuldm@aysbedwdwgemtedbﬁﬁ @ramplecﬁn alkyl
@ Vp 00 / 0588 P /U82005/014 40 4 to ab
grolgt g g0 PR ATHES & AP KRRV KBAUB SRR fo about
10 dafFiseR éto‘h@s, about 30 carbon atons. The
4,5,6,7-t etr qhydr oi ndenyl and the (a) heteroaton(s)
cofk @ndlai@() Rnd@rr%/fhydragam,ogues corresponding to the

COR RO R Calsb i 3% B P Bl B frabonditeeart are

each Iarmrﬁ@%m atlaln aﬂa Iﬂ%aﬁrc@ch@@beé‘rﬂihe@ralﬁylfér%ggrﬁf A 1 to

are net | ori ne or peno ate , are
abouu&par@@m ajam@; fJf anényl giadp &f SoanbHo about d8r Garbgoldtoms

o RS B oMY= BB oRaRNERyt 1 JEGRBCBYel dageiner gy

fornB oy s’ygtépﬂr bon atons or an al kenyl group of from2 to -
aboyt "Q 10 carbop atoms, R4 and also R4 are hydrogen,
Re R R T S0 il @e=RvhereRibana Ré ' aerideniial or different

ans R0 S B 5941 Rg A0 R S oy

cycleaieniyl, @}men@rdl@wl @H&kcl@h@wﬁ BR* e R readiefeterkGind R

car bon at ons [or the two ad|j acent radicals R5, R6
is bulyl prStY!, hepg, heé%ude@@twk/@ppyk dgeyhepdagy, dpgeaylacysiagentyl,

ors RGPl Ral, Sy B R 6, P oy,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl
or cyclohexyl.

Most preferred for the production of polypropylenes with high melting
points for applications, where a high stiffness is required, as the substituted and
specifically bridged metallocene component of the catalyst system of the present

invention, use is made of at least one compound of the formula 1c below

10



and are propyl, butyl, pentyl, hexyl, heptyl, octyl,

nonyl , decyl, undecyl, dodecyl, cyclo-pentyl,
waey@soesent adi enyl or cycl ohexyl. If R40 and REQT/ERM05/014340

different and R40 'O is butyl, pentyl, hexyl, heptyl,

octyl, nonyl, decyl, undecyl, dodecyl, cycl opentyl,

cycl opent adi enyl or cyclohexyl, R41 can be nethyl,

et hyl, propyl, butyl, pentyl, h%xyl heptyl, octyl,

nonyl, decyl, undecyl, dodRéyI yclopentyl

cycl opent adi enyl  or cycloh-xy Mo g preferred for

t he production of pol y‘ggo.p th high nelting 15.

poi nts for application |gh stiffness is
required, as the substitutef .n. Specifically bridged
net al | ocene conponent of the Iyst system of the
present invention, use is S of at | east one
conpound of the formula 1Re F@ggmo 2005/ 105863

‘ ' RO MIRIR2 8' R
R7 Rs 6 RR5 R4 R¥For\mulad 1 c) where the
substituents and pndi cels have/the foll ow ng neani ngs:
M is a netal of groug : ? Peri odi c Tabl e of
the Elenents, Rl and \tical or different and
are each a hydroggfi-at group of from1l to
about 10 carbon atons,
about 10

(Formula 1c)

where the substituents and indices have the following meanings:

M'is a metal of group Vb of the Perrodic Table of the Elements,

R' and R? are identical or different and are each a rrydrogen atom, an alkyl
group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from 6 to about 10 carbon atoms, an aryloxy
group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an OH group, a halogen atom, or a NR,* group, where R* is an
alkyl group of from 1 to about 10 carbon atoms or an aryl group of from 6 to
about 10 carbon atoms, and R' and R? may form one or.more ring system(s),

R% R%, R% R R7,R%and also R®’, R*, R®, R®", R "and R® are identical
or different and are each a hydrogen atom, a linear, cyclic or branched
hydrocarbon group, for example an alkyl group of from 1 to about 10 carbon
atoms, an alkeny! group of from 2 to about 10 carbon atoms, an aryl group of
from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about 40 carbon
atoms, an alkylaryl group of from 7 to about 40 carbon atoms or an arylalkenyl
group of from 8 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl
or arylsilyl group, with the proviso that R® and R®" are not hydrogen and that R®

and R®" are identical or different and are each a substituted or unsubstituted aryl

11



10

carbon atons, an aryl group of from6 to about 10
carbon atons, an aryloxy group of from6 to about 10

w@ a00baosset ons, an al kenyl group of from 2 to aPCOUUSZ05/014340
carbon atons, an OH group, a halogen atom or a NR232
group, where R32 is an alkyl group of froml to about

grolip of &0bo6 G BBEH 4V cAth ﬁ%Yd gr
10 carbon at ons, and Rl and 'H%P L1‘F{)rm ggﬁ%}n 81988}more

het@;qqgtogg,%lgl@,ﬁlsﬁ, ARD, ERzN ORB am/or RT’ay &ehtainchaidgen Eibms like
or different

", oy B 2nd i aipdPBis R e aSHhE 2t cfrrayegph respoct

to formauleed 5 hydrocarbon-group,for exanple an al kyl . ‘
ar gf from1l to about- 10 carbon atons, an al kenyl .
gr 3&8@ .6,/ darahydeoinden and tbar(abhefama’mm(a)mcaﬁanhmg indenyl

ANl (e PRt 1 HBaboduaS 36 AU s Roatanne.

an lalfegrhaiaylic igs pugfeatd fthatv 7is Arcpiih o PaGankon at ons
or n arﬁszal keny of from8 to about 40 carbon

|
@B%tdenn@a!@r@iﬂf%mgm atam@alkall groupi Ofy’ron@ 1do

oo D S Lo AR B, o

arympfgemwafam &tb%m@hO@a%d?ﬁéﬂo‘Wé ‘i‘ﬁ‘ 2ol S BRI téﬁoew
(fﬁ 11 VIO 2005/ 105863 PCT/ US2005/ S Eagee group o
anG oM 10

NS MYedidsostatGis. The groups rray
CONRahAy RAL 4RL F'éﬂﬁ@al otr]% fF‘erré’ntaé ré L8, ?Shﬂ%ali cygdic c,\_r

S, Nor P, 'and ntain o en
bra@thegt gIBIUp vaimich triey HHh@lggaxgatedj tor @Qahﬂﬁe éh%lmgmuwoﬂ?ém 1

th resp to for
to 2t 40 B2 SR s e G A2 Ireiles i
atog@nt ai ni ng i ndenyl anal ogues corresponding to the
corrpounds 1 c are likew se of inportance. In formula

1c R“c R°sRAriY and eldo RIgtRMIRT ‘sared RE carieudiersticahaf @llff'éf@nt%lf\d
e identical or different and are an al k

are ge@&n@ WJVPQ%M‘ 1P gr a JBew Cyeicalryanchedaky! g{@uaméwyn 1to
abdiit A0RaPhorf A©Ms! \Ah?:hqjﬂg tcoﬂr%w?@ﬁ@%?g‘?%ar tor]n% |lk8rSl B,

aryloxy group of fromb to about
Al, @aﬁo@b@r @1 / ardaRtontath MOguyatmnm;me @ltoﬂBre ring

£ are nt cal, or different and
S SRR ey o6 S8 B b b Bt
of fr@@n Bab e 0e4 @ EarbbhatéaMR? B RWRa'§|¥| REFPURCCS RIT QM= o
4.9 about, 8 carbon , t ons Qr an al kenyl group’ of From 2
(R F&, Qb(éla ,odrarem aaddﬁm are identical or different and are each a
C2 -Ca9 hydrocarbon group, in particular an alkyl group of from 2 to about 10
carbon atoms, an arylalkyl group of from 7 to about 14 carbon atoms or an
alkylaryl group of from 7 to about 14 carbon atoms. If R*’ and R*' are different
and R* is a hydrocarbon group of from 4 to about 30 carbon atoms, R*' can be a
hydrocarbon group of from 1 to about 30 carbon atoms.
The 4,5,6,7-tetrahydroindenyl and the (a) heteroatom(s) containing indenyl
analogues corresponding to the compounds 1c are likewise of importance.
In formula 1c it is very particularly preferred that M' is zirconium,

R" and R? are identical and are methyl, chlorine, or phenolate,

12
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R4, R6, R, R and also R4 ', R6', R7 and R8 + are

identical or different and are each a hydrogen atom
wo@erood/1biseear, cyclic or branched al kyl group oPCT/US2003/014340

to about 10 carbon atons, which may contain one or

nore hetero atons like Si, B, A, 0, S, Nor P and /

‘or m%dn@wt@ieﬁdbﬁilé%g%ﬁ AP dridBrefead aBhebF, ¢ c 0%5

and R5 ~ are identical or different and are ea
bragghed Maibydedwiiprgpyubutybibehiybor bexy, about 40 car bon

(R%ﬁi’i@%@iﬁ &Rﬁmﬁogjé%nd Sjcl) gﬁécl_dg:]tl-cm or

di fREMRINR %l alse RPAGR 'andGe' a@%&ﬁ@épéﬂaweﬂtrware each
‘in particular an al kyI group:of from2 to about 1

a hydiiogsn ajesner, @ Hnears gyaicgrnbrgnehgd alﬂM‘Qr@mrJ?Oftfcombbta ahdut 10

o5 808" B QP 14 B Houd 4B e b s . 0. .

N oail] aRdQ dramay Bydtae Balk@Bn tEWB IiRE H, wrft 0 about 30
car%p%%g&grrs R4l can be a hydrocarbon group of from

8t dentied citdiffarentrérd are naphthyl, para-(C4-Cyo-
alkfiphehyf &a?éf(éhﬁ@f-ﬁlhﬂf’c%w O)&ﬂggylg g‘fertég%“,é e Qﬁﬁw meta-

den anal ue

(C1dﬁ>mﬂikmnmehyt raet, hidteWGeC pfalkyippheancer m@té S d,2C -
f % %ﬁlve y partlcul arly preferred that IS
uozrw )S'Qﬁpu Rl and R2 are identical and are net hyl ,

PCT UG08 GTARI0T s e e SR, s idgptical or different
anoﬂarfe‘mm bauty, mrﬁyleaehylahépf?l?@btyl eyl cd eyl hﬁr@d@d&@cﬁodecyl

entyl or xyI

cycgg%X’q;(h oycg@ew%%bw cyfqdphemy Ifr@ aﬁ‘ﬂsﬂ 524 @reRelfferem and R%

is b"&%ro Y %%x%dﬁgbg/?%oﬁ)g ncﬂhfl,ycﬁ{l dt (51%%%?/ o%hdgg llo%entyl ,

cyc@uammaménylrmmybldrmwamﬂ cdd beaaethoh etityiBropyhi blhyl”@}éntyl
etero like Si, B,

one or npre t A, 0, S
hesil giEni. Qe PoguT. a5 le Ui SR dRHesyL Y sbsRaN REEpegRdieny
Or(%fcloﬁeax 5 and R5 ' are identical or different and are

napht hyI par a- (Cl- C10- al kyl ) phenyl,
parMo@tme@ir@ecﬂ fardhe ardguctiphefyligh molecular weight random

co&'}%fn g&a«?cq%%l)?rbg\éﬂzn%he%!f féb<=,‘rrp‘:"rto%_uCf’L cg)n of impact copolymers
corpiang bigh el R OB or 1R bl et

polywr@pglems vaﬂdnﬁﬁhgap@ntsdugmerctbbn d55diG farapylicatiods awkere a
tyl t t I I

hlgﬁé@&ﬁeé%ﬁgrg)éwreg o rbstl%/uted anB s}f)ecmcaﬁlgll brldgedymetallocene

component of the catalyst system of the present invention use is made of at least

one compound of the formula 1d below,
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20

cycl o-pentyl, cyclo-pentadi enyl or cyclohexyl. If R40

and R41 are different and R40 15 is butyl, pentyl,
wheooglipsshept yl , octyl, nonyl, decyl, undecyl, POCTES3005/014340

cycl opentyl, cyclopentadi enyl or cyclohexyl, R41 can

be nethyl, ethyl, propyl, butyl, pentyl, hexyl,

heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

cycl opentyl, cycl opentadi enyl or cyclohexyl. Most

production of inpact c
ol ecul ar wei ght copolfymeKk§

“pol ypropyl enes wi'th nelting At sl gher than 155 C
for applications, where a /highistiffness is required,
as the substituted and specifially bridged

met al | ocene conponent of Rt he ﬁgh%§t system of the
present invention use is de t'"l east ?5 one

conpound of the fornul &8 ¢ befow, 13 WO 2005/ 105863
PCT/ US2005/ 014340_f4 RS R6
R RT R3 6 RS

(Formula 1d)

where the substituents and indices have the following meanings:

MWsanmmhﬁgmwﬂVbMHmPamchmmuﬁmeEbmem&

R' and R? are identical or different and are each a hydrogen atom, an alkyl
group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10
carbon atoms, an aryl group of from 6 to about 10 carbon atoms, an aryloxy
group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10
carbon atoms, an OH group, a halogen atom, or a NR,* group, where R* is an
alky! group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to
about 14 carbon atoms, or R' and R? together may form one or more ring
system(s),

R* R® R® R’,R®and also R*,R*,R®, R’ and R®" are identical or
different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group, for example an alkyl group of from 1 to about 10 carbon atoms, an alkenyi
group of from 2 to about 10 carbon atoms, an aryl group of from 6 to about 20
carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, or a arylalkenyl group of from 8 to
about 40 carbon atoms, a substituted or unsubstituted alkylsilyl or arylsilyl group,

with the proviso that R®and R® " are identical or different and are each a

14
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30

where the substituents and indices have the foll ow ng
nmeanings: 5 ML is a netal of group |IVb of the Periodic
wdamwsa0ssed the El ements, RL and R2 are identi cCBCT/U82005/014340
different and are each a hydrogen atom an al kyl
group of from1l to about 10 carbon atorrs, an al koxy
out car

. f 1 1 ~ ryl
sunBfBiif 8 il & fidn o Biabotd 40 RisBan atshe. e Pudiobespn
gro@;sw@yojonﬁélﬁran@ 6rQn8R=9Héte¥<9 AERROKG 81 BB @nsaNk%?' and/or

group of from2 to about 10 10 carbon atons
mang:@rmtpm balhgm@mmaﬂlbml: 61 oa BNR232 gr oup, V\,here R32 is

o R bR lablS R B ek e B bRl

exaFﬁplé%‘#l aﬁi?yl‘g‘?&% %gfrogé".}’ téRgb%Mtzﬁ%h‘bgﬁg%@m Qr’il apyl ’sut&%ﬁtuted

alk;ﬂa‘grom df iRSm hmabm&mo caibooratamsdorf & aeyhsubsiitutadealkamyl

orofly & ToaPE I BbgTuad cor oatiy Thech a0 Bitipsanay captain
oneloxt ﬂo?@ﬁéﬁer&@td}ﬁé 'ﬂfeé‘ SRUBIEL S, N BPP}’éndISF g‘#é?f &fntélﬁ‘HB!ogen

t o about car bon atonms, an'aryl group fromo
atomsdlh@ Rl C(rzBrbon atons, an aryl al kyl group of from 7
to apqouit 40 carhon at

10 B2l sas b At et 4RPalor Sxai A g0 SR aroup
of ffdAM B éﬁbu@ga}a‘ﬂﬁé @ﬁgréwank@h raieu ﬁﬁ@ﬁmwésgwoz%e

unsubstitute or ary gr oup,

carpooai@os taTaarngrcaJIdofR'ﬁomr@to aimutlaﬂatarbon dtdms,raarnaryMkiyl

ar ach /105863 PCT/ US2005/ 014
aroZi fioiut Ja 2Pyt AGEAtiP bR AT SR SR TEouP o about
40 é?’é?‘oa@?%n@y?“k?‘%f*,@“%',%GF‘“J%T@?/SQQ%@”?‘M%W“
The graugisrmagcog@m ahe s nhcimedweﬁero@atoms IBe, SiRB, A S, N or P

andd gt feioden ARt brclingh %E}ﬁgedbbggmsmmt gas
the%@é‘ﬁm@%&ﬂf&%@ é’dd?)@ﬁmt@?e%f otk tthmlid vaed  al kyl

group of from 7 to about carbon atons, or an aryl
subbing mﬁ ed -tatrhbmnomcgzrtyu ndthe (rhegeroatamn(®)conining indenyl

ar PS03 i g ARSI G

andinordiBls TPRiRprRfEREQ UM Mbfsofiohiuke oFhaflurgr Br, O
is in an a- position cyclic or branched group, for

siaﬂplaed&h atekgentinabop diftgrentrand areran allgaronp of &iopwih to
aboutO{B5 ¢arbon atgrﬁgyén AN g%uﬂ; 6P or% R 3&? olHt102 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms, or a halogen atom, and R
and R? may form one or more ring system(s),

R3 is a linear alkyl group of from 1 to about 10 carbon atoms or an alkenyl
group of from 2 to about 10 carbon atoms, which can be halogenated,

R%'is a in a-position cyclic or branched alkyl group of from 3 to about 20
carbon atoms, an alkenyl group of from 3 to about 20 carbon atoms, or an
alkylaryl group of from 7 to about 20 carbon atoms,

R* R®, R’ R®and also R*', R®", R” "and R® are identical or different and

are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to

15



carbon atons, an aryl group of from6 to about 20

carbon atons, an arylalkyl group of from?7 to about
wdaoosanisen at ons, an al kyl aryl group of from 7P€DUSIO%014340

40 carbon atonms, or an arylal kenyl group of from8 to

about 40 carbon atons. 15 The groups may contain one

' I . ! - . N P, .
abofl 17BamAICABhE, SR miBrtinshe ¢ maftndterd gfmg e 5y B,
Al ®hs Nrordg,umgj/mmtay@antm hatdg@nrmammmenrer@u&rmd above

ngg respgct formula | a.
&n. etarrﬁ t@ah@reﬂfﬁf?r%m@nsirf@e(%)chrms@bsjéwted(a@l group

of fﬁ%@%%éagawgé'ﬁﬂﬁw iR R A L N
alkyl)phenrylarrisﬂalmetas (p;q.&{f@raugm)zpm yIM i s zi rconi um or

haf i um,, Rl _an re i tical or Ierent and are

anz:al'ﬁﬁ Rr 8imp %4fOR?rQﬁnIR dRM@B(QJt G Rc L-H5 Rt dnwhesm RY
andat %?Fé( iR O gi fff{e%ﬂtjagtdoargg%ghtalﬁé— %SH ;ﬁg%gnolggr%p

aryl oxy group o
alkyhglongeof fadrorf toaatsb RY 0 @Tdorﬁ%zatdsmy éméml@mﬂ pbupeF fofl NEb
group of froml to

R3 |
ab%lﬁ P%’b%ﬁoﬂbﬁw Oéltagrﬁikidér@ ar%ﬂ&f)r/fwm iRl 4rgesherpatoms.

40 it
1R AR Bna O, 2 WL b AR gl oo
carlfaroatodns, &R *alanthe2d hydmcadorag o, offroralikerytout B0 earth

i from3 to about 20 carbon atonms, or an al kyl aryl
aora oup of from7 to about 20 carbon atons, 30 R4, R6,

dlf E?legtred Z\ﬁédéé}‘ a)%imgggﬂyl? r"] (82 rg?rqoorgi\&?ﬁgmg{rg indenyl
anatpgeies coorespoadiopdd thad bymp@undp 1dfarérhdmwlsetc§f imbortdere.
2005105863 ,PCT/ US2005 40 9] t
mﬁ)'& TS dent i ¥ou Tl iy Brofeven hakuhE Foeasr, b,
R1QsmoGR2 E’ré’ Tdeﬁﬂcél@'{cpére'ﬁétrﬁ@ %r%rﬂ@ & ?%Hol%iéms

) are | nt i
H%eas mﬁth‘aln&th%w a1- pamyl an buikyistn pemtgtjoamwexgir oup of

pa?é‘” BB aT808) isgryfifte AU Sabpisl. Sibuty, 1-methykbutl, 1-
eth%—lﬂﬁ)t‘éﬂ)l gﬁﬁ’é’(ﬁg’j{%@@gﬁcyﬂﬁgénty&@%clgﬁgxﬁl ydidpaienhy, Bidgent-
3-eny| RACRHER-TRAGREY o hexSeery! m:oarambtﬁﬁllcy@kmexgllent i cal

or different_and each a -C30 group, in
ﬁg %lﬂeﬁlﬁoﬁl akg Syﬁ?m@ﬁauan%f from2 to about 10
CaWOWaR@’gﬁd b RPY Al Ebfcli I@r Qkéjld‘éﬁtlf:él%ﬁd? drént %#?@Hie each
14 carbon atons, or an al kyl aryl group rom
a hyglsegen atpmaqrtadm@armm;hc or branched alkyl group of from 1 to about 10
carbon atoms, which may contain one or more hetero atoms like Si, B, Al, O, S,
N or P, and/or may contain halogen atoms like F, Cl or Br,

R® and R® are identical or different and are p-isopropyl-phenyl, p-tert.-
butyl-phenyl, p-s-butyl-phenyl, p-cyclohexyl-phenyl, p-trimethylsilyl-phenyl, p-
adamantyl-phenyl, p-(trisfluor)trimethyl-phenyl, m,m’-dimethyl-phenyl,

R® is R*¥R*'Si= or R*R*'Ge=, where R* and R*' are identical or different
and are propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclo-pentyl, cyclo-pentadienyl or cyclo-hexyl. If R*® and R*' are different and R*
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O If RAO and R41 are different and R40 is a

hydr ocarbon group of from4 to about 30 carbon atons,
w@R2dsaessehe a hydrocarbon group of from1l to abOTUSB05/014340

carbon atoms. The 4,5, 6, 7-tetrahydroindenyl and the

(a) heteroaton(s) cont a| ni ng i ndenyl anal ogues

o oo SMRIBRS A A0y EPERRLEGRy Hdcsl BABULRS: Rpponiv.

cyclcﬂf@lﬁ@ilém@l of lagtloMixyll, SR"fldemCtm psthy! Ratha Q)rB%ylalb@tyl pe%l
3_Int|cal and are nethyl, chlaorine, or phenol ate,
hexy], elPéX'h?‘FtY‘ BPRY degyl, Mﬂ@wl dﬁdsaylypyolﬁpgam ycrycéﬂpentadienyl
orcy}%’t ¥ " is iso-propyl, iso-butyl, ‘n-butyl, :
sec- batyl, cyclobutyl 1- nethyl butyl, 1- ethyl- butyl,

1- et limitmge(xayip]esdpcthmmmswIarly)meianmcymetallocene

comeé%n(gsg%ﬂ}hgz St nt iry%ﬁfgnﬁ%ﬁer]gweeg%gpwg}g}/compounds of formulas 1a

- 1d:par a- met hyl - cycl ohexyl, R4 and also R4 ' are hydrogen,
and R6, R7, R8 and also R6 ', R7 and R8 'are identical

orAf{Qﬂ$cmrepyl-4a(mhsapmps'hphenyl)andgxmyl)i@emeﬂndrrﬁ @-isapropyl-

c ched al kyl group of from1l to
hef&@aﬁe% 21&98%‘5?&‘%{5 r‘l@ whi ch may contain one or nore
he [ aangl/ .
"ATDISHHOIRA Ky Sout Bonéh) Bty (o iy

pheraﬂHIdeinlmahlumdldlltblﬁ@ ent and are p-isopropyl - phenyl
t..- buty

D BSters R AieEIgT bu BRIt fray-4s(ptert. buty-

he ﬁf’iﬂ’éﬁ |-Z||Fé;Bﬁfl1|Yr|1diclﬂ01(1(§é' sfluor)trinethyl-phenyl,
P W‘ - |y}r?eth is RAOR4A1SI = or RAOR41Ge

hér(@ AT OB - BTt BTy D BHODY (@, b et britar B Ard(p-tert,
b hexyl, heptyl, octyl,
bu’tyﬁ“éﬁ‘?ﬁylﬁ@%w 'ij{?ﬁar@gpﬁqgﬁ%é%%'cyl Y cyc}oo}/pent yl, Y
L
CYBLL-BOmoBR SR QUBO B Ehen R AE iinan,
4- (prtgrtblmtyl pheahiindenyhargoniunsieiyeridect yl , nonyl, decyl,

s PGS LI s PSR Pl b

phemnh&ényl)ﬂﬁmiumdxbmshaé,, octyl nonyl, decyl, undecyl,
odecyl, cycl opentyl c opentadle or c

| .
i Ro2-iBPROPY iy ( Mh@iﬁh@@% aenvlwédsavlr%?cmeawl ﬁ@@velp%éayl-
pheﬁﬂg% ﬁﬁ)eﬂﬁconm&lﬂgﬂg of the present invention are
Ol s’

OW ng cofnpoun of formulas I a - Id:
A-(2-isopropyl-4-(p-trimethylsilyl-phenyl)indenyi)(2-methyl-

4-(p-trimethylsilyl-phenyl)indenyl)-zirconiumdichloride,
‘ A-(2-isopropyl-4-(p-adamantyl-phenyl)indenyl)(2-methyl-4-(p-adamantyl-
phenyl)indenyl)-zirconiumdichloride, ‘
A-(2-isopropyl-4-(p-tris(trifluoro-methyl)methyl-phenyl)indenyl)(2-methyi-
4-(p-tris(trifluoro-methyl)rﬁethyl—phenyl)indenyl)-zirconiumdichloride,
A-(2-isopropyl-4-phenyl-indenyl)(2-methyl-4-(p-tert. butyl-phenyl)indenyl)-
zirconiumdichloride;
A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2-methyl-4-phenyl-indenyl)-
Zirconiumdichloride,
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20

25

30

A-(2-isopropyl -4-(p-isopropyl - phenyl)indenyl) (2-net hyl
-4- (p-isopropyl - phenyl)indenyl)-zirconiundichl ori de,

we2(02A0ssepr opyl - 4- (p-tert. PCT/US2005/014340

but yl - phenyl )i ndenyl ) (2-net hyl -4-(p-tert. butyl-
phenyl)lndenyl) zi rconi undi chl ori de,

EWR’& Aér&é{glb)”w"?ea}"hﬂ?%wl 2.7 imety!-4, lg)henlyl-
'ndwgmf%gwmbndé r coni undi chl ori de,

AR Mw&w phenyhingeryladi By ettt

A
WAH2 bRkt tefit. dhutgiphighyl )
but yI Enl’b’ﬁy)l ndeny] )(p;&l rco#mﬂﬁ?'ﬁ??g@@m dlmethyl

4- pbnerqy,_hn y;pnunn(
phes $“e” P %ﬁ%@ﬂﬁéE*%%f@féﬁ@»ﬁ'f@@‘:te*%'
pheﬁyﬁdleﬁgl%ﬂgdﬂgiﬁad{cnm)dél ohexyl - phenyl )i ndenyl) (2- met hy
phy2 jsonsem¥hphenyiofeayi? & Bteliamethyl-4-(p-tert. butyl-
phe&y&iqde% Brzﬂegrlnu#ld‘cﬂfotndbmt hyl silyl-phenyl)indenyl)(2-m

4 (R 2idapRbHESIbHy-pipeayy inderei)(R JB-dimeatioyli- 4Hiplitedt outyt
phaﬂy JindesyPrzggonivendighlosiggmant yi - phenyl )i ndenyl ) ( 2- met hyl

e‘ég? d@ﬁ@%ﬁ)@ lgptcbutyl Phgryindenyl(2-methyl-

ﬁnéahtr@gnh@@wlﬁrﬂeh Btresitimidfchioeide; net hyl ) met hyl - pheny
l')indenyl) (2

4- (B (?r'mrewlﬂ @dvmwwﬂ?ﬂﬁ ingenykeryetwhiddRstest: b

|
phe?(w ”&Srzg’[?b ﬁﬂ‘d"iqhéor{y *i ndenyl ) ( 2- iret hyl - 4- (p-tert.

butglbnﬂh&m{jmhyﬁdﬁi@wmzur-nmmmmhI oride; i0
A- (2-1.sapr

but@tbl%éﬁgw h%?%ﬁﬁ;’%e@%HPﬂ'meﬂ%ﬁ%ﬁﬂﬁ i ndenyl ) -

T 0O R (- ter .
but pHbip(Remethyi- M@mpmmum@ﬂw@zlﬁmmummgmde

i ndenyl Z|rc?

A- (éut’plg qnggm 245 E&yﬁ méjedyl zirconiumdichloride,
but lg{fﬁ%ﬁgrl]ﬁ%% Ihﬁ@er@lﬁw@or‘in@ﬁfd?dl‘ﬂ’éﬂ'ﬂ’é

4- phen rconi’undi chl ori de,
A- (A~bus@emnwl46-bmlmen44)gqmmmdlchlonde

but yl blsp %tgylﬂ ,Soalro?))gl mc?enyl)m?éo#umdlchlonde

A-bis(2-methyl-4-ethyl- lndenyl)zwconlumdlchlorlde
A-bis(2-methyl-4- acenaphth-indenyl)zirconiumdichloride,
A-bis(2,4-dimethyl-indenyl)zirconiumdichloride,

A-bis
A-bis
A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride,

(2-ethyl-indenyl)zirconiumdichloride,
(2-ethyl-4-ethyl-indenyl)zirconiumdichloride,

A-bis(2-methyl-4,6 diisopropyl-indenyl)zirconiumdichloride,
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4- phenyl -i ndenyl ) - zi rconi undi chl ori de,
A- (2-isopropyl - 4- phenyl -i ndenyl ) (2, 7-di net hyl -4-(p-ter

W 2006003863 phenyl ) i ndenyl ) - zi r coni undi chl ori de, PCT/US2005/014340
A- (2-i sopropyl - 4-phenyl -indenyl ) (2,5,6, 7-tetramnet hyl -4
-(p-tert. butyl- O
phenyddl

R;Bfé gorg?@@dl% il sB@%BWlmbﬁgb]ﬁfc'oﬂﬁJ dlCl’lSO(

4A(ms Pet, B-trnhetmyl indenyl)zirconiumdichloride,

R o S S AEon i diehiSfide,
, bUAﬁdls Y lﬁwbﬂﬂ@mﬂ%f'lf th% ichloride,

napht hyl) - ’'nde ndenyl “zi'rconi undi chl ori de,
5 A bis(2- methyl -5-isobutyl- mdenyl)zwcomumdlchlonde

| - ézt(ﬁéfrgu,eﬁm J%Hﬁ daef%\y z%cc?m %e l’“ ndenyl) (2-methy
h . .

SR O o conpupgore

A- Arbye(z—nmethyyldf Iéeneztbylkp’rmr\yy)l-lmdemyd)mnconmmdmbhiurm!e

- Br S0 G- -G DRBB V9 RERg A N B SR R chl or

| d@, his(2-meth |4 -t ifluoromethyl-phenyl)-indenyl hi
A-bis (2 e y ( uorggph hyylp |)r/1<)jeny )y |errf:;cc))rr]1[|uurm\C olnde,

i dé bIS 2- methyl 4 4 methoxy phenylg -indenyl)zirconiumdichloride,

N %’-@%é TV e paRphe RGPkl

ebls(22 ethtyl -4- (4 methyl phenyl mdenyl)21rconlumdlchlonde
|30ﬁrop¥ i ndenyl ) zi rconi undi chl ori de

26b|3(2 ethyl- 4 (4 ethyl p enyl)-indenyl)zirconiumdichloride,

%é& %yﬂw 4 jrrlfF uor me hyppﬂgny)lffnrd%% %rrTg&Clll}mdlchqoﬁde
C%U ?\Qm'ypﬂ%ﬂhhétﬁbiﬁﬂ%wm@Bhﬂ!}ilﬂ:@nlumdlchlonde

i nden zi rconi und lorid

i6(2- mefﬂwl 4r(ﬂdeﬁ;hund1nf©@mi dndpromiziepaigmdimethyl,

s(
-
| @%@ B hERy e b AR TS R e, >
KN 5ic82>- ﬁ%‘tﬁwlél @-&hyl-phenyl) mdenyl)znrconlumdlmethyl
di i sopropyl -1 ndenyl ¥2|rcon|u mdi chl ori de,

3o@5blﬁ%g@:@hwugﬁ@@smmémenAL)ﬂn@Qrwl}ﬁpﬁy|umdImethyl
B BB e A R AR et

A- Bi-BisBa-attiit-4 nrtéﬁlbmty14pnéﬁyly-ir)dzenryqzmmmhhefhw,e,
A-bis(2-ethyl-4-(4-methyl-phenyl)-indenyl)zirconiumdimethyl,

W% di met hyl

S1e=)
UDU)

>J>J>>J>9-’ >>r- J>“J>
o)

A-bis(2-ethyl-4-(4-ethyl-phenyl)-indenyl)zirconiumdimethyl,
A-bis(2-ethyl-4-(4-trifluoromethyl-phenyl)-indenyl)zirconiumdimethyi,
A-bis(2-ethyl-4-(4-methoxy-phenyl)-indenyl)zirconiumdimethyl,
A-bis(2-isopropyl-4-(tert-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropy! -4-(4-trifluoromethyl-phenyl)-indenyt)

zirconiumdichloride,
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30

A-bis(2,4,7-trinmethyl-indenyl)zirconiundichlo ride,
A- bi s(2- nmet hyl - 5-i sobut yl -i ndenyl ) zi rconi undi chl ori de,

weRs40B63ret hyl - 5-t - but yl -i ndenyl ) zi r coni undi cPCDUR2008014340

A-bis(2-nmethyl -4-(tert-butyl -phenyl)-indenyl)zirconi um
di chl ori de,

A RS TS by fr Rkl ARG habmAS RIS
A m@é@ “ﬁﬁm‘ﬂbyl“-« @4 etektybutyhenahyl-inddrylyAincahiuaaichlonds,

hlorid

A Arb,l(sfz’& mmppyh 40 tert-bubn- @h@mmndgﬁﬂmfmum%@qu% .
r cg\nﬁlg?l |§$¢{%‘blyfj—91(—g4 —te{th -butyl- Bnerﬁm Tgen&lg'r%}luyrzqdrl% é%rllduerm

I CIA- blB(ZiGsopropyl -4-(4"-methyl- phenyl) indenyl)zirconiumdichloride,

A- bi s(2- et hyl - 4 (4-tert-butyl -phenyl)-indenyl)zirconiu
nd,AChlp@ iigepropyl -4-(4"-n-propyl- phenyl) indenyl)zirconiumdichloride,

A bl El(ggz-qwé{rlop% (Ararel iy RReRYIdeRgEAYdohR I &RoHAT! C
iA b§\ -bis2-eishptopyd (4 4thekyphenyl)-jndenglgrisdonzimdiomibridej ch
- BRI D RpoRy! - SEP s rpé'@ﬁy' -inglem)7isconiadighlesie.

co h.C L
A- %Il g%‘g‘z lghe d@ﬁg 3 phenm mde er %m 'é"ﬂ';? )2| r coni undi
chlfebisi{2eisopropyl- 4 (4" methyl phenyl mdenyl)znrcomumdlchlonde

A ;i E%f% qsop?lopy? 5?4 {htyi BHéXyI)_ il%ggrq)y &z)lrcorql%?ndy cl?lon é: oni
A b!\ %F%z ﬁ%bBVdpﬁ AL IR bpyt-BREM-hub ARG Smebhithid b el
A- m@(szzmppmpytrfmenfmtylm’faﬁryl)yndemaamqwmd@hlqnudes m

e DLbisS2rBPRIAPY 44 PeryRREBH Y BRI THIEHISHIR) 21

I CORULHTRI {38 | -4-(4" entl henyh)-indenyl)zirconiumdichloride,
A- bi s%ﬂ Eﬂyﬂy 4{ p y 5 ph){e)nyl ¥21deny| ) zi rconi un

i rm%-lb;a 2- |sopropyl -4 (4 cyclohexyl -phenyl lndenyl)ZIrcomumdlchlorlde,
msﬁ Te ltsh ropyl -esretc t?tﬂ P/phé)ny?)nXd%nyl)nzgggﬁ/lu%ﬁllcrh(fon

A %%(s%2etslaqblroﬁy|(44wetbhy buReR¥h) -indERAYAicahiUBRIEMBEEE)
A bMQsz.?emamyl -4-(@4-text kputypplegyl ) ind e Fyrcp it kst omae, me

. D2V - (PGP R BRI mlarS o

CO”Ale%ifoﬂthM 4°-tert.-butyl-phenyl)-indenyljtitaniumdichloride,
A-bi s(2-eth 4- met hoxK phenyl ) -indenyl ) zi r coni undi
rretA;hlS (2- me%lhyl 4-(4"-methyl-phenyl) lndenyl )zirconiumdichloride,

A AR RRLYd f bt PR SRR Rcoh AR AGE "

4 A‘bl@tr'?ﬁé’thﬂme(wm—bu[yli@héh))l?—iffd@ﬂ?ll)ﬁmdinﬁlﬁrhcﬁéhldﬂde

bi s(2- 1 sopropy

% M@le(t%meimﬂehm Yhentrohgnylrindseniaireentmdichiadde~o
4{\% QZI I%ﬁ% ﬁiﬁc Hté(hgll'\?nyl%laden l%zlrcomumdlchlonde

Zi r poss hg steyl-idde RESHIMhARBSIde,
PCT/ US2 14 40 A-bis(2- isopr

yl . .
DU E At G i G
A-bis(2-ethyl-4-(4 -ethyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-(4"-n-propyl-phenyl)-indenyl)zirconiumdichloride,
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25

30

A-bi s(2- 1sopropyl
-4-(4'-tert.-butyl -phenyl)-indenyl)zirconiundi chl ori de

WQ 200840886 2- | sopr opyl PCT/US2005/014340

-4-(4' -tert.-butyl -phenyl)-i ndenyl ) haf ni undi chl ori de.
A-Dbi s(2- isopropyl

4 WGl By LRSI HeNyh MRRY M ARhEHiRBb o | de

A4Z)0( lélsgﬂ@tHWM (ﬂhﬁ@)dll)phelﬁ@ﬁmdehyl)z;mmmumnﬁcblbhdm de,
i s i SO

- 45 lzns@reamﬁ;m wﬁ@wwemﬁb@ﬁ?wlﬂrﬁewmm'%frﬁeor i de,
A A Rlear e @Rl clonexyl-phenyl)-ndenyzirconiymdichioride,

A- bﬂk—S( eltﬁi)ﬂ%IZ'AFﬂ1 apyslec- butyl -phenyl) mdenyl 2|rcon|umd|ch|orlde

hexyl enyl ) -indeny Ih PIUﬁdICh|O
A b‘}\-g)(sﬁ aﬂgﬁﬁr@weﬁ butyl -phenyl)-in eny zwcomumdnc orlde

oAb 3SR P BAKd PRESHH B Ik e el ol ort de,
- 4- Aolmmxlmpn Bms(h)-meltmphaml J-indboyl)airepniantdichiaride,

I so rbcl)sIo rbpga(pyl 4;@;%%5&6% 121deny %lr}(\,/orzlémrd?c?\ o'r}J i chlo
4 /H)gsé?trmﬁ toy N8 OY isoL Rt ENMhkA I ERIENYINEHSRhdRIoride,

i so@ﬂm@ln prdpq,'l 4r(4pnem}j(yl-theeyiylnﬁelnmldamhmcilcblﬁﬂdﬁd| ch

| ABR R DR g .P%B}%Irhdff‘v'é%‘}‘fP[]Wﬁ"‘Hﬁh‘BF'?%e 5

A bAjﬁg(g éﬁfﬂaﬁ @Lh )oyclalcr)]r(lj% ?enyl) |ndenyrlr)ﬂzwccr)]rlnumdéchlorlde

zi'r'coni undi chl ori de
A bA&tféIQ -n @cxmyd}py(m -sec-butyl- phenyl) lndenyI)ZIrconlumdlchlorlde

4b4&4 5er? Lo yI’ugrt Ibrtl%ﬁ rﬂ%'e?w% d%nylSJ qPéO%PUHQdICH%TIde
A‘bli@yﬁ'b%tw)&yéhé?hy?mdle}wylbi}‘é%wh)dﬁmm undi chl ori de,

i soprmp@mmm#(gememylmhqnmweywl )aeemumeichlesdeundi c
hl ori de

L oBraSern Bub Gty Bheny RV P MUY oni ung

| chihagib@en-Hit l4 (4’ opyl-phenyh)-indenyl)zirconiumdichloride,
A b’ﬁé’,‘?'z@ﬁ% uyl-45(4 JrPropyLPhenyiiy pﬁ'e)ny|) i ndenyl ) zi r co

ni uAehis(@- m’au@é—4 4&4@ p(qz)yhm ) md,er(yzh)zwconlumdlc loride,

o bisginpriy 2 b R R AR ek e 1

| ungl) 'tﬁﬁ\{l -4- 4 hex - hen I lnden )zirconiumdichloride,
A- g?\sl?Z Zlﬁ y p y) hen ylc? i ndenyl ) zi rconj und
en

i chlPebis(in- bUtyl 4 (4 cyclohexyl phenyl) in yl)znrconlumdlchlonde
ﬁd?lﬁiéé %mét hLX{’|544(‘£ 4secrbLRylopQPé|r\yl|?W&/P}Zl*d&ﬂw&bmo&ﬁ%n' u

dA blr/]slﬁb%(zmtwyl =44 Hertnbbtyt-pheriyhenyényl fzinceniyingixhlarie, um
| C orid

A- blﬁsb@(zrbenylM pheayl-indsnyl)Zpesidmyichiaed®y | ) zi r coni undi

chI

%ék’g%é‘teﬁ\ﬂfd“ £14 (%ethgegh%nl}/ )ylpden% zlrfgnlumgg:rlﬁll 5 Zi'rconi
U”d'A?-Bls‘(’ZJh@ﬁ |-4-(4"-ethyl-phenyl)- lndenyI)ZIrconlumdlchlonde
A- bi s(2-et hyl - 4-phenyl -i ndenyl ) zi r coni undi % 6‘%‘?
A- b.k@g@m@wwﬁ 4n pmwhpherp\ﬁ)elﬁgiew)a*fa@wy undi
chlo
A bIAPS ?%t'}%%v‘ e e e S P T
hl or A gg5(2-hexyl-4-(4"-n-butyl- phenyl) mdenyl)zurcomumdlchlorlde
A-bis(2-ethyl-4-(4"-n-propyl -phenyl)-indenyl)zirconi um
di chl oride, 20
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30

WD 2005/ 105863 PCT/ US2005/ 014340
A- bi s(2-ethyl -4-(4"-n-butyl -phenyl)-indenyl)zirconi und

WO etobanisde, PCT/US2005/014340

A-bi s(2-ethyl -4- (4" -hexyl - phenyl)-indenyl)zirconiundic
hl ori de,

ch[b'\ 61%52 RERL (4 heQﬁr}Slﬂ}’énﬁhﬁHéﬁMl)ilH&@ﬁ%dléhlbﬁ@@' umdi

A- m-b(s@—behylm-(k% ‘teyclahyextybhbeayyl)-idenyl)zir¢amilemyichinrideoni
undi chl ori de,

A G640 BRI sec- st Bhegy-ERYDFsabeRg o aridSoni u
md

BB LRy gt bupenyindenylafrooniumdictierde,
i ufdbisii2-onettel-4- (4 -tert.-butyl- phenyl) lndenyl)ZIrcomumbls

. A-pi S(2-n-propyl -4-phenyl -i ndenyl ) zi r coni undi chl ori de,
(d'”ﬁtgy@&i ?I)-'pr opyl - 4- (4' - et hyl - phenyl ) -i ndenyl ) zi r coni u

