0732/ 00034 sal t-1 i ke chem cal conpound, its preparation and its use in

cat al yst Q732 £0R03% preparing polyolefins 1 5 SEP 2004 5 The pr ¢<eS&P j)o;
invention relates to salt-like chem cal conpounds which in conbination
*with an organonetallic conpound of a transition nmetal can form a catal yst
system whi ch can advantageously be used for the polynerization of
olefins, to a process for preparing them and to their use in cat al yst

syst ens 051ﬁ ttgllrg(r:@ge icﬂﬁ @?gﬁgtlmeé' r}&s SéigonOfaEEhit%h er_ type based

on angl e con et a elrn odi c Table
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Or ganonet cocat al yst costs,
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super s10i fdx @m‘eparm@rpmhyblehmilvator 25 have therefore been devel oped.
The synthesis of "cation-like" netall ocene polynerization catalysts is

descri be ;gg&
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net al | ocane F38cROLLi®es r(uaheu?g)azr Medher p REWMaymGtH, (Bngkw.BCHEMD) 3) and
al um numlgglskykm Al:pjr 52G98§)10r preparing salts of the formula LMK+ XA-
according to't he above escrl bed principle is described in EP-A-O 520
732. 40 EP-A-0 558 158 describes zwitterionic catalyst systens which are
pr epar ed ¥ GRta1R| Ay 1aGkEvVs| F%‘aﬁi’étcawﬁwhdst%a%aﬁecw {IPEPLES H8l a

[ R3NH| 2¢ BRiested With reedergenexfessucf methylaluminoxane (MAQINIEe, SOph Zr Me2
results i Eeninékssi Adwi.t Dreanonetat chemof 1988,hase $9) giagmra from the
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descr |"I)'%§‘a(?8r'ﬁ%%¥ﬂﬁﬂfen e§9s@%‘fﬁ31°PG§1l-ng 5 dimethylaniliniumsalts with
perfluorinated tetraphenyl borates.
The synthesis of “cation-like” metallocene polymerization
catalysts is described in J. Am. Chem. Soc. 1991, 113, 3623. In
this, alkyl abstraction from an alkyl-metallocene compound takes )

30 place by means of trispentafluorophenylborane, which is used in a
stoichiometric amount based on the metallocene.

EP-A-0 427 697 describes this synthetic principle and a
corresponding catalyst system comprising an uncharged metallocene

35 species (e.g. CpaZrMe;), a Lewis acid (e.g. B(CgFs5)3) and aluminum
alkyls. A process for preparing salts of the formula LMX* XA-
according to the above-described principle is described in EP-A-0
520 732.

40 EP-A-0 558 158 describes zwitterionic catalyst systems which are
prepared from dialkyl-metallocene compounds and salts of the
formula [R3NH]*[BPhy]-. The reaction of such a salt with, for
example, Cpy*ZrMe; results in protolysis with elimination of
methane to give a methyl-zirconocene cation as an intermediate.

45 This reacts via C-H activation to give the zwitterion
Cpz*2rt—(m=CgHy )-BPh3~. Here, the 2r atom is covalently bound to a



In addition to their activating effect, the borate salts have, due to
their 1i gﬁ?\%izgﬂﬂ 5& a great influence on the reaction equilibri Hm 555150%23
- bul ky ligands effectively prevent dinerization of the netall oceni

- fragments and thus shift the equilibriumto 10 the side of the
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amoni Usn tiealetrepe. s8Eivd viiby eof dured rebaltimg snaﬂajléocemmdm\puedeby t he
chem cal conpounds of the formula (1). The present invention accordingly

provi des fHJGBQE9g§nc”m&éieokoﬁﬂylé%égliwpeﬁgtéf¥¥ﬁ¥5k&BFgusﬁ Qte 732/00034
15 SEP 2b00411‘ 3 ent | ent _.ang are rogen
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C2- C10- al'@@n Pmﬁl‘tﬁwfaf"?ﬁa?%‘g&m@ meze} FRR HPpries ’6% a@ﬁ?’“&? FBSly,
Cl- C102hdnoaihey L ibomtGry- pil emnes which- mmmqmyblerb@moél k;tesu lyl,
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and R2 i s &hmsﬁiﬁwtmraﬁhé@mstwt gdsbpimiP niehertd i 18Rasepd
i nvention 301 PEOW 485 el OLESS 0 yQEER@I'leQ:hgs direct effects on
the productivities of the catalyst systems in respect of the
25 amount of metallocene and cocatalyst used. High costs and thus
only restricted commercial utilization are the consequence.

WO 99/64476 describes ionic catalyst systems which are activated
by means of a Lewis acid-base complex.
30
It is an object of the present invention to provide a salt-like
chemical compound which has the advantages of bulky ligands but
avoids the disadvantages of the known compounds of the ammonium
- salt type.
35
We have found that this object is achieved by the chemical
compounds of the formula (I). The present invention accordingly
provides compounds of the formula

40 (CgR15) 3MR? (1)

where

45



novel compounds of the formula (1), in which conpounds of heterocycles R2
cont ai ni ngrskgooo3g of main group | or Il of the Periodic Table af B/EF?
. Elements are firstly reacted with conmpounds of the formula (CGleS)b% alla
solvent to form conpounds of the 15 formul a [( C6R15) 3MR2] - which are
subsequent |y protonat ed by reactionwth a proton donor, where R1, M and
R2 are as gefl ne f or mul a@#@gg addition, the | nvent Il on provides
catal yst 8yst8H% ’c‘%ﬁﬁfﬁcgﬁ'n@r ent apd ARe &FanBnEY%WQ%‘ &5RPoudd (A
of a transitibaleogemiatom; Crdhp-dhkyloofeotindtasyls ha-fCapn@lkey,), if
desired an al ky—lcmeahmmd CR}Cakaaplelleyienic,ef Hadkplatyl por |V of the

Peri odi ct ;I'abb 23 PR1dhE ?L§1Oaﬁgloéikﬂe5|c{egl -ﬁhlbﬁf«?i gne support
conmpone S i nven ional |y provides a process
for theg Iyn%?llfa?fkoﬁ{ﬁf %Q iﬁﬁ/\ﬂ SJh 'a_catal yst, system accord| ng
to the pr¥sentSi?RSHEMGRtCH ﬁ§°HP FEh &t She 3?5% )&fﬂ blecof ctihound

(A of a translementsyeend, at | east one chenical 30 conpound of the

fornula (R}, i slemibsedtadedldylunsabpeitttddBhetbroaycrd ement of nain group
11 or 1V of the Periodic Table of the Elenents and, if desired, at | east

or® o0k SRS i, A13ECorRiodS BUCRRSE Sl B UBRESS S
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copol ynerPQ‘éﬁ}r cﬁ?mPl?Bnﬂf:c‘b# gy gg““t‘]‘n% rlas it WhH MPRUNEEePEr ence i s
gi ven to hetenanysdesoR? tmtﬁeﬂmgapl(qn)enrtﬁ ofi Bdin lgrovpedent M iof &bhani num
or boron, refiodiicc iTabbe oof ithel Elementpare diratly prafted edthiConpounds

preferredogr@@w&ﬂhwf é,,laespﬁmauad&gfeﬂw%of e6PH! Forigoundst B@ tadicals R
are, e?@ﬁﬂﬁg' cg 9“&291'10 Leen Nk 09&195 maa%egg 9&55 r fluorine

hI t d. 45
Ig;rtcl calr:'ﬂ"? THO% ¥iF dar%‘ifé’«glﬁﬂlf’gﬂ}gd’f%%gnﬁs' 0 nge e gnﬁ%n%'hl n

