1094-54 N METALLOCENE LI GANDS, METALLOCENE COVPOUNDS

AND METALLOCENE CATALYSTS, THEIR SYNTHESIS AND THEI R

USE FOR THE POLYMERI ZATI ON OF OLEFINS BACKGROUND 1.

Field of the Invention The present invention relates

to substituted |ligands and to a process for the

preparation of such substituted ligands, to

met al | ocenes conprising such substituted |igands and 109454N
to a prMEFALLICCENELISANDS, METALEQOOENE COMPCUNDS

met al | ocANESMETAULOCENECATALYSTS, TREIRGSYMNTHESISE
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and to a process for ttﬁ@g@%ﬂjg@ preparation of

such catal yst systens, amd to a process using such
1.cat aFigkt ofspistigventiopr t he pol yneri zati on and

copolyreri zation  of olefins and to, pol yners which are
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“suspension. The deposits in the reactor systens

qui ckly reach considerable thickness and have a high
2-3”%!!;70 !Eﬁé‘fm exgnt heat exchange to the cooling

nmedi have to be renoved regularly.

SucProcessseioe pusparirigapoigdiefins Ueing staumbslel hdmoysrdous catalyst

industrially in liquid nmononer or in theegg hase.
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As le, EP-A- . L
catalygtnsy_eszc(eanqg heeavy 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 o 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 is/are
fixed on an inorganic support material have been proposed. As an example, EP-A-

0 576 970 discloses metallocenes and corresponding supported catalyst systems.
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0 576 970 discl oses netal | ocenes and correspondi ng

supported catal yst systens. 1 At industrially relevant

pol ynmeri zation tenperatures of from50 Cto 80 C, such

supported catal yst systens give polyners, in

parti cul ar pol ypropyl enes, having nelting points of

at nost 156 C. In general, typical values for
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reqaipses gaéawmtlmropedae@f(fmﬁxwm@g |tlwnwalh!nmﬁlﬁnﬁa@|ﬂms fiber,
L
kB BRSoB PSR EFA 454 PEHE L G orsppfications.
whare Hili e stiffnadd %ﬂhé&iﬁ)nhﬁaﬁtﬁglmmmerﬁor exanpl e, by an
al um noxane, to yner i zation-active Catl 0
et Aetaliesrnesdnpy 8%@9@'@3 gatalyst egmpongmis far ﬁm‘i"w&'ﬁﬁzatlon
arfle FELASARASE i, ok Bald) R horindiy

coERafysIS 7 IrbgditiciBr Adi6gerBdOntaitingimetailocenesrayeused asl catalyst
Angew. Chem , 107 1995 1255; H Bri ntzl nger
pregLTSors, Wh,GaLRE CONVRASd. TOpaTples By analgmnathre. fo,

po@ﬁn i?ﬂi*dﬁ:%mvé%t@ﬁ@gfé%llo@dne &Sﬁﬁé)@g (EP-A-129,368).

pent I enyl et conmpounds wi th halides
tr aﬁ'ﬁetproduuimrabfsmetallohenasIStweHihan inx itseléﬂdarﬂ 7%21597 Us

507 (hb HRvkpel e P At AfB Her vl Pb FBR BRI

Brﬁﬁﬁh&@ﬁ&'aﬂcmgew CH&9I a8%!(8905) HDB5; ANH. BrntAihger et al.; J.
achieévabl e ymer nol ecul'ar wei ght can be

Orggsomekit (EI@?MI ﬁsaldﬁeaa) 1288) by hep deay be %%sqqot den emple, by
It {
o baeee it Do oSRBEL A HhaBRER S reifiop metats, suen

asWitamiubd) 2irds®iuff, stidRifAiuhsi | Y1 bi s(2- R-i ndenyl ) zi r coni um
dichlorides is described with the t%/ i cal val ues for

PP ki @isowel knggp thatkasic properties of theryetaliggegeshsiush as
poﬁ;@;{%ré{%?ﬁ)ﬁ@%%ﬁ% rleﬁggle;tﬁépgieé%iﬁggl?c% fy %ﬂa)maWd?n achievable
polyRe0Pelettldr weiyht cartb@elstemiatically 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
molecular weight, the substitution of an indenyl ligand in the 4-position has also
been found to be effective. For example, EP 0 576 970 (US 5,770,753}
comparatively describes the metallocenes dimethylsilylbis(2-ethyl-1-
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nol ecul ar wei ght, the substitution of an indenyl

ligand in the 4-position has also been found to be

effective. For exanple, EP 0 576 970 (US 5, 770, 753)

conparatively describes the netal |l ocenes

di met hyl silyl bis(2-ethyl-1 2 indenyl)zirconium

di chl oride (polyner nol ecul ar wei ght of 450,000 g/ nole
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ng poin e vari ation been
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produets!”p indlar resultssveredepdrted |lrd55’30 3§ﬁdl28a%1 {Ye 5 679,812) and
whi ch have been described in
E[?Id@#‘ﬁ;é?éllj% 5681%392}1 some cases are already being

usedridingtalivtehis mmrmaﬁaéw Brititest seo®ag ds dimethylsilyl bridge,
di sadvant ages. For ex net al | ocenes bridged in

whigh émam;baeard@@nbgdumtlwhtﬁfatpm ang greeme C@S?ﬁ@f§ ajrgpgly being
s 6 indlissth, BERERIR PRt ThERdl L BauaaRES e Fol bfidmple

métaﬂbc@r@é’éﬁbﬁ@ged ircthis Way ¢an bef isokted inomaeaacemica("tac”) form only

nodern pol ynerization processes for revent|
wihtiraateptabii 'ah Hilstiosseh ahe Sh expRyISe: 2Pt and the

sq@%ﬂt Vﬂér}%ﬁﬁ?ﬁc‘}}{ ¥tefﬁ%éb@#élé/ foP’FH@Méé’ f Rfet Il&%ﬁe§%@ﬁ%m

use met enes 1n t e polymerization of
palyretrinstiort pr@cepsepfor préventing intristationds intadd gvgumere

craRBL AN URsa s e s RS R iaT BGea,pdPpncs.
POl YibREYEC R ube iZtaocehs ih STBbIARrZAtiION of o[eﬁi‘h@ MHe

ormis understood to nean a rac: neso ratio of .
prgpaetien df tiae iSmerfnadly @uad rycemicdorm éagbsalotely naegssary, since

B LSEREDER % Ao B bRt R PELBLF BB alieRt P
THOROBRMNCAIPYURE REHEFiE forin iSdér¥tood 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.
Toluene and dichloromethane are used especially often as solvents for this
purpose, but other solvents are also used, such as tetrahydrofuran, diethyl ether,
~ and aliphatic, aromatic, and chlorinated hydrocarbons. The organometallic by-
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carried out by dissolving the netall ocene with organic

sol vents, such that the inorganic by-products can be

separated as practically insol uble conponents.

Tol uene and di chl oronet hane are used especially often

as solvents for this purpose, but other solvents are

al so used, such as tetrahydrofuran, di et hyl et her,
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pc?s%'i 1&$dm ﬁ%ﬂ!ﬂt«ﬂt |ﬁ¥%899?ﬁ§§éé§a?¥ lejﬁleof?meeséig?rét. This
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of f the sol vent sents t prob

g g ?m of the
topiards KoPWities: Pv?@aa#rapﬁ sEmgipilie. dasks: BiG sgpwounds, and
théﬁJnHFétFé%% ARWBREASoihfRURAE !h%%rg%‘ﬁ@nﬁér bf %%ﬁoﬁfsteps makes it

noi sture, bases, protic conpourids, and thernal
quiter wmonAcha{en spmcmaa&s tThis protdemde gxapeitigéed by the fact that

eSS RERReTERR L bR SBHE Lok of e onti

edutes, @mReLBE %d]%ﬂegmbé thé\eategboriyissparabie ddrapdnants in
steps, some of which contain educts, cannot be

ml)@dﬂeat ed, since they are poorly separ abI e conmponent s

e A 1oL IS0 B 05 5 AEEL B AR BRSaucts

aré@esdfibed @t BPAN78EI3961 ebmmﬁlo&hum&ahoh iP nespdﬁ@blbefeee, because
because these purification steps result in

these palieasion apsfesulin toe dPssr fairyable gaycts; fmsr 9m<|é PEodfots, and
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Ses o an nger ac
extéetrthbbisao bhgeohpm;dtablé t he | nventl onis to elimnate

the '(Fjﬁéc’rg o\ég nt e oebject 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
patterns, and ligand substituents, and at the same time is able fo dispense with the
large number of reaction steps and, in addition, produce a decisive economic
advantage. |
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the state of the art and to nake avail abl e conpounds
that are nore soluble and have the sane or an

i nproved catalytic property profile and/ or make
avai l able a direct synthesis, which yields the

desired isoner with the use of surprising synergistic
effects of alternative bridging concepts, suitable

| i gaftae shjest ot inei preseqtdnvention, is aclidvieddrydmore highly soluble

RS S 9% e 6 R o SRR s o

th@%sﬁé SspdiIUiRigRddRf SUDLAHREE Asthffocedsant age. , 4
he obj ect of 'the present invention is achieved

b
mor cAndther gbject albthe prasent mwﬁmslsmarwde)yumﬂeg metallocene

el GGl STRTRUB b R R PR ERERa %6 prdiifle an

erfloAM ateneiendiyiiEeécsturgiehl prockEefapresating ﬁdl?ﬁleflﬁﬁ under

is to provide supported netal| ocene catalysts usi
induetfaky rlevani helyreeeationread Itwélﬁaialrag:m@e%atawgt %ysstems of this
m%ﬁYd de an environnentally friendly and econom cal

process for preparing polyolefins under industrially

r el efveriaveciound thatethisabjectrisliathiensd by sngupgortezhtathlyst system

CQ?SBE‘?'E&?% iag L@éﬂbé@ élél g%@ﬂt?d:@r}ﬁb%%%&cg%bgi@@trg%@léﬁene at least
orgér){:@{ %E‘y@lg af‘f AsPBAL sﬁgﬁoﬁ st irliesRed aél‘iei%i‘?ﬁ‘lef Iln%ﬁ';h le¥mpound

retall ocene, east “one cocat
adoEEwﬂheo oae sddivetcannpbnertt. Aesirding, todhe Ipemntmnmenaihe
ou n and furt

coAQ B e A5 Bt ST B R SR b BBl aryipecitally
brﬂrg;geherﬁbta?no%ﬁ@aét@@a@bn@ éﬁcﬁﬁal?ét herakt &ﬁ@sﬁp%’t hhdtifRdbsired at

specifically bridged metallocene, at |east one
leasicateningfal compdusgisandoore Buthssadditive dompragnted at

comphaneetiie arbCoRen? BdSes shotphdine Sitpbap of the

calEy 3 d\REANOf S PRIRMt irventibe, ugRisahiié of ¥Bkcast ehe tbmpound of
present invention, use is made of at |east one

the derpadladadeelowhe formul a 1a bel ow, RILIL 2 MLRIR2
(Formula 1la) where L1 and L2 are identical or
different and are each a substituted nononuclear or
pol ynucl ear hydr ocar bon RAJLEM'RIR?(a) hetero aton(s)
cont ai ni ng hydrocarbon (Formula 1a)

where L' and L? 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, tetrahydroindenyt,
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which can form
a sandwich 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
carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group
of from about 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
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radi cal (s), for exanple substituted cycl opentadi enyl,

i ndenyl, tetrahydroindenyl, azurenyl, fluorenyl,

azapent al enyl , thiapental enyl or oxapental enyl, which

can form a sandw ch structure with the central atom

M., R1L and R2 are identical or different and are each

a hydrogen atom an alkyl group of from1 to about 10
aliyiigpoup af fiom, 1 fnabdltodbdycarbon @mtorhs far am dryt groapaitirohd 6 to about

carbon at omns, aryl _group of from6 to about 2
140GHBER APTRRANG R B BRGAT RSTbonG P ISR RGeS

about 10 carbon atons, an al kenyl group of from2 to
about 10 carbon atons, an OH group, a hal ogen atom
Mbis aumdRalas GrooppYbwiidhe PreadicsTabe oSﬂm kigmepteup of
from1l to about 10 carbon atons or an aryl group of
from6 to about 14 carbon atons, and Rl and R2 can
qugrdfbﬁd% BétwEnethelligangy $f aAds?, ML is a netal of
G oup of the Periodic Table of the EI enments, RO
is a bridge between the ptigands L' andR 2, RRa 11
z-GC -OM RR tomlhRto Rt MJ\%{: REM2 I I
-C—C!,Ri,lllRlI‘l7‘B-F€a_ 40 -R 40 -R o
or /P(0)R4A0 where R40 # R41l, even én bearing the
same index, can be identical or different and are
each a C2-C40 group such as an al kyl group having from
2 to about 30 carbon atons, a fluoroal kyl group of
from2 to abouty, 10 carbon atgms, gn al koxy [ QUP Of g
from2 to abol?ft 10 carbon ﬁorrs Ran aryl oxy dfoup
from6 to abOMtﬂ 10 carbon tzorrvswI an al kenw_ r_ou.pq)L
from about 3 Yo about 10 carpbon @t ons, lal k
group of fronR? to about 4® ¢ar bmr' atoms IkyI
group of from?7 to about 40 carbon atons,
substituted or unsubstituted al kylsilyl or aryI silyl
group, or\ an aryl & kenyl group of fxom 8, t 0 about 40
carbon at ogs—RF40 ayd—RAL to/BetHaer wiN TR or P(O)R%
/ / / /

where R* and R*', even when bearing the same index, can be identical or different
~-and are eacha C;-Cjg 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 & 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 alkylsilyl or arylsilyl group, or
an arylalkenyl 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 R*' are different and R* is
a hydrocarbon group of from about 4 to about 40 carbon atoms, R*' can be a

hydrocarbon group of from 1 to about 40 carbon atoms,



the atons connecting themcan formone or nore cyclic
systens and/or R40 and R41 can contain additional
hetero atons (i.e., non-carbon atons) like Si, B, A,
0, S, Nor P or halogen atons Iike C or Br, and/or
if RA0 and R4l are different and RA0O is a hydrocarbon
%roup of from about 4 to about 40 carbon atons, R41
MCds silieon, gérywhrogardrdm, gndup of from | to about 40
arbon a , 6 M2 is silico germaniymor tin, and
Rﬁ@awoaﬁ'ﬂbnﬁ'ﬂ le%ﬂ%thgrfpfrguigqu eoqeo?%’qﬁgr.la to one
another. In formula la it is preferred that L' is a
substituted cycl opent adi enyl, indenyl,

t et rlafigunyadadhipl prefertacsthat L' 19 astbstithtedzovsionardadiagyl, indenyl,

telahipRHeLYT Heu iy JEREBLE2Remathy iR 8 &,
oxapeBtaAas likidh @Ani foaRRydandwith strueiuee ndtartkie ceatrar atoyd M', and
f uorenétl , azapental enyl, _ thiapentale

nyl or
L? s araistiiuéed indem, éatraidreipaany, sz Huetanybagagentalenyl,

thi\gh% E{tﬂé@l g,F 8&%@%&@ @gﬂ\%‘{gﬁ E&%Q &lﬂg ?téfaing HidtPstiitthreRith the

cehR??%hCWRég&ﬂﬁé bridging mitm?éisaﬁﬁRf@in@H%?t{c BRH REC= or -

| , 2

RSB SSR 50 oabere AL and RFraisIRentea of divraniand §iegrch a
hygﬁoc;a{rrgﬁ]?) I'C%Lg) 8004 23% 158 g]@J &rBbE 'at&ﬂsﬁg\?/dlﬁcl&)dér 8h AW group

about 14 car atons, an aryl
of groou B tofabbub8 tattmrnldtoos, Borarytados graup eéftorandtoraioutrld carbon

atGppuanAlkyaBh Girurel Bl 1 GAOCT AR Kpang " are different
andI¥qs A RO EHBER gPbup bPbdA AR Pl alstut AR dPBoRbeshs . R*' can

In formul'a la it i's very particularly preferred that
beld hydrpcatbar groupeftitarall torabagit Bcaspen aiinaire each a

bsti d i |, | ; . .
zadereh Ry e e BRI preS L B apetyare erticel o
différent ahdnare sacKlvistibsElutets indeyMazhrdrye fluoesryl adzaemtalenyl,
and the bridging unit I's RAORA1SI = or

thirpertalanyk or aiapentREDYl, d\fhinEan Foran agandwich stpycture with the
| | o | oyl _
cofg 5650 B AR My o, e

aneyRt arpédéntical oy differqreingicarenyropylr batyt, | pemeydy hexyll f héptdl, octyl,
and R41 are different and R40 js butyl, pentyl, hF>I<¥I, 40
noR¥bOpeyl Hadeeyl, dragayl, Cdél?x]IP?anLﬁM%'t? e,ma@'eexw,cvco exyl. If R

oIS R gt 54 PO BB oy it
undepyly Hodeot ytyclopemtyl, cytdayentadiedgbgr cydiiayy IR*! can be methyl,
ety CoroReT by, Sy RERLAAL SN 'oci, S e \indecyl, dodecy,
cyclopentyl, cyclopentadienyl or cyclohexyl.

More preferred, 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 1b below



More preferred, as the substituted and specifically
bri dged netall ocene conponent of the catal yst system
of the present invention, use is nmade of at |east one
compound of the formula 1 b below7 RA RS R6 3 ~ R/
R7 R8 RMRIR2Z R8 R7 R3- R6" R5- R4 (Formula 1 b)
where the substituents and indices have the foll ow ng
nmeanings: ML is a netal of Goup | Vb of the Periodic
Table of the Elements, Rl ang R2R§re i dentical or
different and are each a hydr ogen” atog an al kyl

group of from1 to about 10 garb xrons, an al koxy
group of from1l to aboug3 l( ! atons, an aryl
group of from6 to about 20 \Ark _gfns, an aryl oxy
group of from6 to about 10 c:r«%n ons, an al kenyl
group of from2 to about 10/carkfn atons, an OH
group, a hal ogen atom or &9NR23Y % where R32 is
an al kyl group of from1l tp abodd'R '®%car bon at ons or
an aryl group of from6 t® about/14 carbon atons, or
R1 and R2 together can fidrmone/or nore ring
systen(s), R3, R4,RFE R8 and also R3', R4 ',
R5 ', R6', R7 'and RS gntjxeal or different and
are each a hydrogen.atiem &xtinear, cyclic or branched
hydr ocar bon groupR or pxanmpl @ an al kyl group of from
1 to about 10 carbon atqe®, &R al kenyl group of from
2 to about 10 carbon atons, an aryl group of from®6 to

about 20
(Formula 1b)

where the substituents and indices have the following meanings:

M! is a metal of Group IVb 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 alkeny! 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),

R3, R* R% R®, R’, 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 alky! 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 arylalkenyl 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. The groups may contain one or

°8



carbon atons, an arylal kyl group of from7 to about 40

carbon atons, an al kylaryl group of from?7 to about

40 carbon atoms or an aryl al kenyl group of from8 to

about 40 carbon atoms, or a substituted or

unsubstituted al kylsilyl or arylsilyl group, wth the

proviso that R3 and R3, are not hydrogen. The groups
moRyheterd aiomoiiee 8, B, AInOr 8, NevrelP carad/onmalyi domtadin halB)gen atoms

ke, ﬁq&?’wr% apiopiro A ?ﬁcaﬁgﬁé’ag& iial & ROR
or% 'RE or 'R®'Gh BB cgge Phayform &hydrocafbdr nn@%yﬁténR%nd the

each case nmay forma hydrocar bon rin
brmigahg hmt R hiasdhagnearing Ret foath abraverwitinresp %mmu!ﬁ 1a.

1204 E5Se e o o e o

arfdiey s At dpaRa My to tA8 Q:loﬁﬁbtﬁmd‘éolftf arNikediiswof pdrance.

cormpounds | b arelikew se of .inmportance. In fornmula 1
b i tinifernpulariérit iscorefeiredvthat 3175 zireanium oF hafiumum  RL

and 21 t I
o 5o B DRl bl 280184, 80 0up oo 1t abou
1(0EHBBN Gltorns 0ah AlKoxy gpowp ofl fforat kwabetiiot® caﬂumnaawmsx;an aryloxy
group of from6 to 10 carbon atons or a h ©
gr@up Rifrgﬁu6m19@@éb%atqm§/or poARISIEROM, rﬂf?% %9”4:5 together may
foﬁ%%g%r%orﬁ"niggst&'ﬁ% are identical or different and
i

re each a c or branched hydrocarbon
gr oUR’® avind B, iy idemntical egdiffeterd antiareeeashyd bnear, aydliglor

orgh s DtcrbbSon GuaSLy 19, 7B RO AL, 96 b ALKEIV Ly
gr&ép oF?fongﬁj 5@5&8@9 cartdn atonfor an Bikenf§tolB of #fofn 2 to about 10

entic ent and are each a” hydrogen atom
casbeubtims,ut ed or unsubstituted al kylsilyl or arylsilyl

r ot RRLEEARe At B aras R, AU, B Bofial g aifferent
ari‘cr & &adrla ﬂ?@#&geﬂaoatéﬁf RO LAYANEd th@ﬁoétﬂNte@Cﬁlkﬁslgl enarylsilyl

nor e erdo atons like Si, B
grauu/a)hnemy cydister branahed alkyhgiowp ofifraa 1Fto alyous i Oggarbon atoms,

or gttt Sfffrup HQ B 815801 pins A RE e par@in one or
m&VEOREfE at D ik S8, 9, OR@MWMB#MawmamFRMOgen atoms

and R41 are identical or different andg

like &3 &1y diro aadien they b pdiacent i?&'@ﬂ'%ﬁ oR° Zh0 4R k'y'E gvam{)orm a
hy%i}oéér%ﬁ %mtg%ygﬁa‘?ﬂ,t 10 carbon atons, an arylal kyl group

R? is ROR*'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, -Cs hydrocarbon group, in
particular an alky! 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-tetrahydroindeny! and the (a) heteroatom(s) containing indenyl

analogues corresponding to the compounds 1b are likewise of importance.
°9



from?7 to about 14 carbon atonms or an al kylaryl group
of from7 to about 14 carbon atoms. |If R40 and R41
are different and R40 is a hydrocarbon group of from4
to about 30 carbon atons, R41 can be a hydrocarbon
group of from1l to about 30 carbon atons. The

4,5,6, 7-tetrahydroi ndenyl and the (a) heteroatorr(s)
contialfmnmlganbdmsy.tery paaicm@rhsprefﬂrr@isﬁmmﬂ nig zirconikie,

o TR RE ape BletielFliferedt andRre iRl oiprie o PhénBiate,

Z' I GRS R&r@%nﬁ@a%ﬁi:ﬁé‘@h‘t afdlare eadh ff IRTcnt cﬁ:ﬂd or
are nethyl, ‘'chiorine or phenolate, R3 and R3 ',

bram@md ydrocarbenfgrove mthicththayrke hal@leaatadn Burexa@We |a@ alkyl

o o ISR S5 AR AP S g2 g b 1

cafhsibtoks,car bon atons or an al kenyl group of from2 to
about, 10 carbon atons, R4 and al so R4 are hydr ogen,
R5, Riandalsof® are hydogens  Re' " ‘are
i derds ¢al morsd 5'a e
or ;ﬁ r iﬁgegr Rc%/{]:‘lfJ %!:S%g? brﬁghc a%ﬁé]fo%é{ﬁ gg{)&%ﬂ?@n&%d are
each eabgnﬂrbgeﬁ@t@ardvmlmneychororamamndd alkglgroup of from & to about

b TS o e e
6] ,
SRR, MR TR s PSR Poperor a3
syateop,yl butyl, pentyl, hexyl, heptyl, octyl, nonyl,
d . ., d | o t . .
csgﬁglﬁﬁgéggéﬁg[&gr @9 H@%ﬁqugn Ry are identicgl qr different
andl theeﬂrSB}I BG@I ?gégtt*lshe Wéptyipéﬁlg}"nonbﬁﬂé'cyl hﬂléd}lrl; dodecyl,

ctyl’, nonyl, openty

cycw%ﬁglnca@lowtadienﬂmaynéh@lxyi HR® e 152 afgtdmrent and R* is

buﬁ\dnécphtyﬁbgg% th@L yl p@(ﬂ@é,c%cﬂ%egggﬁi%&y[ 83%I¥[.'>entyl

cyelbpeARRI A of Byéloﬁéxyt cRt! ereny meths tetrm afrepyle Bufyb Ipentyl,
the producti on of pol ypropyl enes wth gh nelti
hepyt, heptyl.fqntylapfpmylc@@%ﬁm aaybdodgcy gﬁclgpewtb!h@y§|0p§ntadlenyl or
o ﬁ@f‘%‘ | as the substituted and specifically bridged
¥ YOCene conmponent of the catal yst system of the

IOF e paddt dprefén@’dtﬂoﬁme piel uictionaf polyprapyldressswitio high melting points
npound of the formula Ic bel ow

for applications where a high stlffness 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



'"l0 Ra RS R 3 RR7 R8 RMRIR2 R8. R7' / R R6"
5, Ra (Formula 1c) where the substituents and indices
have the followi ng nmeanings: ML is a netal of group
Vb of the Periodic Table of the Elements, Rl and R2
are identical or different and are each a hydrogen
atom an alkyl group of from1l to about 10 carbon
atons, an al koxy group of from1l to about 10 carbon
atons, an aryl group of from,6 tegsabout 10 carbon
atoms, an aryloxy group ofRfrom t o gabout 10 carbon
atons, an al kenyl group of E’*v Rabout 10 carbon
atonms, an OH group, a hgPog or a NR232 group,
where R32 is an al kyl grou OR to about 10
carbon atons or an aryl group of ifrom6 to about 10
carbon atons, and RL and R2/may\fform one or nore ring
system(s), R3, R4, R5, R6, g7, R8 and also R3 ', Ra ',
R', R6 % R7 'and R8, are identi cM'RWR? different and
are each a hydrogen atomgallinedr, cyclic or branched
hydrocarbon group, _for pl e an al kyl group of from
1 to about 10 car bBA-at ap al kenyl group of from
2 to about 10 carbon a N_apyl group of from6 to
about 20 carbon at gns; iyl al kyl group of from?7
to about 40 carbonRafons] an al.kylaryl group of from
7 to about 40 carbon atgr® orRan aryi al kenyl group of
from8 to

(Formula 1c)

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 aryi 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® R, 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 alkyt 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 arylalkenyl group of from 8 to
about 40 carbon atoms, a substituted or unsubstituted alkylsilyl or aryisilyl group,
with the proviso that R® and R®" are not hydrogen and that R’ and R®" are identical
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about 40 carbon atonms, a substituted or unsubstituted

al kyl silyl or arylsilyl group, wth the proviso that

R3 and R3 "are not hydrogen and that R5 and R5 ' are

identical 11 or different and are each a substituted

or unsubstituted aryl group of from6 to about 40

carbon atons. The groups nay contain one or nore

or hia"faent andare eadtea SlubstltBtedﬂbr uigubstituted ang groupl bbfromefy to

ontain hal o en ons
abgf 48

d th . .
ICREPQThR preS ﬁ%}/n?q@a@;qn% o] %\?pr%hg&go Atomgs like Si,
fmséest NG b Oéﬁmbua g%on?élﬁ Haloyh dtokf i@ dC Do BIe BNY the

nd the ( a) het er oat contai ning | ndenyl
bndlmgouguba basthe pmamm@setdotth ahoyapytmespest irfermula 1a.

lt Lgﬁ’%ﬂf ng t'?:'@%mcﬁ ngﬁnyllaal{ﬂo ﬂhﬁa&%&gé&@’?@fé&ﬁtﬁhﬁﬁéjmdenyl

aﬂa@l@s%rré&boﬁdh@%@ﬁ‘é cafpoands 4@ aik Hikewiweosfiimpbrtanos
1 to about 10 carbon atons, .an al koxy group of from1

to dlbo&mmi@ 1edvisprctereaghabl' 4 ynr@gwumgqrdlﬂfn@m from6
rgaéa af@fcfé?lﬂcgit&'mﬁel%ht Qna %lré? gﬁ%@ g;;?&u@gﬂfrﬁ% 1 to about
syste : and

and orm one

1O%rboﬁlaa3mde§ﬂ alkeky groui Mfemmrrt tcﬂawblar'lei) esrbbn atdinecam aryloxy
yclic or branched group which may be haI ogen tlgdand R? may

gr@ten obfram? & ahowm 14 sarhep atoms. of afialoges atg
JoTyo¥ enyI group of from2 to about 10
fo@gpﬁgn%rg'?o '%ﬁrﬂ?@ éjR? R8 and also RA', R6 ', R7
" andRRihd BP e arelglenticall orafifferient and are aadh arlmeae,awna or

rogen at b h
brghcsg GPUPAERPE M4y o DR Gtech KA En SIRY TR ot from 1 to
ab%ﬁf‘ﬁ BicBriEadind B &n B%%?Pgr%hﬁrﬁ? flornk @ t§iaboBt 18lcarbn Stoms,
or P, and /_or may con natorrsllke F, d
or ®*, R&SRériaamdamod?‘i dBﬁt R?aand dafe islesticalidliferent and are

AR A it S S A G Ry o s
10 cdrBéR Blorhs FMiRR4AAy contaft enééP v HeddroadtemisdixetSicBl Al, O, S,

or different and are each a C2 -C30 hydrocarbon

N gr Bupnd / or prev sanipiarhaiegen agﬂm@hlsmﬁ 610FBbm 2 to about

abou af a?aggﬁg%qtg:%‘gg g@kéﬂgl ¥ ares a%glr%éﬁﬂétﬁyfeﬁ aryl group of

fron® 66tbfalbbuﬂ-40 @armﬂamg nbe“Pawmdaﬁmf@ee Ri%RECerdr -
and, drocar bon_group of from to aboth 30

(Rcﬁ o CRIBHD:, wiaredin and B rgreridention AT diiesent Aid prespach a C2
"CQP, %gg&#tgp ﬁﬁﬁg: g ﬁ%deny anén(?hgroﬁ £) ofgg(%rngOtgt%b&ut )1 0 carbon
atoran] an a'ryl@kylrgienplof 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,

R1_ and R? are identical and are methyl, chlorine, or phenolate,

"2



anal ogues corresponding to the conpounds 1c are

i kewi se of inportance. In fornmula 1c it is very

particularly preferred that ML is zirconium Rl and

R2 are identical and are nethyl, chlorine, or

phenol ate, 12 R3 and R3, are identical or different

and are each a linear, cyclic or branched nethyl,

et h)R am:f Rf)ysire idarttichl orpdaffemnt@nndramﬁa,chmhmaj atho arbranched
lso R6', R7 and R8 "are

m&ﬁ?é‘htell‘/rbyél V'dﬁﬁhfér%%ﬂlﬁs gjnd each a hydrogen atom

or qﬂa&p%o qutyglréﬁ @p,ro ghanched al kyl group of from1l
to about 10 car on whi,ch may contain one or

nmor R &' eRd aad @iso R| sand B Aare |dgnt|§al qu diffgrept angh@re each a

oSG 8} 95 SR B ool 7B e 1o

caPPdriatohis, Whicl hiay ddﬁl@lﬁ)dne or more hetero atoms like Si, B Al, O, S, N
par a- (G - C10- f | uor oal Kyl

orr%ta@d(/@r ragy eprigin haleagn at@@ﬁik@ E1Cleidral kyl ) phenyl ,

t
gt 325 E[F@tl- Cl%g]@ﬁtbc% i)éwm%@ﬂheny [ syiR%f%r&(féfgwﬁr
]ﬁéﬂ;ﬂefarat\(‘@{d 61dm@omaﬂkyl%ﬁe?rl,lemetb}(?{-lﬁtad-ﬁkkyl)ﬁ)henyl meta-(C4-
erent and are, pr , butyl, n exyl .,
Cma&tmpheatk meta,rmﬁsﬁp :@&yﬁ?%ﬁ@'&%ﬁﬁ ,Ofé%%t@cmga (C1-Cro-

cycl o-pentadi enyl or cyclohexyl. If R40
ﬂue}{%%ﬂgsﬂéﬂyldlfferent and R40 is butyl, pentyl,

hex;R9 is IREPRYISj= ocRﬁ?R 'Gery Whete &7 andiRfL age identigaloyr different

aq%@r rﬁ&lybgttyhﬁ t)g PEDt ?q'\ecﬁ%ypgtgfb%pyfr&%)é%lew&ecylCc?odecyi
cyEI%p;Séﬂt ! E%Iﬁlpen@élﬂéhyl d?%%ﬁiohe&dﬂd AR andRE ik different and R* is
cycl openty cycl opent adi enyl or rtgé cl ohexyl . Mbst

bqbyl,elﬁmtylebekyir hepiy!, mchdurenydrdesy!, hingecib dedaeyr cymorgty!,

oy RRATBSRR St TR te R LR IeitC B it By, penty
heeepl fephyRIoctl Sty COSSY ifkletyh dotetylt b@cl@p@ﬂznbyabpeﬁtadlenyl or

pol ypropyl enes wth nelting points higher than 155
Cyﬂl@he&}dpl ications, where a high stiffness is required,

: | _
oS NG BBl PR ot R oLtk rang

copb%&ﬂé or e polyviar rublset, $0rfthé¢>r0(ﬂucttonl afasipacboepolymers

compound of the formyla 1 d bel o 13

comprising high molecular weight copolymers or for the production of

polypropylenes with melting points higher than 155 °C 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 1d below,



Ra R R 3 RR7I R8 RO MRIRZ R8 R7 R3- R6" R5, Ra
(Formul a 1d) where the substituents and indices have
the followi ng neanings: ML is a netal of group | Vb of
the Periodic Table of the Elenents, Rl and R2 are
identical or different and are each a hydrogen atom
an al kyl group of from1l to about 10 carbon atons, an
al koxy group of from1l to about 10 carbon atons, an
aryl group of from6 to about, 10gsarbon atomns, an

aryl oxy group of from 6 toRabout] 10 garbon atoms, an
al kenyl group of from2 to & ar bon atons, an
OH group, a hal ogen at og? 2 group, where R32
is an al kyl group of from )
or an aryl group of from6 tjo a Y car bon atons,
or Rl and R2 together nmay f nore ring
system(s), R4, R5, R6, R7, gR a“s% R4', RS ', R6',
R7 "and R8' are identical M~ and are each a
hydrogen atom a l|inear, branched

hydr ocar bon group, for an al kyl group of from
1 to about 10 carbRA aLy ap al kenyl group of from
2 to about 10 carbon a aNy_.apyl group of from6 to
about 20 carbon at gns; | al kyl group of from?7
to about 40 carbonRafons .analkylaryl group of from
7 to about 40 carbon at®®, oR a aryial kenyl group of
from8 to about 40 carbon atons, a substituted or
unsubstituted al kylsilyl or arylsilyl group, with the
proviso that R5 and R5 dFermuientd)cal or different and
are each a substituted aryl

where the substituents and indices have the following meanings:

M’ is a metal of group 1Vb 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 10 carbon atoms, an aryloxy group
of from 6 to about 10 carbon atoms, an alkeny! 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 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 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 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 substituted aryl
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14 group of from6 to about 40 carbon atons. The

hydr ocar bon groups may contain one or nore hetero

atons like Si, B, Al, 0, S, Nor P, and/or may contain

hal ogen atons like F, O or Br, R3 is a hydrocarbon

group, not cyclic or branched in the a-position, for

exanpl e an al kyl group of from1l to about 20 carbon
gmUpruf froam 6do Aboath8 cathoreatoms. He Igﬁdmmarbﬁn fgr@ups7mta(y contain

about 40 carbon at . n aryl su | ted al k
orf Bt oo herre e SRESind. ALY b B BYe Firy eci AN nalogen
atBWl Ifkeat ROprgBOUpPs may contain one or rmre het er o
atons_like Si, B, Al, 0, S, Nor P, and/or may contain

hal dgdis aahyndmcarbdnegrbupmotmycm or Rganahediin tma-posmon for

oG58 4 R4 o OS2 B B B e

alRY1EROYD oBfroRP7 8 aBé&’H’ﬂ@cﬁr%oﬂ@HthQr éﬁrali’gﬂ%ubéﬁgt@d alkBnyl group
ar group of from®6 to about car bon atons, an

ofdrom & ﬂoyslbognt 4Qadhon atams. 71 heohsaif@garbm grexp® mas eirdain one or

i BHEH B B 910103, 40 SRHb B LA atoms

liket o sl or'B}e groups nmay contain one or nore hetero
atorrsllke Si, BB A, 0, S, Nor P, and/or may contain
hal dgtns i amg- NS(@YFGVQDIC qmbrmnch%dwquunef%ramg?mg apraligyl group

of g apout 20RantbrEaRs 2t Foih b pERES Phbh g carbon

ataﬁisebﬁ%trﬂgrébm @@ﬂbm @rt@gbbmdw}thrbmbﬁ@uaﬁ arylalkfy! group of from
correspondi ng to the conpounds 1d are |'i kewi se

7 fophrutAlcearopn atenmuam aliylary! groupcéfien édo ehatt 44 cadon atoms,

orgirt SRR P & 1 b A5 EBoh AE0Hh3 “The Gfoups may

cokffain Dreadr rabrhetetd atino ke i, cmmlpo Sr NmrlPImchontay]dbntain
carbon atons, _an arél OXy. . gr.ou 6 to about,

halegenatomolite Fob! ar Raasgehe 4 n@awa't RY hasdh ‘P%E“??d}’“g mentioned
a%@%u%p'ﬂﬂfesﬁﬁcmﬁf% 4gysten(s), R3 is a linear alkyl

rom1l to about 10 carbon atons or an al kenyl
gr oufheod 5(6, Eneﬁahydrahrmiehyllmotﬂrdoca) hesteenoatormdsi) cbntmmngmdenyl

argieg ot Rormes b e TS
al kqpxbmwawra iPfs ;Srteﬂmé’d {rat MPYtZirdOnie BPRafi@AB, or

an al kyl argl group of from /7 to about 20 carbon
at oR’ and R

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, and R! and R? may

are identical or different and are an alkyl group of from 1 to about

form 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, 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 about
15



R4, R6, R7, R8 and also R4 ', R6 ', R7 "and R8' are

identical or different and are each a hydrogen atom

or a linear, cyclic or branched al kyl group of from1

to about "15 10 carbon atoms, which may contain one

or nore hetero atons like Si, B, Al, 0, S, Nor P,

and/ or may contain halogen atons like F, d or Br, R5
1Gamb'bBE dtamse, wdmhtma;alcontalrdohé@ramred‘ra'ﬂel@raioe‘mdfkeash B,AlL O, S,

B S PR RSl R PR 12, o

aI KYRI ARERY! are'TBéﬁtichEF diffetént drd alekedon’® Bﬁﬁéﬂtute‘a%ﬂyﬁgroup of
RAORA1SI =, RAOR4A1Ge=, R4 R41C= or -(R 40R4

frarn@:wm AD agieor ataos, dike nma—(ﬁn&m@&vﬂ)upbanylometa (C1-Cio-

fere t a group, in particular
a]lgyﬂ Pé]ek“y m% Wﬁﬁ%f@ﬁ%@&kpggﬂt 10 carbon atons, an
ar ylRd ||S}R4°Bf‘@$ RI°R*t@ex TRIRUBusr —lR““RfélElﬁm‘mRﬁbrmmhere R40
roup of from7 to _abgout 14 carbon

an al kyl ar){
angt Bisareliderting ghgrffemm anckar 4Gy @ iz -nagioNg, inspafticular an alky

ot 2 P oI o 1
caibmbatorﬁé arman dikgladyl @r@ﬁetﬁbmaht&dabomtdbhgarbancatomne If R* and
Rh ke Gl v TS i hudpaliidioirocdt RGBT 0 corr

atbmgora“ ﬁat wnaéﬂbanﬂg(#oupbffr&nww aaam 36 bhddnYatoms.

preferre 'S zirconi um are
| derhiec4)5, &ﬁdeuabydremyehyi ard the @ hat&roptmn(@l) sostainigg indenyl
nmet h

arglo Sortespontirias e Bfpoutes s ars keligk  nortance.
sec- Iﬁ%ﬁﬂmula e 'itQQ %W parliciiBHy Yrefewed thatlv' 68 Rydorhuthy ! |

1-net hyl - pentyl, cyclopentyl, cycl ohexyl

cycl pr@'mi RS agajdenticatangpere lff’@ih)énﬁ}hb“@%‘/ Qrdtherotateny | |

R RS e BID S aRi0R RO ERERETS e, 25,2 S
an RREs iselsrobglie Wa-batyl, erbtyl, secuty] anﬁl,d:I@bLﬁyiethemyl butyl, 1-

hydr ogen atom or a I'i near, cyclic or branched al k

etgyldwsyloﬂ -reibiyl-pentyl, siyslepentyl, ngl%@%mﬁlﬁpemwy clopent-S—

e WyFloBR 5, SRnaE L 8 ARty yerind - O

or BR“alR!Saabd?ﬁ%rehyérogéemendal or different and are
g ;soeghc/.}r)&p pﬂ%rfé’é rg}:' _a%q\qg%ticayor different and are each a

B e 5 B o o
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-cyclohexy.l-phenyi, 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’ is
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl,

16



RO is RAOR41Si = or RAOR41Ge=, where R40 and R41 are
identical or different and are propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclo-pentyl, cyclo-pentadienyl or cyclo-hexyl. If R40
and R41 are different and R40 is butyl, pentyl,

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

cyclopeafzstignyl pr ﬂ:ﬁclobrek;dpéﬂtm eiyietoyl, efhyl, qmremm buigh pentyl,

Cagﬁ‘gstyﬁmdit&%\f}: X h‘é‘?é Ioél‘gﬁ/ Lﬁﬁﬁg@lr C\?ﬁg@%@t}yq cygl Eentadlenyl or

kepentyl, cyclopentadrenyl or cycl ohexyl .
cy?mtﬁng exarrpl es for the particularly preferred

met &iotdicaiting ewamelasdor the parﬂ@ui@rlyﬁﬁierrad\ﬂ@ﬁtalleﬁe@e gompounds

ofi['ree Q}c'eos?gg 3 |8rinF%H7nd%)H$ O&gﬁéﬁ@ tisaof f enyHS 1a - 1d:

( 2- nethopfodyt-4-§PROPRPYI- phenYI)rndenyl)(2 -methyl-4-(p-isopropyl-
henyl)rndenyl) zi rconi undi chl ori de

phenybmdeaw-armnmnrq@chl@mde
b“”ﬂ%’ g}‘cwlﬁ () bnThBRniak Ay @ ettt p-tert. butyl

pheny rconi
phém(rl;mdenw-tzimd)méﬂ(dmmemde

Bgte?%f hen)ém%m' nd@”@%&ﬁb&@ﬂgﬁyrﬁrﬂﬁ'@@ﬁié"r SEhdmyPA Y er. butyl-
pr{% Wl'nuéﬂgz%ﬁ? g@ﬁ?@% 6, 7-tetramet hyl -4-(p-tert.

but VA-(isepydpyil-dd@nierd bzrtyi-@benmimndehvlaiﬂrfdé 7-tetramethyl-4-(p-tert.

bRy BASRYD AT EAG Mo i - 4 (p-tert.

