relates tao

0, 732/ 000 '\ffd talyst systemand its use / The present invention
%ﬁéﬂoa aqé;‘gt systemconprising at 5 | east one netal
« | east one cocatal yst, at |east one support material and, ﬂl mmmmﬂmmmm
vant ageous

X I
further organonetallic conpounds. The catal yst systemcan a ) Iy
.be used for the 10 pol ynerization of olefins and displays a high BHP%Al yst
activity and gives a good pol yner norphology without it being necessary to
use al um mexanesasalstasyseeRydmd URisnaskare (MAO), which usually has to be
used in high excess, as cocatalyst. Furthernore, the wuse of starting

ed in high as coca her | use of starting
Ut ot AHE RSl B ahEibh Bidthis *Pre e YILEEE R bR | S
het er ogehaBagti 1N BRAHGCERO A AR S kpBROHISAEE HSF piAdt %gfﬁf oPfe

resul ting SyePPEErBatead apd, Lt Hpsigafdd ferheraguant ico bind the

conponent sompotithds cat al yst system covalently to the support so as to avoid
"bl eedi ng" of the active conponent fromthe support and thus an adverse

ef fect on h r h ' 0 t see, for
xanpl e MBo6 SAHE SRR “f{éﬁ%ﬁgﬁa 35“1%%5 ‘f%g‘?‘ "E%ich 9742102, DE-A
19757540) PRAIEPEhB2 1%t Sy teEY ARSRATYETH & 9B oSBT aIXAdt 2ChAKEHY an

or ganoel erf®ft I1EBRPHHRPY PLLYMIM AOLEVLLBAY | WA HhQULh&t SR NeRBEERTHITRi t h
f or mati on uske ahumimErANg® safk . asA igitdydedvnbnpxase (Matk, JsicdnesiglBP t hat
t hey pref erazblty baplsmd tier higlh yexatislsi, nes ascarajgscc basgsernend,t bese are

conmpounds yadi el &EsH iRy Ratél il AkvhREAt 8641 HotEBRSHI BF H tortial yst

product'sora\}gggggge of their possible toxic or gene-toxic potential. 35 It
is an object of the present invention to provide a catalyst system based
on the covalent fixing of a cocatalyst to a support,_  which system avoids

the di sadFRst &geusbiidihatplipptign ofwepatocensufatehette hitheoppbeiysts
achi eved Ilpysiemahas yigr beymaden irtsgdgenecouns sppeairlier to agrsswfe woxi col ogi cal |y
accept abl eppespsises amrphblely 4¥ whexpesheeing giosphays. MHegle,pakymeri zati on
activi tiesoand 9bViES Rivadedehd WEHLiHB" PRO! Qapondhes C3¢ alnkStasy sy of the
present | %}%@E}nOQo&%@{eﬁe% e BupdbriedstaPne QLgaRonplaldihg-corPgund, b)
at least o et'.Levm S_base,

active component from the support and thus an adverse effect on

the polymer morphology.

25 A series of patents (see, for example, W0-96/23005, DE-A
19804970, DE-A 19823172, DE-A 19744102, DE-A 19757540) describe
catalyst systems in which the cocatalyst, namely an organoelement
compound, is bound covalently to the support material with
formation of an ammonium salt. A disadvantage of these systems is

30 that they preferably employ tertiary anilines as organic bases
and these are compounds which require particular protective
measures in catalyst production because of their possible toxic
or gene-toxic potential.

35 It is an object of the present invention to provide a catalyst
system based on the covalent fixing of a cocatalyst to a support,
which system avoids the disadvantages of the prior art. We have
found that this object is achieved by a catalyst system based on
a specific class of toxicologically acceptable Lewis bases, which

40 unexpectedly displays high polymerization activities and gives a
good polymer morphology.

The catalyst system of the present invention comprises
45 a) at least one organometallic compound,

b) at least one Lewis base,

[T
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0732/ 00025 2 c) at |east one support and d) at |east one organoel enent
conpound WB21{00925%¢e reaction 5 product of at |east one conpound of the
-formula (VI) with at |east one conpound of the fornmula (1X), 10 RAB+XF~/ ¢
NI') 15 20 where h R7 can be a hydrogen atom or a boron-free Cl-C40 group
_such as Cl-C20-al kyl, Co6-C20-aryl, &- CA0-aryl al kyl, C7-C40-al kylaryl, 25
30 35 40 45 R4 and RS are identical or different and are each a hydrogen
atom a halogen ak@M esse dre GhPperolndr R4 is an -0OSi R3 group, where R
are identical or different and are as defined for R5, x is an el enent of
mai n group VI of the Per odic Table of the Elements .or an oup,. where
& pt 1 odgns ol R B ol

ment Cco ourn
Ris a hydr og aton1 cof carbonp ra suc Lalkyl

or 0-aryl, Prrdugh ?%taé’géFaFFo?ﬁ% qogpgugd; of atr{’el FOERRaf o Yith 3;
mhere f + g i s noetedeastteneg compoprd 2f itheefermptadntIX)bo 10, where the
or ganoel ement conpound is covalently bound to the support, wherein the
Lew s base has the formula I, 0732/00025 3 RIR2R3 (1) where 5 ML v@ban
el ement of main group V of t he PerRAB¢—Xle of the

10 g
=5 (1X)
15 Rs/AI\HS
h
where
20

R?7 can be a hydrogen atom or a boron-free C;-C4g9 group such
as C;-Cpo-alkyl, Cg-Cyp-aryl, C;-Csp~arylalkyl,
C7-C4p-alkylaryl,

25 R4 and R5 are identical or different and are each a hydrogen
atom, a halogen atom or a C;-C4qp group or R4 is an -0SiR;
group, where R are identical or different and are as
defined for RS,

30 X is an element of main group VI of the Periodic Table of
the Elements or an NR group, where R is a hydrogen atom
or a C;-Cyp-hydrocarbon radical such as C;-Cpgp-alkyl or
C;-Cyo-aryl,

35 . .

£ is an integer from 0 to 3
g is an integer from 0 to 3, where f + g is not equal to 0,
10 h is an integer from 1 to 10,

where the organoelement compound is covalently bound to the
support,

45 wherein the Lewis base has the formula I,




El enent s, gé /g§ 3 are identical or different and are each a hydrogen
10 atom g ? 8 IkyI group, a Cl-C20-hal oal kyl group or a

- C7-C40-aryl al kyl group, where two radicals or all three radicals Rl, R2
and R3 may be joined to one anot her V|a C2-C20 units, where at |east one
radical Rl, R2 or R3 is a C7-C40- aryI IkyI group, 15 and, if desired, e) at
| east one organonetalllc conpounq' ,the formulg_ LIl [M3R6dl e 20 where M3
is an elenent of main group I, F‘R | of the Periodic Table of the

El emrents, 25 R6 are identical or different and are each a hydrogen atom a
hal ogen ahgg*gr a Cl-C40 group, in particular Cl1-C20-al kyl, C6-C40-aryl,
C7- C40- or C7-C40-alkylaryl, 30 dis an integer from1l to 3 and e
is an integer fron11 to 4. Preference is given to Lewi s bases of the
formula (M 1% athied§mRet oBgnapp graurdy aﬁ*g thgeRer tedicTagilef @f eblte and are
each a beBighents group. Exanpl es of Lewis bases of the fornmula (I) are 40
N, N- di et hyl benzyl am ne, N, N-di net hyl benzyl am ne, N-benzyl di net hyl am ne,

N-ben zyl di ety |2 Re, 2N Q%@Ei{i@yi ydlaral@@ereh\t bcﬁ{azsélret g4 M Wy2Fo8En

N- benz RLOP I am ne, z et anlne
I\I-benz¥|1ol ?’% ﬂéna/ %ﬂf?’_alkﬁl %%nz I 12 Ehha E‘ﬁ){/ %

N, N- di net YT%@n Yiat el 9ERUBY oY REA aﬂ?%%ls (5’7:3“2/1é05§’5e"4 radicals

N- et hyl - RE et By BBEnRY ey e, Iniped Hpl @mbeﬁaytlm mda C2-Czo units, where

N- et hyl di @beheys$t) ameneadbgahiies ROfop 3t iisub all- L 4pr &fy@raléglbgsesp ar e
benzyl am ne, 5 N-benzyl di net hyl am ne, N-benzyl di et hyl am ne,
N-benzylsbuhyl aft nfesigbenzyl tert-butyl am ne, N-benzylisopropylan ne,
N-benzyl et hyl ani ne, N-benzyl et hyl ani ne, N-benzyl -1 - phenyl et hyl am ne or
N-benzyl - 2- phenyl et hyl ami ne. 10 The support is a porous i norgani c or
organi ¢ sol i d®)Thé%s ﬁfﬁﬁﬁtonepPéﬁé?%ﬂﬁSF%%&ﬁpFP@%%P%ﬂ AeiBe bre™tifordani

oxi de such as silicon oxide, alum num oxide, alumnosilicates, zeolites,
MO, Zr02, Ti 02, B203, CaOM#‘FQI) ThO2, Na2CO3, (K3, CaCO3, MCl2,
Na2SO,20 A12( S04) heBaSO4r KNO3, My(NO3) 2, Al (NO3)3, Na20, K20, Li20, or

M3 is an element of main group I, II or III of the
Periodic Table of the Elements,

25 Ré are identical or different and are each a hydrogen
atom, a halogen atom or a C;-C4p group, in particular
C1-Cap-alkyl, Cg-Cyp-aryl, C7-Cyp-arylalkyl or
C7-C4p-alkylaryl,

30 d is an integer from 1 to 3 and
e is an integer from 1 to 4.

Preference is given to Lewis bases of the formula (I) in which R1I,
35 R? and R3 are identical or different and are each a benzylic
group.