0732/ 0003ﬁ°m‘-‘1p?er(€[a\f-l uor ophenyl, 2,3, 4, 6-tetrafl uorophenyl,
2,3,5,6-tetrafl uorophenyl, 2,3, 5- trifluorophenyl 2,3, 6- trifluorophenyl

1, 3-di f | upk ey bn, Qhé3ihd%nt@bﬁa@fdﬁﬂaés4c3€§ éﬁ”ﬁ?ﬁtbmﬁrcéhprlsln
gofm guggts Q% ][ﬁtalhs%obﬁe of@atrmereaggyé gg&lggg% (ARAL£ tﬂﬁsﬁoé%ﬁ%ptwg
%é?’)dhogf &QE (ixd(fétcorﬁsﬂ?d ?%ealkry

charge erocyc ar e re erre sent

i nventi onc%W@q’l’Qt é?bc?/fclaéb elsPERY Of FPUPOIEI ¥t &F thRgRerigd
het er ocycTasleRPEpthe ckamentsonnd: nl%mi@sgp:edt vt Heeagto anensupiIRt pref err ed
het er oat otemporielne NC)r ogen atom Heterocycles which are preferred
accordppg to the present invention are pyrrolium indoliumor
' ”‘da20|'*ﬁg ﬁE@%@ﬁthﬂbéﬁ1ion additionally provides a process for the
polymerization of olefins, in which a catalyst system according
to the present invention comprising at least one organometallic
compound {A) of a transition metal, at least one chemical
30 compound of the formula (I), if desired an alkyl compound (B) of
an element of main group III or IV of the Periodic Table of the
Elements and, if desired, at least one support component (C) is
used. For the purposes of the present invention, polymerization
encompasses both homopolymerization and copolymerization.
35
According to the present invention, preference is given to
compounds of the formula (I) in which the element M is aluminum
or boron, of which boron is in turn particularly preferred.

40 In a preferred embodiment of the compounds of the formula (I),
the radicals R! are, independently of one another, halogen atoms,
in particular fluorine or chlorine, of which fluorine is in turn
particularly preferred.

45 Particularly preferred halogenated compounds of the formula (I)
contain



15 present in substituted or unsubstituted formin the conpounds of the
fornmul a (DF32/0003dpounds of the formula (1) which are preferred a§QFPdiMNY
to the present invention, the heterocycle R2 is unsubstituted or 20

- substituted by at |east one hal ogen atom Ci1-C20-al kyl, C6-Cl4-aryl,

Cl- C10- al koxy, C2-Cl10-al kenyl, C7-C2@ arylal kyl, C7-C20-al kyl aryl,

C6- Cl0-aryl o Cl- C20- hal aal kyl - Cl4- hal oar yl C2- C10- al kynyl or
C3- C20- al ?Pé#g;r eT‘Qf’p%ﬁt‘?’l'éuPé ?trafr éngEgF%lensubst ituted or
subst i t ut éd3 b3 Cretrafhyeyaprheayd, ?regh%FnétlH?F?Plﬁ?}"HJsopr opyl or

tert - but yR,3 5-GQliflapybphenilal dgéndifbmmxopbegyl,fl uori ne or chlorine,
preferabl g, 8| si08itetraRPudrfoemet RgLphenytiaidry preferably unsubstituted.

Cneri ol 509pPLABeoheilierd S AMLAYLIRLAN 35° PRI kaubal] y preferred

according fo the present 1nvention are: L um
tris(pentafluorophenyl)borate , pyrrolium

t ri s( hept &R| tRft SIPAPRERYS )Pothee formudba A Tjet Ahepheenqaymle generally
tri s( pent hés vorpgsiciye ) tharges, Heferdodyalmsopyrvnichumre preferred
tris(pent attowdinighesytid grtisent 3bnverdt ity ArbpPiet@tddyPles having 5- or
tris(hqgt gl éiﬁﬁé}'&plﬁ.ﬁ %) Weaﬁu‘étergcjélteesr h; %’fepﬁérbrlgl t8ftain one or
tris(pent gf t}grt(@).ephe% at e fexz_r -tertt- u o) rrtﬁ}ﬁl urrhf_

Lri o( hept BFF JITORERRERST ) 1 Braferten PetesBhbdm 15 g mafpogen atom.
tris(pentafl uorophenyl)borate, 2, 4-isopropyl pyrrolium

tri s(hept d¢temrayedght Wylglh@ret prefendred] Acoeriynpyra dheupresent
“tris(pent ghvemyiephapy | plaatadtien, SadoYivswoepyhid@izdlPum. These can be

tris(pggt e , g r 84,
1 (bt A A, o AN St s compovns o
tris(pent uoropheny Xborat e, 3,4-tert-butyl pyrrolium

tris(heptafluoronaphthyl)borate, 45 3, 4-isopropyl pyrrolium
tris(pent Tf| canroyndaye] ddeafermuda 4(3 )s syichyaps roxsifiegred according to
tri s( hept ehé yoreseaphiivdntionat ehe hetexiokykcpyrRDliisumnsubstituted or

tri s(peot sdbararopeanyy )donaker bhe Haidged088dml & -SER 4G94 ,5 _
3-methy| PYLIQLLA T C3 (0B RKHP] @;aeh,,t.mépgwt@ ~co2-dAanRyhy! pyrrolium
tris(pent §1 o_r%n [ oa_tFe,_ 3-Fertt ut Frolid !
tri s( hept GHETS SH#P@N gorar e?fylé’?‘?sog% ST B9y Ca-Cae-haloaryl,
tri s(pent@f1QaordP¥ENY PhdraCar-ikyLsddyl oyl gy PaFtifylarly preferably
tri s( heptensuhstdtuped ma subshitutedp by 6h+Cav-alkyl, e.g. methyl, ethyl,
tris(228, fsdpropyihexatdntovangphtdyHc) bodmile or Rlégen Whoms, e.qg.
tris(2, 4, bykorind- BexalldianenNaphé foral9r 8l forild) 2! isNWery particularly
tr!5(3’4Wé;%%é%aglgeéﬁ%%ﬂ#%&@ﬂ@@ﬁtraﬂibg Qitgom %pﬂd%obkug%e formula (I)
tris(2,3,4 56,7, 8-hexalluqionapht h rate gl rrohlum
Lris(2 3 i Ao RaIGRIP A R FRATFEG: AFEOTSIRG ) Fhif Present
tris(2,3,TEEI8PNRY&S | uor o- 4- net hyl napht hyl ) borate, pyrrolium
tris(23@,5,6,7, 8-hexafl uoro-3-methyl napht hyt) bor at e,

pyrrolium tris(pentafluorophenyl)borate,

pyrrolium tris(heptafluoronaphthyl)borate,

2,4-methylpyrrolium tris(pentafluorophenyl)borate,

2,4-fluoropyrrolium tris(pentafluorophenyl)borate,

35 2,4-methylpyrrolium tris(heptafluoronaphthyl}borate,
2,4-tert-butylpyrrolium tris{pentafluorophenyl)borate,
2,4-tert-butylpyrrolium tris(heptafluoronaphthyl)borate,
2,4-isopropylpyrrolium tris(pentafluorophenyl)borate,