buz >2rﬂl Izggggg%ﬁw@m@mw—ﬂcptw butyilpahgnindeny!)(2,6-dimethyl-

4-(puteyl. bpt;érp}nrenvr)mdawl){zrzcmurr;dlcmomqba.sec but yl -

phe%y %l ndenhle g |( %gcg)n%gﬂg%@%qgﬁw 2-methylr(p-sec. butyl-

ph(eﬁ UﬁHBMM)—eré@nrQMﬁiiéW@ﬁd'é

p enyI |ndenyl) zi rconi umdi ch

A Zisopem-44(p-gyalohexyl- ﬁbeaylrlpdemﬂk{aymrhrbér{wgve@h?xv'*

P h%hgﬁvpépﬁg 555‘{)@%%@% |'aluén‘d i chl oride,

A ( A 5%‘3@91 144@(wm@etawaﬂ'sﬂiﬁheFWE)mwbhvh(fe"ﬂbs(@—ﬂﬁtrmthylswi-

é amantyl - phen i ndenyl ) - zi rconi undi chl ori de,
ph;gny mﬂ%ﬂ)‘éﬁ(}q’mkln‘(dgbcrt %"' strifluoro-nmethyl)
t -(D- .
1 (DT ROPRIN (LB ERtehr PR damal g mpthyt-+ p-adamanty

pheaghindenyll-zirooniundiichibrde,de,

A-(2-isopropyl-4-(p-tris(trifluoro-methyl)methyl-phenyl)indenyl)(2-methyl-
4-(p-tris(trifiuoro-methylymethyl-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,

A-(2-isopropyl-4-(p-tert. butyl-phenyl)indenyl}(2,7-dimethyl-4-phenyl-
indenyl)-zirconiumdichloride,
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A- (2-isopropyl -4-phenyl -i ndenyl ) (2-net hyl -4-(p-tert.

but yl - phenyl )i ndenyl ) - zirconi undi chl ori de;

A-(2-isopropyl -4-(p-tert.

but yl - phenyl )i ndenyl ) ( 2- et hyl - 4- phenyl -i ndenyl ) -

zi rconi undi chl oride, A-(2-isopropyl-4-(p-tert.

butyl - phenyl )i ndenyl ) (2, 7- di met hyl - 4- pheny]| -

i ndeky2 ]so?pirmmdm (Dt biubyliptenyllindenyl)(2,5,8,7-tetramethyt-4-phenyl-

i sopr.o p-tert.
m%f-emﬁ) bfﬁﬁw%! Hl?é b) (2,5, 6, 7-t et r amet hyl - 4- phenyl -
' nd‘?’-(‘ i-)s @ﬂ Gh'ﬂhyﬂm Q- te‘?'ﬁbutyl phenyl)mdenyl)(Z 6-dimethyl-

(2-1sop met

h
4- pheml-llpdmw};lromwmdb:{'@r@edu met hyI

gg?%l 9 ndeq)aAE)B%@mg 'TWZ% (%%rf“%ﬂd‘ We‘ (p ter

pHen tzywcmln I)-&h@ﬁtfhh‘idiélﬂﬁﬁdjé zi rconi undi chl ori de
A—{ i sopropyl - 4-phenyl -i nden %%2 5,6, 7-tetyanet
b

h
b A-Gonbiy e haARgSEASS. T 6 raief i Eriod PUBY
Ph%ﬁ'&@ o%ﬂ?()%ﬂébm@pﬂﬁémx}ldél phenyl -i ndenyl ) ( 2, 6- di net hyl
phentyJ ZJISW!JG meltlwm phetydindenyii2,6-dimethyl-4-(p-tert. butyl-
(2-1soprop tert
prmnwi)lndﬁﬁ&aﬂrwwmfﬁm'@ﬁd%t hyl -
_eny ) e il Nl d
oo, R b gD ) (2 et hy
4-(4—Aa(mthyk)nmdem}h)urydenyl)-zwconiumdichloride,

Rh E,AX@% nde y{ﬁ a h%&%yﬁ%&w& Lffﬁ?iyi)&%mqtpgl—#(p-tert. butyl-
prénghﬁ.@%ngglzn%mgﬁ{tﬁgﬂbng@nyl Yzirconiunmd ichloride

1's( 2 [-1'ndenyl ) zi'r coni umdi chl ori de,

A- b|/§-©1?s(4nﬂapjnthycﬂﬂr(dlenyﬁplrcon|umd:chlonde

ht hy
A biAPE APV HE S RGN ASIoRA S, ¢ con 4 and
ich A-@isl(ﬂ'—?nethﬁ||ﬂtl§(1?ijilﬁidﬁmjmdrcﬁhﬁlﬂ§é| - ndenyl )zi rcon i

u and ich loride, A-bis(2-nethyl-4-t-buty]-i
nderfbjst2- methyl-4-{1-asehinirigdeay zurconlumdlc loride,

A DR SRR oA ImaeByet o,

i Ch|Nbis(d&methyl-4~phenyl—indenyl)2|rcon|umd|chlor|de
A-bis(2-methyl-4-t-butyl-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-isopropyl-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-ethyl-indenyl)zirconiumdichioride,
A-bis(2-methyl-4- acenaphth-indenyl)zirconiumdichloride,
A-bis(2,4-dimethyl-indenyl)zirconiumdichloride, .
A-bis(2-ethyl-indenyl)zirconiumdichloride,
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-indenyl)zirconiumdichloride,
A-bis(2,4,6-trimethyl-indenyl)zirconiumdichloride,
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A-bi s(2- nmet hyl - 4-

acenapht h-i ndenyl ) zi rconi undi chl ori de,

A-bi s(2, 4-di met hyl -i ndenyl ) zi rconi und ichl ori de,
A-bi s(2-ethyl -indenyl)zirconiundi chloride, A-D
Is(2-ethyl-4-ethyl-i ndenyl)zircon i und ichloride,
A-b is(2-ethyl-4-phenyl-i ndenyl)zircon iu and

i chl Avbisq2,5,6 mrbeth@l%mehwilFobrﬁlmd:chlor:de

i' L?é%f 2@%‘ naen n%i'e?}g( e S AicRloride:
di S/Q'?‘éfm‘ll'leth?ﬁ@%blﬂlﬁﬁ%ﬁﬂ)ﬁb@ﬁthﬁ{dlé}ﬂorlde

A- bi i met hyl™~indenyl)zi rcon iu and ich

| or i AHbjs(2-enethpl-5-t-bubd-imdemiDaircenivmdicidende.zi rcon i und
h

b BE G ThethyHELRuy HRSY Dde B R PFiSh cgide

A- bi REB(PRASHL &(4-%|@éthrt;yﬂxenyn)dmd¢hyl;z|rcmrumdlclalmddep h

loride, A-bis(2-nmethy t - but I . nden szc n i
it ABis 2 onethil-4-(hetnd phend igeemirgpr LI chiorde,

xt )k;: AJP%? %fhwlﬁ??ﬁ'l'f Lﬁrﬁﬁ\%ﬂ‘é}h grrjéln?ﬁ Qn%érﬂjg?&bﬂﬁmd:chloride,

und Abls(D-onéttigl-d-(Annetho2y-phehyl)-intengd)eirtyiiumdahyorde,

i rcaon iund

e TR ettt ot by pR e B mctenyDzipgasiygtichloride.
A b P AR B Ol idenyizimooniumdichlonde .
i 82Imblsnﬁ-ethﬂ-%(%emgé?Ig%ny!mr(denybmcdmtumldlqblm'tdﬁ ) -
e A e B Rerd ety B -indeo )7 eamiwmgichiqride.

i ch A%ié(ﬁ%th¥l-4 (4—methoxy phenyt) -indenyl)zirconiumdichloride,
A-bis(2 - phenyl ) -i ndenyl ) zi r coni und
i chllbblaﬂé—methyl -4- (4—tert—buty[ -phenyl)-indenyl)zirconiumdimethyl,

Ry (4 (AT Sl RS RTEBhs RARBH bRy ) 21
Aﬂglﬁkﬁ(mym@ -smfiphenyhisdenyl)ziredsiomdimitiygon |

u |1 C

A b'A‘pﬂmﬁwl‘ﬁ(‘H”ﬂWPUWWTPH?H&'HW‘?E“MF;Wr}lmdlmethyl

o SPRREb T X g metheny PhsRindenhgespymdimetty
kﬁgtm}jizs(Z ethyl—4 (4 -tert- butgl -phenyl)- mdenyl)zlrcor:lumd:methyi -
i nelt ps(g%tthyl-d, (4- Snetl%}i %en%elggerzyl)lz?rcgﬂmadz orfl !

A big %?s(g‘;egwneftﬁéfh’y‘-bhéh%?\’rﬂi@%ﬁ(hﬂrcd}h%ﬂtr%eﬂhweny| ) zi

rcon iU
A- bi 5-bR(Prett il 4~ @-{rifluedrhethyl-phenyl)-Jndenytizinganiumdiroethiy
and j ne

A b.%w(ﬁﬁ#@yl (4 methen-Baer-pieRypssaningimevk con

A bi SPE %ropy[ -4- (tert-but?/l phenyl) :?draﬂylézr:ﬁo)nlze:mcri|(<::2Ir<]3rtldﬁnd

[ netmay)is(Z— isopropyl -4-(4- methyl phenyl) -indenyf)zirconiumdichioride,
A-bis(2- isopropyl -4-(4-ethyl-phenyl)-indenyf)zirconiumdichloride,
A-bis(2- isopropyl -4-(4-trifluoromethyl-phenyl)-indenyl) zirconiumdichloride,
A-bis(2- isopropyl -4-(4-methoxy-phenyl)-indenyl)zirconiumdichleride,
A-bis(2- isopropy! -4-(4"-tert.-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2- isopropyl -4-(4 -tert.-butyl-phenyl)-indenyl)hafniumdichloride,
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A-bi s(2-ethyl -4-(4-ethyl-phenyl)-indenyl)zircon i und
imethyl, A-bis(2-ethyl-4-(4-trifl

uor onet hyl - phenyl )-i ndenyl)zi rcon iu and inethyl,
A-bi s(2-et hyl -4-(4-met hoxy- phenyl )-indenyl)zircon iu
and i net hyl,

A- bi s(2-isopropyl -4-(tert-butyl-phenyl)-indenyl)zircon
i urrdﬂ\-|bcs.i1j20||soﬂmpyl -t dea-butybphemyl)-indenyljtitaniumdichloride,

A b,@pg&& hég &)EJS 4 Irgg y}/p%érllggl)c%ﬁen?ﬁzwcomumglchionde

A4bl(ﬁﬂab ﬂ-?’nl-é;gﬁml’ld) -4 prdpyl-phesAnindEypBiredrigi@dichloride,

i(2f ||sgpmy£f41§;4 -rphgty&ppeny{bm@anyl)zrconlumdlchlorlde

Zi rc&%fﬁ@d‘a& m&%% 4) @&Lﬁ@%ng ?%h?ﬁ%tﬁ umdichloride,

A blﬁé—b%(ZJ @@pfdml/l 4-(4 —sec-butyl pheny!) andenyl)z:rconlumdlch!onde
-4- -tert.-but phenyl ) nyl ) zi rconi undi chl ori de
,a@—bpsé%-ztsop Ytﬁpphenyl) mdenyl)zwcon:umd|chlortde

(’ﬁbbst( %Opl%i)g/}/h éﬁhﬁ{@fwl SHES Y haSN ik BRiLAHiGRIbAGe,

4b(P<th§(2* lboptmmtyw4~waa1wi)pher¢enyuemynmonmmmumondee
A-bi s I SOpProp . . . . . .
ISt 'ﬁ9l§m@¥§ﬁ;ﬁf‘)~"rm8@ww*)%vnl)éaﬂ?ﬂw}ﬁ'r&ﬁmm%hlonde
|
RS SRR 4 g e ey
A- biAsbB(24 isopromyl/14-(4 -hexyl- phenyl) mdenyl)zlrconlumdlchlonde

'A4L,.é1b’§?2~b|§t ém@e‘m{i pentﬂ ri'}/er)y LihG&Wi zrllr%bﬁlj&mchct%onde
4 %bréﬂfxlgbpwaﬁnw 4 LoV RIMEkY Episy-naehgiiigontlindichloride,

A-bis(2- 1soprop

| 4#‘@-11)13(%91609 hﬂﬁeaw SPuhyripbepyh-inderhiziieeniomdichlerdde,

4_ :&ﬁéw-’)%g é’%f’)(‘%l P&rﬁ%ﬂu‘?%ﬁﬂmr g%nyi)flrgom(x,léndichlonde
i sopr-e n%thgf -4t -blatwp}'iehyl)m*ﬁw))zirwmomduﬂ’dom 0

ride,

” (%btsézww el Lt -Ruiphe Ry b e icoride,
o BB ety 44 testsbrvipbenyl-indepyhtaniumdichlorde, .
| or Iﬁdbls(zhéthylwe(ﬂ—mﬁiwwlenyl) mdenyl)2|rcon:umdlchlonde
A4b|(ﬁ§:p@r(] -,bUt éyb@-ﬁnx Ipmpyﬂ d?\eny erllcqgr?y Ierggrlnﬁmdo chlonde
A bi's Pﬁf Héthﬂh& 34/ L) DB AR Bl G ) 2iTEbRihRIi¢Eride,

4b(:°4-brs®4mh@thylph~¢e41yhexyl-lphenyl))m:ienyb)mruomumdidﬂmm
A
b R4 ssrshuy-Phalyindsny bgreaniumgiohiaridge.

A bi hyl-4-phenyk-indenyl)zirconiumdichloride,
i so fg%ﬁ eﬁ VJ pseerg:y ErEjtti/r}y)rz)lhenyl ) -1 ndenyl )ZI rconi undi ¢

hl orA-bis(2-ethyhds(42-methyl-phenyl)- mdenyl)zwcomumdlchiorlde

: ig%g% eth)é&—ttb(tlt tlgnyl pQ]Utn){r‘) |R§§rr1]3>ﬂz}rcon%%]a‘ Cl)li .&8 oni und
i s( & B%‘(ﬁl)élthy‘}—d-éi rf-ﬁfdpw BHENYI)-RitRMY]) Xirdorigaidhlcrides on

d h |
: g( g]b@{(grﬁthﬁ-&( @’ -rt-buwl -phenyl)-indesy)ziyconiwadiehiorisss n
. SE‘% itz R -HEafhenylyindsmebgirgenumeishiane ¢ an
-bi-‘d('ZJeﬂwmeM'—pentyl-phenyl)-indenyl)zirconiumdlchlonde
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A-bi s(2-net hyl -4-(4' - et hyl - phenyl ) -i ndenyl )zi rcon
iumd ich |oride,

A-bi s(2-net hyl -4-(4' - n-propyl - phenyl ) -i ndenyl)zi rcon
ifund ich |oride,

A-bi s(2-net hyl -4-(4' -n-butyl -phenyl)-i ndenyl)zi rcon
i und ichloride, A-bis(2-nethyl-4-(4"-h

exy| Ais{Bydthylr4-(4r eu:yplc)tmxyr -phenylimdlenyhricadniendichloride,

r Co',ﬁ(qﬁf@eqtﬁﬁl gt} -%f‘é’;-gl?t% BHéXyI) ﬁldenw)zlrcomumg c%ﬁ)nde
A DI Als(@tdi}i-4(PtBRY buty ABKY) Hddrypairtshiamdiddride,

A- bi A{bs(@thpropyl- eqohawt—hydenyhéir@or)iumd&blqrid)ezi r coni und

oSSR el 3 E - FidihY - RN AR ditnioride,
A- bi Afb?s(ﬂtr’fl]ébp‘yw@ Btiy-phBhyRpetery)zircosiamdiortoride; on

iu and ich loride

A- b.&(bzs(atmprowlﬂzm +sooiiopy-phenyl-ndenyBgoniimdishloride,
IA\U g}j/é (bg(% trﬁ 9 311-4 44 utyl prlllenry))l I)I'Id %zwclo)mumcrhgglrc]mdﬁhd

i chl Aubigi-n-propyl-4-(4° hexyl pheny!) indenyI)Z|rconlumdlchlonde

A-bi s(2-et hyl -4- I d
i Ch:}g :sdg -n- prgpy}:\&tﬁ -cyclo%exﬁ -p ré¥ly?) |r|1cri]er?y z% céﬁl[l(r:n()cPchLiorlde,

| s( ﬂ?' 6 &é}@l 4X)4€ EQE%XJ[ pﬁf%‘ﬁw lipddnyh2RE¥hilAIdiEH8Rde,

yI M—QJ&S(QSEdepyI-m(4ptmhytbL)tyh-pherty¢) -ingenylZircontunndichlgride,
tQ.ri

A b| 'Pf(gtrh6Ptylr4(p4‘enb’lsWldenbfl}‘lz'fﬁor}ﬁw@ﬂﬂﬁhjoqdﬁdenyI ) Zi

“30'%' -60# lE1'(ﬂﬁmethyi pheny)- mdenyl)zarconlumdlchlorlde
A-bi s(2-n-propy phenyl - )zircon iumd ich

tor |M;S(2«rbbenr24f(4petl‘gyy-|phenyl}m gircenigmgiohleride,

oK Bl B T i Ony Bt Engenyhairpeninrdichiogde

und A-fbli*s QIH bﬁlﬁil-#ﬁblso propyl phenyl) mden l)zirconiumdichioride,
i s(2-n- i So- Y | ndenyIR2|rcon

iu a?q-@lS(an g@tryf-ddtt -nAgyl- phenyl) |ndeny|)2:rcon1umd|ch oride
| anf\ %&sﬁé%%tggtﬁ(ﬂ hgxﬂ%Wényﬁhﬁ&thQIjilchHW(ﬁ &ﬁlbn&&on

A bu@b&(ﬁlrpb@mw, =(4* t:gclehemmmhqnyhdemy!)meomumuchlomhe
| C

ropﬁ bis(2-bulybfdfesgr bﬁﬁémepyl)ﬂmlwp%'ammonde
' chl o) lrbssgg n- b@fyphs(ﬁz-gé}lt %Lﬁ@/[%hc?éﬁﬁndéﬁﬂ)i?ﬂébﬁlunﬁ’&]@ﬁ%hbe'

ndeny Ircon i u an

A- biApB(B -rmxgipzydphénynlndtaaylozwdmmityhdphmmyﬂe) i ndenyl ) zi

rcon IU

A- bn&'PﬂS 'Chlﬁ? «4- m?é'PWTPh%BHW?'}X')Z."EBR'UF"%QJWde
'Ch'/%g Qaheng-@'(ﬁ(-gﬂﬁll-@ﬁé%hg Mgﬁy&%%bmﬂ%@e i

i g ((egﬁ-lbisbiﬁl{d():(yM{@ "-ngrogyl-pheaytindenyliginephiumdickloride und
h L Ab, . o

| o (AR eV (4 is-epBpRheIVH PSR Wi sichiogide,

' u”dtbeféitsHé 4- (4Ankyum?pmsriwtmheﬁyliﬁrcohﬁmmch|onde

ropyl - phenyl )-indenyl)zi" rcon iu and ich torjde,
A-bis(2-hexyl-4-(4"-n-hexyl-phenyi)- |ndenyl)Z|rconlumdlchlorlde

A-bis(2-hexyl-4-(4"-cyclohexyl-phenyl}-indenyl)zirconiumdichloride,
A-bis(2-hexyl-4-(4"-sec-butyl-phenyl)-indenyl)zirconiumdichloride,
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A-bi s(2-n-butyl -4-(4'-n-butyl -phenyl)-i ndenyl) zi

rconi und ichloride, A-bis(2-n-b

utyl -4-(4' - hexyl - phenyl ) -indenyl)zi rcon iund

i chl oride,

A-bi s(2-n-butyl -4-(4"-cycl ohexyl - phenyl ) -i ndenyl ) zirco
ni und ichl oride,

A- blﬁsbizs{z-ﬁeuyw—m-l(e# —bsnb,d—phehyl)ﬂﬂmﬂ)lz)rcd:nind‘di@hlqride
rco

DA DB MRty (T bt phﬁawvnfiﬁ%vfryomffamuz. e

PRethViaffifle). chl oride,  A-b is(2-hexyl-4-phenyl -i
(dn denyl zﬁrjcon i umd ichloride,

A- b|ﬁs-b_l$(2r@ﬂ§}yl~44(4(4€ctnbwwyph%‘ﬂbd)"rmdﬁnh(ﬂd&mi')'ﬂﬂib@ﬁﬁvmmJI
In g 2 lnﬂ? F)lsgﬁ ’ng%tﬁ\glt-ul Z 2fe'£—ﬁ:¥x%y8 fﬁ)’h&ﬁnyl) %&yr{y'l)%nggﬁih}ﬁdimethyl
A- bI@(@ﬂb&ﬁylu-ézéﬁentamw(wﬂneﬂfmydﬂ -métighyhgmil)-indenyl)

iund ichloride,
ZIm{Ol‘JIUfJ(CiJth|@i549€|3 4- (4' -iso-propyl - phenyl)-indenyt) zirconi

A- m%ghﬁé&@% Ez?aentalekr;el)% mehhgn_ﬁl 4 me h ??%qyrl)clgﬁm
zmcchilmlidldﬂondé\ bi s(2- hexyl -4-(4'-n- hexyl phenyl) [
nden éZI rcon iund ic

A bi ;ayAra-waen@@%&é&%ﬁmﬁquewyhmlwenyn
Z'@H{bmﬂenyméﬂ oride, A-Dbis(2-hexyl-4-(4'-sec-b

i ndenyl ) zirconi und ichloride, 21 '
A- bIP&(Z—m'EﬁhyIM-éZaHéntabﬂe)(QBMIBmyl—ﬁP(dmﬂﬂ)ylm’ﬂ&@NDHm@nyl)
rconi u |chlor|de A-b i s(2-nethyl-4-(4" -
zircpniumg oﬂﬂ%nyl) i ndenyl)zi rconi umbls

(di e le. IMhiafefalene)(2-methyl-4-(4 -n-propyl-phenyl)-indenyl)-
I s(2- Qh eftﬂ}( laﬁ%r?ent?&(t ymephyenyﬁ ) - |pnggngl )z¥) rcony)
zmcunnurmdjelninyde A-b

I s ﬁ%{r&tﬁ%h’f/‘r“ (élzaper%a ferie (4 MetRRE A" dsdprBPFHerRA)-hE8RY-

Z,,ﬁoﬁ@"ﬁ@&ﬁmhdé azapent al ene) (2- net hyl - 4- (4' - et hyl - phen
yI) |ndenyl) zi rconi undi chl ori de,

A-femathyls5-azapenislane)@ methkdnd -iserrepyrrhany)-ipAenyl)-

zi rconi undi chl ori de,
zuﬁob&m{@ﬁﬂxw% azapent al ene) (2- net hyl - 4- (4' - net hyl - phen
yl ) -A-(@l 6ryiimethyiie-thiapentaliens) (2trhelityl-4-(4 -isopropyi-phenyl)-indenyl)- -
A (2-net hyI 4-azapent al ene)
zirconiwsdighlonde4: - et hyl - phenyl ) - i ndenyl )
ZI r ne)
%’Q} Hﬁ@iﬁﬁ% B&éﬂ&rptgigw& ﬁ%‘ﬂ?f) égbrprﬁ?ﬂ%l?érﬁﬂ
mdemmzrrcumdnu:hcbIdonda
A-(2-methyl-6-azapentalene)(2-methyl-4-(4’-n-butyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methyl-4-(4 -n-butyl-phenyl)-indenyl)
zirconiumdichloride,
A-(2-methyl-4-oxapentalene)(2-methyl-4-(4"-n-butyl-phenyl)-
indenyl)zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(2-methyi-4-(4"-s-butyl-phenyl)-
indenyl)zirconiumdichloride,
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A- (2- et hyl - 4- azapent al ene)
(2-met hyl -4-(4' -isopropyl - phenyl ) -i ndenyl ) -
zi rconi undi chl ori de, A-(2-methyl-6-azapenta
| ene) (2- et hyl -4- (4" -isopropyl -phenyl)-ind enyl)-
zi rconi undi chl ori de,
A- (2, 5-di net hyl - 6-t hi apent al ene) (2-nethyl -4-(4'-isopro
py| Ap{Remethyi-droieapdnfalene X2 moethyléadd coiboitylgpdenyl)-
. A (2-ne ent al en)
'“%'Sfﬁﬁ'l“l’ﬁﬂ'“'ﬁ‘d[cﬁ‘?o cg’opropyl phenyl ) -
| nden iﬁaﬁﬁ hyl-4-(4"-tert-butyl-phenyl)-indenyl
A—(%%earﬁgt/lﬁ-qnéz pé‘ﬁ%\?ﬁ%égﬁn%t r);e ( -4-(4y-ﬂ-bu¥)yl th)
zirognipmdichdeniod, ) - ZI rcom undi chl ori de A—(2 mat hyl -5-th

.1 Gor e a4 B ha ey

zm(:é’n|[If-ﬁo"liﬂIor‘?cx‘ea(,4 -n-but yl - phenyl ) -
in en&/I)zwconl undi chl ori de, A-(2- yl -4-1

i apén "@M[%@Zam?nﬁl(?ﬁ"e@ybﬁt(ﬁ nmeéytx)mhenyl) -indenyl)-
z&ré&ﬂg o%on' undi chl ori de, 22

4- oxapent al ene) (2- et hyl - 4- (4" -s-butyl - phe
nyI )ﬂr 2- méﬁtWJN phenyré-armpaithlenei@-methyl-4-(4 -n-pentyi-phenyl)-
rreth | -4 azaPentaI ene) (2-nmet hyl -4-(4' -tert-butyl -
fnq¢ﬂ¥9n§1r§0ﬂ'%§[f?)h||9r ] rconl undi chl ori de,

ﬁ{éle. ) l-4-(4 tyl-phenyl)-indenyl
o A SEARERABhENP Imothyl-4.(4Tn-pentykghenyl)indenyl)-
zwcmmamﬂilchtdmde)rl de, A-(2-net hyI 4- azapent al ene)

|t st 2zara e Ry P e AR -6 e befehfiEhgeny)-

z:ré@n Hﬁﬂ%lﬁﬁdé‘l -n-pentyl - phenyl ) - indenyl) -

2|rcon|und|chlor|de

A- ( P-{emieghyl-4-iansntalane)(2ymethykd 4 I-nhepi-phepdhingenyh-
n I)- zi rconi undi chl ori de,
Z”‘A"%Eh‘ﬁ‘é‘?ﬂ?ﬂ' - azapent al ene) (2- met hyl - 4- (4' - n- hexyl - phe
ny| - {NgRE6-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,
A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 "-trimethyisilyl-phenyl)-indenyl)-
zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methyl-4-(4 -trimethylsilyl-phenyl}-indenyl)-

zirconiumdichloride,
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zi rconi undi chl oride, A-(2-nmethyl-4-th iapental ene)

(2-met hyl -4-(4' - n- hexyl - phenyl ) -i ndenyl ) -

zi rconiunmdi chl oride, A-(2-methyl-6-th iapenta |ene)

(2-met hyl -4-(4' - n-hexyl -phenyl )-i ndenyl) -

zi rconi undi chl oride, A-(2,

5-di et hyl - 4-t hi apent al ene) (2- net hyl - 4- (4" - n- hexyl - phe

nyI YA{ hawstiy)6-tHiaperdaicneiPemetii-de(4 -tirpethylsilyl-phenyl)-indenyl)-

| -.6-t hi apent al ene) (2- et hyl - 4- (4" - n- hexyl - phe

Z"’ﬁ?ﬂ um(ﬁglé §- zirconi undichl ori dey A- ((2 5-d P

' ”EtAliSQitFn'éth I-4- aza entalene 2-methyl-4-(4’-adamantyl-phenyl)-indenyl
[ apentYaI ene) 2’ yp -4- )-(cycl oﬁexél phenyl )y- |pnde¥12/I V-

mn)conmnﬂd:ldﬁioudel,l chl or| de A—(2 met hyl - 4- azapent al ene)

o1 1 dokt Dt bR P P chi-ndend-

zircéniiRhdivhloAdé 4 - tri met hyI silyl- phenyl )-i ndenyl) -
zi rconi umdi chl ori de, A- (2-met hyl -5-thi a

ent .
| enéh-(2metbyyd- tmaremtale\n@h@rmﬂylﬁyﬁ“r @ﬁaﬁmﬁrmmdenvn-
| oride, 23 A-(2-nethyl-

Z"ﬁ&é@‘ﬁﬁﬁaﬁqﬁeﬁz- nmet hyl -4-(4' -tri net hyI si I yl - phenyl ) -i
ndendyd(2,5- thwMMhﬁﬁpémmehdRZ -methl-4- (4'-adamantyl—phenyl)-indenyl)-
5-dj net h I -4- azapent al ene) (2- et hyl - 4- (4' - adamant yl - ph

zirggpiumgi 9? - zirconi undichloride, A-(2-nethyl-4-th

I
eI R 2R N e A M ety ety
pha]genndérwl)a)zlrcomumd|chlor|de
Z, r f@ﬁrﬂﬂ"@h‘ a%%a%%%t%lgngﬂﬁnr?{e%yl-tlczﬁnms)(tnﬂuoromethyl)methyl—

pl'% hR&SY) Arddﬁn@ﬁei&hﬁjria@e)w met hyl - 4- (4' - adanmantyl - p
yI)-|n enyl )- zirconi undi chl ori de,

A- ( Ad@nisthyld-thiapentalened@ nethtdnid ius((rzﬂuoromethyl)methyl-
tr| @dﬂﬁiéﬁ@uﬁﬁﬁﬁﬁ&ﬁ?ﬁlgﬁ@yl phenyl ) -i ndenyl) -
A-(2-methyl-6-thiapentalene)(2-methyl-4-(4 -tris(trifluoromethyl)methyl-
phenyl)-indenyl)zirconiumdichloride,
A-(2-methyl-4-azapentalene)}(2-ethyl-4-(4 "-tert-butyl-phenyi)-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-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,
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A-(2, 5-d

i met hyl - 4-azapent al ene) (2-nmethyl -4- (4" -tris(trifl

uor onet hyl ) net hyl - phenyl ) -i ndenyl )

zi rconiundi chl oride, A-(2-nmethyl-4-th iapental ene)
(2-methyl-4-(4"-tris(trifluoromnethyl)nethyl -

phenyl ) -i ndenyl ) zi rconi undi chl ori de, A-(2-nethyl-6-th
| apen{2heteyl-5- azapﬂrhglbne}((ndenyi) izircomiufridichienddeat hyl )

(e Sz bR EBY TG SR 8. buty) -
heny:[ Ez-l'ne’?ﬁkﬂfi\wphen?ll-#-ﬁ?é;bémﬁléiﬁb(‘iﬂdéif?l) z:rcon:umdlchlorlde

5-azape

I e n &y (&m&@dtwmnylﬁ-eiementgm’rﬂ)(er;iﬁnyjm 3 rcpnmg@mglp Ipride,

CenéyCr SRy Phafs Seade MR NGt coAEReRRae.

Zi 1 @B, §idknetlydN-gieenyl-6-azapentalene)(indenyl) Z|rcon|umd|chlor|de,
A- (2- et hyl - 4- azapent al ene) (2- net hyl i nden Y ?
Z. r @gfﬂ ~meind+4- ﬁmamtalene)(lndenyl)zwcon|umd|ch oride,

A (G b bt BhGIaidnBHRRER) L RO GRaiRidhHde! ndeny!)

Q (ﬁ-(@h?jhyl@tﬂmmﬂalﬁata}inﬂ)aﬁ%nﬂdmﬂmdnbhfqrid)ez| rconi um
' r - et -5-1. . . . i
o eniap SRR AP RpEMARASePUb A RRivAicbITse,
A- -
ap Bl s bpsnipiene)2 methvi shenybindeny) e,
zirtorhidmuithigiidel- azapent al ene) (i ndenyl )

A ( BTSRRI B2 e AgAenyHindeny)
znrébl?iﬁﬁfﬂlémgh&é" ori de,

met hyl - 6- azapent al ene) (i ndenyl )
zi r do(@-meting+d-azapkrntalene)(2-methyl-4- phenyl -indenyl)

zwgprfnblaﬁfqﬂén %I- g?legsg 4- azapent al ene) (i ndenyl)
A (-(iethyl -phenyl4-2z apemtarsnd) @amthybagphenyl-indeny)

zi rconi undi chl ori de,
ZIFAOTQIEmﬂéQhW'HdN phenyl - 6- azapent al ene) (i ndenyl )

. ( PRGN s e G e P e gy
zuréblﬁmmdldzmﬂm@etu oride, .
Pty AR R e SR S SRy | ) 2
SESRRIIGRAEL. 1o (2 LY~ L apental ne)
A- (&- &-mGMI@th{dperhalepe)(ﬂahetiq) emhmrryyln)denyl)mrconiumdichloride,
2 rcoa mmghﬁrg ﬁfuapeﬁtalene)(Z methyl-4-phenyl-indenyl)
zirconiumdichloride,
A-(2-methyl-4-oxapentalene)(2-methyl-4-phenyl-indenyl)zirconiumdichloride,
A-(2-methyl-4-azapentalene)(2-methyl-4,5-benzo-indenyl)
zirconiumdichloride,
A-(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4,5-benzo-indenyl)

zirconiumdichloride,
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A- (2- et hyl - 4- azapent al ene) (2-nethyl-4-p
henyl -i ndenyl ) zirconi undi chl ori de,

A- (2- met hyl - 5- azapent al ene)

(2- met hyl - 4- phenyl -i ndenyl ) zirconi undi chl ori de,

A- (2- net hyl - 6- azapent al ene) ( 2- et hyl - 4- phenyl -i ndenyl )
zi rconi undi chl ori de, A-(2-nethyl-Nphenyl -4-azapenta

| engd(2methyiyN-phepyhSarhpengémd)2-methyl-4,5-benzo-indenyi)
zi rconi undi chl oride, A-(2-methyl-N-phenyl-5-azapenta
ziniceRBMJIchigtidg - 4- phenyl - i ndenyl )  zi r coni umdi chl ori de,

A (

(2 ey eHAOER g Riena) G melih 4 Por i o
zmﬁohﬁmﬁtﬁtlﬁiwldé th| apent al ene) (2-nethyl -4-phenyl S

”de%@ﬁgﬁ, Igfffmgg%gh{églei@&%gﬁiyl-tl,5—benzo-indenyl)

Z"&gn?ﬁq(hgmbﬁd@henyl -indenyl) zirconiundi chl ori de,
- 4- oxapent al ene)

(2- n%{Methylﬁﬁrﬁngpentﬁ@éﬁMZ)mefW §- beammdﬁmyl)or i de,
azapent al ene) ( 2- net hyl -

Z"S’Oémr%c’ﬁﬁﬂgﬁy zi r coni undi chl ori de "A-(2-methyl - N-p
henyA (ﬂnﬁaﬁﬂemtmhs@mh(eaemtmthw Sbeara-indemyhnyl )

zi rconi undi chl ori de,
ZirsoRIMACIde: phenyl - 5 azapent al ene) (2-nethyl -

~ (P TRTGPI shapdhoRTR)CeRY X0 08nzo '“%EWV')
z]@oh&jﬁﬁdjclhlﬁdaeyl ) zirconiundi chl ori de,

é_ ééﬁ"ﬁ%‘q{a@% habgﬁé%%?eﬁ! g],e!% gélnzé indenyl)
z@oé%nﬁ@&ﬁ% iga- t hi apent al ene) (2- net hyl -

enzo-1n enyl) zi rconi undi chl ori de,
A ( mmmhyl%mapamam)(@qm)emﬂmﬁ—bynzmndenyl)

znr?:ogﬁl%glchlgngnyl )
A-bis(2-methyl-4-azapentalene)zirconiumdichloride,
A-bis(2-methyl-N-phenyl-4-azapentalene) zirconiumdichloride,
A-bis(2-methyl-4-thiapentalene)zirconiumdichloride.

A is Dipropylsilanediyl, Dibutylsilanediyl, Dipentylsilanediyl,
Dihexylsilanediyl, Diheptylsilanediyl, Dioctylsilanediyi, Dinonyisilanediyl,
Didecylsilanediyl, Diundecylsilanediyl, Didodecylsilanediyl, Dipropylgermanediyl,
Dibutylgermanediyl, Dipentylgermanediyl, Dihexylgermanediyi,
Diheptylgermanediyl, Dioctylgermanediyl, Dinonylgermanediyl,
Didecylgermanediyl, Diundecylgermanediyl or Didodecylgermanediyl,
Hexyl(methyl)germanediyl, Butyl(methyl)silanediyl, Butyl(ethyl)silanediyl,
Butyl(propyl)silanediyl, Pentyl(methyl)silanediyl, Pentyl(ethyl)silanediyl,
Pentyl(propyl)silanediyl, Hexyl(methyl)silanediyl, Hexyl(ethyl)silanediyl or
Hexyl(propyl)sitanediyl, such that the list of bridge elements A is to be understood

in such a way that the naming of the substituents on the bridge atom is meant also
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zi rconi undi chl ori de,
A- (2- et hyl - 4- oxapent al ene) ( 2- net hyl -
5-benzo-indenyl) zirconiundi chloride,
A- (2- met hyl - 5- oxapent al ene) ( 2- net hyl -
5-benzo-indenyl) zirconiundichloride,
A- (2- et hyl - 6- oxapent al ene) ( 2- net hyl - 4,
toSnblede &llistdetyrk) isomiers asitiwag rctiegriere, explicitly named. For

e)grgﬁé(éqﬂgig%neg_yg @ﬁ@lpgn%logg?dzhba Iﬁﬁy u%msﬂaneglyl di(sec-
b&ggﬁfﬂ?ﬂeﬁﬂ ecgﬁgbﬁ—rﬂ sﬂaﬁe@ltyﬁ Of mTRILRY ofthieBe structural isomers.

ent al I rconil rmllch oride. Als
SibnifariypiHesnaraimgdifydipemylsiayediyl asm mo}udes for example,

dlg)ﬁg)rﬂ%‘qt 's%l%ﬁ%%y%)f thatg@l(gqﬁ()ﬁ ﬁ? Ih gpﬁﬁmsnlanedlyl also includes, for
eﬁ:ﬁ;@l@}’bﬁdléﬁ’é}éiﬂthiféth}ll )dapieamwd.si | anediyl,

Di undecyl si | anedi D do ecyl Sil aned| yl,

Di pr bips pgancutaﬁlycnrﬁferredjnmtﬁ Aicg mm@lfqﬂene compounds of the

fognﬂ%%tﬁ e@%ﬁ%&% bro@l%@ﬁgbgg{[ﬂngrﬁsgfy)qllanedlyl Di-n-

p@\tw@naﬁ@wlnai(eyabmbentyl;mmmelbhmmedylgl|aned |yI

Di undec er manedi er
CYERhPTIERSDY S Bnaahb P SRSy b ERg AR AN ey methy)
silgme et hyl )silanediyl, Butyl (propyl)silanediyl,
py‘l'(mst hyl ) si | anedi yI , Pentyl (ethyl)sil anedi yI :
Pent Ahgtheopljertof theddvertionHsayliganet systgraivwitinie fprmula LS or its

| (et.hyl )silanediyl or Hexyl (propyl)silanediyl,

d‘gﬁﬁ%'bgjﬁgt'gqﬁ%rq ist of bridge elements Ais to be

understood in such a way that the nam ng of the

substituents on the bridge atomis neant also '26 to

include all structural isomers ag4thoRgh they were

explicitly named. For exanple, dibutyl sigéanediyl

si mul t aneousl y includes di (n-Jdaut) apedi yl, di(sec-

butyl)silanediyl, di(tert-butyl)s L.yl, or

m xtures of these structural isoners.]. Sitil arly, the

nam ng of di pentylsilanediyl alsg |ndR%des for

exanpl e, di(cyclopentyl)siIaﬁediyl or the nam ng of

hexyl (et hyl ) si | anedi yl §+so | nchudes, for exanple

cycl ohexyl (nmet hyl ) si | anedi he oarglcularly

preferred units A of the net ags‘-Rbonpounds of the

formulas la - 1d are Di -RE€propyl Skl anediyl,

Di -n-butylsilanediyl, Di-n- g5 R*

(Formula LS)
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pentyl silanediyl, Di(cyclopentyl)silanediyl,
Di - n- hexyl sil anediyl, Cycl ohexyl (nethyl)sil anediyl,
(n-butyl) (et hyl)silanediyl and (n-hexyl) (nethyl)
sil anediyl. Another object of the invention is a
l'igand systemwith the formula LS or its doubl e-bond
isomers, R4 RS R6 R3 RS R7T R8, Rs R7, | R3, R8.
in RhichiRthe ydriatied R ar8)defin@d dsnindbimohlas Ha -vid, iirdiudisg fhepeeferred
defined as in forrmulas la - 1d, including the
erpbedime™Y  ermbodi ments. Instead of the preferred pure
chi rlagte%'oq*gﬁ&gréfeﬁ-&a GuPE CRESUSHIRABEEMIBE Béd i aGemic
conmpounds of fornulas la - Id, mxtures of the
metailabéne compounds bHiamnudas 1a- 1d1midueestofdhe metallocenes of

o GUE R T B3 55 SoPbnRaRIR TSR SR BFEp B locbes may
bePlsERrPtheYatalfstt freph &Hoa! IH@kéver, they srepacgisncofithe idnserically

especially preferred for the use of netal |l ocenes in
puragacepiofaemiiy asperialbf pefered fortthe usstal spetallocenes in the

oAU TS, BABCRREEEFRAN, SPCTRe colietSoifito moso
fofrh seagpiotalkckundesieéd atzutierpatygropyiens (tRRIYr Shedsomerically pure”
mean a rac:neso ratio of greater than 5;1 pref ralgoj_
ragemig farg4s unggrsioodn means RGREsefalg of digaterhan 5 greferably
Lefer Al ' i
o e G LiRR (E1ced BP0, 1 P (HESBRIALTo st 201
AS pseditersit tHe teamd rademic? (on “‘tac’} sicludesl ‘pdegdoracemic” (or

o BIHRTPE% ind BSAPASAT AGEILS JBInl530! PSeudomeso

rac/pseudoracemic isomer meso/pseudomeso isomer

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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RA RS R4RSRREBRS RBR3IRIT RT RBRa Rs MRR2 R
MR R RS. R8B- R7PR7 R3, R3, R6. RB" R5 Ra Ra
Rs The present invention also includes a process for
producing the transition- nmetal conpounds of the
i nvention. An object of the invention is thus a
process for produci ng conpounds of fornulas la- 1d
'28 ROL1L2 MLR1R2 gFornuIa la) M R R 3 RR38 RO
MIRIR2 ARL'BTM'R®* R6. 1

(Formula 1a)

(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 compound of formula 2:

RB
RT
R3
RG
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'2R*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 (a) with R**R*'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
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R5' R4 (Formulas 1 b - 1d) in which the variables L,
R and ML have the neani ng specified above, including
the preferred enbodi nents, conprising the steps of:

a) Deprotonation of the conmpound of forrmula 2: R8 RY
R3 R6 5 R4 (Fornmula 2) with a base, in which R3, R4,
R5, R6, R7, and RB have the neaning specified above.
b) |If Reanss hdlegeratmgpidfaBbiRdtoring dremifics  or Radine, or
and R41 have the neanin specj fied abogve, then the

7 urt heRNORBIRAv NG0B BEdR Y e, ‘R AT BRoV RS,
deprotonated conpound fromstep (a) with RAORAIML2X2
to formthe conmpound of formula 3 or formula 4,
depending on the quantitative proportiqggs udkd, where
R40, R41, and ML2 have the neanings spetifigd #ove,
and X may be the sane or different ap
hal ogen atom pr ﬁé?'api Lo SRl Orine, brom e~
or another leav : R preferably trjfla
tosylate, orfr 4 R5 R6 3 Q\,,C

ML2R4OR4L | R7 ' R 40 R 4T M
R

Y

(Formuia 3) (Formula 4)

¢) Inthe production of chlorosilane indenes or chlorogermane indenes of

formula 3, these are reacted with a metal-indene compound of formula 5

(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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RS R4 RRT 30RR R4 R5 (Fornula 3) (Formula 4) c)
In the production of chlorosilane indenes or

chl oroger mane indenes of fornula 3, these are reacted
with a netal -i ndene conpound of formula 5 R6. 'V R7
R3, R6, OR5, Ra (Fornmula 5) in which Mstands for
Li, Na, or K, and R3', R4, R5', R6' , Rr, and R8
have the meanings specified @gbovr’ to obtain the
conpound of forrmula 6. "30 RA\R5 R6 8\ R3 R7 RB

RAOR41 M2 R8' R7 ~ R3, O
RB

(Formula 6)

d) Reaction of the compound of formula 4 or 6 with a base and addition of
M'Cl,, 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'-fert-
butylphenyl)indene in an inert solvent, which consists of one or more aromatic or
aliphatic hydrocarbons and/or one or more polar, aprotic solvents, is deprotonated
with a strong base, for example, n-butyllithium. The deprotonation is carried out at
- temperatures of —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 formuia 3
are reacted in step (¢c) with a metal-indenyl compound of formula 5. In the
following step (d), the bis(indenyl)silanes of formula 4 or 6 are doubly deprotonated
with a strong base, such as n-butyliithium, 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 ta - 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"
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R4, R5' (Fornula 6) d) Reaction of the conpound of

formula 4 or 6 with a base and addition of MLCI4, in

which ML stands for zirconium titanium or hafnium

to formthe conpound of fornulas la - 1d. In step

(a), the conpound of formula 2, for exanple,

2-nmethyl -7-(4'-tert- butyl phenyl)indene in an inert
respéotmedy, thd indtalomesis tse afolated from the esamtiommoikture with rac:meso

raglg% g? S%éé@h@{]r?égg F’%ﬁ(‘?}%ﬁf %{e%ﬁg&ﬁ%n %\r,\] {)Tﬁarf erag)wr (gfi%t 'ﬁ%%te'], 0:1,
mbRY ?%ﬂ% Bf af e &t ¥8: 1 idrndl MBSt JrldferfRPbPAOBASH ZUN1 ithout any

car t at tenperatures of -70C to 80C, and
fughef mcabego 8€paratio0Giepthe resulting netal salt is

t hen.reacted di.rect Wi fur. f ol j [ .