+4-(4"-tert -butyl-phenyl) Inden 1)zirconiumdijbenzyl,
A bi g{%@n pr§§/ 2 (4 uy P eny heny )) I ndenyl ) zi rgonl um
|Ac-bi3§21rd@thyt94 (4 -tert.-butyl- phenyl) indenyl)zirconiumdimethyl,

oni uzél' qrz}hglré?@éapent%lene ?fn%tf?ﬁ% (4pr}ﬁgt¥|ly pheny f‘?’ﬁld)eﬁw)

erCénSJrﬁé]lghl%thOpyl 4- (4" -n-butyl - phenyl)-indenyl)zirconi
I chlori

A- M4(2(rﬂemyb5w§apentedehe teryathyiHetd/ tpeinybiphgnylrindsoy!)u

Z'fCR“MfQ?'ﬁF‘h gf“’opyl 4- (4" -cycl ohexyl - phenyl )-indenyl)zirc

On'N IRBINI-6%apentalene)(2-methyl-4- 4 -methyl-phenyl)-indenyl
A- |g§2 n- ‘|c})ropy‘ap -(4' - s)((ec butg/l ! henyl )y Pnde%%ﬂ)m ryc)o
zwqcnnurm ichlosidede, 15

r{b\f‘é’rdpg%&[)gp%gpén{aﬂené ¢ ?netRMW k4 p&ﬁ?lyﬂ)ﬁedﬂdﬁegwﬁ' I

ermrﬁﬁ%hm@@tw 4- phenyl -i ndenyl ) zi r coni undi chl ori de,

2-n-butyl-4-(4 nmet hyl - phenyl ) -i ndenyl ) zi r.coni um
d| chf( ringkhyl- 4¥thlape(ntalene) 2- metﬁyl )( )n propyl%henyl) indenyl)-

Z"‘?Oé}‘ﬁ"aﬁlca‘gor' tyI 4-(4' - ethyl - phenyl)-indenyl)zirconi und

AﬁgAggﬁngt ﬂyéza‘be('rﬂaleﬁe)QEWhylp“‘*‘(‘myﬂSbﬁdeEphéWlD -trctemiyl)-
u | |

ZIrGDrbmmdzlhiﬂrtﬂﬁyl 4 (4' -iso-propyl -phenyl)-indenyl)zirco

;“@%QS;:W IBSazapeniplene)2ithylacid isopropylphenyl)-indenyl)-

s(2-n- butyl (4" - hexyl - phenyl ) - | dengl)z rconlund
| chV\o(rZ otdimethyl-6- thlapenta|ene)( -methyl-4-(4 "-isopropyl-phenyl)-

'n(ﬁndhdgzdﬁogqﬁ!‘imﬁ%”gé cycl ohexyl - phenyl ) -i ndenyl ) zirco

A- blA@(Zmewratbxalpérﬁarem(Q-metrwl -4gheivppropyigdeyll)zi r con
iund 1chlo Tide,

lndferb'ﬂg(rczomumghthorzﬂem -tert.-butyl-phenyl)-indenyl)zirc

on| chI
oSSR Sepentplenelme LA Suengyragen>
znréﬁl:iilluﬁ(cﬂcm@mrda 4- (4' - met hyl - phenyl ) -i ndenyl ) zi r coni urm||
chlorid

A- bifs(2mathyirs-thigrentgiang) Csmetii-@Endety phedhindeayi

z&b@{u&?@gl‘r\lg&lgﬁ 4-(4' - n-propyl - phenyl ) -i ndenyl ) zi rconi um
di chl ori de, 30

A- bi s(2- hexyl -4- (4" -iso-propyl -phenyl)-indenyl)zirconi
undi chl ori de,
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-

A-bi s(2- hexyl -4-(4' -n-butyl - phenyl ) -i ndenyl ) zi r coni und
ichloride, 21 WD 2005/105863 PCT/ US2005/ 014340
wesa0Behexyl - 4- (4' - n- hexyl - phenyl ) - i ndenyl ) zP€T/UR200510114340

i chl oride,

A-bi s(2- hexyl -4-(4' -cycl ohexyl - phenyl ) -i ndenyl ) zi r coni

Arﬁki)kép‘ge%ﬂlgﬁ?xahqe(nialene%(Z UE tr\yl h%n-ﬂ—s)gtly he’;‘){} zirconiu’
indemy)zirbbwiumdéchloride,

A-Dbi s(2-hexyl-4-(4"-t h -ind I

i ”L}nggl grpﬁ Byli( gwla@e(ntalen%S(z meH1)X4 (91 -esngut)yl bﬂer?yl}/ )zircon
indefﬁ/l n%&r%umgﬁmgm -tert.-butyl-phenyl)-indenyl)zirco

di met hyl am ne).,

A-Mi( _%mtbylwbxammalem)(tz mthtyHA-@henplity-pheeylyl ) zi r con

oo I benzy]. .
mde@&d@?@uﬂﬁww%M' tert.-butyl-phenyl)-indenyl)zirco
”' M hg\yéi azapentalene) g methzyl 4- g —tert -butyl- phenyh) indenyl)-

4-azapent al'ene) ( hyl - 4- (4" - et hyl - phe
zircoﬂu)mdmhllengié) 0 zirconiundi chl ori de,

éﬁg mcg%r@ B e R r&g{gf“’t'ehfﬁ&ﬁ-ﬁh"éeﬁyﬁ}yi'nagﬂﬁ51
zwco‘ﬁlh.(r%dl ltohug 6- azapent al ene) (2- net hyl - 4- (4' - met hyl - phen
)-1n enyl zi rconi undi chl ori de, 15

A— A2 recthyt-4-4zapapiatene) Ehejtinv e t4iyn-pentykpheniHindsmyhy

d zi rconi undi chl ori de,
Z'”%ﬁ'ﬁ%ﬁ@%‘# 4-t hi apent al ene) (2- net hyl -4-(4' -n-propyl -p

heA}’(Q)méﬂhWNi’PHenyLBté?z@ﬁielnfﬂieﬁéU (2rhétey I 4-(4’-n-pentyl-phenyl)-
A-(2-meth - azapent al ene) (2- et hyl - 4- (4" -i sopropyl -p
Indeﬁé zlyconhmwlprldao zi r coni urdi chl ori de,

TR R A B b s

Z,rcﬁr,@@d@h@r,@gt hyl - 6-t hi apent al ene) (2-net hyl -4-(4' -i sopro
enyl )- inden - zirconiundi chl ori de, 25
R klmetylt crerapian i i nhas Dheng-isggnyivh
sciiiggeny e e cavorie, "1 7 YT
ny A} (2L eyl thiapiehtnen ei2linedthglrd-¢& -n-hexyl-phenyl)- lndenyl)
zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methyl-4-(4"-n-hexyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2,5-dimethyl-4-thiapentalene)(2-methyl-4-(4"-n-hexyl-phenyl)-indenyl)-
zirconiumdichloride, ‘
A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4"-n-hexyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4"-cyclohexyl-phenyl)-
indenyl)- zirconiumdichloride,
A-(2-methyl-4-azapentalene)(2-methyl-4-(4"-trimethylsilyl-phenyl)-indenyl)-

zirconiumdichloride,
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30

A- (2- et hyl - 5-t hi apent al ene) (2- net hyl - 4- (4' - n-but yl - ph
enyl )-indenyl) 30 zirconiundichloride, 22 WO

wWQe@510B6863 PCT/ US2005/ 014340 PCT/US2005/014340
A- (2- et hyl - 4- oxapent al ene) (2- net hyl - 4-(4' - n- butyl - phe
nyl)- indenyl)zirconiundi chl oride,

NN 2%5%'-44?1 ?bﬁfé‘?é}‘i@ ng?e)tﬁyﬁéﬁfﬁ r}Wnélhf'léllylspf%HquBgnyl

~enyl eny irconii’u
zircomigdinbtdnige; 4 oxapent aI ene) ( 2- et hyI 4- (4' -s-butyl - phe

| ;
W 2RS4 Bp R AL R B et pusiygphensik enyl)
Z,rC@{]@ﬁMI@ﬂdrﬂ@enyl ).- zirconiundichl-oride, -

A--(2- et hyl 2 6- azapent al ene) (2- met hyl-- 4- (4' -tert-butyl -

phéai-nethyieipiapentalene)?-nmth -6+ l-mmethylsnyl phenyl)-indenyl)-
4- t al 2- met hyl - 4' - tyl - ph
Z'fc%ﬂvmdnﬁﬂi@lﬁw ) “ 3T coni o ohi or1 de, A (4 n-pentyl-p
A- &mbwém?w%@awbn@wa@memﬁmeaz( ?admﬁam ﬂ)héﬂyl)- -

pentyl - pheny] i ndenyl ) - zirconi undi chl ori
Inda&yt)zzmnwdw idpent al ene) (2- et hyl - 4-(4' -n- pentyl ph

Pl bk Ao Ky f 5V Srdamantvipheayprindiu
znrcdS‘nYthled}ﬂ’&lﬁﬁé' )- zirconiundichloride,
A- (2- met hyl - 4-t hi apent al ene) (2- net hyl - 4- (4' - n- hexyl - ph

enW-§2-imettehtthiapentalece)2-unethyld -4 |-a|<éamantyl -phenyl)-indenyl)-

- 6-t hi apent al ene) (2- net hyl - 4- (4' - n- hexyl - ph
Z"C%W@F)d']ﬁ y1)- zirconi umdi chl ori de,

A- @2(§5Qﬁrﬁ@chl}blh tﬁabeh@w&)@ RN I %-(mtéwémén{yfaphanp@xy

| - phenyl ) -indenyl )- zirconiundichlorid
indemy()2 zBcarliwadieplorsle; hi apent al ene) (2- et hyI 4 (4' - n- hexy

PPN PR P bRgporomasipe-

pheﬁwlmcﬂ&ﬁ;/r)yizl)conlumdlchloride,

A-(2,5-dimethyl-4-azapentalene)(2-methyl-4-(4° -trls(tnfluoromethyl)methyl-
phenyl)-indenyl) zirconiumdichloride,

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 -tris(trifluoromethyl)methyl-
phenyl)-indenyl)zirconiumdichloride, ,

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4"-tris(trifluoromethyl)methyl-
phenyl)-indenyl)zirconiumdichloride, |

A-(2-methyl-4- azapentalene)(Z -ethyl-4-(4 "-tert-butyl-phenyl)-indenyl)-
zirconiumdichloride, . ,

A-(2-methyl-5-azapentalene)(2-n-butyl-4-(4"-tert-butyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4 -tert-butyl-phenyl)-
indenyl)- zirconiumdichloride,

A-(2-methyl-4-azapentalene)(2-methylindenyl) zirconiumdichloride,

A-(2-methyl-N-phenyl-4-azapentalene)(2-methylindenyt)
zirconiumdichloride,
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10

15

20

25

30

i ndenyl ) - zirconiundi chl ori de,
A- (2-nmet hyl - 4- azapent al ene) (2-net hyl -4-(4' -tri met hyl si

wo ydospbssey| ) - i ndenyl ) - 30 zirconi undi chl ori de, PCBUYY005/014340

2005/ 105863 PCT/ US2005/ 014340
A- (2-met hyl - 4-thi apental ene) (2-nmet hyl -4-(4'-trim ethyl

i1 gl LA_tH; ,
S' P‘\ (‘Zprhﬁ!ﬂyl 4 tﬁlﬁgé%%\g %m%gllhﬁ@hﬁﬁlir%?ﬂﬁwdl?ql?rrl?% t hy
I sA ([Zymehhb‘bﬁ&w;pen’naﬂeng) 2-methybodenydircohionidiehloside,

ARE s R T R

A (zxr@-rﬂéﬂﬁ?!-m&kaﬁerﬂé!@ﬁ@ﬂtrﬁieﬂw)z(r%oﬁﬁﬂiﬁmbhlérlé!é - adamant

yl - phenyl)-: i ndenyl ) - zi-rconi undi chlorid
A- (2-(@emB L&azap@ﬁel@nab m@wlzaff@onwmmcmlmndadarranty|

e LRV S etpeia BT ERE AR A eriarideyamnt y1 -

phewz) Tagapentarand)liodé dichlorid
45 gFﬂnlgpN)};d%Ryltz?maapgnt al enrféz I(2 ﬂg) Z'{xconiur? lCha?(glarenam

tyI »Ap@emythyLNrp’i@eMW pzapentalama) @Tr},{lbzlmﬂmurﬁdlchlonde

oroée{% MWR?\ 9le€t ah??lﬁt)amgﬁ é)(nyl Zi comumdﬁ:‘] orrfdfeI u

zi “PQ{D_E &Hﬁ!héth}l/lw -hHEnYl-6- azapentalene)(mdenyl) zwcomumdlchlorlde,

di met hyl - 4- azapent al ene) (2- ne d( -tris(tr
|f| @o%m@thywjtw@pwmn@%@rqﬁw znﬁ@r@ﬂymdy chloride,

i (TR R el el oAy eSS o1

UOT gt IIBIthent@lene)(mdenyl)zwcomumdmhlonde
pheny enyl ) zi r coni undj orj

A ( Qx (%5ﬁwetbylt%ﬂmmdﬁ@ﬁﬁW@@nMBtZH?PD'&lﬂ”(ChChIPHd%,(t rifl
:J?:jz\\n'@ m)é yﬁtal?zgpentg‘%%'&@ m'eﬂ%ﬁqywéﬁyfl WJHW' chl o

zuéoﬁ@rﬁmél‘hbﬂd-e‘]- azapent al ene) (2-ethyl -4-(4' -tert-butyl-p
enyl) i ndenyl ) - zirconi undi chl ori de,

5
A-teteihyl- -@@apéﬁ{%eé%m@mwlr%@hww Angemyl} ert - but yl
znchH%ﬂ%’d émérfb%?”y' )- zirconiundi chl ori de,

A-(2-methyl-6-azapentalene)(2-methyl-4-phenyl-indenyl)
zirconiumdichloride,

A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4-phenyl-indenyl)
zirconiumdichloride,

A-(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4-phenyl-indenyl)
zirconiumdichloride,

A-(2-methyl-4-thiapentalene)(2-methyl-4-phenyl-indenyl)
zirconiumdichloride,

A-(2-methyl-5-thiapentalene)(2-methyl-4-phenyl-
indenyl)zirconiumdichloride,

A-(2—rhethyl—6-thiapentalene)(2-methyl-4-phenyl—indényl)

zirconiumdichloride,
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A- (2- net hyl - N- phenyl - 6- azapent al ene) (2-nmet hyl -4-(4' -te

rt-butyl -phenyl)- indenyl)- zirconiundichloride,
wa(o2Amsthy| - 4- azapent al ene) (2- net hyl i ndenyl ) PCT/US2005/014340

zirconi undi chl oride, 30

A-(2-rmet hyl - N- phenyl - 4- azapent al ene) (2- net hyl i ndenyl )

Zi Ai(Ql?hMﬁglL%kgﬁéﬁgien%ﬂzmeﬁ@%lm3 :

_ PCT/'US / 014340
lndem\yllzircnetumdlem)tlcﬂm apent al ene) ( 2- et hyl i ndenyl ) zi rconi um

. ‘%’25 r%‘%‘ﬂy'r“f-é‘z?H?@ﬁ@%ﬁéﬁ&%%%bﬁmmwl» zi rconi um
zurco@hhﬁh&@ﬁ!oﬁ@e

A- (2-met hyl - 6-t hi apent al.ene) ( 2- net hyI [ ndenyl ) zi rconi um
di st{P-onethyl-N-phengl-freizapentalameg(PemtedhdAeb (amdenytiznyl)

mmoﬁ'h[raglﬁ@té"al Cgl gglaggnt gl ene) (i ndenyl )

ZIA R4rh &) e ﬁswaza entalene)(2-methyl-4,5-benzo-i
g rre?tﬂgl 23 azgpent al ene) (i r)l(deny )y enzo-indenyl)

Z'rCOﬂI'WH@'ﬁh@ﬁlﬂEc hl ori de,

/ZA\I é@%%ﬁ%tﬂ%rféj%ﬁ@?&ﬁé—{az‘albgntape%%@ LA -indenyl)

zircohidmdigBlofdk - N- phenyl - 5- azapent al ene) (i ndenyl)
2|rcon|unﬁ|chlor|de

A-/612Tfe@ﬂaylr4ﬁhlpn@miylen@9(3zrapw 41%ehenzo-intamyil)

b chloride, 10
ercoﬁ l{rﬁ&’@h@)‘?ﬁn{ét hyl - N- phenyl - 6- azapent al ene) (i ndenyl )

ZIAt(Enheltlhwlll-SJﬁh@ etalene)(2-methyl-4,5-benzo-indenyl
nﬁt hyl - i apent al ene) (i ndeny ) zi r coni‘undi chl o
zwco,n,uagdl loride,
A AZ21PRE YL 6 kb ABRMeR SACH-AIRBYRI G fhy i eht or

zircohﬂ(rﬁdlmatohylb 6-t hi apent al ene) (i ndenyl ) zi r coni undi chl ori
(2, 5-di met hy| - 4-t hi apent al ene) (i ndenyl )
zi N%ﬁv%tﬁﬁlr‘&ﬁwapwélenfw -methyl-4,5-benzo-indenyl)

znrcdﬁufrgdlr&ﬁfolﬁ}ﬁ - 4- azapent al ene) (2- met hyl - 4- phenyl -i ndenyl )
I rcon 1undichloride,

A—Ai{Qn&éﬂhyM%@xap@rmelﬁn@D @nepiat-aE-bghzd-imtgiyy) - i ndenyl)
gﬁb nglchlorlde
ZII’CONIL(FQ ivBloRge- 6- azapent al ene) ( 2- net hyl - 4- phenyl -i ndenyl )
20 if
A B REORNERAEDRel 2 metiyt 4 S-benrorinde) 4 phenyi
zircon||umélnmo)'|dez| rconi undi chl ori de,
A- en apent al 2- met hyl - 4- phenyl
éi}é@'@ gthwa ﬁpégtafﬁﬂeiy c&niuggglcﬁ og'lde y pheny
A-bis(2-methyl-N-phenyl-4-azapentalene) zirconiumdichloride,

A-bis(2-methyl-4-thiapentalene)zirconiumdichloride.

A is Dipropylsilanediyl, Dibutylsilanediyl, Dipentylsilanediyl,
Dihexylsilanediyl, Diheptylsilanediyl, Dioctylsilanediyl, Dinonylsilanediyl,
Didecylsilanediyl, Diundecylsilanediyl, Didodecylsilanediyl, Dipropylgermanediyl,
Dibutylgermanediyl, Dipentylgermanediyl, Dihexylgermanediyl,
Diheptylgermanediyl, Dioctylgermanediyl, Dinonylgermanediyl,
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25
A- (2- met hyl - 4-t hi apent al ene) (2- et hyl - 4- phenyl - i ndenyl

w0 2008i1658630i undi chl ori de, PCT/US2005/014340
A- (2- net hyl - 5-t hi apent al ene) ( 2- net hyl - 4- phenyl -
i ndenyl ) zi r coni undi chl ori de,

Dlde@é%&rﬁﬁéﬂ@l BiurH BRI flpRe) 2“5 ér Wdﬁécyl?eﬂ*ﬁ@ﬂéﬂzyl ,ndenyl .

rconi undi chiori de, 05863
HexyR@i@thﬁwm@WoButyl(methyl)snanedlyl Butyl(ethyl)silanediyl,

‘ Butyl q{égﬁlﬁga{%pyiﬂfggﬁ@f( bﬁfﬁ%&l d@@é’nty!?etﬁﬁ%’%lnedlyl
~ Pentfr(ﬁrépyg% nén a}zléi?ﬁ(]héhﬁllb@)léri’edlﬁt H)ékyleetﬁyliygraa@diwdenyl

chlorid

Hexy:Kp(@yl’;sﬂhydaehM ;sheh;thaﬂm@zl@,beﬁbad@eleﬂ@n’f‘éﬁhb%l’tobes benz

oo SRRy 2 LSS S e e o g i o
is méar?%l"&?tdhﬂéﬁfaé all sﬁhé@%'lmbﬁéﬂés@mcﬁj h they were exghcmy

OP 6- azapent al ene) (2- met hyl benz
named.i ﬁd)eeyabnplez,l buWilaﬂlﬁﬂedM simui@neously includes d'(”-

butyfaélfan;g'fyi hcm %)@Hﬁgﬁ}bead ﬁnﬁ fefr O lanBaRn A5 RS rRAY

thes@‘s(r%tf[ﬁémébrr@'ré rﬂsm%ﬁgaﬂﬁ{lﬁéhﬂ“rg‘@ﬁ dipbntgisiahedizioalsodeciydes,
[) zirconiundi chlori

for eﬁa(r@xere:h«wpb@enmlwen@awb%meznamwf hexglmeindisilapedly!

mdi
also,g{)lcflgé% on%a%%fmb%ap?&ﬁ i\%%%'é')“(aihyn)é l%n?d%l 5- benzo-i ndenyl
f th
A Iﬁé r@?ﬂi&'&ﬁ‘g} El‘éf@frledﬁhmts A of the metallocene compounds of the

oxapent al ene) (2 t hyl - - henzo- i ndenyl
form),!laszilaeo‘rd arﬁdethQfDPd@lanedlyl D| n- butylsnanedlyl Di-n-

pen@ls |§pg§xg I\fhmylc egff}qgs?l’aﬁga?ﬁ,2D1'W‘1B¥yls|far{§dﬂﬁnZ0 i ndeny|
Cycibhek§ Aetf Rihnddigr dpauital)(enehylsieoadiyhand -bekggmethyl)
silanediyl.

Another object of the invention is a ligand system with the formula LS or

its double-bond isomers,

(Formula LS)
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0

A- bi s(2- et hyl - N- phenyl - 4- azapent al ene)
zi rconi undi chl oride, i
weR5403B63ret hyl - 4-t hi apent al ene) zi r coni undi chl BCT/U82008014340

i s Dipropylsilanediyl, Dibutylsilanediyl,
Di pentyl si | anedi yl, Di hexyl si | anedi yl ,

in whidhehb Wafihbies b de@\&?éykrﬁfo'n"f‘lﬂ%%w% +1d, including the
Di nonyl si | anedi yl , decyl sil ane

Drefarr@ﬁ@é@mhmlea’tsedl yI Di dodecyl si | anedl yl,

iﬁ‘i% gﬁ rrane% E)/qd lﬁ%&}{ﬁbﬂ&gﬁnedln’%c or pseudoracemlc

metEllditﬁEMeYd g ¥brmfag Ay Gen
Di nonyl cg]?jnanem vl Rl 20%’2/"2‘? L@Qé ¥t the metallocenes of

fornpdgs (82 JdsIaithe 4w r Gap@édmggﬁea@nepsgmdomeso metallocenes may

T L T T —

pu r@t@toﬁrmm”dwd Ds%ép@@%ﬂiygirefen@dtfw {HY @Y b9 Pbl-ABBEAY in the
si | ane Pentyl (ethyl)silanedi y'i

Pent yl (meth
PO'W#{@“@]@P&Q%%W méaq:tjﬂ polygig{ing, mcrwﬂh)emrms@angnng meso

form Y AR bR Ao haly RN PPN Pn (Sntiicany

pureindeesicfotiis uadeitGodRy michata ﬂa'&qnéé’(méiﬁ) & grbBfr than 5:1
substituents on the bridge atom is neant 9 so to

prefefriily gbatdpaststQd: lichara prefesad o§ ahleashbird rartchmpsmpne@erred of

ot GERaDEL! N BB FRSG B 7 REeny BL S ot

“psalidosacenhig! {dr) psdatadet)] and e i meeel JrolddedisklidoMbso.”
m xtures of these structural isoners. Simlarly, the

nam ng of di pentylsilanediyl also includes, for

ot oA auegloiagt e )| Snbdplag il cone

cyclohexyl(nethyI)S|Ianed|yI The particularly
preferred units A of the netall ocene conpoynds gf the
formulas 1 a - R D - n- propyl si | anedRyl , R
D - n- butyIS|Ianeo|yI Di - RS pentyIS|Ianed|¢,
Di (cycl opent I, Di-n-hexyl gBla
Cycl ohexyl ( ol agedi yl ,

(n- butyl)(nethyl i\ afedi B and (n-hexyl) (/meXhyl )
si | anediyl . Anot her \oRfect of the i nventi

i gand system wi
isomers, DRA R§ R6 MIR'R?

The present invention also includes a process for producing the transition-
metal compounds of the invention.
An object of the invention is thus a process for producing compounds of

formulas 1a - 1d
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R31~R7 RBR8- RO 77 RR3 R6, RS R4 (Fornmula LS)
27 WD 2005/ 105863 PCT/ US2005/ 014340 in which the
woansamses R are defined as in fornmulas '| a -PAT/WS2005/014340

including the preferred enbodi nents. Instead of the
preferred pure chiral bridged racem c or pseudoracemc
nmet al | unds of fornulas la - id, mxtures of,
the nme 3EIoceE§i of 5 formulas | a - 1 d and the
cofresp Qb or pseudoneso netal |l ocenes may be
used in the catalyst preparation. However, the
preparation of the isomerirfall pure racemc formis

. especially preferred for the |
‘the polynerizati-on of R8
pol yol efi ns, since the cor

"isomerically O pure" rac
mean a rac:nmeso ratio of reatthrﬁan 5:1 preferably
of at least 10:1, nore peeferr d of at least 15:1 and
nost preferred of ?t 0:1. As used herein the
term"racemc" (or R're -yicl udes " pseudoracem c”
(or "pseudorac"), and @ ¥ meso” i ncl udes
"pseudoneso.” 5 rac acem c i somer

meso/ pseudoneso i soner RrR4 RAREB3\ RB3RE RR

R7 R7 R8 R3
(Formulas 1b — 1d)

in which the variables L, R and M' have the meaning specified above, including
the preferred embodiments, comprising the steps of:

a) Deprotonation of the com'pound of formula 2:

RB
R7
R?
R6
RS R
(Formula 2)

with a base, in which R, R*, R® R®, R’, and R® have the meaning specified

above. .

b)  If R® has the meaning M"?R*R*', where M™, R¥, and R* have the
meanings specified above, then the further production proceeds by the
reaction of the deprotonated compound from step () with RR*'M'2X,
to form the compound of formula 3 or formula 4, depending on the
quantitative proportions used, where R*’, R*!, and M™ have the
meanings specified above, and X may be the same or different and

means a halogen atom, preferably chlorine, bromine, or iodine, or
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RO MIRIR2 9 MIRIR2 R8, R8. R7, R7, R3, R3, R6, R6.

R5' R4 R4 R5 The present invention also includes a
wWEe@sass6d or producing the transition- netal cPOPUSINAS014340
of the invention. An object of the invention is thus a

process for produci ng conpounds of 10 fornulas 1 a -

1d2 R R2
(For e " A s LDy Pl P Ad G et Y hes e
R3'""- R6\ R5, R4 (Formulas 1 b - | d) in which the

vari ables L, R and ML have the neani ng specisfi ed

above, including the preferred enbodi mént sR
conprising the steps: of: a) Deprotonatig@q.
conmpound of formuja 2: R8 R®

8 \ 7
) R MT2R40R4! R
R
6
R . 8
R® R R
R7
*—~O)
RS
4
R R5
(Formula 3) (Formula 4)

c¢) Inthe production of chlorosilane indenes or chlorogermane indenes of

formula 3, these are reacted with a metal-indene compound of formula
. .

(Formula 5)

in which M stands for Li, Na, or K, and R*, R*, R¥, R®, R”, and R®
have the meanings specified above, to obtain the compound of

formula 6.
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73 RR6RS R4 (Formula 2) with a base, in which R3,

R4, R5, R6, R7, and R8 have the neaning specified 5
wabw3aossh) |If RO has the nmeani ng MI2RAOR4A1, WhRCEUMDAS/014340

R40, and R41 have the neanings specified above, then

the further production proceeds by the reaction of

t he deprotonated conpound flomRst'ep (a) with

RAORA1IML2X2 to formthe cqQnmpound of formula 3 or

fornula 4, depending on thexp aiti tati ve
proportions used, WhereR 1, and ML2 have the
¢ my’ be the sane or

nmeani ngs specified above,
different and neans a hal

chl orine, brom ne, orgiedipe, or 29 WD 2005/.105863 -
PCT/ US2005/ 014340 anot her\ | eavi ng group, preferably
triflate, tosylate, or mesylateg® RA RR6 3\ C R R
8 MLI2RAOR41 R7 R~ R8 R3 RAORAIMI27R6 5 R4 R8 R R7

3D\ R @O

(Formula 6)

d) Reaction of the compound of formula 4 or 6 with a base and addition of
M'Cly, in which M stands for zirconium, titanium, or hafnium, to form
the compound of formulas 1a - 1d.

In step (a), the compound of formula 2, for example, 2-methyl-7-(4'-tert-
butylphenyl)indené in an inert solvent, which consists of one or more aromatic or
aliphatic hydrocarbons and/or one or more polar, aprotic solvents, is
deprotonated with a strong base, for example, n-butyllithium. The deprotonation
is carried out at temperatures of —70°C to 80°C, and preferably 0°C to 80°C. The
resulting metal salt is then reacted directly, without further isolation, in step (b)
with a silicon compound or germanium compound that contains two leaving
groups. Preferential production of the compound of formula 3 or the compound
of formula 4 can be achieved by adjustment of the quantitative proportions.
Compounds of formula 3 are reacted in step (c) with a metal-indenyl compound
of formula 5. In the following step (d), the bis(indeniyl)silanes of formula 4 or 6
are doubly deprotonated with a strong base, such as n-butyllithium, in an inert
solvent, which consists of one or more aromatic or aliphatic hydrocarbons and/or
one or more polar, aprotic solvents, and the bislithium salt formed in this way is
reacted, without isolation, directly with a source of Ti, Zr, or Hf to obtain the
compound of formula 1a — 1d. The deprotonation is carried out at temperatures
of —70°C to 80°C, and preferably 0°C to 80°C. Depending on the nature of the

bridge R® and the bridge R**R*'M'? respectively, the metallocenes are isolated
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R6 R4 R5 (Formula 3) (Fornmula 4) 5 c) In the
production of chlorosilane i ndenes or chl oroger mane
wo paenessedf fornmula 3, these are reacted w t hPEI/US2005/014340
net al -i ndene conmpound of formula 5 R3, O R~ MR 3
R6, \ RS, Ra O (Formula 5) in which Mstands for Li,

fronfVhe Raction ﬁﬂﬁtuf?\évgﬁ"‘%c ﬁ%so%ﬁ’uoﬁg P%@{Eﬂoé%é:m@% %ﬁ%}eof

nmeani ngs Sspeci ove to o cormpoun
greatert’hara&ﬁ.preﬁarslﬁly‘ﬂﬂaﬂmsf 11@581613@6?%@15@%3@;5@%%%#@5 :1Rénd

R5 0\ ~ . .R? R4OR4IMI2 R R7 R5
mo%@.rﬁ?éﬂgﬁnq‘]ﬁa; '%%S\f 49 Raitheytny Prﬂa%ra@dﬁﬁ%ﬁap@ﬁtlparaﬁ%%

4 qhaPidVatdigRiibARFe AL SARE IRMBH is that the process described
herein provides a'conﬂposition havihg a mixture of isomers of the compounds
specified herein having a racemic or pseudoracemic to meso or pseudomeso
weight ratio of greater than 5:1 (i.e., the meso or pseudomeso isomer is less than
16% of the mixture) as synthesized. The terms "as synthesized" or "as prepared"
as used herein refer to the material as isolated from the reaction mixture without
any subsequent separation of racemic or pseudoracemic isomers from meso or
pseudomeso isomers. This feature provides a significant advantage in obviating
the need for time consuming and expensive separation of rac and meso isomers
to obtain a suitable catalyst.

In the following diagrams 1 and 2, the individual steps of the process of
the invention for producing transition-metal compounds of formulas 1a - 1d are

shown once again for the example of a preferred embodiment.
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i MLC 4, in which ML stands for zirconium titanium
or hafnium to form the conpound of fornmulas 1 a - 1
wal2006n036&p (a), the conmpound of formula 2, foPCT/US2005/014340
exanpl e, 2-nethyl-7-(4"-tert- butyl phenyl)indene in an
i nert solvent, which consists of one or nore aromatic
DiagPdm @l 1 phati ¢ hydrocar bons and/ or one or nore polar,
aprotic solvents, is J deprotonated with a strong

base, for exanple, n-butyllithium ,The deprotongti on
is carried out at tenperatures of~470C to 80C, jand
preferably 0C to 80C<(The resulting netal sal

or i sol ati

then reacted directly,
step (b) with a sili

conpound that _cont ai is_fwo | eavi ngl_gr oyf$s.
Pref er et Lhﬁ‘iﬁ%?gucti on of the co of fo

th compound 5 of @ myl a/4 caR achi eved e
H - . qua t1\e propor s. ds
of for rru:' a! 4%!22} & reacted 1 (ﬁquob\n!”?ﬁ a

ste
nmet al - i ndenyl conpound cgpfspr_ql\inxr/t%a 5. In the @
step (d), tsgee bgs(inderiyl)si es of formla 4
are doubly *§&85r'dtonated with a strong base, sychyas

n-butyllithium in an inert solvent, which ca

and/ or 10 one or nore polar, aprotic solvents,~and the
kslithiumsalt formed in this way is regcted,
out isolation, directly wwth a so g of Ti, Zr,

to obtain the conpound of fornt
tion is carried out at tenpera

2fUré of the briedgdoRSTHRA the bridge RADRATML2
respectiwely, the metaitocenes are-iselatedZ®L, WO
3" PCTP@S2005/ 014340 from t n%

with rac:neso ratios or pseudo-rac. atios

greaterthan 5:1 preferably of at |east 1, nore
prleferred of at |eastP95:1 and nost pref of at
@. 20:1 without any further rac: neso aration
éps. That is, a significant feature of the invention

that the process described 5 herei Raiie¥d des a
canposition having a m xture of isonersi2of 1t he
conmpounds specified herein having a racem c or
pseudoracem c to meso or pseudoneso weight ratio of
greater than 5:1 (i.e., the nmeso or pseudoneso isomner
is less than 16% of the m xture) as synthesized. The
ternms "as synthesized" or "as prepared’ as used
herein refer to the material as isolated fromthe
reaction m xture w thout
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0 any subsequent separation of racemc or
pseudoracem c i sonmers fromneso or pseudoneso
WO 3@a03863 This feature provides a significant BOERL0aF@14340
in obviating the need for tinme consum ng and
expensive separation of rac and nmeso isoners to
Dkxgghagn a suitable catalyst. In the follow ng diagrans
and 2, the individual steps of the process of 5 the
i nvention for produci transition-nmetal conpounds of
formulas 1 a - 1 d are] shown once again for the
exanpl e of a preferred>gnmbodinent. 32 WO 2005/ 10586
-PCT/U82005[014340 Di am| 1. n-BuLi, Tol uol:
[ IuoI, THE SI "~ Sltl\
Bt Toluol, THE Si-----

/

005/ 105§E PCT/ US20057 014540, B ﬁg%ﬁ;} (anl—lexgllaté '23, o
1) 2Si%cH842. zrc14 st

step d rac I mss
stepa, b step d 9
/

rac/ meso
>20/7 1

In addition, the present invention relates to a catalyst system comprising
at least one compound of formulas 1a - 1d and at least one cocatalyst.

A suitable cocatalyst component which may be present according to the
present invention in the catalyst system comprises at least one compound of the
type of an aluminoxane, a Lewis acid or an ionic compound which reacts with a
metallocene to convert the latter into a cationic compound.

As aluminoxane, preference is given to using a compound of the formula

(R-Al-0),
(Formula 7)

Aluminoxanes may be, for example, cyclic as in formula 8

|
[ ]
(Formula 8)
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>20/1 In addition, the present invention relates to a
catal yst systemconprising 5 at |east one conpound of
woorsnbims3 1 a - 1 d and at | east one cocat al ysSPCT/BS2005/014340
sui tabl e cocat al yst conponent which may be present
according to the present invention in the catalyst
or lineSY S8R SPRLicses at | east one conpound of the type of.
an al um noxane, a Lewis acid or an ionic conpound
whi ch reacts with a netallocene to convert the latter
into a cationic conpound. O As al um noxane, preference
Is gi-ven to using a conpound of the fornmula 7. o
"(RA-Op (Formula 7)715 Al unmnoxanes may be, f-or
exanplegp cyclic as in fogmula 8 R | [o_g_ip+J
( For mul a\BJ\ 34 WO 200 /}05863 CT/ US20087 014340 or
| i near as inAfIQL_anIa 9l R il_R_OAI-O Lﬁ[ﬂjl\llilR ( Formul a
9) or of t cluster t pé as In 10, as
descri bed”1n recent |iterature,—cf. JA 117 (1995),
6465- 748 Organonetal lics 13 (1994), 2957-2069. /R 0-A
| RAIIl p 11(r)Al ~ ~Formula9)

or of the cluster type as in formula 10, as described in recent literature, cf. JACS
117 (1995), 6465-74, Organometallics 13 (1994), 2957-2969.

R
0—Al
Lo

\OmAl\
I IRI R
Al—Q

Od A1—R
AI—O/

R

R-Al

(Formula 10)

The radicals R in the formulas (7), (8), (9) and (10) can be identical or different
and are each a C4 -Cy group such as an alkyl group of from 1 to about 6 carbon
atoms, an aryl group of from 6 to about 18 carbon atoms, benzyl or hydrogen and
p is an integer from 2 to 50, preferably from 10 to 35.

Peferably, the radicals R are identical and are methyl, isobutyl, n-butyl,
phenyl or benzyl, particularly preferably methyl.

If the radicals R are different, they are preferably methyl and hydrogen,
methyl and isobutyl or methyl and n-butyl, with hydrogen, isobutyl or n-butyl

preferably being present in a proportion of from 0.01 to 40% (number of radicals
R).
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i ,RIE R Al-00 AI-R Al R (Fornmula 10) The radicals
Rin the fornmulas (7), (8), (9) and (10) can be

wo d@stiossed or different and are each a Cl - C2BCYUS2005/014340
such as an al kyl group of from1l to about 6 carbon
atons, an aryl group of from®6 to about 18 carbon

£ SRt AR e ar WEEPOR AT yehioyS Bl Py RAGHn etfotls.
One ofdte cadthols @penpribast thealeaation af anradumjtymitsoloatarbon
comegufhandlard By dadimin i BCartbrampou b By TLfaler, which

: t S |
e 5 A N 9 LDt

t
solvent blumyias tcpiueﬂerﬁ@lpyem@naw@n plursimoxang mvmgnﬁthyeférdmﬂqﬂ groups

R. twh B ep B eI OB Ea URS s AR5k Erndiding T 17 desiped

comﬁzisﬁ%g@r@a FBClRy AHS r@@éﬁédwtw@m ERtdqoissyriRavies, the

conprises the reaction of an
Polyrsdion SdﬁﬁﬁQﬁ#B@w@aﬁP-:’é&@%ﬁ&%nd/ or a

B
in coﬁ{rﬁ{c% alariagld éﬁhtehf‘oﬁﬂnféﬁﬁéd aﬁﬁhh‘l@ﬁﬁ e @émtp@hHG'Whlch is

To prepare an al um noxane having different  al kyl
preserténfree fRYMtok@sdah Bddent. tri al kyI al um nuns (AI R3

A B Brh I SR i R S8 flpotigpePlid Rl 7,5,

9 or %SV%@!%"p@és:bbD{H Y& aisifidd 6hBAMox4A8s &Wl/hﬁi?rtﬁeo 302

Regardl ess of the nmethod of preparation,
hydrcma:holn @a@ﬁélsm m,tdr@ggn wéoes havecrrmpagl yvr@pia@@ldeby alkoxy,

cont.ent of un al um num starting conpound which
arylolxg St ?(gsoél‘?(m' @@Tl% orm or as an adduct. Futrthernore,

' ”ﬁﬂeeélfiho@fnté Bﬁalahﬂﬁbwmd caeRMubdac eketifie ttﬁ@pmﬁaaénon of
8, 10, it is also possible to use nodfi

the swppaﬁadpat@gst.aysﬁmmrt b@ varied within a wide range. However it has
been found to be advantageous to use the metallocene compound of formulas 1a
- 1d and the aluminoxane compounds in such amounts that the atomic ratio of
aluminum from the aluminoxane compounds to the transition metal from the
metallocene compound is in the range from 10:1 to 1000:1, preferably from 20:1
to 500:1 and in particular in the range from 30:1 to 400:1. In the case of
methylaluminoxane, preference is given to using > 30% strength toluene
solutions, but the use of 10% strength solutions is also possible.