Examples of Lewis bases of the formula (I) are

40 N,N-diethylbenzylamine, N,N-dimethylbenzylamine,
N-benzyldimethylamine, N-benzyldiethylamine, N-benzylbutylamine,
N-benzyl tertbutylamine, N-benzylisopropylamine,
N-benzylmethylamine, N-benzylethylamine,
N-benzyl-1l-phenylethylamine, N-benzyl-2-phenylethylamine,

45 N,N-dimethylbenzylamine,N,N-diethylbenzylamine,



15 m xed oggg§§ oioQ_FparticuIar silicon oxide and/or alum num oxide and/or
Mg- Al m xe OX|8e. he support may al so conprise at | east one polyner,
*e.g. a honopol ynmer or copol ynmer, crosslinked polyner or a polynmer blend.
Exanpl es of pol ymers are pol yethyl ene, pol ypropylene, polybutene, _
pol ystyrene, 20 divinyl benzene-crosslithked pol ystyrene, polyvinyl chloride,
acrylonitrNk@ethuknﬂ1§m®¥éb9nembmmbpnIFﬁmethyﬂﬁgp@ngéamim@Jynethacrylate,
pol ycar bonatethydiy@shnerl )peiyecet al or pol yvinyl al cohol. 25 The support
has a specific surface area in the range from 10 to 1000 nR/g, preferably

from 150 t X;&%égzlo% -Eg%'g@g%bﬂ?rptrie%@ gcil € e %f ab he su%&ort. is from1l to
500 . o, mET S pat LT U5, 2pPePeP IR om 10 to 200
m 30 Th egﬁég%#l%%gba(#awmy NS EEY LA S FL P | B RRRE DO ARIBIS: ¢ o
4.0 m/g, Presefubbprtrohtylenine g Nsbanzylisopropydsménpport has a certain
propor t i onNobenzy dwetihydenine| urdenziletbhbpeinef, t he pores is usually

i rregul ar, NEbesgiertl-phepheet KRl amibiee op oK SSe AN - 2LBhERPIEG RGiBeQNe anot her
by smal| pore openings. The pore 35 dianeter is preferably fromabout 2 to

50 nm e r{i sh of the porous support depends. on the

after-t-rEgaF Frgr%n%d@n%tcal%pgepo{??se lﬁ’ll%ﬁlgan’cs &rigé‘é?ll.c Er‘_Png“b'athhieclsBpg?’_ZE of

t he supporPFEEFFaRey §€fnpfbs%?1yatdg“ﬁarséd°0%l IRCTIRHACeRBEPT sudby agr bhben

m|ling anBRédesiaimigum apidhe angdnorbl itdties corpbives, ofgd,herder mul a

(111) are piefermbly camclzaogedhbpwing,a0i dx,c0; Wiato; Muis1], llse),

ragnos] um AB(sm.)s Al SG M) WA (oE | ATIAkYN) 10, 6XATB 3406 R or e

Or gaNOMgbahi k&q CARMN I3 nOpal ff 1AM 81444 I '%fe?aiﬁ/éf | TEEDALA SR eYm

tr!ethylalHH&F%%”M%JHIIE?gé?p%iéﬂé{nh%ungupégft Ty 2 33153%Brise at least

trioctylal umnu F - n-put yTaf uni num y

triisobut yPBF Ui RRTr £ f: pf RAMOINRENT 199RCIEPRENYFEALAT imker DIBPNE0025

5 di met hyPal areqlumeroRéend orEximp leise ohypal wvensu ar evpokyddnildee,

di i sobut yl pblypinpyleneqchbbybuesnerepbyy st paneym sesqui chl ori de, _

o1 by o um, aueLsesauchEosk dee s Bk ghmonn By O dskLalum o
ride, .alu irj . :

y LEPOREARE ;UL L d dgt%eﬂenﬁﬁ N

r o] ide
di met hyl al umnu triet ox1 de; aldne, ’p@n 211 or'‘ophenyl al ane and
o-tol yl>/al aﬁ&y%r%‘ar?gyzFFéCeﬁ%lW%BG b8 RYIERESFn PRV SF syst em of
the 10 prBeER{INHvEIEPBAlcan be, for exanple, bridged or unbridged

25 The support has a specific surface area in the range from 10 to
1000 m?/g, preferably from 150 to 500 m2/g. The mean particle size
of the support is from 1 to 500 pm, preferably from 5 to 350 pum,
particularly preferably from 10 to 200 um.

30 The support is preferably porous with a pore volume of from 0.5
to 4.0 ml/g, preferably from 1.0 to 3.5 ml/g. A porous support
has a certain proportion of voids (pore volume). The shape of the
pores is usually irregular, frequently spherical. The pores can
be connected to one another by small pore openings. The pore

35 diameter is preferably from about 2 to 50 nm. The particle shape
of the porous support depends on the after-treatment and can be
irregular or spherical. The particle size of the support can be
set to any desired value, for example, by cryogenic milling
and/or sieving.

40
The organometallic compounds of the formula (III) are preferably
uncharged Lewis acids in which M4 is lithium, magnesium and/or
aluminum, in particular aluminum. Examples of preferred
organometallic compounds of the formula (III) are

45 trimethylaluminum, triethylaluminum, triisopropylaluminum,
trihexylaluminum, trioctylaluminum, tri-n-butylaluminum,
triisobutylaluminum,tri-n-propylaluminum, triisoprenylaluminum,



bi scycl opent adi e@éz conpl exes as are described, for exanple, in

EP- A-0, 129P A-0, 561, 479, EP-A-0, 545,304 and EP-A-0, 576, 970,

- monocycl opent adl enyl conpl exes such as bridged am docycl opentadi enyl

conpl exes as are described, for exanple, in 15 EP-A-0, 416, 815, polycyclic
_cycl opent adi enyl conpl exes as are de§cr| bed, for exanple, in

EP- A- 0, 6324} hyl-dllugdnadm sudsichii ot dde, tﬂe@@dﬂommmlmhaer'ad@,

descri bed, g9 o3/ 1Rl Bmi hiin nlﬂ?ro@h@o@ﬂi’e 7 e tOfy 1281 b Ol -seigl@t ch Ud£ile
tetrahydro {E§¥E¥§ﬁ¥ﬁuﬁr§es 1o ?ﬁ f @I gﬁmlhﬁh[ﬂjd%193661 300. 20 It
I s al so poSsi 0_yse or a FI C _CO yn V\:hé thé conpl exing
li gand doeS Sty eomfarimal %‘Ee £ AEPRY %a‘l JaAgee @arn& ®ds of such
conpoundB @ieetlivAlyaisshpteinethyl sikenide ofdinet R 1Y SRy oups 111 and 1V
of the Pertnnletduy‘l]fmll@xmﬁet@a@lallenentmnt@sﬂ&péonbs@ylai@@e fpod exanpl e, by

D. H MConyitdey®eilanal., Macronol ecul es, 1996, 29, 5241 and D.H MConville
et al, J. Am Chem Soc., 1996, 118, 10008. Diim ne conpl exes of netals of

transi ti o, g qun M, ocegé %\ﬁ){tﬁ{ E%séfﬁg'hﬁr ?cfh ESFEiFéTP%/%XEﬁ i 2+ or

Pd2+ conpl éxés)  as, are em Soc.

1065, 118, DEATeR G VB GORRELT HE aEor JEX B oy Girided or Ungaduogde o0
can al so bbiseecilomanteRaPRpE COMRlepgs posaTGIdescEiheds LW KXEMPAR oY Byri dyl
conpl exes pP-meld Al29,368,t ERAS+Q,i561 , g7 BupERAAH0,5/ 5, A4 Rerd odi ¢ Tabl e of the
El errents (gpgA 0 Grist, 90, FRSto SR Tpexesdiempl ajompdesesihesh by Brodkbart et
al, J. Q\E—\ &i{fi Qﬁadlg le%gégas?m‘ﬂ:eedbégglﬁéd alﬁordé’é‘cmnpf@mm

1998 8 ?ﬁéé’ﬁ%e C';lglgu(s?ees %( 0&31%%?1‘385%%%55 “&?} 6&*‘8 %

conpl ex

98/ 22486. éeSWe*?%c}rr efd’rrréi‘érf‘ﬂ’%ec'er?é‘ E8npol n%l%2 468 ruRBI+
conmpounds betrakydrapantalenys b ar3deeonderd ForoewpBPEe 154 20 25 30 35
40 EP-A-0,659,758 or n-ligand-substituted tetrahydroindenes as are

described, for example, in EP-A-0,661,300.

20
It is also possible to use organometallic compounds in which the
complexing ligand does not contain a cyclopentadienyl ligand.
Examples of such compounds are diamine complexes of metals of
transition groups III and IV of the Periodic Table of the

25 Elements, as are described, for example, by D.H. McConville et
al, Macromolecules, 1996, 29, 5241 and D.H. McConville et al, J.
Am. Chem. Soc., 1996, 118, 10008. Diimine complexes of metals of
transition group VIII of the Periodic Table of the Elements (e.g.
Ni2+ or Pd2?+ complexes) as are described by Brookhart et al, J.

30 Am. Chem. Soc. 1995, 117, 6414 and Brookhart et al, J. Am. Chem.
Soc., 1996, 118, 267, can also be used. Furthermore, it is
possible to use 2,6-bis(imino)pyridyl complexes of metals of
transition group VIII of the Periodic Table of the Elements (e.g.
Co2t or Fe?* complexes), as are described by Brookhart et al, J.

35 Am. Chem. Soc. 1998, 120, 4049 and Gibson et al, Chem. Commun.
1998, 849. It is also possible to use metallocene compounds whose
complexing ligand contains heterocycles. Examples are described
in WO 98/22486.

40 Preferred metallocene compounds are unbridged or bridged
compounds of the formula (X),

45




45 (X) is of transition group IIl, IV, Vor VI of the Periodic
Tabl e of t%@é%%%?s in particular Ti, Zr or Hf. R8 are identical or

.different and are each a hydr ogen atom or SiR3r where R are identical or
different and are each a hydrogen atonlor a Cl-C40 group such as

Cl- C20-al kyl, Cl-C10-fl uoroal kyl, C18C10-al koxy, ©6-C20-aryl,
'C6-C10-fluoroaryl, Cﬁqﬁﬂo-aryloxy, C2- C10- al kenyl C?-C40-ary|a|ky|,

C7- C40- al kyl aryl or - C40-aryl al kenyl, or R8 are a Cl-C30 group such as
Cl- C25-al kyl, e.qg. yl, ethyl, tert-butyl, cyclohexyl or octyl,

C2- C25- al kenyl , al kyl al kenyl , C6-C24-aryl, C4-C24-heteroaryl such
as pyridyl, fur ui nolyl, C7-C30-arylal kyl, C5-C30-heteroarylal kyl,
C7- C30- aPkyl aryl/, 0- al kyl het eroaryl, fluorinat Cl- C25- al kyl ,

fl uori nated - C24- arylwi Y | uori nated C7-C30-aryl al kyl”, fluorinated

C7- C30- al kyl aryN or Cl 12-al koxy, or two or nore radicals R8 may be

joined to one ano n such a way that the radicals R8 and the atons of
t he cycl opent adi e g whi ch connect themform a carbocyclic or

het erocyclic C4- CZ

identic or differenmnt

/g system which may in turn be substituted, R9 are
and are each a hydrogen atomor Si R3r V\/nere R are

identical or differentg®land are each a hydrogen atomor a Cl-C40 group such

as Cl-C20-al kyl, Ci1-C10-fluoroal kyl, Ci-C10-al koxy, C6-Cl4-aryl,

C6- C10-f | uUF%’é‘?yl C6- C10- aryl oxy, C2-C10-al kenyl, C7-C40-aryl al kyl,

C7- C40- aI kyl aryl or C8-C40-arylal kenyl, or RO are a Cl1-C30 group such as

Cl- C25- gl.kmt, @sga meddlylof erbysitidrerdrobpt Y17, cil ¥hexyVI oot ddteyl

C2- C25- a|5ken>’| per£3afd raaliley bal kKeayd lenfet €24imrpdrt iCh1624rhetar @ar yke. e. g.