St op T8 PRNLICEH fedtr'et 8 bty Rl e pBBss bscrived
h&r8iASB0RIet RatoRPsiRbm hating d eivturgotisomess of the compounds

Preferential production of the compound of formula 3

specifiedeharsindtaring 8racemiAPPSEUSRRGRIMICIe fesaer pseudomeso

' ] t ; Ltadl j :

w%iahfga:nﬁﬁq? é;r%étegpwzarﬁ%gc 'é'd Eﬂftéﬁ K&s@é&?ﬁ%&i\%ﬁﬁ%s&ﬁg&ﬂ% Rdss than
16%toﬁFthéd ﬁﬂ)ﬁnlsqé) agcgmmh%mz@fl Tbie erhes 'fa:cs él.cymthéﬁlézed"cdrl“ag/ip@ared“

ste . the bis(indeny|)sil anes .o or nu 4 ar .
oSOy TRIGEAOG P BREHA 45 {55 5163 (105 FpERAciog gaktuie without
alﬂf Qitiellbh$&H8ratich Bf‘ralc%ﬁ’ﬁ{: or E%S&‘&ac&ﬁﬁ&ﬁoﬁf&@ fdh$ nidso or

ne” or nore aromatic or aliphatic hydrocarbons and/or

pssudonmesoisemprd. af his dgatore providesya stgnificant advantage in obviating

bislithiymsalt formed,in this way is. reacted. .wthout
theQGEsTPbHTE GANSUEYNG B EXPRNENe FEBaERIoR Of r3f an fhegd [spmers to
otggfhaé Buitdiffe e8tpnd of fornula la - 1d. The

eprotonation I's carried out at tenperatures of -70C
to doche folpwing tiagaaimg 1 ael Rotreoiadivivkis stansefdhe precess of the

._nature of the.bridge.R9 and i :
inpaAcier bty et RS GR rRleed apli e SRR 1 1 are shown
oricR28ddiR forthi lekafphé bhapRéfeiticembadintnt o
pseudo-rac: meso ratios of greater than 5:1 preferably
Diggram 1 east 10:1, nore preferred of at |east 15:1 and
nost preferred of at |east 20:1 without any further
rac: meso separation steps. That is, a significant
feature of the invention is that the process descri bed
herei n provides a conposition having a m xture of
i somers of the conmpounds specified herein having a
racem c or pseudoracem c to nmeso or pseudoneso
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wei ght ratio of greater than 5:1 (i.e., the neso or
pseudoneso i sonmer is less than 16% of the m xture) as
synt hesi zed. The terns "as synthesi zed" or "as
prepared” as used herein refer to the material as
isolated fromthe reaction mxture w thout any
subsequent separation of racem c or pseudoracemc

i sonmers fromnmeso or pseudoneso isoners. T feature

provi des a significant advantage ™ obvi ating_ the
eed for tinme consumg and expensive separatipn of
obtai n § i tabl e al yst
5 1 and 2 ndi vildua
i nve for e@' Si-RO
nds of f ot la - 'ilﬁ;
canpl e—ef—a——pref err edsi—~——_
» i . h- BuLTootT®iFuol , ki YHE i
2. (C4H9)ZS| C12, Tol uol C'q@;ﬁ“ step a, \
1. n-BuLi, Toluol, THE SS

ZrC¥% step d ac / nmeso
>12 /1 ' 3%M8gram2 1. n-BuLi, T8PSol, - BuLi,

Toluol, THE THE Si(n-Hexyl)2 (n- Fbxyl)28| a2 2
(R<Hexyl )2SiC12 2. zrd 4

> =
D @

1. n-BuLi, Toluol, THF

I'C|2
O \ﬂ_ 2. ZrCly i
step d P

rac { meso
>12 11
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step a, b stepdrac/ nmeso > 20/ 1 In addition, the
present invention relates to a catal yst system
conprising at |east one conpound of fornmulas la - 1d
and at | east one cocatal yst. A suitable cocatal yst
conmponent whi ch may be present according to the
present invention in the catal yst system conprises at
Diageesh 2o0ne conmpound of the type of an al um noxane, a
Lewi s acid or an ionic conmpound which reacts with a
netal | ocene to convert e latter into a cationic
conpound. As al um noxane, preference is givento
a compound of the for 7. (RA-Op (Formulapx
Sh)s! noxanes may be for exanple, cyclic as in 4
R g 8) 034 or |inear 3gsd
I a 9 I32 ﬁFlRm'}'&i : P R B Tolupior nfil. a 2870
of ~¥he cluster type as in fgnnuig 1 18F as desenihgs M,
it erramemgsic,cf . FACS 117 (219,9@ 6465- 74
jetal lics 13 (19 7957-2969. /R R-A c O-

stepa, b stepd

rac/ meso
> 2011

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 7.

(R-AI-O),
(Formula 7)

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

{ '
r —
I_O Al

p— p+2

(Formula 8)
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AlI~-RI A 1-0 0 AI-R "A (Formula 10) The radicals Rin
the formulas (7), (8), (9) and (10) can be identica
or different and are each a C, -C20 group such as an
al kyl group of from1 to about 6 carbon atons, an
aryl group of from6 to about 18 carbon atons, benzyl
or hydrogen and p is an integer from2 to 50,
omineematim yorudaB10 to 35. Peferably, the radicals R
are identical and are nethyl, isobutyl, n-butyl,
phenyl or benzyl, particularly preferably nethyl. If
the radicals R are different, they are preferably
nmet hyl and hydrogen, nethyl and i obutyl or nethyl
and n-butyl, mﬁth hydr ogen, i sobut or n-but

I
pr ef er abl R bei ng present |nRa prop rtlonaol/f(f%/omo 01
to 40% (nunb of radicalls | R). 03§ The m noxane

can be preparedAiln— amays-® | met hods. One
of the nethods conprises |the reactijon of an\
al um num hydr ocar bon conpound and/or a R

hydri doal um num hydr ocar bﬁ-_rb nd W th water, which
may be gaseous, solid, ul bound as water of
cryst allization, in an inert soI vent such as tol uene.

[epare an aI um noxane havi ng different al
@‘ﬁag chisteriype gsiin doranila il ap eer W@eehﬁtﬁ@ture cf. JACS
+AI R 3) 1 PR{1d5)BUBN4! O nc#aanegq 29D4y; 129592 oetd
reactlwfe(gre reacf{]gd vvqugﬁ[%J ! f’sc( gg F
Pasynki ew cz, Pol yhedron 9 (1990) 429 and EP-A-0 302
424. Regardl ess of the nethod of preparation, all
al um noxane solutions have in comon a variable
content of unreacted al um num skartl ng conpound whi ch
is present in free form Q,r_af,, “an adduct. Furthernore,
SN R B el oL Eerte 1o use modi 11 ed
al um noxanes in whi cth h Elbon radi cal s or
| aced by al koxy,
pLgoed by al koxy

hydr ogen atons have b0 pdrtd 4
aryl oxy, siloxy or
N i

(Formula 10}

The radicals R in the formulas (7), (8), (9) and (10) can be identical or different and
are each a Cq -Cyp group such as an alky] group of from 1 to about 6 carbon atoms,
an aryl group of from 6 to about 18 carbon atoms, benzy! 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).

35



am de radicals. The amounts of al um noxane and

nmet al | ocene used in the preparation of the supported

catal yst system can be varied within a w de range.

However, it has been found to be advantageous to use

the netal |l ocene conpound of fornmulas la - 1d and the

al um noxane conpounds in such anobunts that the atomc

r at i Theohlurdihowaneucard beprépered|in varionaways @mlmmdsmtethods One

ofithE emRINPaRGEMPIISRS Ui FEAC0n G N BB BT AT o wahpoppRund
a%gr %@191:] grﬂlﬁhrﬁﬂg'd‘ré“éﬁrﬁén anfp‘?o@mH Qﬂﬂﬁvéfé?n%vﬁl&h]mé? be

e case [ al um noxane, pr ef erence
gawognsvemildt quULdl mgnwndswwster@ﬁ grystalblaime insan ingrbsrlvent such

e 5 SeShc RGO O B A o
dlﬁ@fé?\‘? Hﬂﬂﬁylé’lﬁnﬁﬁlﬁn& QARY BAIRL) cWPrsépanding fie tiraitiesifed composition

wher e is an el enment of Group 13 of the Periodic
anlthtﬂa@tlmlty Becieaates with watet ich U drasyBkienyicz Patyhedron 9 (1990) 429

X1, X2 and X3 are the sanme or
arngﬁaé&@b% 2aﬁ%&)each are a hydrogen atom an al kyl
gr oURe@ardigserof tné enethod of afépmaﬂmn aﬂitajumjnuxanarsﬂlunons have in
group of from®6 to about 15 K carhon atons,

cofpiyioa) & yarata ceaiepy of HWG}@&F%@W'B%@*%‘Wr?é’f@@/%ﬂdywmh 'S
prégegﬁﬁf /p %cﬂta&ﬂﬁn bﬂdf,l@te al kyl radical and from 6-20
in

on 'a aryl radical or fluorine,
chl oIFuuﬂmm’mrenma’eadrofltbel iaheminBxahe co&nboendsrplf the fopmulas 7, 8, 9

ol 12 Rpasiano EE ke B sh R LR b aror

|
raﬁfcé%gf@écﬁbﬂé? lfsl?orﬁl.? ﬁgyfé bue%fioﬁghrg% géﬁ:flé’déd By alkidxy, aryloxy, siloxy or

amisiet radidats. ophenyl pent af | uor ophenyl ,
3 4 -triflu

di (t he @Wgﬁsegﬁ{x) yﬁrh%e argf gvfeégiloggnﬁ el{ﬁed in, Ehe greegaratlon of the

sup) Ipdﬂﬁbmdté!}/%ﬁtéfﬁ]cahrb@ﬁéwécﬁbvﬁmmWude range. However, it has been
i1 sobutylal um num tributylal um nu

fountl fto berastyantageousito pserthe mﬁtall@cener wmound of formulas 1a - 1d

arl|4 H‘;ﬁ%lﬁ M%n‘@ﬁ@?"b’t n@l(s)?t{gzg ShRRARE SR A6 of

altfdigdrd fron® the aruhuﬁémi@wmbbonmm thier trar(gitiont metal from the
fl uorophenyl )borane, tris(talyl)b

mptallgpgngcg[rw@yﬁgus t;]«,téﬁ,ﬂapgg,fm 10t1: ¥°s%%0051 preferably from 20:1 to

5@@‘] 7 (RRRARIAAR S ﬁ@@freh 86150 400:1. In the case of

ropheny
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', X2and X® are the same 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 10
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Particul ar preference is given to

tris(pentafluorophenyl)borane. As ionic cocatalysts,

preference is given to using conpounds which contain

a non-coordi nati ng ani on such as

t et raki s(pent afl uorophenyl ) borate, tetraphenyl borate,

SbF5 , CF3SG8 or Cl104. Suitable counterions are either
cdrbvh sitoras il tier alkylaedicabdhd o624 carbon AtorBs dr ths aryl radical or

Ok i e el B B TSI o
m%_ﬂ"we tpﬂbpﬂ‘h |s|€|>P L}P%W%Mﬁﬂuo@nﬁithw BASROIAtEY groups such as

phenyl anmoni um
am| bk Halnatyhjxlkaphbnwl tolyl, bemzwfrgtqqnsamffbmr@@nenyl 3,5-difluorophenyl,

p@fﬁ%ﬁ@lgé}pﬁw@lx{; |pgTaff1ﬁB ﬁ )gdﬁrlﬁ?n"?mx&@phenyi and 3,5-

d'ﬁ['hﬁm&h éﬂﬂ hylaniliniumor p-nitro- N,
dinethylanilinium Suitable Lew s-acid cat| ons are

cati Brﬁeroed Lewis agids pge irimethyladumoip, tetkpalupipv) o

tri é%) Mﬁgﬁqﬁtﬁfst@ytsﬁéﬁﬂﬁmmo{r f@opd%? lgl ttggﬂénﬂf)oﬁajr?]igr ;[/ns(4-

fldggpg«?mjbwr@ﬂf@rtﬂe(al &dﬁmnfoﬂeﬁyl beracae lem4a| kyI C6-
) ar

o eIP T IPORe. s R, B INsroP AR ArANe S BRRE-
ﬂ&ogrgpﬁgﬂlmﬁ%‘#aﬁ FI%(‘JEme&%nEa{rEﬁP m@gww gbhtehﬁl)@éﬂénb tris(3, 5-

cyc groups o abou

d|?a®|implileay1¢ffanmndbmay (3,4, 5-trifluobeptreryl)kgtanegr oups of
rom.1 to abo 10 carbon ato a bst.i t t
e opanicalst Reslprenes gL LurSTeta b aPheugRrEte

at o
o "Rs (l)cj;’l{lér’rg%%‘tg%ﬁ‘ gf%fglf[)%ﬁdegﬁ‘IQEVégﬁtoﬂtn%tng@gE:Bﬁ’?rogfr}]ég?vhlch contain
=]

a |n9namardmatﬁg afiicorsL@htas ’@t!@h@(lﬁﬁlﬂaﬂlﬂ@@p ay)hasatene

B N A N e

adid OF BsendtbaPAgaatigh beni um oxoni um cati ons,
sul fonium cations such as tetrahydrothi ophenl um

phos phm Breepatddoacids, ixsitieigat prederiepcs o glyepiP l;pﬁg)?tonated amine

oL ShTRSREIGAEISRL R, A B LSP IO neadbhi,

diéiﬂwﬁhnmiurﬁnwaﬁdtﬁymmam dipnmeh;ar,ahiraoniuaerﬂ Mrdiosathylanilinium,

trimethylammonium, triethylammonium, tri-n-butylammonium,

methyldiphenylammonium, pyridinium, p-bromo-N,N-dimethylanilinium or p- nltro-
N,N-dimethylanilinium,

Suitable Lewis-acid cations are cations of the formula 12

[(Y3hYQ1Qz...Q.]"  (Formula 12)

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

Q; to Q, are singly negatively charged groups such as C4-Cos-alkyl, Ce-
Cqs-aryl, alkylaryl, arylalkyl, haloalkyl, haloaryl each having from 6 o 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 alkyl

groups of from 1 to about 10 carbon atoms as substitutents, halogen, alkoxy
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Preferred ionic conpounds which can be used according
to the present invention include: triethyl a mmo n
i unetra (p henyl) b o rate,
tributyl amoni unt etra(phenyl) borate, trinethylamon
iu netra(tolyl)borate,

tributylamoniuntetra(tol yl)borate

grbupdof froantran8 chedoredtpers, ahyloxpgupipsrofifidie 640el5 carbon atoms,
gtributyl %mni unt et ra( pent af | uor ophenyl ) al um nat e,
S'M‘i”di”@%iﬂ SePS-unt et ra(d i net hyl phenyl ) borat e,

tribut gligmbgg ﬁb,lina{_B[i f1 wuoronet hyl phenyl ) bor at e,
tributylammonitntetra(4-fl uorophenyl)borate, N,
N- di ez lis/&o yiegeeigmadhicdiandt et r aki s( pent af | uor ophenyl

bor at e, . )
WM & fisomsenands fathasifferense sk Ryt sbis aiaer anRLagya o
orate phrurpauisbrRYstibRs e ehrnilingtibhe satie as

N, N-di et hyl ani |'i ni unt etra(phenyl ) borate, N,

triphenytearkhe nigm, | Oxenim cations. Sufentua caiRsHPHINAS bor at e,

: i b L1on _
RSN, LA ISR S LR o
tripﬁéﬁ%h&?ﬁﬁ?&ﬂiphedﬁ%ﬂsﬂh@gwm,aantbalso cationic transition metal
I u uor.ophen 0 , . .
cqmm@mw%e%ﬁmﬂi%@ti? ﬁﬂé'\(/tb%én{/’%ﬁg‘@w@rfocemum cation.

fj Ir Lﬁ%%g%%g@@%ﬁﬁdﬁ%@dr%hﬁm+ %JE%(? g%:gc?rdi‘r@to the present

inventiomehblpdphenyl ) phosphoni unt et r aki s( phenyl ) bor at e,

tri(d inethyl

t“ﬁ@ﬁfﬂ"}‘%ﬁﬂ%ﬁ@ﬁ?(ﬁhe&ypgﬂfﬁ%phenyI ) bor at e,

. ' ' fl h I
"'BHYEI?E’E%WQ%KMQP%@’(pema uor ophenyl ) bor at e,

trry carben’i u etraki s(pent afl uorop henyl)a
trimethylammteniumtatraltodyl)docalebeni  unt et r aki s(phenyl)alu m

i lmon i BEENRUREHEEL 2L ontof v onenyi )51 5
trib§lePamoniumtetra(pentafluorophenylyborate,
tributylammoniumtetra(pentafiuorophenyl) aluminate,
tripropylammoniumtetra(dimethylphenyl)borate,
tributylammoniumtetra(trifluoromethylphenyl)borate,
tributylammoniumtetra(4-fluorophenyl)borate,
N,N-dimethylcyclohexylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylbenzylammoniumtetrakis(pentafluorophenyh)borate
N,N-dimethylaniliniumtetra(phenyl)borate,
N,N-diethylaniliniumtetra{phenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)aluminate,
di(propyllammoniumtetrakis(pentafluorophenyl)borate,
di(cyclohexyl)ammoniumtetrakist(pentafluorophenyl)borate,
triphenylphosphoniumtetrakis(phenyl)borate,
triethylphosphoniumtetrakis(phenyl)borate,
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Preference is given to

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate,
N, N- di net hyl cycl ohexyl ammoni unt et r aki s( pent af | uor ophen
yl)borate or N, N d inmethyl benzylamon iu

nt etraki s(pentafl uorop henyl)borate. It is also
possible to use m xtures of all of the above and bel ow

dlﬁhemy[phwthertB’uralkw(pfnml)bomunds Preferred
GBI ey DR QSRR TGS DRIt ol yot
d
R o e e Gt e canya 1 d

tnphé’nyleardbenrmmﬂe;rlak's(pe}‘&tdﬂwm‘aphemd)bmmeabor ane,

trspB o a0 ﬁpﬁﬁfﬁgnta&mrop é::%ﬂ)ba lTr%Inn% é) rane,
tnsﬁéﬁ‘hwﬂeﬁm&eﬁbkmgpqer%dmﬁha@ndecabor ate,

4- car banonabor ane( 14

fetrpgenlun(tetualysmﬁﬁmehﬂjw@b@r@te@ndlor

iSRG 2020

un) dederente ivgivenhotriitanylcarbeniumtetrakis(pentafluorophenyl) borate,
tri(butyl)anmmoni um 1-car badecabor at e,

NN-dinpethyicyelrhiexylammoniymielrid(pentaiarephenyl)borate or N,N-
ditfelth e R el dRbliibBphghydorate. | 4o 1

3- dl It a;rddsm\ poabibleatioa)seoipddtar@sadfidill 9f the above and below mentioned
tri(

cqs'iogc é@)aﬁwwv@[% Pectered mixiigs copwisedainoxaees angl an
10n|c%;gdwtan8forlael‘l\é\ﬁls%lcﬁs or ionic conpounds having

Lew s 039 Broensted-acid cations is
pr ef@thath lugeful cocdlalyst copooenis\arkdikewjseph@hive dislcartfarane

1 to 10 equival ents, based on the netall ocene
COEW&H}?OS 3%e formulas la - 1d. Conbinations of at
7, g%rbggﬁdé@ydﬁa g)wi th binetallic conpounds of the

'type R-17M3(-O M3R 1a)v or R laMs(-O-Ms 17 ~ R )"

Ur(de@ﬁhwrai&Z)S dimethylst Bidierrbrangeeahnran@ppl i cati on WO
oﬁ agd ‘Eapr n|y| lfes"\ﬁ%grba%?: Bglt}}neas cocatal yst

trl(butyl)ammonlumun decahydrido-8-ethyl-7,9-dicarbaundecaborate,

4-carbanonaborane(14),

bis(tri(butyl)ammonium)nonaborate,

bis(tri(butyl)ammonium)undecaborate,
bis(tri(butylJammonium)dodecaborate,
bis(tri(butylJammonium)decachlorodecaborate,

t‘ri(b utyllammonium-1-carbadecaborate,
tri(butyl)ammonium-1-carbadodecaborate,
tri(butyl)ammonium-1-trimethylsilyl-1-carbadecaborate,
tri(buyl)ammoniumbis(nonahydrido-1, 3-dicarbanonaborato)cobaltate(lHl),
tri(butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborato)ferrate(lli).

The amount of Lewis acids or ionic compounds having Lewis—acid or
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In this regard, R17 and R18 are the sane or different

and represent a hydrogen atom a hal ogen atom a

Cl- C40 carbon-containing group, especially an alkyl

group of from1l to about 20 carbon atons, hal oal kyl of

from1l to about 20 carbon atons, al koxy of from1l to

about 10 carbon atons, aryl of from6 to about 20
Broanhbied-adid eationwisgaeidrablly ffonot Hia 20 ehoiraledds, qaetesably from 1

oAby Sl 0 b gy AR OHATBe o 10
hal 5 bﬁa'ﬁ?h? ofht Ifeé@f‘bﬂe L@wi%b@ége Wih %%@@ﬂlc&i&ﬁﬁounds of the

al ky rom / g 470 car bon at ons,

tymR%ME(y«OdV@/R; %4 of Rd?wlai( @dvl RO (famnldaﬂ@dm%dewbemm Patent

UENTE IS E ) SN P

neanh ikisdegat’ R'Mand R'¢ bre #Rn®Earae ofidiffeternandirspresent a
represents an element of main group Il of the

hydeegerdatom, gbhalogen @temeatG-Cio, ca]rboraﬁ.gntalr@ag QreuR fspecially an
f wh , d

alléyg{%cﬁuq SP%Smnfg&)%lg?lﬂ 020(1;%%@?2@% g hél{)ﬁlnkl gt ﬂ’omsl {%bout 20

ca@@tﬁp@m a)FEO)IyCmﬂftdrﬂSl tbﬂéboimdo(cﬁ)‘borR\atomé,aarle)ﬂfVom 6 to about

B-O-A-OB\ Al - O B-
2(Reaybra @teMBS, naloanhef kot 1o ARORIZD REPENABTS,ABION of from 6 to

at{@g?br&r&?‘n 2o % dyrﬁ?l)l@ﬁ@f’ﬁom’:ﬂf G{Qfoec?rﬁeﬁ%%‘{ﬂgshaloarylalkyl

are generai’l e regar as preferred are
of fifops & tbmbmmbycaﬂimw amms iatylary| oft froraasto abreutddngasban atoms,

ororfalcﬁé)lliﬂg}y St frotn PRIL86u A carbon atoms. R may also be an —OSiR*';
group, in which the R®' groups are the same or different and have the same
meaning as R"7,

M3 is the same or different and represents an element of main group Il of
the periodic table of elements,

i, j, and v each stands for a whole number 0, 1, or 2, and i +j + vis not
equal to 0.

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

R R' 17
/R
B O A—O B
Rﬁ’ \R17
(A)
R17 1
R18 /R 8
Al O B O Al
R1'é_ R18
(B)



and/or (E) with at |east one conpound of formula (F).
Rf 17B- (DR27)g (C) R217B-D-BR172 (D) R17 1 O_BO
R17-' BOBR17 (E) R18 1 RIR1s h (F) in which R27 may
be a hydrogen atomor a boron-free Cl-C40

car bon-cont ai ni ng group, such as an alkyl of froml
to about 20 carbon atons, aryl of from6 to about 20
carbon atons, aryl aI kyl of from7 to about 40 carbon
ato and Ik laryl of from7 to about 40 carbon

whares . agd R’ r'i‘a\Kﬁlﬂa% SRNE MRABINGARSRERNRLAROVE e ani ng as
S pe‘iﬂrﬂh%?r&ﬁf?}bgm n?is"’lﬁateér% rQl ly f@dé‘r@a@r 4&d ¥k ppéferred are

the perro ement group,
tha%tefoem@ﬂby theaehytibrogieat laastirore cmmum of fwmu{asa@candlor (D)

41 as al k om about 20 carbon
)wtﬂaqtﬁa forﬁ%:}W%o'leJQ{)%dpu carbon atons, f

|s a whol e nunber fromO to 3, g is a whol e nunber
from0t03vvith2+yno7 %too, and his a
whol e nunber from!| to 1R BFa'éR dgret al (G conpounds of
formula 13 are possibly conbined with an
organonetal i c conmpound of forrmula 14, i.e.,
[ MIR19g] k, in which M iR arpeBRMNt @b)main Goup |,
[1, or I'll of the periodic table of the elenments, R19
is the sane or

R17

R18

Al

~
R1s/ R

¥)

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 alkylaryl
of from 7 to about 40 carbon atoms, and in which R, R"™®  have the same
meaning as specified above,

D is an element of main Group VI of the periodic table of elements or an NR”

group, where R®' is a hydrogen atom or a C1-Czo hydrocarbon group, such
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different and represents a hydrogen atom a hal ogen
atom a Cl-C40 carbon- containing group, an al kyl
group of from1l to about 20 carbon atons, an aryl
group of fromabout 6 to about 40 carbon atons,
arylal kyl of from7 to about 40 carbon atons, and
al kylaryl of from?7 to about 40 carbon atons, g is a
whol s alipitasfifrdm drto aboub 28 casnsh &tdnss ar atybbefranmhér about 20
from1l to 4. The organonetal lic conpounds of fornula
14 30PN 8fAP®bl y neutral Lewis acids, in which M
f|§ta%ﬁélefrfffm5értfmrﬁr@to@gnes' um and/ or aI um num
ecl al 'um num Exanpl es of preferred
g rsr@mhoitemahbecfrommtmadﬂﬂ‘oz +yonehgqual fo Grand

n 59 Pl BPR! LI 67 hexyl al uim num

tri oply bmhétmna ¢ pdunds-dp by ah Uisi drérpossubly comblned with an
tri-n-propylalumnum triisoprene alynm num

t hyl
organemetaticerropaund pfiermatla Mmﬁn IMercﬂk d WilléCh M¥is ah element

ofg"géaﬁo(?laﬁ)ﬁlor ﬁdtgrml lgcéir ?rﬁ%ﬁ%f&l 13 it thg%'i;ﬂ'f%nt@' RM BUAL same or

um num sesqul

difierapt Bt répredentsna hydifogéﬁ atalnumhalmgmydtunqea C1-Cao carbon-
di i sopropyl al um num hydride, . di net

ccmtafmnglgfpum arafkyl giqumfcfgam TderRRAW |2¥3aqq5h?n gtoms, an aryl group
ofgégﬁ{l gpﬁbpg Ltc? l?/ﬁ)%é(f g%fbog%%ﬂ Q'ﬁ?kyl of fro 7 to about 40 carbon

uor op e_n o-to e cat al yst
atemst and alkyldrgl mfrfvcant'ri tmrallmrm@l carban abmrga,mpiso‘a wdiolerhunner from
ound, which con s unlts of formula 13, as the

1 E%%'aﬁ"%q lods %éﬂh%e Ql:’m rogh%ﬁ? conpound. Conpounds
of fﬂfé@*g%n%%étﬁl#l%bﬁ{b%&to?ﬂS’rﬁ'lLfIQr1 4bsre Prefirably neutral Lewis

al um num are preterred he conpounds that contain
aciahs, tis wiiicH b rstareds1fer titjurbemagnesism, ans/eralgminum oespesially

eSSBS0 bR TRl g 14 re
tnﬁ@(hy%l%%lﬁt%”‘tr@t élilm:nhll‘nl s Spropylalirgingm, Qﬁhi@)tyﬂ‘éitm'mmﬂn
anong t hensel Vesuy{ai ew s aci d- base i nteracti ons.
¢

tripetytaduminying do=t-b ramtyn,atclrwéowlaiﬁmmmc r&ﬂ%@fﬂﬁé&lmmum
dngn%ﬁy?@’I)orﬁ%utgnomgp%rc%fg%, &@Tﬁﬁ%ﬁon&mgﬁdg cﬁggbﬁtyilgf&mmum
monochloride, methy! aluminum sesquichloride, ethyl aluminum sesquichloride,
dimethyl aluminum hydride, aluminum hydride, diisopropyl aluminum hydride,
dimethyl aluminum(irimethylsiloxide), 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
present as monomers or as linear, cyclic, or cage-like oligomers. Two or more
chemical compounds that contain units of formula 13 may also form dimers,
trimers, or higher combinations among themselves by Lewis acid-base
interactions.
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(formula 15) R 100 R 200 R 100 B -0 -Al-0 -B R 100 R
100 (formula 16) in which RLO0 and R200 have the sane
nmeani ng as the substituents RL7 and R18 in fornula
13. Exanples of the cocatalytically active conpounds
of forrmulas 15 and 16 are :4c: H3C-Al-OB-O Al -CH3
CH3CH3 FFF FF >-\A-OB-OA 43 F FF i

H3C- Pr‘efé?réﬂ é@e&%@ticd{ly-@tﬁe(bimbta[IﬁdSCbmpoMnd@BBrr@spdﬁd:‘toF

F FFFFEF\1l FBOA-OBFFF FFFF N
formulas 15 and 16, © © I

100 R 200 100
R

f\I—O —B—O —Al 00
R 100 R

R,

(formula 15)

100 R 200 100
R

53—-O—AI-O—B 100
R 100 R

(formula 16)
in which R'® and R%° have the same meaning as the substituents R and R"® in

R,

formula 13.
Examples of the cocatalytically active compounds of formulas 15 and 16 are

H,C—Al-0—B—0—AI-CH,
CH, CH,

AIOBOA



FF FFFFFFCHI FBOA 30BF F
|l FFFF FF FFFFFI F I FFLB
|l FFal FB-O-Al -BF FF*FFFF F
F 44 The conpounds named i n EP-A-924, 223, DE
196 22 207.9, EP-A-601,830, EP-A- 824,112,

EP- A- 824,113, WD 99/06, 414, EP-A-811, 627, WD

mm— —
mTm—
m m T
m T
m T
m T

FF
F

be used as additional cogatal}
present in unsupported or Y
of cocatal ysts of formula

in the F
H.C—

F Which nmay be
ted form The anount
H/ or 15 and/or 16 used

F —CH,
AlI-O—B—O—Al
H,C— N—CH

3
F
F F F
F F
F F
E

F

B—O—AI-0—B

F F

F F F F

F F F F
F

T
B—0~Al-0—B

F
F F F
F F F
F F

Tn
m

il

- M

-

F F
F F E F
F F B FF
F F F { Fe
o)
F i F
B—0O—AI-O—B
F F
F F F F
F F F F
F F
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catal yst of the present invention can vary fromO0.1 to
500 equivalents, preferably from1l to 300
equi val ents, nost preferably from5 to 150
equi val ents, based on the used anmobunt of netall ocene
conpound of the fornulas l1la - 1d. The catal yst system
of the present invention can further conprise, as
addi ti onal component, a metal conpound of the fornula
17, Mb(R22) (R23)5(R24)t (Fornula 17) wherein M is
an alkali, an alkali earth netal or a netal of G oup
13 of the Periodic Table of the Elenents, R22 is a

hydrogen atom al kyl of from 1l to about 10 carbon
The conspounds hamidfin &R-6-924,2B3UPE 1196622 B8 A 9at6hA;6Q:830, EP-A-

2L 1Ll e 5 B, O B 67, o 19005

16729 bR Bt QOB §40tdaretoybe NSed as Bdditonel EBhtalystseadictamay be
hydrogen atom a hal ogen atom alkyl of from1l to

prepeitin LDSUpPOEed af SwRNOMSBL eI aryl “of from about 6 to
abo Liar I :
a1 kot R80T oi 13 ol 18 aRufeY 16%sed inthe
ca@élgsﬂ ofrtﬁé fprmtﬁrimnﬁﬁntcan?&ry franbort tat 50Gequivalbatsapyferably
radical, r is an integer froml to s and t are
fromtlelgedd equiualentso @S%wr@fﬁm*:ﬁ %foguﬁn%? 35&@%\’&\??%3%%@ on the
. B o
B APBuLERIBber® coiBLAd Ptk FARBRACHY 18, N0
conpkhencstalylst system afdhe pessdriténtentionecani futtbeeesomprise, as
various netal conmpounds of the_ . fornul . 45 Anon
ac{ﬁ*@n?ipampeeﬁﬂb@%&F%POW@UP&%'F%D@W@?é erence isg
given to thosmghﬂ?gﬁ@&%t is | i(parﬁma rpgnesi um or
a

al um num and R2 4 are each alkyl of from1l to
wisdreirt 10 carbon atons. Particularly preferred netal

M5Bty - - octyF SReit amkall 84 Ficitard bidfaidicroyp 13 of the
tri-n-hexyl al \perydi Thble GFahy ElémeHts, num
?{zri et hyl al um num  trinethylal um num or m xtures
Rt her eof . 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-C1s-aryl of from about 6 to about
15 carbon atoms, or alkylaryl, arylalky! or alkoxy each having
from 1 to 10 carbon atoms in the alkyl part and from 6 to 20
carbon atoms in the aryl radical,
r is an integer from 1 to 3 and s and t are integers from 0 to 2, where the sum r+s+t
corresponds to the valence of M®,
where this component is not identical with the above mentioned cocatalyst
compounds. It is also possible to use mixtures of various metal compounds of the
formula 17.

45



If a netal conmpound of the fornmula 17 is used, it is
preferably present in the catalyst systemin such an
amount that the nolar ratio of Mb to the transition
nmetal fromthe netall ocene conmpound of formulas la -
1d is from800:1 to 1:1, in particular from200:1 to
2:1. The support conponent of the catalyst system of

t he Aﬂlhﬁa?mhe hietaindoropowrals oftthe foynula girpreferencen [srgaem to those
i nert in particul ar a or ous pjoorci

lnmmefa{\/bu% fithism, mgeesmb% R ANt ?5?- eéch alkyl of
ﬁ%&ﬁlm }éﬂﬁ—ﬁ Patt Jaﬁk?réfe%aaﬁéﬁl 8infi8Ends of the
erab npl oye

are l'ude fromthe
foﬁaulao‘tﬁ areTla»qubjIIdh[uEh grbutybn@abylpeagnestyman-taitylas, 14,

hepRyEGERS T B BF e ﬁaﬁHﬁmcHﬁi@sut%@ﬂm'{'@'@m‘(f@%"amum
ity IfumiRE R Dr riRfredMeredh02, Na20, K20, LiQ2 or

m xed oxides like Al/Si oxides, My/ Al oxides or
Al / Nfja Shetakceropourmi hithesiarmuilsl &7 mmagbm ig psefgpaily present in the

ca &%%%%ﬂaégggg%um’\%gﬁ dat%}(?'\%s (%lﬁ'%st%lnsmon metal

frc‘ﬁh'tﬁélhﬁ&amﬁeh@ﬁfo tsffarrauiaenmoow iefrom 8000ty e, $n
crosslinked grrers or polynmer bl ends. Exanples of
P@h@ﬂabﬁpmﬁq% bol yet hyl ene,  pol ypropyl ene,

88: ya §u eorPBJ)rYl wérﬁc;tﬁ'th% lc%fd??’dét RGBEAN BT tHeFrRkbRkiRdention can
beaany bﬂﬁlmcf bi" mtgamcilmnt sdlydr ﬂﬂpanloplalrﬁrmrpuseuvm duch as

o, WS, i aB o rel cBgedd pobre RS ¢
haveg n}za?)g@ﬁiofr &nis Wi ewﬁi&@aﬂerbrb‘r’é@aﬁl?'wﬁplogé@iﬁc%é flom the

1000 ore vo rremtherang from
Penidilig Table: of EfementpGroups 2, 3i46, d8, idohh anddﬁaoetqmmes such

LH RSP, SO S8 PRR b o Bl D, r0n o
BX% WED) iZhG MEhOANES T, Q0, ©i&; of MixecPo%id8é IkeniShoxiEas, Mg/Al

artlcl size in the range from5 to 250 pm
omaa omuug/swgfe@r @tb@r suitable inerganic spppett snaglialsarg Na:COs,

R oS LA RSP, Aol 0L IOND, iyt o

and Quitsad Pé@mfﬂdmﬁe@s are ﬁoﬂfopbty@ﬂi@r&occbm)lm@rsn m’ro%heked
support materials can thermal chemni cal |

pPalyraerfseenr RRlymar bledsis. E&amﬁlﬁ&@fﬁt@@rn%yrﬁetﬁ %ﬁ@e?%l V%tgy'@r'e

poéﬂﬁpéﬁlgbé%ol&ﬁut%net BEy ¥Rt &e, YivihNBe LY WssiRiFpolystyrene,

polyviny! chloride, acrylonitrile-butadien-styrene copolymer, polyamide,

polymethacrylate, polycarbonate, polyester, polyacetal or polyvinyl alcohol.

The preferred support materials have a specific surface area in the range
from 10 to 1000 m?%/g, a pore volume in the range from 0.1to 5 cm®/g and a mean
particle size of from 1 to 500 pm. Preference is given to supports having a specific
surface area in the range from 50 to 500 m?/g, a pore volume in the range from 0.5
to 3.5 cm*/g and a mean particle size in the range from 5 to 250 ym. Particular
preference is given to supports having a specific surface area in the range from

200 to 400 m?/g, a pore volume in the range from 0.8 to 3.0 cm®/g and a mean
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If the support material has a | ow noisture content or
resi dual solvent content, dehydration or drying

bef ore use can be omtted. If this is not the case, as
when using silica gel as support material, dehydration
or drying is advisable. Thermal dehydration or drying
of the support material can be carried out under

pdriiclecs of fesmurtetod @0si. mul t aneous | nert gas
bl anketing (nitr

the FgeRarbmat %%%@BW%@%‘&I n'%’r iz a{,g[pg%%igg-@ order to
e e P B %?%é@%é*‘déﬁ“n°““e“?“2°rﬂ§?’o“p

coetipur s. But shorter or |onger drying perlodes are
al so SSI bl e

ceny G SuRpess malkn Gas ¢ Braho RS e B sy sotvent

ccﬁ‘ltéﬁ’t Qéhfdﬁaflbﬁ@')r ﬂg}m@beﬁﬁéfﬂsé&ianfﬁéﬂﬁmméd/ I thRCik indY thehease, as
adsor bed wat er an surface dr ox gr.oups

whén hsmuu siligial gel pasypert mgtesige ehyd F@@@w \Nigtlﬁ aﬂ%able

I;gasyI ?r}%(t}?ﬁg)g%ﬁ, 3§ i%)?} ti:feggt\(f;%ért H%‘E \%'ﬁ ﬁé c [8H Qﬁlt under

reﬂh@éd prossAEY Athsimilianesis inartwdstblahieetirgt (alrtmgemz)J lee drying
active centers. Suitable passivati ng? ent

temperalgre isdnithesangg fraﬁbéo%rcaﬂﬂﬂg erahly figi 150 °C to 800
delf:qua}g@sgﬁ}qqg qo? Qhﬁfnaﬂtlﬁ 't EQX{; St IJI@Hﬁratlon °fﬁ'i‘ Qg g process can

anes hyl'am notric ane,
be\frbirdt ttEQh)Hoars IBut shorttir bF kinget bgying pesiodes are also possible.