As Lewis acid, preference is given to using compounds of the formula 11

M2X'X2X®  (Formula 11)

where M? is an element of Group 13 of the Periodic Table of Elements, in
particular B, Al or Ga, preferably B or Al

X', X?and X® are the séme or different and each are a hydrogen atom, an
alkyl group of from 1 to about 20 carbon atoms, an aryl group of from 6 to about

15 carbon atoms, alkylaryl, arylalkyl, haloalkyl or haloaryl each having from 1 to

36



20

25

30

hydr ocar bon radi cal s or hydrogen atons have been
partly replaced by al koxy, aryloxy, siloxy or am de
w0 a@saedss3 The anmounts of al um noxane and net aP¢DUBIVE5/014340
used in the preparation of the supported catalyst
system can be varied within a wi de range. However, it

1o iy BB [ UB L Ry BRFORRSEISebth Uk o

radiedlWrifluoXas ccHiomi bistaink or sodihe .aPpsfetred td?(atnptlétefcatﬁnb(é and
ratio of aluminumfromthe alum noxane compound
X® arqenqthingranybhsersenyl, oy andrifypsemettd amesater BEP%S

suof B0 R R A 090 Pl pipplon22:

dlﬂU@@@ﬁﬁenyl rpdrim:m@'sph@fyl peRtafidoadpienyh) 8 8-trifiuefophengleand
% en to using > 30%strength toluene solutions,
3,5- Elﬁ” Wﬁ@@@@yaph%}% strength solutions is also

Conieinfe Ui B3 B bimo RIS FHERES syl 51 N9
trnsmhtehlymlm@nésn anblﬁtylam_mﬁnumf trmlomlrbommﬂnmmmmnaodl tris(4-
e e . ul ar
ﬂUOH?FgTQéW%P iﬁd&@ré’ Bori'@ea?EAA('he same or
fluofbrhE&r ygmep?ggor%ﬂ‘éhtn@ 49—t|hﬂ’lﬂfr8(9ﬁéhy@)b8@né“’!rls®eﬁ{eky|

group out 20 carbon ‘atons, an ary
fluogsmhemyd)bofaneming ’lotyl)abmme tris63, Bﬂmeﬁwyapbaeyl)mmwahy(?; 5-

iSO iorans sadores DAt RBIRIRIT 10 son ot o
In ﬁ%c@%l‘é@fé%ﬂbgﬁ iAo t"rIQ eﬁtéfﬁlo?@t@m)%b% in the

aryl rine, or|ne ne or
i od&mmmd?cmfaéalyad mmm&eslsfgmenﬂo uskey e@ipoMadamdnich

confnie wap Bhg %ﬁ’mtm' ey Dbtk Worienyorale

tetrBphORIN hem k0.t o1, . Banable duatons are either Lewis
© rga %rorgheny H% @% 5 di | uérophenyl

acigenBacthdedipdmd ghtiorpent af | uor ophenyl

2.5 3&%” HSLOERS it reerce & b e roopefetamine

or &ifnd Ei rlﬂ,k%hﬁﬁ‘ag' M@lhytahhrﬁbbfhﬁi WhilAWm, dimethylammonium,
trllso al um num tri utylalumnum

dlethyllatrhumnﬂhor Mreethylaniinignmy dinheawiemmenigiy N,N-

d'”?ertﬁg ﬁllBu,rX Jﬁ hy?q@mbhfgﬁﬁr%QQQWH&EIBW?P—Y\LQLRWa?rﬂﬁonium

me'ﬁ'iylélbﬂeﬂyl@nﬁﬁéﬁmM%ﬁMW' dlrpsmoeN, N-dinséthgianiinium or p-nitro-
[‘'uor ophenyl )borane tris(tolyl)borane,

N Nfdlmeﬂlﬁardhmwmhyl phenyl ) borane, tris(3,5-
Suitable Lewis-acid cations are cations of the formula 12

[(Y*)Q1Q,...Q, " (Formula 12)

where Y is an element of Groups 1 to 16 of the Periodic Table of the Elements,

=;t‘D

ph 1
C
etn

Q4 to Q, are singly negatively charged groups such as C1-Cas-alkyl, Cs-
Cqs-aryl, alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon
atoms in the aryl radical and from 1 to 28 carbon atoms in the alkyl radical,
cycloalkyl groups of from 3 to about 10 carbon atoms, which may in turn bear

alky! groups of from 1 to about 10 carbon atoms as substitutents, halogen, alkoxy
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di f | uor ophenyl ) borane and/or tris
(3,4,5-trifluorophenyl)borane. Particul ar preference

WO 2009/1088m3 t 0 tri s(pentafl uorophenyl)borane. ASPCDOBI05/014340
cocatal ysts, preference is given to using conpounds
which 5 contain a non-coordinating ani on such as

aroup LAt ERAE AR BRI T BLPs o Bl ?Eﬁ?%%%ﬁt .

atomsesﬁ}iﬂ@rnieﬁmmyld@@uﬁsor Br oenst edt acid cati on.
Br oenst ed aci particular preference is gi ven to
pr of éhat veaen fiem of. ani | i ne derivatives such as

di e‘? '"{Qbmmﬂw_ ne?lﬁHglandl met hyl ammoni um  1-0

TONT um i linium di phenyl ammoni um

N, Md;bmébmh@emd ihei differehté BeL, iyl arsargenthan or equal to 1
triethylamoni um tri-n-butylanmoni um

met Partigujsig syitapirosations arﬂjﬁar@pmwrrﬂrpatlons such as

tﬂphe’ﬁ}" r@%'\# §hm‘?‘/’ (211% §H|ﬁ{3hﬁg}no£?_tg)v'\}|% Isékgzg]l ¥ cations are

tetrahgaotiiasheri |uﬁnh phbostonivmatio2Ssl¢hra Iﬁ@lpho@hd&uum
(Formul a 12) where Y is an el ement of oups, I, to 16

tnphewlphwm@mrﬁ@n@ dra'aﬂfré/‘@?OSﬂh'@n@marﬁ!m also C@i'ow tegngifin
metalégﬂ%@fge@ ?’\'ééet{h IOé'f ‘F"I‘Cﬁlnﬂﬁh srifeSs@bifsy!

ary ary al oaf kyl ,
cationhal oaryl each haV| ng from6 to 20 carbon atons in the

aryl adical and froml.to 28 carbon atons jn,the
el PomBBURGEIBINGAT b BepL SsroRIm e S sgt
mvenﬂt?n F]% n atons, which may in turn bear alkyl groups
Fom1 to about 10 carbon atonms as substitutents,

triethyhamagaiumistiedptyenyBborde 2005/ 105863 PCT/ US2005/ 014340

i fr carbon atons, aryloxy groups of
t”bUtﬁ?'@ @*%te}r@?@a@w&ﬁ%%s silyl or mercaptyl groups.
Bl ;ﬁﬁ‘n @l@% N Fades, 6, z is an integer fromO to 5
t”meﬁXS?” o'rrespo %Igljto the difference a-z, but dis
tributylamgeonidmtetragiol\djpoahte; o 1 Part| cul ary sui tabl e

at ons a ar bo atl uch as
tributylammprey Eﬂntﬁ‘ﬂﬁ‘o@f R 0538| ons, sul foni um cations

tributfidf (?rﬁumtét%t Eéﬁﬁéﬁr&ﬁammlmna@@osphom um cati ons
as triet phosphonium tri phenyl phosphoni um and
trlproplylptmrr%tgmh&ﬂpﬂwidmmethylphadyl)ilcsa’(ecat| onic transition

tributylammoniumtetra(trifluoromethylphenyl)borate,

tributylammoniumtetra(4-fluorophenyl)borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyl)borate
N,N-dimethylaniliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra(phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
di(propyl)ammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(phenyl)borate,
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nmet al conpl exes such as the silver cation and the
1,1 -dinmethyl ferrocenium cation. Preferred ionic
W@ oivs00863 whi ch can be used accordi ng to the PCEESIWS/014340
i nvention include:
triethyl ammoni unt etra(phenyl ) borat e,

trleth% Phggttg%rﬁammm { r@hémmml ) bor at e,

etra(tol yl)borate,
dlphetnsllpfrmsphammmtetrakletpha(lyldbw‘a)mor at e,

i(mathy Bhedy SRR %@%@gﬁﬁwﬁﬁé?ﬁ%ﬁ%? ) arunt nat e,

i dl%éﬂ@ﬁﬁ%ﬁmé‘ b Ghtehats ;(@r& Poeame, ) bor at'e,

30

moniuntetra(tri oromat hyl phenyl ) bor at e,
trlphemyld:m’oyhmxmtetralaus(mntaimmphﬁﬁwﬁbﬁ@ﬁ?I ) bor at e,

trlph?,n)jl%bgp@%eﬁ%& X RO hkts ( pent af | uor ophen

tnph%ﬁb&b@ﬁmmbha%ymmwaummabr aki s(pent af | uor ophenyl )b
rate N, N-di methyl anilini umetra(phenyl)borate
ferronemumt@tralysmﬂmtaﬂﬂomﬁf@ma@% PNYr at e, N, N-di m

ferrogp R AR K e e DR R0 RR! oF I ot ophenyl  al uni n

at Prefer@'n(:@ ﬁeﬁglven to tnphenylcarben|umtetrakls(pentaﬂuorophenyl)
) anmoni unt et r aki s( pent af | uor ophenyl

boratB (N;weqi m&thyipy@lnh@mlammﬂwﬁeyﬁbeaﬁ?‘%mﬁ@wpw& ar

e BB ABRRBHBET, o arpipacet o, S0 V0

tr Itﬁé Ql&élbﬁir?%%m{l]@m use ﬁﬁxtaﬂfs&ﬁrﬂrl]i&mthaa laboaeend below mentioned
en osphoni unt etraki s en orate
Cath)*hgqﬁmngJE@@ngﬁd@rﬁféW@@ @H@ﬁ#ﬁ%ﬁ% %’Um'“oxafges 574 an
R honi unt et r aki s( phenyl ) bor at e,
fonig %%ﬁéﬂ@({i N 4/BRS % n}Netr P (phenyl)

‘carpeni u | s(pent af | uor ophenyl ) bor at e,
t r Ophemnydefalr dunitalpstebmpons (fsearedidewise pheang patanborane
, triphenyl carbeni untetraki s(phenyl)al um nate,
compounds such as
7.,8-dicarbaundecaborane(13),
undeoahydrido—?,8-dimethy!-?,8—dicarbaundecaborane,
dodecahydrido-1-phenyl-1,3-dicarbanonaborane,
tri(butyl)ammoniumun decahydrido-8-ethyl-7,9-dicarbaundecaborate,
4-carbanonaborane(14),
bis(tri(butyl)ammonium)nonaborate,
bis(tri(butyl)ammonium)undecaborate,
bis(tri(butyl)ammonium)dodecaborate,
bis(tri(butyl)ammonium)decachlorodecaborate,
tri(butyl)ammonium-1-carbadecaborate,
tri(butyl)ammonium-1;carbadodecaborate,
tri(butyl)ammonium-1-trimethylsilyl-1-carbadecaborate,
tri(buyl)ammoniumbis(nonahydrido-1, 3-dicarbanonaborato)cobaltate(ill),

tri(butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborato)ferrate(lil).
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ferroceni unt etraki s(pent af | uor ophenyl ) borate and/ or
ferroceni unt etraki s(pent af | uor ophenyl ) al um nat e,
wee@saosete i s given to PCT/US2005/014340

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate,
N, N- d

RSB RGY REYiHTE BbRELNGR AR LeRRPBRAYY PO

Broenb®saizydia mations st gbfeakbls foen0 Af ol ephiealenthgrafezablytirira 1
al so possible to use m xtures of all above an%id

t0 10 glgale R DRERLEN the sl Opéﬂﬁcﬁa‘wﬂﬁo?fﬁb@%w\é‘ﬁé ri2ed
“@:6%5&3.&9’8?%& REs AL OR%S \ﬂﬁ!ﬁ beBlliCbRpounds of the

ew s_acl O her useful cocat al yst

type R;BM?(}G)&MSRJ%)(, er W%%@é\/ﬁﬁ;VMéormuladﬁbw&descr«hﬁtbm atent

ApplicieB MR 80/ 25 e o B PtV S e, o
dﬁxdtgga&é%;é o Janefw%e fheSsHhs ¥ RAMRBAPARA@REpresent a

hydrogeﬁ aloyrel( admc@eatehym 7,0~ 0ioczarbantedataihiogagreyp, especially an
carbanonabor

alkyl gﬂogptqf ifasudl );p)agﬁﬁlozlﬁ Eﬂl}bﬁar@gxg,&;ap@oaikyl of from 1 to about 20
carbog agté) s, %E&ﬂ% 'o; aaRPnidmdindecalesdiatems 18yl of from 6 to about

anmoni un) dodecabor at e,
20 cabthar( atongs ttajd Jrerofdioinu fita ebauihm) catharsatoms, @ryloxy of from 6

e

haioag)é'a&?%% W%H&)@t Aafcbrmémhﬁsu |awwéryb@ﬂﬂﬁ@ﬁ%ﬁb9m@ﬁteto

) anmoni unbi s( nonahydr i 17
carbaBr atooes, k»ahemu«yraayl@fér@mvtt@ﬁéput 49 carbon atoms. R’ may also

be any DB Gkl WHEh the B L aiasRs ATe 408 sPme.gt dffesntand

have*the%gm\é@nggﬁlﬁ?%%%@?’ PCT/ US2005/ 014340 The anount of
evms aci d I oni ¢ conmpounds having Lew s-acid or

Bi\beindhe saas e ditiereohand semew&fsafm glemeninob mein growp 11l of
erably froml to.10 equival ents,
the pﬁﬂ %'8?%@ Oﬁél%ﬂ?%"ﬂ ocene conpound of the fornmulas 1 a
- ilj, 8nd veRERI fiaidOis aafhaié nusmst Oprigot Byand bage wig hot

bimetallic, conpounds of the type RL17M3(- O M3RI 18)"
equabto R118M3(- O MBR] 17)" (formula 13), as described in

6fgrePerred cocatalyst systems are the compounds of formulas (A) and (B)

R‘W R (A)
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Application WD 99/40,129, are |likew se inportant as
cocatal yst systens. In this regard, RLl7 and R18 are
wo b@sgesses or di fferent and represent a hydr ogROT/E8ZNG/014340
a hal ogen atom a C1-C40 carbon-contai ni ng group,
especially an alkyl group of froml to about 20
carbon atons, hal oal kyl of_iffrom 1 to about 20 carbon .
at ons, al koxy 8from | td& about 10 catthon atons, aryl
of- from6 to about 20 carpon atons al oaryl of from
6 to about 20 car/kimrﬁ'onﬁ—a@#m@l of from6 to
about 20 car bonlq_ﬂétoms aryl al kyl of ¥ Fg@m 7 to about 40 .
carbon atons al oaryl al kyl of from'Y to about 40 . (B)
carbon atons, alkylaryl. of from7 to about 40 carbon
atons, or hal oal kylaryl of from7 to about 40 carbon
g [ ¢ i n which
Wherﬁaﬁg%%%ﬁgrggg%{tﬁéggt e g%ﬂgg%%@%ﬁg?sﬁ?ﬂ?gnd have the
shoshemaoien gompdahas that ars gelneratlarte berredafdedrampredented

resen n mai,n _group 111, qQf the
are thogBiTaeY Pyaie FerORIealgGasongjodihoing ot fermdas Gy andior
j + v is not
D )a'ﬁe&E’BFEN%%t re g’??e n?:pooclg]{aa ;%t?mg?/ (t:gms are the
conpounds of forrrul as (A) and (B) R17 R 18 R17
B-O-Al -0 B~ %778( @52740 V\D 05/ 105863
PCT/ US2005/ 014340 17 JoRs AI U—B- 0-Al R18 R18
(B) where R17 and R18 have the sanme neani ng as
speci fi ed above. Furthernore, %on'pounds that are
general |y to be regar ded’ Bab- @R terrefD) are those
formed by the reaction of at |east one conpound of
formulas (C) and/or (D) and/or (E) with at |east one
conpound of formula (F). 17

B
o
B B
R17/ \O/ \R”
(E)
R
Al
R18/ \R18
h
(F)

in which
R?  may be a hydrogen atom or a boron-free C1-C4o carbon-containing group,
such as an alkyl of from 1 to about 20 carbon atoms, aryl of from 6 to

about 20 carbon atoms, arylalkyl of from 7 to about 40 carbon atoms, and
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Rf17B- (DR27)g (C) R217B-D-BR172 (D) R17 OBO | |

R17PO Rl17 (E) L R18 r RL s/ AIDR1I8 h (F) in which
weR20051e386be a hydrogen atom or a boron-free ClLPCH0S2005/014340

carbon-contai ni ng group, such as an alkyl of froml

to about 20 carbon atons, aryl of from6 to about 20

I rom.7 to_about .40 _garbgn '
ot ondergt A am i e tiberrk bR B b BE REa R T R have
al kiy¢ aayie mbahingmas/speritdbbbod) carbon atoms, and in

have, the sane neaning as specified

D is%é@z’m%zi’og Rniq{?n &irenent! effthegieriodicdalple\if elsfmerite \?,rr] an NR'61 A
: i adi ¢ | f roup, where .-
o g0 S e 3% NG 2l Bl e ko G Bty such
suals albyl @ frahk ¥ lto @bolit 200chrtish alpew orf%%g&ffﬁﬁﬁ g%godva@g?go

aryl of from6 to about 20 carbon a
nuitBEOT 9D to 3, g is a whole number fromO to 3

o A + loto 0, and h is a whol e nunber
R

romlto imetal lic conpounds of formula 13
g is arehleguinber fommi) tuedl withth+amot@qgan@n®tztdl i ¢ conpound

nis G indhortion Gebl | 110 or 111 of the perodic

e e, SRR oFiSnl s 195 AR eS80 an
orgaopneA@llicandoepound of formula 14, i.e., [M*R' ], in which M* is an element
of main Group |, ll, or Il of the periodic table of the elements, R'® is the same or
different and represents a hydrogen atom, a halogen atom, a C4-C4, carbon-
containing group, an alkyl group of from 1 to about 20 carbon atoms, an aryl
group of from about 6 to about 40 carbon atoms, arylalkyl of from 7 to about 40
carbon atoms, and alkylaryl of from 7 to abouAt 40 carbon atoms, q is a whole
number from 1 to 3, and k is a whole number from 1 to 4.

The organometallic compounds of formula 14 are preferably neutral Lewis
acids, in which M* stands for lithium, magnesium, and/or aluminum, especially
aluminum. Examples of preferred organometallic compounds of formula 14 are
trimethylaluminum, triethylaluminum, triisopropylaluminum, trihexylaluminum,
trioctylaluminum, tri-n-butylaluminum, tri-n-propylaluminum, triisoprene
aluminum, dimethyl aluminum monochloride, aluminum monochloride, diisobutyl
aluminum monochloride, methyl alﬁminum sesquichloride, ethyl aluminum
- sesquichloride, dimethyl aluminum hydride, aluminum hydride, diisopropyl
aluminum hydride, dimethy! aluminum(trimethylsiloxide), dimethyl
aluminum(triethylsiloxide), phenylalan, pentafluorophenylalan, and o-tolylalan.

The catalyst system of the invention contains an organoboroaluminum
compound, which contains units of formula 13, as the cocatalytically active
chemical compound. Compounds of formula 13 in which M® stands for boron or

aluminum are preferred. The compounds that contain units of formula 13 may be
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cont ai ning group, an alkyl group of froml| to about 20
carbon atons, an aryl 5 group of from about 6 to about
wdadoosanisen at ons, arylal kyl of from 7 to aboutP@DUS2005/014340

carbon atons, and al kylaryl of from7 to about 40
carbon atons, q is a whole nunber froml1l to 3, and k
[ er f£ro y Yalo]s -
oresg B HIAIGTHEATRESs D, bR, B aFEBBPSARBRG) b prmore
cheriatisomipounts tiatMbradiangstsfaffolrtlal 18mavegse soridimers,

. and/or_ alum num especiall al um nym_ Exanpl es of
trlm@.sepémgél@r SPWV@I dneng rr‘n%éﬁh@sg%‘y lWimAcid-pasar e _
intefgcliggd hy!l al umi num  tri et ‘_h‘yI al um num s : .,

trirsopropyl al um num trihexyl al um num .

t r Poefeyiedl covatalphicailyi aotivb Wtiyesdllicrcaommpounds correspond to

tri-n-propylalumnum triisoprene alum num dinethyl
formylagl Aa@ndnthochl ori de, al uni num nonochl ori de,

di i sobutyl al um num nonochl ori de, nethyl alum num

sesqui chl oride, ethyl alum numb5 0 sesquichloride,

di met hyl al um num hydri@g, enoi num hydri de,

di i sopropyl al uni nunfQydride, di mRhyl

al um nun(trimet hyl si | oxilde)=B eOneAhy|

al umi nun(triethyl sil oxi@®), phenyl gl'4h,

pent af | uor ophenyl al an, a o-tolylalan. The catal yst

system of the invention gg}{ffﬁﬁt‘ é%gn or ganobor oal um num

conmpound, which contains units of fornmula 13, as the

cocatal ytically active chem cal conmpound. Conpounds

of formula 13 in which, stagpgds for boron or

al umi num are preferreR, TheFrompoungd®t hat contain

“units of formula 13 may hg -4 -WOR005/ 105863

PCT/ US2005/ 014340 prﬁgetnt as nonopers or as |inear,

cyclic, or cage-like oligoners. T or nore . chem cal

conpounds that contain ur{farswd@ 16r mul a 13 may al so

i WRaEe v By " BFEhe s fle el FE K Pt 0SRE R dnd R in

forrmniefey red cocatal ytically active binetallic conpounds
correspond to fornulas 15 and 16, 100 R 200 R 100 R\
A Bampesof e cecatalytiaipaciyosampaungs of formulas 15 and 16

are

F
F F
F F
H,C—AI-0~B~0~Al-CH,
CH, CH,
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100 R 200 R100 RI1 B-OA -O-BR/10 R100 O

(formula 16) in which R100 and R200 have the sane
wore@siloggens t he substituents RL7 and R18 in fRCHUBZ05/014340

13. Exanples of the cocatalytically active conpounds

of formulas 15 and 16 are 15 F FF1 FF

H3CG-Al- O -0 Al -CH3 CH3 CHg 43 WO 2005/ 105863

PCT/ US2005/ 014340 FEFEF FF A-OB-OA F F XF

H3C---\ FF/-cH3 A[FE FHBC- / \-CHB F FFFF

FF/
. | F

F
F F
F F
H,C— ,—CH,
Al-0—B—0—Al
H.C—" N—CH,

M m
: -rl
m mn
|
O sl
l
>
|
@]
l n
w m
%}ﬂ
T 'I'I

44



FFI FFI FBOAI-OO-BF FF FFFFI F IFFF
FFFF FFFFCH3~ | FI \ FBOA-OBFF FF
wo20050049863 | . FFFF F F 44 WO 2005/ 105863 PCT/US2005/014340
PCT/ US2005/014340 FFFFFF VNl FFBFF FFFF
O -OAl -O-BF FF F/ FFF\N\ 1 I FFFF FF

F F

F F F F

F F F F
F F

The compounds named in EP-A-924,223, DE 196 22 207.9, EP-A-601,830, EP-
A-824,112, EP-A-824,113, WO 99/06,414, EP-A-811,627, WO 97/11,775, DE
196 06 167.9 and DE 198 04 970 are to be used as additional cocatalysts, which
may be present in unsupported or supported form.

The amount of cocatalysts of formula 13 and/or 15 and/or 16 used in the
catalyst of the present invention can vary from 0.1 to 500 equivalents, preferably
from 1 to 300 equivalents, most preferably from 5 to 150 equivalents, based on
the used amount of metallocene compound of the formulas 1a - 1d.

The catalyst system of the present invention can further comprise, as
additional component, a metal compound of the formula 17,

M3(R??)(R%)s(R**); (Formula 17)

wherein

M® is an alkali, an alkali earth metal or a metal of Group 13 of
the Periodic Table of the Elements,

R? is a hydrogen atom, alkyl of from 1 to about 10 carbon
atoms, aryl of from 6 to about 15 carbon atoms, or alkylaryl
or arylalkyl each having from 1 to 10 carbon atoms in the
alkyl part and from 6 to 20 carbon atoms in the aryl part,

R? and R* are each a hydrogen atom, a halogen atom, alky! of from 1

to about 10 carbon atoms, Cs-Cqs-aryl of from about 6 to
about 15 carbon atoms, or alkylaryl, arylalkyl or alkoxy each
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The conpounds nanmed i n EP-A-924,223, DE 196 22 207.9,
EP- A- 601, 830, EP- A-824,112, EP-A-824,113, WO
wONB[/YEN, EP- A-811, 627, WD 97111, 775, DE 19PCDES2005/014340
167.9 and DE 198 04 970 are to be used as additional
cocatal ysts, which mnay be present in unsupported or

supported fo of cogat al f or nul ,
Ta bt or 1onling 8Pt ERLDA aberAB Rt RS ol patt B Trom 6
present anGfdQ@E}aﬁb@ﬁ aY@rhé’lrf!h@rﬁr%/Qa@ldaP 500

equi val ent s, {)referal from1 oBOOeuwaIents

ris %mtegﬁreff@f\a% 0y3 andaasd t arel Bloegsraifioan @rﬁog whese theosuim

t he used -anp I sof ‘t he
. formulas 1 aw{lst ﬁé"g%@dég?%\é@gﬁg PE& of the present
whera trés tbaponant i wiot lizhtic: Wih tae abave nasltidhicd rt@'catalyst
nent, a nmetal conpound of the fornula 17
Commwﬁaﬁ) It KSF@?,S’ @Pﬁ@bbetfo UE® MisitEe 1Y) vakipeis enetal sBTpeurds of the
fomﬁ‘JfIg@'?" an alkali earth netal or a netal of Goup 13
0 the Periodic Table of the Elenments, R22 is a

hy dnogrenthat roetal abkpburads dfrtbefdrniuda aﬁwefeiéhme@mn to
|. of . from®6 tqo about 15 carbon_at omns,
thosg) ‘R&YE}HPQF\XS ‘%?‘”EHTW BPRYFSIEAH FHHVINNG RROR % ang Rebare each
alkyF&f oM AlPHBodtN Ot%)gborf"é#ms PAH c@e{o}ﬂ/ ﬁrrg?%lée% ﬁq%tﬁ%ogwognds

carbon atons In art, are ea
of theydrmgen1 Aboem- baltyﬂahlogen laltyim -oalykylagnksiihgm-butyt-o-

T T e T
tnméﬂH&%Mmﬁﬂﬁ\l? oflﬁ}l)\f@re%%ét/e&p%% PCT/ US2005/ 014340

having from1 carbon atons in the alkyl part and
f r 6ra Bretalcopepatmdiod theafoomsla 17 ishesedl; itlis pededly, presest in

the §8tely3t SPSbal (illol ceriadlihal 458 Sndlaialio MG haieRewon
metQIffrcﬁﬁ thé rﬁ\ét@ﬂ@cén@c%n%‘iﬁﬁ@ﬁﬁ'fﬁmi@a@% '1@3@?:‘0??89%‘!‘1 2{9 QJ' in

he above nentioned cocatal yst conpounds
part;wwufmreao@ Uke2:i xt ures of various netal conpounds of

% grerlpﬁlfsgjr %u?lrtpqo‘g@ Anggﬁlhtg rgzg e{,@h sygtemngp t%gdpsregent lnven‘uon
can be any organic or inorganic inert solid, in particular a porous support such as
hydrotalcites, talc, inorganic oxides and finely divided polymer powders.

Suitable inorganic oxides, which are preferably employed include from the
Periodic Table of Elements Groups 2, 3, 4, 5, 13, 14, 15 and 16 metal oxides
such as silicon dioxide, aluminum oxide, aluminaosilicates, zeolites, MgO, ZrO»,
TiOz or B203, Ca0, Zn0O, ThO,, Nax0, K20, LiO, or mixed oxides like Al/Si
oxides, Mg/Al oxides or Al/Mg/Si oxides. Other suitable inorganic support
materials are Na,COjz, K2CO3, CaCO3, MgCly, NagS0y4, Alx(S04);, BaS0O,, KNO3,
Mg(NOz), and Al(NO3)s.

Suitable polymer powders are homopolymers, copolymers, crosslinked
polymers or polymer blends. Examples of such polymers are polyethylene,

polypropylene, polybutene, polystyrene, divinylbenzene-crosslinked polystyrene,
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those in which Mb is lithium nmagnesium or alum num
and R23 and R24 are each 0 alkyl of from1 to about 10

w@arobaosset ons. Particularly preferred netal coP@EDURZSS/014340
of the formula 17 are n-butyllithium

n- butyl - n-octyl - magnesi um n-butyl-n- heptyl magnesi um

G i N

polynﬁétﬁeem‘ate | polpcdrBbRdteC polpestad p@iydcb%lfdﬁ WV@T)&E[G@’IO[
used, is preferably present 5 the ‘catal
sﬁmmfefaﬁreﬂmm ramlafs haveta sn@cm@swﬁamamﬁ mthmange

from 1 8 PRO k0 4 goffEb drgkyiahls Bhed iy 0°F I8 TR A% °
mearf pamicRO9zd of o’ Lio gd)‘@pﬁUW@féFen?déWB@‘\%Htoosﬁuﬁﬁtﬁts having a
catal yst system of the present i nyention can be any

specife ganaee grea iohgaange fragr 30 koPO/M Tt appere mhturame in the

anaB AL SHREEE R v VA LI B b S 250

pm. P?zwnbalbk préfemingans givexitdeappary kaviag & dperifiy dfate area in
npl oyed i ncl ude grom the Periodic Table of Elenents
the r@gﬁjﬁgmﬂﬂ%to 400 /g1 3 pora volugeaindhe sangs fombRi&kes3.0 cm/g

d
and § um”ﬁ%sﬂh c%oméz?ﬁgﬁq?é?b%gumz%lz, ® Ti02 or B203,

Cél(he difporihariaa@sh th€afallaf@ chemitalg beqxietiestdd eorder
Al /Si 5 oxi des, [ Al oxides or Al/MJ/Si oxides. Qher

to adiyst caBRE RrABEGRSICE tha pRHet (6 athervaieEorthe Nadroxd group
conté@éfxﬁ CaC33, MyCl 2, Na2SO4, A12(S04)3, BaSO4, KNGB,
‘N03) 2 and Al (N03) 3. Suitable polynmer powders are

hdfihieasdupperisnateipbhaysraicy noistasd coitedt op@iside solvent
ol ynmer bl ends. Exanples of su yners

conteyy) S}@@WQMm @ryﬂ'tg WPE?pWee?@ bﬁ@%}’g@@ dhthis 53 not the case,

b s R e
Therotal dehydratiac oy doying of the-duppadineatesialycamiee capted/aetr under
o5 YERRERS iR MR RRCEN Sl e BRSENEBRb S e orving
tempRi SRS S 1R PR fr&?tﬁfd @ & ToE@ p%@%?bﬁfg‘?ro%lffﬁﬁ% to
area I n the range rom 10 to 1000 n®/g, pore vol une

800 T(h Trmapraagm rronctudlaliottés cadd. d hendlurationehthedning | e
from erence |
procgts e be el 11g 24 hadigedtisboar peaost dathd Seriates agpalso
possﬁmgm 50 to 500 nRlg, a pore volunme in the range from
.5 to 3.5 cnB/g and a nean particle size in the range
f rloracEilt((m @sgternatively, dehydration or drying of the support material

can also be carried out by chemical means, by reacting the adsorbed water
and/or the suﬁace hydroxyl groups with suitable passivating agents. Reaction
with the passivating reagent can convert the hydroxyl groups completely or
partially into a form, which does not show any adverse interaction with the
catalytically active centers. Suitable passivating agents are silicon halides,
silanes or amines, eg. silicon tetrachloride, chlorotrimethylsilane,
dichlorodialkylsilanes, dimethylaminotrichlorosilane, N,N-dimethylanilin or N,N-

dimethylbenzylamine or organometallic compounds of aluminum, boron and
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pm Particular preference is given to supports having
a specific surface area in the range from 200 to 400
worRdog/10ssepore volune in the range from 0.8 to BCOUSI0B3/Q14340
and a nmean particle size of from10 to 100 pm The
support materials can thermally and chem cally be

magn@%e 1€ eequﬁ\?wd%{aﬂ%%htrﬁﬂet?giaﬂﬁﬁmgﬁ{;t@étg}{lg{u%ﬁurtn' es of

ier oxyl "group
triisomdpiakmhinunt, firigthglkzoraperotr ditaitdriaghesiam. Iheahenmicslt ur e

%o ntent or residual solvent content, dehydration or
dehyqjalipp o1 pessivating of &g sgap%mett%ﬁl i§ earigf HUE BY Feactings

undef 85l SoHRE A G Bk IR il in o

suitalule lsptiresnt ot the pcﬁs,alvajlngfreagentsu ppoz formasdratissdiverhin de

suitat? ﬁéohveeggggmtaﬁgghw % %qu g l?:%?%ﬁ%r\{\mawh%gggr %rr]]%oslﬂlsch
etn%ﬁl@rrﬁkéh% h&pfahel Eﬁuéﬁé‘%x%éﬁ@‘ﬂ@pé%én%ﬂ%ﬁqg cgmed out at

preferably from 150 pressure i s not
temperaigies from 2516 te 428.°Cripeeferatdy from 29 °€ e 76r° i higher and

lowerl AT TEE a6S phlShl Iv ditafey brmeTeheiar s o gl minfes
to zo%@ét;%f@iabﬁqso gJ;g%aFg Q(ﬁe?ih@éﬁérﬂ%apée ﬁawgort

mat er'i al carried out em cdl neans,
commgte: ﬁm:dsmmg)rt rreatanlslos hmdat@dttmﬂlhratmdtﬂmﬂertlmm somditicrs,

d t abl e

washRliSita hmitys Hesutt shliab et SoRahisas dskRHstbbiove ang

subs@é{@érmyydm@d WQ%tr@@ﬁ’Pbﬁh@Hg;é%ror Urriet redUcediprésiref or m
does not sh ow any adverse interaction with the

ca&%wttmewalbpvac@nga@lcceunmrémawlal%w@ pafieely divider

poly T biwBeE Rapider PAd s SR Rty Ry RalRSse B freed

from @h&@&kﬁﬁgaﬁmt&b' 8698t HisMRIR\Ir dhdQinpUAeObP fidaResf
dinmethylanilin or N, N di nethyl benzyl am ne or

appr@mrg@tamtﬁaanmaodrdmngdme@atmmm num boron and 47 WO

a1 bRt GREDRE SRS EE el san grace
Vanohglwes@butyl al um num triethyl borane or

I but'yl magnesi um The chem cal dehydration
deSJr\%Qm adinagntrafdhe spesnt imendpn adt legstc,cmercpféae 0PVey

cescH RGBSR SR B hE Rk 2 PR ortct i
a suugeiiﬁslcg glaf/vee\é\ﬁt ?J;th;étﬂe@ﬁ&me/@écdtglyét&mmﬁném, mefegatbigrgivieg a
soluble reaction product, an adduct or a mixture. The obtained composition is
mixed with the dehydrated or passivated support material, the solvent is removed
and the resulting supported metallocene catalyst system is dried to ensure that
the solvent is completely or mostly removed from the pores of the support
material. The supported catalyst is obtained as a free-flowing powder.

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

a) preparing a metallocene/cocatalyst mixture in a suitable solvent or

suspension medium, where the metallocene component has one of the above-
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sui tabl e solvent. Suitable solvents are aliphatic or
aromati ¢ hydrocarbons such as pentane, hexane,
whepsamss3 t ol uene or xyl ene. The passivati on i BCT/HRI008014340
out at tenperatures from25 Cto 120 C, preferably
from50 Cto 70 C. H gher and |ower tenperatures are

I e duration of the reaction is from 30
des%Pﬁééigg—Scttug 0 hours, preferably froml te 5 hours.

Af tkgraﬂplwgﬂ@m%ﬁillod@ﬁél%@ﬁtél?@t mtureaBR §8rBus [it8ferably

support material is isolated by filtration under inert
mOIiQ@fﬁlm tfingeessanyaieranily s coemienlly rretieatedisubpedi t abl e -

‘ tl
o' D TRVHHE ol FE B R0 RIRNS A0 fea AYRERRNER. '
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%rbég@e%ffﬁﬁi BIFR xﬂne%}%ﬁ\@ "gsH tlnguak!@ﬁpaéd patalysésystem with

onef BPmo?{éﬂeﬁﬂLé%bﬁ'&ngR%)?WBS‘fan‘?Q Ygﬁcﬁlyr"r@?’k?(fgiwom t(ﬁagalyst

e’ puri
sys@hsml ng operations. The supported catal yst system
accordloﬂgtothls i nvention can be nade in vari-ous

way'8. NI RN kaAIBEnheihIsIvemioT e JBRAkRIPFRNE Gasatalvat
coﬁﬁ%fnor?@%%?t\z\hﬁl tﬂ@%‘é‘ﬁ rda?éc‘? bl ngsl\'?@%élshgﬁﬁr@ ;?r}]e%t%nal, the

conponents of forml s’ rou
suppontedatatalyst ia reasivesds mc‘s opmnywasimedtwitreashrmnatic

bl i Vi | uhl e,
v RESBn S e avaRrepon soiedh fhedtateREalyslinten
disf&ERA%H hirfh-ledctive 5‘%&6@‘?@ thBgiatefnHsH ?Qra‘?fr nic h hydrocarbon

passi vat ed support the solvent 1Is re
solmmi ameinersd oll or agvasupport ed metal | ocene cat al yst

ste dri to ensure.that, the solvent is
%%%ﬁ?gersm spent qsf Vaeneipg ihe ratalyst sprepatede
aoc?#@i?@rtb th fo%éhé‘tle d.;fassédJ RPRIC @dlo%é??'a)ﬁ%twbsgé?@‘i%ﬁed

as afree-flowmn wder. As an exanple, the process
(COfr@sppn@p@rtm bf &909 é'égfmoamdwg!Sa@]aﬁS;SBQdesu r ed,

| d
Por o ReprsfEhet eRPohinich e sl BRuGER e dEigd fnc.
if d@b?ﬁédﬂ rpﬁebcﬂyﬁneﬁﬂéd abhsoree aaﬂar(yspéystéﬂwgr@afaéu HE@\BH@%Q the

where the netall ocene conponént ‘has one of the above-
folla@ingtepes/ 105863 PCT/ US2005/ 014340 descri bed

S S o BB DG B B 2ok Lovont
or mwmba@ﬁnal ly or chemically pretreated support,

b) applying the trialkylaluminium/borinic acid mixture to a porous, |
preferably inorganic, if necessary thermally or chemically pretreated support,
which was prior treated with a base _

c) removing the major part of solvent from the resulting mixture to obtain a
supported cocatalyst,

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

e) isolating the supported catalyst system and

49



c) renoving the major part of solvent fromthe
resulting mxture, 5 d) isolating the supported

W@ 21081193863 system and e) if desired, prepolymerPi/mg2o0se14340
resulting supported catalyst systemwith one or nore
olefinic nmononer (s), to obtain a prepol ynerized

- 0 ¢ of

 HABSL5, R bt e B B OB B th i

one &W%léﬁrﬂ@ mchomgg), W bbtdine sepvifrmeate®Euppsaby @b%ﬂyst
support naterial, the supported catalyst is recovered

systeghd opti onal |y washed with an aromatic hydr ocar bon

R Y S L T
mlxtuseuaﬁtenmr@aamlsaarwnydmaﬂammtﬁrén IR =06 FGaRNat the
solvent, a mneral oil or a wax. In a further

seleciaehesdichienterpperatire and Ehwhish ﬁhﬁéneb\/ﬂ@rq@om@omr&m@f@rably
/
dissoffRE TR Sttt e IRAALUECoAhBoh e s BBk oD sRtE
prerea]nm%ltél%sﬁoﬁ@Esmg)ensUne@mai\tbe réactidre prazided of resthlledene and
present jnven nafre fl ow.n d|%, if desired,
Cocaﬁﬁ]yéﬁSPSﬂﬁ@F‘PE@d%Q ‘?ﬂ%éhecﬁ P%%e@g?d:; Uitablp splypats are
alkarfeRich s lfbrkite, i€poanel hafarts, ihefdnd IR Etdone and

nonase) thtialkarfema@ cotlopediame dnd apgibliergné bed aromatics
trial kyl al um ni un1bor| ni c amggm xture to a porous

such gsdtesraBeytoluesieg giindbenzenteard digthyiosarrae! Yep particular
prefefifl iElah B BhIR ﬂ%)owgﬁa ethyifeitfhdl was pri or

treat asé r enovi ng t e ‘naj or part of
scﬂorarpreﬁcwmtlbnetrreamdtallor@nm intthe éotro oflat solial i8 dissolved in a

solutisitahe Gocsatoa 4 SuitaRleusavar. I 1€ afsoppesibleiovdasolus the
metaﬁaéé?fen@é ai@@g X uw&besoq@td@{ﬁd&@q] &19%%%%1@%5

one of ove-descr uctu
solutiopoligh th@gcadaéelwmnjuhmi Rreferenpse |sgsxeentoaming49|u\me The

T FE AR T
placSHSIoBM WnPerature of 25 °C. In individual cases, the use of higher
temperatures can reduce the required preactivation time and give an additional
increase in activity. Elevated temperatures in this case refer to a range from 25
°C to 100 °C. |

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

The volume of the preactivated solution or the metallocene/cocatalyst

mixture can exceed 100% of the total pore volume of the support material used
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one or nore ol efinic nononer(s), to obtain a

prepol yneri zed supported catalyst system . Preferred
wa@iozanmiss3 f or the preparation of the PCT/US2005/014340

net al | ocene/ cocatal yst m xture are hydrocarbons and

hydr ocar bon m xtures, which are liquid at the
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nonane, cycl oal kanes such as cycl opent ane and

cy cVbite faneoluert iacompletely orguestyare mpaeddram the suppeited
ooty TR ARy Bl o SFERAR b YER gy tedibe.

Preﬁérablf)@@aﬂﬁme- vi§ible poriibeafthevasveant, arid e ki PGRB OIS of
the formof a solid is dissolved in a solution of the

the sypapdIpateripharg remaverl Ehe semenwal. oftheisglventeanbe sapias out

| ' he . I ' . '

in 2 GrilehiBb vl frnd e FRse M b o BT e feee

Durivd the direpsicasy,the soikure ean bErtadatec nnt the figewivdnt has
usi ng tol uene. The preaftlv tion tinme is from1

beag rm@Vacd Witeh Heall takes ra%ﬁ,tq 3 Vetroat 2 Rrefedre terpparadure

of fﬁiné rs‘g)f%{ogﬁgféf’“r HE Fre@lsofrentis \}i&gi&‘éﬂé&#ﬁ@ of 82solvdritSn the

tenperatures can re require
mixurea€or W pomotéesref treobreseet ianemrti, residad! solvent edthe portion
actjvity. Elevated tenperatures in this case refer to
pregephingBeMof®s-25 C to 100 C. The preactivated sol ution

A
catalykt spstgrl cannhils6 Ivei dried umtil balyf @ certaih rasiduyl sudvetdcoatent is
a suspension in one of-the a

' d
eftapith dhe S1oo e RYRE HRAGIIPISISY o BP o guatys the
SUW catgfg/?t t&hs‘?é’rﬁtda Edas With%@??@iﬁnﬁ hadnsehrbon such

ut1on e netal [ ocene/cocata ture can be
as pehtre adusdinea@rddriechagaial | y charged support '

ot TBaGEaoHH 5aphE T e TepbTsFBeATITgI A S Aross e
VR STE R e R RATRT ke Flor R, ol A a O R Slstns of PP e
prepolahe pasdewith loneeorahotehalefinip poortomertse withlor wgibdut B@ use of
hydrogen as molar mass regulating agent, prior to use in a polymerization
process. The procedure for the prepolymerizatidn of supported catalyst systems
is described in WO 94/28034.

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

additive to metallocene component of formulas 1a - 1d is preferably from 1:1000
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net al | ocene/ cocatal yst m xture is brought into contact

with the support material can vary within the range
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moreﬁ%‘?@szd with a | ow boiling hydrocarbon such 7?0 as

pemetea’mehe oleﬂheamwe-ommsdeg edhagsipropdihe, tippaid,eldpentene,

cat al tem repared, according to the esent ,
t-hof e TSP BN B O tener SHTTEe Agnaopudhas 1.0
buta@Rh¥ M ULHSERMeOlingInBFditer, n%eboraéeraﬂey lﬁSﬂ)deécﬁ‘xene

one or nore olefinic nmononers, wth or Wlt out the use

and oyohcmmmmnhm nmbamenaﬁstraemb@de@mg@nhetmdmmbomene.

in thyse in a '? mer i at oh 25 process. The rocedur for .

In ?t‘?éoiﬁséﬁg %éﬁsfﬁ 'i”éﬂﬁ“t&“ BlpPGNCEdS Oath) ‘?0'5'999 merizing
propggg g:?%ﬂién{égqa g@o){@ ng%}éﬁe ﬁ#tﬁ@ﬁhéh? gng};dgtc?rze ot more 1-
oleﬂm$1haweg|rﬁqmm4&@26afedigrsmtomysse@m batesneablt hamtarmf/oracnne or

oefln feral n al pha-ol efin C S styrene or
more RGP AeNEBI 0 Ay D b Bovs e B E g g
norb@ﬂiHb@éﬁé'tettgﬂldéﬁe@d}bémehéb@te’crﬁhln&éoﬂ%ﬁ:ﬁéh@e@er’yrhdl’ca%ie
Ser / 365, 280. The nolar ratio of

copolymers are ethene-propene copolymers, propene-1-pentene copolymers and
ethene-propene-1-butene, ethene-propene-1-pentene or ethene-propene-1,4-
hexadiene terpolymers. ‘

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

The polymerization can be carried out in solution, in bulk, in suspension or
in the gas phase, continuously or batchwise, in one or more stages. As an

example, impact copolymers are preferably produced in more than one stage.
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additive to netall ocene conponent of fornmulas la - Id

is preferably from 1: 1000 51 WD 2005/105863
WEANSWEREDS5/ 014340 to 1000:1, very parti cul arPgT/Us2005/014340

preferably from1:20 to 20:1. The present invention

al so provides a process for preparing a polyolefin by
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f or mulas a - 1 d. For the purposes of the

in(a )mﬁtltl\ﬁﬁ@ﬁﬁ@n the term pol ynerization refers to-
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I i r or
of mAfRSLLERA L8 ELSREThordiarfy S2ERoR JY L ARRIRPLRN
magm)@mmncalkyﬂrorﬂIIanl alky) ot @ncaurhimoxaree.Ofte alkyiccormand iBn
together with the atons connecti ra%t hem o n form one

addeghto ‘rhernéormrngzc,or SUFPERBICE NpgdM &IVas i negomer of
su bsﬁérp:%@e alrr tlﬂgtc%%gt c]“ad?i@ﬁi RIS amouﬂ
pent ne or ene, yrene |enes SUCh

compsurid éddéwﬂeﬁemon ihedgidinyadi tbaenonom@fﬂsnmekior nene,
nar bor nadi ene,

sut® Pé%"%ﬁ%l%%ﬂrh%?ih 'ergf[\gV%? PRl S mods] FiolSoar it
distriBtON 'o?%rtpf%a?)f?nmooé] rﬁelﬁn%?Fé}@j%sﬁ IQFechﬁ‘n@ﬁ(?écPfot use a

I nvention, preference Is ven onopo yneri zi ng

Catalgsboymemmorepmmm@tvm ocmmodz yltﬁferenilnmjaﬂnam\eﬁ@anrﬁwo or

morg i eaepgcararee. AR BinShPore RNt Bl Sy of
the qeéeneh gﬁ@m@aﬁ p8 uke®ak 4 huA8, carbon atons, eg.

nor bor nadi ene, ethylldenenorbornene or
etAyInnmiabmasade@uietor\zedgorgmrtceaﬂse the astivijymbiydrages is added
.. __ethene-propene copol yners, propene-1-pentene
if re ‘ymers and et hene- propene- 1- but ene,

et *T‘ﬁ@%apd'h?&%?ﬁe% ﬁ%“yttﬁﬁﬁjwleﬁwﬂfeepcﬂyrfh@ﬁﬂ@hél éystem as a

hexadi ene” t nmers. pol yneri zation is carried
solidonit indhe floronof eeuemerasuomm @hycémea@samrynay betrestedowith inert

compiefise S0 a® Patarfitt s o 'S0 Bt R Bt iyt e
catafyst 8ydiath Bab-be metered into the reactor together with the monomer to be
polymerized or the monomer mixture to be polymerized, the mixing unit and the
metering line are preferably cooled. o

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

The polymers prepared using the catalyst systems of the present invention
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The pol ynerization can be carried out in solution, in
bul k, in suspension or J in the gas phase,

w@oemsitmsezisl y or batchwi se, in one or nore st aPEBUSAS5/014340
an exanple, inpact copolynmers are preferably produced
in nore than one stage 52 WD 2005/ 105863
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the polynerizZation of olefins or preterab .

polypoopylene havinginigh aoléedst wemtaﬂdwommbmani rsinge of
s Ito Ill of the Periodic

steregsp%m%qurar]éixrglgigsgegﬁ%ﬁyum num al kyl , . magnesi um al kyl
or ﬁnééadpargrﬁéﬂskaeh cah Hre;jwéarm%mgme @ét%wst %9%% Bdsed

is added to the nonomer or sus?ensn on nedi um and
on metallosenes offesmulee drohtireprasen w@ﬂtland@ye awlartifieatly higher

' th LVAEY. f al
molg Rt it iR i A e e AR o fesmers can be
pregél%@ uslify HeeRAEIgsPsRftem mhwméeeﬂitamegn@w bt 8afigl® broductivity
i rodal nol ecul ar weight distribution or a broad or

andoatindustriadyl teleupnt preress Rareyatesowiteaedenesitipsmation.

b IR TR Bl 18 v

suite®RAimpiSitalar Abk BFAtRICIVE pbodutds olicTRE ibdirs fRaeRints, injection-
cat al yst systems of the present invention can be used

molgedzpanisy films shastsychre, AasYreselaitipssr laray bellew bodies such
increase th ctivi hydrogen is added if reqU|red

as Ries 4 a?)i?gﬁe@)%rp ﬁ&?@ﬁy be supplied to the
pol ymeri zation systemas a solid or in the form of ‘a

suspension in a hydrocarhon .or nmay be treated with
inert conponents, such MEFgfsflns oils, or waxes,

Ge{ o @e)% g\{ﬁr&etter netering. If the catalyst systemis
into the reactor together with the
mnbh@prdp@r@t&)n aod endiingdf e otyanooTetatic munx;bmmrejst were

ol yneri zed, the m it, and the
carafeéow@ﬂéewgpnmeﬁc % B Eeh AHB? Or inA \5‘? P?igALl ofyents

oo e P Rb G LRl BUEEfplecs, el

i ”’pTl@élgotyh‘EEr@@fcbduﬂed and the metallocenes used were characterized by
"H-NMR, ‘13C-NMR, DSC, GPC and IR spectroscopy.