pyridyl, furyl or quinolyl, C7-C30-arylalkyl, Cr- CBO al kyl aryl ,

quorlnated Cl- C25; quor| ted 073/0 025 4

f1 uori nat e’ C7aE§Ol§9r’§/(¥Jﬁal}yPr fliL 1 At & % 9 C?‘é ?g&{ yAtom or

Cl- C12- al koxy, SRt WBisgie RopEe r Hefttical R9r ft?é:ejn?il %/ F cﬁ?echaﬁot her in

such a wgy thahythegemditsal TR @b har auroichf 28 Her-EpetdPBHt-adi enyl ring

whi ch connect bt heyp-Fotsreaniarlhocyetitatkokel areCystanylC4a- C24 ring system

which may intugn.8g-sulstbirfed.celis,-arpheRyy clcachikeny14 when v =1,
C7-Cqo-arylalkyl, C;-Cgo-alkylaryl or Cg-Cy4p-arylalkenyl, or RS
are a C;-C3o group such as C;-Cys-alkyl, e.g. methyl, ethyl,

25 tert—butyl,lcyclohexyl or octyl, C,-Css-alkenyl,
C3~Cjs-alkylalkenyl, Cg-Cpg-aryl, C4-Cyy-heteroaryl such as
pyridyl, furyl or quinolyl, C;-Czp-arylalkyl,
Cs-C3g-heterocarylalkyl, Cy-C3p-alkylaryl,

Cs-C3g-alkylheteroaryl, fluorinated C;-Czs-~alkyl, fluorinated

30 C¢-Cps-aryl, fluorinated C;-Cip-arylalkyl, fluorinated
C7-C3gp-alkylaryl or C;-Cjz;-alkoxy, or two or more radicals RS
may be joined to one another in such a way that the radicals
R8 and the atoms of the cyclopentadienyl ring which connect
them form a carbocyclic or heterocyclic C4~Cz4 ring system

35 which may in turn be substituted,

R? are identical or different and are each a hydrogen atom or
SiR3, where R are identical or different and are each a
hydrogen atom or a C;-C49 group such as C;-Cao-alkyl,

40 C1-Cy19-fluoroalkyl, C;-Cjp-alkoxy, Ce-Cis-aryl,
Cg¢-Cio-fluoroaryl, Cg-Cjg-aryloxy, Cz-Cijp-alkenyl,
C7-Cy4o-arylalkyl, C;-Cgo-alkylaryl or Cg-Cyo-arylalkenyl, or R?
are a C;-C3p group such as C;-Czs-alkyl, e.g. methyl, ethyl,
tert-butyl, cyclohexyl or octyl, C;-Czs-alkenyl,

45 C3-Cjs-alkylalkenyl, Cg-Cyg-aryl, Cs-Cys-heteroaryl, e.g.
pyridyl, furyl or quinolyl, C;-Czp-arylalkyl,
Cy-Cip-alkylaryl, fluorinated C;-Cjs-alkyl, fluorinated



10 ms 5 ﬁﬁ%/ =0.and mis 4 when v =1, L1 nmay be identical or different
and are e o gen atom a Cl-Cl10-hydrocarbon group such as

. C -Cl0-al kyl or C6-C 0-aryl, a halogen atomor OR12, SR12, OSi R123,

Si R113, PR112 or NR112, 15 where, Rl1l is a hal ogen atom a Cl1-Cl10-al kyl
group, a C, -Cl10-al koxy group, a hal odenated C1-C, 0-al kyl group, a

"C6- C20- ar vyl grwpueal@?l CZQuak kydtaady IC7 g€ qurprydalRy 20k laroyliakked  group or a
hal ogenat ed QOBerlydylﬁwypor a, -k, -an&koxky, t 6 e torgl radicals RY
trifluoroacet yxh s k{e' &)a&?td??éylanoggef rid ldsmore,Banasdt f9RYkadicals

nonaf | uor obut B%e %%lo; 5 tz‘rég’éi uor Q%tgggagf rlnonwhlg{]ogﬁgn Q. |s an

integer froml t &

bet ween ¥he tmﬂ‘e%y"arﬁ‘pénf—'%ﬁéﬁ%ﬁiﬁﬂllﬂ Hﬁsh%?ﬁfvycé Sf Cpa Ek%?‘rﬁy eB‘f Z are
MR1R11 groups,whviwdy enalyl iin tarbdre sybstébetedger mani umor tin and RLO and
R11 are identical or different and 30 are each a

C, - C20- hydf ocaf Hon-aRmt & 2i H0aH QURsSHCHhas v GL-1G10-al kyl, C6-Cl4-aryl or
trimethylsilyl. Z is preferably CH2, CH2CH2, CH(CH3)CH2, CH(C4H9) C(CH3) 2,

C(CH3) 2 (CHB)ZSl )28 CGH5)2| (C6H5) (CH3) Si

(CsH5) 2&8 ™ ( coEB)> S’ﬁ’ @2)91514‘943 2@%‘32 O§C6H4 or 2,2 -(C6HA)2. Z

t oget her vmth one or nore 35 radicals R8 and/or RO may al so form a
monocycl i cLbr pay ylg/cldenticahpes sitfdrrept edrg aavse epshgp vhyAnqgeghpram, a
bri dged net al | ofang-EpdRsiHIdSnofrotifesdcn sl a; {0 -alky past icgut ay-atriydseai n
which v is 1 aﬂgl&ﬂﬁm %rtoﬂm%P%ﬁnzcygkmpeabaﬁwgnybmnrggsmng sHbwti pted so
t hat th formﬁ r}g_@n}/ th%q}oggnséq:(;xﬁ” a Cll&ro_gq § o&r&ﬁyg%n cont ai ni ng

heterocycle anal ogous. { 0" T nde

oxygen- cont ai nfHt 1ﬁe?é¥%’&3ﬂ/c‘3r€u naf‘o get“8t thTCe‘ﬁe ]ﬁ%l(?fffPOOElZS 8 5
(Xia) (XIb) 10CatResearyhddrwite ﬁr@f‘éi’zabﬂfkié%ﬂfs}t’tll o5PER: 3 FrpSeviadiiadkyin
accordance wit brote swrenelagenetéd Gshed-erodl aeoypd o dhdaxxid)] in the 2
posi tion, 4 posbluémesAfbnpasitiDflSiordadebyppsitifluerodbeloxlyls positions,

2,4, 7 pggpiti 0n§r9£1@o£0n%¢@aae§ﬁif&ﬁﬁl BYnEt1 (b 08B 1 BoGHL &%

Cl ClO al kyl o )M;grl; W0k BPS substituents of the rings
1
menti oned nmay ?bgé% her g%%be eeSl} n91 GPSp,
o is an - integer from 1 to 4, preferably 2,
25 2 is a bridging structural element between the two

cyclopentadienyl rings and v is 0 or 1.

Examples of Z are MR1OR!l groups, where M is carbon, silicon,
germanium or tin and R0 and Rl are identical or different and

30 are each a C;-Cyo-hydrocarbon-containing group such as
C1-Cio~alkyl, Cg-Cig-aryl or trimethylsilyl. Z is preferably CHy,
CH,CH,, CH(CH3)CH;, CH(C4Hg)C(CH3)z, C(CH3)2, (CH3)25i, (CH3):Ge,
(CH3)2Sn, (CgHs)281, (CgHs)(CH3)Si, (CeHs)2Ge, (CgHs)2Sn, (CHz)4Si,
CH,S8i(CH3),, 0-CgHy or 2,2'-(CgHy)2. Z together with one or more

35 radicals R® and/or R? may also form a monocyclic or polycyclic
ring system.

Preference is given to chiral bridged metallocene compounds of
the formula (X), in particular those in which v is 1 and one or
40 both cyclopentadienyl rings are substituted so that they form an
indenyl ring, a sulfur-, nitrogen- or oxygen-containing
heterocycle analogous to indenyl or a sulfur-, nitrogen- or
oxygen-containing heterocycle analogous to pentalene.

45



system 2 | i dged netal | ocene conpounds of the fornula (X) can be
REEUCETE

used as p

or pseudo-racem c or pure neso or pseudo-neso

- conpounds. However, it is also possible to use mxtures of a racemc or
pseudo-racem ¢ conpound and a nmeso or _ pseudo-nmeso conpound. 25 Exanpl es of

di
di
di
di
di
di
di
di
di
di

di

met al | ocene conpounds are: dinethylsiPanediylbis(indenﬁi)zirconium

chloride dinethylsilanediyl bis(4-naphthylindenyl)ziZconium dichloride 30

nethylsilanediylbis(2-néZhbeenzoindenyl)zirconiun1dicgioride

met hyl si | anedi yl i s(2- ngt hyl i ndenyl ) zi rconi um di chl ojj de

met hyl si | an@di i s( 2- o qhyl-4-(1-naphthyl)ind?pyl)
hyl - 4- ( 2- napht hyl ) i nden

| bi s( t hyl - 4- pheng

ybhbi s(?-uth hyl - 4- t - buff

gni um di chl ori de
$ pnidim 35

chl oride di Q lirconi
chlorideg £ DY )zircor‘#[ﬁ)n

chl ori de 40 ' yIind%nyI)zirconium
chl oride di nethyl sil adediyl bi s(2-met hyl - 4- et hyl TTeéényl ) zi r coni um

chl ori de di et yIsiIanedinbis(2-nethy|-4-a-acen$phthindenyl)zirconium

45 dichi ride di met hyl sil anedi yl bi s(2, 4-di met hyl i ndenyl ) zirconi um

chloride dinethyl sil anediyl bi s(2-ethylindenyl)zirconiumdichloride

Q732/ 00025 9 di net hyl sil anediyl bi s(2-ethyl -4-ethylindenyl)zirconi um

di
di
di
di
di
di
di
di

chl ori dernélidetiygls bk angt sdrabs ¢ 2s ebdyd vdepheny| padaimuilzi [ eani um
chlori deaé’é%a&%é'éh}t@ﬂ%é"r@m%ﬁ@l%f&"ir#rt%éb?_gﬁﬁ’dih@ﬂ)k!ﬂﬁ' BRQN{#4B) 15

. ; . {3 .
chl oride, di | silanedi y) bi s(.2-nmet hyl -4, 6-di.. 1 sopr Il ndenyl ) zi rconi um
chl or 'hge“ai P?ff‘gh%r&l1 y‘# B’l‘%}‘éﬁ%t %14- gog-lgf‘?rsl%‘pr%%lsi Hggﬁ%fi‘ﬁ f coni um
chl or i de? 1% QiBASLAFPRE | advedtyi y POPEE 2005 % 2ir fhef nG | RIRIEHHPRP2i PE ot thee

chl ori degraipmetswghs ek a@edliytdl kY12 OF, €6tCiorarhy} i viieney tyei X ondIem

chl ori desulsk titueyicsi baneitk ywibigs( Aedt Yored matyhybgedesry |Hoxinr aoninign

Chl OI’I desystem_

20 chiral bridged metallocene compounds of the formula (X) can be
used as pure racemic or pseudo-racemic or pure meso oOr
pseudo-meso compounds. However, it is also possible to use
mixtures of a racemic or pseudo-racemic compound and a meso or
pseudo-meso compound.