L AT o S o
aigé 'b%tﬁ @c{l B0t BY Bherhnidal ré‘éﬁtiﬁ‘grfhe ddsbfidtyvBrir ahe/or the

magnesi um The ch ca déhydrati on or
smﬂmal hwroxyi gocﬁupshmth sup@bietpasatvetmglagest& fReactian yith the

oo S0 ¥ o B B o

foﬁﬁ \Wﬁﬂzth d&éﬁét%o&ﬂéﬁ* ¥aiérag mtb&étﬁ@ﬁtwﬂmtmaafyﬂcmywctwe
Issolved in a suit e solvent. Suitable solvents are

canttersh Suitablerpassivading agets aiesilinsshalides. sianesreramines, eg.

sip P RYR: Culpl RUERR A Gne defiBfouieuEngs 7 "
diffeh@amiotriét|omsiané; N N-dinéthyldniinesr M,Mdinwﬁhylbenzylamme or
tenperatures are posSSi ble. The duration of, the

orgenemedallic §0mp@w@©0fwahhlm!egmt goran Ff MAINGSRINGGgh) v
N e

trietHyilscrbhe or urﬁiﬁylmdgaetumm Nthg chnsrmcav\delhrﬁﬂabm oD pasmvaiion of the
tinmnes with suitable ipert solvents as describ

SupRToBtAR B RATIo8 oLk Y hacih HBART B exAision BESisARd Moisture,

a suspension of the support material in a suitable solvent with the passivating
reagent in pure form or dissolved in a suitable solvent. Suitable soivents are
aliphatic or aromatic hydrocarbons such as pentane, hexane, heptane, toluene or
xylene. The passivation is carried out at temperatures from 25 °C to 120 °C,
preferably from 50 °C to 70 °C. Higher and lower temperatures are possible. The
duration of the reaction is from 30 minutes to 20 hours, preferably from 1 to 5

hours. After the chemical dehydration is complete, the support material is isolated
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under reduced pressure. As outlined above, organic
support materials such as finely divided polyolefin

- powders, can al so be used and shoul d, before use,
i kewi se be freed from any adhering noisture, solvent
residues or other inpurities by nmeans of appropriate
purification and drying operations. The supported

byCﬁitrahdn?Und&ﬁhemwndﬁmhsnwasbed bhe ar mvaettinees w&h soidable inert
de in varjous ways. one enbodi nent of

sod;veég'é 36 degubRy BRoVe,ANg ééi??e%‘?é’ f rtelﬁ’é“e?o%t{?%am ‘of inert gas or
u,%?‘}éa,p&ﬂ{ ?\J"I Locene conponents of fornulas la - 1d
oug

contact in a suitable solvent with at

| easAs on’danedahbae ymganm:.mmntmatar@lsa$mh s finely sivided

RIS BanEB T e g be Lopt ol oS heffredlf, Hhelb By ol feed
fr&ﬁ?ﬂlyva"ﬁl'%?tn gReetre n?d!@éht&bmdh@@ @@Eh@?ﬂﬁlphﬁhé@ H?W@éhns of

resulting supported netal |l ocene catal yst
appysprateipurificaéien and dngng eperationshe sol vent i s

o R AT AR 31 e ace

vaoud wdyee- f | owl ng powder. As an exanple, the process
for preéparing free-flow ng and, if des

pr edﬁl%ﬂ%ﬁ?mbﬁﬂlnﬁm15’6meéEr%&ﬂéirv%t'%@ﬁsqtj?ﬁ%&?ﬁrqféE% apRye-
iR RRAER o HpBNERR RAnRy ¥ 3L OB GB tactin

sultadlessohentrwitiakt leashene onmtasrst corapopemt, pfefetabhnpiving-a soluble
descri bed structures,

repelall PRSkic A AGHUR Pk @ ThiARer She blaiies sawpositionds miixes with
thi Y ?afﬂt&d of a§§9§t%§3%u5b oRShaRIHaY, tﬁé sBivefnt %%lehibved and the

pretréated support Fehov; ng the major part of
resolltmg suppoded nietalleeanet ¢atglyst systens, is dipdite enavieiigat the solvent

s ﬁPE‘E’g‘fr’tt?E‘e‘? FBpSY SrmoVEL P feles b (et paterial. The
P@mdﬂtélyst i9R8tAhedBE S ﬁé@-fﬂbm:g; PERGSET (s), to

taln a prepolynerized supported catal yst system
anotAean axarrmlecéhe m@CQSﬂ for PFﬁmﬂﬁmlcﬁwffeﬂ'é'Omgaﬂﬂ@déﬁésved

o3OS PR St Sorib e ety e

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

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

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

d) isolating the supported catalyst system and

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

In another embodiment of this invention the metallocene / cocatalyst

composition is mixed with the dehydrated or passivated support material, the
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supported catalyst is recovered and optionally washed

wWith an aromati ¢ hydrocarbon and/or paraffinic

hydr ocar bon solvent. The isolated catalyst is then

di spersed in a non-reactive suspension nedia such as a

paraffinic hydrocarbon solvent, a mneral oil or a

wax. In a further enbodi nent of this invention the
smﬁ@bﬂfeﬁﬁa&élﬁstﬁ% mo e cgand rogtiogallyt wasined with @ecanenatic

I scl osed I.n )/ 05277 and WO 98/ 81, .

hydgesarbap srdiarpare RS e i5glaied gatatysdys then
clisglrB8d B F horiikaChlp SRITH incia L85 S RMThpMERbGitbon
solwerthoa hdderahbilloy atwayy st em i s prepared conpri sing the

f ol | ow : i, . . .
tr1 ARG PBSRITBERt T TE B e ian g, ataIyes SIFRAIBH gocording
to?l;"?«lie Ef(?(%/eld@l"re dRs¢RIRRASHh QPO ES0EPT P hind RWOYISI01481E (corresponding to

alumniumborinic acid m xture to a porous,
ERODGH 208 B1 antbU§h285,33P).necessary thermal ly or

Credbeth syerhuEhEEBHEDATHERCTH the We@htierRbh ¥ froe flowing and. i
despedepiepolypneriZed] ssporiddneatalyst systernds phé@ared @omprising the

supported cocatal yst, d) preparing a
foliewing|steRsie/ supported cocatal yst mixture in a suitable

companrpai 8RFARY AR RRRIBLrezicR: FIRURF s HORNE sovent or

conp _ escribed structures,
&ﬁ%epshganemgnthe supported catal yst systemand f) if

esired, prepolynerizing.the resulting. supported

cat A)PPYE s R UBYRUBYDGRING G HHIE tRetaappspreferably
inbfRgPR, FbcRsPAGARCHTEY GhtheaiRAN bRrcERedslipiort SURER Mas prior
tmﬁﬂ£dhﬁ@mrba$eocatalyst m xture are hydrocarbons and

ydr Qcar bon mi xtures i.ch are_liguid at the .

o removBgbE aaeE palt SANERF Epht the elliibH fuiflh €% SBtain a
S peRkatdlef erably dissolve. The solubility of the
Lﬁﬁgﬁgidualég%nponents is, however, not a prerequisite

as |dryeparing a metalipesnedeuppnited encatalysh MbdLrerin durititable
oo RGN Rl sREPRIG Rk e g B of e
albovetdescribed structures,

e) isolating the supported catalyst system and

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

Preferred solvents for the preparation of the metallocene/cocatalyst mixture
are hydrocarbons and hydrocarbon mixtures, which are liquid at the selected
reaction temperature and in which the individual components preferably dissolve.
The solubility of the individual components is, however, not a prerequisite as long
as it is ensured that the reaction product of metallocene and cocatalyst
components is soluble in the solvent selected. Suitable solvents are alkanes such

as pentane, isopentane, hexane, isohexane, heptane, octane and nonane,
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as pentane, isopentane, hexane, isohexane, heptane,

oct ane and nonane, 49 cycl oal kanes such as '

cycl opent ane and cycl ohexane and aromatics such as

benzene, tol uene, ethyl benzene and di et hyl benzene.

Very particular preference is given to toluene,

hept ane and et hyl benzene. For a preactivation, the
cy@?a&lkémh’ as tydopentanefand cyoloheéxase dnd svbmatics auch as

solution of the cocatalyst | sui t ab solvent. 1t )
b?’?egﬁs@q%%%%i%ﬁ‘ﬂb%zed]es%'bé 9@%%6”4?éleal & Bﬂé"’“}ar preference is
givER T RlIGne, IndpBarit hh@BlfIISEH2¢pat and subsequently to

conbine this "solution wWith the cocatal yst sol ution.

Pr ef Eorem preactivgiioreihe matalloggnedndbe ornriaka solid is dissolved in a

{ ti ti is £ 1.1 0] ;
IR R oo o seuitsPR o VR i R TSaltiy I isgpe the
méfaliccehd sbpaiatélg ih stabR sdifishtusel afbsegbetly to combine this

tenperatures can reduce the required preactivation

saliiian with the pecatalystiselutiondPreferenea dedivan taesing; teluene. The

I i j .
oFRENPEA EREAY Rl 1b2cd K1 I Ble g gk peco
atrfetr;gi_ ﬂe@gm_aﬁﬁ@oazal";cstn mdividual dases stheseguefitiiglyer temperatures
e ot ey g AP e araLve SnaciHhBmbberesse i
adRitf: |§|B§Qf%[¢%ﬂ£bé%?é‘£i&hié eaf?é?é/retofgffgd 25 °C to 100 °C.

sol Vents. The support material is preferably used as

powdEne pideetipated colwtimneat theehefallocensdtecatalyal mitture is
olution or the me.h_gl | oce&e/ cocat al éSt m xt @re. can

sybseguently, gerd |qeg with.ap ihet gppg/o H’Laqt %%l, gﬁtﬁ} rstlllca gelP\?vhich is in

thEGbFh gﬁb’drﬁ’ hoRldee of B8 aSsIRpRNsIIMBhINe?df th@RbBoe mentioned

Introduced into the initially charged solution. The
sohgnisel g suprorb medertiahis peferatily usedh ag powser. The preactivated

mEBHELS5RREHERERRNSH o B iR RRe BRERR R BPALFE bR cither
adtleBtoltfe WRitiAIG é}%ﬁf@aafsuﬁbérttrﬁétéhap@f elsedtherseippdltanaterial can be
tenperature at which the preactivated solution or the

intredugedindm Brecivii@llyicharged seluti@n.i s brought into contact

Wi t ; var M
i BorE G e e Aot 14 IRy

mix@ireaiamt eceed H0% af fe tslgdre eollhe loé thehsupmmirymateriad used or
conpletely or nostly renoved fromthe supported

elzabgiypsto Wk ahihe ilalRABNHOUBEN be stirred and, if
desifadie S ek Sehict IR SrediliVated Wiltich theSi bl e
i e p

portion o e solvent andt ortion i1 n the pores of
métatiosapgootatalyst mixture is brought into contact with the support material can

vary within the range from 0 °C to 100 °C. However, lower or higher temperatures
are also possible.

While the solvent is completely or mostly removed from the supported
catalyst system, the mixture can be stirred and, if desired, also heated. Preferably,
both the visible portion of the solvent and the portion in the pores of the support
material are removed. The removal of the solvent can be carried out in a
conventional way using reduced pressure and/or purging with inert gas. During the
drying process, the mixture can be heated until the free solvent has been removed,
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material are renoved. The renoval of the solvent can
be carried out in a conventional way using reduced
pressure and/or purging with inert gas. During the
dryi ng process, the m xture can be heated until the
free solvent has been renoved, 50 which usually takes
froml to 3 hours at a preferred tenperature of from

wﬁi@h ?ﬁh@lly tlﬁﬁe@froﬁh& th 3aeowmelat emrefesrddmmpaatnlre opfmm 3 °C to
of the solvent in the_ mixture. t
60 Ha Breefg@aﬁoivmewtthems'wee”qm% oEine,vetdn BR Tghts. Sor the
I
p@%cﬁpée%gt%f eth@ é’t’mvaﬂtwéﬁﬁ dllsbRientid the pﬁd?tlér‘i‘ Bresent in the

e’ sol vent, the suppo
pates.al yst system can al so be dri ed until only a certain

resi dual | vent nt ent | eft .t h
Sor visen alomagve e e srpPlate rmpiaisy ahe saiBeLdfiEsuppored
calﬂlgft sg/é.f&?ﬁ IchAthisbaldriel (it bRKY £eertaA ragighatsotdrit cdntent is left,
hydrocarbon such a&s pentane or hexane and

withr imcfr@egaolnenmmm bpen cempleieiy rpaoveds Selbspauprilethe
ufFPRe Bt S RBRGRI BB TR 10fR fE H7AdgBidohitucn as

pd@ﬁmbyma;ﬁeﬁ-‘d tied agam.or nore olefinic nDnoners
with or without the use of hydrogen as nol ar

r eguTh@ suppastesrratalysi systen Rrépared ICGRInELP ihya,present invention
cag{pg%gﬁ g d%fe%?l?q&r the ﬁlyméhgatwrﬁm%fﬁﬁén bC\%é PN merized

catalyst Systens IS descri be

wifoRs Bﬁmoré\%l@fﬁﬂh trioremaers, with mmﬁhbhétheousmldf, hytlrogeny as molar
or after_ the preparation of t orted cat

|
Mg W ATNGSHEATL BRI IRUSGrN APV OGS BRGeRB| JNRrocedure for
thé‘ﬁper}?? gln‘éf’lkﬂycf@#ﬁéﬁp}%r&ﬁyéﬁﬁﬁspéystems is described in WO 94/28034.

l'ane as act’i vity-Increasing
conpﬁwadd:tlm it lsrpthlestcaadd duringlersafteriibe preparafion séthe
80.. The nol ar rati,o .of

o e T i 4o o et
suBﬁ‘%; gnkbgn))e dr &{Bn%l%@%yﬂ\ﬂnyllg%elas abNiby- lﬂ@fédsmd @dr’npﬁonent or

prete from 20 to : resent i1 nvention

araﬁuﬁtstgﬁcowsd:@cabpd it bsS. $er Nor §8436M380 T pelartratio 9f additive

B L A T

Veﬁﬁﬂ'ﬁﬁ!cﬁld?ﬂﬁbférﬁﬁﬁtfrcﬂﬁq 20 &ngpi on metal conponent of
formil'as l1a - 1d. For the purposes of the res

i nvelha pigsenhiavestion alselBrRvides & Progese i eparing o V0t|6fm by
ol BT TR PRl BT HEp IS 608 Bcd st bt of e
preS iNvartionaddraprigifg Bbleast bas transition metal component of the
formulas 1a - 1d. For the purposes of the present invention, the term
polymerization refers to both homopolymerization and copolymerization and the
term copolymerization includes terpolymerisation or copolymerisation of more than
three different monomers.

Preference is given to polymerizing olefins of the formula R™-CH=CH-R",
where R™ and R" are identical or different and are each a hydrogen atom or a
radical having from 1 to 20 carbon atoms, in particular from 1 to 10 carbon atoms,

and R™ and R" together with the atoms connecting them can form one or more
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three different nononers. Preference is given to

pol yneri zing olefins of the formula Rm CH=CH R',

where Rmand R' are identical or different and are
each a hydrogen atomor a radical having from1l to 20
carbon atons, in particular from1 to 10 carbon atons,
and R" and R' toget her wWith the atons connecting them

nnfy”f?rm one or nore '51 rings. Suitable olefins are
ol efin

1- HeW olf%ﬁggqgﬁnglefug%%&ﬁ ed}le %u%tge?r%‘ d- Blﬁg%gﬂ%’entene 1-
heleRikes.- rﬁ%ﬂﬁ? z)e%t FMc?éi'% styfefle BI¥AEE 806h as 1,3-butadiene,

vi nyf nor nor ornadlene ethylnorbornadlene and
1,dsheixadiene), winymerserienasnadobadiens, ethwnphoyaadigne andryclic

ol R DIEEERS el bR R 5G  tro

@b@@@ﬂﬁheﬁire%ﬁtﬂﬁ@erﬂronc PRSTENERE i igh@rPtotitamepalyinkrizing propene
et hene and/or one or nore 1-olefins having from4 to

orzihene bbropelPMENizing. Proppae itk ethene rador %%Wdf‘ofﬁwé aipfins
hafl{r?rige B'Bﬁja‘g s 28 %%ﬁﬁ#}gatforn?én é tloolﬁg?%% P%Qeﬁé OJFEi/ore&ﬁe or more

or nadl enenor bor nene or
diehéy haahg dronadite e ceh‘Bbu atorn ad el 4<mmdaddene,snmbernadlene

et hene-
etbg[ﬁﬁr@m?tgoorgggg @? % ﬁqr}grgé‘@qgeré) Ity gHgaglteec%%olymers are ethene-
n -
o EREA SR QRERE ERE I Abne copaers a0 fpene-propene-
butehg netheaaipropenes 1 gaEntériopetheae-gropene-d(4-Oexadie0e tgpolymers.

B: g;ﬁegg;a rr{ernggpgrg([)sd%rbegg a%mver e‘ggiﬁ 386 ';8" | e/egﬁgably from
?té 9059@0\19 parifit Ifaﬁpzﬁéﬁérém?'ﬁo% 50 °€08 dmIC. Thepressure is

yrrerlzatlo can rried out in solution, in
frd:ml(k5 to BO@ﬂbaerwetmably fram Sttoel Paamphase, conti nuously

SRRl SRS g o
inQRe tg%& Mhdse, [EhtinRUBRUNEEREhWIEe! ANSIHTDEMDA SWes As an

confent of such a polymer can be produced in
examme, inpant copolimers ake @Eﬁf@[%hhépmdﬂ@%ﬁn asremeéh@n @aﬁ stage. The

BSSEEr 0P o SERG RN 4R A S8 o JifnBl BB BeSHtoducsd i
(a? Ak Rt gls) SRdtHeccosoimas rubiier content y:ah beopmodoeed irf ()

he polynerization of olefins or preferably in
cargepitivg slege(@t h at | east one al kyl conpound of

el eI §u;§}§or’t'83d atalyst system prepared according to the present invention

can be used as sole catalyst component for the polymerization of olefins or
preferably in combination with at least one alkyl compound of elements of main
Groups | to 1l of the Periodic Table, for example an aluminum alkyl, magnesium
alkyl or lithium alkyl or an aluminoxane. The alkyl compound is added to the
monomer or suspension medium and serves to free the monomer of substances,
which can impair the catalytic activity. The amount of alkyl compound added
depends on the quality of the monomers used.

To prepare olefin polymers having a broad or bimodal molecular weight

distribution or a broad or bimodal melting range, it is recommended 1o use a
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Goups Ito I'll of the Periodic Table, for exanple an

al um num al kyl, magnesium al kyl or Iithium al kyl or

an al um noxane. The al kyl conpound is added to the

nononmer or suspension medi um and serves to free the

nmonomer of substances, which can inpair the catal ytic

activity. The anmount of al kyl conpound added depends
cafém{slt b?stquﬁbcbmprisiﬁgtghe dmﬂmmsdd " ifferent chetdtoqenepamel/ai tefoi or more
_polyners having a bro or bi nodal...nol ecul ar  wei ght
difterenqasatalss Gtemah s 6P OB MRIGAITSBNT FAGHISE AU of the
prdseh GRAATBRASA Heiditfada migireat al yst system

conp iffe

rising two or nore rent netall ocenes and/ or
t wo Asrmaotar enassirefjelatottarciertodhgrease the aetivity hydrogenip added if
or. nore different catal yst systens of the present
requitednt i on can be used as a mxture. As nolar nass

r eghatakaipdtdyaterh Qna"_nly“'Bé eagﬁuédwm hetpolrhgrizdtioh $8eemi=s a
added if required. The catal yst system may be _
solidippin the foun ohe SYSPERSION iR E; fmdr@wé@moasn%f be feptedowith inert

in the formof a ens. ' V. b
coPlPals. ' Ehar RAFIT NG GHBo AENEReS SRHHRER Btk holiRfa i the
catdilyst sySteny@tebe metereliistoghbetastor togfeterith the mbaomer to be

catal yst systemis to be netered into th_%?reactor

polysegsizedronthe manmmermbteie toderolymSIiZat hedniing ypjtand the
' | ymeri zed, the m xing unit and
m%@ﬁgﬁg@? gk‘%(é'égf%ang’g‘?"éggv ef erably cool ed. Furthernore,
an goehtinieres aaadatitivensuht as aataintistatic an aal alodiw! caarbeesed in

d i h f [ [
theRERgRE of 103 PFEBTETVAGIYA ot BXETB P RETO TBrPa e
B L

whixh amdim% imnolefin pelysearizationipsogrssiesr it ésiprajered &o tage the
antistati irectly into the I o ' :

anfivatic Aes e i fepdnmer Zeligh s lRel, Shelldadih AR sqparately

froﬁi’ﬂ{eeé'ﬁtéi@@fjs <&@ p@gyners prepared using the catal yst
systens oOf t¥1e present invention display an uniform .
par iThelplyroersnoepgrechusing dhe satalyss sysieas ofbe present invention

s, SRE B ot FRAOHASa T BT st Ky goslomerates o
depb&iEeaie ditupRliifthe pBRnTRIzativh lusisthensatalst dyatermnet dine

I nvention give polyners such as
present invention.

The catalyst systems of the present invention give polymers such as
polypropylene havirig high molecular weight and cover a broad range of
stereospecificity and regiospecificity.

The copolymers which can be prepared using the catalyst system based on
metallocenes of formula 1d of the present invention have a significantly higher
molar mass compared to the prior art. At the same time, such copolymers can be
prepared using the catalyst system of the present invention at a high productivity
and at industrially relevant process parameters without deposit formation.

The polymers prepared by the process of the present invention are suitable,

in particular, for producing products such as fibers, filaments, injection-moided
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pol ypr opyl ene havi ng hi gh nol ecul ar wei ght and cover a

broad range of stereospecificity and

regi ospecificity. The copol ymers which can be prepared

usi ng the catal yst system based on netall ocenes of

formula 1d of the present invention have a

significantly higher nolar mass conpared to the prior
padtst filfy, shbetss aaps,tdlosyres undttlem polayge hellewbodies such as pipes

repared u5|n the catal yst system of the present

W*Hﬁ%ﬁﬂ &Qﬁgﬁ1product|V|ty and at industrially

reIevant process paraneters w thout deposit fornmation.

The pol yners prepared by the process of the present

i nvention are suitable, BEXAMELES Ul ar, for producing

Ggrod I‘_:,ts auch as fibers, filaments, injection-nolded
—"Qgga-ﬁgg——@ams, sheets caps, closures, bottles or
| ar qmémiebambﬁohreshmmgaﬁ the Dﬁgiandmethlhemd)c&mds were
pr_@gertles EXAMPLES General Procedures The
capi

auiundss aggen nawg|$¢njelaf tqchgl%gegaqmw@tg{we box. All solvents
wecrgmg%g antﬂee{rﬁon %ﬂﬁrci r%‘a %ﬁllalaéﬁggs] %‘5%5‘6?8 usehl enk

es ofr OVG

pur ge ;Wbl]*/rheﬂsr gmduaedl adir:llthd mbtahommadrweneeskmactenzed by
bef or g, use. ners roduced and the netal |l ocenes
"HR MR, we%\'MRa Q&Pdo& SRELIGHROPY3C- NVR, DSC, GPC

and #3 @ﬁg&@é%gwangﬁ@af@ég@w%: abbrevi ations are

enpl oy ypropyl ene net al | ocene Cat =
P!%emmyptreﬂyleaeal yst system h = hour VN = viscosity

urrber cnB /g , = wei ght average nol ar mass of

h‘emf? B€in g/ m)l MV/ M = pol ydi spersity,

c4let &fé@ §is meation chromat ography (GPC) MR
= rrglllt flowr ? rreasured at 230 Cwith a | oad of

h therkg (I SO 1133) m p. polymer melting point in C
eterm di.ffer nt|aI scanni ng cal orinmetry (DSC,

Sdsocf bﬁeré £y’ ﬂeatl ng / cooling | 2nd heating
My a=t\9e[ght average molar mass of the polymer in g/mol

My / M, = polydispersity, determined by gel permeation chromatography (GPC)

MFR = melt flow rate, measured at 230 °C with a load of 2,16 kg (ISO 1133)

m.p. = polymer melting point in °C, determined by differential scanning
calorimetry (DSC, 1SO 3146) with a 1% heating / cooling / 2" heating rate
of 20 °C / min

Tg= glass fransition temperature in °C, determined by differential scanning

calorimetry (DSC, conditions see above)

Example 1: Preparation of Di-n-hexylsilanediylbis(2-methyl-4-(4'-tert-
butylphenyl)indene)

10.8 g (41.5 mmoles) of 2-methyl-4-(4'-fert-butylphenyl)-1-indene are
introduced into 190 mL of toluene and 11 ml. of THF, and 17.4 mL of n-butyllithium
(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 at this temperature
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of 20 C/ mn Tg = glass transition tenperature in C
determ ned by differential scanning calorinetry (DSC,
condi tions see above) Exanple 1: Preparation of
Di - n- hexyl si | anedi yl bi s(2-nethyl-4-(4'-tert-
butyl phenyl )i ndene) 10.9 g (41.5 nmol es) of
2-met hyl -4-(4' -tent-butyl phenyl)-1-indene are
for aheddueett is allovd@ o oboldd 406Cyand therd 5 Bimixi (207 mH’thes) of di-n-

and 17.4 nL of n-butyllithium t ol
hexyirtishlarasiane ar%ﬁ@mﬁw% dgﬁp"\"ﬁ% nié@rrlﬂﬂﬁ aﬁqﬁgp‘e?&ﬁ Fgaction
| o
sclgiichy e ¥titer Bt Se WL & G- 3 Mot Hidinioht BE R tortperature.
60 i 6f vhtepafslatided aid the pHises aat foharard s&patatéd:OTﬁe organic
nmol es) of di-n- hex | di chl géﬁ&l | ane are sl ow

d
thecaquequs; Riyaseds) rﬁgwd three

phasgpsiveashedrwit 106 il‘@!— alwatear
f .
t|r|1§s %\ht‘hré {%‘ﬂal 1 gpu%ﬁ%f@géﬁ%aﬁpé\%gpgiﬁgq lng?a egﬁ@%ﬁére dried

oudnenmrﬁmxntslmﬁate‘ o&i’serasemammm'r aft the. magresumasilfate, ghaseolvent is
reovER AL e epgas PUTed BRicoin EBImaiGBrgY. nitik pesired
proaliE€dith- h&&ﬂsﬁa‘h’éﬁiyﬁﬁgg@ﬁﬁﬂwm -@asepufyighetylftieney & isolated in

magnesi um sul fate er separation of the magnesium
a yield at 86 g @ %o(pueitt 98%). renoved and the residue is

purified by colum chromatography. The desired

pr oduct

1HiNMRf(@00’Nﬂ4Ii @BAdi,y| bi s(2-met hyl - 4- (4’ -tert butyl pheny
)indene) is isolated in a yield of 6.

7 4t 04 YT 4b, SRR RO 7208, BEZH, ciei)t ingede). 3.0 348 (each s

eaﬁ“&-l?é?fﬁﬁ')z oﬁegi)g(@aﬁ‘? %E%sﬁ' gl-bg thin ?gl«acﬁﬁsﬁé}ach OH,

teﬁ‘&ﬂhyigl'i .26H302 (rh, 38H, él;[ﬁﬁHOe@i?B k72 éa¢ BHOBH,), 0.67-0.50 (m, 4H,
tent-butyl), 1.20-1. 02 (m 16H, aliph-H), 0.78-0.72
BH, CH3), 0.67-0.50 (m 4H, aliph-H). Exanple 2:
Prepar ation of
Di - n- hexyl si | anedi yl bi s(2-nmet hyl -4-(4'-test-butyl pheny
E)kamplmﬂeﬁsé@ammmoof Dnrnmenxbllsdam@thyIB|§62gn¢tlh9I-4-(4fﬂeﬁety.)tylphenyl)
ﬂl-n hex Lﬁnedl yl bis(2-nethyl-4-(4"-tert-
'“Q‘G‘E‘ )Zﬂfﬁ@ﬂv “eare introduced into 80 nL of

7 (1§ - i
bu&ﬁlpbenylhnéene are introduced into 80 mL of diethyl ether, and 8.1 mL of 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, and then 2.36 g (10.1 mmoles) of zirconium tetrachloride are added
in portions. After the addition of 20 mL of diethyl ether, the mixture is allowed to
warm to room temperature and is then stirred for two hours at this temperature.
The precipitate that forms is separated through a G3 fritted glass filter and washed
once with 20 mL of diethyl ether. The residue is then dried in an oil-pump vacuum.
The desired product is obtained in a yield of 4.9 g (556%) and a rac:meso ratio >

20:1.
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addition is conplete, the mxture is stirred overnight
at this tenperature. It is cooled to 0C, and then
2.36 g (10.1 mol es) of zirconiumtetrachloride are
added in portions. After the addition of 20 niL of

di ethyl ether, the mxture is allowed to warmto room
tenperature and is then stirred for two hours at this

1|-t_ﬁmre|(mm|vmz C'Ijiel3prec:| pitate that forns is separated

7@P16r19 16t agnisHly P22, b, GHE) AT dub 15, 2HarphHY 131
‘qntewﬂ)utﬁﬁn@ggqﬂ?ﬁn q?:ghe desired product is

al ned (55% and a rac: neso
rat|o> 20:1. 55 H-NI\/R(4OOI\/Hz CDCl 3): 7.60-6.96

m 16H, 22 6H, CH3), 1.87-1.35
Eé%mP}%Wﬁ??E’%&a%baza(s(SwH tent)butyl) 0. 92(?1
6H, ﬁmb%o@(ﬁi@a?nﬁlé Pa8d Examplee2 2@spe‘éﬂﬁél99m¢8hg3ﬂd system di-n-

exa exanpl e 2 respectively, the ql
prepslsdaan&diylhls(Z -methyl-4-(4’-fert- butylphenyl)mdene) and he correspondlng

BB PRSI e hbtieabaey )

in@enyl)ZRceRhs Hichlueidieywad syRhasizby| THe Gdsirddptoduat isl glitained in a
yl )~ indenyl)zirconiumdichloride was synthesi zed. The

rageresetioro8idet is obtained in a rac:meso ratio >

8:1. Exanple I b and Exanpl e 2b: Anal ogous to exanple 1

and exanple 2 respectively, the ligand system di-n-
Exathples1b amadEyaraptd 2bret hyl - 4- (4' -tert-butyl phenyl )i nd

ene and the correspondin al | ocen . .

AnRlegeus fomeamplesh §re%%n%m§ﬁ 549%9?0%% theliganghysiem di-n-
' WASEE) diRiSthe @9rrelpBndi

bd&i's"éff%%ﬂws EERRRATE 2R DYRIRENARIGE) et g Xerrethonding
métllbceti dinpibatyisilanediyibia{@omet ad-4- (Mrr&lé@uuﬁ,ph@yéx anpl e

e SRR S RTEES e st 05rhd SRR KGR R e m e
rag%qggo Afid 4 he-qcorrespondi ng netal | ocene

i -n- pentyl silanediyl bi s(2- met hyl - 4- (4' -tent - butyl phen
Example lhclamll Examplm2em di chl ori de was synthesi zed. The

des'f&naﬂogé {5 exa{mpl%blt hd %Qallrﬁleaz ré&?éc%é& frd Iiid%m>d system di-n-
pentylsilanediylbis(2-methyi-4-(4'-tert-butylphenyl)indene) and the corresponding
metallocene di-n-pentylsilanediyibis(2-methyl-4-(4'-tert-butylphenyl)-
indenyl)zirconium dichloride was synthesized. The desired product is obtained in a

rac:meso ratio > 17:1.

Example 3: Preparation of Diethylsilanediylbis(2-methyl-4-(4'-tert-
butylphenyl)indene)

48.0 g (183 mmoles) of 2-methyl-4-(4'-tert-butylphenyl)-1-indene are
introduced into 822 mL of toluene and 48 mL of THF, and 77 mL of an n-
butyllithium 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 at this temperature for one hour. lt is allowed to cool to 40°C, and then 13.7
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Exanpl e 3: Preparation of

Di et hyl si |l anedi yl bi s(2-nmethyl -4-(4"'-tert-

but yl phenyl )i ndene) 48.0 g (183 mmol es) of

2-methyl -4-(4'-tert-butyl phenyl)-I-indene are
introduced into 822 nL of toluene and 48 nL of THF,
and 77 nmL of an n- butyllithiumsolution (2.5 Min

qubu Semdes cfdiettlyldidhicrosilame alrer slpMyoaddﬂd dopmwise. After this
nperature. After thjis additi

adaieia e resdlion S an 36 EATor ies el At §icsand then overnight
at Jggpr?gwi{rﬁtetfrg ' gﬁg%gg\" Wat%rgﬁrbgad@eld%ﬁ?thb%t%@s thé& form are

séparated. diehbgmoi plrase isnveashieawigh 260 el of wptersand me aqueous

o Saeies B5sh T w3301 A4 RR S3piphr The Smbiec
@%ﬁ[&e@?és‘é%%re‘b‘?i%dfﬁveﬁﬂf %@'fe%‘furﬁrsﬁlféfédeﬁﬁéﬁgéﬁaﬁ’ﬁldﬁmﬁé

ormare separate The organi c phase is washed
magnesmfmsuﬁate,fthmtant mmmmda@uddhe regiflue és $tred with 300 mL

extracted three, ti mes w,th.a tota

ofpintae. TREoRsiaseRise bl 640 bPpiedby Hitieh Bpshegwitn 100
'EBcff NitalE, Bhdf et inAf Y8dupe Pahatdesired fprodect d‘@tgweﬁam&mylb:s(z-
sul fate, the solvent is removed, and the residu

methyi-ded’ “tart-huytmhenylingieng in igplatedrinea yisidef 243 9 (49%) (purity
9€H80|p|tate is separated by filtration, washed with
@ nmL of pentane, and dried in a vacuum The desired
product diethylsilanediylbis(Z-
neth% -tert-butyl phenyl)indene) is isolated in a
(60 %%D Ch¥% (purity 99% . 1H NVR (400 MHz,

7%5(:} 6% j(u I“Iglgl'éér@'ﬂ I-@Wg ? gg,r%lm&'hﬂn@ ﬁﬁeﬁﬁ) P63, 5B (each s,

e&l'CiH) SiG-H) 72,03, (s6614, CI-[%) 1.37 85, 184, fegutylpic 78)@t@/| fm, 10H,

IO 78) .61 (m 10H, aliph-H). Exanple 4: Preparation
aliggh-H).

Di et hyl si | anedi yl bi s(2-nmet hyl -4-(4'-tent-butyl phenyl ) -

i ndenyl ) zirconiumdichloride 13.3 g (21.8 mmol es)
EﬂamﬂlstPlrepmdtlgnh bf Bicthyisilanedivibist2-methyl-4-(4'- tert-buty!phenyf)-

%Wheni{ﬁél ne, are introduced into 135 niL of

'"QPE WRICOBIBAICMIAE 1y of an n- butyl Iithi um sol ution

(2 513/'3' 210$ HRABlesRbEd Ia@bdrwmgﬂZm@ﬂﬁﬁﬂtw-mﬂ—and

sus nS|on is stirred overnight at

bm@mf‘&bmdenem@ intensiicedrintoo 3ft m{;rpfl CBeT@Mb‘?fBGT {4.50wL of an n-

blﬁ}é{ﬁ ﬁﬁ@ﬁq stﬁijtbogpg(ri M%dféﬁﬁ%q?j )a & Bdaba &t IPﬂ)(ﬂ‘ﬁ"ﬁemperature and the

suspension is stirred overnight at this temperature. The reaction solution is cooled
to 0°C, and then 5.1 g (21.8 mmoles) of zirconium tetrachloride are added in
portions. After this addition, the reaction solution is allowed to warm fo room
temperature and is then 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 38 mL of diethyl ether. The residue is then dried in a vacuum, and the desired
product is obtained in a yield of 8.6 g (51%) with a rac:meso ratio of 5:1.

'H-NMR (400 MHz, CDCly):
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portions. After this addition, the reaction solution

is allowed to warmto room tenperature and is then

stirred for two hours at this tenperature. The

precipitate that forns is filtered through a G3

fritted glass filter and the residue is washed once

with 38 nL of diethyl ether. The residue is then dried
7160-3994m, d6H, anamtte 2483 (s, 681, Ghld1.86-1.¢8 G, dHpadph-il)a1.45 (1,

of th a rac:nmeso ratio of 5:1.

ny'rﬁki%hﬁgé‘-‘ ﬁ%-b‘f}?fﬁg é)jvﬂ '57 7.60-6.99 (m 16H,

aromH), 2.23 (s, 6H CH3), 1.95-1.78 (m 4H

aliph-H), 1.45 (t, 6H, CH3), 1.31 (s,
Example &t Yreparatianpf 6€2- Bommﬁalr@twt@rir fylphenyl) 1 mdenyl)df n-

I | -4-(4' -tent-butyl phenyl)-1-indenyl)di -

hé@ﬁ?ﬁ@% @$ il ane 20 g (68.9 mmol es) of

2- i spPHABBIY Mintdles )t Gi-isbptopypae@ytort- butmﬂml)ar-mdene are

i ntroduced into 145 nlL of toluene and 4

infroaueedinjelhamal. ohiriuene angdd.HmL %frﬂ'ﬂleé*ﬂﬁ’imelth'ﬂl'}ﬁ @rd 27.6 mL of
an B Bﬂt*]ﬁ[ﬁtufl% S%ILMon P HRBAE a?éjggﬂ?%‘\r:\ﬁtﬁ Htintern ermuption at room

inte terrperat |s a
teln’ipérﬁfmé epgter tikie aﬁd}tbnne comphetef ’¢1@ rhb(tl&@Gs hedtedsto 80°€and
for one hour at this tenperature. is then all owed

stireectoslonedaus @ithis éemppetatunes it 'ﬁhtbefl @éleweﬁr{g coehior iogm
teﬁ%&i&ﬁ@ a'gg%&mzxgi‘ggcﬁ%n%cﬂ r?@ §6\Nﬁ| a?ﬂe‘dtz{lrgﬁ\év[sféfn to a solution

xyI or osi
ofZ308mhL (YZOEI ﬂﬁmc&lbsﬂofcdlm-aexyldmhlocdislm ih @36 mbadfwramjdrofuran,
-40C. The solution is allo to warmto ro

whishpwsdiennecenied te —H¥n Jhprﬁowl%vmlip\yﬁfi tOW?érrsfa e

te@t—f;r%ﬂ@g %gld dQ gl@é(h gt'é n@%{nlq\ﬁ.‘:gﬁ q"l\;%ttlé‘l?emgv@d N &9 oil-pump
vacrmmh rcethel rehidining ¢é$|dﬂe dtedissmﬁ/etjtnegédntlmf tlgéna Te insoluble
tted lass filter and wa

ed t of . .
ity ehier ey HETRRBroVBcR Cal HERY Slase sk Anerasiied fige with 9
mi YooY BRP WilsRing. | T sbEnER RS removed in a rotary evaporator,
and tHe exoxssaixn- H’é»ejldldleisrowldnp li®krooved by yatatredistilation. The

N T
1 H olefin-Hindene), 3.75 (s, 1 H SiCH), 2.86- 2.77
1 H isopropyl-H, 1.29 (s, 9H, tert- butyl) 1 29

1}-§:rIPMR((é&&MHZ @REh)3H, isopropyl-CH3, 0.72-0.63 (m

7887 85 B3R 5y AP Th, Sdfn A ihBERE) 3 B RTRH, she), 2.86-
2.?7:(ﬁ1, Rex Yésrbpad), .22 d, Dpprtembutyly, (429 t £R4 (Badhy b pbsshy 3H,
isopropyl-CHs, 0.72-0.63 (m, 6H, aliph-H), 0.42-0.06 (m, 20H, aliph-H).