The following abbreviations are employed:

PP = polypropylene
MC = metallocene
Cat = supported catalyst system
h = hour
VN = viscosity number in cm® /g
My = weight average molar mass of the polymer in g/mol

M. / M, = polydispersity, determined by gel permeation chromatography (GPC)
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nor phol ogy of the olefin polynmer. In general it is
possible to use all antistatics which are suitable in
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dose the antistatic directly into the polynerization
system either together with or 0 separately fromthe

l\/IFR‘:a IYﬁ{)W?é{t%t ﬁ@a‘éﬁf&{ %t% Wwﬁﬂ%rlﬁaﬁro? Ea’f & Q%g%g 188§
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m.p. %Qﬁlﬂrﬁéﬂﬁi@lt?@ﬂdﬂﬁﬂﬁ@& ﬁéiéEﬂMedcbysqhﬁa;erﬁnl soamming

o gPlRaE R, [ Abdoh e - Asdnadopling 2™ heating rate

pol&f%rdcz%lrpn using the catal yst system of:the
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haV| %h@gé ecul ar vvelg b %g cover a broad range
of Ca fGORAHIPNS S8 ARGY s peci ficity. The
copol ynmers whi ch can be prepared using the catal yst

system based on netallocenes of formula | d of the
ExapsehtPreparativn of Diavexyisiangdiylbiséermsthiti-gttérterirol ar

SS ared to the prior art. At the sane tine, such
butygrgw ?)H%Q San be O prepared using the catal yst system
Of 1b@ g&ﬁ%erﬂﬁqolé%Z%Fanﬁ’éthﬂM -’ heﬂlbmylpﬂelﬁw Mijhiend e

trial | evant process araneters w t hout
mtrcdiwzeshmtof‘rﬁ(]lecrﬁrholuEh@apd)ﬂfrrmlr of priépandd ¢ nalhef n-

ot BRERE T2 v e e PP E PR, feGeRbh Rt o
tem@b}éﬁ@tﬁﬁeﬂ tﬂlseé‘ct) |ﬁHh is %Bhfﬂ)%ie,ptﬁétrﬁbxtlir@l@heaﬁétﬁﬁi 80°C and

aps, closures ottles or large. hollow bodies such
stirré@ asshipito@perdttite foxord hemt Iprsczplemtede’w caBkd/ROES, and then

neral Procedures The t| on and han e
5.8 GHlq b faEO LR DR CHIBRS 108 Bxs Biouly Sdpeluapwist
A RISl SSEIO s oS @t wer

oveﬁﬂbﬁ@é‘ﬂ RbnFleRvRFaties 066 miSer. watee apo by ded samd mpmmat
heé netal |l ocenes used were characterized by

form:aoe NvRarabst, Tieporganic piRsegs ¥ashed opih 1&@@1& @F W@@@rn@nd the
aquae%%ep AL 005 A&y FIRL eved witr? t&BI of PV KR! BPMIe. The

combined organic phases are dried over magnesium sulfate. After separation of
the magnesium sulfate, the solvent is removed and the residue is purified by
column chromatography. The desired product di-n-hexylsilanediylbis(2-methyl-4-
(4'-tert-butylphenyl)indene) is isolated in a yield of 6.6 g (44%) (purity 98%).

"H-NMR (400 MHz, CDCls):

7.42-7.04 (m, 14H, arom-H), 6.72 (s, br, 2H, olefin-H indene), 3.60, 3.48 (each s,
each 1H, SiC-H), 2.04, 2.02 (each s, each 3H, CHj3), 1.33, 1.31 (each s, each 9H,
tert-butyl), 1.20-1.02 (m, 16H, aliph-H), 0.78-0.72 (m, 6H, CHs), 0.67-0.50 (m, 4H,
aliph-H).
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MC = netal |l ocene Cat = supported catal yst system h =
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pol ydi spersity, determ ned by gel perneation

chr omat ogr aphy (GPC) 54 WD 2005/ 105863

e BB e

butylmhériyh)gindehyl?zmctmm,m dreh%lgde ned by differ eﬂt i al :
sc | cal or 14 th a 1St
oy BATR. I O AhndeRdatang ale e et g <

. but;%é@?ry)gi% éﬂ&ﬁv&&iﬂ%@ﬁﬁfo%"o?mmf Hiet te?r'ié? Eﬁ A mL of n- .

scanning calorimetry con |t|ons _
butydlihiuab sokfioExX2mpVen loluehe gee addef.habfoom temperature. After this

add m{}e%ﬁe@y | ﬁ{%}@%@%(ur%ss g? réer{tfé@/rlglgﬁ;éd'@gt teeb%perature. It is
oL, i G RSB R o

addaddn bortors. Afterrthe ladtiibhiof BO urh é‘r?dléthlyl ethet ahlaemk‘xlur@r le
added wi thout interruption er at Er e.

allowgidsto yrim fapong t Qf%@ﬁf?té’tf%ans et ﬁ'UPg st %@% s
tem%%%t@f@mgﬁe to?éé;fﬁt tﬁaﬁ Rrgﬁsel haH Pthr r%wa%?g%ﬁ%d blass

o) coo then
filtemambegysheld @hcerwmhazg Irrdi ofrdlemplsetham ellee esidwomisythaddiribd in

B IR e

K e. 60 nL of water are added, and the
anoaz%]résggﬂetsh 8f>eaélquntiare separated. The organic phase i's

vvashed with 100 nL of water, and the aqueous phase is
extracted three tines with a total of 100 nmL of

- H N3 dHe0 Mihs @PEblibi ned or gani c phases are dried over

7669§9§g.1n%ﬁ1é cﬁ‘fﬁ—lﬁ)h?@ %6, GERAAL 1 07 pgs WQOFP%‘HEELHFW 31

'S reane "and the'résidue
(s, p8Hi, terebutyy), 0@ (réH, @ Hmat ogr aphy. The deS| red
product di -n- hexyIS|Ianed|be|s(2 nmet hyl -
(4' -tert-butyl phenyl)indene) is isolated in a yield of
Ex&mp18164HA ELRMpIE 8a98% - _5 " H-NWVR (400 Mz, CDCI3):

Analogous to example 1 and example 2 respectively, the ligand system di-
n-propylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indene) and the
corresponding metallocene di-n-propyisilanediylbis(2-methyl-4-(4'-tert-
butylphenyl)-indenyl)zirconium dichloride was synthesized. The desired product

is obtained.in a rac:meso ratio > 8:1.

Example 1b and Example 2hb: .

Analogous to example 1 and example 2 respectively, the Iig‘and system di-
n-butylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indene) and the corresponding
metallocene di-n-butylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)-
indenyl)zirconium dichloride was synthesized. The desired product is obtained in

a rac:meso ratio > 12:1.

56



7.42-7.04 (m 14H, aromH), 6.72 (s, br, 2H olefin-H

i ndene), 3.60, 3.48 (each s, each 1 H SICH, 2. 04,
wQ2@210sexh s, each 3H, CH3), 1.33, 1.31 (eachrGT/UsBO$014340

9H, tert-butyl), 1.20-1.02 (m 16H, aliph-H),

0.78-0.72 (m 6H, CH3), 0.67-0.50 (m 4H, aliph-H).

30 55 WO 2005/ 105863 PCT/ US2005/ 014340 Exanple 2:

Preparati®on of

Exampleitang EXﬁBﬂ?ﬂdlZy:l bi s(2-methyl -4-(4'-tert-
m{%ﬁ’e@@go% >|<erl]r%%ﬂay |1 )aznldr g)?a%&mzd Iré:shpje%%{/ee, ’gw'ee’liggangls%is%em di-
l A= -
oy R PP G el ke i e
corragipending meteélloceaadh& penﬂylsdahedlsltins(tzynnbthwu(mf—seﬁ-ut ion

outylfiay Mdbe Daliepien et g syies Eeﬁh@égsir'ed product

is ob%énhéa Wa%@h‘i@&ﬂatﬁbtﬁ'ﬁ tenperature. is cooled
o 0C, and then 2. 36 (10.1 mol es) of 2| rconi um

tetrachl oride are added in portions. After the

Exafipic. g Bedralon it SrublfeliuBinar oo i ol ' °
butyphehygiideae) two hours at this 0. tenperature. The
pr eci p|tate that fornms is separated through a

f r48.0eni( @&mnolﬁs) ok?- raeht@yknﬁéﬁe@rbh@fevlmetrwl)zt}md@n@fare

ntroEe i B2 T0h et SRt ety BETE PEO G Han

butyNitteligh édluﬁo@%(l@%%oluéﬁé‘) éker a’r’@dét?ﬁ/ﬂhbaf inferfupt®nlat rBom
"H NMR (400 , CDCl 3): 6 (m 16H, aromH),
tempzerzmres Afexrithistgiditidn $7chmp315te( rthemlbqturalxs; bbate)d to1BEBC and

t ent - but t., H, . | |
stirdghat @amié'@&"%%r Rigisud! s Geierp oo K ab ectf) wen
13, 72m!'_€(§ﬁ’%%h?’ oftdlEtHg)cQéﬁlGr I%h@rﬁ 'sTowl added CierRWISe After
n- propyl si [ anediy -te uty enyl )

this additioe) thendattien somnmspcsndedgonﬁtraé Ihwemet 60°C and then
di - n- propyl si | anedi yl bi s(2-ne | -4-(

overpighy ap FeeiyItprinedaiye) #0Pd8kioh mad%wreoaqi%@ wa@ the phases that
oA AR, TS oS B SRS d ACe g. anc e
aqueous phase is extracted three times with a total of 300 mL of toluene. The
combined organic phases are dried over magnesium sulfate. After separation of
the magnesium sulfate, the solvent is removed, and the residue is stirred with
300 mL of pentane. The colorless precipitate is separated by filtration, washed

~ with 100 mL of pentane, and dried in a vacuum. The desired product |
diethylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indene) is isolated in a yield of
27.3 g (49%) (purity 99%).

'H-NMR (400 MHz, CDCl3): -

7.45-7.09 (m, 14H, arom-H), 6.77 (s, br, 2H, olefin-H indene), 3.63, 3.53 (each s,
each 1H, SiC-H), 2.07 (s, 6H, CH3), 1.37 (s, 18H, tert-butyl), 0.78-0.61 (m, 10H,
aliph-H).
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Anal ogous to exanple 1 and exanple 2 respectively, the

i gand system di -
WO 2194863 | anedi yl bi s(2- met hyl - 4- (4' -t er f - but yPEHER3003/014340

ndene) and the corresponding netall ocene

di - n-butyl sil anedi yl bi s(2-nmethyl -4-(4"-tert-butyl pheny

) 30 indenyl)zirconiumdichloride was synt hesi zed.

The desired product is obtained in a rac:neso ratio > °
Exemple 4$dreparatios of 0ebgisitadigbe(Zhteatng4b (4’ zdipitdphenyl)-

. | e :_Anal ogous to exanple 1 and exanple 2
: ‘“@%@&éﬁ?ﬁ?@wﬁ@%@? i gand system-di -

n- perg.y h$21 8nambldslos R MRS tﬂiéﬂZ-h@EHyihU(w&‘éH‘le nyl)
i ndene) and the coOrrespondi ng netall ocene

budylphepidlindansi araitmduasdsie. i mj ofaligthyl eter. 17.6 mL of an n-

oS S SRS Pl By ana e
suspensien s sttddooverdight at fhiataphgerdturer aparrahiésh Sblution is

Di et hyl si |l anedi yl bi's 2-rrethy|-4-§4_'-tert- _
copld, toffenanlithreiehd) g 421.86 amoles3 o @Hiymdeptrachloride are added

S CIRt LT AR T —

 teBprdilrdndfs tAEn BtirrBd N thiot ioureas elistdrAperlafure. MHidprecipitate

tol uene) are added w thout interruption at room
thekippesas Titased Mirough ehE3 fiitrrl giasa filter anthilleetesjduehie washed

ot S0 (7 SFGp SN FREL TnEREsinusly (HeRRuRyhdh By, and the
dedied modudt feobtahddrinrayieRlofB.6gol5¢99) with a rac:meso ratio of 5:1.

di et hyl di chl orosi |l ane are sl owly added dropw se. After
this addition, the reaction solution is stirred for

1t v.and then overnight at room
I_{Efnl\@gl(mpféza;ggﬂﬁt of water are added and the phases

7.60@.99'5{11{ 18Ry fofeHrAR8 s, 6 eCHE)gAro51 pBaet 45 aNphiied 1.45
ith 200 niL wat er, and the aqueous phase is

;
(ty%r@b'a)e&i-%r(ge@*ﬂiﬁ?gsbwlﬁ-h a total of 300 nL of

tol uene. The conbi ned organi c phases are dried over

magnesi um sul fate. After separation of the nagnesium
Exainfpdé 6; Ptdparstionvef(R-1ssproppibd-¢4! - fedrslitylpren@li dodend)di-n-

stirred with 300 nL of pentane. The col orl ess
hesyichiypsi is separated by filtration, washed wth

é?g d%r(tgg ?@8.@%6%@) ofBdsBrbpf-4-pu' deMak tPhe e SeS S are
intfodtibgd mitd dde dilydfibkieRerartdy 5-mk Of dinmethoxyrthghe ey 276 mL
oig%ae/g)st?utf/llﬁhilu%ﬂsc%’ggn I(i]Sé}vIlel Follgenog) arg ?a'dgeg V\Slt%]%?ﬁ in(tgr% E)ttl(yn at
room temperature. After this addition is complete, the mixture is heated to 80°C
and stirred for one hour.at this temperature. It is then allowed to cool to room
temperature. The resulting reaction solution is slowly added dropwise to a
solution of 57.8 mL (206 mmoles) of di-n-hexyldichlorosilane in 236 mL of
tetrahydrofuran, which has been cooled to —40°C. The solution is allowed to
warm to room temperature and is then stirred overnight. The solvent is removed
in an oil-pump véduum, and the remaining residue is dissolved in 91 mL of

toluene. The insoluble lithium chloride is filtered through a G4 fritted glass filter
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roogplampera

"H- NMR (400 MHz, CDCI3): 7.45-7.09 (m 14H, aromH)
6.77 (s, br, 2H, olefin-H indene), 3.63, 3.53 (each s,
wo-osaedsed H, SiCH), 2.07 (s, 6H, CH3), 1.37 PGT/UIBBE/N014340
tert-butyl), 0.78-0.61 (m 10H, ali ph-H). 57 WO
2005/ 105863 PCT/ US2005/ 014340 Exanple 4: Preparation
and Q\fashed twice wntg L of toluene per washing. The solvent is then
D e | silane I s(2-net hyl -4-(4' -tent-butyl phenyl) -
remomﬁarrya yczha:ry:emapmacumrc andrthdexeess dgn(mmmbr@ebaneﬂs

remavﬁé% HERYAS dstiaioht ore hBYed btohig S ledater ina vield of 34.6
ggp/(ggimb/ g(t;&@amg]ﬁ, cle)18 of an n- butyllithiumsolution

Min toluene) are added at room t enperature, and
the suspension is stirred overnight at this

1 ok rat . eaction solution is cooled to 0OC,

H"&@?@f@ M%FZLCES@A 8 mmol es) of zirconium

7.28-210Gh] o1 S, 8dded, 1H) dksﬂrLqu\aené; t3375t(§|15H SiCH),
addition, the reaction solution is allowed to warmto

2.86-30M (10, 1kniseprami¢l)ad®@y &, Bive e utylpdl -28r 1 24demehids each

3H, Ran PR L i B aere 85 de o AUBE-E EA%0 06 T 28 B+,
residue is washed once with 38 mL of di et hyI et her.
The residue is then dried in a vacuum and t

Exatapler &P iansdaiion p&%mhew&&ulanﬁdw'(ﬁrléparqm" é (é erts1 %

oo {p ) RGP Oy g M 4BR My

dicHiof&e 1. 78 (m 4H allph H) 145 (t 6H CH3) 1.31
(s, 18H, tent-b . Preparation o

( 21560635 Ermple) DERTVBY ArifeleT-p Db Ry Tafene are
intra o%% 5%9918? f?c?@egggﬂg Efgﬁzlﬁgﬁ) Fé:fl) ogze)fr%lran and 26.3 mL of

an hidutgithaad sonitionl®% Minofoluarie)ene aaldedivBhodt mferruptlon at
di nmet hox¥et hane, and 27.6 mL of an n-butyllithi .
yre. $ﬁﬂf|th|&@®m)3 %f?feplﬂ%letﬁ‘e\/ﬁ“t%@'@tls heated to 80°C

o BEEA RSBy ARSI RLL 0 50 S 2o Abion
of ez V Iif @2.5 pimolee) bp(R- |s@brdi;tyl81 (e petattyiphenyl- 1|-|sndehyalbd| n-

| owed to cool to room nper at ur , The resul tj
hexy&tdﬂ@roeﬁaeelm% onl pétqiww { M agiopsQutior by drops

s.0l i on ,of

withyn_ WP& ?F%‘eoe%el é%gm uggﬁérg% H:EE fgr three hours at 60°C. The
rea"scﬁf)ﬁ t%pﬁroﬁgggeeiem @B &smpeenueoahadhtn 5049C. of Even-
butyllithium solution (2.5 M in toluene) are added without interruption. After this
addition is complete, the mixture is heated to 80°C and stirred for two hours at
this temperature. It is allowed to cool to room temperature, and then 16.9 g (72.5

mmoles) of zirconium tetrachloride are added in portions. The resulting mixture

is stirred for two hours at 45°C and for one hour at room temperature. The

precipitate that forms.is separated by filtration through a G3 fritted glass filter and
then carefully washed with 20-mL portions of tetrahydrofuran. The residue is
dried in an oil-pump vacuum, and the product is obtained in a yield of 32.9 g
(58%) and with a rac:meso ratio > 15:1.
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warmto roomtenperature and is then stirred

overnight. The solvent is renoved 30 in an oil-punp
woawauniseand t he remai ni ng resi due i s di ssol veRCT/NSH5/014340

m. of toluene. The insoluble lithiumchloride is

filtered through a 4 fritted glass filter 58 WO

2005/ 105863 PCT/ US2005/ 014340 and washed twice with 9

S of tol uene per washing. The solvent is then
Hr MR 400 MHz, GB\Q&U)y evapor ator, and the excess

7 A R R S o AR, 2. o

186-6'38 FH Gli EH 6%0 @m&matwpmt 140 (E3H, &o hdeEH
Nﬁg g )g 29(7 (m 7Hw'gr omH) g 3h
1. 5(11 ?dﬂescpmowh Bnepo (BG’rth-éa) 1 H SicH, 2 86-
(m 1 H isopropyl-H), 1.29 (s, 9H, tert-butyl), 1 29
1..24 (each d, each 3H, isopropyl-CH3, 0.72-0.63 (m

E)Eehlnplii Yplhre'd)aratﬁn%’i-(@«l@ﬁ)réml R@Hterabuppidnyl)o1-Exanpl e

'n@fnﬁ{q(:%tgygt@b?%ﬁgﬁl?yl (2-isopropyl-4-(4'-terf-
b _
L e e

mﬂ’ﬁ@u@) intd 120 metdhtbludné 4ndtded mibof dnhw’alemWe)hane raoer2?.6 mL
are i ntroduced into 197 nL of toluene and

oftast Iﬁﬁw%dlrtbwm salutioihe- 2641 1 teluese) até %Wg}hwti'm%mp%on at
ro%ﬁ}l [&%@fu%ﬁsé?(ler ﬁ%s %ﬁ@n’per u?lg%dﬁ?? m&tpﬁeufg haec?ée(? fo 80°

arﬁ@sﬁ%@f&bﬁe HoE afiihid tenepdratuneattasl tien Swedidcad! itd rc&ﬂn

for one hour at this tenperature. It is then al | owed
temparatire. Zihgmawtirtgwreaéhorsaolw@n [selowlyrarsladsgropvise to a

sl BhP B e o B 1 AR 5T T <

' telt@mammaﬁowmch%smeeﬁrmd Wi -t40°C. IThavsoluties is dleved to

suspension is then stirred for three hours at 60C, The '
wae*ado iropmdemperaturei andds dheistired avemidiipdhasehent imgmoved

R el R LR T By b e

indeflibiéd ﬁ’t'mdrﬁ’ cﬁl@ﬂ@é & Bieréd thrBugh Bre&4 frittdiegibed fiker &R0vasied
stirred for two hours at 25 this tenperature. It is

tveite ovikbd? . fdoliene pebb'ﬁﬁhlé@péﬁf@tW\éentéﬁw@anf@m%/@dgn & rotary
5 |
é%qqriagq{;ngr?drﬁﬁ éssgﬂa[r%%”'ﬁ% d&difeacitbanétds JRe8 iR -duinp

ure
vacuum at 50°C and isolated in a yield of 21.8 g (94%) (72% according to GC).

"H-NMR (400 MHz, CDCla):

7.16-7.01 (m, 7H, arom-H), 6.71 (s, 1H, olefin-H indene), 3.71 (s, 1H, SiCH),
2.89-2.81 (m, 1H, isopropyl-H), 1.27 (s, 9H, tert-butyl), 1.25, 1.22 (each d, each
3H, isopropyl-CHs, 0.72-0.63 (m, 6H, aliph-H), 0.21-0.12 (m, 4H, aliph-H).

Example 8: Preparation of Diethylsilanediyl(2-isopropyl-4-(4'-tert-butylphenyl)-1-
indeny!)(2-methyl-4-(4'-tert-butylphenyl)-1-indenyl)zirconium dichloride

17.6 g (67.0 mmoles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene are
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is stirred for two hours at 45C and for one hour at

roomtenperature. The precipitate that forns is
waepaneisesl by filtration through a G3 fritted PCEHES2005/014340

filter and then carefully washed with 20-nL portions

of tetrahydrofuran. The residue is 30 dried in an

oGyl TR SBFU Bl SO of MBI Byt mi.

a1n5 But hmg& 8§03 iPChiddsy 00> 68443 4Mth m-hrftwu 46R at
o A U(%Cll (7}/-601 lm 16?32 arom H), 3018 3. 11ﬁ) a

roomn Hmpe;aw@pwﬁemhls adcirsoro is cappletihe mixivge ig hgate(dﬁo 0°C

an g‘[mgcg@,%gﬁ;}? u@q% his t‘%“fieré‘g”?d ’[lé't’q'\g %%\&%%i? %épé)A solutlpn

of £7.89 (6Y7.0 ﬁ]Haolé%)?af 2Ry %ut437-/|(4 -ﬁdélﬁ-lb&t;&;bh@fylpﬂ-

(2-I'sopropyl -4-(4 . )
mdenijguhy@%rwlammlaﬁagnL@ﬁ@lq@%Sgacz ds6l to thispreastiogsolution

arofiSSRIRB T firblanoThe sEPRIERLhRSHIrBH e HBEE nots o

60, ”‘?F\Q? c?%ﬂ%&tloﬁﬂg cB8tc8 throorﬂfteﬁibe'ﬁatbké Ythbhtd?ﬂ &M of an n-

sol utr1on ouene are added wt
buiytittenmugautam @5 M iadoiueerpareaadsies wﬂﬁmletrmtemﬂ@tmmdu Aftenthis

| et th t
addiog FOBPTBEt 18 FBMAIGS oS0 Fonpar AParLTer(or Sve hgwrs ot
thid érﬂg}f@%u}n@ 9 'anluwe&?8%o|tt8fFB§rhacEH{dp%ratTF@ th@ﬁwlatﬂg;g(nﬁ
ion solution s slowy add pvmsetoa A

mrﬂ@lbsl ofaircohiudb tedravhidriieSaramzoided Jin pf)rtlons It'is stirred for two
di et pr%/l di chlorosilane in 19

d
ok &HERGANSES 0D8 GReh o BT REARIIGol S D6 Hdarms
is %e{%ea\faﬁgmf ﬁ%@&{g&?&ﬁfé @yﬁrﬁe@@%déssflll%é?’?ﬁogl}h'ewt%}efully
wa‘éﬁléél WmhaQ'(ﬂ;i_hniLh@om@ﬁelk dg%tna?ydnhoﬁﬁahvﬁ‘ld\e nesictienit dﬁed in an oil-
t ol uene e insoluble |ithiumchlori ere
PUFTHY ARy, 264 theipredupt i AR 1f @ry'%kﬁ’oOf%isﬁ&d@fo) } wg with a
rac‘!%te@or %_Opg 1to| uene per washing. The solvent is then
Eoved TR & Fotary evaporator, and an oil is

obtalned The desired product is dried in an oil-punp

vacuum at 50C isolated in a yield of 21.8 g (94%
T (OB VBN G DEI Gy  — H NVR (400 NHb, CDCI 3): 25

7. 83 generﬁhd@arwﬁ?@m H)12 @n,7H (|§@prl)ngH I@fzer(aFBH CHa),
18@orﬁ8f)@ryl4m1)anpn 127 1(47, ( t96H l’ér)ﬂBBt?l j8H:Ltezsbutyl)22 09 (d, 3H,

h h 3 0.72-0. 63 6H,
G DB 503180 o ORI Bl ph 1y o

Exarﬁple 9: Preparation of Di-n~hexylbis(2-methyl-4,5—benzoindehyl)silane

A solution of 5.4 g (30.0 mmoles) of the isomeric mixture of 2-methyl-4,5-
benzoindene and 2-methyl-6,7-benzoindene in 50 mL of tetrahydrofuran is
treated with 12 mL of an n-butyllithium solution (2.5 M in hexane) and heated
under reflux for one hour. The resulting red solution is then added dropwise at
room terﬁperature to a solution of 4.0 g (15.0 mmoles) of di-n-hexyldichlorosilane
in 10 mL of THF, and the resulting solution is heated under reflux for 5-6 hours.

The reaction solution is then cooled to room temperature and poured into ice
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Exanpl e 8: Preparation of
Di et hyl si |l anedi yl (2-i sopropyl -4-(4'-tert-butyl phenyl) -

WA 286/105863 PCT/US2005/014340
i ndenyl ) (2-nmethyl -4-(4' -tert-butyl phenyl)-1-indenyl) zi
rconiumdichloride 17.6 g (67.0 mml es) of

watd b Yt e B B A Bt LRSI iy e

Aftenfthé orgeie pande hasbash driedtveiti alzgaesiuw sulfatenthedblertlis
of an n-butyl]ithiumsolution (2.5 Min toluene) are

remayadang ﬁhﬁdaﬁlduml% PHTited BY; cakumrr @afmaéﬁg@paw rTéwe d@&n@d
8 t heated to -
profylets MkERIR A BT ELSRB T " K bprat ire. 1t

is then allowed to cool. A solution 5 of 27.5 g (67.0
of (2-isopropyl-4-(4'-tent-butyl phenyl)-1-
'H- NNH%MQ ( @hs)org)sG I ané in 72 L o%/ Itool u)éné i's
{
e o L

eacholi sSi3-H)60.68, Titd (ceal | ezmctsﬁll—luOHgm 1.25-dowt eﬂ era)lq:m H)

rature,. the n_n tyllithium solution
0.73 BBE (s BH B304 @t afibdt i nt er rupt s on.
After this 10 addition is conplete, the nmixture is
heated to 80C and stirred for two hours at this
Exdrapbed 8t Breparation of Bl-h-dwaystianasiybis{2 maibyh4,5-

te ra ure, then .2 g (77.6 mmol es) of zirconium
benzoj BFP%UH}@Cé@&éB in portions. It'is stirred for

twop BAKIGH cﬁtzrﬁgcgﬂa@%rﬁ&és)%ﬁl W@Hé)éﬂ?iﬁg?ﬁfé‘thyM 5-benzo-

tenperature. 1 recipitate that I's "separ at ed
indeyyljsilanedn i20mi luf detgrh yalrd@ram istttesded) Matbis2. @ inilt of aame

outy Ui &S MiotesabdisBTan iah To hods & Pombump
tenﬁré%. ggrge Emé%gﬁﬁ%ﬂﬁfon' is cBbieAitpeRC éhdiﬁcfés ﬁ@@% nfrﬁgges) of -

meso rati o of

zwdtz!rlmm@@(ﬁha)lona@ are ﬁadéd 90pc6rlmn§.6Hfteatm$mHhhtloﬁ the-ldtion is
i sopropyl -

war(r{}nged 4(p1rogr|n,t§mp|qyatug[e arpd f}{lrre%iq;réwg)hoq[s @%tfvg%er@@@[ature The
pre&fﬁﬂfa‘[g %éﬁtlf%rr{lg 59@ érg%xrﬁﬁugh 'as(%’ﬁ‘ﬂ I%}liter]?th{edveSIdue is

I SOpro atlono

wa%e@oheéyﬂ'l‘m 564- ﬁﬁdlbtﬁy{ e‘lizh@r b'éhewemdeew Jreeinl dried 252 Wacuum,
sol ution of b5, '

anghihg desired prgcﬁéﬁ Hsyq)btgxr@d llbélrw%fjﬁ)gfén:tgb ér(iéig/)or)n\e/vritlhca rac:meso

| -6, 7-benzoi ndene in 50 nL of tetrahydrofuran
ra,“%gﬁit‘sltr‘%e/ated wth 12 nL of an n-butyl!lithiumsolution
(2.5 Min hexane) and heated wunder reflux for one

h . The resul ti red solution is then added
DR e Loy
7.58-7.01 (m, 14H, arom-H), 2.24 (s, 6H, CH), 1.85-1.30 (m, 20 H, aliph-H), 0.88
(t, 6H, CHa).

Example 11: Preparation of Di-n-hexylbis(2-methyl-indenyl)silane
9.2 g (70.7 mmoles) of 2-methylindene are introduced into 200 mL of
toluene and 15 mL of THF, and 28.3 mL of n-butyllithium (2.5 M in toluene) are

added without interruption at room temperature. After this addition is complete,
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roomtenperature to a solution of 4.0 g (15.0 mmol es)
of di-n-hexyldichlorosilane 30 in 10 nL of THF, and

wo b@snessed t i ng solution is heated under refl uxP€DUSH0H014340
hours. The reaction solution is then cooled to room
tenperature and poured into ice 61 WO 2005/105863

o RIS P o 1
alloWddto éd t@ﬂg?m'tﬁexﬁ?@iﬁg (558 rﬁrﬁ@lés?' bf Sﬁn-Weledffﬁ‘%%%ilé‘ﬁ'é are

sulfate, the solvent is renoved and the residue is
sloyiy addestidigpwisst. ubfterdhiscariitiogy, #rshieactibe sdksiones! stirred for

o BB 5N Byl S i Baysr
ad&dﬁncﬁ ?ne Blﬁase%"ﬂha%%'d?e 'éeBQr‘%la eac‘ﬁhé o@anlﬁpééﬁé g@?sﬁed

each
with 196- rmL@j,W(arh@r aa(ﬂ-lthaaadmﬂvuﬂ)phase igexipa@dsd (dm]ethHneS with a total

of 198N, & BN T Bortihef oldiic i ase g i maagnesium

sulbez mﬂ@a@ayér)aﬁoﬁ @ﬂmewmaghé‘éium@uﬁatétﬁ@!sawbﬁns%rr%\%dgand

(3.6 mol es% - n- hexyl bi s(2- net hyl -4, 5- benzo-
thei regighig! i§ piritiedby nolzamnmhromattmraaihw dibe laileamed prodecttied

‘Sor%‘néé%ﬁw yéﬂﬁogi:ﬁgrge@zf@ﬁ yLdg&um Sglog:nl otnegrererSa{vlu:r 2.

The reactlon solution is cooled to OC and 606 ng (3. 6

i es) zirconiumtetrachloride are added in
HWRK&Q@ Mw,t@@Cfahl s addition, the solution is warmed

7 S GR00 SPURRGALY 6 B B S IO, Bl e o

ea(tl’ﬂﬂ HU@ITC%H)(E ofry QWG(éaCﬁ 8s&adh 31 eCHand 158, 899?:#: HBH | liph-H),
once Wt m. of diet hyI et her e residue

0. 6i7sO 15ﬁéfﬂ @H &dHa)D. 51M%4Haﬁﬂﬂ> httde desired product is

obtai ned in ayleld of 1.34 g (52% with a rac:neso
ratio > 15:1. 'H NMR (400 MHz, CDCI3): 25 7.58-7.01

E 1448; P d 2-
xél‘ﬁpaI o %éﬁﬁf%ﬁlﬂgnégoﬁl?()?ﬁhé?lsnﬁjﬂe @Hﬁ%( meaﬁrhhdéﬁyl@iﬁco?%m

d'CMOé'{é‘ﬁr ation of Di-n-hexyl bi s(2-net hyI -| ndenyl )si |l ane
A solution of 4.8 g (10.5 mmoles) of di-n-hexylbis(2-methylindenyl)silane

in 30 mL of tetrahydrofuran is treated with 8.4 mL of an n-butyllithium solution

(2.5 M in hexane) and stirred for 16 hours at room temperature. The reaction

solution is cooled to 0°C and 2.4 g (10.5 mmoles) of zirconium tetrachloride are

~ added in portions. After this addition, the solution is heated to room temperature

and stirred for two hours at this temperature. The precipitate that forms is filtered
through a G3 fritted glass filter, and the residue is washed once with 10 mL of
diethyl ether. The residue is then dried in a vacuum, and the desired product is
obtained in a yield of 3.1 g (48%) with a rac:meso ratio > 20:1.

'H-NMR (400 MHz, CDCl5):

7.46-6.93 (m, 10H, arom-H), 2.23 (s, 6H, CHa), 1.79-1.29 (m, 20 H, aliph-H), 0.86
(t, 6H, CHa).
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30

9.2 g (70.7 mvol es) of 2-nethylindene are introduced

into 200 nL of 30 toluene and 15 nL of THF, and 28.3
workoosfliossebut yl lithium (2.5 Min toluene) are BAOEH2005/014340

Wi thout interruption at roomtenperature. After this

addition is conplete, 62 WO 2005/105863

PCT/ US2005/ 014340 the m xture is heated to 800 and

stirred at this tenperature for one hour.
Exaraml%aéd Prepagaiipn pbDrdcdiexyhais( %n@tfyl(%shanymﬁleewsw@me

§@rd‘ﬁ§)’ rggle% 8?2' ﬁxﬁﬁ%eﬂgﬂﬂ@%ﬁ]gg%ﬁwt%&ﬁ%%ﬁmso

ere lonis.stirred

“mL dfdoluehbrm ’rﬁ)mLsofaTHEOmentB Sheb Oﬁwehiutylgflrﬂumtsmm (25 Min

nper at ur e. wat er are 5 added and

he
toluqrreatare @ﬁiﬁear\ﬂéﬂ@@bm’fat@aﬂowa&m@5%m@em$agee Aﬁeméégﬂ'on

o ol Ml KN PR B AT PREE ke for one

hout. Ot ¥eARWet® fcsm% RBSCOfHERY © @b@@mﬁbﬁesﬁ bF afnover

magnesi um sulfate. After separation of the nagnesium
hexgdicharesilankears dlomelytadded énopwisk. aAlter thmadéttlodu’é\a reaction

solu%{] 1%511'6%%%0 é%rglgrlqléﬁ?%ﬁ §r %f@kgg rﬁ@%ﬂg&l’{l@ga%g, L r oduct
temét?ro@tnt{rlgl) ]édérwgg)f o QBW%d%%H ‘thd p%%s@s @r?at(fﬂ}m%‘le sgparated.

. ol efin-H indene)
The(cegaﬂncsphaseas:bvaﬂ;heu vBtrC8®imL af eater2and tm@aqheeus elaaﬂe ls

extrgaedgﬁg e(ﬁtéseél g\@tgsqs?cgggéf %(fr{mﬂ% ’[ofHh rﬁ T_B 15 O 67 rj_;gnlc
pha%é@@?e{ﬁﬁé Bv%; nesium sulfate, After separation of the magnesium

exyl si ne 'yl bi s(2-net hyli ndenyl)zirconi um
sulfdiec tHeosoldentAs seinoved mnof thg resigue 1o peritied by colwhn

e B 7 B M T s LT urt

g7ofy butyl lithiumsolution (2.5 Min hexane) and stirred
or 16 hours at roomtenperature. The reaction
solution is cooled to OC and 2.4 g (10.5 nmol es) of

BRI RDRE "col ut on i < heated Lo room -

7. aﬁﬂm(rﬁt 1618, ar@ﬁﬁil—gtsme(ds bar2H Wﬂehow mdahe}, ha 55 3.47 (each s,
nperature reci |tatet hat forns is ltered 25

2
cachio b, G971 BDdgagh sseaph BHo(Clisti30rib 1 451, 468 aoh-H),
S 0 et her. The residue

0. 7%@ ﬁ@'ﬂ @ ngs E)égmm 4&‘1’1 ‘P‘ﬁéﬂ desi red product is
obtained in a yield of 3.1 g (48% with a rac: neso
ratio > 20:1. 1H NMR (400 M4z, %

Example 14: Preparation of Di-n- hexylsﬂanedlylbls -methyl-4-

phenylindenyl)zirconium dichloride
6.0 g (9.8 mmoles) of di-n-hexylsilanediylbis(2-methyl-4-phenyl)indene are’
introduced into 80 mL of diethyl ether, and 7.8 mL of an n-butyllithium solution

(2.5 M in toluene) are added at room temperature. After this addition is

complete, the mixture is stirred overnight at this temperature. It is cooled to 0°C,

then 2.3 g (9.8 mmoles) of zirconium tetrachloride are added in portions. 20 mL

of diethyl ether are added, then the solution is heated to room temperature and

stirred for two hours at this temperature. The precipitate that forms is filtered
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30 7.46-6.93 (m I1OH, aromH), 2.23 (s, 6H, CH3),
1.79-1.29 (m 20 H, aliph-H), 0.86 (t, 6H, CH3). 63

wOE0300B63105863 PCT/ US2005/ 014340 Exanpl e 13: PCT/US2005/014340
Preparation of

Di - n- hexyl bi s(2- et hyl - 4- phenyl i ndenyl )silane 8.0 g
e I
o BTGNS g BV BRI BRSNS ety g
The tduitud . tﬁemdr@fd m-dvm;ybhmmvamumml and the dedireM productis
ded wi thout interruption_at room

ol
. obtamﬁggx)ﬂa@ﬁf $P1e02%) With @diaciigase sationglet e, the

m xture is heated to 80C and stirred at this.

tenperature for one hour. 1t is allowed to cool to
H- NW@(400MH5 @D@I{)19. 4 mol es) of di-n-

7.630504 (P GO & Shdt b CLah -1/ At HeRlH). 0.95

(t, 611|h 13@ hours at 60C and then overnight at roomO0
ten‘pezature 80 nL of water are added and the phases
that formare separated. The organic phase is washed -

i th 80 th [ ,
ExaBiR 481 EAceRpUEn T i 08 SRS BTy S e tert
butyﬁi @}deﬁg conbi ned organi ¢ phases are dried over

géhgg um s |fate. After separation of the nagnesi um

sull 2 & @ (46.Bensolas) of z-metmwtm@utwmem ) tHreleing are

st it 06 & oftRen B PLAY 8F THF 20T (Sl ¢y
butyRiflifim HSZ"S VA &ﬁ@&n%e a‘é@@'c@nihdut%?rubﬁorﬁ Bt robi
arom 2H, ol efin-H indene), 3.55, 3.47

tem;()emd:\hres Aftemhtsaaﬂdmon-l;s Sirgpldfe, the gaixture m)hte@ad to §O°C and

s’urr@d ﬁgﬂgs @npﬁ%a’tur@qor ghg)lhlméjm @%%Iﬂlgwglp:{s C@E? to4q° Blhthq)n 749

(23. Eﬁﬂ'%hé%)z {1/11 Faﬁ%@fﬁ#r'&séb( mane. are slowly added dropwise. After

this I@blalmdnl) ﬂft?mdclléh fsefutionnis dsttlcﬂelddbr thee @ Ho6rLatBbd°S. #nhd then
mol es) o

overiight-atargstenzprsatuye bi7§(mL aftyater atepﬁ%dﬁﬂ anGhtherhages that

oS4TS 4 el D N0l Sho v

aqueegg@hage (PO A &BR e RicUirRes AVithed tdthi of Addintiottolusne. The
conplete, the mxture is stirred overni ght at is

comtum@éoegamcephases grecdue@@veomegnesivieAulats. é\ﬁ@tQS@parahon of
the BirEsihg™ syl 8% S8 BALIERY e Al e AR urfed by
coldrif chedrdbiognapisy. NERé e@sired Ipm@dndt,eltme PéhtrexyRyeamanediylbis(2-
methyl-4-(4'-tert-butylphenyl)indene), is isolated in a yield of 11.0 g (61%) (purity
95%).