25

Examples of metallocene compounds are:

dimethylsilanediylbis(indenyl)zirconium dichloride
dimethylsilanediylbis(4-naphthylindenyl)zirconium dichloride
dimethylsilanediylbis(2-methylbenzoindenyl)zirconium dichloride
dimethylsilanediylbis(2-methylindenyl)zirconium dichloride
dimethylsilanediylbis(2-methyl-4-(1l-naphthyl)indenyl)zirconium

30

dichloride
dimethylsilanediylbis(2-methyl-4-(2-naphthyl)indenyl)zirconium

35 dichloride
dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium
dichloride
dimethylsilanediylbis(2-methyl-4-t-butylindenyl)zirconium
dichloride

40 dimethylsilanediylbis(2-methyl-4-isopropylindenyl)zirconium
dichloride
dimethylsilanediylbis(2-methyl-4-ethylindenyl)zirconium
dichloride

dimethylsilanediylbis(2-methyl~4-a-acenaphthindenyl)zirconium
45 gichloride

dimethylsilanediylbis(2,4-dimethylindenyl)zirconium dichloride

dimethylsilanediylbis(2-ethylindenyl)zirconium dichloride



dinﬁthy|5|4fith é%ﬁs(z met hyl - 5-i sobut yl i ndenyl ) zi rconi um di chl ori de 15
di net hyl si % s(2-nmet hyl -5-t-butylindenyl)zirconium dichloride

. met hyl (phenyl ) si | anedi yl bi s(2- net hyl - 4- phenyl i ndenyl ) zi rconi um dichl ori de
met hyl (phenyl ) si | anedi yl bi s(2- et hyl - 4, 6-di i sopropyl i ndenyl)- 20 zirconi um
di chl ori de nethyl(phenyl)5|Ianedlylb|§(2 met hyl - 4-i sopropyl i ndenyl ) -

* 7i r coni um dimsthylsdeanediylbis(2-ethyl-4-ethylindenyl)zirconium dichloride

met hyl ( phedinetdivilandhed bi i3 aethyy -4 pheayi dndemyly) Jizicoodninum di chl ori de

25 met hyl (@hanyrlige! anedi yl bi s(2- et hyl - 4, 5- (et hyl benzo) i ndenyl ) -
zi rconi um gj 15(}@

met hyl (p e(g%/ SI I %nea{l?/?)b}l(lb(lf(z_met?yl 45' 5( tbg?rzg%r%?%?/ﬁllb)eznlgg)onl‘llﬂdenyI )

zirconiu

net hyl (phe‘?ﬁy‘P%@?i’lléﬁéGPWbY%le(@Ef“ﬁfr]’yh“la' 6sdiSpRT AR YHERAATYL) 38759 Bhi um

di chl ori dedihailodi@ehenyl ) si | anedi yl bi s(2- et hyl i ndenyl ) zi r coni um di chl ori de

met hyl ( pheaihdiyianednyt by B{id (menbyhy 5-4 Sohiitigbpndeyl/indenydoriinoenium

ggcglZrbdfdgcﬁifgﬂa@nzdiylbis(2 nehhyl£4 phenyiindenyl)zléfoa:unldichloride
Y |19 54 g? Q gn¥ lﬂgﬁﬂpﬁ Z [éigg i QitRforide

1, 2- et hane 2’ £ d %

1, 4- but aneﬂr ﬁllﬁl (30 r’ D‘ﬁ%"gf’?& e rﬁ%mnlcji’mghlfic f

1, 4- butaneéi@?%ﬂﬁﬂﬁ&lﬁﬁﬁﬁyylhﬁSJabénZO t@ﬁﬁﬂ%%ﬁnPEBﬁFbﬁ%%ﬁQﬂﬂWﬂrPHE °r1de

, 2- et hanediyéthwl(A-lapelyy 11 H-2aerbi hd®mdorityd ondemy b zirconiye
et hanediyhiwside 4, 7-tri met hyl i ndenyl ) zi rconi um di chl ori de

2-
12 ethqgegiMééHfﬂé&ﬂQ%EBY%15E§¥@Uﬁk%h§§QﬂlﬁUBdHYQHhGéhﬁE)21rcon1um

but anedi - et hyli ndenyl ) zi f coni um di chl oride 45

ri 5-cycropen I en
en§ al enegl]“IF Hkﬁl@ﬁ% Shﬂﬁﬂ?w g‘ét g‘i}b‘lel‘lS'p%egy in enyﬂznconlum
4-(, g5-31diehheridd si |l yl cycl opent adi enyl ) -4, 6, 6-trinethyl (715-
4,5-t€ﬁI’ahmdtbpb(@hﬂnyﬂebﬁmhnédiykhﬂsﬂQemét@wl—4,6—diisopropylindeny1)—
[ 4- (15- 3b Egg@é@gﬂm@hqggma@di enyl)-4,6,6-trinmethyl (' 95-4,5-tetra-

hydr opent al,apgy] flicH rg&usﬁgm B33 (2-methyl-4- lindenyl

[4-(TI5-cyclo % F% di ﬁ_}z 7Mt I’ll r%et Iﬁ?/l (yq5 1sopr09ytg% reanﬁ, r o-

i ndenyl )] dlz&ﬁg ae 1 r d g
methyl(phenyl)51laned1ylbls(2—methyl-4,5—ben201ndenyl)21rconium

dichloride

25 methyl (phenyl)silanediylbis(2-methyl-4,5-(methylbenzo)indenyl)-
zirconium dichloride
methyl (phenyl)silanediylbis(2-methyl-4,5~(tetramethylbenzo)-
indenyl)zirconium dichloride
methyl (phenyl)silanediylbis(2-methyl-4-a-acenaphthindenyl)-

30 zirconium dichloride
methyl (phenyl)silanediylbis(2-methylindenyl)zirconium dichloride
methyl (phenyl)silanediylbis(2-methyl-5-isobutylindenyl)zirconium
dichloride
1,2-ethanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride

35 1,4-butanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride
1,2-ethanediylbis(2-methyl-4,6 diisopropylindenyl)zirconium
dichloride
1,4-butanediylbis(2-methyl-4- 1sopropy11ndenyl)21rcon1um
dichloride

40 1,4-butanediylbis(2-methyl-4,5-benzoindenyl)zirconium dichloride
1,2-ethanediylbis (2-methyl-4,5-benzoindenyl)zirconium dichloride
1,2-ethanediylbis(2,4,7-trimethylindenyl)zirconium dichloride
1,2-ethanediylbis(2-methylindenyl)zirconium dichloride
1,4-butanediylbis(2-methylindenyl)zirconium dichloride

45 [4-(mS-cyclopentadienyl)-4,6,6-trimethyl-(n3-4,5-tetrahydro-
pentalene) ]Jdichlorozirconium

1
1
1
1
[

p
[



[4-(T,5- c§f;iﬁyﬁﬁgf$enyl)-4,7,7-trinethyl(,q5-4,5,6,7-tetrahydro-

I ndenyl )] coni um

- [4-(115-Cyd opent adi enyl ) -4, 7, 7-trimethyl (y, 5-4,5,6, 7-tetrahydro- 10
rndenyl )] di chl or ohaf ni um

[4-(15-3=-tert-butyl cycl opentadi enyl )1&, 7, 7-trimethyl (, 95-4, 5, 6, 7-
tetrahydrOIMeﬁyB)]-*drnhﬂmycltsutlahcmﬂopentadlenyl) -4,6, 6—tr1methy1(n5

4-(y, 5-3= 4%&Qﬁh?&ﬁb@&@dﬁlﬂbﬁ)ﬂﬁh&hﬂoﬂozﬁrﬁcbhmhyl (15-4,5, 6, 7-
tetrahydrOt@dﬁg%$)l§ dﬂy¥b&E§8 dMadPienyl)-4,6,6- trlmeth lénS -4,5-tetra-

4-(115-3=-he clope I r|rrethyI(T|5
tetrahydr0| h H) ﬁ{% lrcgﬂlunli

4- (115- 38- {41 GETRY F%?P %e&b’éhréde%ﬁr)m?tm-% HyPsf Vylt%trfh?’d“'
tr| met hyl (irdeny1s, ]@l¢hﬂer¢1aiﬁﬂd¥1@mndenyl )] dichlorotitani um

4- (, q5- 3=-{ &f (nayy i opehoptingdi) edy? ) 74 ramethyil i-yl5( 663 -te bty yAras
tetrahydroj | ) ]ddbﬁhb%@ﬂx*ddiﬁlﬁmum
(tert-butyja cmgnyI’)SZI qu %%%ﬂ&@@fﬂl}d'sn%t hytetrahydro-

si |l yldi n{ tert (tetranethyl-T, 5-cycl opent adi enyl)
-1, 2- eﬁﬁ ’ég (fﬁlc? ?%) i um 25

(et hyl am 887 (1 e@raﬁéfhy‘PUtY 5 YE} ePBREA AN YY) &1 AetHimedhyy(n°-4.5,6,7-
di chl or ot i tabrahwduedinideh#in Hfbl)chlorOtltanlum
(t et ranet hyk (5 B=Ci€bppepy brlicpkeht 4d et hagdi, ¥+ thettiydrn( of +4 25 Gy-
(tert-butylapige) d:%ﬂm@h Wicr&oébﬁeea@mr@n 1-yl)dimethyl - 30
siyldiqgl gro étsan S e%%e&@ fM)ﬁwr EOmhiEhpl GRLEY 56, 7-
bi s(n-bu yIc | O e
bi s(1, 3- di ieth 32 EH?' h °f| ﬁ’f‘h‘?ﬂ‘dl chl ori de
t etrachl or =fn2 T%ﬂlmsthﬂﬁﬂd’éﬁyfl P? HeatheringPstrimgthyleidylad, 7. 7-
cycl opent at2imdthylmit4ybi dehedetradhydio bndiayil )l dorkhorptyitiagdnm but ane] -
diZirCOﬂiUﬂl(n5—3é—tert—butylcyc1opentadienyl)—4,7,7-trimethyl(n5—4,5,6,7-
gezagcgbgrQeLgaﬁ fﬁmdﬁén 1y?&{aﬂrdﬂézuﬂdsﬂ1&mylidene)nethoxysilyll+

té I: i Seane gl S Feam u%% é dé}%lo:be}‘nlthgfgr?QI)%lﬁ-g]tﬁyQ

fluoren-9- I|dene

tet rachl or §2EY ST RYCEOLIEAPANRA- 1- I | depe) met hy si | yI ]-6-(T)5-

cycl opent a{ 2ext dpet iamidod é het L Bty 1o e fEfhapsnyagl erpehe) L 3-gkhane-
hept ane] di diyd¢dnchiorotitanium

di met hylag |(ﬂ1€€ﬂi/¥$tbic&{)2(ﬂé‘&ﬁchfﬂétl4y](-4ﬁ b?d‘:lo;ﬁhﬁﬁéldﬁbﬁpy}ciii‘lﬂsednyllb-ilyilr-coni um

di chl ori ded/.léh &nanedl yl bi s(2- net hyl - 4- (41- net hyl phenyl i ndenyl ) -
erconlunlqh% h?iég dé% Qgggéth'n5—cyclopentad1enyl) 1,2-ethanediyl-
dichlorotitanium