Example 6: Preparation of Di-n-hexylsilanediyl(2-isopropyl-4-(4’-tert-butylphenyl)-
1-indenyl)(2-methyl-4-(4'-tert-butylphenyl)-1-indenyl)zirconium dichloride

16.4 g (62.5 mmoles) of 2-methyl-4-(4’¥tert—butylphenyl)-1-indene are
introduced into 197 mL of toluene and 9.2 mL of tetrahydrofuran, and 26.3 mL of
an n-butyllithium 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
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1-indenyl) (2-nmethyl-4-(4'-tert-butyl phenyl)-1-indenyl)
zirconiumdichloride 16.4 g (62.5 nmol es) of
2-methyl -4-(4'-tert-butyl phenyl)-I-indene are
i ntroduced into 197 nL of toluene and 9.2 nL of
tetrahydrofuran, and 26.3 nL of an n-butyllithium
solution (2.5 Min toluene) are added w t hout

stirreidefor opeihoor at thiptemperatper dt istiken Allowed thcsoladisolution of

' te, th t {8895, d 58
337 032t FROIBHLoHaRoBiPYH-¢2 CerBnPRY) e inn-
h%i{yidﬁ‘(@‘gsﬁéheciﬁ%8 m §bichens alided o thi® rddttioh sBRIoAy drops
witdn i1€apinoibed. - The dUspansiorist tep stimgt for threrl boyis) i 607C. The
hexy! chl | a 68 nL of tol ' d t hi
rePEUR SOHTQB I 9K ) rohTe BmPeratien a0d thenGPISE okl ©
bR 's%ﬂjtio% L) .ﬁttbrureﬁe) AR addEPRithOW ifterfupbiBl: AFR? this

reaction solution is cooled to roomtenperature, and
addition BO:amtp[efe thre mixtbret igl Haated tnB8YUT and stirred .fer twa hours at this

telme TG (14 eltreibcoRie R Erpeu aradheh Botaras
mgﬂl%g\ke%g zfr@émhﬁpteﬁ‘éﬁhﬁmab dr8iadidel SPBHRAING! €Thd FesUﬁlnggmlxture is

to cool to roomtenperature, and then 16
stifré2l. for twarbbes) atef5°Li arwbfur wmet reaur s nbamitemparatusgidébie i n

prRgRItateah s s sPRmTaUb b At Pessith & REELEh At fier and
th@ll'fl] ?gtég?gﬁ%%ﬁ%@hnﬁ%d]ﬁlu ﬁorﬁSﬁ@bﬁfe@@h@Mr&fh}atnf afhePresidue is dried

lass filter and then carefully
in \mshbpbrvlptvlaCBOmTBnddhe pooduchis oktaingdidrayieldef 32rfig (58%) and
esidue is d Ln an oil-punp vacuum and the
SaEmesd BHPE A a yield of ‘3265 (58% and
Wth a rac:neso ratio > 15:1. 1H NWR (400 MHz, CDCI 3):
7.71-7.01 (m 16H, aromH, 3.18-3.11 (m 1H,
H@Nﬂ%ﬁt@ﬂwﬁﬂ;,@(ﬁtﬁ)(s 3H, CH3), 1.86-1.33 (m 20H,

1 AR RSt il ol 251 g o,

1.8641. 330, 2(ﬁxaamireH7 1. B’O@@HT&H i fert-haftyl), 1.12 (d, 3H, lsopropyl CHs),
62 | sopr.op é -tent - buty henyl ) - 1-
Q&rﬁl‘ﬂ)'ﬁ@%ﬁoﬁy‘ hisb0eB9 (tafl: €61sd g (56.5 mml es) of

2-isopropyl -4-(4' -tent-butyl phenyl)-1-indene are
i ntroduced into 120 nL of toluene and 4.0 niL of

Eﬁmptdwm@mp'aaatmn ain@-128pBpyl-44# -tebutyphienyl)ithi um
o solution §2. 5 in toluene) are added w t hout
indepybidiethy! B'ﬁr%ﬁt'lal”@om tenperature. After this addition

IS cPLYB8:5 Mhfol8ydfs-Robfofial @ddrRbaRfiptt)-1-indene are
introduced into 120 mL of toluene and 4.0 mL of dimethoxyethane, and 22.6 mL of
an n-butyllithium 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 25.3 mL (169 mmoles) of diethyldichlorosilane in 190 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
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stirred for one hour at this tenperature. It is then

allowed to cool to room tenperature. The resulting

reaction solution is slowy added dropwi se to a

solution of 25.3 nL (169 mmol es) of

di et hyl di chl orosilane in 190 nL of tetrahydrofuran,

whi ch has been cooled to -40C. The solution is allowed
vacouwaand the residue isatigslvadiingZ aml ofdotuene. skherinedluble kthium

i leied foovgh o itded 51883 Rl And washrd B8 with 7 mL o
to% n@ wé@?‘@ngri N$Rs dblvent lsttHEH %m%bé@"ﬁ Q%!a?’y eldp&aaest, and an

ritted glass filter and washed twi ce
oﬂNBtdbt::Y netl. dhe desiradproqasct w\/dubd mgan Tiileptsop vemumatﬁﬁéﬁ and

repoved in r

isglgted W&jy'eﬁ%{gtg Q}I@d’\{@p@ﬁf& ¢‘§8 thb? an 0| | - punp
vacuum at 50C and isolated in a yield of 21.8 g (94%
(72% according to GC). 1H NWR (400 WMHz, CDCl 3):

1HFNmY4IDIIMH‘a CBClsprom H), 6.71 (s, 1H olefin-H

71850 b Ty arertg. BT Tl ofRe g 1334 18,11 SiCH), 2.80-

2. ewmh 16, i @pﬁiﬁa) 1@0@ gllé_"bﬂteriﬁﬁﬁtyl)o'l?z% Q. 2323(daﬁh dlbach 3H,
|

lsq:pr@puiaa—lg,owﬂafﬂ 63 (m, %H aliph-H), 021 0H)12 (m, 4 allph .H)
Di et hyl si | anedi yl (2-i sopropyl -4-(4'-tent-butyl phenyl) -
1-
Ex4difiphy8) Pﬂ-:-pﬁéﬁt}ﬁ oﬂB(eﬂhylsllamtedM(lelsoﬂn@pyM-@ - ferickeutylphzhy!)-1-

rconji um di ch

m@emﬁé}(awetmykﬁ 4 rfeﬁrbtﬁMWpaw&«ﬂylnsienvl)zr'r&@ﬂenafiehlor'de
t I
t ot 1 RS S87  ihciad) SaRieth fLAER SRRt fidene are
m*:mdimﬂedalntc( 216 nmill oftolusEnecars) 1&10€nhd1ﬂdaetrawdnoﬁwran and 28.1 mL of
o BShRL ol 8 g PREE oL o Bl BGp o room
telfr@%goo hﬂﬂér fis éc%lﬁor? ?é"’g@ﬁ@% Gthe 'n&x’cu?e@ﬁ?al%#j't@%dc and

A SO ut Ion O mrol es
stlfr%dlfeopne bpur 4t this tdrmérahuéyllnbehgm alldwed to cool. A solution of

; !
27,8848 RIS FaeTh oo et rplPR T T n 20
inﬁ%ﬁﬁﬁ%pyl@@%&ﬁé@ﬁ@ﬁﬁ 'TQ%L%f%lSEnéfé Ad&sh {Pthid R¥aRfon solution

e reaction solution is cooled to room
dropwiserwithin€ 0 mhmrhes54The sospension isbihen| stirmeii forrthree iouemhat
are a out inter

. Mlntolue ed wit r

60tE oFhe iRstiOn SalLiearS £dRraIrEom efine Ak PE i L of an n-

I héuBhterhl After thi
o R iy SOLHEF G e S AU Bhclption. Aer i
additigreis donisletel tembude Ke'éfe@tmﬁm@ahd sd:frezhfo:chwo bours at this

tetrachl or| de are added in portions. %I %for

tempgraigig- it ig alipyged to cool to room temperature t en 18.1 ? .6 mmoles)
of zirconium tetrachloride are added in portions. It 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 28.8 g (54%) and with a rac:meso ratio of 5:1.
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and for one hour at roomtenperature. The precipitate
that forns is separated by filtration through a G3
fritted glass filter and then carefully washed with
20-nmL  portions of tetrahydrofuran. The residue is
dried in an oil-punp vacuum and the product is
obtained in a yield of 28.8 g (54% and with a
1H—N%%IH‘§¢$%%WZ',CCDCI35 1. EDO 1H NI\/R (400 MHz, CDCl 3):
7.63-6. m 16H, araom -3.12 1H,
7.p35H96 :11(:54, a@r&é"l)(§203$112c§ﬁ9)1 190149 'ﬁ@si@ﬁ (4H, CHa),
L . 4, k- H$31.88 (s, B, bRIGULAY Y09 (d, 3H,
1'??0@?5‘?’"3&' éﬁ?@‘&&vﬁ?ﬁ@ﬂﬁ f 53° &% Fh RY109 ¢

isoprapybiis}, A3 (d, Bthripdopyl-GHepar at i on of
Di - n-hexyl bi s(2-met hyl - 4, 5- benzoi ndenyl ) si | ane A
solution of 5.4 g (30.0 mmles) of the isoneric

Ega%;wg PFep?aTaﬁéme Dﬂnﬂrexpﬁi%glrﬁémvm@@enzomde Dsilane

benzoil ndene i of tetrahydrofuran
is tAeathon om&mgiaO@meoI@s) of tb%l%ﬂ"ﬂ%ﬂwﬁuﬁwmfuﬁ mthyl-4,5-

SER TN ST T T e (e e st

wili QRWhE @f ah ri- ntrﬁmn@mwre 2.5 Mirsiodxgried andfhehitéd gnder reflux
0 mmol es) n- hexyldlchlor03|lane in 10 nL of

fograne hews The re@@tm rerhsalufion isthensadies: GapwiseeRt rPam ux
te[’rﬁ)relrgtg% F@H Siutibh%f 4.6 gc(tl EQ Ié‘%)' Shil 'r?héf]ﬁd]cﬁlﬁ%s‘?lg nein 10

efperature and ‘poure ice wat'er
MBI, gtebe resulting sehiohyis eateaicireterwediux B0 546 hofirs. The

diethyl ether., After the or nlc hase has b
rection salien i thes facketo e EendAve Tndes Water
Trg@ Saqlé sdyﬁadéeslsmé £ﬂe9ﬁ/ édl MhCHU ﬁﬂEaéfQﬁ!étﬂgm‘theﬂ' h&fter the
eS|re uct I SO |n a yield

orgafid pha]sls-ﬁd{%éetﬂdrzad-lw,lthmmssum Qifate, 18e (scdvemma removed and

thEaseRu is Pidisd Y ppligrtchiomafoptiony. o daired oyt S Footated

oy, 04 (m 16H, aliph 0.72-0.65
[nﬁle%&'sé@g-@f% Em 4H, alilpﬁ- H)H? Exanpl e 10: (m

Preparation of Di-n-hexylsilanediyl bis(2-nethyl-4,5-
1 [ L)zl i um di chloride A solution of 2.0 g
*%M%Q é‘lrlﬁéwn hexyl bi s(2- net hyl - 4, 5- benzo-
7. gecbems |(r)13f1f2ﬁnardrﬁ-i-%06r33 @.sf bt' 2 H adigfihi-of mdane) $. 50 emzqsach s,
an n- I'i't hi um sol ut i on

canin o5 G, LB 1 84 (aeh B6cRGhBH. GH.ch28nt 04 m, o, aliph-+),
0.72-0.65 (m, 6H, CHa), 0.63-0.48 (m, 4H, aliph-H).

Example 10: Preparation of Di-n-hexylsilanediylbis(2-methyl-4,5-
benzoindenyl)zirconium dichloride

A solution of 2.0 g (3.6 mmoles) of di-n-hexylbis(2-methyi-4,5-benzo-
indenyl)silane in 20 mL of tetrahydrofuran is treated with 2.9 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 606 mg (3.6 mmoles) of
zirconium tetrachloride are added in portions. After this addition, the solution is
warmed to room temperature and stirred for fwo hours at this temperature. The
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tenperature. The reaction solution is cooled to OC and

606 ng (3.6 mmvl es) of zirconiumtetrachloride are

added in portions. After this addition, the solution

is warned to roomtenperature and stirred for two

hours at this tenperature. The '61 precipitate that

forms is filtered through a G3 fritted glass filter
pt@ﬂﬁ)itbtethaeﬁcbmselsﬁﬁeremﬁinmbma@ ﬁmtteld glaa&flldaér ahdemleydesidue is

Wased BRoR M LI il S1Da | TG s Koed dripd A ulagium,
%& %él 5;5?%8901! idlobfained ira ﬁﬁelé'df b4 gﬁ@@’/’omh arac; meso ratio

7.01 (m 14H, aromH)
>1586-1.30 (m 20 H, aliph-H), 0.88 (t 6H CH3) .
Exanpl e 11: Preparation of
Di - n- hexyl bi s(2-net hyl -i ndenyl )silane 9.2 g (70.7

1HFNMR5(40@MI¢Z f@l!)bé ):i ndene are |ntroduced |nto 200 niL
of toluene and mL of THF, and 28.

758E7u9§II(IM|,ﬂHHuﬁTC(FQ*|'® R134n(s; 6H. &k, hBE- 1 %%@dZQnH ialigh-H), 0.88
(t (8 tion at roomtenperature. After this addition

i {:llgfete, the mxture is heated to 80C and stirred

at this tenperature for one hour. It is allowed to

cool to 40C, then (35,4 mmol

Emmnlméiyf’tﬁnﬁwmrbgf Da%@ XY bIPuney v? M&Bw)%lla&m se.

Af t %2 r@e ?ﬂ%&ee %@? n%”a:%%h‘&di g&da'trﬁtoséoe bRdof

for ours en over ni ght room
totummecarad U5 enl BﬂTHE ahd \'A’Bt(bm!.amfm-hdty@rﬂhland(Z o Mirpﬂmﬁm@) are

A S e S RSl i, e
m?&tﬁfquq]%gﬁdqfoe@c’ﬁ g5S stifrkd a@tﬁlQiéﬁp@fatJ@Q’o%nQﬁwour It is allowed

ene e conbi ned organi c phases are dried over

tolR@N &S 4070, SHeh A B g (86 M&hmd@ﬂmfa:tunelmxyﬂdlchieromig negre slowly
sul f at e, the solvent is removed and the residue

agsied dropwiss: ABeiis addiipnthgrapsion solutior s $tEEqu‘JP6§U@P hours
ot A ol i orech G Yy (AHEALY o hsca and
thé- p3\%s(e§ ,thétrforra re @bpétd‘tetﬂ" rrndefngamc Phade iSwhghéd adih K00 mL of
each H, CH, 2 07, 4 (each s, each 3H,
watersam the qwe%mha&ﬁ i9 ﬁxmcteddheeﬁ {imes Wit a tatal Qﬁﬁo mL of
f

o P oSl BRI e SRR gy R sahat! arer
separation 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
13.3 g (82%) (purity 99%).

"H-NMR (400 MHz, CDCls):

7.53-7.08 (m, 8H, arom-H), 6.38 (s, br, 2H, olefin-H indene), 3.53, 3.47 (each s,
each 1H, SiC-H), 2.07, 2.04 (each s, each 3H, CH3), 1.15-0.89 (m, 16H, aliph-H),
0.67-0.55 {m, 6H, CH3), 0.51-0.35 {m, 4H, aliph-H).

Example 12: Preparation of Di-n-hexyisilanediylbis(2-methylindenyl)zirconium

dichloride
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dichloride 62 A solution of 4.8 g (10.5 nmol es) of

di - n- hexyl bi s(2- net hyl i ndenyl ) si I ne in 30 nL of
tetrahydrofuran is treated with 8.4 nL of an
n-butyllithiumsolution (2.5 M in hexane) and stirred

for 16 hours at roomtenperature. The reaction

solution is cooled to OC and 2.4 g (10.5 mml es) of

zi r cArsolutionedfr4a8 iyl (dﬂlﬁjmnamles)aufothm hexyllmetz-hmtlsylindény&h)silane in

@hi s gd ré},g&g;{gwtagﬁf; irp@ged wgpl X hq.h Lﬁ%ng}utﬁﬁq%m solution (2.5 M

mtf%'ﬂ%‘hbﬁbklﬂ %{IFFEHQOIFJ" & hbatd Al @ohimp&tbitRel Thel reb8fidtfisolution is
hr ou fritted glass filter, and the residue is

cumieﬁwoaa emdvﬁ #lg @M0.vtnrodied) eft:m;donmrh detractipride arsi atided in
PerlpF mAder s aofitBnafir Sl icHy s aplpd i 9o tiBetRils and stirred
for @vé ot rsZQt this teﬁzd\ﬂYBLﬁéOQh%m%hat %rfh@ lﬁ] flﬁé”re(i"ih rough a

I OH, arom

Ggﬁnmd g@assdlltga anc thee'H$ldGBB$ washadmneey@th m eﬁaoﬁdleﬁ\yt ether.
Tls(i)%ée%d e"g‘éj‘ %‘Fhén %\Eé}%ﬁ %ﬁﬁﬁé 46%%% éaLéCt W0 8p8itedin a

yleﬂdfcwﬂlge(%%)t\mrig@a@hwes@‘ ratiol>ueme. and 10 nL of THF,
then 15.5 nL of n-butyllithiumsolution (2.5 Min

t ol uene) are added wi thout interruption at room

11 RAPR %@wzﬁég this addition is conplete, the

mxtuels hé 080Cand stirred at this
7 .46+6e3 anyr oHf arorid), 2R3ufs, 6H OHs) al. Vevﬂeﬂgtm 20, dliph-H), 0.86
40C, then 5.2 g (19.4 mvles) of di-
(tiRyEHBhl or osi | ane are slow y added dropvvl se. After
this addition, the reaction solution is stirred for
three hours at 60C and then overnight at room
Exampla a3uPEepar8tﬁbnmf DBi-n-heetxpibisy 2 eneftighe4-pdued yiitbe yt)adarse

th? }ﬁ t dﬂ?a%e sepa): allg%aet&&*obgg@l X %ggaréelpgoduce mfjo 180 mL
of WlueRe hd_TOrfCof THFEHeW 155 Ml 6f ﬁJbuﬁﬂntﬁQmﬁrbomfnon (2.5 Min

tol uene. The conbi ned organi ¢ phases ‘are dried over .
tolvene sraiadded wvithout infaraurptioariracimoiemyferatuse midiee $is addition is

coptiiefs. ie BRLE tnirte InaDSg Py ot BisdPpiiaturs for one
Nl S SRR BB AT R S Gl i B gk Y
heagylalicHidrosBads atesslobly added diadwise HAIfted eie addRiohStheXrediétion
sostﬁ%%his%’tirred 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
phase 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 separation of the magnesium sulfate, the solvent is
removed and thé residue is purified by column chromatography. The desired
product is isolated in a yield of 8.9 g (75%) (purity 97%).

"H-NMR (400 MHz, CDCls):

7.83-7.10 (m, 16H, arom-H), 6.27 (s, br, 2H, olefin-H indene), 3.55, 3.47 (each s,
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"63 each 1 H SICH), 1.92, 1.90 (each s, each 3H,

CH3), 1.30-1.11 (m 16H, aliph-H), 0.76-0.65 (m 6H,

CH3), 0.65-0.50 (m 4H, aliph-H). Exanple 14:

Preparati on of D -n-hexyl silanediyl bi s(2-nmnethyl -

phenyl i ndenyl ) zirconiumdichloride 6.0 g (9.8 muol es)

of di-n-hexyl silanediyl bi s(2-nethyl -4-phenyl )i ndene
eatthel H,i SiC-d)iuk82, 1.80¢e8¢h sleadh aHeCH;A) 1e30dr 11 and16H galiph-H),

Q t|o 5 Min tol uene

02%@ %dﬁ@dgﬁte%théégﬁﬂréf' '}z&h( “this addition i)s
Rl Pﬁe'a)aratmﬂ%ftm.%Jhéx?kiléﬁaﬁyl@réez-mahw -pt this

te erature is cooled to OC, then 309 (9.8

phemylirdgnybizirepnivendighiorider achl ori de are added in

ol (& i Sto i -8 Pl Bl RE R a4 b e are
infrd@ucdtbinics 8@t bf Gietiginptier! ane 7. 8Tt ﬁrmn-ﬂuut;&lithlmﬂn ablution (2.5
forms is filtered through a G3 fritted

MaiiensiregiecatisomdSmpssaian oy s Aefioniip complete, the

35 S OB i Bl PR AR o o

mitioldl) df &ﬁ@orﬂﬁﬁ‘ptet@bhl@nde%ﬁe ddétHNbBrtchR0 Z(ZHmL SERBYL ether
7.63-6.93 (m 18H, aromH . 6 2.24

are agiged, ten(the spiutiqn |g|h|egted_50 rogrrgéammrahgﬁ aridifired for two
ho@??%% Eq?n ErafRar 81t e?&ntate% hha]t f%rrr}s s filtered through a G3 fritted

r nmanedi y
gl mte?@idy\lvéwheifom)e Wﬁh 20m4S. cﬁetlmbétbeb Bhe residue is then dried

2-nmethyl -4-(4' -tert-butyl d
in @ﬁtQ'bMEd’ai%Ht'@ 500 the dbsTed plrRdict i AStaies ingy yiglgrof 3.9
(5293\% %‘rr%fsor}aﬁb‘gyid fthium (2.5 Min toluene) are
added wi t ho

|nterrupt|on at roomtenperature. After
this addition is conplete, the mxture is heated to

3 n I rr t this tenperature for one hour. It
1 .
H‘@WK&/@M’{Z@%&% )t o 40C, then 7.4 g (23.5 mml es) of
7.d?-6093 xy8idi S paRREsH! EHs) oMmbe- 12 ad, 20 epwiipR-H), 0.95
After this addition, the reaction solutionis stirre
(t,f6dt, GHg)ee hours at 60C and then overni ght at room

tenperature. 70 nL of water are added and the phases
that formare separated. The organic phase is washed

E)Valhblelw Pllepafatiti 6f Di- @h@xﬁlberrﬁan@@'ylbig{ﬁaﬁethyszl-(df’-terf-
extracted three tinmes with a total of 100 nL of
butyphemd)indefe)conbi ned or gani ¢ phases are dri ed

12.3 g (46.9 mmoles) of 2-methyl-4-(4'-fert-butylphenyl)-1-indene are
introduced into 190 mL of toluene and 11 mL of THF, and 18.8 mL of n-butyllithium
(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 at this temperature
for one hour. It is allowed to cool to 40°C, then 7.4 g (23.5 mmoles) of di-n-
hexyldichlorogermane are slowly added dropwise. After this addition, the reaction
solution is stirred for three hours at 60°C and then overnight at room temperature.
70 mL of water are added and the phases that form are separated. The organic
phase is washed with 100 mL of water, and the agueous phase is extracted three

times with a total of 100 mL of toluene. The combined organic phases are dried
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'64 over magnesium sulfate. After separation of the
magnesi um sul fate, the solvent is renoved, and the
residue is purified by colum chromatography. The
desired product, i.e.,
Di - n-hexyl ger manedi yl bi s(2-met hyl - 4- (4" -t ent -butyl phen
yl)indene), is isolated in a yield of 11.0 g (61 %
ovepmagnesbfsulfate: MfRRr(séparatian ofdbeirgagnesiwo-sulfate, (e solvent is
14H, aro ol efin-H indene)
regitgd et I ekl BLrfed S Sy S s S cBSFHE  The gBdred
DA tyl-4 r2butyiphenyl)indene), is
R S < M T G e e s
|sQ|a1edan|aﬂetei)of 11.8%-(61%0 (phrity89%).al i ph- H) Exanpl e 16:
Preparation of
Di - n- hexyl ger manedi yl bi s(2-nmethyl -4-(4' -tert-

THONIMIR p;t[;liHz- iopiery| ) zi rconiumdichloride 6.3 g (8.2

mol es

iRt P FBdpobmathplelip- H4nderée)t 3.63, 3.50 (each s,
d
e ITERH) 3 0656036 8cH B! SRt SAUCHI LI, TT3s3each 5, each oH,

teftbubylM 1.28-HQUEN L) 6id) aliphadHp . 39 0. 6b(mt GH'pé)lHa) 10.65-0.50 (m, 4H,
After this addition is conplete, the mxture is

alighildk ed overnight at this tenperature. It is cooled
to OC, and then 1.9 g (8.2 mmol es) of zirconium
tetrachloride are added in portions. After the

Exadple t6t Rriepacatidn aff Dieh-bekylgeanarediyibisé2 meathyk-&-(4'stert-

| t t d th
oypheRe)-rgenvieinstint GRORIE" anper at ure. - The.
pr e iyt @lBminh@ks) OF dith- héxﬂ@@@ﬁ@i@ﬂylbi&(%hﬁ 4364 ten‘~

[
frltteg glass filter and washed once with 10
butylpheyy)irdens areTintrodueed ingo 89 mh & diathy @ther, ﬁd 6.6 ml— of n-

oy lRHROKREH s 1 SallERES Stk RIAEY S rdon RBRBLARGe! hifer this
adeHIdWB etHHihe FADEURD is Stirréd- oVéi)Blght‘mt ﬂnﬁd-tenmeﬁrmurb It is
2.23 (s, CH3),192140(m 20 H, aliph-H),

copbad t0e09C, taéldtthB(]t‘|y$ 1,(8@ mungles) gfizircopsym t@k@ﬁmr@qare added in

r
ot Prcdionof 20 of ety etherdpemixtue i alipwed to
webrm td rdon &!iﬁbéra'tlﬂ@&fr@ isAén 4tifted férhﬂl&hmmleﬂshns eémperature.
2-met hyl - 4-(4' -tent-butyl phenyl )-1-indene a
The precipitate that forms is separated through a G3 fritted glass filter and washed
once with 10 mL of diethyl ether. The residue is then dried in an oil-pump vacuum.
The desired product is obtained in a yield of 3.6 g (47%) and a rac:meso ratio >

20:1.

"H-NMR (400 MHz, CDCl,):
7.74-7.03 (m, 16H, arom-H), 2.23 (s, 6H, CHs), 1.92-1.40 (m, 20 H, aliph-H), 1.36
(s, 18H, terf-butyl), 0.94 (t, 6H, CHs).

Example 17: Preparation of Cyclohexyl(methyl)silanediylbis(2-methyl-4-(4’-tert-
butyl-phenyl)indene)
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i ntroduced into 68 nL of toluene and 4 nL of THF, and
6.5 nL of n-butyllithium (2.5 Min toluene) are added
wi thout interruption at roomtenperature. After this
addition is conplete, the mxture is heated to 80C and
stirred at this tenperature for one hour. It is
allowed to cool to 40C, then 5.8 nL (20.7 mol es) of

8 yclabdegxy 5QWWéé)obfaag?th-mmbetwpmw)-awg are

ropw se. ter a | , re I t .
et uic niab BIL eHPLENRRAN:A FIL B ERE nanE R TG b hithium
(2 M lﬁqghﬁﬁ?f?rg é’&dé’oewltl%htﬁ?ﬂ{e?ﬁupﬂ@ﬁ %‘E réorf tagperhtard ARer this

ases t mare sep arat ed The organi c phase i's
acmaimd cotﬁp”beté5thdmoﬁums dreatehth 80RC ang etived i #ve tersperature

otom oo Wby ShEo el SR
oA A 98 A BT R Ak, ion,

th@)‘eé{ﬁioh@bhﬂiﬁrﬂ@@t:ﬂ@d&@hmreé' heurgdststo°edand dtbmdwermgm at room
cycl ohexy yl bi s(2- et hyl - 4- (4'

met h ) si | anedi
tewewtprean@ et)er BEe aé@eé@@é the paayﬁe%mﬁt rm a%S%Parafed

Tf{%ﬁ?f@ixaﬁ?ﬁ*%s?sﬁii%%da@%"ih?Wﬁ affiSdqudotniaddis

ex?‘écteﬁi‘hmé‘é Ghtlr']ﬂ)astﬁtaﬂ %O(rﬁL ﬁﬂiluggel? Yhe H)lamkﬂnjm prgardGphases are
each s, eac a
dﬂ@dwermﬂmawe ﬁuﬁateea%f%ewpatr%mn é?mrpag%e%m(@% the
’c:ﬁ?@@ ﬁdt 3 ?Q{i]g%:is‘;ﬁ%ﬂedzb%golumq <£:1r_nromr::1_togerIr tphy The

désut?ilpfodiwc;tyie) i uwtédyéMmeibwalanedwmisiﬁrmethW-G @-tert. 8

moJ es)...0 .. . . 0 : 0
b%ﬂeh%@l&%%ﬂ%@ﬂ%iﬁ")@?@ imadiglfof 38 gt LUy 97 ¢ -

but yl phenyl )i ndene) are introduced into 70 nL of

di ethyl ether, and 8.6 nL of an n- butyllithium
"HsRMR {400 M:HZSOWBI@) toluene) are added at room

ARG i L Al oS eBpgith BERRH BERREFRT fr 1 S0+,

3.56 (s, AP RAZA/PHP 2 282l 06 l{eacR s Sdach SHOCHsME1e$.23dM, 11H, aliph-
zirconiumtetrachlori de are added jn portions. The

H)s 8138, 103 (enokt s, iaash GHbrieptditiduP <846, BBoM@enper at ure.
The precipitate that fornms is separated by filtration
through a G3 fritted glass filter and washed tw ce

E)t/ﬂrhbleﬁwiLP@‘paﬁhtﬁiri‘oﬂ Cﬁildﬁl@xyl(ﬁimhylwiadedlyl[tss(ﬂhnetrmlﬂe(d -tert-
in an oil dp nP acuu;g and the desired product is
bugytrhienybindenyl)zircaniurpdichleddey (5309 with a 136

rac: 718 HA16% ftmdle€ o cyciohexyl(methyl)siltanediylbis(2-methyl-4-(4"-tert-
butylphenyl)indene) are introduced into 70 mL of diethyl ether, and 8.6 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. ltis
" cooled to 0°C, and then 2.51 g (10.8 mmoles) of zirconium tetrachloride are added
in portions. The solution is stirred for two hours at room temperature. The
precipitate that forms is separated by filtration through a G3 fritted glass filter and
washed twice with 6 mL of diethyl ether. The residue is then dried in an oil-pump

vacuum, and the desired product is obtained in a yield of 4.66 g (53%) with a
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"H NVR (400 MHz, CDCI3): 7.40-6.97 (m 16H, aromH),

2.22 (s, 6H, CH3), 2.19-1.46 (m 11 H, aliph-H), 1.32

(s, 18H, tent-butyl), 1.27 (s, 3H, CH3). Exanple 19:

Preparation of

Di cycl opentyl sil anedi yl bi s(2-nethyl -4-(4"-tert-

but yl phenyl ) -indene) This synthesis is anal ogous to
raBxraegd mtib7> 28Xanpl e 20: Preparati on of

Di cycl opentyl si |l anedi yl bi s(2-nmethyl -4-(4"-tert-

but yl phenyl ) -i ndenyl ) zirconi umdi chl oride This

TR €506 MHz, Qf@d‘;ggous to Exanple 18. Exanple 21:
Preparation of

74018497 (ron#6Hy ajcentind @2y(sbBH( EHabth{P-144G gm, 1 £ H, Abpb), 1.32
di chl ori de 16 60 I
(s, ?QQ %{%‘fft&ﬂ ??Z)él% &tﬁinyl Ip(rien)?lrl)-le-i ndgn(e argm) )

introduced into 260 nL of toluene and 16 niL of
tetrahydrofuran, and 25.9 niL of an n- tyl]ithi
Examnple 39 E@p@ranqrhoftlaacueiﬁe?nta(hﬁaa@%@ls&#r'ﬁ%hhﬁ-“-(weﬂ-
room tenperature. After this addition
b'*‘g'bﬁéﬁw"l"%e?he m xture is heated to 80C and stirred
f or Thie shoihesistis anbkogoesie Eabmpde 17t is al l owed to
cool to 40C, then 5.1 g (30 nmoles) of
n- but yl (met hyl ) di chl orosi | ane are added dropw se to
EH}hf.» ratfcm ﬁﬁmrepclogeﬁtgrsﬂaﬁéa.9rb.siglrﬁéih«}n41(a -tert-
st ree ours a is cooled’'to room
butwlpbenysl) mdenylaﬂdcar‘rwn dichloride of an n-butyllithium
sol uti.on .5. Min toluene ar ded dropw se. After
t hi s%lﬂﬂay'[gﬁ%&ﬁ'si@ a&‘éﬁ?&f’&?@?)‘;‘"ﬁ@@%ﬁﬁn on is heated to
80C and stirred for one hour at this tenperature It
is allowed to cool to room tenperature, then

Exaopina1 eRjeparatiarn @fdnmmier@emaﬁlaﬂeid&ébla@enm& (4|theff-b utyl-

or The stirred for two hours at 45C
I'%pgf){qqgn%p (foﬂ?%l{%aﬁﬁ%‘#éforws i s separated by

fi | t16gi(®M nirblespbf Z-I’ﬁahwuf-(*l etértgfu&ylphénwo-e rindene theintroduced
carefully washed wt

mtoezafamfdpwﬁ anthtb ﬂés@fcr&&aﬁgdr&fwr@a ?Hd ZR- ML fmp-
bl}f?lﬁlgﬁ,% s%ﬂglo%q?h§mﬂ;l§ﬁlﬁg§%9% %ﬂcﬁ\@cﬂmﬂl‘tﬂo Mtéé'hﬁlbti%ﬁ é%o&n

tefrpePatitd , ARBIANS additioh iScdBplete, thehixturers hizated. tBLB(}(f’ét and
6H, CH3), 1.82-0.88 (m 30H, aliph-H).
stirred for one hour at this temperature. It is allowed to cool to 40°C, then 5.1 g

(30 mmoles) of n-butyl(methyl)dichlorosilane are added dropwise to this reaction
solution. The reaction solution is stirred for three hours at 60°C. It is cooled to
room temperature, and then 24.2 mL of an n-butyllithium solution (2.5 M in 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 7.0 g (30 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 80 mL portions of tetrahydrofuran. The residue is dried in an oil-pump

vacuum, and the product is obtained in a yield of 12.4 g (63%) and with a rac:meso
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Exanpl e 22: Preparation of
n- Hexyl (et hyl ) si | anedi yl bi s(2-net hyl -4-(4'-tent-butyl
- phenyl)indenyl)zirconiumdichloride 30 g (114
nol es) of 2-nethyl-4-(4'-tent-butyl phenyl)-1-indene
are introduced into 508 nL of toluene and 30 nL of
tetrahydrofuran, and 45.8 nL of an n-butyllithium
ratiolafti@d. (2.5 Min toluene) are added wi t hout
interruption at room tenperature. After this addition
is conplete, the mxture is heated to 80C and stirred
"H-MMR 0D Mz, BDERD:S terrperature It is allowed to
cool to 40C, then 11.4 é57 nmol esé of )
7.A8HBRG (mMnd6Hy AamdH 8r2¢1563|, hle Cdilsd h 844688 (opaPdealinh-H).
this reaction solution. The reaction solution is
+ stirred for three hours at 60C. It is cooled to room
Ex&ipts 22 UPrapaaatibrt bem-Hexylinetiy Bilanedivibid(Rimbthyha-(4-tert-butyl-
sol ution {)2 5 Min toluene) are added dropw se. After
phanydindeaybzisrpniemtighiPdd® " the solution is heated to
80C I
ATIILE} iinis) 6f 2 Manperta ot Al iphRPFAThYERs alé
m’(r56umd3in®s}308fmlz of tniuenmam@fiﬁanih bbtatdnydrofusenhd @ddi4d.8 mL of an

E"Mhﬁ@ﬁbmfﬁ%Swrﬂsci@?rié):éé%%gf Syt 338f57ofon 50750m
teHéJ oﬂftlap r@yaadaoﬁifsl%mm&@l @Bbanmtdr! gé REaRAdotdtel and

y was ed Wt portions o

sttr@df@hmdé ¢1four anthid kempesitelee It is allbived torcoahto4dQuhen 11.4 g
vacuum and the product is obtained in a yield of 22.7

(54 mono¥gs) ha- nﬁwl{rraethmdlﬁlﬂgmsﬂaa@ age grded dropwise fp Khjreaction

c&xﬁ?o% % re%lgg)s&h.é@zl ﬁgtl%ﬂ(fm h?’&%'hoﬁ& S ég%c ZItas éo?ed to

robifAEphSerditire Pé:@cpﬂ’fe’mt 4@ MLobf an n-butyllithium solution (2. 5 M in toluene)
-Di met hyl si | ane

bi s(2-nmethyl -4-(4'-tert-
arpdgedpiiepyise. ﬁl{er;thpszadchtm @mqmlmmrthfaéolyhgngs peateg to 80°C

e aitrod B siiedih o 1 empprEipier Jt S AIWE foidpg B R
tehripleratayel tBENT B33 PBT MRTIEE) difziradniunbetichidridel drbRidaed in

solution (2.5 Min toluene) are added w t hout
partions.r The solutian is stimed fesrpior kaurs @t 457¢ @ndithe preeipitatedhat forms

= 2o SR B Pl 5 DAt Al 440 s

WIﬂ@q’hO'hﬂ_ ﬁ@@on‘shﬁ'fet%)@rﬁfuré@ ?ﬁe nedigae idried in an oﬂ-pump

di met hyl di chl or osi | ane are added drogvvl se to th
vacgdot, iand thelpneduat is olftainediea vield eb24¥ihtt9%) @lﬁd Wiitbca rac:meso

ra{to Oft>|'1{§.? hours at 60C. It is cooled to room

"H-NMR (400 MHz, CDCls):
7.70-6.81 (m, 16H, arom-H), 2.23 (s, 6H, -CHs), 1.89-0.79 (m, 34H, aliph.-H).

Comparison Example 23: Preparation of Dimethylsilanediylbis(2-methyl-4-(4'-tert-
butyl-phenyl)indenyl)zirconium dichloride
143 g (0.54 moles) of 2-methyl-4-(4’-tert-butylphenyl)-1-indene are

introduced into 2.4 L of toluene and 143 mL of tetrahydrofuran, and 234 mL of an
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tenperature, and then 218 nL of an n-butyl!lithium

solution (2.5 Min toluene) are added dropw se. After

this addition is conplete, the solution is heated to

80C and stirred for one hour at this tenperature. It

is allowed to cool to roomtenperature, then 71.1 g

(0.305 noles) of zirconiumtetrachloride are added in
n-patylithoms. solition @05 M indoldenes tre added withoubinkerosioatat room

45C and the precipjtate that forns i.s se ate o
tempefatufe; o%ﬂerﬁhﬁ@@ftaow darplelss tF ugiure (% 168t Blfegy anc
st O Al B0nE bl Bholto 40, hen 2269
0 Q@Qﬂdl@s) afldirﬁehﬁﬁldmuﬁdsltanaaremwedaﬁobma tpi thlsdreattidrs Solution.

g (80% and w a rac:neso ratio of 1:1 i soners

Thwgacb@ selptiendscstirred tof thigg houwss at 68ty Ity CSBlezgl tq room

ter%ﬁ@ Ghie gagﬁﬁéﬁ% g; an !?ﬁtg@ﬁﬁglﬂg@m Idt[ﬂguzzar Of?f‘t't_)'; uene) are

ad@eﬂ‘ﬂr&ﬁms@"‘ Atter $hRis Gddiitiordis 2bntplete3 Hhe $6l0ti6HIR) hedted o 80°C and
S, 5H, nmeso-Si Me2), 1.33-1.29 (m 21 H tert-butyl,

sturrad -fSi erefiounatibis iempersiyre. Hdsglioweg to cepidarpamemperature,

ther:q 23&'@&% ﬁg? r@cﬁ?@r (thd% \%'BB etracimorfde are added in portions. The

so(lfho181t:§ tirr8d Forl twd eSS Jait EGBO)erdZthéC;ﬁédzlpi‘t@tél that foringds separated

g (125 nmol es) of
by filnatign thraughia G frittegalgsphilkernand ihenmasefylly washed with 700-mL

po'{@cHs %’;}%ﬁ%pxﬁr&ﬁj 3 ﬁg aﬂé’o’%%'d#%l lé'?ﬂgd i) gn %ﬁtﬁ[h? ﬁlﬁcuum and the

pré@hdtlis eptainbdbin™ Vield of 1@9)(86%{:} aaddmd‘l allrad:tmﬂso ratio of 1:1. The
interruption at room nperature. After this addit]

isqreesonpsihesepaated b@tﬁﬂ @dﬁj@OH‘é‘a‘i"‘é@l tq gbigirsalgative ??tﬁiyéas for
pré@g?ﬁ‘?go&%n Loﬁh' s tenperature. It is allowed to

en 8.9 g (63 nmoles) of
et hyl (met hyl ) di chl orosi |l ane are added dropwi se to this
reactlon ol [ The reaction solutlon is stirred
'H %@ E@KQQ 60C. It is cooled to 69 room

I .
7SS G101 ATk g oL ey, 140

(st'hBbl, aiotSidie,),s1.83+Mp2@(m, 21 Hefarbbutyl, saciSMeglafl62B so 1.5H,
80C d stirred for one hour at this tenperature. It
M&SO- Qll'figwed to cool to roomtenperature, then 14.7 g
(63 mmol es) of zirconiumtetrachl oride are added i n

portions. The solution is stirred for two hours_ at
Ccunparlaenrﬁmplet 2 Preparation akEthymetndisidaaediphpis(2- methyl-4—

(4'633(%1?@ ;& ES 2irSShili! ditfdrigbass filter and then

32.8 g (125 mmoles) of 2-methyl-4-(4-tert-butylphenyl)-1-indene are
introduced into 500 mL of toluene and 33 mL of tetrahydrofuran, and 53.8 mL of an
n-butyllithium 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 allowed to cool to 40°C, then 8.9 g (63
mmoles) of ethyl(methyl)dichlorosilane are added dropwise to this reaction

solution. The reaction solution is stirred for three hours at 60°C. It is cooled to
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with 160 nL portions of tetrahydrofuran. The residue

is dried in an oil-punp vacuum and the product is
obtained in a yield of 36 g (76 %9 and with a rac: neso
ratio of 1.8:1. The isoners nust be separated in an
additional step to obtain selective catalysts for

propyl ene pol ynerization. 'H NVR (400 MHz, CDCl Sg
ro‘bn@&rﬁperattqrm and therab® mi-pf ar mAButylithigh), so@ﬁ@)\ (2.5 M in toluene)

8 5 1. 35- 2 1

arg @%@dﬁwp&@f’pﬂ%ﬂh %%5%% 'Szeomatleé%ihé\?%ﬁoaf'é heated to 80°C
Fr@éf e nfrfezh('ifﬁtemfhls‘{eﬁlm )i ﬁ@@ﬁﬁ'&v}éd {PE801 4o room
ut lon of 7.0 of the isoneric
temmp&ratwe,otheﬂ et gy(63 mraolds of gireatdum tatrdchloride are added in
65 ni of d

DS Dol AREE SRS o S AR 288 st o
IS%B?.ré\&I:‘He ng@tflﬁ‘? Iﬁ'é‘l?gmﬁ@ flittadibss fikdd éH&I lfh‘éh &éfully washed

sulting red so utlon I's then ad
wiiln dpGinake pamonsmﬁte’tralmp:hfo&n'ame The residoe i d Ued dJT ag ofpugnp

19. 4 h hi 020 ..Of .
et AP Ble's FELF AR R YT KL 6 e B s
raktiBroft, §1hqtﬂe9|soﬂé?s nfuRekisePatftbdin an dd‘éiltldh@ﬂst@@(lb%ﬂ)tam
to roomte rature and poured into ice water. The

selgctiveucatplys or prapfeng mwme@lzah%t ed with 60 nL of
diethyl ether. After the organic phase has been dried
wi th magnesi um sul fate, the solvent is renoved and

H wRqaoglwzsc;mg[39fl ed by col um chromat ography The
desired product is isolated

7686957 (T RRAIOMTINERZS @oBHBICH, bT57148 (Tshh affph-H), 1.35-
b 2H, ol ef Hind 3.96 :

1SRRI e, B 2 ol L i Todene) 390 (o

Si Me2) . Conparison Exanple 26: Preparation of

Di net hyl sj | di yl bis t hy
CouTRATSAIE Eyaiale Y55 ion b of PHESvbis Gemeibh s o ¢
bélyggndws) é)f di met hyl bi s( 2- net hyl -4, 5- benzo-

[

ane in 30 nL of tetrahydrofuran is treated
wi t hASolitioh aif7.Gug (88. aotmmdle$)t¢f thenisrhenic ovixtpd 6f 24nethyl-4,5-

oA e 2 b e B e ST SRR 5 eates
witiaE&SMLAf 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
temperature to a solution of 2.51 g (19.4 mmoles) of dimethyldichlorosilane 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 water.
The aqueous phase is repeatedly extracted with 60 mL of diethyl ether. After the
organic phase has been dried with magnesium sulfate, the solvent is removed and
the residue is purified by column chromatography. The desired product is isolated
in a yield of 4.85 g {(60%).

"H-NMR (400 MHz, CDCls):
8.01-7.36 (m, 12H, arom-H), 7.21 (s, br, 2H, olefin-H indene), 3.96 (s, 2H, SiC-H),
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zirconiumtetrachloride are added in portions. After
this addition, the solutionis warned to room
tenperature and stirred for two hours at this
tenperature. The precipitate that fornms is filtered
through a G3 fritted glass filter and the residue is
washed once with 5 nL of diethyl ether. The residue is

24%?‘1 GH, helds)t mﬂ%a?f&;ﬁlgﬂ?gd the desired product is
0 al he
Compasop Exuaple 8¢ Rioprraion SroiehyEittaiubRl Bidfv4s

bé‘fioﬁf?{@nﬁqgﬂﬂ%nllﬁﬁ%ﬁl&!d@t ain selective catalysts for
propy nmeri zation. 1H NVR (400 MHz, CDCl 3

7. 85A §0l1|00(| of 3:[)4@1(7£rmmdlqs) of dirpe Iblqa-m@mrj-4 51?)@@20-

ingsiBigh s i oF FREP kAR B AP ReBectl wieg SgP IS A"

b@ﬁﬂhﬁﬁh s@fut%ng(ﬁtfhm ihmésanepacd Bﬂtré@tﬂcblc’fﬁiholuﬁscath'n’SmrrL
toluene and 13 nL of THF, and 24.6 nL of

templecatyra. i Thei reaction solution is @m@edéry 03cand g8 @ -2 Ayneles) of

zurlcghw cg'u?ortcfc? 5r%°rag{eg po cﬁie @F%%%@ugn@qg ItSPﬁ.@I nis
waﬂ’fnéd‘iosrobﬁﬂﬂ,@ﬁﬁél‘ehﬂefawd fiedfortwo hbu@aﬂhi@b&ﬁiberhtﬁ:re The
cool to 40C, then 3.96 nmpl es)

praif:mﬁaieythat @ﬁm@rl%ﬁlter@ldéhmkt(ﬂhsﬂi &4 Vltteacgi%’cﬁ filtes pnddbe residue is

Af t

washe %{gﬁ% %ﬁ@%%t'ozﬁieé%@eetﬁ e‘% Fbos\?/cgt#éjmfs' tﬂ?n 'd?leﬁtlh 'érfaq:uum
aricetieaiadiret rodilctiid. obfaines @y a gredad ofida@ ga(ﬁﬁ%) WEh mrmsemeso ratio

of ey 10D THE SPmeTamals! DarrePFBeA 0 S ARG Stef 1 Obtain
Se?éif‘ﬁ’@%%%%ﬁgﬁ‘ nblpg%%e\clpr& Brit ¥ @.I of 100 niL of

ol'uene. ani c p ases are dried over
magnesi um sul fate. After separation of the nagnesium

sul fate ent is renoved and the residue is
"bUMR HQP WZGZ? )-chr omat ography. The desired product
t [ e 9 t
7457 TR PR RSB P 0T B By
arom Hy, 6.40 (s, br, 2H, olefin-H indene), 3.51, 3.48

émaCh 2 each 1ng| ES' oF n %689 e%g%?’séggﬁg@ym%ﬁgﬁsi!ane
gs(%"‘l k§) &%- n%’tﬁﬂﬁfo%hb‘ﬁre%troduced into 175 mL of

D|rrethyIS|Ianed|be|32 net hylin ) zi rconi um
tolgienrland HemL of THF, and 24.6 mL of n- butyll¥h:um (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 at this temperature for one hour. It is allowed
to cool to 40°C, then 3.96 g (30.7 mmoles) of dimethyldichlorosilane are slowly
added dropwise. After this addition, the reaction solution is stirred for three hours
at 60°C and then overnight at room temperature. 70 mL of water are added and
the phases that form are separated. The organic phase is washed with 100 mL of
water, and the aqueous phase is extracted three times with a total of 100 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

purified by column chromatography. The desired product is isolated in a yield of
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A solution of 5.0 g (15.8 nmol es) of
di met hyl bi s(2-net hyl i ndenyl)silane in 45 nL of
tetrahydrofuran is treated with 12.6 nL of an
n-butyllithiumsolution (2.5 Min hexane) and stirred
for 16 hours at roomtenperature. The reaction
solution is cooled to OC and 1.84 g (7.9 mmol es) of
8.16 yq8ay)ripuetyrd8k).ori de are added in portions. After
this addition, the solution is heated to room
tenperature and stirred for two hours at this

1|_|t|q|m@ﬁfdjmz“6m -ecipitate that forns is filtered
G‘Bfrl

hr ou t ed glass filter, and the residue is

7.5&3htd(rongid, amoumFmoMQ (Sf bi2ét, iejefiretradene)TR& 1 84ti(aach s,

e IS0 04 B YEBIN ANHEBIETL R BRI o . o

SikrLj.0 close to 1:1. The isoners nust be separated in
an additional step to obtai n sel ective catalysts for
propyl ene polynerization. 'H NVR (400 MHz, CDCl 3):

CmPRRoRTo ol o BBl 6 idyshdhediBbo 25

m@ﬁgﬁndﬁﬁyﬂ!lr@mmﬁﬂrdﬁehlwde4 phenyl i ndenyl )silane 8.0 g

i nt rﬁog&gglgg 3%1{5 q&te. m%{g}est) ggﬁ@thaﬂ%ﬁr}idnﬁﬁlyg@dem@sdane in 45

mltr Bf r&flrdl ish dé&#c%’ hw(')tmﬁ &'fiS 8f A Indbut{RitudY dolution (2.5 Min

are ad Interruption at room
heixama)eamﬁ stired Abrt 18 hotiissataddint temparsture.ofpedeagctiarngolution is
m xture i s heated o 80C and t| rred

oSO R DPA G 0 AIIFISS) of 7o JeeeelStide pre gdded in
oﬁ&st Hy %} fﬁs @d:ﬂc}r? the %Rjti%ﬁ)ls ‘%a?e%it r om temperature and stirred

orosil'ane are slowy ad dr opw se.
foMntcehomﬂslat thiddemipergtuteheThe poeem;mtate shﬂahforma i filtered threagh a

oS e B e 9oL oL Bl
T@@sld%%r @tﬁ‘érfdﬁé@i"r’i atvaeuurhhangtea desired pAsdIdt % UBEIRA in a

wat er, and the aqueous phase is
yiedo tof A3%d (50Fcp withta rassmaso iatio cleselto dt 1.sthenisoaters must be

sehaiaa A caiarg! S8/ ottah SRR o e R odleRk

Emtfiont he solvent is rermved and the residue is
purified by colum chromatography. The desired
product is isolated in a yield of 7.27 g (80% (purity

1HNRAR (add B, (198, Mz, CBCi3):

7.75-6.85 (m, 10H, arom-H), 2.24 (s, 6H, CH3), 1.25 (s, 6H, aliph-H).