'H-NMR (400 MHz, CDCl):

7.50-7.14 (m, 14H, arom-H), 6.75 (s, br, 2H, olefin-H indene), 3.63, 3.50 (each s,
each 1H, SiC-H), 2.06, 2.02 (each s, each 3H, CHj), 1.36, 1.33 (each s, each 9H,
tert-butyl), 1.23-1.07 (m, 16H, aliph-H), 0.79-0.71 (m, 6H, CHs), 0.55-0.50 (m, 4H,
aliph-H).
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stirred for two hours at this tenperature. The

precipitate that fornms is filtered 64 WO 2005/105863
wWEADSWERED5/ 014340 through a G3 fritted gl assPET/UBIN5/014340

and washed once with 20 nL of diethyl ether. The

residue is then dried in an oil-punp vacuum and the

desired product is obtained in a yield of 3.9'g (52%

with a rac:neso ratio > 20:1. 5 ' H NWR (400 I\/Hz

Emﬁé)l"% Z)Pr%?)afat%a dfbi- nlﬁékyl@é@ﬁ%ﬁ'&dxgg 5? ré@thyl@gm éﬁéf)

bLPé)ela )~ mslenvir):@lmnm dn:hdﬁnde

o TSRS RS BT b i b
bLﬂylp’Bdarliw Jinder{edaretigtrbdisddyineh8nyhl) of dleﬁ‘ﬂﬁ%@hé\* 8nd 6.6 mL of n-
b%ﬂ@%oduced into 190 nL of toluene and of THF,

L0 solutiogH2.9- Mbmjtq)uentt)rﬁr@ractctecbawpom ’te@hmm'a&)rearﬁéter this

At Yok, e BsBLS 808l oV ARt £PE Bitiedarre, is
coBSY RITPCE apidi therd B (8 QI (BrricRes) %f%ﬁébﬁ:un?get%g%&ﬁéf are' ddded

is allowed to cool To théen 7.4
in gpriginsn -Afterythe addition @@éﬂn’&h ef diedhyl aibéry tel degture is allowed to

waltPRIYRF (¢radaturd dndiS i S toT e Tish 2t Seiamgature.
THe preepitatee iR fHndli€ sep Arated ﬂfrom@h %rséffﬁﬁ@éigﬁa‘%sé‘ﬁ@r bhg

phases that form are separated organic phase I's
waieReancs With 10onlnof diethyhether. ding rtdSédL@ iadben dsegtimag oil-

iy AR T8 B B Y Dol B B8 b g v

raomeeSigtign>sah-flate. After separation of the nagnesium
sulfate, the solvent is renoved, and the residue is
purified by colum chronmatography. The desired

1P ' ,,N- hexyl ger manedi yl bi s( 2- ‘
Wﬁ&ﬁ#féog Wz, Fg%lgbutyl phenyl )i ndene), is isolated in
734%05 (inO‘fGHlaranGHgGﬁZ s,(@HITCHY), 1.951 % m écHHNth -H), 1.36
14 (m 14H, arom
S(§8ka?’f‘@ib")c9%4i(tn5H Chiséne), 3.63, 3.50 (each s
each 1 H SIiCH), 2.06, 2.02 (each s, each 3H, CHS),
1.36, 1.33 (each s, each 9H, 30 tert-butyl),

Exaraplell QPreparatiohl.of dyicihelyl(m@tiA)siadddiymis (B e ByB1-(4-tert-
bu?yl p%enyl%mdene AR aliph-H.

4.0 g (15.2 mmoles) of 2-methyl-4-(4’-tert-butylphenyl)-1-indene are
introduced into 68 mL of toluene and 4 mL of THF, and 6.5 mL of n-butyllithium
(2.5 Min toluene) are added without interruption at room temperature. After this
addition is complete, the mixture is heated to 80°C and stirred at this temperature
for one hour. Itis allowed to cool to 40°C, then 5.8 mL (20.7 mmoles) of
cyclohexyl(methyl)dichlorosilane are slowly added dropwise. After this addition,
the reaction solution is stirred for three hours at 60°C and then overnight at room
temperature. 50 mL of water are added and the phases that form are separated.
The orgénic phase is washed with 25 mL of water, and the aqueous phase is

extracted twice with a total of 20 mL of toluene. The combined organic phases
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65 WD 2005/ 105863 PCT/ US2005/ 014340 Exanpl e 16:
Preparati on of

worevshessyd ger manedi yl bi s(2- et hyl -4-(4' -tert- PCT/US2005/014340

but yl phenyl)-indenyl)zirconiumdichloride 6.3 g (8.2
nmol es) of

are figalhbr SRSt O FGF s Bb AL e aaeiagin surete.

the s@l\)%tnlf'}ﬁ refid\Rid, afd @he&e@ldﬂe igfpurified biddlirnhi ahrosteitetiaphy .
(2.5 Min toluene) are added at room tenperature,.

The ¢esneed piigidsict, aeduowlohexxé reefhplsiieaediyieis Gi-matihw-4-64-tert-
butypheguitadist g in it bERREIHE b fraRf T °¢

tetrachl oride are added in portions. After the

addition of 20 nL of diethyl ether, the mxture is
HWR&MMW@%}mto roomterrperature and is then

red,f 0 t,h r h
74551 BRI 1 4Pk B T BT R (HIBnh SRR S 6" B, sic-h,
3. 5of(tsl QHeﬂerﬁﬁy‘Mﬁ $ pht 2106g8dch wéd(tﬂdeIdnGHg,\)WtSﬂ mzfmm of1H,
di eth ether. The reS|due|st$1 %oeg n0|I
alipt s B by e e i oy Dot Srhaadl
yleld of 3.6 g (47% and a' rac:meso ratio > 20 1 15
"H NVR (400 MHz, CDCI3): 7.74-7.03 (m 16H, aromH),

Exarhpls 183 Pr@ﬂrhra%ﬁbf C cleﬁeﬂyl(Mlatbym)3|@©ebllyltaBQZamelﬂ)yl-é‘ﬂ:(c‘Ba‘ert-

i 18H, tert-butyl 0.94 (t, 6H, CH3). 20 Exanple
buty phewyl)gp@@@yl ﬁO@me dichloride

O G POTIY R IMh bELIAIROAKE B R ylrdol Mottyfial (4 -tort-

butyi’ph’@tyglﬂdeﬁe § Are inebtiudad ntonemll pf drefth}deﬂmraaed 8.6 mL of an
uced 1 nto 68 n of tolueng

- btéylsthﬁmwltﬁwad?;ﬁ Vi el isne o st p P Tbiedyp debag dalier
this \gfgtdng)ﬁtl% LBRpidY %b(n‘ﬁlxﬁ‘xtre E@ﬁméqeavéhﬂjm % thlé‘ftén%rpe?ém%;e It is

ron‘1s ¢co e mxture 1s heated to 8
cooRiko°C, A thén 12?51Sg (1@1&amrbles)eof ilmrormma tlahsachlondeﬁe

allowed to cool to 40C, th g Hb‘é%{) Th
addesicm @hébOﬂS(A ;ﬂ?ﬁﬁﬂl?]tlmndﬁlsﬁﬂéé ’fq>ramfé> '?a‘?léf . VR aIUfe e
BT I e e

washed tafB wite BRAL F diethyl 2therl Tok residere iatieeradded imaa dikpump
phases that form are separated, 30 Tge or § %B g_l

vacusmmgﬁéhle\deﬁuﬁe@srwy%*ﬁ Shiaiaed ina e of dftfe 8 B3 2

‘ rac twce with a total of 20 nL of tol uene.
rac,m%so @&l& nggqor gani ¢ phases

"H-NMR (400 MHz, CDCly):

7.40-6.97 '(m, 16H, arom-H), 2.22 (s, 6H, CH3), 2.19-1.46 (m, 11 H, aliph-H), 1.32
(s, 18H, tert-butyl), 1.27 (s, 3H, CHa).

Example 19: Preparation of Dicyclopentylsilanediylbis(2-methyl-4-(4'-tert-

butylphenyl)-indene)
This synthesis is analogous to Example 17.
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66 WO 2005/ 105863 PCT/ US2005/ 014340 are dried over
magnesi um sul fate. After separation of the nagnesi um
waeosa0ss3. the solvent is renoved, and the reST/USM05/614340

purified by colum chromatography. The desired
product, i.e

obe Xy I L : S 2 - 4 et
e e b L e G
butﬁlﬁﬁ%yl?_l elnwzx&%ﬂﬁum ditHibiRi 400 MHz, CDCI 3): 7.45-7.02
(m_14 arom H) %efl n-H i ndene), 3.61
( s, This jgyntesisiig ana@QS’US%%EXEP}‘PI%g zyl -H), -2:21, 2.06-
- (each. s, . each 3H, CH3);,1.81-1.23 (m | IH "aIi'ph H),
1.38, 1. 37 (each s, each 9H, tert-butyl), 0.18 (s, 3H; :
Exadmple B1aPpdmardiion E’frre-mmﬁ(m@hinyb$llaned|ylbls(2 -methyl-4-(4'- -tert-butyl-

clohex (met hyl ) si |l anedi yl bi s(2- et hyl -4-(4'-tert-
PhQﬂMlMd ﬁW‘)ﬂ“ﬁ@‘é?\?h?qu‘?com um dichloride 7.0 g (10.8

cycl O?(Galr?mo ehs)o s.rP%tﬁ‘é )$4Bt|egfbm¥nghen}ll i mder_xegrr(te_

lntrbuwé@hﬁﬁ)m))lmldeﬁ&:)lumeaanahtl 60dboétbtraﬁ!ydrdf0ram amkﬂ 25.9 mL of
di eth

e G £y B e S P B o
rodrfi %P@Fé{ﬁ% ﬂérqglstéﬂo‘?h&fj@'doh%eﬂes tHEOMR BfEis Hé?a@ed to 80°C

I'S Stirred overnight at this tenperature.

andl %t.rr@@qbﬁgné RoGat tnmdemm@mtarélltgs éllc@/véﬁ (1 (FGET 4<ﬁ)PC then

zirconiumtetrachl ori de are artlons

5.%01(3@ nynoles) et nﬁﬂé@(m@hylb%mﬁaﬁ@n%\@r@ gdaed é‘ﬁ?fé‘?"é?SPéh‘S

f )
g BN L N AL O
cowetd*}o%mn irSLRY larRt then 24T21ﬁ1Lf@f5érdHQ)uft§élhthhﬁﬁ salitiesh (2.5

I'n an o vacuum and the desired product is
M obtomem) ara addgzd drapvaise 4 ASieT ghig 8ddionils FomPletacthessqlution is

heEaat @@%@Tﬁm’t‘éé\' g)R é@@ou%fhl%gg?@% 7I't %galﬁjvggdﬂo cool
to M'té%@e@tfﬂel 1@&\ EQ)S% gr aHméI@é)‘of%k}éhMm fotPrlsridhte

tion of
ad@e@)ﬁﬁ'p@lﬂ&msyrmé suletitry Iststisiea-foetvwiy hodrs(at 45°€r and the

L A o I o
th%%%?&%f@%ﬁ@ytﬁ’éc? Pkgﬁfrt aps of te’g;af_\yqr?fdfuran The residue is

-tert-
dried in an oil-pump vacuum, and the product is obtained in a yield of 12.4 g

(53%) and with a rac:meso ratio of > 6:1.

"H-NMR (400 MHz, CDClg):
7.68-6.88 (m, 16H, arom-H), 2.24 (s, 6H, CHa), 1.82-0.88 (m, 30H, aliph-H).

Example 22: Preparation of n-Hexyl(methyl)silanediylbis(2-methyl-4-(4'-tert-
butyl-phenyl)indenyl)zirconium dichloride

30 g (114 mmoles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene are
introduced into 508 mL of toluene and 30 mL of tetrahydrofuran, and 45.8 mL of

an n-butyllithium solution (2.5 M in toluene) are added without interruption at
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but yl phenyl ) -i ndenyl ) zirconi um di chl oride This

synthesis is anal ogous to Exanple 18. 5 Exanple 21:
w@e@sa0ss on of PCT/US2005/014340

n- But yl (et hyl ) si | anedi yl bi s(2-net hyl -4-(4'-tent-butyl

- phenyl)indenyl)zirconiumdichloride 16 g (60 nmmol es)

roofhchalbbie: e 5 AR LS 5 R o o 0%

anc} ﬁ%gﬁr%Wat%?t%ﬁg %@G'rg?‘;lt ggalglog/elal{{%bb U3, then

11 n,rg @7rmpidles) ¢itn-Réxyl(@msthylrdivdorsilage afd béded Biopwise to this
~addition is_conplete, the mxture is heated to 80C

reaghen splutipad Tmrre@ﬁtsom@relwtm istired fenfurangres atq0°Cs It is

cob STtk S8l AP I8 Sote AR BTRLT St 2. v
in tbhiedie) Eﬂﬁeddéﬂldﬁiﬂwl§é.0Aﬁel’l'fhﬁs addition caaplatd, dne sslution is

stirred for three hours at 60C. It is cooled to room
heatedie B8 Grand siifced feeane nopr a this tempatabiie.y Ilis allowied to cool

to ARt EtuR R A BnEREed ¢ AUER T ieEaehBRue are
adcﬁ’é‘@trﬁé’or‘t18n§o¢h@%hﬁbhﬁ§ §ﬁlrré@for(m% HRwS afd54ChbRd the

t enper at ure. is allowed to cool to room '
preoiiiade iahajrfarms Isaep‘éraieg by Idiraticol theyughf a G fritad lg;tass filter and

L e e

dné@mn lof-RBRSUAE @S Pihd tHet[Sr@HU@tﬂsbBEé?HQd‘maa %Id‘ 61‘ 3 w@;

glass filter and 20 then careful |y washed wt

(495} andmdthad racemeadyaticodfur 4h:1. The residue is dr| ed in
an oil-punp vacuum and the product is obtained in a
yield of 12.4 g (53%-and with a rac:neso ratio of >

THENNIR (4 UO"ﬂDYﬁz(é@@:lN'Z CDCl 3): 25 7.68-6. 88 (m 16H,

arom 4 (s, 6H, CH3), 1.82-0.88

7.78-684-(Hy,. 16I—E>eammld 22’23€8r@|bhrﬁﬁsbﬁ &1-0. 9(m 34H aliph.-H).
n- Hexyl (met hyl ) si | anedi yl bi s(2-nethyl -4-(4'-tert-
but yl - phenyl )i ndenyl ) zi rconium dichloride 30 g (114

Cdmphﬁ%nCEfxaQnﬁlrétivylPrépéfbnoh@fblm@twlsalbaamwslerﬁaﬁpm (4=

are 30 introduced i nto 508 of toluene and 30
tert-bikvhippanvindamyl ) zseniyg @lCFriprléiﬁ an n-butyl lithi um

R A b B s R R U e
intfaiteti gntee? atlusfetoludht eindt tmadsfitétrainydrefucanizinet 234 mlla)f an

m xture is heated to 80C anpd stirred, for, .one hqur
n-puyfydithiemeatuian @.5 Minjtglugne aﬁ‘da@éfdc%ho‘{tdm&ffépt'%é room

temperature. After this addition is complete, the mixture is heated to 80°C-and
stirred for one hour at this temp‘erature. It is allowed to cool to 40°C, then 33.6 g .
(0.26 moles) of dimethyldichlorosilane are added dropwise to this reaction
solution. The reaction solution is stirred for three hours at 60°C. Itis cooled to
room temperature, and then 218 mL of an n-butyllithium solution (2.5 Min
toluene) are added dropwise. After this addition is complete, the solution is
heated to 80°C and stirred for one hour at this temperature. It is allowed to cool

to room temperature, then 71.1 g (0.305 moles) of zirconium tetrachloride are

added in portions. The solution is stirred for two hours at 45°C and the
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11.4 g (57 nmmol es) of n-hexyl (nmet hyl)di chl orosil ane
are added dropwise to this reaction solution.. The
WO e@si1ossm sol ution is stirred for three hours BECT/681005/014340
It is 5 cooled to roomtenperature, and then 46 nL of
an n-butyllithiumsolution (2.5 M in toluene) are
After, t iti,on i

o AR o P B ST AL ot ans
thdr’ﬂd:éreﬂﬁl Hedl Rith VbOLrﬁL%o'rtWH%doftt@t %Hﬁ?rofdr@nr eIEHB 1 residue is

nperature, then 13.3 (57 mmol Zl rconi
rlséﬂm aoslilrurde Vacleumaadédhe prqstuct lmlstamﬁdemsmyletd oﬁ1 559 .

TR A ReBRaTa R 1y TS RebiSs i hBhatsd in an
adbl mbhbleﬁeﬁ k@ obtdih BRIt @até(llyk’sg? lfjc‘{“r? r%kglﬁzb)é ﬁg@ﬁﬁ@ﬁzél(’f'is&rh

mL portions of tetrahydr
dr| ed in an oil:punp vacuum and the product is

1 j hnoa~yeld of 22.7 g (49% and with a
HARKR 280 WhzPGtil 05, 32 160 1 s (400 MHz, CDCI3):
7.63-8@B5Qn8H gHMardfit) ar 2 6 ;

o 796% Sar |m(§|)3r}612m8§01%23r)u b4 %gh [3c-Gkl). 146
(s, Br-2amesp l%rz) Oi. %éti‘@ (ms21 Enisat-utyl, s@@Smfdehy .28 (s4'1.5H,
més%rgHb tyI phenyl )i ndenyl ) zi rconi um di chl ori de 20 143

84 ol es) of
2 rrethyl 4-(4' -tert- butyl phenyl )-1-indene are

i ntroduced into 2.4 of toluene and 143 nL of
Camapadsga forample, Z%rfare@@aatm SEtaW (methilisjanedifibiate-methyl-4-

ded wi t hout
@ Stghﬁdrtﬁg%%ﬁ r{\Aenggﬁl%c#ﬁ% 'g’g&l@g ift\(/emr tﬁlus addi tion
i's Garfpy €125 nirhelel) st 2ungethgl-hestien- mﬁylﬁﬂgn?m -mabhé 8
mtag{gq one hour at this tenperature. s al

cegl dntadl0 mhef tgiepe@ngs3y mboef tﬁgpggqro@:ran and 53 8 mL of
and- H&{ym‘(ﬂi QHF%% Gtiéy #3?\2 n‘?fo‘?uéar%q%‘?e %rd?j%ﬁ'w? it lﬁt?ﬁlp fign at

reacti on e reactron sol ron 1s

rodrartetipeestu b uAfeathiSagditibh is corapleteadht onixfLReNd heated to 80°C
tenperature, and then 218 nL of an n-butyllithium

anggtticreddar e bonr ahthis tanesreiurar & iaddewedrtomeios ta 409G, ¢hen

8.4 (83 MmelesS Peatv R Bh 350 Akt Bded cxdon s bo this
reéc?uo"f‘a'é f’né?éﬂctl%ﬂ sto‘ﬂjtfo‘ﬁqg‘sh?rgﬁ%ﬁfh‘l‘éghthEth dd"éfl His
nol s ¢

. 305 zirconiumtetrachl oride are

copkezldttocmsm tEhpesalung i ard thensB0 miLest drop-butylithum %oﬂttloﬁE(Q 5M
nd the 69 WO 2005/ 105863 PCT/ US2005/ 014340
in fsllﬂlé%?ea.%@@ ded gdropyises Afterdbisadaitian wcompletethe golution is

neb AR G Ll R R A M B RS cool
to rmhdempeﬁeture, then 14.7 g (63 mmoles) of zirconium tetrachloride are
added in portions. The solution is stirred for two hours at 45°C and the
precipitate that forms is separated by filtration through a G3 fritted glass filter and
then carefully washed with 160 mL portions of tetrahydrofuran. The residue is
dried in an oil-pump vacuum, and the product is obtained in a yield of 36 g (76
%) and with a rac:meso ratio of 1.8:1. The isomers must be separated in an

additional step to obtain selective catalysts for propylene polymerization.
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dried in an oil-punp vacuum and the product is
obtained in a yield of 155 g (80% and with a
wo awsmesed rati o of 1:1. The isoners nmust be sepEr/asmds/014340

in an 5 additional step to obtain selective catalysts

for propyl ene polynerization. 1H NWVR (400 MHz,
1 ,g&p% (m 16H aromHy, 2.44 (s, 3H, )
H-N %—Mﬁ??@ﬁf rac-CH3), 1.46 (s, 1.5H,
7 .66-Be0(rR) Wﬂ) aron-38; 2,239(3( 6H, ZHJH, 1.7verit4dnybH, aliph-H), 1.35-

rac .23 (s, 1.5H, 10 neso-CH3). Conparison
1.29 @3&?{5"‘ reparation of -

“Et hyl (et hyI ) si | anedi yl bi s(2- net hyl - ‘
(4" -tert-butyl - phenyl )i ndenyl’) zi rcom um di chl ori de
Comgarl&ogl ﬁx&&mﬁseg’}epﬁratlon of D|methylb|s(2 methyl-4,5-

-tent - butyl phenyl)-1-i ndene are 15
benzpmdfegaﬁgl L31 nto 500 nL of tol uene and 33 nL of

t EA ééiwl@h(?ffl?f@ 38@%%183{@ gﬁte iscHlefc Ridtvitd bf DirHEhyl-4,5-

sol ut1 on in tol uene re added w t hout
benZDnTCEIr‘ielﬂnd Emamyl-ﬁﬁehemm\mxéerm ur & mAf ofdetrahydrofirantis on

trated WiBHES AgTk cknhPUTERHE stpes (4.6 WE Hrrdia snephestd

undef P&y fbr% héd?e 'The&e%uﬁm@@%d'ﬁﬁmtﬁl)ls @hen added dropuise at

et hyl (methyl)dichl orosil ane are added dropw se to thi
roorrztenn@@raturertoamjuimhof 215 ¢ kx4 inomolss) af ﬂmethsldmhlcvrpetﬂane

in 10 gt i A i s B O Bl AT Hud ) feMBR o6 hours.
The ﬁéﬁdﬂbh%mt?erﬁs%em Bob@dttgrr@bnﬁifeﬂw@iéﬁﬁe dhd IEi!wLn‘s@d nrﬂbﬁ@é
this addition is conplete, the so

wategoE h@rﬁﬂt@qusrre%:aseas r@h%atﬁélyr%&aotem \y!th @Hﬂ@mf @ﬂ@hyh cher

Atter B HreRNE e e PP AR U S e dna bnli®t

rechydt A he EYRJEDIsWPurvieditsy edlummheshrb@atdgraphy Ufrﬁeaiesﬂfé@
and the precipitate that forns is separated by

prodtict isria@latad inte piglthokd 88 g (Q%kd gl ass filter and then
carefully washed with 160 nmL portions of
tetrahydrofuran. The residue is dried in an oil-punp

H- NMRL(U,O’D Mﬂd @D@lgr oduct is obtained in a yield of 36 g
(76 9% a _rac: meso

8.01r &8RNy 1@%@@@ Bbpaf Al®dn 'ﬁ)hgtﬁ‘e%ﬁqfémqr\ n%ggéﬁe%Ht 8iC-

), G b e b 2270 G 5988/ 05863 bCTI US2005/ 014340

1H NVMR (400 MHz, CDCI3): 7.66-6.87 (m 16H,. aromH),
2.23 (s, 6H, CH3 1.79-1.48 [S_m 5H, . al |dpf]Hz 1. 35-
Conmalgsqu)@Inple lfﬂe.pg)'atlon of Dimethylsilanediylbis(2-methyl-4,5-

benzoindenyl)zirconium dichloride

A solution of 3.0 g (7.2 mmoles) of dimethylbis(2- methyl 4,5-benzo-
indenyl)silane in 30 mL of tetrahydrofuran is treated with 5.8 mL of an n-
butyllithium solution (2.5 M in hexane) and stirred for 16 hours at room
temperature. The reaction solution is cooled to 0°C and 1.68 g (7.2 mmoles) of
zirconium tetrachloride are added in portions. After this addition, the solution is
warmed to room temperature and stirred for two hours at this temperature. The

precipitate that forms is filtered through a G3 fritted glass filter and the residue is

71



30

| ratlopi@earlmm ddIe isPMersEtsy

Conpari son Exanpl e 25: Preparation of

Di et hyl bi s(2-nmet hyl -4, 5- benzoi ndenyl )silane A
wa@odoattosses of 7.0 g (38.8 mol es) of the i somerPCT/US2005/014340

m xture of 2-nmethyl-4,5- benzoi ndene and

2- et hyl - 6, 7- benzoi ndene |n 65 nL of tetrahydrofuran

st AR L SR e TR A it maghibion,

or one
and MlHeSIrEHEpmeB@thg bbmlm@ﬁxrsanlymid oﬁ2 32 g (66% Jawlitfed rac:meso

dropwi se at_ room tenper Et@:Jsr@[?}péﬁg%@,lqsgﬂéﬁd%an%&tﬁﬁ?%f)gtam

i s heated under refl ux
Sele%;[w% %a‘?%@ %Erggb%wLeté{eﬁggz@%g%éso ution is then cool ed -
to roomtenperature and poured into ice water. The
aqueous hase is repeatedly extracted with 60 nL of
W%tﬁw hdeDCla)if ter t he organi ¢ phase has-been dried
Bhe c3ph vesd (55 Hr eppyed and
785\,?128#@?93% s p é"ﬁ?{? by’ gﬁgm chromaf ?g‘r%gphy The

deS|red product is isolated in a yield of 4 85
(60% .' 1H N

Conypq)rﬁqxg Exgnm ( 4%6?‘)3@@%%9,[“]90%@%8 - @d@é%&lane
2I"8 OS$ (61 @rw%le‘é? of %m@t‘l’lylnﬂﬁe arslnBadiced iAt 175 Me2of

Irson eparati on of
tolu@hé@hﬂﬁBSﬂL@lﬁ@HFylahdéZ(@@ it hﬁ/m—bat}dhthlum (2.5 M in toluene) are
benzoi ndenyl ) zi rconi um di chl ori de

added wgthﬁﬁbmé%qu;gpnﬁtrfgpﬁyqempﬁr%tu%t pr lssaggﬁcz%ls compl%te
the Wﬁ%#s@%ﬁ@&ﬁ) g@?c;’gngg lﬁFF ?1 lé‘tb)’rﬁb?twr@rfoi §né ﬁS@F ﬁqs

I um sol uti on Min

allol8d a8 eboBd (B, Frieed3 berg ge@ Tlmmsleal ofrdmmth)tl@nmercmxlane are
The reaction solution is cooled to QC and

Slowimkiéew dospwiser Adier dnis eaditientns: iegetien §0‘HH%&§ $"&"ed for
threR P! o%fgo&gt@ﬁ{jtﬂéh' Sygr?ﬁhtt'aw ré?@rpf)@défxﬁ O™ d SILbf water are

of two hours

thet At'16rm BRE separReddiThat srghhiat Haeemssweshed
add?H Y ter eg [ﬁﬁggﬁgﬁ a l%n;‘?i frlst?ééd gl ass flg| terp and t

withr 80 chieof wate7,]andh200p/eD0s mspﬁﬁm%mmﬂwms Vith a total

o AFERE e R Ehe Bt SR in s P8 B

pro duic

sulfald, aAﬂ@rdsérgérénc)’r\ 81 t%eqfnaénéﬁum qufats, the tsd'ilvanlrlawenmesed and

rati o of i soners nust be seg
theaesidddiis porifigd I@y Q@Umﬂ @Upma’ﬁog@eh)éctT no&lesie |P§P=C{ fSor

ISOI%{ odo %' e? ?I%Idp og é/[fg (%ﬁt’o o(Bunty 99%).

'H-NMR (400 MHz, CDCls): .
7.55-7.12 (m, 8H, érom-H), 6.40 (s, br, 2H, olefin-H indene), 3.51, 3.48 (each s,
each 1H, SiC-H), 2.09, 2.04 (each s, each 3H, CHz), 1.71 (s, 6H, CHa), 0.08 (s,

“BH, SiMey).

Comparison Example 28: Preparation of Dimethylsilanediylbis(2-
methylindenyl)zirconium dichloride

A solution of 5.0 g (15.8 mmoles) of dimethylbis(2-methylindenyl)silane in
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"H NWMR (400 MHz, CDCI3): 7.85-7.10 (m 14H, aromH),
2.25 (s, 6H CH3), 1.30 (s, 6 H CH3). Conparison
wE@phse27: Preparation of PCT/US2005/014340
Di et hyl bi s(2-net hyl -i ndenyl )silane D 8.0 g (61.4
nmol es) of 2-nmethylindene are introduced into 175 nL
45 @il bbﬂet@h?dn@ﬂﬂ‘aﬂ% ﬁ%a{éfd vﬂ’l"ﬁz Griﬁ% &faf n”ﬂrucfgﬁlthlum olution (2.5
nbutlllthlumé Min toluene) are £Rout
M infexphabandslised fasdié harp et exam températuret Hite raddiion solution
OC and stirred

PR, UGS i e
pomcﬁ‘s V\@teﬁﬂﬁs atitheon &h@@oﬁﬂi@%% ﬂem@‘altﬁﬁ*é% d1eg}perature and -

dlnethyldlchlor05|lane are 5 sl
stirpgd o twahouesial thlsdﬁmpteh@turéeaﬂne precsmtande ot fmmnsstsﬁhtémﬂ

60C h h
thry @i\ e Ut et S e ekidBe 19 s donoe M@tﬁw‘;&g“%sof
dletH”Wbtl'féPr ﬂh@ﬁésﬁ@@‘i’é ﬂlte‘ﬁ%ne-ﬁhﬁ 2O RA0HT a‘?rﬁalﬁg d'e§xr¥\@fﬁpc?o%ct is

with 100 nL wat er, and the aqueous
obtgmdaataeydelﬁmfélew grfé@"/mem aracanaso raifo leQe tti_1 df The

sohBi LR b SR IESh AAEPHE SR T SsdiriaelonBe catilsts for
protmg@meS;deym@méa‘t@he t he sol vent is renpved and the

residue is purified by colum chromatography. The
desired product is isolated inayield of 8.16 ¢

1 "H NWMR (400 MHz, CDCI3): ?5

HW%@@&"—# )CEE@/? aromH) g 40 (s, br, 2H) ol efin-H

7.76¢8185 18Hpar 82| HeHS 2. 09,
2.04 ggch 55 rggﬁl}-ﬂSH@a )%1cg§ﬁqmﬂ%sH6HtE|F§JM43 08 (s,

6H, Si Me2). Conparison Exanple 28: Preparat| on of

ol SAAPEAH igitsod T A SRRl

ph@Wmdéwyyl}silayﬁQ met hyl i ndenyl’) sil ane in
2005/.105863 PCT/ US2005/ 014340 45 L of
t et$-818) offm"aﬂeﬁ)sot%@lﬁf@&%@h%ymdwmreomtraduced mto180
d st
LS ST Lo L O ARG bh 2

toll@uﬂel)lai’@addédswdbwtadtdrmpﬂﬁ anrboln &nperfaturg. Mreres a@fjmon
zi rgonl umtetrachloride are added in portions. After
is coppRietgg e maqmreﬂh @egtﬂddpﬂ&n(?uaéldhﬁé&lteéidatttblSrt@mrature for one

nore P8 ebied 8 FherpribFn fon 25 B4 Bitaeflor 1) Ter ed
dlniéﬂﬁ)ﬁﬁ’lﬁﬁlgﬁ%sg@\?\ﬁétra'ré SRR nglaéééd fitdpvBse. AREr HEad&BOMYRe! S
reaction solution is stirred for three hours at 60°C and then overnight at room
temperature. 80 mL of water are added and the phases that form are separated.
The organic bhase is washed with 80 mL of water, and the aqueous phase is
extracted three times with a total of 80 mL of toluene. The combined organic
phases are dried over magnesium sulfate. After separatidn of the magnesium
sulfate, the solvent is removed and the residue is purified by column
chromatography. The desired product is isolated in a yield of 7.27 g (80%)

(purity 97%).
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di ethyl ether. The residue is then dried in a vacuum

and the desired product is obtained in a yield of
wa2@9/1058650% with a rac: nmeso ratio close to 1rPAT/UTI065/014340

i somers nmust be separated in an additional step to

obtain selective catalysts for 10 propyl ene

1H-N@%Mﬁ6§r [ ﬁ?}_{;B@s)J'H NMR (400 MHz, CDClI3): 7.75-6.85 (m

24 (s, 6H. CH3), 1.25 (s, 6H,

7.73-al1i2nkn, H)SH aFmdan; VBS(QHblE&WI@r?-QI lnﬂeﬁeélr@WBO(@ QH SIC-
Di et hyl bi’ s(2-ne henyl i ndenyl )silane 8.0
- H), 2(13gsg6 He};)-()@lo (Zn,n@tﬂﬁl&@)) phenyl i ndene are
‘introduced-into 180 nL of toluene and 10-nL of THF, - - |
then 15.5 nL of n- butylllthl um solution (2.5 Min
Compatiy6A Bxaah Bleastenapzranst of mrﬂéﬂ%gua@fédqnbrrsmeth%l-ﬁt-
e

rr)\zrgirature After this addition is conplete,
phengingamybzireorfigatdighlosdgoC and stirred at this

4%’(@ St(ﬁé-ﬁrrg_’i‘??%s)?@'ﬁ%?'gdsfgedc‘)?b@(é-%ﬁ\y -gr-r‘f‘f?&yl)ﬁﬁ)dene are

introdlicweltihyd 80 aili off dietHydeeheat ang IB0BVML addad7 Butypithizen solution
After this addition, the reactlon h“on is.stirred

(2.5 Wgh telupae) wigAdded Ao mp UGy ok s Zdditgghis
comél%tgp ﬁ{ealfn#{tlg e l§ gsélg% ({) eégﬁ gi\g a$ %fgs gt?rqlg%r%tﬁg t hteis %%?e‘?f;to 0°C

then PaEhg ¢ Wtrhw%iésmofqircwﬁmﬁ teteEthidriee aeélgauédnhmm% 20

extracted three'tines with a total of 80 of
mL of dlaﬁreyi@tharm;e@tﬂdﬂdwé!merotfgawlutlorprﬁabegteﬂ@ ane dersperature

nesium sul fa r [ Ume:
and GEFRERL 0 REUESHCne e Boe BRB0e AL Brin B FRORARLY B iterec
througihra G3emitty feisuimercdidonatiosd apby wifh20aakiof elietpylosthet.
is isolated in a yield of 7.27 g (809 30(pur|m3/
The mpidue iB3hewdpied @ossbsumewaqszeo@m%tﬁtéesww RRAEUCA (D
: )af 37 4
el D 7 oo gt i ches 5,786
isomehs mUisBbe sefalied n afitadditidriz) ste&patmabtemmse%cﬁwplcat@@sts for
Preparation of Dimethylsilanediylbis(2-nethyl-
PTOPWﬁéﬁ)ﬂqlﬁﬂ@H@ﬂ % r coni um di chloride 5.0 g (10.7 mml es)
of di et hyl sil anedi yl bi s(2-net hyl - 4- phenyl )i ndene are
introduced into 80 nL of diethyl ether, and 8.6 nL of
TH-NAIR 104 00 MHZ, iCIDC Y sol uti on

7.69-6.93 (m, 18H, arom-H), 2.24 (s, 6H, CHz3), 1.30 (s, 6H, SiMey)

Comparison Example 31: Preparation of (2-Isopropyl-4-‘(4’—ten‘-butylphenyl)-1-
indenyl)(n-propyl)(methyl)chlorosilane

25 g (86.1 mmoles) of 2-isopropyl-4-(4'-tert-butylphenyl)-1-indene are
introduced into 180 mL of toluene and 5.6 mL of dimethoxyethane, and 34.4 mL
of an n-butyliithium solution (2.5 M in toluene) are added without interruption at
room temperature. After this addition is complete, the mixture is heated to 80°C
and stirred for one hour at this temperature. It is then allowed to cool to room
temperature. The resulting reaction solution is slowly added dropwise to a
solution of 40.5 g (258 mmoles) of n-propyl(methyl)dichlorosilane in 295 rﬁL of
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(2.5 Min toluene) are added at room tenperature.
After this addition is conplete, the mxture is

wa@rimsnessedver ni ght at this tenperature. It i s PODUSZ0S/@14340
0C, then 2.49 g (10.7 nmol es) of zirconium
tetrachloride are added in portions. 20 nL of diethyl

o ey, R ) A Bgphg L avoneo
warng it edérh Héﬁgeﬂﬂ?&e@rﬂ% phdrasirrddeverhihts The ddlverglitbmoved

t hrough a fritted glass filter and washed once wth
in a;zoonheuafp ARy andtheremaiRig residyeds dissplved iarliléoaml-pf

o e oA HERNAEHATI BHCE0 FRPLLTTOOAG! i gogo e
and daisbed ke with 15 dL ofeluehs peenashingt Te sepantds ¢der n

an additional step to obtain selective catalysts for
renR\ss) INem E0tRBI SMaApPTater RPA tha BXeawR qlaew/ldishlorestens)is removed

o G BBy 4 BERER s sl 0 o

(7008 dcsoriivpid 6)( 4 - Pert - bUtyl phenyl ) - 1-

i ndenyl ) (n-propyl ) (methyl)chlorosilane 5 25 g (86.1
nmol es) of

1 Pert - butyl phenyl )-1-indene are
H:N @ucg% (t:éé!leo nmL of toluene and 5.6 niL of

7. 3$ WHBf(msym TE&DmTH)aBCVKS(Lﬂ;, 4HpblefinfH ademeh3.§9 I($,t Hil UBICH),
solution (2.

5Mno| ne), .are de | . hout
2.90h2 & it ibriseropyl m133§ﬁ§é?2%?§. ’ﬂﬁfﬁ@"“)this addi tion
is conplete, the mxture is heated to 80C and stirred
for one hour at this tenperature. It is then all owed

Cdrﬂ?anebntaxam?lmvfdﬂ Peemwaacbm oén-Propyl(resihiyt) snhagwade;d(ﬁ :cso»propyl-
tion t n
4-@b it basrihor asy sl gbd ety anen boo | ane
mclerhz%gﬁ Jé?n ?’Tdmﬂo‘hd@o 2005/ 105863 PCT/ US2005/ 014340

eltra

ran, which has been cooled to -40C. The

sol ut. @)g (b3. 2ahhmm¢| of B—mmhylm-(/-b teddmtylph@arl)aﬂ undenmere
is then stirred ov Iven

intigsinc A0 B e 20 6 4 Bl e Ryl 3l 28 2 mL of

t Z@I\/Pf tofuRheeaRe addwl Wikehtuhlegruption at
and’:]t%ﬁﬁ)lljnr{nﬁ@m gcr)llg]cliaefs s Til nt gred ?hrough a ™A fri ttecﬁ)

roginaesndaratues. Bftemttisvadditiah lswoam)lwet thelmixitreos he@lt%tﬁe80°0
per washi ng. The solvent is

arvatistach i e ehiblieTRssa holjs tea grsategist; & dolution
A s e Bt
propyl@Papthyl)chlorosilane in 62 mL of toluene is added to this reaction solution
by drops within 10 minutes. The suspension is then stirred for three hours at
60°C. The reaction solution is cooled to room temperature, and then 45.8 mL of
an n-butyllithium solution (2.5 M in toluene) are added without interruption. After
this addition is complete, the mixture is heated to 80°C and stirred for two hours
at this temperature. It is allowed to cool to room temperature, and then 13.3 g
(57.2 mmoles) of zirconium tetrachloride are added in portions. The resuiting
mixture is stirred for two hours at 45°C and for one hour at room temperature.

The precipitate that forms is separated by filtration through a G3 fritted glass filter
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10 ' H-NWR (400 MHz, CDCI3): 7.35-7.13 (m 7H, aromH),
6.73 (s, 1 H olefin-Hindene), 3.69 (s, 1 H SiCH,
WQ2004A@881 (m 1 H, isopropyl-H), 1.33-0.42 (nPCREE005/014340
ali ph-H). Conparison Exanple 32: Preparation of
n- Propyl (et hyl ) si | anedi yl (2-i sopropyl - 15
ancf’ftr{e41 cér@ﬁﬂly %s%'e@% enyrri'LZbMSHé/ bi k%df%lﬁbfhraﬁ ('f‘he P@élaue is

but yl phenyl) I rconi um di chori de .
dne{dsm an miﬁpum vaﬁuum and the product is obtained in a yleld of 27 49

(6P misI 0% PercsoiRago A} RIS A e0 Fafid St The
|soh%tr§ At b@féérgéfbteé"}gaﬁ%daxtlﬁha@tep 25 oBtAy tséielch{fé‘ cHfBlysts for

sol ution uene) are added wit
praprytemerquymenzattoreo room t enper at ure. After thIS

addition is conplete, the mxture is heated to 80C

and stirred for one hour at this tenperature. It is

1H1NMR (abquqgl tocegol . A solution of 23.5 g (57.2
nmol es)

7.7626 |99dm d@iﬂ anorp4), Bettt-3.801(p, fhk igapropylitie @24 §s, @H, CHs),
r lQrosilane in 62 nL of toluene is
1£ﬁ'@§% Eg%%h|sgﬁ£h |on solution by drops within 10
m nutes. The suspension is then stirred for three
hours at 25 60C. The reacti on solutlon is cooled to

Exaﬁmietwéemraﬂ@n ohhatalydSyaens Inl of an

O ML TP A o DRI o S

'trlrﬁéﬂwaﬁrﬂmldrh%om%htwel Msin E&ﬁbl@ﬁs h@ro&@ﬁe@nﬂoiﬁt&l mied tbloene at

two hours at this tenperature is allowed to, cool
roqrp temerTateispdril af40 ramiecsh@ﬁblf@®t@fluqr99h9n¥ﬁhﬂrw agid are

adéé&ﬁ%ﬁ@%ﬁﬁﬁ&cglswﬁeg%i? nﬁ@gsg in portions. The

res mxture I's or two hours at 45C
and bf) G’trepmetldj@ of Sappdsrmﬁ”rBis(ﬁmﬂafammpheny[h@rqu)met;buytedmaae 1. 5

o e R R S s ASh BOSRE 22 15
AL or IO Ay PO i

slali 6t drie AGurcat roprtempacaturs. Einelsolndop poeparediis (a) is added
obtained in a yield of 27,4 60%

ity 91. 9%
r%\@@ed@ﬁ@StsaSnmloraﬁHr%nﬂ? g fﬁatye@ugtmggs%pens‘on is
stiff88 fot S4REG: %bw@gg%?@ﬁst Al efé @ué%@r?s‘i'&*\ 4 fRRbd thidRgh a

tain sSelective s for | ene

G@Mt;emeglazaﬁm@nand Ithd\M%ldu@OQ dkied jin @D@ICB)Jm Y A5y 6f B gupport

aromH, 3.20-3.10 (m 1.H isopropyl-H), 2.25
m%*é"”ab@{e etaned. 1.64-0.91 (m 34 H, aliph-Hy.

¢) Preparation of Catalyst System 1
0.064 mmole of zirconocene dichloride (see Examples 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, and Comparison Example 23) are dissolved in 18 mL of toluene (due to
the poor solubility of the metallocene of Comparison Example 23, in this case180
ml toluene have been used to solve the metallocene), and 320 pL of a
trimethylaluminium solution (2 M in toluene) are added dropwise at room
temperature. The suspension is stirred for one hour at 50°C. This solution is

added dropwise to a suspension of 2 g of the support material prepared in (b) in
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10 Exanple 33: Preparation of Catalyst System | a)
Preparation of Bis(pentafluorophenyl boroxy) net hyl al ane

wo 2005/108863 t r i met hyl al um ni um sol ution (2.1 M NPERKSL0P5/014340
is introduced .into 13 nL of toluene at room
tenperature, 1.45 g (4.0 mol es) of

fl

10 it GERER! CHRY SRURMAUEH LR R iR TRl nde:
and tife ﬁumns edmBivad e at\afduusi.opbeny?2 002 .8Xy bie fiud-Bdaing

1.5 of Si2 (G ace XPO 2107) are-suspended in 15 nL
' pOW@@@r@IQPiﬁ@edZZO pL (1.5 mmoles) of
o N, N- di net hyl benzyl ani ne are added, and th‘e,'suspensi on _-
- is stirred slowy for ane hour at roomtenperature.
Exafﬁnﬂegdt E’lreia;m‘rammmwaliyet Bggtens2added 20 dropwi se to

é@@% 15 of Zcanaceer GpNBRUE eR Examinen 4 6,8, 10,12,
\i
1 feme Hf‘asﬁ?f‘?%@p PR a%) ald 4REBVEUJh TR bene

(50 mammueme 'sm theg:aﬁefmﬂ@omlpapeom Exaatpe 08)), aack 1 dbtndi alsf@l

c) Preparation Q é em1 50064mm
methylalugHoeane %@léﬁmmz %getf\éﬁ;ﬁfﬁ @@ gd. Ahegolgiomig, Stirred
for oé‘ll%zshdlv.ﬁ’atq'gom t%gwpne{rgtgéng'hggﬂﬂg@tr d %r{hgﬁadqgfe% t8@ s@¥pgension of
1.5 g of 604 ((Br;acele?@eTrﬁi)ah I1@crehe)fcbcbluébapmd h‘tms@qmmhw is

stirré%fq;ie ; h' § é‘l Fca,gr@&gsnpeéﬁ@xr gﬁﬁl_sz\feng?s? Pen%cs)\efed In"a vacuum,

and laboBY '8\1? al ¥t AiEB-AANIHY S8Wder el dbthipedene) are added

dropwi se at” room 30 tenperature. The suspenS|on i's
stirred for one hour at 50C. This solution is added
dropwi se to a suspension of 2 g of. the support

mat eri al prepared |n (b) in 76 WO 2005/105863

PCT/ US2005/ 014340 " 10 nL of toluene. The suspension is
stirred for one hour at roomtenperature; and

t he-solvent is renoved in a vacuum About 2.0-2.3 g of
a free-flowng powder are obtained. i Exanple 34:
Preparation of Catalyst System 2 0.032 nmol e of,

zi rconocene dichloride (see Exanples 2, 4, 6, .8, 10,
12, 14, 16, 18, 20, and Conparison Exanple 23) are

di ssolved in 10 nL of toluene: (50 mM toluene in the
case of Conparison Exanple 23), and 1.5 nL of a
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15

nmet hyl al um noxane solution (30%in toluene) are added.