4-isopropylpyrrolium tris(heptafluoronaphthyl)borate,
4-methylpyrrolium tris(pentafluorophenyl)borate,
r4-fluoropyrrolium tris(pentafluorophenyl)borate,
-methylpyrrolium tris{heptafluoronaphthyl)borate,

2
40 3
3
3,4
3,4-tert-butylpyrrolium tris{pentafluorophenyl)borate,
3
3
3
2

r
r
r

r4-tert-butylpyrrolium tris(heptafluoronaphthyl)borate,
45 3,4-isopropylpyrrolium tris{pentafluorophenyl)borate,
4-isopropylpyrrolium tris(heptafluoronaphthyl)borate,

-methylpyrrolium tris(pentafluocrophenyl)borate,

r



pyrroliumtris(3,4,5,6,7,8-hexafl uoro-2-nethyl napht hyl ) borate, pyrrolium
tris(2,3, xaf | uor o- 5- net hyl napht hyl ) borate, 15 pyrroliu
tris(2,3,4 ﬁ ,tgq:ﬂ@xafl uor o- 6- net hyl napht hyl ) borate, pyrrolium rq 5 SEP 2004
- tris(nonaflu o r obi phenyl )borate, pyrrolium
tris(2,2',3,3,5,5,6,6"-octafl uorob_phenyl)borate, pyrrolium
tris(3,3,4,4',5,5,6,6' -octaf| uorobfphenyl )borate, pyrrolium
tris(2, 2 3-mexhyEpBrreligm sxisl hepkaflinonensplslaberase; pyrrol i um
tris(2,2'2-2edt-Budylmntoldamatt ispEntalituytoptemytld boratey rol i um
tris(2, 2 3-‘?te§t-ﬂuﬂyl zEralqeaha&w(r@yﬂaheﬂafamwa;bayaf@J ium
tris(2, 2 23 %Prgp 1p 1?191t @%{Lg + lﬁaq{ﬁt)%or yrroI I um
tris(3, 33 -,0cta 0| en ad_g} bgé{rollum
tris(2,2 —&s&:prgpglp%fréa Aym EF 1, ) Pyrrolium
tris(2, 2'PYFrelivnitrs @ 3068t éf?ﬁ%fiuomﬂﬁhqﬂ@h@ﬁﬁ'ﬁor ate,
pyrrol i urpyrriod (dm2tr ik (21,44 54 &, B, S-heowtfdhbronapiihyl)berave bi phenyl ) bor at e,
pyrroliurg otlatﬁ(erfs (33435, 8, 9, 8 theXafQGb 260Nt )S&rbt@henyl ) borate,

pyrroli u:ﬁy&r g"’ tr% ,3545 ’% @-he%tfi{l{)f@r{agﬂg’h 1)Bb I ) bor at e,

I t t )b t 35
AR LN e it o °§ﬁ§mﬁ°rmhy1¢ *f”%m) e
tris(2,3BIEolaunatrifiZofhéndt ] Hirheraflupterdnmefhylnaphthyl)borate,

tris(2, 3,frroilfibmorojheny, bhor ai & heppfivbrerd-methylnaphthyl)borate,
tris( 2,3, ol i bk ot P e\, 5h 61 2f 8- he@uEN 0bF LB -methylnaphthyl )borate,
tri S( 1,3- go;”&ﬁﬂ (2, gorqagfe% g) eerIf;? 4%-—methylnaphthy1)borate,

4
HEEH At il et SR ey orace,

é‘ﬁy
tri s(4 ERYFS Ry 1 oM 3t i sy nopaf AReTRR e, pyrrolium
tris(3- nwrmylﬁfnéttﬂ-ﬁlt:@t'r:afﬁUo'i,cﬁghénﬂ-)Qﬂiraftleioropyphwarl}rhorate.
tri s(2- myiya@syiom 4 6-3,6t T, af & U, Gohéeng t Jdsraflaocrobipheny Y )dorake,
tris(2,6- rf:bm%ﬂ &i@(tzhw‘ph?my's) 3or, atef-&Ué%%QaﬂlﬁheM)m&law

tI‘IS( Ipeyl arate,_

tris 22 oro-%i?(tzﬁi g 3:1 ﬁ@or'%fg ﬁ%g%%}% 8531 hen )Egrageés of the
present |3¥\?§ﬁ ket ?W (S ép éwff’glpt[‘?ﬁy Ef8HEs of main
group | cHYrF'Plé)‘Pmt"H@sli@rflzod?c3 r'I5ab"| eGV\hl‘cq’F"a’rféuﬁe iphenyl)boarss) y

l'i thi um pywctoliimm potisdSi, 3, 4 ahtl/ 5015 ‘gl estataf 18okobiplenyi )biorate, sui t abl e
for use iﬂr&belumrm@(a af , 4 e JB,53¢8 6 I dddfilabrabepheny lDdorhed] ar ,
hydro? ethers. Particul arl y pref erred solvents are et hers such
as 10 th h n HE d .

Pr ot on doﬁc’)' V\% e‘%%&(% -ljl)-e uggd Jaz:(\:{%or |ng SS th'gtgﬁiﬁeéﬁgnvlﬁven |o'n are,

in parti Q¥FEPII¥Mor ganic or organl c acids, preferabl y inorganic acids, in

partICLﬂzﬂflﬂC? ahP HZsdud’ . *~octafluoro-6,6-methylbiphenyljborate,
pyrrolium
30 tris(2,2',3,3°,5,5’,6,6'-octafluoro-4,4'-biphenyl)borate,
pyrrolium
tris(3,3',4,4',5,5’,6,6’~octafluoro-2,2‘-biphenyl)borate,
pyrrolium

tris{2,2’,4,4*,5,5/,6,6'-cctafluoro-3,3‘~-biphenyl)borate,
35 pyrrolium tris(2,3,4,6-tetrafluorophenyl)borate,
pyrrolium tris(2,3,5,6-tetrafluorophenyl)borate,
pyrrolium tris(2,3,5-trifluorophenyl)borate, pyrrolium
tris(2,3,6-trifluorophenyl)borate, pyrrolium
tris(1l,3-difluorophenyl)borate, pyrrolium
40 tris(2,3,5,6-tetrafluoro-4-methylphenyl)borate,
pyrrolium tris(2,3,4,6-tetrafluoro-5-methylphenyl)borate,
pyrrolium tris(4-methoxy-2,3,5,6-tetrafluorophenyl)borate,
pyrrolium tris(3-methoxy-2,4,5,6-tetrafluorophenyl)borate,
pyrrolium tris(2-methoxy-3,4,5,6-tetrafluorophenyl)borate,
45 pyrrolium tris(2,6-difluoro-3-methylphenyl)borate,