Comparison Example 29: Preparation of Dimethyibis(2-methyl-4-
phenylindenyl)silane

8.0 g (38.8 mmoles) of 2-methyl-4-phenylindene are introduced into 180 mL
of toluene and 10 mL of THF, then 15.5 mL of n-butyllithium 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 at this temperature for one

hour. ltis allowed to cool to 40°C, then 2.5 g (19.4 mmoles) of
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7.73-7.12 (m 16H, aromH, 6.75 (s, br, 2H olefin-H

i ndene), 3.76 (s, 2H, SICH), 2.17 (s, 6H CH3),

-0.20 (m 6H, Si Me2). Conparison Exanple 30:

Preparati on of D nethyl silanediyl bi s(2-nethyl -4-

phenyl i ndenyl ) zirconiumdichloride 5.0 g (10. 7 mmol es)

of di net hyl si | anedi yl bi s(2-net hyl - 4-phenyl )i ndene are
dimettihydichledosilane 66 sidwlgfaddiedtdrppwisehekfterdhis aidition. te reaction

TR UTRATRCH AT RUTERE KON ——,
SRR oy Spgdbd L e A 1 Srsed e croni
phase! ie Washiedavittc 80 iminof wateacahd thelequeeusophiast isrextracted three

. ti, 0 iethyl t h dded. th he ...
g5 iRon(ard afERiBl <t aln 1 Brperiord SloRve PhArayoRopried
overPnditstufisulfBtes ARSIRSIRIrAiGh of the ABgRédllinad Bfatd|ahe solvent is
- forms"is filtered through a G3 fritted glass filter

resmvesaikitheorsiduaiis puriiedby splume chyamatosezphyrhEhe desired
i due is then .dried, i il - dth
O A DT S

(55%9 with a rac:nmeso ratio close to 1:1. The isoners
must be separated in an additional step to obtain

"HsMMR (40 MHzZ. £1)SkE for propyl ene pol yreri zati on.

TR e T3 o] BB R TR i
2.EXqepdle, CHs), Fb.2pdmateH) Silé,).

(2-1sopropyl -4-(4"'-tert-butyl phenyl)-1- indenyl)
(n-propyl) (nethyl)chlorosilane 73 25 g (86.1 mmul es)

- i 4! _ ; . i a4
L o L e
phtinytintienytzirbaniem dicticBiied ni of an n-butyllithi um

"ot o Dash ato RSl R G b2 Bee e hamyingspe are
infréd GEWPINGS 80 nhINBf Alekiyl ebhedrS aR8 B & ehit 6f &9 h-baigllithiirh 'SoRdion (2.5

or one hour at this tenperature. It is then al|owed
Mtio teluehe) arerastsied atoopay tempearaturae Aftes this iadgitiosds cpaiplete, the

s i e cipgtiat A e RiRaRsh i et B MRUP 678 I 240 0
(1'tbgr %&%)Tﬁ;zircbﬁtdnﬁlw%&ﬁéﬁ&é‘ar i iMasorless) 20Phiedf diethyl

solution is allowed to warm to room
ethenprer added: thenitiesselbidon ist heated toveomitgmperatiee aad ghirmed for

S R Bl FB R S fEREl tirbgn a o3
fritted glass filter and washed once with 20 mL of diethyi ether. The residue is then
dried in an oil-pump vacuum, and the desired product is obtained in a yield of 3.70
g (55%) with a rac:meso ratio close to 1:1. The isomers must be separated in an
additional step to obtain selective catalysts for propylene polymerization.

*H-NMR (400 MHz, CDCls):

7.69-6.93 (m, 18H, arom-H), 2.24 (s, 6H, CHs), 1.30 (s, 6H, SiMey)

Comparison Example 31: Preparation of (2-Isopropyl-4-(4-fert-butylphenyl)-1-
indenyl)(n-propyl)(methyl)chlorositane '
73



The insoluble Iithiumchloride is filtered through a
4 fritted glass filter and washed twice with 15 ni
of tol uene per washing. The solvent is then renoved in
a rotary evaporator, and the excess

di hexyl di chl orosilane is renoved by vacuum
distillation. The desired product is isolated in a

yi el 2b gf(884.Bmplds) 2FR-icFP/apy b4 d4 dienbutyipBenyl)- 11inRM§Zare

iUt TEP rakyerjuehs 4t b i of cRefiBbtngie 3n§ 34.4 mL of

arl mbu%{lﬁhldﬁ %FUGBM |(2 Hmid t&ﬁeﬂe)‘@re(éﬂdééﬁﬁth@tl ifridption at room

Conpari son Exanple 32: Preparation of
tempratoye. (Aﬁehghzs) addition ds 9¢malete,otbeop|9¢um4$ heated to 80°C and

stiegt o PP aP R Rtk T théh o0 padlogBel ©

teﬁ%&&uf@mﬁ'ﬁé}eﬁfltm% reactlon so!utlon is slowly added dropwise to a solution
[-4-(4"-ter [)-1-indene are

ofi4tLp gc(aﬁédnmnte@) o80- nmmdfmemy gisblasnsilagiesn95oml. of

kgL R e 8 4930, BB 2 HBhes o v

toIrBbRf thﬁiérél‘ﬂ: réhnfl 99 Hent SIFRRT adethRyht AThersolveing iséhdvedlin an
is conplete, the mxture is heated to 80C and stirred

oﬂf—pxumpm@chum and théremaining residieis dissalved iehl aimlooldgiuene.

t0. co so| utjon_of . . 7 ] .
Trtezsnsg % ,urﬁcbi&xriﬁgﬁ {llt%%dapg%@'w) ?ﬂﬁg@ % filter and washed
twiICORMh (18EhDYoF Ysibes Pai washingl M sdientfis Elﬁémm'rﬁowai in a rotary
added to this reaction solution by _drops wthin

evigparates. andﬁaegimséﬁglwyld@mwﬁﬂ%m@ isrfemavsd %V?Lféium distillation.

T4l e s B B4 S O A o)

solution (2.5 Min toluene) are added w t hout
interruption. After this addition is conplete, the

"HiNMR£40Q MH7e 41461k 0 80C and stirred for two hours at
7?@'75132‘ TPA! Afdi ) bi7d &, gH‘ Opt)- 1 S, %gf(eO*FH SiCH), 2.90-
ture, and t'h 1 nmol es
2.81 l(monHumdped)mM-I)l, 6r3zde. 4&r(m aﬁl-ladaltph hbor t i ons The
resulting mxture is stirred for two hours at 45C and
for one hour at roomtenperature. The precipitate

(?l'i\ﬂar xélﬁpﬁ.ﬁﬁﬁr PFeﬁﬁrQﬁoﬁ bf h@bb?lﬂnbﬂfy%ﬂﬁhéﬁ|§F@2—:sopropyl-4—

gassfl ter and then care washed
(42rhbutyiphenyb -iotenyh Ramptinbtividatert- bu@lmtes'w@u‘emc?nyl)mrconlum
d%ﬁfqd in an oil-punp vacuum and the product is
! edlnayleldof 27.4 g (60% purity 91 %

accofglp Q572 mwaalegm Nhidthy-4-ef- tersutyiphésylpi-idddne are

The isomers nust be separated in an additional st

introduutscbinte 480 8t ofielusnenaryd 8 mbrofdptsaydsaturan, and 25.2 m. of

an n-butyllithium 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. A solution of
23.5 g (57.2 mmoles) of (2-isopropyl-4-(4'-tert-butylphenyl)-1-indenyl)-n-
propyl(methyl)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-
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pol yneri zation. 1H NWVR (400 MHz, CDCI 3): 7.75-6.99 (m
16H, aromH), 3.20-3.10 (m 1 H, isopropyl-H), 2.25
(s, 3H, CH3), 1.64-0.91 (m 34 H, aliph-H. Exanple
33: Preparation of Catalyst System 1 a) Preparation of
Bi s( pent af | uor ophenyl bor oxy) net hyl al ane 1 nL of
trinmethylalum niumsolution (2.1 Min Exxol) is

buityltithiutho setittiont(3. 514 inttoloenepangeadder withodnintesiupéioat Witer this

adsfioh & omrlalfete AfeCiens oReR [GROT 280 SEE FRchvebpurs at this
teffiPSyatEie. Bl SMARH B 1 W TogmuBRneRture, apd then 13,3 g, (57,2
minGlex) of Xirdriadtetrackliogde peadddedin portiginsofTheolegyltigg mixture is
St addBT M A RETAT BeATE] oA e Nt FermdPRRIRRE: - B
erQBg%%ggé%Eméﬁ%%cﬁ% filetieAl tHEduh P E2PREET gldss(fiter and

PW S€ tOo t suspensi ol at room S
ther cpefallyuwashechwith [28-méspartiomsy obietiabydiadurans Ths fasidue is dried

in B\ G aP P 230 e PRIFUCE IO ined i TR 5147 aigo%. purit
91% 2icey IiﬁgStdiNNE:g AriY Wit aGadiheso datld ¢Ff3:1 MEhS IHeBRsrs must be

material "are obt'ained. c) Preparation of Catalyst
seppratethin ao agigifionebsiepde obitaio selradive catalysts fereropyleae

po@ﬁ%@%e@ 2, 4, 6, 8, 10, 12, 14, 16, 18, 75 20, and
io8n Exanpl e 23) are dissolved in 18 nL of

tol uene (due to the poor solubility of the

net al | ocene of Conparison Exanple 23, in this casel 80

"HiNMR (AQ0MEIZn SRClBken used to sol ve the netal | ocene),
i . SOV ! !
7180 S Plod ARk ihF a0 20 W8 TH RRbRaN 225 . Bl oHa),

1.64:98ENEN 084 Hs aliphH)ed for one hour at 50C. This

solution is added dropwi se to a suspension of 2 g of
the support material prepared in (b) in 10 nlL of

E)Ea%%l%”ﬁ: 5@?a%¥%ﬂ%&ﬁ8§%€82§ﬁeﬂ ¢d for one hour at

roomtenperature, an vent is renoved in a

vac @) Areparation 2f Bipéntaflabrapenytbordxyimedhylalader! mleof

trir%%%h%(ifaqS%ini%asrmtljt?ons(di1 ﬁ}} i E{o?cgd %nlnprfndt?géaa §n¥6c’ HB%E%?{T&I&ene at
room temperature, 1.45 g (4.0 mmoles) of bis(pentafluorophenyl)borinic acid are
added, and the solution is stirred for 90 minutes.

b) Preparation of Supported Bis(pentafluorophenylboroxy)methylalane 1.5 g
of SiO, (Grace XPO 2107) are suspended in 15 mL of toluene. 220 pL (1.5
mmoles) of N,N-dimethylbenzylamine are added, and the suspension is stirred
slowly for one hour at room temperature. The solution prepared in (a) is added
dropwise to this suspension at room temperature, and the resulting suspension is
stirred for one hour at room temperature. The suspension is filtered through a G4
fritted glass filter, and the residue is dried in a vacuum. 2.1 g of the support
material are obtained.

c¢) Preparation of Catalyst System 1
0.064 mmole of zirconocene dichloride (see Examples 2, 4, 6, 8, 10, 12, 14, 16, 18,
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0. 032 mmol e of zirconocene dichloride (see Exanples 2,
4, 6, 8, 10, 12, 14, 16, 18, 20, and Conpari son
Exanpl e 23) are dissolved in 10 nL of toluene (50 ni
toluene in the case of Conparison Exanple 23), and 1.5
mL of a nethylalum noxane solution (30%in tol uene)
are added. The solution is stirred for one hour at

20, caaneh (ﬁemnparismm Ezamphe23panat dissolved irh$8 naddEidiuenes(due to the

f 1. XPO 210Q7) | 10
gt SBltileR et e meraioste sEkomularisdn T Lpin s 88sdTe0 mi
tolliendiiRvededrOBd W@fl‘l&ﬂetaﬁb@eﬁ@ﬂ ‘éﬁHtGZOSpL gfaved in
a vacuum and about 1. lg free-flow n

trijetkidalugriviugbselutien (2 Msmﬁable@el arewddﬁaql deanvése agfcmm

topeliyie he SEPRTSIOR T RBIPERY oI A Borl o RSB ES s
adiRlEdrbpRRRA 0P BUSTENsRIN é]hfg df Ftl%%ﬁﬁiﬁéﬁ?hfhtéﬁﬂgﬁ@b%dtlﬁ (b) in 10

exanpl e catal yst mnetal |l oCene / catal yst
mly offolagne. The 3yspension & sigrerbfos onethay aizoqm tempssgature, and

thg Folent s Ermdbildn apieclit Ao 2 0773350k 3 158 RS ppyder are

obiainéd. 23. 7 Conp. Ex. 24 34 12.7

Example 34: Preparation of Catalyst System 2

0.032 mmole of zirconocene dichloride (see Examples 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, and Comparison Example 23) are dissolved in 10 mL of toluene (50 ml
toluene in the case of Comparison Example 23), and 1.5 mL of a
methylaluminoxane solution (30% in toluene) are added. The solution is stirred for
one hour at room temperature. The solution is then added to a suspensionof 1.5 g
of SiO2 (Grace XPO 2107) in 10 mL of toluene, and the suspension is stirred for 15
minutes at room temperature. The solvent is removed in a vacuum, and about 1.8-

2.1 g of a free-flowing powder are obtained.
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Conp.
26 33 17.6 Conp. Ex.
Conp. Ex. 30 34 10.6
32 34 13.4 Conp. Ex.
Procedure A (Polynerization Exanples P 1 -
Conparison Exanples P 11 and P 12)

Ex. 24 33

23.0 Conp. Ex. 2
28 34 8.5
Conp. Ex. 3
32 33 24.3

6 34 10.2 Conp. Ex.
Conp. Ex. 28 33 15.2
0 33 18.3 Conp. Ex.
Pol yneri zati on

P 10,
Adry 1.8 dnB
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drijed und@ér reduced pre8sure at IB0 C (the 288ults of
t hel pol y@ri zatilons are ¥umarized in Tabl &.P and
Tabl e _3) .21The pol yner pr3duced inl exanples ¥.9 to P 10
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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 24.3

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
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than in exanples P 1 to P 10 and the bul k density was
< 400 g/dnB. In addition, the reactor wall and the
stirrer was covered by a | ayer of sticky pol yner
material. The heptane extraxtion test (in accordance
to 1 SO 6427: 1992(E)) of the polyner produced in the
conparison exanples P 11 and P 12 resulted in an
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delm%g}éme%?qui d propylene. 2 cnB of

e L g _ ° . . .
naacT otV BRodUiBdinthd bomtiaRoH hafplk 0P &RFh ) Showed
adglomheratioheofpalymer paritiesnthelpaticlersizd distributioe was much broader
thap ToexApPEs B 10 18 ANAIPe BLlEdroavet AL A o Sckition, the
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PQBBLRMAICEHF te eomBr s eYapleRds 1 artR A2 Rt fhuan
in?ﬁ&ﬁB@arﬁMuﬁﬁéﬁﬂﬁd@ wit 196 of Idvil Hi(ﬂbémm&hﬁﬁélypﬂﬁiwérga with

own the reactor. The produced pol yner iI's dried under
reduced tattipite §mmisclactzoard atacic pelimer. Gerresponding tests using the

| . . . ) _
mERINEF I b AARNE v R Ede 1fs PREETL yeptof (examples P
1 #J Py résiifed iRanvsurts ofebsapan e wieb.e wei ght

regul ator together with the catalysts of this

invention. In contrast, the increase in productivity

P G th.té g al yst was much lower and the
TR DS 3 b ot R

Procedure C (Copolynerization Exanples P 22 - P 31) A

g r %é???a?js; q@?ggtrd%@qé pRrgEB witH IRFbGtEaRd YUBSSSLiektlywith
propylene and charged with 0.4 Ndm?® 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 polymerizations are
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charged with 0.05 NdnB8 hydrogen, 1 cnB of
triisobutylalumnum (25 w.-% solution in heptane)

and 1500 cnB of |iquid propylene. The mixture is

stirred for at least 5 mnutes (stirrer speed 200

rpm) at 20 C. Then approx. 100 ng of the respective

net al | ocene catal yst (produced according to exanpl e

siBdadezed sufpb[ed@dThe exampies-siiowdthe dramhaticingrease of catalyst
0 cn8 of

oranl GRS Ry bt Fdkogan g5 gle ot BEiHof Biastiuin the catalysts

ofﬁﬁ[s%vémrdw th d6htradl! %@Snc@é@eﬁ’@ YORICKVR) bPIhe cOMbArydN catalyst
is allowed to proceed at C. tor 90 m nutes.

wa»muebriewer agdithe egacter \Malhﬁﬂfé@%lﬁt"é?r wvae agﬁ’@@f)i\’@ﬁed&y a layer
t he autocl ave and continued at a
ofcsgﬁgfgh@rﬁfeitrgé%h?' ng the heating up phase and

poI ynmerization tinme. The copolynerization is stopped
rel easi ng t he m)nomars and cooling down the
P¢ merizatiorBr mer is dried under reduced
(Cmmdsmeelzatlostf@mpfe@ Pédeé’ Brononer anobunts and the
results of the copolynerizations are sunmarized in

bl ab
TR M T
clﬂr@éﬂlﬁﬁ%ﬁ dDOS’N&ﬁq )Irdr?égeﬁxﬁﬂm3%f ﬁﬁkébutyléﬁnﬁm@ﬁr?(ﬂﬁjwn% solution

to PP / | ocene x h] fromexam]e exanp
unheptasua)ﬁm OOFcna nf iquid propyleng Fhesmidgresis srtlrr@dsfoeet least 5

it e oS 26y 5992, Rk Ssbood gl i dhpecive
m&talloBPerdd cAlanat (froduddd 3dcddiny to example 33) are suspended in 5 cm’
of white oil and are injected with 1500 cm?® of liquid propylene. The autoclave is
heated up to an internal temperature of 65 °C. within 10 minutes. The
polymerization reaction is allowed to proceed at 65 °C. for 90 minutes. Comonomer
addition is started after the injection of the catalyst into the autoclave and
continued at a constant rate during the heating up phase and polymerization time.
The copolymerization is stopped by releasing the monomers and cooling down the
reactor. The produced copolymer is dried under reduced pressure at 80 °C (the
added comonomer amounts and the results of the copolymerizations are

summarized in Table 5 and Table 6).
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Conp. Ex. P 12 Conp. Ex. 23 33 36.0 Table 3 Polyner
properties Polynerization Polynmer mp. MV Heptane
Example [C] [g/nol] MM M extractables W.%P 1 152
688100 2,1. 0.3 P 2 151 649700 2,7 0.5 P 3 158
440500 2,3 0.2 P 4 156 425200 2,3 0.5 P 5 145 245600
2,50.3 P 6 147 192700 2,1 0.3 P 7 149 861000 2,6
0.3 P 8 153 705500 2,4 0.Jable8 153 695400 2,2 0.3
P10 152 692100 2,5 Po@nfevizptiofperfBrrtdnddl 690500 2, 8
4.1 Conp. Ex. P 12 152 687700 3,0 5.0 30 Table 4

ol'ymeri zati on pertornance using hydrogen as nol e
\ePgyrherizai@nl atCatalysPedsydrer i| TatdlyanprEadcat St basRrdduativity

Cat aéxestplepr oduc ectdPoaedelct i| vi Bycordingatnpl e (kg PRI/ lgowdalecene x hj
ccording tol[ KeprPexamplg net al leseeple x 0] from exanple

bxamplPet P 13]2 34 #67. 4 P 14 4334 141|2 p 1514044

78 3PP 16 10.34 54 7 P 17 13433 135 2 P 1225131%, 33
6 5

P05, 4P3 34
P4 8 33 63.7
P5 10 34 74.3
P6 12 33 70.5
P7 14 33 88.5
P8 16 34 104.5
P9 18 33 124.3
P10 20 34 59.5
Comp. Ex. P 11 Comp. Ex. 23 34 43.8
Comp. Ex. P 12 Comp. Ex. 23 33 36.0
Table 3
Polymer properties
Polymerization | Polymer m.p. Mw Heptane
Exampie [°Cl [g/mol] My/Mp, extractables
[wi. %]
P1 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
P& 145 245600 2,5 0.3
P& 147 192700 2,1 0.3
P7 149 861000 2,6 0.3
P8 153 706500 24 0.2
P9 153 695400 2,2 0.3
P10 152 692100 2,5 0.3
Comp. Ex. P 11 151 6905600 2,8 4.1
Comp. Ex. P12 152 687700 3,0 50
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P 19 16 34 -254.4 P 20 18 33 244.2 Conp. Ex. P Conp.
Ex. 23 33 66.9 21 Table 5 Copol ynerization
conditions Polynerization Catal yst based Conmonomner
exanpl e on netal |l ocene added fromexanple [g
ethylene] P 22 2 25 P23 2 50 P24 6 30 P25 6 90 P
26 6 300 P 27 10 25 P 28 12 25 P 29 14 25 P 30 16
25 P 31 18 25 ~1 Table 6 T&wed yner properties

Pol yPelyhitization Geronaante Beingrdrogen adMiole xaightaegulator
content [C] [g/nol] [w. P 22 2.8 146 702000 P 23

5[0 132 604300 P 24 178 151 437300 P[Z5 5.2 143
49 §fitheriRRtia® | Lhtalystbased 083 Catalizdproduced Productivity
example metallocene according to [kg PP / g metallocene x h]
from example example
P13 2 34 267.4
P14 4 34 141.2
P15 6 34 178.3
P16 10 34 154.7
P17 12 33 135.2
P18 14 33 205.4
P19 16 34 254.4
P20 18 33 2442
Comp. Ex. P Comp. Ex. 23 33 66.9
21
Table 5
Copolymerization conditions
Polymerization | Catalyst based Comonomer
example on metallocene added
from example [a 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
P30 16 25
P 31 18 25
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P27 2.2 141 nm P28 2.0 143 nnm P 29 2.5 145
nm P 30 2.3 147 703100 P 31 1.9 148 785500

Pol yneri zati on Exanple P 32 Pol yneri zati on Exanple P
26 was repeated. But the addition of the conononer
was not started until 60 mnutes after the addition of
the catalyst i.e. the anobunt of ethylene was dosed to
t he aut ocl ave during the rdmabismbng 30 ninutes of the
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t he homm
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D00 had

uwg@—ind

°”UV|‘4F8~‘ a 1Tel 89380 PP! nt
of 157 ‘€ —whrte tte copotymer Tubber part (19 W -%

showed a T9 of 35 C and an ethylene content of 18.2
PolynrelizationcExamplerPl 3fed parts produced u3| ng t he

pol ymer, " 82 additivated with d 39
0. oXalymesizaficn %m@p?aPé’tﬁewa%)rqp%tegw Butt ?1 orcaidhe
{g‘ﬁrﬁf the catalysti.e.

I Whs nc{ ét’éﬁ@ﬁ tliég’mlﬁhﬁéeé‘l‘te?'ihéé%lt
I nat1 on o 18?1

. ness, t ransparency an
thé ermnmw emyier@awas slbsedgo the Rologlavei diringdhe Fepaping B0

m[pngF;gtly‘yHE r&%tﬁqﬁﬁégng%%d%doeﬁ) ,eoar}h(/e q BO%U(t)f ethylene were
added.

The isolated impact copolymer had a MFR of 12 dg/min. The polymer was
fractionated and the homopolymer part (78 wt.-%) showed a melting point of 157
°C, while the copolymer rubber part (22 wi.-%) 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

el

wasS 14

[ 9

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/min. The polymer was
fractionated and the homopolymer part (81 wt.-%) showed a melting point of 157
°C, while the copblymer rubber part (19 wt.-%) showed a T, of — 35 °C and an
ethylene content of 18.2 wt.-%. Injection molded parts produced using the polymer,
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of ethylene were added. The isol ated inpact copol yner
had a MFR of 20 dg/m n. The polynmer was fractionated
and the honopol yner part (80 wt.-9% showed a nelting

poi nt of 157 C, while the copol yner rubber part (20
Ww.-% showed a T9 of - 9 C and an ethyl ene content

of 10.2 wt.-% Injection nolded parts produced usin
additivaded wittr .25 addPls Milkecb@988,th0H wa. %vcalcignvistearates @8% wt.-%

B T S W L
StERIEREhah&Paréhic géﬁdi dweship eﬁa't@@ﬁﬁ@ra@ﬂ%‘e@lﬂ i mpact
strength at 0 Pol yneri zati on Exanpl e

Pol yneri zati on Exanple P 26 was repeated. But the

[{j.on.o0 onmer was perfornmed in the
Ps&%%ﬁ#bm;‘gkﬁﬁ}plgﬂgr the addition of the catalyst
and ldut?mmuzhﬁ@n Eixaaipld @321 wal espeated, it irestyak of $80 goonly 60 g
et hyl ene were added and during the renaining

Ofiﬁihyﬂﬁﬁﬁt%%’e@ddﬁ e polynerisation tine additional 120

g of ﬁé f%lleﬂgg "WBWWB 'asl\ﬁl‘: tcﬁ‘édd’g’?ﬂﬁﬁ“ﬁ@ﬁ&l&mer was

copo yner ymer
frécrtmiatmam@meahdnbbelynqumﬂ (&Qom Vb)sshqamd a(rgélting poingt of 157

G oo sorsna e fafi20 e SHOMERET To BlioReiC pasen
etﬁ%l%n@tcon@nt%t? qgﬁﬁjw?_‘%g Irﬁéct]‘orﬁ%oﬁ%rﬁ‘p@d%b& R@ing the polymer,

nt ent % "I njection | ded parts
acﬁmtmmleém\nmsﬂ Bgvit-fle Miltad, 3888, G038 |th%@ﬂmlwstl¢af6t@ﬂ 1wt-%

%.cal
ggriodq {apdD. ukeedrirtes 1o SGyed B EER R Sutlagiion o
stﬁfﬁe%éct%ﬁé?ﬁr R Rhpast Pfength Af 0ess, transparency
and low tenperature Inpact Strength at - 30 C. 83

WHAT IS CLAIMED IS: 1. A conposition conprising a
xt uk e ,of ' meso isoners of metall ocene
Pgig %’&?&?%E@?ﬁ@g'ﬁﬁggorm a: ROL1L 2 MLRIR 2
(T or patymetizhtio Examiple RZb WasaepeateenButthe addltlon of the
different |igands and are each a substjtute

CQrpeRAIIET Wap PefoppEg i éhe Ellowjng W%rﬁfﬁ%m &ddition of the
catGlECLRE alifitgtid firs? 68 WRinutes 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 T 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.-% Irganox 1010 and 0.1 wt.-%
Irgafos 168, showed an excellent combination of stiffness, transparency and low

temperature impact strength at - 30 °C.
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consi sting of substituted cycl opentadi enyl, indenyl,
tetrahydroi ndenyl, azurenyl, fluorenyl,
azapent al enyl , thiapental enyl or oxapental enyl, which
forma sandwi ch structure with atom M therebetween,
Rl and R2 are identical or different and are each a
hydrogen atom an al kyl group of from1l to about 10
WHAD IS CRANMED K al koxy group of from1 to about 10
carbon atons, an aryl group of from6 to about 20
carbon atons, an aryloxy group of fromabout 6 to
about 10 carbon atons, an al kenyl group of from2 to
about 10 carbon atons, an OH group, a hal ogen atom or

a NR232 AEemposiinacenmEising aanixiirg of ragesnis asvd Mesen 1

ispfelofthebiiopdhe SrBpgHRs ilndindmgr R O " %0
more ring systen(s), RPL'S>M'RERAl of group | Vb of the

Periodic Table of the Eoerrid $a) RO is a bridge
between the ligands L' and L2 having one of the

iR AT, afBlicd g frsoft R i i ARz o g
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R4 er
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fouaramanchmcmstrueture with redeimidyii tlmfeb@tvwenf.rom 2 to about

10 S BB Tl e bR BBl o
alliyq 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 about 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? form one
or more ring system(s),

M' is a metal of group Vb of the Periodic Table of the Elements,
R® is a bridge between the ligands L' and L? having one of the

structures:
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carbon atons, an al kenyl group of fromabout 3 to
about 10 carbon atons, an arylal kyl group of from?7
to about 40 carbon atons, an al kylaryl group of from
7 to about 40 carbon atons, a substituted or
unsubstituted al kylsilyl or arylsilyl group and an
aryl al kenyl group of from8 to about 40 carbon atons,
when R40 and R4l are different one of either R40 and
R4l is selected fromthe group consisting of a cyclic
or norxcyclic akkyl groulR haV|ng\¢ron14 to abo

carbon ptey®, aajlyefoal kylg¥ oupnoirfromgR to pt)é) 40

10 carbon atonms/ an al kéxy group of from?2 to gbout
10 carbon atons, an aryloxy group of from6 to about
10 carbon atons, an al kenyl group of from 3 to about
wheérecR%and RA ans jdeatical g daffelgdnt,gum pr wﬁthbub!netércta’noms

wigh Ko 3 F8" a2e ibitipngY e sHisEled oliiPgibrole cbREhting of
a H?éllct&tﬁddicﬁﬂlc a?llkwglréuﬂ whviflh frinY 2Stolaboul B0WarERafins, a

I'al kenyl” ‘group of from 8 to about 40 carbon atons,
ﬂtmqalkhbgroup fiom R4o ahout K2 carborsaloss, @ alioxy giewp of

frfhentd SRS G4rBin Btorfs % abfa o fhifory 6B bt 10,
cAIbed I@t@ﬁsfé@mk%n?mrﬁbp W frbph @BHLOB tAEBOBL 1R0atoketyms,
grou from?2 to_about 10 carbon atonms an aryl oxy

argamﬂikadfgrou@m fonb7 tapbovt 49 camaporortse A8, allaﬂalad QESMDI of

PO TRtk AR oS R by

arglsiyllgroup argd au rarsdélkéhprgraupmf altwme td&boat B0 rcaauiamatoms
bstituted S .or ar

W'E%g%pb B Rl 3t ditareaane gfr%tn@r& ¥ BRGIRY if Belaptat rop the
orf RBRsRLATS aMiR1ic 8r AbhicseR alSf FRUb VR Hofh 430 Sbout

erel e'm xture of race i Soners as
- AGyarboesitems, hdmorealwdiggbup oafrom 2to aboel € carbometoms, an

Bk GoUP i dFH & tDboUT 10 Saaer s S BI TR dbfigm 6
toldh&RRY D .carisdr atbrk carnéiﬁew graagsl o fBin 3ftd> WBHENYD carbon_

azapent al enyl, thi'apentalenyl or oxapental enyl,
atamsu batarylatkytigiougerfyfrom Zdorakiopd 40i cmﬂbm aforag, Larealtylaryl

gr%&ﬁ%réﬁpﬁf gﬁc} @f)%ﬁﬁ%ﬁ %!slrebc}ﬁl atotn% sy a{u%géf Ior Bhsubstituted
alkylsilyl or arylsilyl group and an arylalkeny! group of from 8 to about 40
carbon atoms, and the other of R* and R*' is selected from the group
consisting of a cyclic or non-cyclic alkyl group having from 1 to 40 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 3 to about 10 carbon
atoms, an arylalky!l 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 arylsilyl group and an arylalkenyl group of from 8 to about 40
carbon atoms,

M2 is silicon, germanium or tin, and
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the bridging unit RO is RAOR41S =, RAOR41Ge=, R4 R41C=

or- (RAOR4A1C- CR40R4t)-, where R40 and R4l are

identical or different and are each an al kyl group of

from2 to about 30 carbon atons, an aryl al kyl group of

from7 to about 14 carbon atons or an al kylaryl group

of from7 to about 14 carbon atonms. 3. The )

c onpeiséreirohechixtirgi ohracemisr 2ithirRS0 isprieryas syrthesized has

= Piatf riorpsenit b BeSupel ftorgalr TR0 ol

group. 4. The conposition of Caim1l wherein L1 and L2
are identical or different and are each a substituted

i ndehyl , Erueemppsition @b Cdzip 1 wr@ig‘aﬁém:gpemhstltu ted

oo RARRGhI ey, MEARALGSNY, oA Rudichgl 19 U

azr?@@nlta@?l t;hia}pianftélenﬂrw cmaﬂeam%mm opyl, (kj)utyl gegtylI
ex e 0 ec nde ode
Cyellciis AepbSiySE jiembig ahs@romﬁénwo%ﬁwﬁl Jog.
zgp%hfﬁlényi"m ﬁiéﬁhﬁéﬂyi%%xgﬁépﬁd’l&mﬂ efrfd?fem 5340 :S
unfj)e/tbglbn?i?jm@awt EXBI/S:B%% i, R ORC’: éee’yag @#g?)al(ﬁéom'ﬂ@-

Cfﬁ%ﬁjﬁtr,h\xla%r@%&y eﬁpé%ég?ﬁtl taﬁ H&gﬁ'@' eXeYaCh an alkyl
gr%yﬁ Io@%m ¥ho aBbut %%hﬂfb@%&\‘tbmssﬁn%qlﬁh@l gﬂm@p@ﬁ frdrA!7 fof

aim1 wherein the \NEI? ratio racemc to nmeso

akicsibridrearben ghasas or an adfylagl group. of fraen doambaut ildcaghon
Claim1l wherein the weight ratio of racemc to neso

Ao ey i s greater than 15:1. 8. The conposition of
Claim1 wherein the weight ratio of racemc to neso
isoners is greater than 20:1. 9. The gonposjtio

n
d aidn 1 whhe eempesitor effdainy N‘&?relﬁé? famﬁ aﬁfepéh#%nt
R‘B(?s a C4-C3 cyclic or non-cyclic alkyl group and R* is a C4-Csp cyclic or

non-cyclic alkyl group.

4. The composition of Claim 1 wherein L' and L2 are identical or
different and are each a substituted indenyl, azurenyl, fluorenyl,
azapentalenyl, thiapentalenyl or oxapentalenyl, and

the bridging unit 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, cyclopentyl, or cyclohexyl.

5. The composition of Claim 4 wherein R* and R*' are different,
0 is butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, or cyclohexyl, and R*" is methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, or
cyclohexyl.
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3 RR7T RB RMRIR2 R81 R7'" R3- R6, R5, R4 (formula
1b) where R3, R4, R5, R6, R7, R8 and also R3 " R4',
R5', R6', R7 "and R8 '"are identical or different and
are each a hydrogen atomor a linear, cyclic or
branched group, with or w thout heteroatons, selected
froman al kyl group of from1l to about 10 carbon
ators, arhe dmnpbsigo:modeﬁirrf 1 avhePeindhem@ightratio of ramemic
atons, an ar 9% ‘J(ﬁ Of1 fyfom6 to about 20 carbon
to A ISORRrS IS 91 E&T a Qu{) of from7 to about 40
carbon atons, an al kyI aryl group of from7 to 87
about 40 carbon atonms, or an aryl al kenyl group of from
8 t &.abolRhescoropesition of Claim, 1 wiheseinibe Weightdatie of racemic
unsubstitute or arylsilyl group, with the
toﬁ?%ﬁﬂ B8Mh 4 9RkF t%'ytgg% a?e not hydrogen, and wherein
t wo adj acent radicals R5, R6 or R5 ', R6 " or R6, R7
or R6', R7/" or R7, R8 or. R7 ', R8 can forma
hydrécar B¢ ¢orposiljes eRClaim 1 wk@r@aﬁb%mwﬁam ofragemic
R3, R4, R5, R6, R7, R3, R3
to?n%gnefsgh'%éﬂs ér%%fértﬂ%@%and R 8 includes a heter oatom
selected from the group consisting of Si, B, A, O,

S N P, _F, d and. Br .. The co ition of
where  MiTHescompestion #f ﬁalmf S &ﬂaﬂpﬁynag@s e’
foq‘c;@ggl cal or different and are an al kyl group of from
0

(formula 1b)

where R®, R* R®, R® 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 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
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about 10 carbon atoms, an al koxy group of from1l to
about 10 carbon atons, an aryloxy group of from®6 to
about 10 carbon atonms, or a halogen atom or Rl and
R2 together formone or nore ring systen(s), R3 and R3
', are identical or different and are each a linear,
cyclic or branched group, wth or w thout a hal ogen,
abseit d0toadbdn atoms) @r@nanylalisnys geatipnef fosmdntozabiout 4§raanpon

RN e
pr§r7iso HSatertamd RS & Wit hydRSgen, Bhdakesth tws adjadent faeirlals

di fferent apd are each a hydrpgen.atqm or a
R% REriRucRS, oF RarR DER? s E&t}eer | R§p§ RITyIR%oﬁaﬁff%F%ﬁl yl

. ' r, cyclic or branched group, with or
hy@f&%ﬂ?ﬁhgges&%%ﬁg% or an al kyl group of from1l to
about 10 carbon atoms, an aryl group of from®6 to

about_ 10 carbon atons, or .the two adjacent radjcal,s
R5, 16 ardergpmposiomal Claimg Mﬁp@ﬁ?&i@ﬂ%ﬁnei%ﬁﬁ“, R?,

t P R = R = -
R KR C eTORL) W Tt e g hefofathpifed fom
thegralig tengstingaofdSiaBeAbd2hS aN, B| kKyCl gndiy. of from 2 to

about 30 carbon atons, an arylal kyl group of from?7 to
about 14 carbon atons or an al kylaryl group of from?7

to afout Thi SRHBOIAH BB I1aiB0o Wherdhe conposition of
Claim9 wherel nB%JO and R41 are different, R40 i s an

al kW' igrzingpnioim br bafrumip about 30 carbon atons, and

R41 s an-al kyl r ou froml to about, 30 ca

at ot e hR® s s st Sod 2 8 kv ity B8R to
abdut §0RarBn Sbni)dnREAk&negiol@ndfifisth 1ab dbidut aDeRbemdtoms,

are methyl, chlorine or henol ate, R3 and R3 ', are

ani anyloxy gaoup of fIony @ feaboulntd sadosataMs, Pr adwlogeas atom, or
RSB BRI B e St BB, "2 9T 1 e

of RPENJLRE 0 apbilentidd crafifieenabndmraedchm linslakesydlic or
br%&%ﬁ:géé&?h %rtmﬁth%gg laﬂltha%(g)gé:na,1 rs%%rg:tgé ?rg?n th§4grgﬂg R4,
consisting of an alkyl group of from 1 to about 10 carbon atoms and an
alkenyl group of from 2 to about 10 carbon atoms,

R* R® R% R’, R®and also R*, R®, R®, R""and R®" are identical or
different and are each a hydrogen atom, or a substituted or unsubstituted
alkylsilyl or arylsilyl group, or a linear, cyclic or branched group, with or
without heteroatoms, or an alkyl group of from 1 to about 10 carbon atoms,
an aryl group of from 6 to about 10 carbon atoms, or the two adjacent
radicals R®, R® and R®', R® may form a hydrocarbon ring system,

R? is R®R*'Si=, R*R*'Ge=, R* R*'C= 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 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.

88"



R5, R6, R7, R6 and RS ', R6 ', R7 ', R8' are identical
or different and are each a hydrogen atomor a
linear, cyclic or branched al kyl group of from1l to
about 10 carbon atons, or an aryl group of from6 to
about 10 carbon atonms, or the two adjacent radicals
R5, R and R5 ', R6 ' forma hydrocartaonriﬂg system
and B9 i sTHeIGRIpSSition of RIIRIA GhereinRT @™ are different,

.e_i denti cal di t d I yl
RE G e Shismtt B FRon KRG8y e Rl Bay piy
gréQg of fom ¢ X6 bBBENSY bartdn AwAisohexyl . 14. The
conposition of Claim13 wherein R40 and R4l are

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

octy. nolr],yé ?Ofﬂﬁﬁgiﬁaﬂwg%nﬁ%y‘ﬁ@%ﬁyl , cycl opentyl,

or cycl ohexy hyl , propyl, butyl,
penty! is zilexidm, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, cycl opentyl, or__ cycl ohexyl. 15 The
comidsaid R ase qendical or differest ang s costhvh RBICRRE Ihe
pr&gﬁ%éa: 89 R4 R R 3 RR7 R8 RMRIRR R38 R7 RS,
: "(formula 1c) where R3, R4, R5, R6, R7, R8 and
al sRTnd R are idemtical aredifierent and aR8 easha linear, cyclic or

branched group, with or without a halogen, and are selected from the group
consisting of an alkyl group of from 1 to about 10 carbon atoms and an
alkenyl group of from 2 to about 10 carbon atoms,

R*and R* are hydrogen,

R® R% R’, R®and R®, R®, R", 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, or an aryl group of from 6 to about 10 carbon atoms,
or the two adjacent radicals R®, R® and R®', R® form a hydrocarbon ring
system, and

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, cyciopentyl, or cyclohexyl.

14.  The composition of Claim 13 wherein R*’ and R*! are different
and R* is butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, or cyclohexyl and R*! is methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyi, or
cyclohexyl.