The solution is stirred
WO 0058038635 €.

suspensi on of

of tol uene,

for

Taﬁ'enHt es at room tenperature.

—a vacuum

élgsaccordl ng

one hour at

The -sol vent

stirred for

room

The solution is then added to a PCT/US2005/014340
1.5 g of Si02 (Gace XPO 2107)
and the suspension is

in 10 nL
15
is renmoved |n

and about 1.8-2.1 g of a free-flow ng

powdeiviasit@hbabReg 017 del¥eaQR%d|
PCT/ US2005/ 014340 {l’@

sel ected catal ysts pro

S$fdduced according
ocene cont ent ~of

to exanpl es 33

a2 Not al nA ..onnl Cat-al va cvct o nroduced
aIIMef OCIeVnCeLuuslel OCTTIC \Tyus \.zu.{.eu.l C\))CUCJ re wry LI T AN AT LA 2. \{. tOf the Ca'[al st
Met Lont et &} g TERRAN & y
accgr u?glagrﬂ)teu exanpte %Cﬂ%ﬁlégt;% al ﬁa%cnc f :ngina":l Eﬁﬂene,,/ g,c;;xtalyst
IST6 4,34 1377 673416 13, 8 3325 16 34 1%317 12
331977 14733 24616 34331674 18 B3 2582053
I5. T 2834 127522 33 25P Conp. EX. 2334 1354
Conp. EBx. 23 33 237 Conpz4 Ex. 24 54 127 Comp.7 EX.
24 33 23.0 Conp.| Ex. 26 33 10.2 Cohp. EX. 26 ¥ 17.6
Conp. Bd. 28 34 8/ 5 33 24.6
16 34 16.4
18 33 25.8
20 34 156.1
21 34 12.5
22 33 25.9
Comp. Ex. 23 34 13.2
Comp. Ex. 23 33 23.7
Comp. Ex. 24 34 12.7
Comp. Ex. 24 33 23.0
Comp. Ex. 26 34 10.2
. Comp. Ex. 26 33 17.6
Comp. Ex. 28 34 8.5
Comp. Ex. 28 .33 15.2
Comp. Ex. 30 34 10.6
Comp. Ex. 30 33 18.3
Comp. Ex. 32 34 13.4
Comp. Ex. 32 33 243

Polymerization Procedure A
(Polymerization Examples P 1 - P 10, Comparison Examples P 11 and P 12)

A dry 1.8 dm® autoclave is purged with nitrogen and subsequently with

propylene and charged with 1500 cm® of liquid propylene.2 cm® of

triisobutylaluminum (20 wt.-% solution in heptane*) are added and the mixture is

stirred for 15 minutes at 30 °C.

For the polymerizations 0.004 mmol of the respective metallocene

compounds, supported according to examples 33 or 34, are used. The

corresponding amount of the catalyst powder is suspended in 20 cm?® of heptane

and is injected with 15 cm? of heptane. The reaction mixture is heated to the

polymerization temperature of 65 °C and polymerization is allowed to proceed at

65 °C for 60 minutes. The polymerization is stopped by releasing the liquid
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Conp. Ex. 28 .33 15.2 Conp. Ex. 30 34 10.6 Conp. Ex.

30 33 18.3 Conp. Ex. 32 34 13.4 Conp. Ex. 32 33 24.3
WG 20061193863 | zat i on Procedure A (Pol ynerizati on BEXEIPL065014340

P1- P10, Conparison Exanples P 11 and P 12). A dry

1.8 dnB autoclave is purged with nitrogen and

morﬁ#‘ﬁéﬁ%ﬁéb%@"ﬁé\nn e Péé)d?%ll q“'?ln% pﬁ?gufébap&g@e\f”lﬁta id@Blder. -

of Tiquid propylene e nam
redL(cmai pvesstesatl &0 PO fthierrelsejis ahthe ;mlxanedz@damrm”etsimearized in

ture i tirred for 15 mnutes at 30 C. For the
Ta bBéoé e{%bi‘?l mns 0.004 mmol -of the respective

. Mt gapner p%&&%ﬁﬂﬁ%xaﬁ#ﬂ?wpﬁe@ BGeaLAL A9rds glowmg powder |

exanples” 33 or 34, are used he 15 correspon
of sphefical p@lymﬁreparat:l@lswth B ORIEHY P@Tlsl@sspeeldsmbuhoz(hrms bulk

ng and is injected with 15 cnB of heptane.
den%{% Lgatgag/%g?] m xture is heated to the polynerization

t enmRY ol Rr gfocﬁﬁce@ iANHe RBMPARELRE @Ré%lésSP all quep 10

proceed at for 60 mnutes. The polynerization is
showedmadiomgratisineefgialgmenpattictpsi the7ganipexiasdboiasen was

mudioBfadse? L SitoeBR 0T FAfE'a80 She BlkTRiSH Waser 40g

g/dria? apsaddRticH, 188 réadibNRall afblths sBiret Was lé@{/é/r'éﬁrb)léﬂéyé‘ﬂ%f sticky
are summarized in Table 2 and Table 3). The "pol ymer

polysreduetsiialn exanples P 1 to P 10 was a free fl ow ng

b petefts SAREHNF Rist R AR I RE b s BTdR: ToSa i e
polﬁﬁéﬂﬁrodﬁb@d mﬁ)thm@dsmpéﬂmgﬂample%fm 1 wmaw ngq@smﬂml 2%
P 11 and P 12 showed Ogiomeratlon o]

intojsaablecaragunt ¢iduplax & 1% %nml%qwawelgghPWBronwme with

e ot BTN 8 e bRulne) Ol st using

the wedthliGeuhdshendtataryet syﬁérﬂé‘mfc@bﬁﬂn@lfo thd gesenbinvehiieky

pol ymer materi al .
(examples P 1 to P 10) resulted in amounts of less than 0.5 wt.%.

Polymerization Procedure B
(Polymerization Examples P 13 — P 20, Comparison Example P 21)

A dry 1.8 dm® autoclave is purged with nitrogen and subsequently with
propylene and charged with 0.4 Ndrr;3 hydrogen and 1500 cm® of liquid
propylene. 2 cm® of triisobutylaluminum (20 wt.-% solution in heptane) are added
and the mixture is stirred for 15 minutes at 30 °C. For the polymerizations 0.002
mmol of the respective metallocene compounds, supported according to
examples 33 or 34, are used. The corresponding amount of the catalyst powder
is suspended in 20 cm® of heptane and is injected with 15 cm?® of heptane. The
reaction mixture is heated to the polymerization temperature of 65 °C and
polymerization is allowed to proceed at 65 °C for 60 minutes. The polymerization
is stopped by releasing the liquid monomer and cooling down the reactor. The

produced polymer is dried under reduced pressure at 80 °C (the results of the
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The heptane extraxtion test (in accordance to |ISO

6427:1992(E)) of the polyner produced in the
wa@orpanissdn exanples P 11 and P 12 resul ted i nPEMUS2005/014340

intol erable amount of up to 5 wt.% of |ow nolecul ar

wei ght pol ypropylene with 5 reduced tacticity

o B A S S T i L o

mcre@@@Qﬁ @tamayétg;rbh@omn@&gn@sm@v@atdg@m ad ﬁmwb@g\t Feghidter P

resulted in ampunt's of | éss than
togeﬁ’tﬂrmrﬂl@aﬁtﬁﬁsﬂsr@db@uméeFBlOFO lrQ ponlyaﬁr ﬂmncmsmrrpl es

prodfietiiofaé R Beh GRewSHER b Bier Sn e fuabiaryvan and -
the Stirfeh wepé eiRpireosvaed harged owrstéky%dlyﬁ«l@i’r&]dwmlogen and
1500 cnB of liquid propylene.
triisobutylal um num (20 wt. %sol ut| on in heptane) are
Pol éjl?:gatf._én t turetls stlorgce)gfor llS;npﬁtes at
o BB . 5

exanpl es. 33 or 34, are used. " The correspondi ng

a”RLH?% aff ﬁlﬂf@%&??ﬁ l‘%e?f 5 H?Nwé‘dto%lb?% %‘g;%ng%?‘?ﬁtﬁ 8 neflcd $ﬁrrer

of heptane an ected wt ept ane
is chaeged with (D% Ndra® h;zdrlmganetbl ctd afttdispbliyteduinirat (25 wt.-%

solufig BT haeBnoLanes BE0aR” GhI Bl e g TBoPepis Sure or
at Ieb§t§hﬁﬁlﬁ’t%§ (Qbrrréreg&@éd DO THA) ht gw@ "l‘%ﬁ%’ Glo@cfﬁé]gr‘ﬂne

down the reactor. The produced pol yner
respeetive mt@!marqatalysis@rqdlqcadeacrmrdungéocﬁxamme 3%) e

2005/,10 633P / S2005/ 014340 atipn
susiEIRRG 26 A MBEETAN Firangesniordl Gy pa et
prop(_d,/léﬁéitﬂh@ autbBaveas Aetfedcd & &S inter t@rh?e‘!ﬂa‘h)’rew 653"01 Wvithin
hydrogen as nol e wei ght regul ator together wth

10 maiavitdsy She mﬂymanzamm@ﬂqtl@n is aowemtto pEIceetd #é 66n6r &Hﬂ

minGseFoRitonte: adsifenis altro atar I'a kieapnt e GapBetio the

autRENBIEPYSHIERIRY atta b@br%npfaté%ﬁhg tRe h¥ERig Uaggés@la
Pol yneri zation Procedure C (Copol ynerization

pOlyFHG‘JZatloPtlBlE) TAoejcqpcdmmenzamngl@rstpum@@byselaﬁsnam@moa@eﬂers

and RERAREGrBbR BatBielh Rl CEisaphRarie R Ukt edled
pres%@n'ré’bt 80 °Cn th@FﬁcﬂﬂaQi) caOndpBParitBings ahd e ebspropyinene.

he mxture Is stirred for
Copolymenzatlons are summarized in Table 5 and Table 6).

80



at

Then appr ox.

100 ng of the

| east 5 mnutes (stirrer speed 200 rpm at 20 C
respective netall ocene
W@ 21081193863 ( pr oduced accordi ng to exanple 33)

suspended in 5 cnB of white oil

1500 cnB of liquid propylene. The autoclave is heated
up to an internal t enper-pip Q of 65 C. wthin 10
m nut es. The pol ?Sggfrh%rgidtﬁ ol s allowed to
proceed at 65 C m m)nomar addi tion
is—started-after fhn:nject: nof he—catalyst—nto
t he .autlo an on ,onst a during .
Pol riza a} E) C%s?tr% Ecead rHr Ju%{hﬁty g
yglﬁ'lépl at)i (gaéanE % a ofdRy YATET | 41 bRY gﬁﬂe@m:e-’;@Q h£
copolymer | gr e%}ndlé toppg)g) rel.=as he nononer
aplnll cooting uug\nl e eaclt 0%, The rOOUCEO 1(1‘QQOI ymer
|P2UI requndert 47 educed ~pregpure at su L (@1’1@ added
CPHOTIONET anougts and[ the rggul ts of the 88,5
CpROrymErizati gns ar e| sunnagid zed | h Tabl € Se@And labl e
6p5 5 80 WO 2015/ 105863 PCTg4JS2005/ 014340 Table 2 0
Pplgynerijzati omgpert or jrance Bl ynerization Caial yst
baged on Catalqst profuced B¥oductiivity exaddl e
neal [ ocene acmording|to [k PP / @ netal | oddde x h]
Orpfor om exanpl eteexanpl e P 1 2334 110.4 P2 4238 61,2
P316 34 88,5 ™4 8 33|63, 7 345 10 34 74,3 P%512 33
CompOEYSP 1P7| 1408%.8828 P8 16 34 104, % P9 18 438124 3
ComPlEx. 20234 5Bp. BorRp. Ex. P 33 Conpl Ex 23 83&043 g
Table 3
Polymer properties
Polymerization | Polymer m.p.. MW , . Heptane
Example [°C] [g/mol] Mw/M; extractables
fwt.%]
P1 152 688100 21 0,3
P2 151 649700 2,7 0,5
P3 158 440500 23 0,2
P4 156 425200 2,3 0.5
PS5 145 245600 2,5 0,3
P6 147 192700 2,1 0,3
P7 149 861000 2,6 0,3
P8 153 705500 2,4 0,2
P9 153 695400 2,2 0,3
P10 152 692100 2,5 0,3
Comp. Ex. P 11 151 690500 2,8 4,1
Comp. Ex. P 12 152 687700 3,0, 50
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Conmp. Ex. P 12 Conp. Ex. 23 33 36,0 5 Table 3
Pol ymer properties Polynerization Polymer mp.. MN
wolepsamseExanple [CI [g/nol] M/ M extract abl eBCTAWB2096/014340

P 1 152 688100 2,1 0,3 P2 151 649700 2,7 0,5 P3 158
440500 2,3 0,2 P4 156 425200 2,3 0,5 P5 145 245600
2,5 0,3 P6 147 192700 2,1 0,3 .P- 7 149 861000 2,6 0, 3.

P 8 153 705500 2,4 0,2 —EQQ%?SS 695400 ,268f3 P %0
Popyraenzaionpesfamancs wsinghydreaen apTokpWsisht segulator
Conp. Ex. P 12 152 687700 -3,0. 5 0 10 81 WD

| 200?/103%gél%grgéFZOaglgéﬁgfglﬁ%?ble 4 Polynerlzatlon
Polynisargtien np yeiIapRf dily -8 §eAt PACYURRT ¢ L} ‘ﬂ‘yator
expBPPner | zafeHie yst?%&@é? ®n Laﬁglp% tgri&‘?t e
Producti Q1 eXa 'em' —refitenetace ord+ gt oL kg—PP-
1 f'\llnr\n n lﬁ'l f r ora-Sasearaad eaaaa—l nN'n N g
et —oceHe—xX LiL | 1T OTIT AlTpr e cRAdallTrTT ﬁ f2) Z O
%3&’% 4—P34—4- %-r 412 —P 131\6 34378, 3P 117‘%310 34
7 10 34 154,7
P17 ‘ 12 33 135,2
P18 : 14 33 205,4
P19 16 34 254 .4
P 20 18 33 2442
Comp. Ex. P 21 Comp. Ex. 23 33 66,9
Table 5
Copolymerization conditions
- Polymerization | Catalyst based Comonomer
example on metallocene added
from example [g ethylene]
P22 2 25
P23 2 50
P24 6 30
P25 6 90
P 26 6 300
P27 10 25
P28 12 25
P29 14 25
P 30 - 16 25
P 31 18 25
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P 17 12 33 135,2 P 18 14 33 205,4 P 19 16 34 254,4

P 20 18 33 244,2 Conp. Ex. P 21 Conmp. Ex. 23 33 66,9
waawbaoBeLopol yneri zati on conditions Pol yneri REL/U82005/014340

Cat al yst based Conononer exanple on netall ocene added

fromexanple [g ethyl ene] P22 225 P23 2 50 P24 6

30 P 256 90 P 26 6 300 10-25 P 28 12 25 P 29 ..

14 25 P 30 16 25 WO 2005/ 105863
PGT! US2005/ 014340  PRBPNEr %%‘%ﬁ%r properties

Pol ymer L-Z—al—l—en—ceﬁcgngngp—pel—yﬁep_m_p_m
cont ent IL %/trml c 146 70200 P{23
5,0 132 aliop 124 T‘ﬁ ?8& 13?%@” PP25| 5 43 :
498500 example en [g
[wt:-%]

P22 2,8 146 702000

P 23 50 132 604300

P24 1,8 151 437300

P25 5,2 143 498500

P26 171 Ty=-33 527500

P27 2,2 141 n.m.

P 28 2,0 143 n.m.

P 29 - 25 145 n.m.

P 30 2,3 147 703100

P 31 1,9 148 785500

Polymerization Example P 32

Polymerization Example P 26 was repeated. But the addition of the
comonomer was not started until 60 minutes after the addition of the catalyst i.e.
the amount of ethylene was dosed to the autoclave during the remaining 30
minutes of the polymerisation time. Instead of 300 g, only 180 g of ethylene were
added.

The isolated impéct copolymer had a MFR of 12 dg/min. The polymer was
fractionated and the homopoiymer part (78 wt.-%) showed a melting point of 157
;’C, while the copolymer rubber part (22 wt.-%) showed a Ty of — 55 °C and an
ethylene content of 43.5 wt.-%. Injection molded parts produced using the
polymer, additivated with 0.05 wt.% calcium stearate, 0.1 % Irganox 1010 and

Irgafos 168 each, showed an excellent stress whitening behavior.

Polymerization Example P 33

Polymerization Example P32 was repeated, but instead of 180 g, only 100
g of ethylene were added.

The isolated impact copolymer had a MFR of 15 dg/mln The polymer was
fractionated and the homopolymer part (81 wt.-%) showed a melting point of 157
°C, while the copolymer rubber part (19 wt.-%) showed a Tq of — 35 °C and an
ethylene content of 18.2 wt.-%. Injection molded parts produced using the
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P26 17,1 T = - 33 527500 P 27 2,2 141 nm P 28 2,0
143 nm P 29 2,5 145 nm P 30 2,3 147 703100 P 31

wQa 2051486785500 5 Pol yneri zati on Exanpl e P 32PCT/US2005/014340

Pol yrmeri zati on Exanple P 26 was repeated. But the
addition of the conononer was not started until 60
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ot e Ba T iAmRR P&@”%g?@%e%%%i@&t%&#“{fﬁ%@f gty o0
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extel ns@latedsmm copolyser hgdigeliR @fr20 dgpiliy e pelymeh was

oS e TP AP o 78 B

WEre
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mer was fractionated and the,

ethylampn’deyltref 1©Qrwt B 1Injactiongmaldesearts PrRSUCEA Y Sk the of
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por syl B RRLLMTE SUEDRopBAh gt o

wt.-%WMrgafx H 0l € @hidan 1 wal- %eﬁg@f@stmspsmmedn estelpnt bermddnaton
2005/ 105863 PCT/ US2005/ 014340 pol ynmer, additivated

of stiffness, drarspatencysavid inacgsBengt a9 W . % cal ci um
stearate, 0.1 w.-%Irganox 1010 and 0.1 w.-%
I rgaf os 168, showed an excel |l ent conbi nati on of

| Polyﬁﬁéﬁi&ﬁﬁﬁExamémsncy and | ow t enrper ature i npact
strength. Polynerization Exanpl e ?{ o addition of the

Polymerization Example P 26 was repeated. But the a
comonomer was performed in the following manner: After the addition of the
catalyst and during the first 60 minutes of the polymerisation, 30 g of ethylene
were added and during the remaining 30 minutes of the polymerisation time
additional 120 g of ethylene were added.

The isolated random impact copolymer had a MFR of 10 dg/min. The
polymer was fractionated and the random copolymer part (85 wt.-%) showed a
melting point of 149 °C and an ethylene content of 2.2 wt. -%, while the
copolymer rubber part (15 wt.-%) showed a Tg of —45 °C and an ethylene
content of 25.5 wt.-%. Injection molded parts produced using the polymer,
additivated with 0.22 wt.-% Millad 3988, 0.05 wt.% calcium stearate, 0.1 wt.-%
lrganox 1010 and 0.1 wt.-% lrgafos 168, showed an excellent combination of

stiffness, transparency and low temperature impact strength at - 30 °C.
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Pol yneri zati on Exanpl e P32 was repeated, but instead
of 180 g, only 60 g of ethylene were added. The
w0 s@ba0sas i npact copol ynmer had a MFR of 20 dg/PETUSZ00&014340
poI ynmer was fractionated and the honopol yner part (80
-% showed a nelting point of 157 C, while the

WHQ@QS'O’L"@IMEFE@Q“ part (20 wt,-% showed a Tg of - 9 C .-

yiene content of 10.2 wt.-% I njection
not ded parts produced using the poI ymsr addi ti vat ed
wi th 0. %. ad 3988, 0.C
ot dar ai & Snaosiien sBMRTBEd MR e GeoBmi il meso isomers

of rﬂé’t@l?édé%e% o‘inﬂéedja ﬁ?@ﬁ)'rr'n@fét conbi nati-on of -

fness transparency qgg giqagt strength at 0 T.
Pol ymeri zat i on Exanpl eRM'85 W Rieri zati on Exanple P

26 was repeated. But th@omddatliagn of the conononer
was performed in the follow ng manner: After the

wherddi' tdn@lrl_goéretlﬂ@nt!c%@bﬁ Hlf@reﬁtﬂ@addé lalﬁtg 'Jrh @achrs sub§tituted

m nutes of t ol ymeri sati on, et hyl ene were
moneitisiealral mntwgearﬁwdr%bﬁn ﬁ@dle@! %ﬁ'%@@érom the,group

co nggslalég%f ‘Fﬁ §§flt8{lidta¢ﬁgo pregﬂ%&i tlah? h@deﬁgp t&rﬁm ded H}fitag;?le ag F@nyl

act mer h
fluo@énﬁoaziqféﬁtmenwhmlaMtwmyl ma‘peaﬂlemyiawbuthaﬁmdmmeandwwh _

random co r part (85 w.-% showed a nelting
strusdirgtwigs a&w%ﬁawt@ﬁwgew ene content of 2.2 w.-%

while th It
b5 TN of AR g oRREEGT an
grohﬁ]cﬁqfﬁdn@m tﬁ@b@@ﬂmééﬂﬁ)mat@mﬂ;@d\ aJKmxyggnohp qjcifqmelrto about 10
dditivated with 0.22 wt.-% MI | }2’0 % ? |
carbgn aloms s aRACEUROATTQR 6 83 aboAR5arel G1oms: 6”1?"3/ oxy
0,
i e e G
ab@itﬁ%rboﬁtatomgoaﬂ'owgrm wﬁlﬁd)g@!ﬁaﬁﬁn or a NR,** group, where
f?CT/ US2005/ 014340 VHAT |

derasoalkyli G5RUB SRFPIMS | g 2ROH i 3 Grogk 2tPimsi ar 2 gpep of from
f
o 48 S50 0 PTROMRIIRY Bl g G,

i dept'iisalmetal of fifcepaib dfithamisiodindl able oééhfhaments
subsgltute

is a bridge between the ligands L'and L2 having one of the structures:

7 .
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nmononucl ear or pol ynucl ear hydrocarbon radi cal
sel ected fromthe group O consisting of substituted
weyasopses adi enyl , i ndenyl, tetrahydroi ndenyl , PCT/US2005/014340
azurenyl, fluorenyl, azapental enyl, thiapentalenyl or
oxapental enyl, which forma sandwi ch structure with
whe@éq‘(w %dtﬁ‘%rwﬁmhtc geF@\tawﬁh 'o‘?%ﬂffo‘&ﬂw f?e]rroatoms and
fferent and are ealhahy rogeh atom an E
are gnaob ;an(ﬂlkylrgmmn havinglmm 216 atanuih 30 cerbos at@ns; adz Roanoatkyl

o0 about 10 15 carbon atons, aryl
aroth gifofr2 12 Bhvd {EoaBBltams AR B GRAP Chffom Fragpout 10

‘ 'carl%r%lﬁ)n‘?é afﬁé’r'iﬂc%?%ﬂbuﬁo? ﬁoﬁ’p@;t%aﬂaguP% kamdH é’t’@ifn s, & alkenyl

al kenyl 'group rom 2 out 10 car
grogmoffroopabeutifalocafmut d0marbam atoriiR2a? agdalkpl gmbploéfroRSZ to

aboyf Bhabgt st urnanareyn § BB 1o Ao HERedodrmoms. a

subRfituidd aﬂqn%&mm %n@ylénm dS‘iDé l§l&ﬂ@ro%bsb?%@r¥laﬁ%n§’ﬂgﬂo§lp of

a nmetal of group | Vb of er| Tabl e
froreiBeloeattasit 4Qg:artsomamwgn IBe MR h:@eltmgamtutsthe atomus |2
conineptm fhoerh(? c%;] @rrﬁggrsxt@rogﬁﬁjré&ycpc fysf%n?s and if R rqanciﬁi‘” are
dlfférze'n)ﬂ and 1:(3{) Qéé Bgﬁro%&%(frﬂr\’g?%lp{éf_fﬂo}n %%ut 4ft8: a%ou@@O arbon
atoms, R* is a hydrocarbon group of from 1 to about 40 carbon atoms,
M'? is silicon, germaniumi or tin, and
wherein the mixture of racemic and meso isomers as synthesized has a

weight ratio of racemic to meso isomers of greater than 5:1.

2. The composition of Claim 1 wherein L'is a substituted

~ cyclopentadienyl, indenyl, tetrahydroindenyl, azurenyl, fluorenyl, azapentalenyl,

thiapentalenyl or oxapentalenyl,

L? is a substituted indenyl, tetrahydroindenyl, azurenyl, fiuorenyl,
azapentalenyl, thiapentalenyl or oxapentalenyl, and

the bridging unit R® is R*R*'Si=, R*R*'Ge=, R* R*'C= or -(R*R*'C-
CRR*")-, where R* and R*! are identical or different and are each an alkyl
group of from 2 to about 30 carbon atoms, an arylalkyl group of from 7 to about

14 carbon atoms or an alkylaryl group of from 7 to about 14 carbon atoms.

3. The composition of Claim 2 wherein R*® and R*! are different, R*’ is

a C4-Cgg hydrocarbon group and R*' is a C4-Cao hydrocarbon group.
4.  The composition of Claim 1 wherein L' and L? are identical or .

different and are each a substituted indenyl, azurenyl, fluorenyl, azapentalenyl,

thiapentalenyl or oxapentalenyl, and
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WD 2005/ 105863 PCT/ US2005/ 014340 where R40 and R41,

can be identical or different, with or w thout
whedsnambdns, and are each an al kyl group havPemyuf2005014340

2 to about 30 carbon atons, a fluoroal kyl group of

from2 to about 10 carbon atons, an al koxy group of

fr e Bridgng et R RO EIE AROMRY G, dhetORI SRS afe .

from6 to about 10 carbon atoms, an al ken 5 group of

iderfticah@racﬂi?‘a;ere and arpauepyiobell hentyhthmxyl, h@ﬁ&umtﬁl Ronyl,
decfl Bl SRR, SPoBENY o Rttt Biruehierdns, a

substituted or unsubstituted alkylsilyl or arylsilyl

group, or an arylal kenyl. group of 550n18450 about 40 40 -

cafbon dihenenmpesitka ok kdpired whein ket andl R ene difiesenst, R™ is

onnect ing .t he an, ,formone or nor lic systens,
outf] B kg AP Pit o oM P e ftfedil, SEdpety,
cyci@b@h%ﬁ’érﬁ@,fbrﬁfy@me&&l,farn@fR"ab@Henyl,té’ch?l*?@lcttp (o AT BERtyl,

atons, R4l is a hydrocarbon group of from1 to about_'
hexy heaivborstyt Byl Neoyli undgayl SoFeCyeyapRamyloeylepentagiany!

LN the mxture of racem c and neso i soners as

Oréﬁﬁﬁgggized has a weight ratio of racemc to neso

i somers of greater than 5:1. 15 2. The conposition of

Caim1l wherein L1 is a substituted cyclopentadienyl,
i ndeny! , Theceorapgsition dé&dgim 1 ahereinyihe weidhdratig pf racemic to

tal.enyl [ tal enyl or oxapentalenyl, L2 is
'neggE%@E??f%géﬁﬂ?ﬁ%ghsﬁﬁ?tetrahydroindenyl, azurenyl

fluorenyl, ?0 azapental enyl, thiapental enyl or

ox%Eentalenyl, and the bnid%ing unit RO is R4OR4LSI =,

R4OR41GeH1e FappRaition o ClairRh olReten tigueant ratio gheacemic to
46). . : | Jentiscal or different and are each an

fneg§%§ﬁﬂgd§§ﬁ%igfﬂ#$bﬁ$é.to about 30 carbon atons, an
aryl al kyl group of from?7 to about 14 carbon atons or

an al kylaryl group of from7 to abqut 14 carpon,atons.

55 & i sesstioD e oG miesants wisoaatans Hepmc to

' i j 5n.42 C4- C30 hydrocarbon group and
me%ﬁ%%ééq%§%8%§r%%gfbon group. 4. The conposition

of Claiml wherein L1 and L2 are identical or 30

different and are each a substituted indenyl,

azurenyl, fluorenyl, azapental enyl, thiapental enyl or
oxapent al enyl , and
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RO is RAOR4A1SI = or RAOR41CGe=, where R40 and R4l are
w0 destiossed or different and are propyl, butyl , PEEOB3005/014340

hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

cycl o-pentyl, cyclo-pentadi enyl or cyclohexyl. 5 5.

Thé. conﬁhslddnmbﬂﬁoﬂbaomlﬁn whetigrieln ReOcagoidd hakehe formula:

different, R40 is butyl, pentyl, hexyl, heptyl,

ocfyl, nonyl, decyl , undecyl dodecyl cyclopentyl,

cyclopentadienyl, or cyclo;axyI4Q@nd R41 i s met hyl ,
.ethyl, propyl, butyl, pentyl, hexyl_ gheptyl, octyl,
nonyl , decyl,'Undech,Eg ' Ye %pentyl .
cyl opent adi enyl or cyR oht The conposition
of Cdaim1l wherein the weigh 7 racemc to
NMeso i somers is greater tha :
of Caim1l wherein the weight nre |o of racemic to 5
nMeso i somer i s greater th&ﬁ’lS . he conposition
of aim1 wherein the wei §ht rdﬂl8 Bf racemc to
nMeso i sonmers is greatergghan 2071. 87 WO 2005/ 105863
PCT/ US2005/ 014340 29 iti [
wherein the conpan‘
R8 RO MRIR2 R8' R7'

formula; RA RS R R3 RY
R

(formula 1b)

where R®, R*, R%, R®, R”, R®and also R*, R*, R® ' R®', R”"and R® are identical . |

- ordifferent and aré each a hydrogen atom or a linear, cyclic or branched group,

with or without heteroatoms, selected from an alkyl group of from 1 to about 10
carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an aryl
group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about
40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms or an
arylatkeny! group of from 8 to about 40 carbon atoms, or a substituted or
unsubstituted alkylsilyl or arylsilyl group, with the proviso that R* and R®" are not
hydrogen, and wherein two adjacent radicals R®, R®or R*', R®’, or R%, R” or R?’,

R”, orR’, R®or R”', R® can form a hydrocarbon ring system.

10.  The composition of Claim 9 wherein at least one of R%, R*, R®, R®,
R’, R R*¥ R* R% R® R” and R® includes a heteroatom selected from the group
consisting of Si, B, Al, O, S, N, P, F, Cl and Br.

11.  The composition of Claim 9 where

M is zirconium or hafnium,
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RR5, R (fornula 1 b) 5 where R3, R4, R5, R6, R7, R8

and also R3', R4', R5 R6 R7' and R8' are identical or
waledosaossns and are each a hydrogen atom or a | PEEER2005/014340

cyclic or branched group, wth or wthout

het eroat ons, selected froman alkyl group of froml to

aboRrt ah@ R?C%U@éhtléélmiﬁéi‘@ntaédﬁeéw ar9'faFkngr‘bfugf SGP0A 1R

about 10 carbon atoms, an ary group 6to
abeifolt capopatoma, an akaxy gmu;aoilfralrky to gboumo1 @tafboonaténsy an

i8S stle F sERLPRLAAE Biicalrioing, o RGN loslpOR  and

szdggthﬁrfo@mach@énﬂ&e%p*%?&eﬁﬁ foll Sof a substituted or

unsubstit ured alkyl si or a ilyl group, with the
pr oRAi @dtﬁhatamdmmlm differentreotd aﬂewbcdgamneancd:ymllmom n

oreiRefgr 85 it BiyfrgHt @ggﬁ@encaﬂeasﬂrﬁ%{nﬁﬁ% GBRUp BeRSIsting of
an b!kw gREs eMrorh S té@boﬁhl@ @&B&%tdm@ ﬁn@falgalﬂbﬁillsgmﬁro? ffdm 2

| east one of R3, R4, RG6,
to ?@Ut 1I%Cabe'Z alegl RS’ | ncI udes a heteroatom sel ect ed

F OB BT RN R BT R Sk o et

dlffh’&entSanzj areasrohm d&?nruwm 0B8 sWEsEWEN dPBR&Istituted
PCT/ US2005/ 01434 and R2 are identical or

alkyfisflyleareaiylsiyl graums oaa lingay Cyalic oupranchecgiaup;, withbmuwithout

1 t Kk fr ol t
netticabt S B i oufl Bt 4Rl s heobPiteE, B8 Rtharoup
of ftOmcRtdaBo@! W Barbdl atdmidabogientwat RJaceHt rBaucarst5 ngs and R%,
toget her formone or nore ring systen(s), 5

R® vy faia & yskiesatkon g systener ent and are each a I | near
SRS B R DR R D0 R G D oL RIR B FRoRR) 00 e R0

sel ected fromthe group consistr n

anoR* noeridentioaladyaifferet and EboBael anslian grawp af kenyP to about
qb of from2 to about 10 carbon atons, R4, R5, RG,
30 Barbey

! atgnes, Ancyyrllyl groys;of fromg’ to aleut sidlicasgoratoms or an
alk'g%‘?ﬂntd@@b o??rogfl?toddbfoﬁ?'if%rb%ﬂ t8ffe, €ach a hydrogen
tom” or a subs

tuted or unsubstituted
12.  The composition of Claim 11 wherein R*® and R*' are different, R*
is a hydrocarbon group of from 4 to about 30 carbon atoms, and R*! is a

hydrocarbon group of from 1 to about 30 carbon atoms.

13.  The composition of Claim 9 wherein

M* is zirconium, ﬂ

R and R? are identical or different and are methyl, chlorine or phenolate,

R3 and R®', are identical or different and are each a linear, cyclic or
branched group, with or without a halogen, which is selected from the group
consisting of an alkyl group of from 1 to about 10 carbon atoms and an alkeny!
group of from 2 to about 10 carbon atoms, '

R* and also R*" are hydrogen,
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al kylsilyl or arylsilyl group, or a linear, cyclic or
branched group, with or w thout heteroatons, or an

wa@bkdoghoggsdoup of from 1l to about 10 carbon at onBCT/ER2005/014340
aryl group of from6 to about 10 carbon atons, or the
two adjacent radicals R5, R6 and R5 R6 may form a

hydr geaEbosm. 1 | ram 45 8@ s RAORALS %
R A T A 3 R CR AT BERLR, Fifgrent apdare
each BI l’&)&}ﬂdgﬁét(ﬂﬁ ?I’Fdhﬂbi’,&?bﬁcﬂlg b:"taﬁm;wocéaﬁ(ybgw@ua){@‘ fearott tm
roup of from2 fo a ar hon, at oms, .an
aboub§ Fartign SgrugT ah ASiY SETBAL AP EADRN ey o
the ti® ag/@c@étj@%&alg E{@,URS 9hd RPOMO71drRi ARQMfochfbsRfiRgRystem,
. atons. 12. The R4

conposition of Claim1ll wherein
and and R41 are different, R40 is a hydrocarbon group of

from4 4 bout &QArbon at : 11R41L .S .
R R oG P R R CPP o es st s edtpufliel qr iierent
: {yg;b% ' I BRI RGHE] decy?uiledy®, dodecyl,
and a;ri%r%-éﬁ}%upne gmﬂ%@grhgp?&en% cal )gr d(i:)%fer entyqsanode y
cyclopeatyiedyeidpentddienyl e cyelopdromol ate, R3 and R3 ', are
identical or different and are each a linear, cyclic
or branched group, with or w thout a hal ogen, which

| s1el epleelomhbasnibRer armup 3 weasirsR hane@R*aarabiidrent and
group of froml to about 10 carbon atons and an

R* iablbhypersy, bexyiphegitylt peii, 200y, deeilt undeqyhrdsnstecyt ons,
cyciqperNlcatioadaty RSt 1 AR SRR bropy. buty
pent?\{};{/ Qeﬁ%, heﬁt‘y!e, ocHgMdrgRldeey!, dhcﬂé@_ﬂ,&ﬁde@g\d catlepeat, a .

rogen atomor a l'inear, cyclic or branched al kyl

cyclapemtadiefiylforamyctbhesyl. about 10 carbon atons, or an aryl

group of from6 to about 10 carbon atons, or the two

adj acent radicals R5, R6 and R5', R6' forma

hy g 0c 2R BofipR@iteN L @Rim AMteREN tise BORRGLEH-hasr the formula:

RAOR41Ge=, where R40 and R41 are identical or

different and are propyl, butyl, pentyl, hexyl,

heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

cycl opentyl, cycl opent adi enyl or. cycl ohexyl .. 14. The

conmposi tion of Caim 13 whérei R'R40 and R4l are

different and - R

(formula 1c)
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R40 is butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, cyclopentyl,
weyasopses adi enyl or cycl ohexyl and R4l is netPgT/US2005/014340

ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, cyclopentyl

whefy RPoRénta eyl m6r I yib4 Bhey T
d ai lerngjﬁ elip?: t eargggrrlggm ﬂﬁaékt%hgfgim%lmq:%ﬂ gﬁgﬁ%ﬂtt'cal

or diferentjarRBam7eadh @hytoin BMPORY lindar3cyclidiorbrRdched

or,mula 1 005 105863 PCT/ US2005/ 014340
hyd iR BTG otiggliting YighoukRetaBBteRE a4 selasted faam AmBIkyl group

each a hydrogen-atom or. a I'C Oor branc
carhwbﬁitom laarargir@rmmpmftfhomrﬁ o atbautt2thedrbon atems, @mdrylalkyl

arouJE Y b SO APy PE B Rk ot oo

of fré 1 to RBout A€afBbn 8fdnd dﬁ{‘fal'kéﬁ | grB[lg‘qff‘rBﬁ"r 5“{‘{)) aﬁag’hﬁge '

40 c@%@@ﬁtcﬁﬁ@ﬁﬁan%}y%ﬂ%nﬂg Rl Of frcﬁﬁwoﬂcﬁ?tt) rbag at?ms ora
carbon atons, an”ar ¥ group of from
subamut,egircydm%tb@ﬁ@ted@l}@ﬂww ar 9rylsg\rybgpatmf wﬁ’uhdhebrowsalﬂmatt R3

o 5,578 B B R Mo BR3Pl SR o e

eachiassiistitutod o uakkpksiuted agl gasug &f err‘n BtPHoutUd rfhrbBﬁ
proviso that R3 and R3 are not hydrogen and that

atorg;d R5+ are identical or different and are

16.  The composition of Claim 15 wherein at least one of R?, R, R®, R®,
R’, R8, R¥ R* RY R% R” and R?¥ includes a heteroatom selected from the group
consisting of Si, B, Al, O, S, N, P, F, Cl and Br.

17.  The composition of Claim 15 wherein M' is zirconium or hafnium,

R and R? are identical or different and are an alkyl group of from 1 to
about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms or a halogen atom, or R' and
R? together form one or‘more ring system(s), and

R® and R?', are identical or different and are each a linear, cyclic or
branched group, with or without a halogen, and selected from the group
consisting of an alkyl group of from 1 to about 10 carbon atoms and an alkeny!
group of from 2 to about 10 carbon atoms, and

R* R® R, R®and also R*, R®', R" and R® are identical or different and
are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to
about 10 carbon atoms, with or without a heteroatom,

R%and R%" are identical or different and are each a substituted aryl group

of from 6 to about 40 carbon atoms,
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each a substituted or unsubstituted aryl group of from
6 to about 40 carbon atons. 16. The conposition of
wW@@s03BB3 wherei n at | east one of R3, R4, R5, ROBI/USKRE5/014340
R8, R , R4 , RS , R6', R, and R8 includes a
het eroat om sel ected fromthe group 5 consisting of ‘
Si , RBis RIPR'Bi=SR*W Be=FR"‘Gr* 8abBIR R CBRR*)-, where R
conposition of Claim 15 wherein ML is zirconium or
anf &t neimidentigal an gifferentrand arerrackaan slkygrotipraffitonaddo abeut

088yl SHB Oy L) Uobd) 8 EARSTASRE o

alkgitayylargup odftpmof td ateont6 4t carbbeutondd. car bon atoms or a’
hal ogen atom or Rl and ."R2 together formone or nore
ring system(s), and R3 and R3 , are identical or
di f faren s A arGiY Ghao I541 C 40
arong vl CEmBRSIiBAGH Ceipd 1P aherM R SnRY i€ AffiTENt, R

is @ hgdgrcadn gronpios frongd ¢ aboutB kyarbonetipmefarfarRthid at o
gbout 10 carbon at%arrs and an al kenyl 5 group of from 2

hygdrocaman greup @afeBhT 48 aheut dtherrkRan atgnsr7, R8 and al so
R4', R6 R7 '"and R8 "are identical or different and
are each a hydrogen atomor a linear, cyclic or
br anehed Thk kpmpositisn odIClAimp % WhepeindbigtzirkOnkat bon

atog,a&\gtgw or, without a heteroatom R5 and R5' are

i defit 1209 R aredientisebat diffgeend pedexe mnaalkyl ssoup of Bamat Jo

ooy oy S ELP SRl AP PO ol Boms,

anRaORIBe=f fiktD 6 R4 HBsuDt0 c4iRO0RIAGsCRADRIGYen admy e R4and
Rggga R4l_are identical or different and are each an

SiNeR B mPNs: Ok gFR BNY SYSIBBWE) 30 carbon atons, an

ar yl=sl : cal; r
i kg ik Ve 0 el

branahesl. methyB ethiythepropylipbsiyt, ipentybbr Beaylm 17 wherei n R40
and R41 arp di{ferent, Roo is a hydrocarbon group of
froﬁ@qﬁﬁa@éﬁgogbh@[é?%% atons and R4l is a
hy dirSc a7 b, g aB 1 RT MIIRT @rahRHtic30o C@ifbRMt 8h8™ e each

10 19. The conposition of Claim 15 wherein ML is
a hyidregen atgm R1a dindaReyeliceori ibencherhalkgrgralipfoé from 1doabout 10

caftidh gtr(])masl, Wth qu\l\(l)lhll%ug)fa hfeQé)anat%n%,o

R°and R® are identical or different and are naphthyl, para-(C4-C1o-
alkyl)phenyl, para-(C4-C4o-fluoroalkyl)phenyl, meta-(C1-Cip-alkyl)phenyl, meta-
(C4-Cyo-alkyl)phenyl, meta, meta’-(C4-Cip-alkyl)ophenyl or meta, meta’-(C4-Cyo-

‘ fluoroalkyl),phenyl,

R? is R*R¥'Si= or R**R*'Ge=, where R*’ and R*' are identical or different
and are propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclo-pentyl, cyclo-pentadienyl or cyclohexyl.