(tert-butylamido) (2,4-dimethyl-2,4-pentadien-1-yl)dimethyl-

30 silyldichlorotitanium
bis(cyclopentadienyl)zirconium dichloride
bis(n-butylcyclopentadienyl)zirconium dichloride
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride
tetrachloro-[1-[bis(n®-1H-inden-1-ylidene)methylsilyl]-3—-(n3-

35 cyclopenta-2,4-dien-1-ylidene)-3-(n°-9H-fluoren-9-yliden)butane]-
dizirconium
tetrachloro-[2-[bis(n5-2-methyl-1H-inden-1-ylidene)methoxysilyl]-
5-(n5-2,3,4,5-tetramethylcyclopenta-2,4-dien-1-ylidene)-5-(n>-9H-
fluoren-9-ylidene)hexane]dizirconium

40 tetrachloro-[l-[bis(n5-1H-inden-1l-ylidene)methylsilyl]-6-(n>-
cyclopenta-2,4-dien-1-ylidene)-6-(n°-9H-fluoren-9-ylidene)-3-oxa-
heptane]dizirconium
dimethylsilanediylbis(2~methyl-4-(4’-tert-butylphenylindenyl)-
zirconium dichloride

45 dimethylsilanediylbis(2-methyl-4-(4'-methylphenylindenyl)-
zirconium dichloride




di met hyl si | an:ﬁg %I bi s(2-nmet hyl -4-(4'-ethyl phenyl i ndenyl ) - zirconium

di chl ori dPH 3i | anedi yl bi s(2-nmethyl -4-(4'-trifluoronethyl phenyl -
- indenyl) zirconiumdichloride 5

di met hyl si | anedi yl bi s(2- met hyl - 4- (4' - met hoxyphenyl i ndenyl) - zirconi um
di chl ori de di et hyl si | anedi yl bi s(2-ethyl -4-(4' -tert-butyl phenylindenyl) -
“zi rconi um gimdhynisd@anediylbis (2-methyl-4-(4’'-ethylphenylindenyl)-

di met hyl si } ghadiivibuséRr&tdnd - 4- (4" - net hyl phenyl i ndenyl)- 10 zirconium
di chl ori de % s ibh@@sﬂw Nios ke i1V = dr (4ri el byl ahanghiphdapyl ) -

zi rconi um hloride
di et hyl si ’r% PRESPRIWR (AChAoFAde (¢ uor onet hyl phenyl - i ndenyl )

Z,rcon|u§1@;mﬁﬁhﬁﬁsdéamgdlylbls(2—methy ~-4-(4'-methoXyphenylindenyl)=

di met hyl si ¢ anesiidmbidé cRletind - 4- (4' - met hoxyphenyl i ndenyl ) - zirconi um

di chl ori dedﬂhém{ﬁ)éh&bhaﬂeﬁlky:l dizs-e2hiBt dy{ 4 Ated't-betyhenglihaayyipdenyl ) -

di met hyl z @ﬂi hlorlde . .

g:gg:ﬂyli:rgg I ;ylg iggg(f%égﬁyinflhykﬂﬁﬁﬂ¥&b98%§Q@&dén§Q)-

di net hyI19| Féﬁ"e‘&ﬂ’;ﬂ"bld%(sﬁl%’t‘liﬁ/ 4- (4' -et hyl phenyl i ndeny! ) di met hyl - zirconi um
di met hyl si famekhydssilepedielpig (rethyledt (4 urﬁt@NéPHW}Silﬂe‘Tﬁﬂn-Yll)ndenyl )

di et hyl zi etoeenimn?Siichloride

di met hyl si haﬂ@@hylém%admymyé ¢24-e(t4ayi et hoxytplignybr oty Jphenyl-
dl”Ethy|Z'F giEWzlrconlum dichlo
di met hy'1§' 2nedl v Ashaatl s (Az-(e‘lahytleﬁt (Pmﬁ@t@x@%kém&&nyl)—

di met hyl SOn]

di net hyI Si Féﬁ%ﬂ‘i";}?%l@@@lefhﬁ-4 (4' - met hyl henyl i ndenyl ) di net hyl -

zi r coni um dimethylssilaneddyybbs s%—zueétlw}réﬂ 4"t9é‘[th‘y"PEM I}}fﬂd@rﬁlﬁp}’a?net hyl -
zi rconi um dimethyl dilraoaduyl bi s(2-et hyl -4-(4'-trifl uoronet hyl phenyl -

i ndenyl ) dﬁﬁﬁébﬂiféiﬁaﬂéﬁﬂyl§5s(2—methyl 4-(4’-methylphenylindenyl)-

di met hylz%u 'd@ﬂ@ghﬂ?u%(o%l‘%hy' - (4' - met hoxyphenyl i ndenyl ) -

di met h I2|rcon
di net hgl SI éHn]rsb a(nf-dnlgg‘ﬁlf(z_l?eéfhytlr_i‘lr_ré% hﬁtshlyllgppﬂ%%ﬁ/rll?enn er%dlﬁnethyl-
zi rconi um (?rllEﬁPB?“F‘EIe di met hyl si | anedi yl bi s(2- et hyl - 4- (4!
trimet hyl sidlijppphxélwi]imﬁyll;;ls ﬂb—lﬁﬁﬁ’ﬁéﬁlhﬁrté rc‘bﬂf&hlpromethylphenyl-
di met hyl si liadedy ¥) dirs{thyatziybodim' -t ri net hyl si |l yl phenyl i ndenyl ) - zirconi um
di chl orige dimethylsilanediylbis(2-methyl-4-(4'-methoxyphenylindenyl)-
dimethylzirconium
dimethylsilanediylbis(2-ethyl-4-(4'~-tert-butylphenylindenyl)-
dimethylzirconium
dimethylsilanediylbis(2-ethyl-4-(4'-methylphenylindenyl)dimethyl-
30 zirconium
dimethylsilanediylbis(2-ethyl-4-(4'-ethylphenylindenyl)dimethyl-
zirconium
dimethylsilanediylbis(2~-ethyl-4-(4’'-trifluoromethylphenyl-
indenyl)dimethylzirconium
35 dimethylsilanediylbis(2-ethyl-4-(4’'-methoxyphenylindenyl)-
dimethylzirconium
dimethylsilanediylbis(2-methyl-4-(4’'-trimethylsilylphenylindenyl)
zirconium dichloride
dimethylsilanediylbis(2-methyl-4-(4‘-trimethylsilylphenylindenyl)
40 dimethylzirconium
dimethylsilanediylbis(2-ethyl-4-(4'-trimethylsilylphenylindenyl)-
zirconium dichloride
dimethylsilanediylbis(2-ethyl-4~-(4’'-trimethylsilylphenylindenyl)-
dimethylzirconium
45 dimethylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indenyl)-
hafnium dichloride
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chl oride 0732/00025 12
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chl ori dedﬂnermltyhyséshhaﬂmbﬂsqizsﬁ@tnﬂm(44~(téitnm*mmimwl)}thadwma -
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met hyl si }an I W y I rconi um
chl ori de‘gd“?ﬁaqt"\fl ? f‘ ggﬂ%lzs?‘ééﬁ%{] Hn O k“g?ﬁﬂy‘%‘)‘%'&ﬁf?hqéﬁ%f’iﬂdeny| ) -
rconi um

met hyl Bi <I13emfetdw5145b|l§(12dhbé¥%ﬁ (24mehy hedyl %h@wrypnmﬁwb ipdeny} toni um
chl ori deziirewatiluwl diibhhexdidd bi s( 2- met hyl - 4- (41- sec- butyl phenyl )i ndenyl ) -
rconi um @i ilisd@ anediylbis (2-methyl-4-(4’-n-butylphenyl)indenyl)-

.netﬂy:5|% X#E@ggg %{ag 4- phenyl)|ndeﬂyl)2|rcon|un1 di chl oride 15
met hyl si ane | 5,2 g Yy oni um
(r:EIO(r)“r :!' &ea?-’éq’ﬂfb‘rqndé |lc%ﬁgr :IL Xﬁo( %’%%hggy{] JAfp( }%&Q%Lhﬂggﬁﬂn%q%&k&gnyl ) -

net hyl si fimethwlsdilepedéyhyls @-methyl pt opd/| 1sesmpuky heleeni )indgnyi} coni um
chl ori dezdiremiiun siilcanedige bi s( 2- et hyl - 4- (41- n- butyl phenyl )i ndenyl ) -
rCO”'U”]diﬁé&ﬁyléiianedlylbls(Z -ethyl-4-phenyl)indenyl)zirconium

met hyl si |4 gg s(2-ethyl - 4- (41 hexyl phenyl )i ndenyl)- zirconium
?Egﬁ[agsa €%€f Jﬂ%hk% ggé E%S% ?tpxl—meéﬁ %pggg§¥;f“H¥HQI%Lndenyl)-
nethyIS|Féﬁ%@ﬁ%HWNQﬁEQlQFH9? 4- (41- cycl ohexyl phenyl )i ndenyl ) - 2|rcon|um

chl ori deddneehnid sliangdéuithi i (etheilhgH{ 4 tahydebepul yiptRm¥i)Yi ndenyl ) -
rconi um diebbotumli@lichloride

net hyl si hapedh Ql%r%ﬁ&&lmiséz-(e‘klrytleﬂtxbmﬂigﬂmthéﬂﬁﬁwddenyai)r-coni um
chlor|§ ggggﬁ bIS(2 n- propyl - 4- phenyl )i ndenyl ) zi r coni um
fgggrlnn 8&8 ”f%é}%ﬁ?JlaTglei éﬁ;& Q ? QHX'b&¥ lp%e ip¥hé€ﬂ§ﬁ¥')' ndenyl ) -
zirconium dichloride
dimethylsilanediylbis(2-ethyl-4-(4’'-hexylphenyl)indenyl)-
zirconium dichloride

25 dimethylsilanediylbis(2-ethyl-4-(4’-pentylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-ethyl-4-(4'-cyclohexylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-ethyl-4-(4'-sec-butylphenyl)indenyl)-

30 zirconium dichloride
dimethylsilanediylbis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-n-propyl-4-phenyl)indenyl)zirconium
dichloride