15 In the catal yst systens of the present invention, the organonetallic
transiti oR@73&¢ #/0034npounds (A) used are, for exanple, netall oce?%
- conpounds. These can be, for exanple, bridged or unbridged SEP 2004
- bi scycl opent adi enyl conpl exes as are described, for exanple, in EP-A-0
129 368, EP-A-0 561 479, EP-A-0 20 54 304 and EP-A-0 576 970. Al so

sui tabl e fro ﬁg?@egt&qlwb § lﬁg}g} ﬁP Flb&sa ri dged N
o oy e B e e el 10 oo e

for exanple, in EP-A-0 632 063. Further 25 suitable organonetallic
corrpoundsI@Agheaaa:messgaﬁctmmsemMVémmhydqua&hﬁgeshas descri bed,
for exaspbémpdundsP-(43) €59 eZL%%ren%Bdoﬁ ﬂidﬁﬁ §Eb§téf yredst ehé aﬂ;%p_{dalr&denes
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as are described, for example, in EP-A-0 632 063. Further
25 suitable organometallic compounds (A) are a-ligand-substituted
tetrahydropentalenes as described, for example, in EP-A-0 659 758
and n-ligand-substituted tetrahydroindenes as described, for
example, in EP-A-0 661 300. It is also possible to use
organometallic compounds in which the complexing ligand contains
30 no cyclopentadienyl radicals. Examples of such compounds are
diamine complexes of elements of transition groups III and IV of
the Periodic Table of the Elements, as are described, for
example, in D.H. McConville, et al, Macromolecules, 1996, 29,
5241 and D.H. McConville, et al, J. Am. Chem. Soc., 1996, 118,
35 10008. In addition, it is possible to use diimine complexes of
elements of transition group VIII of the Periodic Table of the
Elements (e.g. Ni2* or Pd2+ complexes), as are described in
Brookhart et al, J. Am. Chem. Soc. 1995, 117, 6414 and Brookhart
et al, J. Am. Chem. Soc., 1996, 118, 267. Use can also be made of
40 2,6-bis(imino)pyridyl complexes of elements of transition group
VIII of the Periodic Table of the Elements (e.g. Co2* or Fe2+
complexes), as are described in Brookhart et al, J. Am. Chem.
Soc. 1998, 120, 4049 and Gibson et al, Chem. Commun. 1998, 849.
Furthermore, it is possible to use metallocene complexes whose
45 complexing ligand contains heterocycles. Examples of such
compounds are described in WO 98/22486.



R10 are identical or different and are each a hydrogen atomor Si(R12)3,
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Cl- C30 group, preferably Cl-C25 such as nethyl, 45 ethyl,

tert-butyl, cyclohexyl or octyl, - C25-al kenyl, C3-C15-al kyl al kenyl ,

C6- C24-aryl, C5-C24-heteroaryl, - C49- al kyl het eroaryl,

C5- C24- aryl heteroaryl, 0732/00034%15 SEP 2004 8 C7-C30-aryl al kyl,

C7- C34asl kyl aryl, fluorinated C,-C25-al kyl, fluorinated C6-C24-aryl,
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30 C7-Cip-arylalkyl, C;-Cig-alkylaryl, fluorinated C;-Cys-alkyl,
fluorinated Cg-Cyg-aryl, fluorinated C;-Czp-arylalkyl,
fluorinated C;-Czp-alkylaryl or C;-Cj;;-alkoxy, or two or more
radicals R0 may be joined to one another in such a way that
the radicals RI? and the atoms of the cyclopentadienyl ring

35 which connect them form a C;-Cz4 ring system which may in turn
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R1l are identical or different and are each a hydrogen atom or

Si(R12)3;, where R!2 are identical or different and are each a

40 hydrogen atom or a C;-~C4¢ group, preferably C;-Cip-alkyl,
C1-Cjo~fluoroalkyl, C;-Cjp-alkoxy, Cg-Cjiq-aryl,
Ce~Cyio-fluoroaryl, Ce-Cjg-aryloxy, C»-Cip-alkenyl,
Cy-Cyp-arylalkyl, C;~Cyp-alkylaryl or Cg-Cyp-arylalkenyl, or
R11 is a C;-C3p group, preferably C;-Czs-alkyl such as methyl,

45 ethyl, tert-butyl, cyclohexyl or octyl, Cy~Cis-alkenyl,
C3-Cys~alkylalkenyl, Cg-Cyg-aryl, Cs-Cays-heteroaryl,
Cs-Cz4-alkylheteroaryl, Cs-C;y-arylheterocaryl,
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Examples of Z are M2R13R14 groups, where M? is carbon, silicon,
germanium, boron or tin and R!3 and R!4 are identical or different

30 and are each a C;-Czg-hydrocarbon-containing group such as
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bridge. It is also possible for Z together with one or more
radicals R and/or R!! to form a monocyclic or polycyclic ring
system.

40
Preference is given to chiral bridged metallocene compounds of
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in particular by C;-Cjp-alkyl or Cg-Cap-aryl, where two or more
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10 zi r cordimethy tniorandam,
di net hy| dimenbddlyi re@yebhy| 2-4nethirli-er{ 4 butedtpbanyt pheranyingengt §coni um
di chl ori dgrcodinRtdddnibk-aaedi yl bi s(2- n-propyl - 4- phenyl )i ndenyl ) zi rconi um
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30 zirconium dichloride,
dimethylsilanediylbis(2-methyl-4-(4’-n-propylphenyl)indenyl)-
zirconium dichloride,
dimethylsilanediylbis({2-methyl-4-(4‘-n-butylphenyl)indenyl)-
zirconium dichloride,
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dimethylsilanediylbis(2-ethyl-4-(4°-methylphenyl)indenyl}-
zirconium dichloride,
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zirconium dichloride,

45 dimethylsilanediylbis(2-ethyl-4-(4‘'-n-propylphenyl)indenyl)-
zirconium dichloride,
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chl or i dgfmét&%ggépégf%%}ﬁ%r i‘%{‘}éﬁé%iﬁ?f'ﬁ‘w%{‘r‘% rd‘rgﬁﬁg‘%‘%’rlﬂdény ) -

r coni unFF CHm gachloride,

met hy| sAimstdleinpaedinkhis (240 cRHoRpslml-i 4 énle3y Inhemyll) indeényld yconi um

chl ori dejrcafiimet Byeblomadedi yl bi s(2- hexyl - 4- (41- n- propyl phenyl )i ndenyl ) -
rC0nQBnaihéHHylkﬁdﬁnediylbis(2-n-propy1—4-(4'—c¥Flohexy1phen l)indenyl)-
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30 zirconium dichloride,
dimethylsilanediylbis(2-n-butyl-4-phenyl)indenyl)zirconium
dichloride,
dimethylsilanediylbis(2-n-butyl-4-(4‘-methylphenyl)indenyl)-
2irconium dichloride,