15.  The composition of Claim 1 wherein the compound has the

formula:
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identical or different and are each a hydrogen atom
or a linear, cyclic or branched hydrocarbon group
with or without heteroatons and selected from an
al kyl group of from1 to about 10 carbon atons, an
al kenyl group of from 2 to about 10 carbon atons, an
aryl group of from6 to about 20 carbon atons, an
aryl al kyl group of from?7 to about 40 carbon atons, an
al kylaryl group of from?7 tg abeit 40 carbon atons or
an aryl al kenyl group of frofh 8 tjo abqut 40 carbon
atons, or a substituted or uA it ed aIkyIS|IyI or
aryIsinI group, with tRé hat R3 and R3 'are
not hydrogen and that R5 -\R5 e, denti cal or
different and are each a substit Or unsubstituted
aryl group of from6 to 20 R'atoms. 16. The
conposi tion of Caim 15 whePein at Ie st one of R3,
R4, R5, R6, R7, RS, R3' , R4' , \RR' ., R7 and R8'
|ncludes a heteroaton1sq§gcted om the group
consisting of Si, , P, F, d and Br. 90
17. The conp05|t|oR wherein ML is
zirconiumor hafni um Raere identical or
different and are %@ 2 group of from1l to about
10 carbon atons, afit al koky griowp of from 1l to about 10
carbon atons, an arylonaygrdap of from6 to about 10
carbon atoms or a hal ogen aton1 or Rl and R2 together
formone or nore ring syste and R3 and R3 are
i dentical or different AfY %1§hch a linear, cyclic
or branched group, with or without a halogen and
selected fromthe %roup conS|st|ng of an al kyl group
R

whdrefROIR*1 R oREIRUR hcalsb & ROPR° ari &1 aaﬁweﬁnwre
T I PRI TR TR
br?ﬁcﬁ&cf ﬁf‘dr‘éﬁ%rboﬂ@oﬁp‘%wm%wqfé?&%ﬁtcﬂhg'é‘nﬂrse?ected from

I near ic or branched al kyl group o from1
araalh;dtgrmp @éflbﬁm 4o aboyt 10 tcartmn Fiotriso an alkerat graup offrom

it 15 gg'a SASTE T A Bradiot O sttt St
at&%s' &n %4()&41%%3?10 Beeub4d earbon atoms, an alkylaryl

or - ( R4O 41C -, Where
group of from 7 to about 40 carbon atoms or an arylalkenyl group of from 8

to about 40 carbon atoms, or a substituted or unsubstituted alkylsilyl or
arylsilyt 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 group of from 6 to 20 carbon atoms.
16.  The composition of Claim 15 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, G, S, N, P, F, Cland Br.
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R40 and R41 are identical or different and are each an
al kyl group of from2 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 about 14 carbon atons.
18. The conposition of Claim17 wherein R40 and R4l
are different, R40 is a cyclic or non- cyclic alkyl

gr oul¥. of Theommposxtlauboﬂf:iaim tawbercint\Mhis zirgadiuRa Ol | s a

cI|c or non-cyclic alkyl group of from1l to about 30

h Bbn atonms. 19. The conmposi tion of Caim 15 wherein

Ml IR Zhd RORIrd MerlfitaPhidifféremt @nt %ﬁﬁétaln‘-‘a?lkyl Qfrog bf #oeM to
and are an al kyl group of from1l to about 10 carbon

almiud 19, casporm plcsRs; agmllﬁpxsogrmpowﬁfnom d temheut 16 casbepatoms,

arEo R Bl B B S pBHR 29 oA e A8 Haloptn SR RED:

ROosed & t&?&tﬁef fong G bemoss ring bysteRAsprahdR3, ar e
|dent r different and are each a |jnear, clic

or Red afe idgnticakengiffergst gpgiare gach @ '"}?é'i’t clig or
brgﬁé%éq?%'%%p ' Qj}h%ﬁr\{\gﬂ@t ggj}.égcj#%grmﬁle%rédél ?’? ere L'gnd

comsisting af analkyl droge of oo to abolti ecarbonyatdins amd an
branched a 0 f fro abopt 10 carbon
rotua ‘Phtk%'f‘g?\] %gq}ﬁ 1&%?@?@;‘?’8%3 and R5 'are
' defF&" | ROrRELAS QIR ARE’ 7€ gRa ™ Byd |de%ba drifféreRt
al kyl'yphenyl, para-(Cl-ECl-fl uoroal kyl) phenyl

amtaar&-e(a(cha:mydﬂobgen)qmmmn 3 lineas ayqll(;pr(bxamh@d g[bw@fyup of

e teabord 0iahar Aibs T o o & il o,
R40 RFILRIR® 2Ate ﬁamamapam‘atemrarm‘ arel gtdn d@uwéteu@draral

and R2 are identical and are nethyl, chlorine, or
grpte 96 framed t@ 20 Cﬁﬂéort@’iﬂb‘f@%l tion of Claim19 wherein R40

ey T SRR iR CaEs I K g et R SR ARG 4o here

hex undecyl

R“@)é(?idqﬂ”érdrﬁ||derﬁrcawﬁﬂlﬁ’eﬁ§m|andaéré gath anSaIk?ItgmUp cﬁifﬂmm 2to
opyl, butyl, pentyl hexyl, heptyl, octy %
ﬁ caghrivatoms, dsweylalky! gmp)g@fﬁ@r%? fcb@bout 14 Carbdn

atoms or an alkylaryl group of from 7 to about 14 carbon atoms.

18.  The composition of Claim 17 wherein R*® and R*' are different,
R* is a cyclic or non-cyclic alkyl group of from 4 to about 30 carbon atoms
and R*' is a cyclic or non-cyclic alkyl group of from 1 to about 30 carbon

atoms.

19.  The composition of Claim 15 wherein M' is zirconium,

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),
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cycl ohexyl . 22. The conposition of Caim1l wherein the
conpound has the fornmula: 920 RA RS R 3 RR/ R8 RO
MIRIRZ R8. R7, R3- R6" R6, R4 (fornula 1d) where
R4, R5, R6, R7, RB and also R4 ', RS, R6 ', R7 '"and
R8 '"are identical or different and are each a
hydrogen atom a linear, cyclic or branched
hydrRtandh® ayeddentiosl bhdiffierevittamol dretestobra ivears cyaliccr

I d f f | kyl
orgReROeInY oo aromb b SR Mt BrBSdn ol kenyl oroup
of fROhE R Oa9th hidrégdon atons, an aryl group of

from6 to _about 20 gagﬁ)n atqns, an ar | al kyI roup
of fRGM7REandaise RI0 RlappdR® are)f@ntiga @ngand are

4 By doash Bodu 2 Pt oirbiﬁﬁﬂfeu"%ﬁx'a#rs@ﬁ o fr3p 1 to
atut A094Pbdh btonesl viith otWRHOSa hefepdatahkyl silyl or
arylsilyl group, with the proviso that R5 and R5, are

i deriR] @20 R rargiiderticahor diferantanshae naphihy: pata Ka-Groy|
alﬁ ﬁ)ear 9[\ pfg gﬁa\}_gg?{ﬂg?@ﬁok,yl)énﬂ?ﬁﬂ br W t?%g@%-alﬁ%f)bﬁeﬁl

mb@t—&hcmo%lkymmbnyl, meta, meta’-(C41-Cqp-alkyl)ophenyl or meta, meta’-
(C1-C1o-fluoroalkyl).phenyl,
R%is R*R*'Si= or R*R*"'Ge=.

20. The composition of Claim 19 wherein R' and R? are identical

and are methyl, chlorine, or phenolate.

21.  The composition of Claim 19 wherein R* and R*! are different
and R% is butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, or cyclohexyl, and R"is methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyctopentyt, or

cyclohexyl.

22.  The composition of Claim 1 wherein the compound has the

formula:
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selected fromthe group consisting of an al kyl group
of from1 to about 20 carbon atons, an aryl
substituted al kyl group of from7 to about 40 carbon
atonms and an aryl substituted al kenyl group of from8
to about 40 carbon atonms, 93 R3'" is a hydrocarbon
group, cyclic or branched in the a position, with or
wi thout a heteroatom and selected fromthe group
consi sting of an alkyl group of Jsom 3 to about 20
carbon atons, an al kenyl gréup o fromg3 to about 20
carbon atons, an aryl group g 3 to about 20
carbon atons, an aryl aRRy (' of from7 to about
40 carbon atons, an al kylary ‘g up~y7 from?7 to
about 40 carbon atons and an/ a IF%Ihk yl group of from
8 to about 40 carbon atons,/ 23. e conposition of
Claim22 wherein ML is zirgghiu O{R1 @:fni um Rl and
R2 are identical or differepnt andMd&R&an al kyl group
of from1l to about 10 cggbon at@gns, an al koxy group
of from1l to about Ons, an aryl oxy group
of from®6 to about at ons or a hal ogen atom
or Rl and R2 together B nore ring
systen(s), R3 is a_ki nesg group of from1l to
about 10 carbon atBng or an ‘al.kenyl group of from 2
to about 10 carbon at onsR®wi tR or without a hal ogen,
R3, is a hydrocarbon group, cyclic or branched in the
a position and selected fromthe group consisting of
an al kyl group of from Jferg#addd 20 carbon atons, an
al kenyl group of from3 to about 20 carbon atons, or
an al kylaryl group of from7 to about 20 carbon
wiadrerR?, RUR°RR!, R¥7anRalsar’ aRSo R¥4 R’ aRél R®' aRe ideantidaRer
_gre | dentical or d)i@{yferent ang are each abhﬁdro en
dithersit and 2r¢ eael @ hydregen alim R dRedfe YIS/ g BEDEfgof
h){qogﬁéﬁrﬂaoﬁ 9 %\lﬁg n%att?@r ﬁ/ﬁ‘ﬁ@lﬁ’l: lwé‘%téﬁicﬁg?mgﬂ' A ??Ie\%éd ¥Poth the

ogen, R5 are 1den or different and are
greap lcoasistihg of antadid/! group obframpl tef alboudrilscarbonlabems 4an

all%%{y 3?@ %ﬁ'@pg&f b y1|f02r S%Bﬁfa?é&glé;? ]éi'yl aglrglys LPREWS to
a8k 20-daorPhtoth& dn 2Rk Igroup of from 7 to about 40 carbon

atoms, an alkylaryl group of from 7 to about 40 carbon atoms or an

arylalkenyl group of from 8 to about 40 carbon atoms, or a substituted or
unsubstituted alkylsilyl 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,

R? is a linear hydrocarbon group, with or without a heteroatom, and
selected from the group consisting of an alkyl group of from 1 to about 20
carbon atoms, an aryl substituted alkyl group of from 7 to about 40 carbon
atoms and an aryl substituted alkenyl group of from 8 to about 40 carbon
atoms,
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and RO is RAOR41SIi =, RAOR4A1Ge=, R40 R41C= or

- (RAOR41C- CR40R41) -, where R40 and R41 are identical
or different and are each an al kyl group of from2 to
about 30 carbon atons, an arylal kyl group of from?7 to
about 14 carbon atons or an al kylaryl group of from?7
to about 14 carbon atonms. 94' 24. The conposition of
d ai R dg ativdrecarber @reunl dralic ar bratichedirthe o pratdionswith

ok heHGGRd 8l<n FH P XrplhamhEistiy BPAN AR
gréup W fidhn Brembbut 20 @BEn ABnwAEPIkedll @fdup 8bfrom®io
conmposition of Claim22 where ML is zircaoniu R1 and

atrgut 20ccarben etaas, amarvhgeoupeefiyom &lg el erbon atoms,

t ' ; ,
arh Aoy el ¥ out £9 tbortaBrRPeh ettt dtoup of
frmdlhtmknbl ot AOllcal‘bbllﬂlmorhSIhyiF ,arﬂalqltehkéénykb lgtqdp oflfrom 8 to about
t hy entyl, cyclopentyl, cyclohexyl,
4%9%@8!3@29'3"2 enyl, cyclopent-3-enyl, cyclohex-2-enyl,
cycl ohex- 3-enyl or para-nethyl-cycl ohexyl, R4 and al so
R4 are hydrogen and R6, R7, R8 and also R6 ', RY
"and2R8 'Ehescondpositionlof cmaum 22 avheneindviHisazirconism lor a
h%egdrogen atomor a linear, cyclic or branched al kyl
of from1l to about 10 carbon atons, with or

Wi t IRUAN@ RAQIE iRaiiRE oldifferdi amcbrsfan e’ﬂkg dréaplof fdm Pto

different and are p-isopropyl ert -

attout y10-qaitbory Btoms,ﬁrbalkyxy grmmfp frcpmdytg ammtwu ey atoms,

arp A bIraLp 3 tobr Btk Joph £ B m”%ﬁ 8ok Wlogspatom. o
Raad RR%4 ah%%ﬂ&heopmo%ﬁﬁgk?@‘ . The conposi tion
of daim25 wherein R40 and are dlfferent and R40

is H—'&f ig1a linratahyl greus, of frerapt (g abett 10 carhgRatomgeasan,
al@ﬂﬁ@ﬁ% gﬂ‘f‘(?rﬁy# to %t?%lgly E%B%SI’I 'at%sh%(lﬁ*\ %?Qﬁ% Q@m%ld%dé%
heptRd'is aﬁyyifocanbmbromczybhc unnbimy:hed cth)tha:(y Iposmon and
seigapaom e GPHPRISEIRG K o A group of o S to abott 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 about 20 carbon atoms, with or without a halogen,

R®and R®  are identical or different and are each a substituted aryl
group of from 6 to about 40 carbon atoms, selected from para-(C4-C1o-
alkyl)phenyl, meta-(C4-C1p-alkyl)phenyl, meta, meta’-(C+-Cqo-alkyl)phenyl,
and

RY is ROR*'Si=, R*R*'Ge=, R* R*'C= 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 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.
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conpound is selected fromthe group consisting of:

A- (2-isopropyl -4-(p-isopropyl - phenyl)

i ndenyl ) (2- net hyl - 4- (p-i sopropyl - phenyl )

i ndenyl ) -zirconiundi chl ori de, 95

A- (2-isopropyl -4-(p-tert-butyl-phenyl)indenyl) (2-nmethy
| -4-(p-tert. butyl -phenyl) 4 ]

i ndetty| ) -The compasitio Iof Bldite22 whereinddP and R* are different,

R‘roﬁg¥rﬁypllégf ta&g%y&l“c%lkyfgr% ﬁ éﬁfo?ﬁj ﬁqxla)o%at 36 cgrbon atoms

arldRE€M¥ld) c;?dné@@rmbhreycﬁ@ ikl §®up of from 1 to about 30 carbon
A-(2-isopropyl -4-(p-tert-butyl-phenyl)i ndenyl) (2, 5,

atgmsy-t et ranet hyl - 4- (p-tert-
but yl - phenyl )i ndenyl ) - zi r coni undi chl ori de,
A-(2-isopropyl -6-nethyl -4-(p-tert- butyl phenyl)
i ndeayl ) Thd cémgositien bf Claim( 22 idietre M is zirconium,

butyl ghe%ly ngl'%al 2 éfé’{}{e“"d'%ﬂpyne or phenolate,

.”ﬁﬁenﬁ L%’é‘.“yd"n%‘.p ol e PBRBT Gt mhey

r opyR> 4s (sp-pn‘ppyb sbeatualyl,pcytmtrtydtyh 1-methyl-butyl, 1-ethyl-butyl, 1-

RSN L SV EIoBEN i BIANG Y LTS HbenEL8gYl. Byciopent-3-eny
cyE:I‘EiPlléBc 249&% Eﬁdfﬂﬁéﬁweﬂyﬁ hSlL pﬁrahﬁfé‘t’ﬁ))ﬂcyal%ﬁé)d(l)

(2 ocEtrlmat I'st lyl- phenyl)i

nderﬂl E)nctaiso | @nelihydragendend _
A ( ye:' ﬁj ghm?% Sélﬁap g%ﬁt t%r@ &ORibAl or different and are

nde

ed@h@Mj{deréﬁl’a‘ld)m drlaf frssir Uegtlie r ramiéhed alkyl group of from 1 to
2-1sopropyl - 4- g]trl s(trifluoromnethyl ¥net hyl - phenyl
YW

ab)qug AGe&aypgn a or witheuta hefereatom, and,

ggg é;ﬂ}z’ P?c rlé”e | C?p}‘h?ﬂ rent and are p-isopropyl-phenyl, p-tert-

bu@yl(pih@n?l;)rpi—@b}alylibhphyhpLeyclohexyl phenyi p- tr:methylsnlyi -phenyl, p
ndenyl ) (2- ne -4-(p-tert-byt p hen Inz hr\ %eyy]
d@m@gyllrmybm éflﬂld%ro tpgn(ejhyl nyl m,m’-dimethyl-phenyi, and
r opye 4 4P L 4gb41phe nyl ) indenyl)

(2- 3#& éﬁ(ﬁ qwengfﬂwa enyl )- zi rconi undi chl ori de,
A-(2- |sop ropyl -4-(p-tert-butyl - phenyl) |ndenyl) (2,

Z\- (B sonssAmaodiion of ERI 35 vhRbl Y nddRy are sfferent

r h I
|g“e Hg Ibgﬁgg e ﬁ%ﬂ S&yv oetyl, nonyl, decyl undecyl, dodecyl,

cyclopentyl or cyclohexyl, and R*' is methyl ethyl, propyl, butyl, pentyi,

hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl, or
cyclohexyl.

27. The composition of Claim 1 wherein the synthesized

compound is selected from the group consisting of:

A-(2-isopropyl-4-(p-isopropyl-phenyljindenyl)(2-methyl-4-(p-isopropyl-phenyl)
indenyl)-zirconiumdichloride,
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A-(2-isopropyl -6-nethyl -4-(p-tert-butyl -phenyl) i
ndenyl ) (2, 6-d inethyl-

4- phenyl -i ndenyl ) - zi rconi undi chl ori de,

A- (2-i sopropyl - 4-phenyl -i ndenyl ) (2,

7-di met hyl -4-(p-tert-butyl - phenyl) indenyl)-

zi rconi undi chl oride, 96 A-(2-isopropyl-4-pheny

Aﬂﬁestwrbpm (M@?bwtyﬂvﬁeavﬂwnd?hvl)ﬂ(mew - (bttesil bwbn'w')yi)

QT%% ZII‘CO u i chlori de,
'"ﬂe@ e 'hyl - 4- phenyl - i ndenyl ) (2, 6-d
Al(zﬁéébfrb ﬁ’i—t(-Pp-%eﬁ{—bggfllJﬁhéhyl)[ﬁBéﬁM)()Z 7-dimethyl-4-(p-tert-butyl-

ind eny Zlrconti u lorid

phrenyl-indepy bpiysoniumgichigridenut yI - phenyl ) i

Aqg 3%%%;?3&%-{?;5 E%HJ) rrg'] éﬁﬁﬁ?ﬁgégﬁyi 2918 ¥t hmethyl-4-(p-tert-

blﬁg(—&erﬁy@}mddngzﬂ) zélrc(oﬁmm@hhhyﬁhb,— i ndenyl)i ndenyl)
tert-butyl- phen l'?‘n . .
AT(ad%qupylz@ mﬁihyitﬂ-rgp -t9q1- \g/my&g’hen%)l denyl)(2,6-dimethyl-4-(p-tert-

c i undi chl ori de.
oy o P oG RRBSOT L0 i1 chior i de
A4 ar{rapyiet-(ry-secbaylphenyhindenyi) 2emethivt-d-(peseaytyl-phenyl)

. A- 2-neth napht hyl) -i ndenyl) zi r coni undi chl or
'“fjﬁ@yﬁ&/&"%'gﬁ%‘?@i’;ﬁlﬁ 4- (2-napht hyl )-i ndenyl ) zi r coni

SO Cﬂrt}-ggr?-%ébHeﬂ&ﬁ&:@n@ﬁ?ﬂﬁﬂbnﬂh(@hﬁ@ﬂﬂh@e@larﬁwpon
ph@{yﬂin_éemmﬂ)—zmanit’amdjdhhridmnyl )zi rcon iu and _
AERAPraRE4- (R pen B Ry Pty

pHEHYNHderiyl) LG@Bhiumd@ichiohideor i de,  A-bi s(2- met hyl - 4-
acenapht h-i ndenyl ) zi r coni undi chl ori de,

Ai(Rdsopropylrtrémadpmantd-ehenybiadesi) Ronethy-4- (%I-gcsazmgﬁt?ﬂ-
oSG BEERE oD 751 2L 1 1 or e
A-&b&‘.t‘ﬁ(rapﬁtctlm-trfpe(ﬁlﬁlabpdmethwm@!ﬂn)lqdl"reml)lnldeny'\lr)(d -tnethyl-
4@{@&%9‘!@99@@%9%%9*%0mn&mzappa@mdlchfonde
Adpdral Phradifosaaametit sy ey sy
zicohiumaithipride: ndenyl ) zi rconi und i ch I or| 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-phenyi-
indenyl)-zirconiumdichloride,
A-(2-isopropyl-6-methyl-4-(p-tert-butyl-phenyl)indenyl)(2,6-dimethyl-
4-phenyl-indenyl)-zirconiumdichloride, '
A-(2-isopropyl-4-phenyl-indenyl)(2,7-dimethyl-4-(p-tert-butyl-phenyl)indenyl)-

zirconiumdichloride,
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A-bis(2, 5, 6-trinethyl-i ndenyl)zirconi und ich
loride, A-bis(2,4, 7-trinethyl-i ndenyl)zirconi und
ich loride, A-b is(2-methyl-5-isob utyl-indenyl)zi
rcon iu and ich loride, A-b is(2-nethyl-5-t-butyl-
ndenyl)zircon iu and ich loride, A-b
is(2-methyl-4-(tert-butyl-phenyl)-i ndenyl)zircon i u

A-42sdprdpyler-plienyl-ifddnyil)$Z B;618 telyaméih(yi-dafptieyt-builepiyeny)
ndenyl ) zi rcon. | urd ich loride, 97
ingemylsziscaniimgichipride. et hyl - phenyl ) - i ndenyl ) zi rconi  und

(TR L b e (P R
pheny[j ||nderwh)el21ermMmdlcUbnde
A-(2= q & ﬂglr F%Lert—btgtyl gﬁ f(ngnhy?)wlr)]éthdeenyl )zi rconi
4- @4? Hhﬁlﬁt%xﬁhﬁﬂ’ényﬁ‘lﬁﬂehyqf FiroHiMhrdidMidrie, - | ndenyl ) zi rcon
A- &Jmcm(rqsséﬂhga naphithy brindsnylisdanyl)(2-medeyhA-ferter-buiv- |

phﬁn@!l)ﬁ%’wﬁ%}%%ﬁ Ltrzd[‘gppnldephenyl) i ndenyl)zi rcon i und
A-b@M@falpﬁmyl :n‘&dﬁyﬁﬁﬁccﬂﬂ@hﬂr&ﬂdrﬁet, rifl

uor onet hyl - pheny i ndenyl)zircon iund ichloride,

Ah‘%zﬂ@hﬁkmzmmg@nwg;wrﬂq@hW,)jel ndenyl)zi rcon
Ablé'ﬁ ""%hx" 'ﬁ?éﬁﬂ?]zdf%oh L&n?&:@ﬁBﬁHBW 4-(4-tert-b

zi rconr u and inethyl,

A—btsbn%mﬁéﬁhgm-loy-lnaﬁh(hﬂ,‘l)nadBWI)zmh:enwn)dlchidadgj )zi rcon
i und i

A'H%%W?"E'Wr%&% ﬂﬁPD?ﬂi’ﬁﬂﬂQgﬂg)W rcomugndlchlo}(ldeIOhenyI ) -
A-Disho HhhlES {b}r;gpg-.péeﬁw‘lﬂceﬁrmeméhdehenyl )-i ndenyl ) zi

ni u

-A+§Q2mﬁhyb44h-§aluty4-lmdbny®zhomyup‘lmwtbljde ndenyl ) zircon i u

Aﬁ%i%imnget%p%bqpqﬁom& I)%’ponlu d|c orld butyl - phenyl) -1
A Brs?;lza?ﬁ&hﬂtmékhﬁ1r(<ferrm!zm¢d>mammﬂ|énd@denyI ) zircon i und

4- (4-ethyl - phen
A-bwéayune)thylrfbcﬂcenamhﬂw lmtnmk)z:rcowmd@@ipra\éhw 4- (4-trifl

ARBE PRI RTINS | Raeny ) 21t con

Abl§é2i IhYdlenyI)zwconlumdichlorzde

g -i sopropyl -4-(tert-but phenyl) i ndenyl ) zircon
-bm&%a Wﬁhﬁblndegym|mUm é
A RA&Q% Ahéﬂa%@}gwé&wng&wmd%m&m undi chl ori de,

A bfh(ﬂ%éth?lyai 6|Ed1|30yfdpyl indiemyl)xir¢ordamidichttriciel, or i de,
A- blﬁ(? @Qtf"VH é&*'@ﬁﬁf"rﬂw insieayDeireanivadiphioridee oni undi chi or

A b%?%fer?ter?hox [_lpr)lﬁengp§@aﬁcfjeny1cplzolnrdgon| undi chl ori de,

A-bis(2,5,6-trimethyl-indenyl)zirconiumdichloride,

A-bis(2,4,7-trimethyl-indenyl)zirconiumdichloride,

A-bis(2-methyl-5-isobutyl-indenyl)zirconiumdichloride,

A-bis(2-methyl-5-t-butyl-indenyl)zirconiumdichloride,

A-bis(2-methyl-4-(tert-butyl-phenyl)-indenyl)zirconiumdichloride,

A-bis(2-methyl-4-(4-methyl-phenyl)-indenyl)zirconiumdichloride,
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A-bi s(2- 1sopropyl

-4-(4'-tert-butyl -phenyl)-indenyl)zirconi undi chl ori de,

A-bi s(2- isopropyl

-4-(4' -tert-butyl - phenyl)-i ndenyl ) haf ni undi chl ori de,

A-bi s(2- 1sopropyl

-4-(4'-tert-butyl -phenyl)-indenyl)titani undichl ori de,
Abid(Psnthyl-d qprathyitphenyl)-indenyl)zirconiumdichloride,

A ol B Bt A S AT e e
AT 4’?3”‘“’4Qa%eﬂw{éﬁvlﬂhbhvmwr’wﬁr&smam[@m@ru de,

I SOpro

A-bisb(eélethyi-@(& yert-phmlrphpnylﬂrm;iqny])znm@vummfmdeor i de,
A
AR A TR B aherviidadenyZircopiumAiehiorifSy | de.

A&QQS&RVM %@Bfr@ﬂlbhenyl) |ndenyl)2|rcomumdlchlonde
-sec- ) 2|rcon|und|chlor|de,

A%(ﬂ-ejhy;l(&@ trﬁb@r@pﬂh p%'nenyl) in enyl)zrrconlumdlchionde

A BSR4 PR PSR LR SRR Ty o
Ablé{gfmetﬁybm‘(é&erﬂtﬁn Iphéﬂyl) mdenyl)z:rconlumdlmethyl

nyl ) -i ndenyl ) zi r.coni ungj ch horlde
Aﬁyq{ g’(\gthyl 4 (4 methyl phenyl) -indenyl)zirconiumdimet

A-bor, Jﬂgﬁﬁ'ﬂi‘réﬁ%&ﬂ egﬁpgggw)g.rkohmme}w,; coni undi ch
A%(Q%emybat(4+trtmmnme)thylrpjwt))izdemd)rzjimnuiucrmimercmé,,

Abilansink T REhory-pheauhndemEBRoUHIEREEM-de,
Al %Ié{?%’[ﬁ%’ E&'QEM{,%, Phenyl) indenyl)zirconiumdimethyl,

I ndenyl YZi rconi undi chl ori de,
A-A}lSiIZs'{tByM (a4>me’nbyl+phenyl) indenyl)zirconiumdimethyl,

A R'%éﬁtaﬁy‘f @ eﬁ‘VY Phgm%]¥r||c?enyBZ|rc3'n|21an'dﬁr88£?1yP ndi chl ori de,
AlLRARLARYIL4- (s rfupbSiheti-BheRiip Moy Reshilindimemy, Ui ¢

hlorid

A-lbﬁiﬁfeib)ﬂ’r‘l- m—meth@w-ph@rwlmndgnthgommméﬁwtjwh r coni undi

A%&%ﬁb#?@bpy@ﬁf ftulﬁﬁtgférﬂé(r%y(p—lngényﬁﬁltéon%éﬁchE:IFﬁByl )-i
A451§(25{saprﬁ?ihwy4-(£ﬁ~fr(éthylt[ﬂfényhuhﬁémﬂmf¢¢hbnm|Ulﬁﬂen§ié,) haf n

i u and

A-Rist2sisepranyhyt-(4rettyl-phepy)-indanygitepripmdichloride,
AR BB ncenztcmumdigiorde

A-@MZ# &bpfo;uyll b (4- methoxy-phenyl) -indenyl)zirconiumdichloride,
zi, rcon

A-,b@(ghﬁopgqul zﬂw(ddet%rt butyfophé)r}/yl)l n%glrcomum \t/"\?orlde
Aﬁbﬁgsfsgﬁfqﬁa@i&gg -efr-blty oMty RREBHY DhdfnRASIAIbAEE CON
Aﬂhidiﬂs(sﬁplrcqiww (4 -tedt-bitgphemieindenyhtitdeinmdichloriden i u
A2 BOprh 4Ptk ebeBA-AdSMDATPIHRGISTINTAR  con
Al %T%zangbﬁfcﬂﬂm (4% ﬁ’-p'rc%ﬁﬁpﬁbhﬂ)-‘uﬁ’déi’fyﬂr)&%omDﬁﬁi’bﬂl&:ﬁde rcon

lorid

Adbis(2- isohsapyl-4-44 -mrbuty-phenyirndenyiiaizegniymdiehioide, und

i) BobEun £ SRR e,

A-bis(2- isopropy! I-4-(4"-sec-butyl-phenyl)-indenyl)zirconiumdichloride,
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A-b is(2-ethyl-4-(4"-n-propyl-phenyl)-indenyl)zi rconi

und i chl ori de,

A-bi s(2-ethyl -4-(4"-n-butyl - phenyl ) -i ndenyl) zi rconi und

ichloride, A-bis(2-ethyl-4-(4"-hexyl-phenyl)-i

ndenyl)zi rcon iu and ich loride,

A- bi s(2-ethyl -4-(4'-pentyl - phenyl)-i ndenyl ) zi rconi und
AibidiRoisogropyl -4-phenyl)-indenyl)zirconiumdichloride,

A o TS %%pgg%é (ﬁ gnethy géé)nh?)x%deﬁﬂ?zr%o%luﬁ n éi rconi
A'Bust&s%%f)?cww Ly 64 (éthyﬁﬁ‘iemtmheﬁﬁ?ilbdohmman@ﬁwhbzI rcon
Amms(s@pmnyw (4-(mpropykphwl)y:ndpnwhyrqonuum@lﬁploylﬁe rcon

A-i,%e‘ggd |S?Q|'qp%n ftb %Il?bapyl gﬁpgyl &fwl)zé}cgmﬁwlcrhonde
Azﬁiéiizs(séﬁfbﬂ%ﬁl any4 =Hexyk phRyIderlyhaItIniumaithitotde; i rcon

| orid

A-hig{Psispprogy c‘bﬁ gp'ﬁf'(tﬂ-P@ﬂW)HnQﬁBW%")Qolnﬂﬂ'@W(}h'PE'Fjer coni
Aﬁn%? S%gbﬁc;dar? & )(ﬁg /c Zpexyl %?y(;)pyqdenxgzw %nlumglgr}?)i/ 5 e .

ADils(R- lsopftﬁbyl-ﬂwmsed&)utyl pheny! mdenyl)zwcomumd:chIonde
A-bi s(2-n- l. - nd%né/ 2)ZI r coni
A-big(2; @ﬁpmpy&g (Xl “tert- utyl pheny -in enyr%lrconlum hloride,

A S BRPIt SulyonBRAY g criaeRirde, con

A&lé{?ﬁéﬁhgl—@{(éﬁdﬁ -Butyiphegyl)-otueoyl) hptniumdichlonideny | ) zi r ¢
ni iC

A,Qﬁi?g"(@hb{[lﬁﬂﬂp%ﬂ -hutvkphepy) WVE)ng'chloﬁﬁgnyl ) zi
AR?&EQ rhgth?fld (HQPrlétﬁﬁl'ﬂ%nyl) [ndenyl)2|rconlumdlchlonde

tert-butyl -phenyl) - i ndenyl )zirc
A-tois(R- me&tybl@(éhhqrropml phenyl) indenyl)zirconiumdichloride,

_ Aﬁgﬁ?déethxl-g}&yn bu nyl)I |Hg 9’62& Bﬁ%]dleloﬂBg i ch
AJb’?sE@ rﬁewul(ﬂhéﬁyl m@dwlmeawlww);onmahmader con iu

lorid

Aqibig(2- meiblt\!t—9+(44S€@MMWBHMBWDVJXZIFﬁ%HWQ)@|°r|“1%n i
A2 Siy-bREavi ARt Rmaichierides i - con i u and

AJHFé”(ZléihyICHEM methyi henyl) mdenyl)zlrconlumdlchlortde
s(2-n- F prop 39’
AR ethyplany - BReh gy tkermdiehloride,

ARB s PRty iy ey Hodrypresibmidisiaeide, 21 eon
A4b$e{(2 eﬁhgdurtyd, mb(mﬂ‘menyl)'ﬂmdmw}')lz)reomdmc&tbl)lamde con i und

lorid

A-,bgq(?_l eﬁhﬂtﬂ'ﬁ’ bﬁwlrpheww -indenyDziseniymdighlorifg,y | ) 2 i
IQ'Se(tgm L—ﬁ[b%rﬂgl' @%nyé)elgdemfl zlrcomumdl)chllonde

Amtr{ﬁ?,étblylm-(mmyclmjmw phelhyi}-mdienyl)zwcomumdlchlonde
A- bj t t h I
ARl -8 s DUtk ey DR iR ich RiGRY | 1

- 1 - D-indenyl dichlorid
AR?%Q é(tlgyl%fel@l t%ﬁ l‘)tﬁyl ﬂ?eny) mpeny))/z;gcolnhudmelﬁylo)nzIe coni

Adoigl(2ire pfcmyll-éephen@d hd%‘@ﬁzﬁ@{wmlqmpﬂiﬁ hyl - phenyl ) - i
Art])?s?(ayl E)ropy 9,0(2' r{p:yl F(;h Ay‘b—llnggnyl)zlrconlumdlchlonde,

A-bis(2-n-propyl-4-(4 -ethyl-phenyl}-indenyl)zirconiumdichloride,
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A-bi s(2- hexyl -4-(4' -n-propyl -phenyl)-i ndenyl) zirconi
und ich loride, A-bis(2-hexyl-4-(4"-iso-p
ropyl - phenyl )-i ndenyl)zi rcon iu and ich |oride,
A-bi s(2- hexyl -4-(4' -n-butyl - phenyl ) -i ndenyl ) zi rcon
itund ich |oride,
A- bi s(2- hexyl - 4-(4' -n-hexyl -phenyl)-i ndenyl)zi rcon
A-bis(Bch-prdplybdi(déjso- propy! phenyl) mdenyI)ZIrconlumdichlonde
n I)2|rcon

Ab:%hdgg{ghp?(ﬁél(dlég(butﬂ eny Menﬁp ir numdicﬁl%n
AJb'&gﬁ Popyt-4- q{ﬂﬂnhe%y;qgpr@ﬁy}jhn@@r%ﬂ)ﬂ;rbohmﬁhibﬁdel con iu

ori

Abig(2- lhBqulyl-4-(€r4CY¢|@h$X351ﬂh¢ﬂ¥bﬂ@¢@md)Zlfﬂ@l@lhWO)QNOfﬂdﬁ)n i u

A%nsg? E}oﬁ’?g ﬂjﬁ ﬁe?kuh{i Ih[enghtirglqerypgﬁc?n|u[nd|chlor|de

WHW bﬁjplymfmf—tdﬁbUM—éhbﬁﬂHﬁde’a‘M)Eiﬁ@dmumdlchlorlde
A-Dbi s(2-ethyl - f -tert-butyl -phenyl)-indenyl)zirconi
A@.rﬁjZTrba“tyyﬂ -pheny mdenyl)zlrcon|umd|chlor|de

A;ﬁ sﬁ%é‘ﬁﬁt&&[e—hgxl -ritthyi-pHeRyh-iREE Ay ABBRIMdiLAERgy] ) 21 rcon
A-b1s((2-mbmﬂyyl4-(4LeMphanlpn&je(n&I)deuUmdqubMEet hyl - phen

A %u{@ rn%wwfrfy(é) aﬁaew?&%%)ingéﬁa@ an&ch'ﬁﬂﬂﬁw phen

A-k'is)@ 'rﬂglt?(ﬂ%)(g gs'?;%rgﬁwpﬁérgﬂ( fPleFl?l%z; con|umdlcﬁvlac‘)rlﬁi)(;:-r ohen
A-plis(2imblatylr )4 -n+huiy_irphﬂrdnl)ahdemyl)mrconlumdlchlor:de

A—I'gjs% ﬁ\gﬁwrlﬁ _(ﬁ g ﬁz aﬂ ?H%ﬁn e% %umdu%ong Lhyl -pheny
A- 614(2 ﬁlﬁnﬁﬂwlt (4 -&%Iéﬁ&ws‘p‘héﬁ?m e"fgﬁ)&uboﬁium:ch’bme) pyl -p

yl')-indenyl)- zi rco ni u orid

A-ms((z-mbwuyw-(amae@rpeml@henwwrzdemd)ﬁycomumichl@,r’aﬂﬁ opy! -

AR IE i Rt bl Ryl dh?%f@“&opw b

ABRI %Jhl'ber(ypﬂ-@méh}rinaéhﬂwmd)ﬁﬁjrﬁdnbﬁrolrld@, A-(2, 5-d
i met hy

A-bigheheayedrdd cmlmnabﬂmen%ﬂp@wm%wﬂﬂw? i
Aﬁ%ﬁ?ﬁ%{lﬁ gﬁér‘f\n 9{ eﬂ?l)zwcomumd:chlortde
A- b%(mﬂelxyMM (-l4—pf0|$3€l{p11amyl)-|pdﬂaﬁwz)rconxdmtmonde
Z|rcon|u hlorid | - 6-aza

hexy rfeﬁynsomrpayl nh%lwwndsﬁﬂmmpnlfmeﬁmie
A- bls(2 hexyl-4-(4"-n-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-hexyl-4-(4"-n-hexyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-hexyl-4-(4"-cyclohexyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-hexyl-4-(4"-sec-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-hexyl-4-(4 -tert-butyl-phenyl)-indenyl)zirconiumdichloride,
A-bis(2-methyl-4-(4 -tert-butyl-phenyl)-indenyl)zirconiumbis(dimethylamine),
A-bis(2-ethyl-4-(4"-tert-butyl-phenyl)-indenyl)zirconiumdibenzyl,
A-bis(2-methyl-4-(4 -tert-butyl-phenyl)-indenyl)zirconiumdimethyl,
A-(2-methyl-4-azapentalene)(2-methyl-4-(4-methyl-phenyl)-indenyl)
zirconiumdichloride,
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zi rconi undi chl oride, A-(2-nmethyl-5-th

i apent al ene) (2- net hyl -4-(4' - n-butyl - phenyl ) -i ndenyl)
zi rconi undi chl ori de, A-(2-methyl-4-oxapenta

| ene) (2- et hyl -4- (4" -n-butyl - phenyl ) -indenyl)
zirconi undi chl oride, A-(2-nmethyl-4-th

i apent al ene) (2- net hyl -4-(4' -s-butyl - phenyl ) -i ndenyl)

A{thylbﬁrdzaﬂsémaIaﬂme)(%n(aﬂwl@t-(hy-lméthgmmmalndenyl)
| ene) (2- met hyl -4- (4" -s-butyl - phenyl)-indenyl)
Z'@PP&S‘E‘H“GWBU@%I ori de,

A-gz-ﬁ-?e 6‘7&% 6%?%%%2?@%%%42@%&%4@) -th@ehgiput y! -
zme(\mnmhcm;ahdé azapent a _
AE T rararFAiane) ity 4t - Bhehyh Rddhy

zwﬁbﬁ@m‘i@&l’%hdé azapent al ene) ( 2- net hyI 4-(4'-n-pentyl -ph
[ enyl )- zirconiundichl ori de,

A‘@%mtwlaNMB@M(MQMéFM&n propyl-phenyl)-indenyl)-

Z'?PP%’E’;’&‘?&%{"@%: ;)fl f}li -n-pentyl - phenyl’) - indenyl)-
A&&ﬁetﬁwﬂﬁhaﬂemémwm@m Arasdprbpyl-Enyl-indetyl)-- ph

| )-1 ndenyl)- zirconiundichloride,
ZIFAOOMGWWC‘@- azapent al ene)(2 met hyl - 4- (4' - n- hexyl - phe

A%tﬂl‘ﬁby{gﬁg?@“ tnhe%%% Eﬂj)! Aol %ﬁe‘%@i A n%"e‘ﬂ% ) -
zzrlcgmetﬂmg?tﬁtggdalz?%?e A-(2- rrie:]hﬁl 6l th
A£2, r@%\%hm .fanentar)?n )éZﬁnAewMgéé'%OBéqn%p}@nwﬂ Saehyy:

o (2-nmet hyl - 4- (4" - n- hexyl - phenyl) -ind
Z"lé’ﬁg -d?}él??@%%l undi chl oride, A-(2, 5-d inet hyI -6-th

A-2pesthyll @ oraperitaten) (ymethyl4-(4i-sapropylmhenyindeay)
zir%SXideér%iBﬁS”' undi chiori de,
A-(2-methyl-6-azapentalene)(2-methyl-4-(4"-n-butyl-phenyl)-indeny!)-
zirconiumdichloride,
A-(2-methyl-5-thiapentalene)(2-methyl-4-(4"-n-butyl-phenyl)-indenyl)
zirconiumdichloride,
A-(2-methyl-4-oxapentalene)(2-methyl-4-(4"-n-butyl-phenyl)-indenyl)
zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(2-methyl-4-(4°-s-butyl-phenyl)-indenyi)
zirconiumdichloride,

A-(2-methyl-4-oxapentalene)(2-methyl-4-(4 -s-butyl-phenyl)-indenyl)
zirconiumdichloride,

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

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

zirconiumdichloride,
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A-(2, 5-d inmethyl-6-th iapentalene)

(2-nmet hyl -4-(4' -cycl ohexyl - phenyl )-i ndenyl) -

zi rconi undi chl ori de,

A- (2- et hyl - 4- azapent al ene) (2-net hyl -4- (4" -tri met hyl si

| yl - phenyl ) -i ndenyl ) - zirconiundi chl ori de,

A- (2-nmet hyl - 4-t hi apent al ene) (2-net hyl -4-(4'-trimethyls
A-|(2-Inyéthplh434a;chr,nemtaMﬂZ}meﬂMd&(ﬂi'mraim—mem@),—indenyl)-

Z”°9§3léﬁ'ﬂ@?@ﬁ@§’%2 met hyl - 4- (4' - tri met hyl si
A-'&'ZJ(né} ngiwldwe'nﬂ}ﬂé%‘t'abentﬁlér@(ﬂ ey -1 Lflgentyl-phenyl)-

lndarmé)atza‘cenle)r(mchi@ﬂd@fl -4- (4" -trimethylsi lyl-phenyl)-i

'Eﬁj ‘%/szﬂh‘%, ﬁ&éﬁ%@gﬁg‘% @fhrb%g’&y?—i-(df XnlBentyl-phenyl)-indenyl)-

zilcdniRhdizhiofdé 4" - adamintyl phenyl)-i ndenyl)-
zi rconi umdi chl orj de met hyl -4-th i apental en

A@m@hwy4-azawantalmh@mthvﬁ;ﬂe(ﬁmmxwr@@ﬁman%ny con |

ride, 102 A-(2-nethyl-6-th
Z"tégg[ebg?%{ @ﬁgé 2- et hyl - 4-(4' -adamant yl - phenyl ) -i ndenyl )

A-(2-mhethgind-thigpertalened@-mathy2 4-@--a-hexgphehybHndenyl)s pe
nta le ne) (2-methyl-4-(4'-a d a ma ntyl-phenyl)-i nd
Z”é‘ﬁ?lun)d'cﬁpf' Bni urmll chl ori de

Aot ﬁuﬁé? éfé?n%gtgeny mtﬁ%kw Py inderd) i f!

or one
znmonmmnhclnidrldel oride, A- (2 5 d| rret hyI 4- azapent al ene)

A Tl A AP RATA DY eSS Bt ncory-
zlébh@mﬁﬁ%ﬂﬂbhdé t hi apent al ene) (2-net hyl -4-(4

"“tris(trifluoromethyl)mnmethyl- phenyl)-i ndenyl)zircon
A2 brdiinsthyl-G-thigpentalene)(2-methyl-4- (4 -n-hexyl- phenyl)ymdeny )-

6- t hi apent al 2-met hyl - 4- (4
ORI P R or onet hyl Smot byl -

srmh&etwu&mé tailens)(2:miéipipl-44(4 deyclohexyl-phenyl)-indenyl)-
Kb 2- et hyl - z?ze?pent a)l(ene)(g ethyl-4-(4"-tert-butyl-p

Zim@ﬁwmdlphlﬁﬂ‘éﬁyl )- zi rconi undi chl ori de,

Ao phease A RN G 4ty ik phgmyd-indeny-
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)(2-methyl-4-(4 -adamantyl-phenyl)-indenyl)-
zirconiumdichloride,

A-(2-methyl-4-thiapentalene)(2-methyl-4-(4 -adamantyl-phenyl)-indenyl)-

zirconiumdichloride,
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zi rconi undi chl ori de, A-(2-methyl-N phenyl-6-azapenta
| ene) (2-nmethyl -4-(4'-tert-butyl -phenyl)- indenyl)-
zi rconi undi chl ori de,
A- (2- net hyl - 4- azapent al ene) ( 2- et hyl i ndenyl )
zi rconi undi chl ori de,
A- (2- met hyl - N- phenyl - 4- azapent al ene) ( 2- net hyl i ndenyl )
AZ2 mosthiybathiapéolade) (2-meld-defdddamarttylippnyt)ahderyl)-
(2- et hy hln enyl ) zi rconi undi chl ori de,
Z'f&o(‘ﬂ"ﬂ@f; MAS. t h i apent al ene) (2-net hyl i
. litdenyl
e e kS R L b
zivsopRimaithipride azapentalene)(lndenyl)

AR SRl o methyl A 4 tisfirfiuoromethylmethyl-
pﬂérfg:ﬁdéﬁﬂ -GiicBhiufRlichloride,

vyl - 6- azapent al ene) (i ndenyl )
A+2 Bedimetinyidcazaparialene)(2-methyl-4-(4 -tns(tnf!uoromethyl)methyl—

p%}}% ,ﬁﬁ%ﬂm Zlﬁﬁog{ﬁﬂﬁlchfbr%apem al ene) (i ndenyl)

A%Qﬁﬁetﬁ?ltdlﬂhlaEélﬁth!ﬂnd)625m@2tmb@3(t434tm(er)f(uandaamy))methyi—

zi rconiundij ¢

Phﬁn(y B-indemny)) Z"'WBNQ?QJFNBUQ%apent al ene) (i ndenyl)
ARESHERREITRIC pety e oty
pfaany@andenm;d)zxrbbmgmthchionééz met hyl - 4- tE |
zi Fconi or
AR Ttk proeerialencu shuns e CbBuyFPopRebivenyii cn
7i cBHlﬁrgdichlﬁnFIé met hyl - 6-t hi apent al ene) (indenyl)zircon
iu and 1ch loride,

AA2-(etBykb-aeapghtalbned(2apdutykide(s tertiigylyphenyl)-indenyl)-
ZIfCOhIUﬁd 8h|or|de
Z‘WOPQ’WF 0199, azapent al ene) (2- met hyl - 4- phenyl - i ndenyl )
_r 1 -4-(4"-tert-butyl-phenyl
A-i:? n?étﬂylwfﬁl'@gllygg zi%gﬁﬁ gtlaé?]nee))EZZmrreé? lydi (4 ghenUtY ;l)nedneyr?yl )
|nd$msdbrﬂlrmuiumdlmlpﬂ@e

A2 et a e RARENA BIRNAEaAT) Brkoramafididd deny!)