35 dimethylsilanediylbis(2-n-propyl-4-(4’-methylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-n-propyl-4-(4'-ethylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-n-propyl-4-(4’-iso-propylphenyl)indenyl)-

40 zirconium dichloride
dimethylsilanediylbis(2-n-propyl-4-(4'-n-butylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-n-propyl-4-(4’-hexylphenyl)indenyl)-
zirconium dichloride

45 dimethylsilanediylbis(2-n-propyl-4-(4'-cyclohexylphenyl)indenyl)-
zirconium dichloride
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rconi um gl ¥ddrdhimd@idbloride

hyl s l.ah
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chl or i ded fmekihyatsiiybaed aynBsiisyl2bns bt nt bix (A '—thephphyhenyldemdehyl y€oni um

chlori dezgi-é‘@{lh]yﬂ shbanedigd bi s(2-n-butyl -4-(4' - et hyl phenyl )i ndenyl) -
rconi um gi

net hyl § an‘%lé ]18 ﬁaggdly%bls( ?utylet%y 4ph§ﬁ§‘V}P%‘é“e; l)l)ndenglm rconi um
chl or it ezﬂﬁ‘r%ri &t bi s(2 n- bUtZ -A- (4" -n-propyl phenyl )i ndenyl ) -
rconi um fiBetrisddanediylbis(2-n-butyl-4-(4'-n-propylp nJ) indenyl)-

met hyl si kanechidnhiddcRlorpder yl - 4- (4' -i so- propyl phenyl )i ndenyl)- zirconium
chl ori dedihethymiinpnetdl arert (2 -bi-(2y b- but 41 -idof-prepy hntiedyihangehyhpteny! ) -
rconi um di e8b0funfl@ichloride

Chi of P legnEg H%“éd%% H e Ty B R e a R heny ) -

20 zi rconi GFTFB?I&

di
di
Zi
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di
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net hyl si ﬂawe@hy#%lsa@zdhymwc 2oatydet= hitIepweRY Y heiATY1 ) Zi r coni um

chl ori de zdroet by siilchdedige bi s(2-n-butyl -4-(4'-tert-butyl phenyl )i ndenyl) -

rconi um diifaBtRy1gha adfediylbis (2-n-butyl-4-(4’-cyclohexylphenyl)indenyl)-

met Eylzsy :Zgg@ghyﬁrpiﬁ(c%-lggiué 4- pZenyI ) ihnldenyl )zi rconium dichloride

met ] | ' AN

chl O%/I de gﬁgg{‘l%i%) Isﬁ(n%dqgigll‘ '(rﬁ—-bﬁl tl X ?ir%lé% {ég%iﬁé? llz’nlé‘g%%'w “30

rconi um &rCAPBEY ’H ichlory
dimethylsilanediylbis(2-n-butyl-4-(4’-tert-butylphenyl)indenyl)-
zirconium dichloride

25 dimethylsilanediylbis(2-hexyl-4-phenyl)indenyl)zirconium
dichloride
dimethylsilanediylbis(2-hexyl-4-(4'-methylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4‘'-ethylphenyl)indenyl)-

30 zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4'-n-propylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4'-iso-propylphenyl)indenyl)-
zirconium dichloride

35 dimethylsilanediylbis(2-hexyl-4-(4’'-n-butylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4'-hexylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4’'-cyclohexylphenyl)indenyl)-

40 zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4'-sec-butylphenyl)indenyl)-
zirconium dichloride
dimethylsilanediylbis(2-hexyl-4-(4'~tert-butylphenyl)indenyl)-
zirconium dichloride

45 dimethylsilanediylbis(2-methyl-4-(4'-tert-butylphenyl)indenyl)-
zirconium bis(dimethylamide)
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. 2|rcon|un1d|chlor|de 35
di met hyl si | anedi yl bi s(2- hexyl -4-(4'- utylphenyl)lndenyl) zi rconi um
di chl ori de di nethyl silanediyl bi s(2-he § 4 - hex fhenyl)lndenyl}
“zi rconi um @iratihglisddanediylbis(2-ethyl- ert bu henyl)indenyl

di net hyl si d sredipllzbirso@itmexyl - 4- (4 -cyclohexylphenyl)lndenyl)- 40 zirconi um
di chl ori ded thedylglis ahaaegiyddii2sm2thexyd - & (4ersebubplpidnyanyhengenyl ) -
zi rconi um gi gl ﬂﬂQ@con

dlnEthylé biﬁ?%%§ﬁg%&%ggegf??gls(ZLéth§fr5 HHLXLB@GBML}iﬁHEﬂ%&H&ndéh§fP”'””1

di chl ori

dlnethyIS|F%EﬁRﬂﬁHWoﬁ§ BIARIIR/| - 4- (4 -tert- butylphenylilndenyl) zi rconi um
bls(dlneth?i@ﬁﬁhﬁiﬂepmazﬁéeiiﬁiS&@ ethyl-4-(4'-tert-butylphenyl)indenyl)-

di met hyl si hafiediny |ddich(drdddyl - 4- (4' -tert - butyl phenyl )i ndenyl) -

di benzyl zi gepainym germanedlylbls(Z opyl-4- 4'-tert-butglphenyl)1ndenyl)—

d hyl - | ph I d I d h
e L Lo o T v -

zi rconi um
di met hyl gePREFRRAIR BHER20ELES| - 4- (4' -tert-butyl phenyl )indenyl)- haf ni um

di chl ori deethybidgnepdisitdnethyl Hi-phengl bpydenyrl)2irceniumdighdiesade) i ndenyl ) -
10 titani uptbyridedfebde (2-ethyl-4-(4’'-tert-butylphenyl)indenyl)zirconium

di met hyligennanRest dddbi s(2- net hyl -4-(4' -tert-butyl phenyl )i ndenyl)- zirconium

di chl oride.g en |chIor|de
ethylldeneﬁ g%idéﬁ%§§§1§ca sf&%%lﬁgﬁﬁelp %%%PﬁﬁﬁﬁgkérgfglrcoﬁﬂUn1 15
di chl ori deZ&f h%% i propyl-4-(4' -tert- butylgheqyl)lndenl
zi rconi um 8tBrl Hjengbis (2-n-butyl-4-(4’'-tert-butylpheny )in enyl)tltanlum
et hyl i deneBiisfiRemidrut yl - 4- (4' -tert-butyl phenyl)indenyl)titanium dichloride
20 et hyl2iodefrPi sdehdreyl2~Aekdl =4 -gra’—kui y - pheynphengde dyde i beiibghzyzir coni um
et hyl i deneBiisgsatdy! - 4- (4' -tert-butyl phenyl)indenyl)di benzyl - hafni um
ethylideneBi (2 FBIW s B benyt &1L cOULELROSON Vin2dGHY L AGL AP M benzy1 -
hafnium
ethylidenebis(2-methyl-4-(4'-tert-butylphenyl)indenyl)dibenzyl-

25 titanium
ethylidenebis (2-methyl-4-(4'-tert-butylphenyl)indenyl)zirconium
dichloride
ethylidenebis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)dimethyl-
hafnium

30 ethylidenebis(2-n-propyl-4-phenyl)indenyl)dimethyltitanium
ethylidenebis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)zirconium
bis(dimethylamide)
ethylidenebis(2-ethyl-4-(4’'-tert-butylphenyl)indenyl)hafnium
bis(dimethylamide)

35 ethylidenebis(2-ethyl-4-(4'~tert-butylphenyl)indenyl)titanium
bis(dimethylamide)
methylethylidenebis(2-ethyl-4~(4’-tert-butylphenyl)indenyl)-
zirconium dichloride
methylethylidenebis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)-

40 hafnium dichloride

Further examples are metallocenes from the above list in which
"dichloride” is replaced by the following ligands:

45 monochloride mono(2,4-di-tert-butylphenoxide)
monochloride mono(2,6-di-tert-butylphenoxide)
monochloride mono(3,5-di-tert-butylphenoxide)



25 titani um.et hylidenebi s(2-nmethyl-4-(4"-tert-butyl phenyl)indenyl)zirconium
di chl ori dé”é[zr&v%gebi s(2-ethyl -4- (4" -tert-butyl phenyl )i %denyl gdi) met hy! -
- haf ni um 30 ethylidenebi s(2-n-propyl -4-phenyl) indenyl)dimethyltitanium
et hyl i denebi s(2-ethyl-4-(4"-tert- butylgohenyl ) i ndenyl ) zi rconi um
bi s(di net hyl ani de) 1

“et hyl i denefuinecBlot hgé -Mor(o4'2- bedi~srn\HlydppeRrexidaly| ) haf ni um
bi s(di met drRjenderidd® mono(2,4-di-methylphenoxide)

ethyl i denﬁ&} i ihaﬂe zﬁlor(oA(Z' Beht Rt ng IRkl bageny! ) ti t ani um

bi s(di net
- %?’?ﬁ/‘lz Z? f‘ﬁ—m? ¥lpohl?tngp§ ?1y| )i ndenyl)- zirconium

net hyl et h ?I}?é:ﬁ‘ g
di chl or i Ble"eRAANOELAG | PRHSni0s 02 -BE WY LRASPXLER) ¢ - but yI phenyl ) i ndeny! ) -

haf ni um dindriashlos iferrery (odafpresthy Phamoxif8enes from the above |1 st | n
whi ch " di ediantildeide smompl Bcedibyet gl frairiogdday | i gands: 45 nonochl ori de
nmono( 2, 4- drhoﬁcﬂfﬂlo&lihkél ﬂ&%ﬁﬁérﬁﬁhdemnocm oride

m)nogg, G'grh r!(ic?tfh{l : t ﬁﬁ:@ )i de
nono I -ter u 0 % 15 nonochl ori de
nmono( 2, g 0 4o %%08‘16’5119 %’ﬁ%&(@ }"YEB% O(fel de nono( 2, 4- di - met hyl phenoxi de)
nonochl or i BRNPRIHAEAAS- HP“‘Prb‘hﬂﬂtﬁh’éﬁ ?Wﬁ% ©Jnonochl ori de
nono( 2, 5- dinemextiiydrgldenogieled- -&hydpbendsidele nono( 2, 6- di - met hyl phenoxi de)
monochl or i glenseir3 aé- flbnoel fetdhyhiehexbride) nonochl ori de
mono( 3, 5- dinoHEérl{hyclﬂfa%n%hg A eam @ehem@ monophenoxi de_monochl ori de
mono( 2- net hyl o %n % k94 bgn y3- met hyl phenoxi de)
monochl oFi 48" rmeﬂ](()li} ﬁ eno noc (PI’I de nono( 2- et hyl phenoxi de)
nmonochl or i 88“%%0‘{ o YHYB”E% RS de mono( 4- et hyl phenoxi de) 15
nmonochl or i G@“ﬂ%&%@e@%ﬂ%?ﬂ%&?l heRist or i de
mono( 2- t er mohatlylqatisteoxiode) 4- - sashdultlydpheeo¥fy)( 3- t er t - but yl phenoxi de)
nonochl or i éensPNDEdee ohu{ ¥ pherrditgd phenoxiothl or i de
nMoNo( 4- tef hioRHEN1 PO XoH8) 2-isopropyl-5-methylphenoxide)
monochloride mono(4-isopropyl-3-methylphenoxide)
monochloride mono(5-isopropyl-2-methylphenoxide)
monochloride mono(5-isopropyl-3-methylphenoxide)
monochloride mono(2,4-bis-(2-methyl-2-butyl)phenoxide)
25 monochloride mono(2,6-di-tert-butyl-4-methylphenoxide)
monochloride mono(4-nonylphenoxide)
monochloride mono(l-naphthoxide)
monochloride mono(2-naphthoxide)
monochloride mono(2-phenylphenoxide)
30 monochloride mono(tert-butoxide)
monochloride mono(N-methylanilide)
monochloride mono(2-tert-butylanilide)
monochloride mono(tert-butylamide)
monochloride mono(di-iso-propylamide)
35 monochloride monomethyl
monochloride monobenzyl
monochloride mononeopentyl.