35 dimethylsilanediylbis(2-n-butyl-4-(4’'-ethylphenyl)indenyl)-
zirconium dichloride,
dimethylsilanediylbis(2-n-butyl-4-(4’-n-propylphenyl)indenyl)-
zirconium dichloride,
dimethylsilanediylbis(2-n-butyl-4-(4’-isopropylphenyl)indenyl)-

40 zirconium dichloride,
dimethylsilanediylbis(2-n-butyl-4-(4’-n-butylphenyl)indenyl}-
zirconium dichloride,
dimethylsilanediylbis{2-n-butyl~4-(4’-hexylphenyl)indenyl)-
zirconium dichloride,

45 dimethylsilanediylbis(2-n-butyl-4-(4’-cyclohexylphenyl)indenyl)-
zirconium dichloride,

-n-propyl-4-(4’'-tert-butylphenyl}indenyl)-
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i dimethylgermanediylbis(2-ethyl-4-(4‘-tert-butylphenyl)indenyl)-
zirconium dichloride,
dimethylgermanediylbis(2-ethyl~4-(4’~-tert-butylphenyl)indenyl)-
hafnium dichleride,

35 dimethylgermanediylbis(2-propyl-4-(4‘'-tert-butylphenyl)indenyl)-
titanium dichloride,
dimethylgermanediylbis(2-methyl-4-(4’-tert-butylphenyl}indenyl)-
zirconium dichloride,
ethylidenebis({2-ethyl-4-phenyl)indenyl)zirconium dichloride,

40 ethylidenebis(2-ethyl-4-(4'-tert-butylphenyl)indenyl)zirconium
dichloride,
ethylidenebis(2-n-propyl-4-(4’-tert-butylphenyl)indenyl)-~
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45 dichloride,
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di chl orid ﬁe#]f nn%ltlgﬁégil ks ﬁb é‘ﬁt’é e'ﬂ e‘l’é’?ﬁ’@ﬁﬁﬂ? ndenyl ) -
zirconi umz(}FEHPb’ﬂ’F chloride,

di net hyl s|dlmﬁéUY§f$-’(1@JWé‘tlﬁr}K2@%&6’@eﬁtahé¢e§!(@mhy2+mdﬁmﬂli)udeﬁgl y+rconi um
di chl orzddeirconium dichloride,

di et hyl wdmeeﬂyyéﬂ?axéﬂdym NylaidrenPeil @l SNt 418RE Y3 IRASPY k-

zi rconi um

1um dlch
o ot ! SEESHElY ﬁ‘d‘% G exgrest Aleh s deL s
di met hyl S|dle&i‘iéb?§f‘fc(°2‘1h’ﬁ‘t ﬁi‘/?hlﬁr&ﬁ&pent al ene) (i ndenyl ) zi rconi um dichlori de,
di met hya% dimebhly 16 {1anedi iy | 2-Sethypet axammtiELledeny? yuethydrindeany i <hl or i de.
di net hyl sizligaesiys (Actbhyde 6- azapent al ene) (i ndenyl ) zi rconi um 40

d'Chlor'd@amet lsilanedi -methyl- -oxapentalene)(Z-meth lindenyl)-
gl nﬁf hyl si g_ggg B (d%c‘fﬁ&ﬁi'll N-phényl - 4- azapent al ene) (1 ndenyl ) -~ zi r coni um
i c

di net hyI stFﬂﬁ‘élEf 1ailangdiny | 210sitXhy f-2xapaptadear L e e tiydipaeay i coni um

dlchlc”qqdéqugplum dlchlorlde,
di net hyl sidimethirldidanedipdi 2 N-dirayhy5-acaqppenabbensd | § 23theniy) inddnydgri um
di chl ori deir&dPin®@i3Aloride,
dimethylsilanediyl(2,5-dimethyl~6-oxapentalene) (2-methylindenyl)-
zirconium dichloride,
35 dimethylsilanediyl(2-methyl-4-azapentalene) (indenyl)zirconium
dichloride,
dimethylsilanediyl(2-methyl-5-azapentalene) (indenyl)zirconium
dichloride,
dimethylsilanediyl(2-methyl-6-azapentalene) (indenyl)zirconium
40 dichloride,
dimethylsilanediyl(2-methyl-N-phenyl-4-azapentalene) (indenyl)-
zirconium dichloride,
dimethylsilanediyl{2-methyl-N-phenyl-5-azapentalene)(indenyl)-
zirconium dichloride,
45 dimethylsilanediyl(2-methyl-N-phenyl-6-azapentalene) (indenyl)-
zirconium dichloride,
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di net hyl si0732¢@0P3@2, 5- di net hyl - 4- azapent al ene) (i ndenyl )- zirconiu
- dichloride, dinethylsilanediyl (2,5-dinmethyl-6-azapental ene) (i nden5/nI5)S-F-P 2004
~zirconiumdichloride, 5
di met hyl si | anedi yI (2, 5-di met hyl - N-phggyl - 4- azapent al ene) - (i ndenyl)

Zirconiun1 diyl -dimet apentalen indeny.l
g: ?Et)mlljfr:zd?g%‘ ’%mi éif{ez:nyl i\ Hgny? “F zapen?aﬂeﬁ'& - €’| ﬂaenyl )
di thyIsﬂllaﬂ'ebﬁ'lﬂl(lmwil(2:@1@”@r§ém1aﬁﬁﬁp(eﬂ1ﬁdéﬁ9¢»(ziindg@mlum 10

diChloride;rconlum dichloride,

di met hylssighaaery ydﬂ%n@as{ay&z %Jcmr@@ﬁ ?@n@l 109E8Y4 defit-0 @Ry
dichlorid %élm %I%h -thiapentalene) (i ndényl ) zi rconi um
dichlorid d’ | aned’ﬁ% ? [ rret fll)‘{l -4-t hi apent al ene) (i ndenyl) -
zi rconi u (2 5-d yI-N-phenyl-é-azapentalene)-
di met hyl sﬂ%ﬂ%’éﬂlﬁlz(lz,csnmml%lﬂmapent al ene) (i ndenyl )- zirconium
di chl ori ddimetinglsilaneldap:ol ynethylet hyhiapemntapens p{ Bitenyilndenyon zin coni um
50 d{ﬁhPDthﬁlorlde . (g

i met hyl siy 5 ent e‘gg)l ni_LWm
di chl ori d ’j‘ %sgﬁgﬂy{ji 5’!"?‘3’% Fhé:l -oxgpen%]g{ ene %9' é’ﬁff ™ coni um
dlchlorld thyIS|Ianed|yI(2 5 di net hyl - 4- oxapent al ene) (i ndenyl) -
Z,rCO”,unﬂamg?hxﬁqy&@nedlylt2—methy1 6~th1apenta ene) (indenyl)zirconium
di et hyl sdliembuiiide 2, 5- di net hyl - 6- oxapent al ene) (i ndenyl )- zirconi um

di chl onisd@imethylsilanediyl{2,5~dimethyl-4-thiapentalene) ilnden l)-
di met hyl s Lg{:@i@ﬂ §§c i% 4- azapent al ene) ( 2- et hyl - 4- phenyl -