20.  The composition of Claim 19 wherein R' and R? are identical and

are methyl, chlorine, or phenolate.
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about 10 carbon atonms, an al koxy group of from1l to

about 10 carbon atons, an aryloxy group of from®6 to
W@bwatl03B63 car bon atons or a hal ogen atom or RICEHOS20052214340

together formone or nore ring systen(s), 15 R3 and

R3. are identical or different and are each a linear,

cyohi ¢ Qhe dUAHES reinfiR O g RPUL X! 41 :

o PENtYl or hexyl, Eﬁngﬁ lFI{bfn]@g{Heér lcr)]ﬁi} %r%gelgr]r?é%?remand
R™ RrbutiRg pentyl dhexy! Hepyl, antyl, R®ryt,eldaykninideayl, dodecy,

ILiferent, and, ar.e each hydr o tomor a |inear,
oyolfhRhl b R ST by Rkt S8 R anmethy . ebblramy!,
buty? Operayio t REBLy| W | GoQut ' :

L Ry ot o o IS IR by B8R,
cyclpaeatad@nytoo cyelbRgxylphenyl

par a- (Cl- C10-f | uor oal kyl ) phenyl ,

net a- (Cl- C10- al kyl ) phenyl, neta- (Cl-Cl10-al kyl) phenyl,

meba, MR cdrfBosMon aF ydin? PRairbi ;

nmeta' - (Cl- Clon-%?l uor oal kég)l}r)gizpphenélln%gs clpusndﬂ%thIfgiogmula.
or RAOR4A1Ge=, where R40 and R41 are identical or
different and are propyl, butylps pentyl, hexyl,
heptyl, octyl, nonyl, decyl§ undecyl, . dodecyl,

cycl o-pentyl, cyclo-pentadi gn 9 ycl ohexyl . 20. The
conposition of C aim 183w ] and R2 are
identical and 30 are nethW B FQ;e or phenol at e.
92 WD 2005/ 105863 PCT/ US2005/ 1340 "*21. The
conposition of Claim19 wherei RNFR40 and R41 are
different and" R40 is buigfl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodi&RIR? cyclopentyl,

cycl opent adi enyl or cyclghe and R41 is nethyl,
ethyl, propyl,  butyl, hexyl , heptyl, octyl,
nonyl , decyl,,undEE , ) cycl opentyl, 5

cycl opent adi enyl or c} WL . »22. The conposition of

Claiml .vvherein;{gne G has the fornmul a: R4 R5

R R3 R7 R8

(formula 1d)

where R* R5, R®, R”, R® and also R*', R®", R®", R” and R®" are identical or
different and are each a hydrogen atom, a linear, cyclic or branof]ed hydrocarbon
group, with or without heteroatoms, and selected from the group consisting of an
alkyl group of from 1 to about 10 carbon atoms, an alkenyl group of from 2 to
about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7
to about 40 carbon atoms or an arylalkeny! group of from 8 to-abolut 40 carbon
atoms, or a substituted or unsubstituted alkylsilyl or arylsilyl group, with the
proviso that R%and R® " are identical or different and are each a substituted aryl

group of from 6 to about 40 carbon atoms,
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RO MIRIR2 s' R R7R3 R R5. R4 (fornula 1d) O

where R4, R5, R6, R7, R8 and also R4 ', RS', R6', R7
waresResses e i dentical or different and are eartI/ES2005/014340

hydrogen atom a linear, cyclic or branched

hydrocarbon group, with or wthout heteroatons, and

of R fined sbntaB58 Bafibomibb indl ADerdostn et
ele@fedfff&mtﬁe beLﬁ) ahmtintCofcat SRy @bgfﬂ:‘of fegim artpl atlgn Ao edrbon

from6 to about 20 carbon atons, an Lﬁ)lal kyl rou
atoras, a eyl Suhssituid @lkyi grai elRomt bissabe 40 kTaNa Og}wpﬁ an

o SRS R o B PR OUCID g er

5  subgt istaihy‘ftﬁo@érb@ﬁsg#bapl eydliedr drdydradd il thera positish) with or
gr oup proviso that R5 and RS ' are

WIthoubametearDat@m dirick selepted frain dhe grithcansisiing Pt an atkvheiaup of

ronda S5 4Rl T I ) SEARPE TR 50 carvon

atorhyldéroggn BRI pOGTCfEtm Brict dbaut 261 derboih aaorhet an @aylemyl gratip of

sel ected fromthe group consis n al kg/ g zﬂf’
fromp tp ebeLL48 cadivmAtont, @ar%\ﬁaryg OfarK/F about 40 carbon
ug t rbon
0 atoﬁ#%ﬁ@ éa{]n %”@rﬁyéf&fs&@ﬂ{%ut egégciﬂgr?yl?%%uéég “from 8
to about 40 carbon atonms, 5 R3 ' is a hydrocarbon

o Ohoue Therararesiang B2 e PSR Bng ol rrium,
AR B el R oot
abdt@H D@arb@t atdens, an dlkeky groapmfdforh roim dbdud 1ébrcmboﬂ@toms an

5 oyl Bamsat Bl S Ao SR Rutn e Bt anc
R2 #8799 one or more ring system(s),

R%is a linear alkyl group of from 1 to about 10 carbon atoms or an alkenyl
group of from 2 to about 10 carbon atoms, with or without a halogen,

R?'is an alkyl group of from 3 to about 20 carbon atoms and cyclic or

)0 branched in the a position, an alkenyl group of from 3 to about 20 carbon atoms,
or an alkylaryl group of from 7 to about 20 carbon atoms,

R* R®, R7, R® and also R*', R®', R” and R®" are identical or different and
are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to
about 20 carbon atoms, with or without a halogen,

25 RSand R® are identical or different and are each a substituted aryl group
of from 6 to about 40 carbon atoms, selected from para-(C4-Cqo-alkyl)phenyl,
meta-(C4-Cqp-alkyl)phenyl, meta, meta’-(C4-C1o-alkyl)2phenyl, and

R? is RORSi=, ROR*Ge=, R RYC= or -(R“R*'C-CR*R*")-, where R*’
and R*! are identical or different and are each an alkyl group of from 2 to about

30 30 carbon atoms, an arylalkyl group of from 7 to about 14 carbqn atoms or an
alkylaryl group of from 7 to about 14 carbon atoms.
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10

15

20

25

30

O atons and an aryl al kenyl group of from8 to about 40

carbon atons. 23. The conposition of Caim22 wherein
wWOMR005405863 coni um or hafnium Rl and R2 are i dee/USZN05/014340

or different and are an al kyl group of from1l to

about 10 carbon atons, an al koxy group of from1l to

about 10 carbon atons, an 5 aryloxy group of from6 to

aboyt 10_carbon atoms or a halogen atom or Rl and R2 -
t ogéfj‘her Theraampesition ofdslaing 2BgvkgreireR{ sand RY' ase different, R*

R e R e

- hydtamashomitdupasf fisint hastabauhad egmion &dms.i s an al kyl

group of from3 to about. 20 carbon atons and cyclic or.
?0 branched in the a position, an al kenyl group of

froms3 tqu@Roo R AiaaiR b9 WhereM! AL RIRYIALY

group of to abou carbon ‘ato R6, R7,

RS &tldaral Rbafidentiddl aniare aneth8 chlotine, bepRBh6iake O

di ffarent anld are each a hydrogen atomor a linear,

cyclY ds retBylaatbnk a-RIoRYS ndiByipngrentylonnthexyl, about 20

car hgn; i ; i t a

e B oot 6 oy bR ook PR L 4GB Ry Buty, 1

etwyiHbsitylt tnesthplrpantyr opdoperity!f cyioestyd, alserd®-eayibeyclopent-
at ons, sel ected from para-(CLl- C10-al kyl ) phenyl ,

3-2Ry ,aqy(c‘lfih%l%ysgylkgyglgm@ﬁ%qnyhgq para-methyl-cyclohiexyl,
met @4-A{dls a and RO is RAOR41SI =,
R40R41€r§i?|%2§ %ﬁ@&gw%ﬁfwme CR40R41) -, where Roo
and RUR’ ARt andatsoi RE) Roranti RY areridertiuhl ar difasht and are each

al kyl grpup of from 2 to about 0 30 carbon. atons, an
a S Sar R IOTE ob B InGat oy i o e siet AR IO Ta e @pout 10
- ; f t bout 14 carbon
caftfn & hgézlw\}% R AR BEor 01 4340° 20 The
co;rfﬂ?sﬁrtd RN a0é idandican cﬁ&jéﬁdsrenmand BAO péiedprflacﬂ)]}ll-phényl, p-tert.-
ifferent, R40. is rocar bon group O rom4 to
U Sh b PG hPBE D LA Ry PRcHY b GRath eIy ey, b-
. e 5y T
L e e T U
R2 & ds RIGRT Simor RTR* B e=minéngl R*dricbRi hare identical or different

an RS0 E eyl el nepb e poBigrderdcinded, dodecy
cyBlolsEntyl, cp@6-partadienyt BEL Ryl 1- met hyl -butyl,  1-

26.  The composition of Claim 25 wherein R* and R*' are different and
R* is butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, |
cyclopentyl, cyclopentadienyl or cyclohexyl, and R*! is methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyi,

cyclopentadienyl or cyclohexyl.

27.  The composition of Claim 1 wherein the synthesized compound is

selected from the group consisting of:
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30

10 et hyl -butyl, 1-nethyl-pentyl, cyclopentyl,

cycl ohexyl, cycl opent-2-enyl, cyclopent- 3-enyl,
weywbahsk3 2- enyl , cycl ohex- 3-enyl or PCT/US2005/014340

par a- net hyl - cycl ohexyl, R4 and al so R4'are hydr ogen,

and R6, R7, R8 and al so R6 ', R7 "and R8 '"are

AR sy BB TR PR R -
mdérqu)aiimﬁmdrﬁdlcﬂq@nqgrbon atons, - with or WIthOUt a

het er oat o " are identi
A ik rier PR PNy BRIy - butyl-pheny)

|nd§%ﬁ¥£l{@?\fﬁ}?ﬁhmp&1r@ but y! - IOhenyI p-'cycl ohexyl - phenyl ,

phenyl - adanantyl phenyl ,
A—(Ilts(dﬁfdlﬁf““w wrf 'W@Y‘bﬂ}dhwyl)(mmmwmw-@h&mﬂ" sphenyl)
and RO is R4 OR418| = or RAOR41CGe=, where R40 and R41
inded)-Zigemiy@gIchiidgi f ferent 20 and are propyl, butyl,
A—(%’-é%&fé%féwlw@gyytﬁrto tﬁg@tl%{)lhenﬁgbc‘géngl)g%g aé-ltgl‘n?‘)é/b{'ﬂeggwﬂﬂ&ﬁ%rt butyl-

ph&wairuddmgwsdlrcoﬁﬁlmdrﬁdommpo& tion of Claim25 wherein
240 and

A0, T 5 LS R0 SR BIRe Boben

[ b enyl or cycl ohexyl, and
butéﬁqﬁ%@l}mt ﬂb ,Z“Pectgmi{mgﬂo% butyl, pentyl, hexyl,

A-(BémF)fbpyleft{;y-lsecrhnnywphecmt)mhenyd)(aemythyl delpesad. butyl-phenyl)

. .cyc entyl, . c| opent adi enyl or cyclohexyl. 27. The
md@%ﬁ"&f&@?‘?“'éﬂ‘d&hﬁ i34 ' m | wherein the synthesized

ISR SRS R savmadoast e e

indanyRzirsopinoplj¢hlariden- i sopropyl =phenyl )i ndenyl ) (2- met hyl

A- (g\ 1%(%&0%@%,’ &{mgﬁkygsqyle%enyﬁ‘%ﬁg}ﬂ/l (’Zznln W4ufﬁdfrﬁ#ét?1§/isﬂ§l
ph@fwl)ﬁhdéﬁ}ﬁﬁﬂédnﬂﬂﬂﬂ'%hlbﬁ@eﬁm hyl - 4-(p-tert.

but yl - yl') indenyl)-zirconiundichl or
(A-neapnoqwbﬁrdpgadamqmyltmeﬂyl ipdenyl )} Btmethyl- 4 p adamantyl-

d di met hyl -4- tert. butyl-ph |
PP R SO BRFS § g, © o PP
A- (2 légfn‘ Pﬁf( hs(‘@nf(dérrérﬁéﬁl l)methyl- phenyl)lndenyl)(2 -methyl-

eny @}/12 6 7-tetraneth (ptert
4- (btttly(tnfltpﬂ'reﬁwtl)ylhﬂl yrghezw @6anynrair@¢m@md¢® oride,

e e e T
zirBotiMhrddhiemad:) i ndenyl ) - zi rconi undi chl ori de,
A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2-methyl-4-phenyl-indenyl)-
zirconiumdichloride,

A-(2-isopropyl-4-(p-tert. butyl -phenyl)indenyl)(2,7-dimethyl-4-phenyl-indenyl)-
zirconiumdichloride,

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl)(2,5,6,7-tetramethyl-4-phenyl-
indenyl)-zirconiumdichloride,

A-(2-isopropyl-6-methyl-4-(p-tert. butyl-phenyl)indenyl)(2,6-dimethyl-4-phenyl-

indenyl)-zirconiumdichloride,
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43)

30

A- (2-isopropyl -4-(p-sec.
but yl - phenyl )i ndenyi ) (2- net hyl - 4- (p-sec. butyl - phenyl)

WO p@enydsy3 zi r coni undi chl ori de, PCT/US2005/014340

A- (2-i sopropyl -4-(p-cycl ohexyl - phenyl )i ndenyl ) ( 2- net hy
| - 4- (p-cycl ohexyl - phenyl )

A2 S g B P o SRR T

zircoatumydicHlofiget r i met hyl si | yI

A appldppbpradel Racirs To R s AURRNRTR,

henyl )i ndenyl }-zi r coni undi ch] ori de,
'”de%ﬁ %%‘gﬁ%gwa zije?p tris(trifluoromethyl)methyl - phenyl

A- 29!$dp1@ﬁyﬂ6—(riéth‘ﬁt4mheﬂﬁl -indenyl)(2,6-dimethyl-4-(p-tert. butyl-phenyl)

p-tris(trifluoronmethyl)nmethyl-phenyl)indenyl)-zirco
lndenylﬁxmﬂwﬁumdﬂcawéon de,

TR TR PR AR b er
|ndeAyIQ-2rrcmpmaimHIer4Ue( pI tert. | ‘
AR oAl -cRP B AENUe 8 RS v%égﬁ%@rﬁp A7 Bpbi-pheny)

i | amdidhieseay! ) (2, 7- di met hyl - phenyl i ndenyl ) -
mde???%ﬁ%@ﬂnﬂl (I:h loride, A-(2- i sopropyl -4-(p-tert.

A-bi_k(d%tyépfﬁhﬁnyﬁ&myi)t@nth ighleride,t et r anet hyl - 4- phenyl -
a-oislX SeubbeapgTI e R heyaride
A-biggmetrﬁ@w&yoﬁﬁ@mhmmmmt hyl - 4- phenyl - 30

deny zi rconi undi chl oride, 96 WO 2005/ 105863
A- b|E>(21-’MdSM@5(/1enam0yl) lndenyl)2|rconlumdlchlorlde

A- b|§(2( 2l S?%-&gﬁ?,ﬁ)lﬁipﬁia-é%%ﬁr}yl 93?&{%@%#@9 H“é'e 4- (p-ter

A- bé&z( ATStiFR - SR hy l%d&lwtrcbmdﬁfaﬁdrﬂcﬁrﬂjé 6, 7-tetranet hyl
-tert. buty

A- bllSﬁb‘me}ln))l Az~ bu@hmgiegwlm)r/@mw@dlchlonde

A- b|sgé tlﬁ'@% lS%é[RRM] Wﬁ%ﬁ@ﬁc&nﬁﬁmcﬂlmy' ) (2, 6-di net hyl
A- bis@grfb?{t%} fgmmdéml)glﬁcﬂﬁume;chlonde

A-bis(@- metbwe‘hyaqanﬂabavlnﬂ@zy%tqwnumdlem%@sm hyl)-i ndeny1)
A- b/&?f gn‘?lgz‘?ﬂ?zygr Eic?\%kﬁ%‘gﬁ % deny! )i ndenyl ) ( 2- met hy
A- bls(él'-'e(rﬂﬂiir&fényl E%Mﬁluﬁhﬁﬂ%ﬁde
A-bis(2-ethyl-4-ethyl-indenyl)zirconiumdichloride,
A-bis(2-ethyl-4-phenyl-indenyl)zirconiumdichloride,

A-bis(2—methyl-4,6 diisopropyl-indenyl)zirconiumdichloride,
A-bis(2-methyl-4,5 diisopropyl-indehyl)zirconiumdichloride,
A-bis(2,4,6-trimethyl-indenyl)zirconiumdichloride,
A-bis(2,5,6-trimethyl-indenyl)zirconiumdichloride,
A-bis(2,4,7-trimethyl-indenyl)zirconiumdichloride,
A-bis(2-methyl-5—isobuty|—indenyl)zirconiumdichloride,
A-bis(2-methy|—5-t-butyl-indenyl)zirconiumdichloride,
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i ndenyl ) -zirconi undi chl ori de,
A- bi s(4- napht hyl -i ndenyl ) zi rconi undi chl ori de,

Wa2Ms4(3863ret hyl - benzo-i ndenyl ) zi r coni undi chl or PABUS2005/014340

A-bi s(2- nmet hyl -i ndenyl ) zi rconi i undi chl ori de,
A-bi s(2- et hyl - 4- (1- napht hyl ) -i ndenyl ) zi r coni undi chl or

A’b'SAgTﬂH%%‘ZI ﬁé&%‘f’”tx‘ ?Be%\bwﬁﬁw‘iz"icﬂ“'a'é'h‘{}‘?'j‘?'? toni undi ¢' hl’ |
blsQIZfrﬁéthyl -A-(birsé By B )-thdBRAMIfcohinERIIdHIdAd g, coni undi ch

‘ A—blst@b’hs’(iwl A efihylphenyltndenyhasagniymidicttaiidendi chl ori de,

Ao e o R A D P RR, o e
A—leZAﬂbtfﬁyﬁﬁr (ﬁﬁ‘héﬁﬂox -phenyl)- mdenyl)zurcomumdlchlonde
acenapht h-i nd en?/vSHPZI rconi undi chl ori d

A- b'$(2tﬁt§l{/|24~44-éﬁl'ir§tl heRdgndenyt) ?'&%‘Mﬁ@lpblﬁrléﬁ de,

oG R PIRRPRE TP RIS o2 ©

A—blﬂZEétﬁ 24441@wylfbh|@h?lr)ymdenmgmdmwndnzbkundgpl| chloride, 25
i s

A- bl@n&%@ukéﬁwmﬁ/m@wm%nh@BWOMWMB%qn&md'Chlorlde
A- blgzlbétil&fégg%ﬁ%hag%gh?gyl ngr%nxla%;rcomumdlghlonde

A- blé’(?bhﬁeﬂ%;l‘h, @-tbmtﬁmylbﬁvrhenyﬁ)cﬁﬁﬁyhylmrb@momdrrdetl:iyl ori de,

t t hyl nd | mdi chl d
A-big ey -G RYTY) MRy P oG gR TTRGn] or | do. 3

h mdi chl d
A Y B R B Bl or e
A- b19(72 H@tlﬂ;@%(4lﬁ5863)rﬁl€flﬁ1ylﬁmwmdié@ﬁﬁlrcomumdlmethyl
A-blg{?cm iayltﬂg(4 methox(yt-p?rget:ny% lngenﬁ{' lrcgnlhmd?rggt?]w )zi reonium.

A—blé{]z}clbﬁ{y%éi[@t-tgﬁlbu‘%yl(p‘lﬂéi‘@? hMéerWﬁWér)mh@ﬁ'ﬁé‘t}ﬁW zi rconi undi
A- blé(Zleﬁ{ 24n(ﬂtrhyihy4pbémﬂ) -mdenpherognjundidetiyll,) zi r coni undi ¢
A- blﬁ(%ﬁﬁl}’?“n@ﬁ{?}" rhenyl)ippepylgireapiumdmeivhy 1 ) - i ndenyl ) zi
A R e R T T T coni
A-bis¢hrietivyl-de(4- methoxy-phenyl) mdenyl)zwcomumdlmethyl

A- béﬁf %@pﬂgyte# bﬂJtyl eny JenyBQch” nlamdf?:g%n}'il )zirconiu-
A- béé% éég ogé,hw L cadrriethyIphBny-Ritrimyl)dirdonslendichiorige oni und
A-bis(2- isopropyl -4-(4-ethyl-phenyl)-indenyl)zirconiumdichloride,

A-bis(2- isopropyl -4-(4-tnﬂuoromethyl-phenyl) -indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4-methoxy-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4 -tert.-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4 -tert.-butyl-phenyl)-indenyl)hafniumdichloride,
A-bis(2- isopropyl -4-(4 -tert.-butyl-phenyl)-indenyl)titaniumdichloride,
A-bis(2- isopropyl -4-(4"-methyl-phenyl)-indenyl)zirconiumdichloride,

A-bis(2- isopropyl -4-(4"-n-propyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4"-n-butyl-phenyl)-indenyl)zirconiumdichloride,
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A-bi s(2-ethyl -4-(4-ethyl-phenyl)-indenyl)zirconiundich
| ori de,

w5406t hyl - 4- (4-trifl uoronet hyl - phenyl) - i nPETYE3005/014340
coni undi chl ori de,

A- bi s(2-et hyl - 4- (4- met hoxy- phenyl ) -i ndenyl ) zi r coni undi

h
A- bls(%\ Egé@ %E‘iylhea(ykah?ry m ewl erCﬁQlﬁl}W(}!Cth enyl ) zi rconi
A- bls(QrftéJoﬁfEttﬂW I-4-( 4As§d>-5u(y2ph@rh)hylndenyl)zncon|umdlchlonde
pheny I ndenyl ) Z|rcon|und|nethyl

nmet h
A-bis(R= !ﬁ@(@%‘re%/ﬁbﬁﬂ)d) BéV‘MTC%‘ﬁWPE‘ loridBeny! ) zi r coni undi m
- Acbis(gt L%i’ opy4e ety phenyprindenygipopumdichionide. o1y 21
A-bis(2C W@pbﬁ@l mﬁi(ctfyethyﬁphenyl) mdenyl)znrcomumdlchlorlde

A-Dbi s(2-met hyl - 4- (4- met hoxy- phenyl ) - | nden%/ 22| rconi und
A- blsqa-mquq)pyl -4-(4"-n- propyl -phenyl)-indenyl) ZIrcomumdlc lofide,

A_bis@;j%@@ﬁpﬁt Ry~ AL RERIRH Ry BARHIdmbRERSHEe), 21 T coni u
A- bIS@' l%cﬁa(rdpy&t hyl = Kexyd-phrehyiy-indenghzitdoniurdeichlorider, coni undi m

Acbis{@-Basirop e i -Rogy-Rherp - BRERYIFICPRMEIIPN IS  oni di e

A-bis{oprapyl A4 -gyclohexyk-phenyliindenylizirconiumdichloride, |

A-bisgonsaprdpyiet Wlsecé%butyl pheny]) -indenyl)zirconiumdichloride,
A-bis(2-eth

A-bisfestisgaropyl-4 Y"r “tert bU'fyl phe St ggrqylBlrcomum&c?ﬂ%'nagon' urrdi
A- blsz ﬂ{éﬁl‘eﬁl oépgéﬁp%%\yﬁpﬁé@)ﬁngé‘ p))f zTrEPﬁﬂH@nchlBﬁ&é‘,y I')zircon

| SOpr opy
A-bis{Z-n{ethytet- (Wltenhbmtyl phenydj)engibr)sd)hatﬁrmnnml@mﬁﬂ@r i de,

A-bis(Aérn'(eZﬁéﬁ]' Sotgﬁeﬁéﬁy -DhenddpAs oy SR e,

Abis’fQ k?rie%@“ aRe ¥Fhenyl )-inden IgZIrconlumdlchlonde

uor orret hyl™-phenyl ) -i:ndenyl ) zi r coni undi chl o
A-bis(2-aesthylsd-p4 mi-p(Epyl- pb@pylbmylenyl )zirconiumdichloride,

A- bus@@ébﬁe 4. i(zgdgpgg@p%r)lyl ey AicohfphdimRyga! or i de,
A-bis :5} r&é‘chylt@&z& Q%&jﬁ pherWlﬁiﬂMbhyu)ﬂﬁé@ﬁwmcnbm@ﬁaeurmh chl o

A- bls(ﬂ-r(lelthylt-zia(tt smbwmewrlpdemw)@ﬁm!nmwlUﬁﬂﬂ%h| ori de,

A- b'S (3 e(tl%SI = @'IF?S'%R‘HM{%W' EF,WTdiCHI&’QHyi )titani umdi chlo
A- bléf(%de?ﬁyl ﬁ@'rﬁét% |- bﬁ&WI)QHMényl)zwcomumdxchlonde

hen ylI’)-indenyl ) zi rconi undi chl ori de, 1)0
A- bIS‘(\Qkﬂtb‘ﬂQ—I— 4 smbqumﬁlnyl )-indenyl)zirconiumdichloride,

A- b|§,jj21be]e('(t§‘§(lj{1 (AP :%-Be/qﬂﬁ pRQqu mdeﬂ?\% CbAlTRBABREEChI or i de,
junediohloridech i de,

A e PR

A-bis(Qegthpipd(4 hexyl phenyl) mdeny\)zwcon|umd1chlonde

At A e e AR EbA G HBARY! or T de.
A- b'i(Zéet(n?l 4?@CCMWéxyPBﬁé}WI)lmddeﬂ)nﬂcbmummlondechI ori de,

I SOp

A-bis@-pthghg(3 -semrbugyl -phemdbindandiziepoiungdichialiges ( 2-
A b,ﬁfgdg{hylog\'_ ﬁke%é-bu{@ (B)E\}\éb%lﬁhed@ﬁlyp)zﬁd%ﬁﬂ%kﬁidrﬂ%n' undi chl o
A-bid(d-A-prep-pRE@MIRdeny diecoriiyradicblonidendi chl or i de,
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A-bi s( 2-

i sopropyl -4-(4' -n-propyl - phenyl ) -i ndenyl ) zi rconi undi ch
wo orosdesse3 A- bi s(2- i sopropyl PCT/US2005/014340

-4-(4' -n-butyl - phenyl ) -i ndenyl ) zi r coni undi chl ori de,

A-bi s(2- 1sopropyl

A-bis(B-rBroyeuya- Bharyl-bnbAfEMYeFh RAAHAEI AR, 4o

I Sopro

A—bIS(Z r( @roqy&;ﬁt(y’el e@lh;dmhe,)lmyi)ndée\ryyl)zn‘conmmdmﬁlbﬂbb0rI de,
A- b'sbfﬁbftﬁ l 4S pr&{%r%vé@ﬁ‘yh) HHEWD?EW@HH?WPB%Q? oride, -

A-big2in ﬁ((ibyl 4 (4 n -butyl- phenyl? lndenyl % conlu lorJd
r opyl - Séec 5 21rdon|und|c
A- bl%(idfpfp@yl 4,s(4b1r§e<2L phenylymdenyl ZIrconlumdlchloride

A-bid( Wﬁ%ﬂ 24t Lyciof Ekyi- 51%“&9' ,HQS,-V,‘)X} lrcoﬂpuerrrl]éllc?'flr&j%om und
DI Bl sy - SRty FiRUEHARBRANIMaiAFRY ) 21 T co

niundichlo rid

A-bigf2t)- §(021Wrét(l4y1telﬂl- lputyl-plenyl)-indenylzitemyundiohtteyd, ) haf ni
A-big(H ?wﬁe‘i*ﬂeﬁwH‘d(ei‘y')tzg??”'”'&?{%t‘|'°r51~?enyl) i ndenyl )titan

A- bls(Qmalbuiyl Q¥(l4daqethyl phenyl mdenyl?} lrconlumdlghlor -
phenyl)-in eny zirconiu

A- blé&g E\J’th@ 4’ ethyl pgnenyl mdenyl zirconiumdichloride,
A- blsll‘2tH E?%{ hh—Y]' DY AR %@}éhylﬁ]ﬂreco)ﬁl&m %For}ge) zi rconi u
A- bls@m b(ﬂ’i)’ll-m(l’rh)d&ﬁrc(oﬂd phehyl§-iidepPBAVdomidMdRMdAdd, r coni um

A- blsibm é‘ftil gﬂf"h?tblﬂ}"(lllhe%)@ﬂeﬁw&i@ﬁpﬁlumdl@hiﬂrwa rconi undi
|
A- bliﬁ i gﬁﬁé hFXBL/ll ‘ihf”ys)e'éd%r‘)('%'mﬁﬂ'é‘ﬁw fhﬁoﬁ'ggnyl ) zi rconi

A- blaj?rm bthlﬂybm decyclohexyl phenyl) -indenyl)zirconiumdichloride,
ndi chl ori de,

t hyl - 4- ph denyl )
A- blsﬁz éétyl gt(ﬁypegr b@gﬁ nqy{@niylr; lr?genyl ?z:rcr:gr?lﬂhudlchlorlde

A-bis(bapBegul kel Re Tl bR HABhAPARDR ndichipride, i

A- blsﬁjthaxweé} phenyl -indenyl)zirconiumdichloride,

A-bidlo NS §E2 T ity heni) B a8y Reon | ibfideny! ) 2i reoni um
A- b'ﬁ%‘%mez?%ghé‘ﬂhyﬁpﬁénylyIMI)ZiMﬁﬁlthl ) zi r coni und
: A~bis§2ﬁie_syl241é4hly4pmpy14jhdr3/k)yihdplh1yd)zjrbamiumtﬁobrllo}idé[ coni undi ¢
A- bisiﬁ%{e%?'% 4 rigp=Rropyk- D'b%?wbi|"d6mé')ﬁ}ﬂ0)>nilmémlqriﬂies coni undi

A-bisgPlHex
s Y & popupytepenyl)-pdenyiizirasniumdichloride, 1 2i r coni
A- bl&ﬂﬂiﬂ]%h“—@-l('# dle-hexyl -phenyl) mdenyl)zurconlumdlchlorlde

A- bng% k?mz%&lzz} ﬁﬁh&qla@éxyl- ?l%(r:\yl?ll'lrtﬁ/enyﬂgl(?ggnlarr{cp cclﬁgr){(lje); zireon
A-bsﬁﬁiﬁeﬁglﬁ?ﬁ F%eéc—ﬂ)ufyﬂ-'phbﬁf/lt)ainc%ﬁy}‘)kl‘rd%}ﬁﬂ%ld)CHlé‘r‘?’c‘f‘ély' )zircon
A-bisfhiexyl4 4 p’ﬁeoligyjui)d -pireeylindenidrircoaiunudiohloridechl ori de,

A- blSi?—BﬂVQElglO%%é/&)l%& ujyl(&{ N ?lﬁ él%b;gwpymma@ﬁmﬁj%l@@mﬁ)u

A-bigTRlicth| o iddqert -b ind
ISJXPU |@}(2 n- p?g utyl phenylg r}] enyBﬁlcreCnoy dlb eny}/ll )zirconi um

A-bisf2-enetbylr4r¢4° -tert butyl phenyl) lndenyl)zurcomumdlmethyl
A-bi s(2-n-propyl -4-(4'-iso-propyl -phenyl)-indenyl)zirc
oni undi chl ori de,
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A-bi s(2-n-propyl -4-(4'-n-butyl - phenyl)-indenyl) zirconi
unmdi chl ori de, |

WER540386- propyl - 4- (4' - hexyl - phenyl) -i ndenyl ) BCT/TS200810M4340
di chl ori de,

A-bi s(2-n-propyl -4-(4'-cycl ohexyl - phenyl ) -indenyl)zirc

j hl . ; . .
A-(2- rﬁ‘g uE?%‘%ﬁp(éf‘f?g%‘i‘@)ﬁz-'{*l?"b@é‘*é(“bﬂ'ﬂ?Py‘me%ﬂx‘))“ﬂﬁﬁ%\%y| )zir co
zwcorlSuM'dWthdﬂ deride, A-bis(2-n- DTO

yl tent . - butyl - phen -indenyl)zirconiundich to
A-(2- med'ejl 5-azapentalene)( —met yl-4- 4 -methyl phenyl) -indenyl)

ds g) - butyl - 4- phenyl i ndenyl ) zi rconi undi chl ori de,
Z'rcor)&“m % ut yI - 4- (4 - met hyl - phenyl ):- i ndenyl ) zi r coni um

A-(2- ﬁﬂeﬂWl-@%%entalene)(Z meth -4-(4"-methyl- §>henyl) -indenyl)

but yl hy phenyl ) -i ndenyl ) zi r coni und
znrconlumch Iqwidﬁ;

A(2- e ararnatiaieng) S ey A-EPEn SOV hagRpY ' ) 2! reon!

zwcopﬁuhicﬁdrﬂoridéwtw 4-(4' -iso-propyl -phenyl)-indenyl)zirco
ni undi chl ori

A-(2- meﬁhxd(drzﬂ\ranﬁm@*ena) 2Anethiyldr4/ In-prRIPRENHRREEN) r coni u

Z'rconﬂﬂ?d;{rgérhad%utyl 4- (4' - hexyl - phenyl ) -i ndenyl ) zi r coni und

A-(2- hfélh 14-82apentalene)(2-methyl-4-(4 -isopropyl-phenyl)-indenyl)-
A A- bi g(z n- l?Juty )((4 C))//C| (ghexyFI) %lenyl )-? ndenyl ) zirco
znrconrumwdﬁmdﬁn de,

G e R VA

zwcoﬁmm(ﬁémond@utyl 4 (4 ert butyl phenyl)-indenyl)zir
coniundich to ri

A-(2 5x<§lme&h)’dﬂ$e‘iﬁ¥jﬁpelﬂﬁ%léﬁ? ﬁn@tmﬂrﬁ {isepropy-phepyHindeny)- -
zwcoﬁ‘w{?l’ﬁié@oﬁ&éyl 4- (4' -met hyl - phenyl )-i ndenyl ) zi r coni undi

(Zﬁﬂfth%@ghawmtameﬂ -methyt-(g hisoptopyil-pdenyl)irderydhi undi ¢
O rilde

ZircopiusndicloRdRy | - 4- (4' - n- propyl - phenyl ) - i ndenyl ) zi r coni um

AR PE R Ensntalpne) - methu AT buntpemindenyl o
ercolrhl‘uihdlhhl@hddﬁ

(21r@ﬁqny£51g@apenlntalene 2- me?hy yI 4pheanXyI)pHer}1d?)nxdéﬁ'ylr coni und
zwcd’ﬁ lﬁr&&%ﬁaéyl 4- (4" - n- hexyl - phenyl ) -indenyl ) zirconi und

A- (2Anbthy( -2-dxapghtaler(e)(2-oethiddeidyn-pHyrghenyiadepyh zi r coni
undi ¢ch I‘.I de,

Z"CONJ‘HT‘ logor‘i’é‘)?yl 4- (4" -sec- butyl - phenyl ) -i ndenyl ) zirconiu
(20 I - |
ZFEF@ -thfeé%?lntaf?%) 2tmeert?yI 4but3? bur;%le%fﬁn)yl [ Ir?ggrr:g//l)) zircon

z1rcdrulmd1ld¢dmlmrdede

A- (zﬁ«ngh& é(&eqp@lnt ny F@P'&éﬂ %Qjé%yl 4- &u tsy butepgﬁ]é(m)l fn%%%l )zirco

zwcéAh ﬁ@b&ﬂcﬁcfyl -tert.-butyl -phenyl)-indenyl)zircon

enz

A- (Mls;(l%—mdaﬂtaleneﬁm@hvl -A-ghittort=oeidrahenydadagyhzi r co
ni um&éﬁ , 100 WO 2005/ 105863 PCT/ US2005/ 014340
ZircoDigNJiGHIHYR) | - 4- azape ntal en e)(2-nmethyl -4-(4'-m
et hyl -ph enyl)-i ndenyl)
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zi rconi undi chl ori de,
A- (2- met hyl - 5- azapent al ene) ( 2- net hyl - 4- (4' - et hyl - phen

w@ kgositessenyl ) zirconi undi chl ori de, PCT/US2005/014340
A- (2- net hyl - 6- azapent al ene) ( 2- et hyl - 4- (4" - met hyl - phen
yl')-indenyl) zirconiundichloride,

A- (2%&%;4 denQ%}eﬁ%%%gﬁﬁﬁmwﬁz(g%t%gﬁm _pAashvh-irieRyh: Pheny. -
choﬁﬁt(radﬂmdngb 4I t hi apent al eﬂs) (ﬁ met hyl - 4-(4' -n-propyl -p
A—(2£$%y?1@{a%32%taéér§§@ﬁ§§?wﬁéy(@§nrmx)mr@waﬂnqi%@akopy|
ZirC(fAH%B&:hlcﬁﬂ%nyl )- zirconiundichloride,

6- azapent al ene) ( 2- net hyl - 4- k4 -|sopropyl p
A-(2Freatpiy}-NrploEmyHe) azapentten a)(Bimetihybd-@e-n-perftgl-shenyl)- -indenyl)-

t hi apent al ene) (2- net hyl - 4- (4".-i sopropyl - phen
Z'rcciﬂ'lﬂmm/?b@ﬁ - zirconi undi chl ori de,

A( 2@3)(3 %@ngﬁ;ﬂ Omﬁm((% TRt i=phdr)-ihaeryigry! - ph

ndi chl ori de,
Z|rcmnamdmhidr5de~6 azapent al ene) ( 2- net hyI 4-(4' -n-butyl -phe

I en i.rconiu hl o
Ahebhdaprest R e o R RphenviHindanyioe y1 - ph
znrcc?rﬂ&(rln}ild ') zirconiundichloride,
A- (2- met hy 4oxapentalene)(2 met hyl - 4-(4' -n-butyl - phe
A-(%mb)hylm@pe)wtalzne)cbmaihyimcm wh@e/l phenyl)-indenyl)-

4 t hi apent al ene) (2- net hyl - 4- (4' -s-butyl - ph
Z'rC%’HS)Wm?{H zi rconi uerl chl ori de,

A-(PArricByei i p e4rté1é i (2R ptén(Hinderyl y1 - phe
nyl)-i nden I) zi rconi urmllc lorid
zircgnipmdicitende, 4- azapent al ene) ( 2- net hyI 4-(4' -tert-butyl -

RS e AT S o Py

zirconiumdichloride,
A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4"-n-hexyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2,5-dimethyl-6-thiapentalene)(2-methyl-4-(4"-cyclohexyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2-methyl-4-azapentalene)(2-methyl-4-(4"-trimethylsilyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 “trimethylsilyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-5-thiapentalene)(2-methyl-4-(4 -trimethylsilyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-6-thiapentalene)(2-methyl-4-(4 “-trimethylsilyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2,5-dimethyl-4-azapentalene)(Z-methyl-4-(4'-adamantyl-phenyl)-indenyl)-

zirconiumdichloride,
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A- (2-met hyl - 6- azapent al ene) (2-net hyl -4-(4' -tert-butyl -
phenyl ) -indenyl)- zircon iu and ichloride,

we(2Amsthy| - 4- azapent al ene) (2- net hyl - 4- (4' - n- PENUF100HN4340
enyl )-indenyl)- zirconiund.ichloride, a
A-(2- et hyl - N- phenyl - 6- azapent al ene) ( 2- net hyl - 4- (4" - n-

I .
A e b G R R O ey
zircamyhdichiolédsg;l ) - zi rconi undi chl ori de
A R0 2 e i Grsiangenty-pheny-ndenyi) .
ercdﬁmgjﬁs dEhibybs 4- t hi apent al €ne) (2- net hyl - 4- (4' - n- hexyl - ph
-t ndenyl ) - .zi rconiundi chl ori de,:

A-(%(dﬂm&tymmthfapdmaspae; ahaotiy(-2- (ne@mmmfldphanw)anmbnwm

Q? I)- zi rconi undi chl ori de,
Z'rCW'é Prﬁ% hyl - 4- th| apent al ene)(2 rret hyl - 4- (4' - n- hexy

A-(2- m%gﬁ‘)@yéi ?azé é’? (2 ape '4u fl%gr‘?ﬂu&lﬁn]etqw mpethyl- Rhenyl)

lnddnyp)hemyd)mumﬂiemwl()ie zi rconi urmll chl ori de,

A R e R L

pheﬁyl@@nc‘l@ﬁﬂ)’bré&rﬁ@rﬂ@ﬁ!ﬂﬂ@ﬂ&aﬂe)(2 net hyl -4-(4' -trim ethyl
Iyl

- pHenyl ) -indenyl)- zirconiundi chl ori de,

A—(ZAn(ezhyiect ﬁyapanuamm%mﬂeﬂﬂ‘&(@-tﬁeﬁnw@r4>rr(e¢hyh)metmnl-m7nlesyl)
3 r|”nd nyl)- zirconiundi chloride, ?5 .

'”@%&"E@‘B'H% 1 PH Spent al ene) (2-net hyl -4- (4" -trinethyls

A—(2 h&éthﬂ%bbehﬂéﬁé}@) -meﬁhylf@{hzbtﬁg tﬁﬂu&fo'nﬁjeﬁhylgmethyl henyl)—

A- (2-met hyl - 6-t hi apent al ene) hyl -4-(4"=tri net
|ndenyy)zuphmuync)lcmlndéayI )- zirconiundichlori de

AR B e R TR AR fahdqggra
zirconiumdichloride, t ‘
A—(2—methy|—5-azapentalene.)(2-n-butyl-4-(4’-tert-butyl—phenyl)-ind enyl)-
zirconiumdichloride,

A-(2-methyl-N-phenyl-6-azapentalene)(2-methyl-4-(4 -tert-butyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-4-azapentalene)(2-methylindenyl) zirconiumdichloride,
A-(2-methyl-N-phenyl-4-azapentalene)(2-methylindenyl) zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methylindenyl)zirconiumdichloride,
A-(2-methyl-4-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyl-5-azapentalene)(indenyl) zirconiumdichloride,
A-(Z—mefhy!-G-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyl-N-phenyl-4-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyl-N-phenyl-5-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyI-N-phenyl-6-azapentalene)(indenyl) zirconiumdichloride,
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A- (2- met hyl - 4-t hi apent al ene) (2- net hyl - 4- (4' - adamant yl -
w@b@ssd3sed ndenyl ) - zi rconi undi chl ori de, PCT/US2005/014340

A- (2- et hyl - 6-t hi apent al ene) (2- et hyl - 4- (4' - adamant yl -

phenyl) - |ndenyl) zirconi unidichloride, 5

-t ARl boARRBRk TRk Ea PR rindordlom™n

A- (B-m@’ehyemtmapémaza@m@@nm@nmamm.@e( ~tris(triflu
éﬁ}} met hi/ {)hen - i ndenyl ?
@rPetmtritieeaniglaney] ngeriyhzisceniumdichloride,

‘ ‘A (Eor owl_ﬁﬂp%égpﬁ'%@)gﬁﬁr&ﬁzg@ ghcf/ﬁ cfr%e tri s(t. rifl

A-(2i, —dm&zbtnym#hehprmtdlene) (indenyl) zwcomumdmhlonde
A-@dﬁqsﬂ&‘f S#%ap %gr:mgh&rl]g)p(h%nnﬁndenyl) zwcoerrnld?c tIolrrllcgelz
A‘W%‘Fﬁﬁa@%ﬂaﬁﬁa@z@%@@ﬁ ERPs LY Zrapnimeishiorids,

(Qagleﬁm-ﬁyaz)apenﬂaj&nn?%mﬂ)w-mph5enyl-indenyl) zirconiumdichloride,
nde i rconi undi ch] ori
A-s T iphenia ﬁ@@ﬁﬂé?@ré&cme&wrphﬁwme@w- butyl - p

zi rconi undi chl ori de,
Z"m?%'l“)d'd'ﬂ&ﬁ% azapent al ene) (2-n-butyl-4-(4'-tert-butyl
A-(2pimethyll- Nphﬂﬁhﬁ;a)zapfngat@m)(ﬂﬂed’lmlm?h(@?yl Ir;dhenlyl)4 (4t
pheny azapent al ene met hy -te
Z'r??é' mfjiﬂthl%W@nyl )-indenyl)- 10 zirconiundichiori de,

A-(B- Mtﬂﬁﬂ%lap@n%@%(@ﬁieﬁﬂﬂm(&éﬁﬂ MdehDgEREnlumdichloride,

Z|rcon|und|c

A-(&- mgihpéﬁ%ylapmniaIM{z;meaz&ﬁeph@yém)eogL)mdmu mdigbloyide,

ARl R Blerti et drRrenisindpmy beesepyrasickiondem

k J4d&qa tal 2-methyl-4-phenyl-indenyt hi
%(2 i hyl pentahenaeg nt al eyne ¥ r¥e t hyl m%jlécr?ylunzlglrccgrqlld&m

A-@- mltmm4d@zap@5talene (2-methyl- 4 5 benzo -indenyl) zirconiumdichloride,

e
zwéd;r‘h@ﬁi&hdtﬂ'@ﬁﬂecm oride,
A- (2- net hyl - 5- azapent al ene) (i ndeny!