The catalyst system of the present invention is obtainable by

40 reacting at least one Lewis base of the formula (I) and at least
one organoelement compound d), obtainable by reacting at least
one compound of the formula (VI) with at least one compound of
the formula (IX), with a support. The product is subsequently
reacted with a solution or suspension of one or more metallocene

45 compounds of the formula (X) and, if desired, one or more
organometallic compounds of the formula (III). This activation of
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active reaction product of this reaction is a compound which is capa

of forming metallocene ions and is covalently bound to the

25 support material. This is hereinafter referred to as the modified
support material. The reaction mixture is subsequently filtered
and the solid is washed with one of the abovementioned solvents.
The modified support material is then dried in a high vacuum. The
modified support material can be resuspended after drying and be

30 after-treated with a compound of the formula (III). However, the
compound of the formula (III) can also be added before filtration
and drying of the modified support material.

The application of one or more metallocene compounds, preferably

35 of the formula (X), and one or more organometallic compounds of
the formula (III) to the modified support material is preferably
carried out by dissolving or suspending one or more metallocene
compounds of the formula (X) in one of the above-described
solvents and subsequently reacting it with one or more compounds

40 of the formula (III) which is/are preferably likewise in
dissolved or suspended form. The stoichiometric ratio of
metallocene compound of the formula (X) to the organometallic
compound of the formula (III) is from 100:1 to 10-4 : 1. The ratio
is preferably from 1 : 1 to 102 : 1. The modified support

45 material can either be placed directly in the polymerization
reactor or in a reaction flask in one of the abovementioned
solvents. This is followed by the addition of the mixture of a



or ganobor on- al um num conpounds d). The reaction tinme here is from one
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di ssol ved or _suspended form The stoichjonetric ratio_ of tal
conpoundSofllhet fﬂﬁnﬂbﬁvﬁﬁe??%‘f‘g 5F§§hb%§ aﬁqri greggrl%%n%%o%atkggggr nul a
(111) is feyatamoefl the poegent 1inversipat pbe BXELFraPdy aBRYF¥5D At 2%1 to
10-2 : 1. Themno4h ficed 160@parartduirat by i piefsxmabayt freem bel Q5 aked Ufrectly in
the polynerization reactor or in a reaction flask in one of the

abovenent i v d ué@é%f‘éﬁ Satdly st iy @kl euRdbdYddie cadditipneef the mixture
of a 0734 §2§ TELATLosene: CaPaund, o SO flMibarivdithedn

or ganonet aPPr &M tbiotid of "t he. f or mul %;E I .t__Ho%xa\éerle | I desised, one or
more et aSPé¥ERE ¥WFSFNARERE tife FGA TX5EERYaPSs bRt a &d% {he
modi fi ed swopsmerkeaterdnal Thet adtantmdeorLaliBif i (AT WP LARNSMGE .dﬁettgﬂ ic
conpound ofitt b&féps nthea optcibh. offheel ieatiing  the npeft ynead zatippbractiyaret al | ocene
conmpound ofcztR&ysf osyaden &¥) beStormiEioallyy ifir oile eagtorl Tois tpreb@eng @ 1
mol .~ Thg %tc%‘uffcﬁe OBUS4 Gardtih® 8fcomiddikaeananeomayedueting hend ormul a 10

(X) to uni tasqusensgt% e}:rg(%ggglgg:al um num conpound d), of which

Furthermore, the invention provides a process for preparing an
olefin polymer in the presence of the catalyst system of the

30 present invention. The polymerization can be a homopolymerization
or a copolymerization. Preference is given to preparing
homopolymers or copolymers of propylene.

Preference is given to polymerizing olefins of the formula

35 R%-CcH=CH-RP, where R® and RP are identical or different and are
each a hydrogen atom, a halogen atom, an alkoxy, hydroxy,
alkylhydroxy, aldehyde, carboxyl or carboxylic ester group or a
saturated or unsaturated hydrocarbon radical having from 1 to 20
carbon atoms, in particular from 1 to 10 carbon atoms, which may

40 be substituted by an alkoxy, hydroxyl, alkylhydroxy, aldehyde,
carboxyl or carboxylic ester group, or R® and RP together with the
atoms connecting them form one or more rings. Examples of such
olefins are l-olefins, such as ethylene, propylene, l-butene,
1-hexene, 4-methyl-l-pentene, l-octene, styrene, cyclic olefins,

45 such as norbornene, vinylnorbornene, tetracyclododecene,




t he supported cocatal ytically active organoel enent conpound is nmade up, is
from 100 :0713240QQ2% : 1, preferably from1 : 1 to . 10-2 : 1. 15 Al of the
. above-descri bed reactions for preparing the catalyst systemof the present
invention are preferably carried out at from-40 to 110C, particularly
preferably from-10C to 70C. The suppbBted catal yst system can be used
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in the polymerization.

To prepare olefin polymers having a broad molecular weight
distribution, preference is given to using catalyst systems

30 comprising two or more different transition metal compounds, e.g.
metallocenes, and/or two or more different cocatalytically active
organoelement compounds.

To remove catalyst poisons present in the olefin, purification
35 using an aluminum alkyl, for example trimethylaluminum,
triethylaluminum or triisobutylaluminum, is advantageous. Either
this purification can be carried out in the polymerization system
itself or the olefin is brought into contact with the Al compound
and subsequently separated off again before introduction into the
40 polymerization system.

As molar mass regulator and/or to increase the activity, hydrogen
is added if necessary. The total pressure in the polymerization
system is from 0.5 to 2500 bar, preferably from 2 to 1500 bar.

45



to 2500 bar referably from2 to 1500 bar. The polynerization can be
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contents. Preference is given to using triisobutylaluminum and
triethylaluminum in a concentration of from 10 to 0.01 mmol of Al

25 per kg of reactor contents, as a result of which a low molar Al/M?
ratio can be chosen in the synthesis of a supported catalyst
system.

Furthermore, an additive such as an antistatic can be used in the
30 process of the present invention, for example to improve the
particle morphology of the olefin polymer. In general, it is
possible to use all antistatics which are suitable for
polymerization. Examples are salt mixtures of calcium salts of
Medialan acid and chromium salts of N-stearylanthranilic acid, as
35 described in DE-A-3,543,360. Further suitable antistatics are,
for example, isopropanol, Cj;;-Cy;-fatty acid soaps of alkali
metals or alkaline earth metals, salts of sulfonic esters, esters
of polyethylene glycols and fatty acids, polyoxyethylene alkyl
ethers, etc. A review of antistatics is given in EP-A-0,107,127.
40
Furthermore, a mixture of a metal salt of Medialan acid, a metal
salt of anthranilic acid and a polyamine can be used as
antistatic, as described in EP-A-0,636,636.

45 Commercially available products such as Stadis® 450 from DuPont,
namely a mixture of toluene, isopropanol, dodecylbenzenesulfonic
acid, a polyamine, a copolymer of l-decene and SO, and also
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covalentlyaQRﬁﬁﬁf9§6anEﬁdthe polymerization autoclave before ad 1tlon of
25 the supported catalyst system. The resuspended supported catalyst

system is subsequently added while stirring at from 0 to 100°C.
The polymerization time can be in the range from 0.1 to 24 hours.
preference is given to a polymerization time in the range from
0.1 to 5 hours.
30
In the above-described process, no deposits are formed in the
reactor, no agglomerates are formed and the productivity of the
catalyst system used is high. The polymers prepared by the
process of the present invention have a narrow molecular weight
35 distribution and a good particle morphology.

The following examples illustrate the invention.

General procedures: Preparation and handling of the compounds

40 were carried out under argon with exclusion of air and moisture
(Schlenk technique). All solvents required were dried before use
by boiling for a number of hours over suitable desiccants and
subsequently distilling them under argon.

45 Example 1: Synthesis of
bis(dimethylaluminoxy)pentafluorophenylborane



capabl e of form ng net al | ocene ions and one or nore netall ocene 10
conmpounds, @ 2bhe formula (X)) used. However, the ampunts of
-antistatic reqU| red can vary within a wi de range, depending on the type of
antistatic used. The actual polynerization is preferably carried out in
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(RT). The slightly turbid, [light-yellow solution is filtered through a 4
frit. ThisEghamMpbe @2A: Synthesis of

25 di[bis(pentafluorophenyl)boroxy]methylalane

5 ml of trimethylaluminum (2M in toluene, 10 mmol) and 45 ml of
toluene are placed in a reaction vessel. At 25°C, 6.92 g of
bis(pentafluorophenyl)borinic acid (20 mmol) in 50 ml of toluene
30 are added dropwise to this solution over a period of 15 minutes.
The mixture is stirred for 1 hour at 25°C. The slightly turbid,
light-yellow solution is filtered through a G4 frit. This gives a
clear, light-yellow solution (0.1M based on Al) of
di([bis(pentafluorophenyl)boroxy]methylalane in toluene.
35
Example 3: Reaction of tris(pentafluorophenyl)borane and
bis(pentafluorophenyl)borinic acid with trimethylaluminum

5ml of trimethylaluminum (2M in toluene, 10 mmol) and 40 ml of
40 toluene are placed in a reaction vessel. At -10°C, a mixture of
6.92 g of bis(pentafluorophenyl)borinic acid (20 mmol) and 5.12 g
of tris(pentafluorophenyl)borane (10 mmol) in 50 ml of toluene is
added dropwise to this solution over a period of 15 minutes. The
mixture is stirred for 0.5 hour at -10°C and subsequently for a
45 further hour at room temperature. The slightly turbid,
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25 temperature and is stirred for another three hours. The
suspension is subsequently filtered and the solid is washed with
pentane. The residue is then dried to constant weight in an oil
pump vacuum. This gives 4.01 g of a white support material.