I ndenyl Z|rco

di met Kyl) s! i‘%‘ﬁg}ftﬂ;ﬁ ﬁ%ﬂ%/ - IRSERY by S eBe Rk iRne ) A 1BASAYE L~ i ndeny!)
zi r coni unf&FEMigm gachloride,

di net hyl sdmmlyﬁll(lanﬁ@im?—-@leabaibeﬁ-ttwm):élenel {irdedyphenyteniumenyl )
zi r conkomisicleldrdidede, 35

di et hyl samé\gq,imllﬁanaamydz.h&eeh?myi =S ARARBTERS PR TR L Ve arfrum

phenyl i nd conl um d| chlorid

ghgﬁ;PYLz anq12¥&é8ﬂ$%hﬁ ngpygyé-oxé%%% agéggf¥yihg%yg?;1¥gééiﬁm
di net hyl s -'F iidr¢ 2- net hyI N- phenyl - 6- azapent al ene) (2- net hyl -4 40

phenyl Rhdéinetiyilisddaneddyli (¢hSedinethyl-4-oxapentalene) (indenyl)-

di met hyl szierediup 2cbiskiwet,hyl - 4- azapent al ene) (2-net hyl - 4- phenyl i ndenyl)

zi rconi U”&lﬁh Ehﬁ!@ned 1(2,5-dimethyl-6- tal
di met-hyl s} q1 y 1@ hyl - 76 azyapenfglag%%)a( fne)(ﬁn?elzly phenyl I ndenyl)

zirconiu

i met h %m‘iw an%dm{erwgw& HarpPeRt alennli2ahg by} A-phenyl-

met hyl Q-iﬂﬁﬁﬂﬂlﬁﬁaﬁﬁ9¢3gﬂldé§ 8rieR chl ori de,
dimethylsilanediyl(2-methyl-5-azapentalene)(2-methyl-4-phenyl-

indenyl)zirconium dichloride,
dimethylsilanediyl(2-methyl-6-azapentalene) (2-methyl-4-phenyl-
indenyl)zirconium dichloride,

35 dimethylsilanediyl(2-methyl-N-phenyl-4-azapentalene)(2-methyl-4-
phenylindenyl)zirconium dichloride,
dimethylsilanediyl(2-methyl-N-phenyl-5-azapentalene)(2-methyl-4-
phenylindenyl)zirconium dichloride,
dimethylsilanediyl(2-methyl-N-phenyl-6-azapentalene) (2-methyl-4-

40 phenylindenyl)zirconium dichloride,
dimethylsilanediyl(2,5-dimethyl-4~azapentalene) (2-methyl-4-
phenylindenyl)zirconium dichloride,
dimethylsilanediyl(2,5-dimethyl-6-azapentalene) (2-methyl-4-
phenylindenyl)zirconium dichloride,

45 dimethylsilanediyl(2,5-dimethyl-N-phenyl-4-azapentalene)(2-
methyl-4-phenylindenyl)zirconium dichloride,



0732/ 00034 15 SEP 2004 30
di net hyl so732<@MOM3@2, 5- di net hyl - N- phenyl - 6- azapent al ene) ( 2- 15 SEP 2004
- et hyl - 4- phenyl i ndenyl ) zi rconi um di chl ori de,
-dinethylsiIanediyl(2-nethy|-4-thiapenta|ene)(2-nethy|-4-pheny|-
I ndenyl ) zirconiumdichloride, 5
di met hyl si.l anedi a al ene hen
i ndenyi )ZI ﬁ%ﬁn%]ys%.%n%ﬁ ¥L‘%’EB Eﬁ .II.-N-pque)n(y% EIE nta ene (2—
di met hyl swalﬁnéhﬂnp(h?nwé%mnﬂ)ﬂwssewm@nrér)l@pﬁet hyI 4- phenyl -
i ndenyl ) ziinerhyiaidiagetidyl g2 methyl-4-thiapentalene) (2-methyl-4-phenyl-
di met hyl sihaaesl ydif2ohith n@idilorddehi apent al ene) (2- net hyl -4- 10

phenyl i gd I | B b ) ) )
dlnethyFa?ﬂmge 1é¥lﬁhﬂal Fﬂ‘d@% g algkigPeqﬁg%gy?ﬁ(Z m tqyl =4~phenyl

phenyllndéﬁ .ﬁ%% n|uﬁ¥%

di met hyl sf QHﬁE%Y%Nzﬂ?eékﬁbeﬁt%h¥ﬂﬂ§PGélﬁﬁ?h&?-mﬁiﬁﬁén9fphenyl-
i ndenyl)znn@snﬂlmﬂhﬂpehium|dﬁ£h1951de.

di net hyl saimewdingilaneei ¥y 2, S5-aiageny Bl £ndligeith lete A 2RheoN)1-4-

i ndenyl bzbﬁ&mlwaeﬂgi o PfddBum dichlor

di et hyl s} JIEnCT dll)g g ”&1 t'w&, 8){%‘9%5“]?:[69@%).22- rret{ué/ P | -

i ndenyl ) 2P FSoRRdR penta e)( el yl-4-

di met hyl sP¥ %mgél 2 B2 IRSRASR dichlorideval ene) (2- met hyl - 4- 20
phenyl i nd@met)lmlrse ARe® YH (Zrethyd-4-oxapentalene) (2-methyl- 4-pheny1-
di met hyl sindergdi)pliflobium reEichibrbdexapent al ene) (2- met hyl -

phenyl h§d@iid drai1s6 2Bhekd ywhi GRet hHe. 5 1 - - -
i met by s} LA L CCo el T gaeenfé‘ Ehe) (2 et by ‘“‘*“‘%1 4-phenyl
benzoi nden) 00|tg&& Xg on %

di met hyl s 5"-'55 TONBRET pLeRR) (Rrimerhgl-4-phenyl-

ben20|nde%54%Q¥1ﬂ66ﬁF€Pﬂ4ﬂ<ﬂ4FBiP
di met hy| adinertdyilphl @nexbiiy(2, 6- éxmgthukﬂ4ene)péntaidnﬂ)14rﬁethy1 4-
benzoi nolegmdn)yzlimaenwmﬁidaﬂhami dEchloride,

di met hyl sai@Regh¥h{ ZndBiyly 14.saa§9s@ﬂ@ah%@)((% RELI 43
4,5-b d

dlnetﬁgfgyﬂgﬁaékbﬁiﬁf &%%blkﬁ Orl % 985 a pent al ene) (2 met hy! -
4, 5- benzdi ResHitthbeome H—:ﬂor@zapen alene) (2-methyl-d,5-

dinethylS#QQ%Qééﬁ9nrél?RQQQFPum¢@#RhﬂﬂrlseazapentaIene)(2 met hyl -

4, 5- be?& climéehyl$ 21 araiiiyli2dinetitylr5¢@zapéntalene) (2-methyl-4,5-

gl met hygmedﬂdhfﬁ)ﬁz@bﬁ%ﬁﬁ%:&l&aaent al ene) (2- et hyl - 4, 5-
enzoin Ay i 6 PIUAHE -6