A-@- n@&ﬁth@wl@ramentalene)(Z -methyl-4, % benzo-indenyl)

er@?rs ggﬁe 6I gflaggnt al ene) (i ndenyl)
A-2-fretiEiNug he%@%ﬂenﬁal@i@p@ﬁie@h)ﬂﬂ%beﬁdéﬂwényx)l rcon

|und|chlor|de

ZIF%P'QIEU‘I%QMW@G\I- phenyl 5- azapent al ene) (i ndenyl )

A- @ e yI— - lacp%|n9alen§) 2-methyl-4,5-benzo-indenyl)zirconiumdichioride,
A-(2-methyl-5-thiapentalene)(2-methyl-4,5-benzo-indenyl)zirconiumdichloride,
A-(2-methyl-6-thiapentalene)(2-methyl-4,5-benzo-indenyl)zirconiumdichloride,
A-(2-methyl-4-oxapentalene)(2-methyl-4,5-benzo-indenyl)zirconiumdichloride,
A-(2-methyl-5-oxapentalene)(2-methyl-4,5-benzo-indenyl)zirconiumdichloride,
A-(2-methyl-6-oxapentalene)(2-methyl-4,5-benzo-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-azapentalene)zirconiumdichloride,

A-bis(2-methyl-N-phenyl-4-azapentalene) zirconiumdichloride,
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A- (2- met hyl - N- phenyl - 6- azapent al ene) (i ndenyl )
zi rconi undi chl oride, 103 WD 2005/ 105863
WEANsWER6D5/ 014340 PCT/US2005/014340
A- (2, 5-di net hyl - N- phenyl - 6- azapent al ene) (i ndenyl )
zi rconi undi chl ori de,

Acbis(Bh@ofP Kbl ABR AL BhERRGhBHgEY! ) 21 rooni umdi chi or

Ar(2 met hyl - 5-t hi apent al ene) (i ndenyl ) zi r coni undi chl ori
de

ANbQE%%thyl 6-t hi apent al ene) (i ndenyl ) zi rconi-undi chl ori
de, 5 A-(2,5-dinethyl -4- thlapentalene)(lndenyl) '

zi r coni undi chl ori de,

AA (2 sericted fréme ?ﬁ@gﬁﬁh@'@ﬁ@%{lﬂg BREhYbtudal rPé}ﬁﬂé!y‘s dmdeny! )

zirconi undi chl o

D'PVOW'@?W@H)HyDL@H%m&mHI Pipentdsitasicail - Qihekeaijdnadideny| )
DiherfySEARTIL RIS, Rinopylsilansdiyh Ditesylsionedivheny! )

Dlundacyle(bmeﬂm,l Dlﬁlo@l@byllellanedlyl Dlprop¥lgermanedlyl

net h henyl - 4- azapent al ene) ( 2- net hyl - 4- phen
Dtbutylgé%ﬁwq % gnty@éﬁngﬁﬁqjlgﬁ |D¢lpep>@/ggermaned ivl, Y Pheny

sy 5 AL PSR st - orens

Dldec&lgezﬁweehwl Dhuhheaydgetmdammyl(oZ-DrB@diE’dylg"erﬂ’fE@féﬂhyll ndenyl
2|rc§glund|ch

Hexylhnetyhgerpaned wh.%ﬂﬁnawﬁéd%@d%t Rytyl(athyhsignediideny!
Butyl (RS ART I E P el ey et IRIanA M ndeny

Penty)(promdsilametiigh Hexyt{methyl)silanediyl, Hexyl(ethyl)silanediyl and

I oxapent al ene) ( 2- net hyl - 4- phenyl -i ndenyl )

Hexy‘?ﬁ”&%%'fﬂ% i'yihl ori de, o '
A- (2- et hyl - 4- azapent al ene) ( 2- net hyl - 4, 5- benzo- i ndenyl
) zirconiundi chl ori de,
A262-nﬁhhymnwxpmknybﬁ@kmnéﬁbwheMQmeﬁvmsdhahyl 4, 5-benz

=i ndenyl ) . zir.conj.undi t hyl -
e e i Pl ehiey i, P A dR B et eny 1
Di(cyébbéﬁ’dyl b'ﬂﬂﬂédl'\\ilobi ﬂ%exglsggg%chlt aCyglr?gex%l me;tw))lsll%?%q%lé (n
butyl)ﬁneﬁwda)awr)edlyh crro(omeny@(mlatmi)smwwl
A- (2- et hyl - 4-t hi apent al ene) ( 2- net hyl - 4, 5- benzo- i ndeny
|')zi rconi undi chl ori de, 25

Ao§2- nﬁygyﬁ%guﬁ@baﬁgﬂb@hg@ﬁ)(2-nethy|-4,5-benzo-indeny

[ ) zi rconi undi chl or
A- (2- net hyl - 6- thlapentalene)(gymeth§l 4, 5- benzo-i ndeny
| )zirconiund ichloride, RE

A- (2- et hyl - 4- oxapentalenek@Z
) zi rconi undi chl ori de,

A- (2- met hyl - 5- oxapent al ene) ( 2- pret hyfl -
5- benzo-i ndenyl )2|rcon|und|chgor|d€

4, 5- benzo-i ndenyl

(formula LS)
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A- (2- net hyl - 6- oxapent al ene) ( 2- et hyl - 4, 5- benzo-i ndenyl
Yzirconiund ichloride, 30

w2054 05863et hyl - 4- azapent al ene) zi r coni undi chl oPCTHES2005/014340
A-bi s(2- net hyl - N- phenyl - 4- azapent al ene)
zirconi undi chl oride, 104 WO 2005/ 105863

Aﬁopl ?%Qj%% ﬁ&ﬁgzl%rﬂle%spgr‘?ter?lgne) zi rconi undi chl ori de.

WR ieiznbAdges hadhgairedoff themstiuegirgsoup consi sting of
structural isoners of Dipropylsil aned| yl,
Di butyl sil anediyl, Dipprtylsil anedi yﬂq
Di hexyl sil anediyl, D heptylsi'l anedi %'12
Di octyl sil anediyl, Dngnylsilane
Di decyl si |l anediyl, D pridecyl sil anedﬁl“
Di dodecyl si | anedi yl, Di propyl ger manedi yl ,
Di but'yl ger manedi yl, Di pentyl ger manedi yl ,
Di hexyl ger manedi yl, Di heptyl ger manedi yl ,
Di octyl germangdi yl, Di bonygger mapedi yl, @
Di decyl ger edi yl , Di undgcyl gét manedi yI or R R
Di dodecyl_g_g[ nedi yl , Hq vl (et hyl ) ger mapnedh y_l_,_ (':__
But yl (et hy \d-rgl I aned| yl, utyI t hyl ) si |l ane T,
But yl (propyR %i | anediyl , Fl?éntyIRl‘riret hyl ) si | arﬁédl yIR"
Pentyl (ethyl)sil anediyl, Pentyl (propyl)silanediyl,
Hexyl (nmet hyl ) si | anedi yl, Hexyl (et hyl)sil anedi yl and
Hexyl ( propyl )SI | anedi yl. 2%. The cb\rrposn Lion of Chaim
27 wher e g he ni t gy AraPe: RIS pr oyt angdi yl P(O)R40
Di - n-but/l sil anedi'yl, Di- n/pentyl sVl anedi yl , /
Di (cycl opentyl ) sil anedi yl, Di-n-hexyl sil anedi yl,

Cycl ohex met hyl ) si | anedi |, (n-
whe@JRyﬂ gr(chét ](',)ﬂapsbe wieaticl orgtifferent, with or without heteroatoms and
are 4G URFGRAD ST B i FoaloRgTBRE™ BbrddM group

of from 2 to about 10 carbon atoms, an alkoxy group of from 2 to about 10

0

carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl
group of from 3 to about 10 carbon atoms, an arylalkyl group of from 7 to about
40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, a
substituted or unsubstituted alkylsilyl or aryisilyl group, or an arylalkenyl group of
from 8 to about 40 carbon atoms, or R*® and R*! together with any atoms
connecting them form one or more ring systems, and with the proviso that if R*
and R*' are different and R* is a hydrocarbon group of from 4 to about 40
carbon atoms, R*! is a hydrocarbon group of from 1 to about 40 carbon atoms,

M2 is silicon, germanium or tin, and

R3, R* R®, R® R7, R®and also R¥, R*', R®', R®', R" "and R®" are identical
or different and are each a hydrogen atom, or a linear, cyclic or branched
hydrocarbon group, with or without heteroatoms, selected from the group
consisting of an alkyl group of from 1 to about 10 carbon atoms, an alkenyl group
of from 2 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon

atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group
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R6, RS R4 (fornmula LS) 105 WD 2005/105863
PCT/ US2005/ 014340 or its double bond isoners, wherein
WeRA054036br i dge havi ng one of the structures: RCI/BSIR0F014340
RR M'?1 I Iv 112 --C Ra, RI RR41 R /B-R4
Al -RA0 P-RA0 NFR40 or ~P(O R40 where R40 and R41l, can
i.denti or, di fferent i or W t hol
of frepE7 4P aReuf a0 e aieB'elean AhVdin bt oy snopp a0
carb@batdms sabsipimeatdBsuBstitliearaialisl ooasigllyl gfodd, @it the
to about 10 carbon atons, an al koxy group of from2 t

. Y. 9 )
provigp dpyat Roand &i%bam et Gidrogen: aF yhesein §¥eapiasent féaﬂlweISt%Q, R®
s bgeit sCaY saLo a T ihe' 0 of . f to
or R'ablgut’ -0!1[8{ tgr g% asogf Rdnrhz-ér}ﬁgﬁﬁg@?%gnpgé? Oltr?]gam to
hydredmrbbn riHy satdn )atons, an al kyl aryl group of from?7
to about 40 carbon atonms, a substituted or
unsubstituted al kylsilyl or arylsilyl group, or an
aryd al k f ; ,
B e
isomiehe of fretaliczeae @onmpouads icompsigsigethe steplofni t h t he
proviso that if Roo and Rgﬁ]1 are different and R40 is
a By dr oRBVIEHRO grligapd systerbah hefemyaut 40 . carbon
atons, R4l is a hydrocarbon gropp Cf_{s froml to about
40 carbon atons, ML2 is silicofn, germangumor tin, and

R3, R4, R5, R6, R7, R8 and als ', RS ', R6',
R7 "and R8 'are identical rent and are each
a hydrogen atom or a linear, OR’branched

hydr ocar bon group, with or w thout t er oat ons,

sel ected fromthe group consigsting of an al kyl group
of froml to about 10 carboR®atoms, an al kenyl group

of from2 to about 10 g&érbon_at\ons, an aryl group of

(formula LS)
wherein

R® is a bridge having one Qf the structures:

il 7,
—C—  —O0—M=
éu llQ“

Fﬁm ﬁzm Fl{tu i ‘—T:.‘U' FIQ‘U
__Mu _,__'Y‘u Mu ___IC (]-;——
I‘Q“ Rn Ru Ru Rn

\ 40 \ 40 \ 40 \ 40 \
B—R" A—R" PR NR™ o /P(O)R"'O



atons, an arylal kyl group of from7 to about 40 carbon

atons, an al kylaryl group 106 WO 2005/ 105863
wWEADSWERED5/ 014340 of from 7 to about 40 car bpCT/a80H014340

or an aryl al kenyl group of from8 to about 40

carborratons, a substituted or unsubstituted

al kyl silyl or arylsilyl group, wi'th the proviso that .

R3 and R3' are not hydrogen, or wherein two adjacent

whererlaﬂ’i R*Rzan® identic® or ditfsrentwitRtor iithddt hB&roaffns, and

R, R8 or R'; R8 can formone or nore hydrocarbon
are eaquh@n 3kt areup) havdng framp? e abeut & carrb@nmt@tmaca |ﬂunmﬁlkyd
f tal
grouprBf)ﬁoWﬁ e5018 acbg%%ﬁﬁccar%}fﬁ{é‘?@ & &gwg o?l {03? .?3 out 10
Carbohlagcamel awsatyﬂox;o@rddpﬁofffﬂimﬂta aU&‘ht 5 d%@borRétoRﬁis a?ﬁalkBﬂyl

(formula LS) wherein RO is
aroupig f%@ o %éo 3REb] 0 PR Beo PR ETVICYFOROR of from Tofo

aboutao%argoﬁ atorlNElgn ]ag%l agyl‘lg#fo%)%f &mﬁ?"té Bolk 40 chboratdthdY a

substltuted or unsubstltuted alkylsilyl or arylsilyl group, or an arylalkenyl group of
. from 8 to about 40 carbon atoms, or R* and R*! together with the atoms
connecting them can form one or more cyclic systems, and if R** and R*' are
different and R*° is a hydrocarbon group of from about 4 to about 40 carbon
atoms, R*' is a hydrocarbon group of from 1 to about 40 carbon atoms,

M2 is silicon, germanium or tin, and

R® R* R% R5 R, R®and also R¥, R*', R, R®", R” and R®' are identical
or different and are each a hydrogen atom, or a linear, cyclic or branched group,
with or without heteroatoms, selected frdm the group consisting of an alkyl group
of from 1 to about 10 carbon atoms, an alkenyl group of from 2.to about 10
carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an arylalkyi
group of from 7 to about 40 carbon atoms, an alkylaryl grou'p of from 7 to about
40 carbon atoms or an arylalkenyl group of from 8 to about 40 carbon atoms, a
substituted or unsubstituted alkylsilyl or arylsilyl group, with the proviso that R®
and R¥ are not hydrogen, or wherein two adjacent radicals R°, R° or R®', R®', or
R®, R" or R®, R", or R’, R® or R’, R® can form one or more hydrocarbon ring
system(s),

wherein said ligand system is produced by deprotonation of a compound
of the formula
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107 WD 2005/ 105863 PCT/ US2005/ 014340 where R-4 and
R41, can be identical or different, wth or wthout

whedsnambdns, and are each an al kyl group havPemyuf2005014340
2 to about 30 carbon atonms, a fluoroal kyl group of
from2 to about 10 carbon atons, an al koxy group of
from2 to about 10 carbon atons, an aryl oxy group of
from6 to about 10 carbon atoms, an al kenyl group of
from about 3 to about 1@8carbon atons, an aryl al kyl
group of from7 to bodt 40 carbon atons, an

~al kylaryl group. of fr a put -40 carbon atons, a
substituted or unsubs al'kyl silyl or ‘arylsilyl -
group, or an arylalKenyll gr of from8 to-about 40
carbon atons, or R40 ané2R41 together with the atons
connecti ng then1can fgﬁﬂhﬁ?f nmore cyclic systens,
and if R40 and R41 ar different and R40 is a
hydrocarbon group of from about 4 to about 40 carbon

at ong, s .a hydr.ocarbo of from1 to about
with a GoSRT BpHER ShEem Ao P RA el Lo Gdn Pl e e and

R3, R4, R5, R6, R7, R8 and also R3' , R4 ', R5', R6',
R7 and R8 "are identical or different and are each a
hy dr ogembértiogrsatst ligand sysiem afyfotrhaladrS ithrect@dpgumdip,

naving o B 36 Gy e SO0 B a0
whereif AN beriRbaEn, RAnRINKORYFGuMEhPK i§ BHBIGGED t& R‘Aﬁdelg
carbon atonms, an aryl group of from6 to abou

metallqsgngdiprapeiis (s lhaving laavright raficoobrasemic mmnresocbscabemof
al kyl aryl- group of from?7 to about

greater@nag\a# E%ﬁ %@ﬂ%%@]an aryl al kenyl group of from8 to
about 40 carbon atonms, a substituted or unsubstituted

al kyI silyl or ar%;l si | yI group, With the proviso that
anfieRBocesEohGlaim Bhereindhe weighdirati @wbr@@m@@t

meso %6%1 salescipas T o Theny ifther ofberdh or3 R Atggom

meso 96ma8rs. syst en(s), wherein said |ligand systemis
produced by deprotonation of a conpound of the
formula 108 WD 2005/ 105863 PCT/ US2005/ 014340 R

32.  The process of Claim 30 wherein the weight ratio of racemic to

0

meso isomers is greater than 15:1 without any further separation of racemic from
meso isomers.

33.  The process of Claim 30 wherein the weight ratio of racemic to
meso isomers is greater than 20:1 without any further sepration of racemic

isomers from meso isomers.

34. A catalyst composition comprising:
a) mixed isomers of at least one metallocene compound having the
formula 1a: :
RL'LZM'R'R?
(formula 1a)
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R7 3 RR5S R4 (fornula 2) with a base in an inert

sol vent at tenperatures of -70 Cto 80 C, and, b)
wa@ooobileisny) sai d |igand system of forrmula LS wi POT/ES2005/014340

conmpound having the formula MLX4 at a tenperature of

from about -70C to about 80C, wherein ML is

zirconium titaniumor hafniumand X is a halogen, to

where LA Bre B ACAIE et BSHASS Sho Rg oty s hrdited 1
monoﬁﬁclémnéﬂ”&ﬁyrﬁﬁgeaﬁﬂjgdrEBQrHUrPr‘é%ﬁ,saI Qb1idd forPt \@@%ﬁbn

the wei ratio of-racemc to neso |ISoners

conSIs;jw@alf@u%Bhfatedlﬁydopemﬂadtfmyamydémlylt ’(m;rahfydrlﬁn@émw naiu‘renyl
rom process of Cla

fuorely g & Rsien A e TRaPemETdTR £ o5beaEamb Wooh oo a sandwich

structur@ma{ﬁtdrﬁwr aalrehet 15:1 without any further
paratlon of racemc from nmeso isoners. 33. The

pRoae@R ca‘redﬁi@ntmaBOr dkmrremimnmarer\eaginb l‘r)&im@erofatom an alkyl

aroun e h &poUE R aeT o iorks ko sepidh of oo #edout 10

carboh $@6FRE San 844 gf%@;ﬁbﬁfr&ﬁi6 %’EB@E?! 20 Q:Br&ﬁ{@fo'n% 0y atﬁ?&)xy
m xed 1 soners of | east one metal | ocene conpou

groupi¥ oy abaet 6 beBthIJ'fa1 0 aarMLatpmsvmma:tRenylfgmup |oaafrmma2 to

aboufﬁﬁbg%\éé?%ﬁ%?%a% "3} OFf BFiRa i 1PgaN FLOanaY SR a 5 oFouD, whre
!s&‘almb@kyltg#b@ﬁ of ﬂ@ﬁp‘ﬂ%‘ b@@ﬂt 90 cRA N HEIESbr BX dafrg%ﬁb@& bf from

radi cal” sel ect ed q1 gr oup consistin
6 to abawst4 carnbed actgvaSope dRyform mlemylmore ring system(s),

L R sl YRR ﬁ?fﬁyﬂpd Y80E M ths Blemertsuni ch

fRP B @bragewetteen the ligands L' and L2 having one of the structures:

Pm Rw
\ -
—C— — 0—M &
&n R“
FIZ‘U ilQm Fl::iu Fl%(ﬂ F'?\w
——rxﬂ‘i— —N 2 I\ﬂ'—z— —C—— ¢
Ru Rn Ru Ru Rn
\ \ N e N, AN
BR" A—R" R N-R" or P(O)R40
/ ) JRO) PO

where R* and R", can be identical or different, with or without heteroatoms, and
are each an alkyl group having from 2 to about 30 carbon atoms, a fluoroalky!
group of from 2 to about 10 carbon atoms, an alkoxy group of from 2 to about 10
carbon atohs, an aryloxy group of from 6 to about 10 carbon atoms, an alkenyl
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structure with atom M, therebetween, R and R2 are

identical or different and are each a hydrogen atom
w@rooalibdshs group of from1l to about 10 carbon BCDIS20086014340

al koxy group of from1l to about 10 carbon atons, an

aryl group of from6 to about 20 carbon atons, an

aroungir il SafiCH o Ao GRIRAIBER sty 2 P FIKBGID LR drerm o

aboutmboﬁ@téﬂﬁ%,%ﬁémylaﬁ{llﬁé@@ BNfréfO Mo Ahodt MRESd B %(BH’\S, a
Where R32 is an alkyl "group of from1l to about 1
substitided on uasubsiitotedzaikysipl oganlgilybgroupoar as argalkenyt gtoup of

fro‘m'%%?@ﬂttg&%dﬁ%tﬁﬁ:&gﬁaﬁgggPg‘ugoréee\t}gérom ﬁéer iﬁ&%%di c
connebtibl ¢heh danefoFheeiramofOcydiic @y@ﬂéhﬂﬂ anaat REeand |F§“Rare

) l'i gands,,L.1 and L2 having one of the structures: R
differentang.H " js afgydrecarbea graeyp e&from gbput 440 abput 49 carbo|
“E ] , o\ 40 \: 40 4 /B
somet & Bty ot e el 40 e ot
| Mehisi sildon yerthhhienest tin wiridh or wi t hout het er oat ons,

and are each an al kyl group having from2 to about 30
cwhBEn Meaempaund gssyainepizeddiasupialio efrresgemie er about

0! I : .40

psouddaE B Ra e B R0 By K S S8 el b B b

cBy bonatleasbon@bocdtilgsy land10 WO 2005/ 105863

PCT/ US2005/ 014340 group of from about 3 to about 10

c8t bon2hIEBREONAROEAUG| SHPROTE. group of from 7 to about

40 carbon atons, an al kylaryl group of from7 to about

40 carbon atoms, a substituted or unsubstituted

aBky| siThglcatalystrephgidsitiongafdipim 84 vererainyihal dooayaly gl isuem

of from8 to abgut qélo carpon atons, or R4 and R41
alumipgyane,BaVing oRerdi dhe fURWING EWAEES ng t hem can form one-

or nore cyclic systens,

and if R4A0 and R41 are

different and R4A0 is a hydrocarbon

roup of from about

4 to about 40 cal
of from1l to abol

bon atons, R41 is
it 40 carbdh at ons,

n hydr ocar bon group

[ ]
» O Al ] 2

Al—20

or,
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ML2 is silicon, germaniumor tin, and wherein the

conpound as synthesized has a ratio of racem c or
w@e@adaisexemni c i sonmers to neso or pseudoneso i BOBRR0D014340

greater than 5:1; b) at |east one cocatal yst; and c)

at | east one porous support. 35. The catalyst .

conposi tion of Caim 34 wherRin the cocatal yst is an

al um noxane haV| ng one% Hﬂe\fol lowing formulas R O
p+2 R R R Al- |

Al R or, 111 WO
2005/ 105863 PCT/ UQFW IRO-Af _ RA1/10
Al , i .RUR AI}0 AlRo A1 R wherein Ris -
hydr ogen, an al kylo%up of m-k to about 6 carbon
atons, an aryl gro £ fr 6 to about 18 carbon :
atonms, or benzyl, and o qn i nt eger from2 to 50.
36. The catal yst conposition systemof Caim 35

wherein the atomc ratio of alum numfromthe
al um noxane to the netal ML of the netall ocene ranges

from.about 10: bout 1000:1, .37, The catal yst
wherglh RS TORiRdh 5 Aheatn ARRE i Ebethcait dping, an ary
group of from 6 to about 18 carbon atoms, or benzyl, and p is an integer from 2
to 560.

36.  The catalyst cbmposition system of Claim 35 wherein the atomic
ratio of aluminum from the aluminoxane to the metal M" of the metallocene
ranges from about 10:1 to about 1000:1.

37. The catalyst comp;)sition of Claim 34 wherein the cocafalyst isa,/

Lewis acid having the formula
M2XT X33

wherein M? is selected from boron, aluminum or gallium, and

X', X2 and X® are the same or different and are each individually
hydrogen, an alkyl group of from 1 to about 20 carbon atoms, an aryl group of
from 6 to about 15 carbon atoms, or an alkaryl, aralkyl, halo-alkyl or haloaryl
group having 1 to about 10 carbon atoms in the alkyl radical and from 6 to about
20 carbon atoms in the aryl radical, wherein the halogen component can be

fluorine, chlorine, bromine or iodine.

38.  The catalyst composition of Claim 34 wherein the Lewis acid is
selected from the group consisting of trimethylaluminium, triethylaluminum,
triisobutylaluminum, tributylaluminum, triftuoroborane, triphenylborane, tris(4-
fluorophenyl)borane, tris(3,5-difluorophenyf)borane, tris(4-
fluoromethylphenyi)borane, tris(2,4,6-trifluorophenyl)borane, tris(penta-
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Lewis acid having the forrmula M2X1X2X3 wherein M2 is
sel ected fromboron, alum numor gallium and X1, X2
w@p@sX@sses e the sanme or different and are eachPCT/US2005/014340
i ndividually 5 hydrogen, an alkyl group of froml to
about 20 carbon atonms, an aryl group of from®6 to

uor R B PR B S S oS Bbbine. s 05
diﬂucgapnbéﬁyl)%%we laﬁdFtr‘i?g:ﬁh}syﬁifhll]&?igﬁéhylfdlﬁaﬁépm 6 to about

0 car'bon atons in e ary I ca erein the
hal ogen conponent can be fluorine, chlorine, brom ne

ik o ¥ eteB eI BEpETha oY Bl ETER R P0Gt Bt o an
ionic €@AFIcRindN rdintry éTﬁbhéﬂoéPdJHétw ioh 'sefidiyd foHMHMSPoup

triisobutylal umnum tributylal um num
consistingofi eteaids bpentaliuarppbenyiboorates tetraplemylborate, SbFg,

u yl ) borane, tris(3,5-difluorophenyl)borane,
CragQy 28

I"uor onet hyl phenyl ) bor ane,
tris(2,4,6-trifluorophenyl)borane, tris(penta- 112 WO
2005/ 105863 'PCT/ US2005/ 014340 f| uor ophenyl ) bor ane,

t 4G (t ol A §afalysheomppsiipn ob Clairedhwhepria e pPosvumeypport is

sleEiyoh e oy bl BRERDB RSRRGB, e s, anc

polyraenpeatieison of C aim 34 wherein the cocatalyst is an
i oni ¢ conmpound contai ni ng a non-coordi nati ng ani on
selected fromthe group consisting of tetrakis

CPHG0s. 1HEHARDSE Koy iah &r 1] SEDRRHBILS phi i hrort s
sele@edifion3therd@iugl dorisheing@rf gliisa salppd, dlsmiriiiRetess ZEbEs,
he group consisti ng f_inorgani ¢ oxi des, inorganic

MgOs 41 @a, TandBe oI GaHar 2poviiEPa. Na. Kokt Lz g0 KaCOs,
CsfPs Tig (Zpulers Na: Kfs Lo CC
CaCORRERY, MBS Sl ALASDHS BISRECINOL RGN SRR and.

combihatiomosidrésfat es, zeolites, MO, Zr02, Ti 02, B203,

CaO ZnO Th02, Na20, K20, LiZ20, Na2C03, K2CGO3,
CaCO3, Myd 2, Na2SO4, AL2(SOU4) 3, BaSO4, KNGB,

MIYNO3) B ALENARLTsBRor CRMRINNI SRS iHa&&8Ls support is

selected from the group consisting of polyethylene, polypropylene, polybutene,
polystyrene, divinylbenzene crosslinked polystyrene, polyvinyl chloride,
acrylonitrile-butadiene-styrene copolymer, polyamide, polymethacrylate,
polycarbonate, polyester, polyacetal or polyvinyl alcc‘)hol.'

43.  The catalyst composition of Claim 34 wherein the cocatalyst is a
reaction product of at least one compound of formulas (C) and/or (D) and/or (E)
with at least one compdund of formula (F),

R¢'"B-(DR¥), (C)

R,'"B-D-BR'"; (D)
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42. The catal yst system of C aim 34 wherein the porous
support is selected fromthe group consisting of
w@oiogaoisys ene, pol ypropyl ene, pol ybutene, pol PET/YFBNE)14340
di vi nyl benzene crosslinked pol ystyrene, polyvinyl
chloride, acrylonitrile-butadi ene-styrene copol yner,
pol yam de, pol ynethacryl ate, pol ycarbonate,
pol yester, polyacetal or polyvinyl alcohol. i 43. The
cat al yst conposition of (Jiai m 34 wherein the
cocatalyst is a reactio% product of at |east one
compound of formulas (C) Jand/or. (D) and/or (E) wth
at | east one conpound gjiiginula (F), RF17B-(DR27)s
(O R217B-D-BR172 ()~ .113 @D 2005/ 105863 :
PCT/ US2005/ 014340 R1y R17'B}1~ OL1--' 13*1~ R17 (E)
R18 | R1~Al\ R18 h F) whepre R27 is a hydrogen atom
or a boron-free LA ,b6n>s%$ﬁaining group,
sel ected froman®al kyl group of romI| to about 20
carbon atons, an aryl group of from6 to about 20
carbon atons, an arylal(yl group of from7 to about
40 carbon atoms or an al kylaryl group of from?7 to
about 40 carbon atoms, R17 and R18 are the sane or
different and are hydrogen atgm a hal ogen atom or
a Cl-C40 carbon-c ntainiTg grougd, selected from an
al kyl group of frgm1l to| about {20 carbon atons, a
hal oal kyl group of] fromAlto abqut 20 carbon atons, an
al koxy group of frog&ﬁyfo\éqQWt 10 carbon atons, an
aryl group of fro to about 20 icarbon atons, a
hal oaryl group of from6 to about 20 carbon atons, an

(¥)

where ‘

R’ is a hydrogen atom or a boron-free C4-Cyg carbon-containing group,
selected from an alkyl group of from 1 to about 20 carbon atoms, an
aryl group of from 6 to about 20 carbon atoms, an arylalkyl group of
from 7 to about 40 carbon atoms or an alkylaryl group of from 7 to
about 40 carbon atoms,

R and R'® are the same or different and are a hydrogen atom, a halogen atom,

or a C4-C4g carbon-containing group, selected from an alkyl group of from 1 to

about 20 carbon atoms, a haloalkyl group of from 1 to about 20 carbon atoms, an
alkoxyAgroup of from 1 to about 10 carbon atoms, an aryl group of from 6 to
about 20 carbon atoms, a haloaryl group of from 6 to about 20 carbon atoms, an
aryloxy group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to
about 40 carbon atoms, a haloarylalkyl group of from 7 to about'40 carbon
atoms, an alkylaryl group of from 7 to about 40 carbon atoms or a haloalkylary!
group of from 7 to about 40 carbon atoms or R' may also be an ~OSiR%'3 group,
in which the R® groups are the same or different and have the same meaning as

R17,
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aryl oxy group of from6 to about 20 carbon atons, an
aryl al kyl group of from7 to about 40 carbon atons, a
whadosanigbanl kyl group of from 7 to about 40 carbOIUS2005/014340

atons, an al kylaryl group of from7 to about 40 carbon
atons or a hal oal kylaryl group of from7 to about 40
carbon atons or R17 may al so be an -0OSi R513 group, in.
whi ch the R51 groups are the same or different and

D haveahGefrii of Rfdih Thod Vi Bﬁwgéér' fsh
PCT/ USp005/ 014340 D 25 Y1 B frerchiot, e of Ry or g
t he\Bergroupcwhant B°bis @hydreges atomam aNR6C.ghydpcartist e
R61 is a hydrogen atom or  a Cl-C20 hydrocarbon group,
o b lnas Gl MGl G oF Ty ia ebe b Geriy atoms
cardiodh a4l arsy Ry 6 to about 20
car bon atﬁ%gs, eoff;rogmmﬁ%?iéoﬁunberr%?fgwg%’to 3, gis a

f whdé @ whaleenurhbenfrom ®t@3with z + y not equal to O,
and_h js, a whpl e _nu r.froml to 10. 44. The

o cadsR el B O 2R 5 et Stisehic pean

h coGatzalksle mEmBer FORPPYNEGpOr a m xture of conpounds of
formulas (A) and/or (B) R17 R18 R 17 B -U AlI-0-13
R17 R17 (A) 17 R18 18 Rl /R18 Al -OB-0-Al R18 R18

) re. R17 and R18 ar h ane or different and
4P TSRt SRS RE G et Belcortallelis
compoQAt s aRtu 6f 6@71?69#(8’3 offolRakedA) bﬁmo@gsﬁl kyl group
of from1l to about 20 carbon atons, a hal oal kyl group
of froml to about 20 carbon atons, an al koxy group
of from1 to about 10 carbgn atoms, an aryl group of
from6 to abouf1720 carbomlatons, a hﬁlnoaryl group of
from6 to aboun\20 carbonl atoms, ap”

_B—O0—A—0—8__ -

17 . o .

R R S
R17

R18 R18

N /

/Al @) B O Al

18 18

R R (B)

where R" and R"® are the same or different and are a hydrogen atom, a halogen
atom, a C4-C4o carbon-containing group, selected from an élkyl group of from 1 to
about 20 carbon atoms, a haloalkyl group of from 1 to about 20 carbon atoms, an
alkoxy group of from 1 to about 10 carbon atoms, an aryl group of from 6 to
about 20 carbon atoms, a haloaryl group of from 6 to about 20 carbon atoms, an
aryloxy group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to
about 40 carbon atoms, a haloarylalkyl group of from 7 to about 40 carbon
atoms, an alkylaryl group of from 7 to about 40 carbon atoms or a haloalkylaryl
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aryl oxy group of from6 to about 20 carbon atons, an

aryl al kyl group of from7 to about 40 carbon atons, a
whadosanigbanl kyl group of from 7 to about 40 carbOIUS2005/014340

atons, an al kylaryl group of from7 to about 40 carbon

atons or a hal oal kylaryl 115 WD 2005/ 105863

PCT/ US2005/ 01434 ro pm 7t t ar
aroup GHTERE > R4 caPp amaer et Ay e el SR ReTehe:
where IRV gﬂb‘ﬂ@saér@ th8 SafRler @ffeidnt bed BRYe Bilsdrayenddiing age

neani n . The catal yst conposition of Caim
RY. 34 wherein the cocat alyst is a conpound of' a m xture

of conmpounds of the following.forrmulas F FF i | F

F HBCGA-OB-OCA-CHB.CHB CH3 FFF FF

/&'5 O Eﬁ@ &italyEt Eor'ﬁ'goéﬁlohl%CCiaTmFwah@dﬁﬂ th edRaBalgBiAs a

H3C- - \'I F~FFF
compound or a mlxture of compounds of the following formulas

F
F F
F F
H,C—Al-0—B~0~AI-CH
CH CH3
AI 0—-B—-0-— Al
F
F F
F F —CH
H3C_\ ya 3
Al“O*B—-O—AI\_
HC—" CHy
F
F F E
F F F F
F F
F B—0O—AI-O—B F
F F
E F F F
F F F F
F F
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FBO-AO-BF FF F/ FFI 1FFFF FF116
WD 2005/ 105863 PCT/ US2005/014340 F F FFF F CH3 /
W58 B F FF FFFF F*FF*FFF F FPCHUR0PS/HF4340
1. FF' BFFFFFI FFF FI1 *1 0B-OA _..O

- BF FF F:4FFFFFFF FF 46. The catal yst
conposition of Craim 34 V\herelnthe cocatalyst is F F

TR L X
R

X
ﬁlmi,“ﬁi
X R

46.  The catalyst composition of Claim 34 wherein the cocatalyst is

g XX
pedied
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FBOA-OB\F FF FFFF Fi (FFFFF117 WO
2005/ 105863 PCT/ US2005/ 014340 47. The catal yst

w@eoopasisss on of Cl ai m 34 wherein the cocat al ysPCT/FSH0057014340

):XFBI \ .~ F:): F FFFFFFFI FF/ FFB-0
Al -0--BF FF FFi Il Vi \ FFFF FF48. A
rocess for the polynerization of ol efihs co i sjng ..
48ont AB6I SR HFOTROSRALOLC AT WABFPR UV FRCA RS Shouit
2.to about 20 carbon atons under pol ynerization
reaction conditions th thefcatal yst conposition of
Claim43. 49. A pFag f dx_the fpol yneri zati on of
ol efins conprising one or nore ol efins
each having from abovt” 240 gbout -20 carbon at ons
under pol yneri zat i0nF reacti ang iions with the
catal yst conpo$ on of @aim4 A process for
t he pol yneri za m™~of ol éfins ing contacting
one or nore ol efi nsBea@hha?img from about 2 to about

e pol ynet ¢ on of ol efins
conprising contacting one or jgrore ol efins each having
fromabout 2 to about 20 carbon atons under

48. A process for the polymerization of olefins comprising contacting
one or more olefins each having from about 2 to about 20 carbon atoms under

polymerization reaction conditions with the catalyst composition of Claim 43.

49. A process for the polymerization of olefins comprising contacting
one or more olefins each having from about 2 to about 20 carbon atoms under .

polymerization reaction conditions with the catalyst composition of Claim 44.

50. A process for the polymerization of olefins comprising contacting
one or more olefins each having from about 2 to about 20 carbon atoms under

polymerization reaction conditions with the catalyst composition of Claim 45.

51. A process for the polymerization of olefins comprising contacting
one or more olefins each having from about 2 to about 20 carbon atoms under

polymerization reaction conditions with the catalyst composition of Claim 46.
52. A process for the polymerization of olefins comprising contacting

one or more olefins each having from about 2 to about 20 carbon atoms under

polymerization reaction conditions with the catalyst composition of Claim 47.
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pol yneri zation reaction conditions with the catal yst
conposition of Claim46. 52. A process for the

w@ologiessszat i on of ol ef i ns conpri sing cont act i PGI/USI085/014340

or nore olefins each having fromabout 2 to about 20
carbon atons under polynerization reaction conditions
\é%?()h the catalyst conposition of -Claim47, 118 WD ‘
5/ 1 PEWSSPET heRiynetizaion ofxiefling ¢RreREs8df or the
' ' f £ S [ or
e AR 6 b PIs BReFBRG T 75801 216 ey 28
carbog attyos uatienpolyndeizaton yeestibn abhditione adthithe catalgst | ons
- Wi.ﬁh tE& catal yst ..conposition of Caim34. 54. A
ComPRFIROE LY Fhe pol yneri zation of ol efins conprising.
contacting one or nore olefins each having from2 to
about 20 carbon atons under polynerization reaction
cohdi tA precasistfar theep@pmariyationcafmpefiist ¢ampasingl ainta &g

. A for.th [ [ f olefi
one of st oS S8 e oo B0 30lehdh pfaste dBReRavi ng
polymiefiealich FcacBbR %bn@@ioﬁ@inh@ﬁhétc@g&;;{éﬂ ReR{posRRIVERE|ARldpN

reaction conditions with the al yst conposition o
Caim36. 56. A process for the polynerization of

oLefin onpr.i.si cantacti.n .or _nore .olefins ..
g1 AR LIS FOVBat o eutl cdRbfiaRarrntEcting
one opAlotERIdfiERtdRA HAMY from ZanghditP0scarbdh atdifis edidalry st
nposition of Claim37. 57. A process for the

CO, . al : ! .
polymesizatien reastipe sostitions Mithshe saiatys icagnesiicacef Gigimdife

or nore olefins each having from2 to about 20 carbon

atons under polynerization reaction conditions with

t B@. caharysdssaorpasplyerrightidd & drd caBpridingrasting
for the polynerization of olefins conprising ,
one o piraclefing casheharingriipe diccahoil 20aibamatagsunder2 t o

polyrRifior B GR ErBBTR tE1 G coBBriGB AR PSRN 56

59. A process for the polynerization of olefins
conprising contacting one or nore ol efins each havi ng

f P6m 2AtsoasSUer Sk palyBeHZalivhe Aaling coppriginerearteciyig
i QL htl QR ' t i L of
one of e B SR PR IS R BBt PR IRE0
polynfrigatss réautioh ke npitioysBritiziaki catalpét cahefositiorcon@ris 3
contacting
58. A process for the polymerization of olefins comprising contacting

one or more olefins each having from 2 to about 20 carbon atoms under

polymerization reaction conditions with the catalyst composition of Claim 39.
59. A process for the polymerization of olefins comprising contacting

one or more olefins each having from 2 to about 20 carbon atoms under
polymerization reaction conditions with the catalyst composition of Claim 40.
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one or-nore ol efins each having from2 to about 20

carbon atons under polynerization reaction conditions
Wowaok/1048e3 cat al yst conposition of Claim4l,. BAT/US005/014340

process for the polynerization of olefins conprising

contacting one or nore olefins each having from2 to

about 20 carbon atons under _ polynerization react

2r . pol yner jon .-
codi t Adrecess fortthe nedtraerzatiopshsdefing eqingrsipg &PH#GAPE‘F‘Q

one offgrE oS3 % 10 b e o

polyritheagbR réactiersénditienvithithe katalydteofmpasiticn of Claim 41.
Rm CH=CH-Rn wherein Rmand R' can be identical or

different and are each individually a hydrogen atom
' di cal ' . .
L e

one of Mokl S1688S eath Badir HSmvihty sbhouttdtecarbehiatsmsneidede
et hyl ene and one or nore 1-ol efi

o] i fins having fr 4 t

polymgrzationgeaalionn ROREHRES V4, fh\?ﬂ?@?%v P%?'g%f af)m% £2.

wherein the ol efins include propylene. 66. The process

of Caim53 wherein the olefins include propyl ene and

eyl effthe Progess B Claino63 shasein@tdeastizmewielivina tlrelefin.

ol efins include propylene and one or nore 1-ol efins

having from4 to about 20 carbon atoms. 68. The

PTeaCes ST pidcRSEoPE e 58ihdrBRm &t 18hktnd Blefidd@s the formula

propyl ene,” ethylene and one or nore 1-ol efins having

from4 to about 20 car®B3€CHeGHR" 10 69. A process for

the_pol yneri zati on of qglefjns c rising., .

wherpGoB] BbbR cAe e Ae0ueR T AR Ean Atk Prgh BIEONEG o
' ' 1 £ s 2026hrben Bemaod R and R"

hydr%éji?&%gﬁ?%;}ra?%l ?‘%Xfr{ggﬂg@érﬁ on conditions with a ‘
togettet abySorm emeasi mbomringsicl udi ng at | east one conpound.

having the formula I a as set forth in claiml. 70. A

process for the polynerization of olefins conprising:

CO4 act TRy g%@es%romraﬂn@mhemiremghans inplddeethglene and

about 20 carbon atons under pol ynerization reaction
one opdire ileolsfins havingchor 4t ak ¢3TPER atPMSt udi ng at

| east one conpound having the formula | b as set forth

in claim?9.

65. The process of Claim 53 wherein the olefins include propylene.

66. The process of Claim 53 wherein the olefins include propylene and

ethylene.

67. The process of Claim 53 wherein the olefins include propylene and

one or more 1-olefins having from 4 to about 20 carbon atoms.

68. The process of Claim 53 wherein the olefins include propylene,

ethylene and one or more 1-olefins having from 4 to about 20 carbon atoms.

69. A process for the polymerization of olefins comprising:
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71. A process for the polynerization of ol efins
conprising: contacting one or nore ol efins each

whansngssts om 2 t o about 20 carbon at ons under PCT/US2005/014340
pol yneri zation reaction conditions with a catal yst

conposition including at |east one conmpound having
the formula 1c as set forth in claim115. 72. A

montasingfane ehmopplefins each havingffrasn & torabais 2r¢arbag:’

cont act 0 nor & ol ef.i ns . 0
atomsgfRie? boly i iSie rafind: EhrIoNSoRD e P e padiifol
mcludﬁ@@l'Iééﬁ%é%drﬁp@r?cﬁh@hﬁ@thé?m@% 14 @8 scit fvttuih clgirmtt.

| east one conpound having the fornula 1 d-as set forth
inclaim?22. 121 :

70. A process for the polymerization of olefins comprising:

contacting one or more olefins each having from 2 to about 20 carbon
atoms under polymerization reaction conditions with a catalyst composition

including at least one compound having the formula 1b as set forth in claim 9.

71. A process for the polymerization of olefins comprising:
contacting one or more olefins each having from 2 to about 20 carbon
atoms under polymerization reaction conditions with a catalyst composition

including at least one compound having the formula 1c as set forth in claim 15.

72. A process for the polymerization of olefins comprising:
contacting one or more olefins each having from 2 to about 20 carbon
atoms under polymerization reaction conditions with a catalyst composition

including at least one compound having the formula 1d as set forth in claim 22.
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