30 Example 6: Application of the reaction mixture from Example 3 to
a support

2g of 5i0; (PQ MS3030, pretreated at 140°C, 10 mbar, 10 hours) are
suspended in 30 ml of toluene, and at room temperature 0.48 ml of

35 N,N-dimethylbenzylamine is added. The mixture is cooled to 0°C and
40 ml of the solution prepared in Example 3 are added dropwise
from a dropping funnel. The mixture is allowed to warm to room
temperature and is stirred for another three hours. The
suspension is subsequently filtered and the solid is washed with

40 pentane. The residue is then dried to constant weight in an oil
pump vacuum. This gives 4.5 g of a white support material.

Example 7: Preparation of catalyst system 1
45 0.5 g of the support prepared in Example 4 are added at room

temperature to 5.8 mg of
dimethylsilanediylbis(2—methyl—4-phenylindenyl)dimethylzirconium
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and the so IS was pent an resrd en dried to
constant weight_in an 0|I punp vacuum This gives 4.5 g of a white support
materi al . %Fﬁﬂee 5. PPPBﬁ’é?%’t‘?’br?foFa‘éa%ié’f‘ys%Y ®tdm1 45 0.5 g of the
support prepared in Exanple 4 are added at room tenperature to 5.8 ng of
di et hyl si baneglioff hihe( Buppohly | préppredyin lempiedie e hydddd a@nireem0732/ 00025
23  (10200t¢mpérakufe @b goguﬁgl £ The suspensi onis stirred briefly and

0.01 ofd ﬁé{}ggﬁgmla%tm ((2TM$*)CP8§'VA M toc'e‘f%”ﬁmé??p f)llﬁdény ahd he

subsequent ¥ I's sti
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di met hyl si Fanaeli 94 bipsp- Heewyn - Zhis' gives an orange, free-flowing powder.
25

Example 10: Polymerization using catalyst system 1

A dry 2 1 reactor is flushed firstly with nitrogen and
subsequently with propylene and charged with 1.5 1 of liquid

30 propylene. 3 ml of triisobutylaluminum (TIBA) (20% strength in
Varsol) are added thereto and the mixture is stirred for 15
minutes. The catalyst system 1 prepared in Example 7 is
subsequently injected as a suspension in 20 ml of heptane and
rinsed in with 15 ml of heptane. The reaction mixture is heated

35 to the polymerization temperature of 60°C and polymerization is
carried out for 1 hour. The polymerization is stopped by venting
the remaining propylene. The polymer is dried in a vacuum drying
oven. This gives 160 g of polypropylene powder (PP). The reactor
showed no deposits on the inner wall or stirrer. The catalyst

40 activity is 28 kg of PP/g of metallocene x h.

Example 11l: Polymerization using catalyst system 2

A dry 2 1 reactor is flushed firstly with nitrogen and

45 subsequently with propylene and charged with 1.5 1 of liquid
propylene. 3 ml of TIBA (20% strength in Varsol) are added
thereto and the mixture is stirred for 15 minutes. The catalyst



10 butyl phengli/ddydg ) zi rconiumdichloride (10 nol) in 5 nl of toluene are

stirred for 40 mnutes with 0.02 m of TMA (2Min toluene, 40 nol). 0.44 ¢

-of the support prepared in Exanple 5 are subsequently added at room

tenperature. The catalyst sol ution ; stirred for 1 hour and the sol vent

is then taken off_in an oil 15 punp v &um This gi ves an or ange,

free-fl ow AYSpBRCErETIBEIRP) én@xwmﬁaﬂﬁoﬁu}éﬁe%n&llysmmt@nas 8.2 g of
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cat al ystiosystem 1 prepared in Exanple 7 is subsequently injected as a
suspensi ong Lane and ri.nsed wi.th 15 m_of heptane. The
reaction m %(;ngPe rqsz hgg{i 5’52?1:1%%5568%%?%23’&9 §¥Stefptrature of 60C and
polymerization is carried out for 1 hour. The polynerization is stopped by
venting tRedFEmiihinegcppspys ehlaishifide fpobyherwith ditedgém andvacuum dryi ng
oven. Thi ssgbveguditlyywithpptypylemel ana ppaipid (REh. 1THel rcﬁaqthhldShOWEd no
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wal | or stbyggy oﬁyg catal yst activity is 36 kg of PP/g of netall ocene x h.
10 Exanpl e 12: go ymerization using catalyst system3 A dry 2 1 reactor is
. flushed firstly with nitrogen and subsequently w th propyl ene and charged
with 1.5 1 of liquid 15 propylene. 3 ml of TIBA (20% strength in Varsol)
‘are added thereto and the mixture is3&tirred for 15 ninutes. The catal yst
system 3 prepared in Exanple 9 is subsequently injected as a suspension in
20 M of hepteneimand rinsed in with 15 mM of heptane. The reaction m xture
is heated to the polynerization 20 tenperature of 60C and pol ynerization is
carried oui.fog §a€§¥¥' s;gg?qu¥ﬂgﬁgég%ion_is stopped by venting the
renalnlng propyl ene. e polrynmer -I's drred in a vacuumdryi ng oven. This
gives 143 g of pol ypropyl ene powder. The reactor showed no deposits on the
inner wall orastifkekeasth@ngaprgyremat@lilyct gorroud kg of PP/ g of 25
metal | ocene x h. 30 35 40 45 0732/00025 32 we claim 1. A catalyst system
conprising 5 B) aht| pefdt ome oewsasEdenl | i c conpound, b) at |east one
Lewi s base, 10 c) at |east one support and 15 d) at |east one organoel enent
conmpound ,whi ch s the, reactian roduct of at | east one conpound of the
fornulaqPVI) mfbh agtl?%%%fmgngugg%ﬁ%ﬁﬂl of the fornmula (I1X), R4B+XF~/ 20
© 25 30 where 35 40 45 NO g
d) at least one organoelement compound which is the reaction
product of at least one compound of the formula (VI) with

at least one compound of the formula (IX),

15
(V1)
R4B+xﬂ)
g
20
=5 (1X)
25 Al
B R
h
30 where
R7 can be a hydrogen atom or a boron-free C;-C4¢ group such
as C;-Cpp-alkyl, Cg-Cyo-aryl, C;-Cyp-arylalkyl,
C;-Cyp-alkylaryl,
35
R4 and R> are identical or different and are each a hydrogen
atom, a halogen atom or a C;-C4p group or R4 is an -OSiR;
group, where R are identical or different and are as
defined for RS,
40
X is an element of main group VI of the Periodic Table of
the Elements or an NR group, where R is a hydrogen atom
or a C;-Cyp-hydrocarbon radical such as C;-Cyp-alkyl or
C1-Czp-aryl,
45

f is an integer from 0 to 3



h R7 can b en atomor a boron-free Cl-C40 group such as
C1-C20:MI§%§E{§§§§% aryl, Cr7-C40-arylal kyl, C7-C40-al kylaryl, R4 and R5
are identical or different and are each a hydrogen atom a halogen at om or
a Cl-C40 group or R4 is an -OSi R3 group, where R are identical or
‘different and are as defined for R5, 3 is an element of main group VI of

t he Periodi c Tg@bl eidfan tik€efbenBrdns Otoad, Nthereo ip + ghes endt iegjualhydr dgen
atom or a.d -C20-hydrocarbon radi cal such as Cl-C20-al kyl or Cl-C20-aryl,

f is an int egel{ frognaq1 HgtggggBﬁ}oQIQQZQOg is an integer fromO to 3,

where f + g is notTequal 'S "an |n§éger from1l to 10, 5 where the
or ganoel enent conpound is covalently bound to the support, wherein the
Lewi s baSevhrrs tthe pogaitelamentocafeewndiier §0Y51aRt1% b&’ﬁmél gfetie of main
group V ofsigmr®gri odic Table of the Elenents, RlL, R2 and R3 are identical
or different and are each a hydrogen atom a Ci C20 al kyl group, a

C1- C20- hal paliotl, 958UPefls B2 F4sCle Aothlsy, g oup, where two radi cal s

or all three radicals Rl, R2 may be jOIned to one another via
C2-C20 units, mhere at | east one radlcal Rl, R or RBis a
CV-CAO-éPyIaIkyI group. 25 2. A éﬁ%@ st systen1Q§)cIained in claiml,
wherein benzyl is wused as a Cr7- aryl al kyl group in the Lewi s base of
the formula |I. 3. A catalyst systemas clainmed in claiml or 2, wherein
the 30 orggawyretallic conpound is a netallocene. 4. A catal yst system as
claimed in any of clains 1 to 3 which further conprises at |east one

Organonggaﬁiifé %% gﬂg%éﬁo malnf8£g&%zbllg t%é é&&lodlc Table of the
Elements,

Rl, R2 and R3 are identical or different and are each a hydrogen
atom, a C;-Cpo-alkyl group, a Ci;-Cyp-haloalkyl group or a

20 C7-C4p-arylalkyl group, where two radicals or all three radicals
R!, R? and R3 may be joined to one another via C;-Cz¢ units, where
at least one radical R!, R?2 or R3 is a C7-C4p-arylalkyl group.

25 2. A catalyst system as claimed in claim 1, wherein benzyl is
used as a C;-Cgp-arylalkyl group in the Lewis base of the
formula I.

3. A catalyst system as claimed in claim 1 or 2, wherein the
30 organometallic compound is a metallocene.

4. A catalyst system as claimed in any of claims 1 to 3 which
further comprises at least one organometallic compound of the
formula III

35
[M3R83]e (1)
where
40 M3 is an element of main group I, II or III of the Periodic
Table of the Elements,
R6 are identical or different and are each a hydrogen atom,
45 a halogen atom or a C,-C4p group,

d is an integer from 1 to 3 and



MLR1IR2R3 (d7232 Mpgesse (111) M3 is an element of main group I, Il or Il of
the Periodic Table of the Elenents, R6 are identical or different and are
each a hydrogen atom a hal ogen atomor a Cl1-C40 group, d is an integer
from1l to 3 and 0732/00025 34 e is an integer froml to 4, as constituent
.e). 5 5. A catalyst systemas cl ai med34 n any of clainms 1 to 4, wherein a
porous inorgark c oks Grgdmitedssl fxpn s doed,as support. 6. The use of a
catal yst systemas clained in any of clains 1 to 5 for preparing

pol yol efins. 145 ondtRt@esssSef Oor preparing polyolefins, in which the
pol ynerization is carried out in the presence of at |east one catalyst

system a'.? é:.l alpcdagaq.y%@ysgété:nll aé!srr%lja'i}ngdSin 1a5ny2%f2gl§9ms351 %:% ﬁS, wherein

a porous inorganic or organic solid is used as support.

6. The use of a catalyst system as claimed in any of claims 1 to
5 for preparing polyolefins.
10
7. A process for preparing polyolefins, in which the
polymerization is carried out in the presence of at least one
catalyst system as claimed in any of claims 1 to 5.
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