- di met hyl sge g §h¥ 12’251:%;%? hyrg% aszgétaa ?% %lneerﬁe)éz EW 4

benzoi nden
di net h |§11%s 5 anesliyl (RSN -FnehePY k- 4razsPansnterg  (2-Dethyl-

met hyl 3% 455b§ﬁ26¢$f5191m1))2i¥€mmnddpbhbmdeje

di et hyl si:hnahbyllqilaﬂw,&ﬂ-lgilnﬁ%ﬂnﬂhﬂ-phpnyhyﬁ-mgahahmX(Q'-methyl-

met hyl - 4,45 5sheagob1vtrmph ) 2i f 6sHiunMadcshbp1ddle,

di met hyl %ﬁn@@ﬁ?ié’if&eﬁg BY%—Iﬁ"etth?laRe L%W@—(ﬁ%aggLDXi.ené) (Z-methyl—

ben20|nd%n¥ rcq?%yg% ) E

di met hyl si'Fa f ? ?Pﬁﬁﬂ g6 %%ﬁ%ﬂﬁﬂ -net hyl - 4, 5-

1methy1511aned1yl 5-dimethyl- -azapentalene)(2—methyl-4 5-

ben201ndeny1)21rcon1um dichloride,
dimethylsilanediyl(2,5-dimethyl-6-azapentalene) (2-methyl-4,5-
benzoindenyl)zirconium dichloride,
dimethylsilanediyl(2,5~dimethyl-N-phenyl-4-azapentalene)(2-

40 methyl-4,5-benzoindenyl)zirconium dichlorice,
dimethylsilanediyl(2,5-dimethyl-N-phenyl-6-azapentalene)(2-
methyl-4,5-benzoindenyl)zirconium dichloride,
dimethylsilanediyl(2-methyl-4-thiapentalene) (2-methyl-4,5-
benzoindenyl)zirconium dichloride,

45 dimethylsilanediyl{2-methyl-5-thiapentalene) (2-methyl-4,5-
benzoindenyl)zirconium dichloride,
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di met hyl si @4Q3%- et hyl - 6- t hi apent al ene) (2- net hyl - 4, 5-
- benzoi ndenyl ) zi rconi um di chl ori de, 15 SEP 2004
- di met hyl si | anedi yl (2, 5-di et hyl - 4-t hi apent al ene) ( 2- net hyl -4, 5-
benzoi ndenyl ) zi rconi um di chl ori de, 5331

di met hy! sla,@@g#y;{faédgﬁg% D eifin! B 2RENE AL AlYRHed  TBhLMly a5 -

benzoi nde onl
di met hyl si ﬁétrﬁ P“&’“ REdf€ne) (2- met hyl - 4, 5- benzo-
Indenyl)2| ¥ﬁngq5y €& 5- d1methy1-4-th1apentalene)(2-methyl 4,5-

di net byl s!ﬁeanegin@ér(.ﬂr)rmthyhlﬁncﬂaaqhdntaaene)(2 nmet hyl - 4, 5- benzo- 10
i ndenyl )szigimethyre iliatlelde k1 (2, 5-dimethyl-6-thia fentalene)( 2-methyl-4,5-

Id'nggtn %;:ﬂregasﬂmr( )E&&Eas uﬁn RAneBLabene) (
net hyl anl‘é‘%gic’ﬁ’ﬁﬁ ngda;y TﬂﬂthA’ loﬁaﬁﬁﬁ?%té’f}@“@il?re‘f'm}’%% 5-benzo-

di

benzoi nded{Af3Y1

di

met hyl - benzo-

comibmcRigtiardders
met hyl sidimethlyldil2ngddy bt +methileSaprapaitalene? { pahdyHy14455-benzo-

benzoi e AyibgAy 1 paiice dinCdd i de,

di
di
di
di
di
di
di
di

di
di
di
di
di
di
di
di
di

30 dlchlosﬁﬂg

di met hyl sighag Jy_J,lbIa% a" (S%ﬁﬁ}et%yﬁzepg %rg%g.))e Q%égﬂﬂ%c %’Il’%fl de,

met hyl 5'1}18&? DI 7 zapent oni um
met hyl si lbcg imﬁe :H%j.l apent al ene) zi rconl um di chI oride,
met hy| sFP’&ﬁE%N idaaediyktind-dimshbyit4 Ruepeptalenen-metdyhr 4nd-

chl ori dbenzgindenyl)zirconium dichloride,

met hylss umaewmmlaaeampmwad&nabwylefoﬁq:ﬁaeamh@m)-ﬁertwmw g -

ﬁg{ﬁ;:gBen201ndengl)zlrcon1um dichlori azape t al ene) zi r.coni um
metlh F‘ T‘gﬁ;?ﬁ F’E{w Oaz ERYF IR SANFERPAPBNe) Zi r coni um

chlorid
met hyl sﬁm%@wlyﬁllﬂF§F91151Qﬂsrfé’rﬁ§thﬁl-afz-eq3@@?ateh@)%mcnnumm di chl ori de,
met hyelsdiembaliigebi s( 2, 5- di net hyl - N- phenyl - 4- azapent al ene) - zirconi um

chl ori deimé¥hylsilanediylbis{2-methyl-6-azapentalene)zirconium _
met hyl sii anediigebi s(2 5-di et hyl - N- phenyl - 6- azapent al ene) - zirconium

chlorid d| I bi ental ene) zj rconi um

chl ori dSi‘“"'tﬂh;ﬁ%‘E Pg‘h’r ei ¥ 'B‘F‘g’éé":%ﬁ%i“y Ao ‘ﬁ ﬁ% Eﬂ%g%’jﬁ%ﬁ“ﬂ‘m 40

chl ori d&% h]cﬂ hyl si | anedl yI bi s(2- et hyl - 6-t hi apent aI ene) zi rconi um

chl oPﬁd@lme'%i'i}’#éﬂ-F1§Pg¢4lélr¥é(§|(9m¢§(121-5¢-®hnerby$ ~azapenapéate) znmaniiuaoni um

chl ori déjchloride,
dimethylsilanediylbis(2-methyl-N-phenyl-6-azapentalene)zirconium
dichloride,
dimethylsilanediylbis(2,5~dimethyl-4-azapentalene)zirconium

30 dichloride, -
dimethylsilanediylbis(2,5-dimethyl-6-azapentalene)zirconium
dichloride,
dimethylsilanediylbis(2,5-dimethyl-N-phenyl-4-azapentalene)-
zirconium dichloride,

35 dimethylsilanediylbis(2,5-dimethyl-N-phenyl-6-azapentalene)-
zirconium dichloride,
dimethylsilanediylbis(2-methyl-4-thiapentalene)zirconium
dichloride,
dimethylsilanediylbis(2-methyl-5-thiapentalene)zirconium

40 dichloride,
dimethylsilanediylbis(2-methyl-6-thiapentalene)zirconium
dichloride,
dimethylsilanediylbis(2,5-dimethyl-4-thiapentalene)zirconium
dichloride,

45 dimethylsilanediylbis(2,5-dimethyl-6-thiapentalene)zirconium
dichloride,



45 dineth |SI%§p€g yl bi s( 2, 5-di net hyl - 6-t hi apent al ene) zi r coni um
dichlorid $34 15 SEP 2004 32