A-fﬁﬁﬁetﬁﬁltmﬂhdﬁyphwbeﬁta@a@@hﬁthﬂm)n:l(eﬁyl)&irbyhlumdndziﬂoydie,
-i ndenyl Z|rcon|und ori de,

A- ;(sz-pptmg iapenRlans %mgﬂ%gﬁggyl%@pniumdlchlorlde

e,
AE TR e fe R R EhYAROATRGERBTUEE. |
. A-@Zl-yrhéthyit@ﬂnapemtam)@sﬂmeltmn|ndenyl)2|rcomumd|chIonde

A- (2- et hyl - th|a§ 2
A{2ethyit-2aa ne &a%wm% Jrcopptmdichiogdg. i ch 1 ori de,
{

A-f%%ﬁﬁ[ %M‘Za‘g‘?] tal‘{i‘{é?ﬂgd@é r@ﬂeizlﬁcorn E;”&d'F hil?rrrltcjlel ch loride,
A-(2-methyl-6- azapentalene) (indenyl) zirconiumdichioride,
A-(2-methyl-N-phenyl-4-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyl-N-phenyl-5-azapentalene)(indenyl) zirconiumdichloride,

A—(?_;methyl-N-pheny[—ﬁ—azapentaIene)(indenyl) zirconiumdichloride,
A-(2,5-dimethyl-N-phenyl-6-azapentalene)(indenyl) zirconiumdichloride,
A-(2-methyl-4-thiapentalene)(indenyl)zirconiumdichloride,
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A- (2- net hyl - 4- oxapenta | ene)

(2- met hyl - 4- phenyl -i ndenyl )zirconi u and ich |oride,

A- (2-met hyl - 4- azapent al ene) ( 2- net hyl - 4,

5- benzo-indenyl) zirconiundichloride, A-(2-nethyl-Np
henyl - 4- azapent al ene) (2-nethyl -4, 5-benzo-indenyl)

zi rconi undi chl ori de,

A-&-_(’&thﬁt—‘i}w|apémbkarnpb(irﬁaﬁapb¢%rﬂ0mdmcmd€et hyl - 4, 5- behz
A—Zé—b?eqﬁ@?cih%uasﬁév&%&#ﬁ@eﬁy@%@#&fﬁﬂqu@%t hy! -4,

Afe BEIFRISORon LR RITYY efbofLBichloride,

4 aza&enta ene ZlI rcon |

A-I(Zrmeihyl-dr—amp@(talamb ymemyﬁa-ﬁamﬂny&wulg@pamrgp@wg)dlchlonde

@"Fﬁgﬁ}ﬁ'%gia??f‘ ﬁ?@r'@'ﬁ@% FRISVHRgECND giregaiumgishiaride.

Aﬁmtﬁﬂt@ﬁkﬁﬁerﬁtél@me?mngtw SHEgI- ﬁrtdengl)czircamummhlahde,
silanediyl, D butylsil anediy

i somers of r
A- @ﬁ@thylr&nhsnwﬁﬁazapgma@m) Metiadidyphenyl ~mdenyl)
ediyl, D octylsilanediyl,
Z'@ﬁ@ﬁ‘y aﬁ%’dl yl, Didecylsilanediyl, 104
A-Qh et Wé’pﬂhle&yleﬂ-salzapaﬂéﬁmmm-mdtwmdplyény! -indenyl)
Di (cyc [')silanediyl,
Z"Q?B!'-'HFFBQ'@P(’%%«t hyl ) si | anedi yl, Di propyl ger manedi yl ,

| A—@-ﬂ'&@t J(lgermn%r%g ylne)(%lt?nggm/—ﬁ Jgﬁrﬂgﬁgﬁﬁnw)zmon|umd|chlor[de

A-(:Z-crtzttwgi}thmttabelne)(Brmetty;dl-gephenybmdplnyl)mrconlumduchlonde

% Ht?ﬁéﬂ%e-ﬁa?ﬂ%ﬂ@éw (2-pg E%F@’?qe\'{)'rarg@%%ﬁﬁléqﬂwmdlchlonde

A-Ezjhi@tﬁ B)(éﬁér‘ntb@ﬁ%gwlhetr@myé éﬁer\'l | girgsHithdichloride,

tyl (propyl)sil ane Pent )SI | anedi yl ,
A-methylet- hyap@tammeb(ﬂymetméﬁt@f emcb enyl)l anedi yl ,

si l anedi yl , Fbxyl(ethyl)3|laned|yl and
Z"PBQ%‘F{%E’U f}‘ﬁ‘%-s. | anediyl . 28. The conposition of C aim
A-glnvéiﬁylmlplhenymiaiapemwene)@ -ttt aAps-behkenedbngl),

butyl sil anediy n-pentylsilanediyl,
ziroppigynsigends, ) si | anedi yl, Di-n-hexyl sil anediyl ,

A—%ﬁteﬁ@ﬂpﬁ%ﬁﬁﬁ%a@béﬁ%ﬁeﬂ% 2-P1ethyi-4,5—benzo-indenyl)

Zirconinendichlotidsé hy | )SI | anediyl. 29. A process for the
roduction of a m xture of racem ? ag%

A-P2 methyl-N-phenyl-6-azapentalene)(2-methyi-4 enzo mdenyl)

zirconiumdichloride,

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

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

A-bis(2-methyl-4-thiapentalene)zirconiumdichloride,
wherein

A is selected from the group consisting of structural isomers of
Dipropylsilanediyl, Dibutylsilanediyl, Dipentylsilanediyl, Dihexylsilanediyl,
Diheptylsilanediyl, Dioctylsilanediyl, Dinonylsilanediyl, Didecylsilanediyl,
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i sonmers of netall ocene conpounds conprising the steps
of : a) providing a |igand systemof the formula R4 RS
Rs RBR7T RBRe, Rs R/'" R3- R6' R5, Ra (formula
LS) wherein RO is a bridge having one of the
structures: 106 R40 42 RR 4, RA R4 RA0 RA0 Ra M
,Z _ ~A,ryl~l M,z -CC={, 11 R41 R41 R 41 /B-R<0
DithdBcyisilarRty!, Itiodecylsiaeliph Wi(wickopentdBilanedifi 1, are
identical or.differ . Wi th or withauy t er oat ons,
cisleReri@efisianeShE Binibihtantul/ b LR e
DipBAtyIE HBNEANS,) @hbﬂﬁ?@fmaﬁélii?ﬂ, b]ﬁepﬂ?lgéﬁnﬁﬁé’diwg from 2
o about 30 carbon atons, a fluoroal Kyl group of from
Dipctylgearamnediyh, RiappyigernanedivhRidesogimanedpylof from 2

o} gt misnedificl PpidPoseriidhl NbedritiByioeriadi,

Blﬂ?l@ﬁktl@!ﬁsﬂa@&ﬂgm BUEyIeasyilapediys Butyl(popyIilkmedigt, oup
of from7 to about 40 carbon atons, an al kylaryl group
Pentymegthyhsilanediyy, Pentyl(ethyl)silanediyl, Pentyl(pro yE)snlgnec%yl,

Hexyl(methyl)silanediyl, Hexyl{ethyl)silanediyl and Hexyl(propyl)silanediyl.

28. The composition of Claim 27 where the units A are:
Di-n-propylsilanediyl, Di-n-butylsilanediyl, Di-n-pentylsilanediyl,
Di(cyclopentyl)silanediyl, Di-n-hexylsilanediyl, Cyclohexyl{methyl)silanediyl,

(n-butyl)(methyl)silanediyl or (n-hexyl)(methyl)silanediyl.

29. A process for the production of a mixture of racemic and meso
isomers of metallocene compounds comprising the steps of:

a) providing a ligand system of the formula

{formula LS)
wherein

R?is a bridge having one of the structures:
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carbon atons, a substituted or unsubstituted
al kyl silyl or arylsilyl group and an aryl al kenyl
group of from8 to about 40 carbon atons, when R40 and
R41 are different opd of either R&J and R41 is
selected fromthe group consistin | wf an al kyl group
having from4 to abowt 40 car bo(h ons, a fluoroalkyl
group of from2 to glout 10 carbor®atonms, an al koxy
group of from2 to about 10 carbon atons, an aryl oxy
group of from®6 to about 10 carbon atons, an al kenyl
group of from3 to about 10 carbon atons, an aryl al kyl
group of frgm 7 to abouty, 40 carbon atons, «an w
al kyl aryl Fgroup of froMR7 toRabout 40 cargon ons, a
substi tut gfZar unsubstiyyttedppfkyl silyl—oC -arylGi-yl
group and lap aryl al kenyl, grduyp of from 8ltpo atlu_l?out 40
carbon at &vs, and the her & R40 and RAL is
selected fromthe group consisting of an al kyl group
havi Rg from to 40 carbon atoys, a fluoroal kyl group
of f:} {0 %ouh“‘io éa{pr—quﬁ" a\qq\'gs)nrR,‘“’ angal kox};xg:”( R40
of fyom?2 to about 10 ¢arbon atdns an aryl oxy(g'r ogjg
of from6 to about 10 carbon atons, an al kenyl group
of from3 to about 10 carbon atons, an aryl al kyl
wiggre R eindfRYmark identital wr differeat, lndth et witlsoutdieta@atoms,

| kyl,aryl _of from7 to about 40 carbon atons,
wherB: Taid B 8re idntsal ey atcacisriesh fiom fhe grous ensistg of

argéiﬂglf)gnrﬁﬂg h%(}ir@rl\%é)rﬁ!i‘@m}@@r%r%nfa%&ﬁé,ga HQoraRMQU Bratl of
car al ons, 2 1S si I con, germani um or tl n, and
frdrB 2 tBabovb 10RGrbdd atoRss, srdalibxywgrRaip cirows 2He' abcﬂﬂ 18nd

cafposhrtosns. o iy, Steye of 5551 6 tn AR A0 B Aole AR,
alkériy gy S bR 3 t8 lbott 8d cafSuR Afdend)=@ldrylalkyl group

consisting of an alkyl group of from1 to about 1

of dean rio abont 40 garkorkaleps, agraliyand groumebirery AlsoakoutctO

b t : I . t :
cafin iy e PRI Sy Blad ARTSMSh e grSth apg
arCaRIKerad greup éffroralad aout 40r sarponfatéme et R*AbadtR*’
40 carbon atons or_an aryj.al kenyl group of from@8 to
arawtﬂrenbom%pﬁen&%&%w@ndalxs (B S619GRGHOBY heHaHR CODBiEting

oSt g A e o
of frath 2ababBat 1&REaorRatomdR@in, alkoxyRrouR7ofdronk@ tp dkbut A0
caBgc’)n Et%n'?st, aFr{|7ary[oxy 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 arylsilyl group and an
arylalkenyl group of from 8 to about 40 carbon atoms, and the other of R*
and R* is selected from the group consisting of an alkyl group having from
1 to 40 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 3 toc about 10

carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an
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Ra' can form one or nore hydrocarbon ring systen(s),
wherein said ligand systemis produced by
deprotonation of a conpound of the formula RB R7 R 3
R6 5 R4 (fornula 2) with a base in an inert sol vent
at tenperatures of -70 Cto 80 C and, b) conbining
said ligand systemof formula LS with a conpound
alkghainyl grodpe of romul to i 40 carboampemat asabstitufedoon about

EXIER I C Y CATOE R ME ST T MR I
ab&itdd 05868 stapound(s) having a weight ratio of

racem c to meso isoners of greater than 5:1 as
syntlhﬂéslsmld:.onlgermamum’h@r Wr.askss of O aim 29 wherein

or ettt RS &S SREAECR, B RheR s Eharltifonats
ideRGEATIcR diffdrem 4Ms$ ard sad¢rea hydidgenTdenp d?eeifreea®] cydiigiom

29 wherein the weight ratio of racemc to neso
briagshed group, yyiteeravitherdhetgroatams. Hislectad jrony thengioup

ti i . .
o PR Al GE5TS robL T FRR0, i B, Ier
grb&p&:]tcﬁfrbnli; 2 torabsat ne@amt?u atongy, eatayl gioaip cfGron G tolabout

any further sepratjion of racem i soner,s from neso
20 sarppnsatoms, an ardaliiyl groupRf it t°7i ter?sbégﬁﬁﬁi%rw? gf?)“sl an

. . ;

IR ERA GORTES Foff 7 2570 QiiBo ks R 3oy IR 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 R7,
R¥ can form one or more hydrocarbon ring system(s),

wherein said ligand system is produced by deprotonation of a

compound of the formula

RB
R?
R3
RG
RS R
(formula 2)

with a base in an inert solvent at temperatures of —70 °C to 80 °C; and,

b) combining said ligand system of formula .S with a compound
having the formula M'X, at a temperature of from about -70°C to about
80°C, wherein M' is zirconium, titanium or hafnium and X is a halogen, to
provide a metallocene compound(s) having a weight ratio of racemic to

meso isomers of greater than 5:1 as synthesized.
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where L1 and L2 are identical or different |igands and
are each a substituted nononuclear or pol ynucl ear
hydr ocar bon radi cal selected fromthe group
consi sting of substituted cycl opentadi enyl, indenyl,
tetrahydroi ndenyl, azurenyl, fluorenyl,
azapent al enyl , thlapentalenyl or oxapentalenyl whi ch
f or rﬁoa sannb/\pn:h:ess ofi Gﬂame29w\d1erandhe MEightiTatie lbé tassmic to
.are id fer and a
MRS RSgsTS  BiRatelihan 1 Wrgihasy FinghEerRitia algmic
frérATrResh RbRIgs. an al koxy group of from1l to about 10
carbon atons, an aryl group of from6 to about 20

car bon atoms an aryloxy group of fromabout 6 to

abo 10

sboutr 10 5 BRe8b BT e SR} 6 Yl Ibud ko
maso RATRets 3¢ graateithenel 338 vithdubanp flnhergeparation dirmaoeric

to about 10 carbon atons or an aryl group of from®6

froms nagssusomersar bon atons, or RlL and R2 formone or
nore ring systen(s), ML is a netal of group | Vb of the
Periodic Table of the Elenments, 108 RO is a bridge
bet vgn tThe picgass of Claiam29 M&eheimithg waghtahtio Iméracemic to
structures: R49

MESO [Romers Is gragter th@@]2q;5 Mth@yt ﬁl”ll%l’%%@&ﬁf%b&(ﬁc fc?réuc

|sorﬁe@fr0!% rflieé |s%nl| s-R or /p(OR40 where R40 and R41,
areldentlc? ifferent, with or wthout

het er oat ons, vvhen R4A0 and R4l are identical they are
selected fromthe gro consisti.ng of an al kyl group
havi%lg r’% 3(%"8819515&&5'%?56% tonms, a fluoroal kyl
grOﬁ Of mixeABEmbRs @Muéaét%rﬁeaﬁnbmméﬁa%omuaumg

gro of from2 to about
the formula 1a:

R9L1L2 M1R1R2
(formula 1a)
where L' and L? are identical or different ligands and are each a substituted
mononuclear or polynuclear hydrocarbon radical selected from the group
consisting of substituted cyclopentadienyl, indenyl, tetrahydroindenyl,
azurenyl, fluorenyl, azapentalenyl, thiapentalenyl or oxapentalenyl, which
form a sandwich structure with atom M, therebetween,

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 about 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? form one
or more ring system(s),

M’ is a metal of group IVb of the Periodic Table of the Elements,
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carbon atons, an aryloxy group of from6 to about 10
carbon atons, an al kenyl group of fromabout 3 to
about 10 carbon atons, an arylal kyl group of from?7
to about 40 carbon atons, an al kylaryl group of from7
to about 40 carbon atons, a substituted or
unsubstituted al kylsilyl or arylsilyl group and an
ar y| BP ieempridge bepvedn theoligehidsd.' amdut” heyingen of teons,
g&gn R40 and R41 are different one of either R40 and
SHURIUTES sel ected from the group consisting of an al kyl
group having from4 to about 40 carbon atons, a
fluoroal kyl group of from2 to about 10 carbon atonms,
an al koxy group of &WDW\Z to aboyt ®l0 carbon atons,
an aryl oxy group of from6 to about, 10 carbon atons,
an al kenyl group—e€ ++om 3—tdabdut— 10 carbon at ons,
an aryl al kyl group afs from 7 to akout 40 carbon
atons, an al kyl aryl “group of from'7 to about 40 carbon
atons, a substituted or unsubstituted al kylsilyl or
arylsilyl group and an arylal kenyl group of from8 to
about 40 carbon atons, and the other of R40 105 and
R4l is sqgtBcted fromtp& greup consisti n$ ‘of " al kyl
group haviipg from 1 tb.,A0 dagbon atons, 'a fl ybroal kyl

gr oup Hf"‘fﬂﬁm 2 to apndylt ToNtarbon atont, an Al koxy
group of

Yom 2 to abqut 10éc‘ar bon at omsRah argyf'oxy
group \of from%& to aboul 1 gar Bon at.ons, ann:g?\kenyl

group of —R Om 3At o-Rabout ROR car bRt onsor an  P(O)R¥
aryl al/kyl group/of from7 to abodt 40 carbon at)o/rrs, an
al kyl aryl group of from?7 to about 40 carbon atons, a
substituted or wunsubstituted alkylsilyl or arylsilyl
group and an aryl al kenyl group of from8 to about 40

PRP PR M fidricd] bf GftBrerl AR BH WithBUt héBroAiBfhs,
ereln e Corrpoun as syn T'IeSI zed as a ratio o
whés R andR*' pse idtmtisaktiiey dre eaterted fromethe group consisting of

e e P o Bb5al Rt udi aleckiphtfbup of
2 SRR KiboR RS 1 Sl b amip s oot
cdrobh aomg, awamidasgroup 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 alkylsilyl or arylsilyl group and
an arylalkenyi group of from 8 to about 40 carbon atoms, when R*® and R*!
are different one of either R* and R*! is selected from the group consisting
of an alkyl group having from 4 to about 40 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
atkeny! 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 arylsilyl group and an

arylalkenyl group of from 8 to about 40 carbon atoms, and the other of R*
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R 1 OA p+2 RR AI-OA R/ \ Ror, 110" /R
O-Al RAl ~I "0 AlI~-R A1-00 AlI-R "Al gyp, R
wherein R is hydrogen, an alkyl group of from1l to
about 6 carbon atons, an aryl group of from®6 to

about 18 carbon atoms, or benzyl, and p is an integer
from2 to 50. 35. The catal yst conposition system of
ad d?%@ée}ah‘@deﬂmmtthe granmnomarshtg of aif aHﬂyUgnqmprhaMngnfrom

h
1 kg Ao Geharsatcat & MussST S RUBAY A6 14 205! ThEgoon
at%ﬁﬁ@'a)ﬁ%lk&%{@%ﬁbtdf‘?fbnﬁ@ t61aiolt 38 c‘élﬁ%rﬁal%rﬁshﬁn aryloxy group

cocat al yst a Lewis acid having the fornul
oﬂ\mmmbou’iéﬂe(iaﬁbm atams careaikenyk group 196 fiom 3éo ghPHUHO

oo ARl s A 135 B S B o, an

alﬁyl&m ggdsmw@f Bbmf7 aBodtal (REmrtbn 2Bomsl Henbstitatssl oan
of from6 to about 15 carbon atons,

u@ﬁu{@ﬁl&;ted aftyistyl or anyisdylgreyp agd an arylalkenyl group 01‘o fromn8 to
about 40 carbon atoms,

M'? is silicon, germanium or tin, and

wherein the compound as synthesized has a ratio of racemic or
pseudoracemic isomers to meso or pseudomeso isomers of greater than
5:1;

b} at least one cocatalyst; and

c) at least one porous support.

34. The catalyst composition of Claim 33 wherein the cocatalyst is

an aluminoxane having one of the following formulas

L1

p+2

A1—0 Al on Al

or,
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hal oaryl group having 1 to about 10 carbon atons in
the alkyl radical and from6 to about 20 carbon atons
in the aryl radical, wherein the hal ogen conponent
can be fluorine, chlorine, brom ne or iodine. 37. The
catal yst conposition of Caim33 wherein the Lew s
acid is selected fromthe grgap consisting of
trimethylalum nium trielohyml Um num

triisobutylal um neswitTi Qut y|| a num

trifluoroborane, tri trls(4-

fl uorophenyl ) borane,| trijs(.2, 15 I uor ophenyl ) bor ane,
ba

tris(4 fluoromethylp MY B
tris(2,4,6-trifluorop yI) 1110
trls(pentafluoropheny rltolylborane
tris(3,5-dinethyl- phen )borane
tris(3,5- dlfluorophenyl borane and tris
(3,4,5-trifluorophenyl)borane. 38. The catal yst
conp03|t|on of Caim 33 wherein the cocatalyst is an
wheneirc Rds inyduagene antadiyhignop paoﬁfmn’lc‘btﬂ abowitd egrbanial@ms, an

ayGaRRr o7 Briepop® B8 EBrE i, eRyekoPRE B € agjpteger
fr&ﬁ%@@nd Cl04. 39. The catalyst conposition of Caim

33 wherein the porous support is selected fromthe
group consi sting of inorganic oxides, inorganic

sal t

conpti 11 O orelRLPRMEESRn YRterd ﬁﬁ%%‘ﬁﬁ%%%gaem 0 |
atolie pRof Aamiruie fenvthe slandhetdregtothenétab M’ oflthen na

alum nosilicates, zeolites, MO, Zﬂgz Ti 2, B203,

metatiocengorangesAroabout 1RId0 abort 10R85ecs, K2ccs,
CaC33, Myd 2, Na2SO4, Al 2(SOU4)3, BaSO4, KNG,
My( NO3) 2; Al (NCB)S and conbi nati ons thereof. 41. The
cat a38/st Hystatmiyst cGinpiositidl ofiGiaien B3 mrerpirthesosafahyst is
is .selected fro t he group consisting of

a b@WiﬁeWi;%éM@g tB@I W‘Hﬁyl ene, pol ybutene, polystyrene,
di vi nyl benzene crossli nW Rekystyrene, polyvinyl
chlorlde acrylonitril e-butadi ene-styrene copol yner,

wineriejrahy? a@seleptﬂdyﬁnmnrtmom altminyoloy gallbomeaars

PO Y S PR NS ALacad BN BEPR] ptfouall
h)fb% Orﬁ'ﬂdfﬁélky!]fgor?% rozg%tﬂ ;Prio I%'b@dt&@() cAfbct atofs tancdigl group
of from 6 to about 15 carbon atoms, or an alkaryl, aralkyl, halo-alky! 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.

37. The catalyst composition of Claim 33 wherein the Lewis acid is
selected from the group consisting of trimethylaluminium, triethylaluminum,
triisobutylaluminum, tributylaluminum, trifluoroborane, triphenylborane, tris(4-
fluorophenyl)borane, tris(3,5-difluorophenyl)borane, tris(4-
fluoromethylphenyl)borane, tris(2,4,6-trifluorophenyl)borane,
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and/or (E) with at |east one conmpound of formula (F),
Rf' 7 B-(DR 27)g (C R217 B-D-BR1t72 (D 112' R17 1
0O R17--'QzB~R17 (E) r L R1I8 1 Rl s/ AIDR18 h (F)
where R27 is a hydrogen atomor a boron-free Cl-C40
carbon-contai ning group, selected froman al kyl group
of from1 to about 20 carbon atons, an aryl group of

trié@fnﬁimgommmmﬁmmaartditolylkaarams,, tria(8, ardimethy-phegylthgrane,
iR TR SO 96 b E BRHOTRP AR RGN rus

are the sane or different and are a hydrogen atom a

hal ogen atom or a Cl1-C40 carbon-containing group,
sel €. ed Theoecatalyshttypogitionf &ilaint 83 whereip tg@@@pa st is

carbon atons, a hal.oal kyl gro fr
arc o c8neHiRg 2 e SitBrthe SR febGsifsth e
gréap RORsIBENGBF telraki fPentafiudidpidnylly isorate, tetratterylttiate,
carbon atons, a haloaryl group of from6 to about 20
Shfar.HomSRored GR4ar yl oxy group of from6 to about 20
carbon atons, an arylalkyl group of from?7 to about
40 carbon atoms, a hal oarylal kyl group of from?7 to
abolgg. 40 Tty batalyet compositionldf Dlairy B3 gvhmreindhefoosous t o

support is selected from the group consisting of inorganic oxides, inorganic

salts, and polymer powders.

40. The catalyst composition of Claim 33 wherein the porous
support is selected from the group consisting of silica, alumina,
aluminosilicates, zeolites, MgO, ZrO,, TiO,, B203, Ca0, ZnO, ThO2, Naz0,
K»0, LisO, Na;COs, K2CQs, CaCO3, MgCly, NazS04, Alz{SO4)3, BaSOy,
KNO3, Mg(NO3)z; Al(NOs)s and combinations thereof.

41. The catalyst system of Claim 33 wherein the porous 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 and polyvinyl alcohol.

42. The catalyst composition of Claim 33 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 compound of formula (F),
R¢'"B-(DR*"), (C)

R,'’B-D-BR", (D)
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about 40 carbon atons or a hal oal kyl aryl group of from
7 to about 40 carbon atons or R17 may al so be an

-0Si R513 group, in which the R51 groups are 113 the
same or different and are each a hydrogen atom a

hal ogen atom or a Cl-C40 carbon-contai ni ng group,
sel ected froman al kyl group of from1l to about 20
carbon atons, a hal oal kyl group of from1l to about 20
carbon atons, an al koxy gr.oup of from1l to about 10
carbon atons, an aryl grolp ' of from6 to about 20
carbon atons, a hal oaryl droup of from®6 to about 20
carbon atoms, an aryl oxy group of from6 to about 20
carbon atons, an aryugk(yl oup of from7 to about
40 carbon atons, a haIFaryIaI yl group of from?7 to
about 40 carbon atons,%an al kyl aryl group of from?7 to
abut 40 carbon atq a ryl.akyl group of from
7 to about 40 carﬁﬁgﬁétgﬁﬁfbg ?gTﬁﬁ el ement of main
Goup VI of the periodic table of elenments or an NR
61 group, where R61 is gghydrogen atomor a Cl-C20
hydr ocar bon group, selected froman al kyl group of
from1l to about 20 carbon atons or an aryl group of
from6 to about 20 _carbon atons, f is a whole nunber
fromO to 3, gis whol eRMunber [fromo0 to 3 with f +
g not equal to O, and h ils a whale nunber from1l to
10. 43. The catal yst conpggitioniof C aim 33 wherein
the cocatalyst is aggeﬁbo @ {a m xture of
conpounds of formuljas®(A) andlor_j(B) R17 i 18 /R17
~B-OA-OB \ Rl7 R17 (A) 114 17 18 RR | /R 18

(F)
where
R?’ is a hydrogen atom or a boron-free C-C4o carbon-containing
group,

selected from an alkyl group of from 1 to about 20 carbon atdms,
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'7 and R'® are the same or different and are a hydrogen atom, a halogen
atom, or a C1-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 alkoxy group of from 1 to about 10 carbon atoms, an aryl
group of from & 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 group of from 7 to about 40 carbon

atoms or R'” may also be an —OSiR®'; group, in which the R*' groups are
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Al-O-B-OAl R18 R18 (B) where R17 and R18 are the
sane or different and are a hydrogen atom a hal ogen
atom a Cl-C40 carbon-containing group, selected from
an al kyl group of from1 to about 20 carbon atons, a
hal oal kyl group of from1l to about 20 carbon atons,
an al koxy group of from1l to about 10 carbon atons,
the rsame/br differemt @hdfarereaghtaohydrogen 2@omaa hatogerroatem, 2r a

ar of from6 to agbout 2 ar bon ons, , an
C ooyt GaboprnBorarBip 6elgt e dta 29 2lafigsos ol kR 15
l~al a
alfi 28 cetbordaftiths, & halbaRyY glohoATHim HOto(eoRe DORiehEn
atamsnan aékonqlg(gJUalof/frog'r bap abbut 1@ sarbancatortsoan arpl group of

SR B8 D5 S, ARES. o Mty oo G B b & fhtbetcan
cAboN atomb%rrﬁanwﬁ( Suf'o? fdtn 816 abbat 26 AFLAN atdini, eannent
and are eacha rogen ato a hal ogen atom _or a -

argatkyt grasprofdeam e atgatgﬂ&rpa se EamECA halbardAlkyl Wup of

5 Bl ot oo SR GO £ gk

ceibon Btarhs bf 8Malodrglakblogroup Gf fanb Frio atbous 40 a:larmrybtoms
group of from6 to about 20 carbon atons, a hal oaryl
group of from6 to about 20 carbon atons, an aryl oxy
poroup qf Bié GHelérkli
DSroup rat ERMhIS A Groff) WAL pefigdt 1ag or
arhal oaryl al kyI group of from7 to about 40 car bon

atoms, ap;al Kk pu f from7 to about.40 carbon
at oms 51%1 é\‘f"{q ; rqgewqtgmqr@gja%ut 40
car bonyal Qs ro-ﬁBes&@E@cNﬁémCé?ﬂEIRﬁ' Qrbgﬁ dbfiroh aiten 33
wherein’the cocatalyst is a conpound or m xt ur e of

conpougbleuts?0 carbohatbms atgart arhgraup afifsorp 6 o gbout 20

H3C- Al -O.B-O- Al -CH3 CH3 CH3
carbon atoms

f is a whole number from 0 to 3,
g is a whole number from 0 to 3 with f + g not equal to 0, and
h is a whole number from 1 to 10.

43. The catalyst composition of Claim 33 wherein the cocatalyst is

a compound or a mixture of compounds of formulas (A) and/or (B)

R17 R™

\ | s

B—O0—A—O0—8
? \ 17

R1 R (A)
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FFF i FF A-OBOA FF: ][ ::3 FADCH
H3C--\ Al F-OB-O A H3G-/ CH F FFFF FFFF
\'Il FF\ FBOA-OBFFF FFFF~~1 \I FFF
F FF FFFF\ Il FCH3\ | FBOA-OBFFF F*F
FF FFFFFF

R18 R" /R‘S
/Al 0] B O Al
18 18

where R'” and R'® are the same or different and are a hydrogen atom, a
halogen atom, a C+-C4o 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 alkoxy group of from 1 to about 10 carbon atoms,
an aryl group of from 6 to about 20 carbon atoms, a haloary! 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 group of from 7 to about 40 carbon
atoms or R'” may also be an —OSiR®'; group, where the R®' groups are the
same or different and are each a hydrogen atom, a halogen atom, or a C4-
Cao 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
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 haloarylakyl group of from 7 to about 40 carbon atoms.

44. The catalyst composition of Claim 33 wherein the cocatalyst is

a compound or a mixture of compounds of the following formulas
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11~ FF FIFFFFFBF FFFI FFo FB--0OA
-0BF FF FFF\lI FF\I FFF F F 45, The

catal yst conposition of Caim 33 wherein the
cocatalyst is FF FFFCHB3 I FBOA _OBF F/ F
F/ FFFFFFF FF 117 46. The catal yst
conposition of Claim33 wherein the cocatalyst is F F
FFF F FFi BFF FFFFFF O\l FB-O-A -0

E
\

-BF FF FFFF r
F F
H,C—AlI-0—B—0—AI~CHy
CH, CH,
F
F F

F
F F
Hc— F F —CH
3 3
Al-O—B—0—Al
H,C CH,
F
F F £
F F F F
F F
F B—O0—AI-0—B F
F F
F F F F
F F F F
F F
F F
F F F F
o
F B—O—AI-O—B F
F F
F F F F
F F F F
E F
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FFFFFFA47. A process for the polynerization of
ol efins conprising contacting one or nore olefins
each having from about 2 to about 20 carbon atons
under polynerization reaction conditions with the
catal yst conposition of Caim42. 48. A process for
the polynerization of olefins conprising contacting
one or nore ol efins each having from about 2 to about
20 carbon atons under pol¥ner|zat¢on reaction
conditions with the catal yst COHDO-ItIOﬂ of C aim 43.
49. A process for the d: 4 Bf ol efins
conprising contacting o )
fromabout 2 to aboutfZ0 cdrbotg o Funder
g

pol yneri zation reac eofdi t j ons™ wi e catal yst
4. 50. proce or the
carbon atons under p6

conposition of d ai
[ _% n ntracti ng one
put #2 to about 20
ABLiFzat | foy ‘.btlon condi tions
Wi th the catal yst conpo&iﬂ
process for the pol ynerizatifron of o eans conpr|3|ng
contacting one or nore olcefins eachrhaving from about
2 to about 20 carbon atons under polynerization
reaction conditions with the catalyst conposition of
G aigp 46.7R2catbyef 8&%@53&85 of C9aiRPSY We'rélﬁtthé %o@étalyst is
oleflns conpr|5|ng ntacting one or nore ol efins
each having from about 2 to about 20 carbon atons
under polymerization reaction conditions with the
catal yst conpgsitj on of d a|n13§ 3. A process for
t he pol ynmeri zat imgf | olef| co ng contacting
one or nore ol efd each h%@ﬁng f to about 20
carbon atons undq; pBHyreAl -zAt+iEon eaction conditions
with the catalyst conposition of y

F F F F
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Caim34. 54. A process for the polynerization of

ol efins conprising contacting one or nore olefins
each having from2 to about 20 carbon atons under

pol ymeri zation reaction conditions with the catal yst
conposition of Claim35. 55. A process for the

pol yneri zati on of olefins conprising contacting one

or mB.e Oftef catalyshcombpasitiog of ClamP38 whebeintthe @ocatalysi is
atons under polynerization reaction conditions with
the catal yst conposition Bf C aifin 36. 56. A process

for the polynerizatiomr of Lol efin Fpri sing
contacting one or nore -@ ns ¢ having from2 to
about 20 carbon at ons g-Unger pol"paerg zati on reaction

conditions with the ; onposi tijon .of C aim 37.
119 57. A process T he polgneri za of ol efins
conprising contgctRpg~one orl nore oteftns each having
from2 to about 20 carbdh—@toWs0 TRder! pol ynerization
reaction conditions wth the catalystrconposition of
Claim38. 58. A proces r the g [ [
ol efins conprising ¢ i ng 0 or nore ol efins
each having from2 to abBout 20 carbon atons under
pol yneri zation reaction conditions with the catal yst
conposition of Claim39. 59. (Original ) A process
for dme. NObISEIsAa! i3 helimelishtidiPof GBMM bemphising
contacting one or nore olefins each having Trom2 to

comtaxcting2the cambom ofioseach davingoirgmeaticd 2i torabosth 20iaanbon

conditjons with the catal yst _.conposjtion_ of ai.m 40.
atgS Undst GobERSTAOTHERHEN AendiBH i 3he Br el sBimBoshion
of @95k 48l Nng contacting one or nore ol efins each having

from2 to about 20 carbon atons under polynerization

reaction conditions with the catal yst conposition of

d ait{g 41

‘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 polymeﬁzation 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.

118



61. The process of Claim52 wherein at | east one
olefinis a 1- olefin. 62. The process of Caim52
wherein at |east one olefin has the fornula

Rm CH=CH- R*" wherein Rmand R' can be identical or
different and are each individually a hydrogen atom
or a radical having from1l to about 20 carbon atons or
R " 5fand ARprdaegsftethequolyrherinatiomeofoolefing eomprigisg 120

B nwen S
até]ﬁl%mrfﬂetr %\gﬁ@?éﬁzﬁ@m“r@é&ﬂih &rifonPdith The catap@essmpbsition

aimb2 ein the ol efins include propylene. 65.

of TlainpAbcess of Claim 52 wherein the ol efins include
propyl ene and ethylene. 66. The process of Caim52
wherein the ol efins include propylene and one or nore
1-ol efins having from4 to about 20 carbon atons. 67.

The process of C aim52 wherein the olefins i.nclude

pr o&-ene‘} prages fenibealyaEzaion e detns c¥PHENEavi ng
fromg técﬁing. o:zrglo?fﬁféfﬁﬂﬁ %ta‘&ﬂﬁwavilﬁgfroﬁ JHRE 23S dfiut 20
t he pol'yheri zation of "ol efins conprising: contacting

capben atorm® uadet phliymerieatidn headtiop donditioPstvdthetheutatalgst
carbon atons under polynerization reaction conditions

copprapition gk @83k onposition including at |east one
compound having the fornula la as set forth in claim
1. 69. A process for the polynerization of olefins
cony3.si ny processtfacthergplymerizatioroefolefieg compesion
having from 2 to about 20 .carbo ng, u

BRI GaEe! Brs aRERP sRcBsTRING trm a4 podlA carpep atoms
rfeRA inhédiPZatiol iMSoiitibrRawith MRS caRINEe dbmpoitiondf

ut e 1‘(6gyrnt1rr%rI@a%‘t'(1)ltr)]rig{i,ﬂibedt1 forth in claim 9. 70. pl,Eb\@pr ocess

Clain 3dhe pol yneri zati on of ol efins conprising:
contacting one or nore olefins each having from2 to
about 20 carbon

54. 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 35.

55. 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 36.

56. 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 37.
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atons under pol ynerization reaction conditions with a
catal yst conposition including at |east one conpound
having the fornmula 1c as set forth in claim 15. 121
71. A process for the polynerization of ol efins
conprising: contacting one or nore ol efins each
having from2 to about 20 carbon atons under

pol yBEr i zAtdrocessdac thepolymetizatiom of alefins goowrigingst

C osition including at .|east.one,¢co U hayi
GBI B A e ST ety 14y BE7 i S35 4o Bbcetoms
under polymerization reaction conditions with the catalyst composition of
Claim 38.

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. (Original ) 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.

60. 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 41.

61. The process of Claim 52 wherein at least one olefin is a 1-

olefin.

62. The process of Claim 52 wherein at least one olefin has the

formula

R™.CH=CH-R"
wherein R™ and R" can be identical or different and are each individually a
hydrogen atom or a radical having from 1 to about 20 carbon atoms or R™

and R" together can form one or more rings.
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63. The process of Claim 52 wherein the olefins include ethylene

and one or more 1-olefins having from 4 to about 20 carbon atoms.

64. The process of Claim 52 wherein the olefins include propylene.

85. The process of Claim 52 wherein the olefins include propylene

and ethylene.

66. The process of Claim 52 wherein the olefins include propylene
and one or more 1-olefins having from 4 fo about 20 carbon atoms.

67. The process of Claim 52 wherein the olefins include propylene,

ethylene and one or more 1-olefins having from 4 to about 20 carbon atoms.

68. 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 1a as set forth in claim

1.

69. 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.

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 1c as set forth in claim
186.
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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 1d as set forth in claim

22.
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