- di et hyl si | anedi yl bi s(2- et hyl - 4- oxapent al ene) zi r coni um di chl ori g SEPSZUM
-di et hyl si | anedi yl bi s(2- et hyl - 5- oxapent al ene) zi rconi um  di chl ori

di met hyl si | anedi yl bi s(2- met hyl - 6- oxa@@nt al ene) zi r coni um di chl ori de,

di met hyl si dladmhwb Rl &ed 5101 8D rﬂétrﬂrla&asﬁa%aﬁ%n@ )28 PBbH fim
di chl ori deg Cf(y t Ryl si | anedi yl bi s(2,75- di met oxapent al ene) zi rconi um

10 dichl or t IIocenes whi ch .can be used

accor di ng 416" ?Hgsbiﬁ%%%agﬁeﬁﬂ‘wﬁ g ~PREPFREAGNGIEAESOPHIMN ch t he

zi rconi umd Ffé €+:"-zirconiumdichloride" is replaced by zirconium
nmonochl oF |dime|tbm®$21meﬁ1ﬁlbns{bungdlmleﬁenxdpéntameaizﬁ.coahnm nonochl ori de
mono( 2, 6- didnabkibe} ¥yl phenoxi de), zi rconi um nonochl ori de

nono( 3, 5- 'lﬂg§5§%991%3§§¥?1 gg?)B ~dinkth 9”&Lﬁﬁ%ﬁ%ﬁﬁ&iggézgficonium

nono( 2, 6- d‘*’ﬁi‘ﬁc ZII’CO I um no
nono( 2, 4- g Renoxi de zi rconi um nonochl ori de

nmono( 2, 3- di%ﬂ:hylﬁh%@ﬂﬁéldé is (2(hAimeshy Lné ra¥aRemteArne) zirconium
nmono( 2, B0 dimbillbyligéenoxi de), zirconi um nonochl ori de

nono( 2, 6- GuFkhBy| @X@itLesde)r, me¥d I16R@NEE WRIEK Ha0r 'b@eused according to
nono( 3, 4- @h@%g¥§mme%@lon #id GoR HEL & ifeunicn the z:.raonuk%

nono( 3, 5- zi.r.coni,um ponochl ori ggrmno enOX|

zi rconi um rﬁ?ﬁggﬁ oris cnﬁﬁé? AR BRenbki RBLacss 40 45 zirconium
zi r coni umZiFFPRAWR Lf?ﬂn%htleﬁh‘ii%rﬁmﬂ(Pcén‘ii’cm‘ierz*"t'rb@@ﬁﬂ-ah?n%%m um
zi r coni \Amzizicpndwm umnochd oside monoi( 2 ¢ 6rd it exti-busyl phenaxidegni um
zi rconl umzirconium monochloride mono(3,5~-di-tert-butylphenoxide),
zirconium monochloride mono(2,6-di-sec-butylphenoxide),
zirconium monochloride mono(2,4-dimethylphenoxide),
zirconium monochloride mono(2,3-dimethylphenoxide),

20 zirconium monochloride mono(2,5-dimethylphenoxide),
zirconium monochloride mono(2,6-dimethylphenoxide),
zirconium monochloride monc(3,4-dimethylphenoxide),
zirconium monochloride mono(3,5-dimethylphenoxide),
zirconium monochloride monophenoxide,

25 zirconium monochloride mono(2-methylphenoxide),
zirconium monochloride mono(3-methylphenoxide),
zirconium monochloride mono(4-methylphenoxide),
zirconium monochloride mono(2-ethylphenoxide),
zirconium monochloride mono(3-ethylphenoxide),

30 zirconium monochloride mono(4-ethylphenoxide},

- zirconium monochloride mono(2-sec-butylphenoxide),
zirconium monochloride mono(2-tert-butylphenoxide),
zirconium monochloride mono(3-tert-butylphenoxide),
zirconium monochloride mono(4-sec-butylphenoxide),

35 zirconium monochloride mono(4-tert-butylphenoxide),
zirconium monochloride mono(2-isopropyl-5-methylphenoxide),
zirconium monochloride mono(4-isopropyl-3-methylphenoxide),
zirconium monochloride mono(5-isopropyl-2-methylphenoxide),
zirconium monochloride mono(5-isopropyl-3-methylphenoxide),

40 zirconium monochloride mono(2,4-bis-(2-methyl-2-butyl)phenoxide),
zirconium monochloride mono(2,6-di~tert-butyl-4-methylphenoxide),
zirconium monochloride mono(4-nonylphenoxide),
zirconium monochloride mono(l-naphthoxide),
zirconium monochloride mono(2-naphthoxide),

45 zirconium monochloride mono(2-phenylphenoxide},
zirconium monochloride mono(tert-butoxide),
zirconium monochloride mono(N-methylanilide),



zirconium zirconium zirconium zirconium zirconium zirconium

zi r coni um9%3242883M nonochl ori de nono( 3- net hyl phenoxi de) , monoc hl-aspipdgy,
- nono( 4- et hyl phenoxi de) , nonochl ori de nono( 2- et hyl phenoxi de),
-monochl ori de nono( 3-et hyi phenoxi de), nonochl oride nonochl oride

nmonochl ori de nonochl ori de nonochl orgade nonochl oride nonochl oride

“monochl orlﬁercofr@mqmrwd @rilP &r.ttéet- ﬁ&hgg, monochl or i de
nonochl ori & coll? ; éﬁ?ﬁ °ﬁe882ﬁ%ﬂ5( ol HBH OC. ri nonochl ori de

nonochl ori'dé noio no butylphenOX|de)
mono( 2- t erd:IGERY B HRRSEdeF 1de WRﬂﬂﬂ@%'ﬂéPPr?Rﬁ%ﬂﬁéﬁéhox|de)

mono( 4- sedwapgmet hnk riixicgalivm meperiloxtidet - but yl phenoxi de),

nono( 2- i 5 apnopyghzyl nEirvenphmneiat)lorigeno( 4-i sopropyl - 3- net hyl phenoxi de) ,

mono( 5- i S GRNBR¥bpentiAl fm&eﬁsm'nﬁtﬁﬁmhmnae
nono( 5-i sopropyl - 3- et hyl phenoxi de) ,

nmono( 2, 4- bi s-(2-net hyl - 2 butyl)phenOX|de
mono( 2, 6- &refér?n%tﬂ;ﬂ a&SﬁeSh‘gﬁfbﬁéhaklPd@rresmﬁépa Hurshie gdxranium
mono( 1- nasempoRndR )andryhe( 2oregapanging el -butedbd it zilreny i wh ecmmpoba)ds .
nono(t exa - but oxi de), nono( N net hyl anilide),
The catalyst systems of the present invention preferably comprise
at least one alkyl compound of an element of main group III or IV
of the Periodic Table of the Elements, which preferably
corresponds to the formula (III), usuvally an organcmetallic
15 compound which can be reacted in any stoichiometric ratio with

compounds of the formula (I) or (II).

R20 R20

™~

20 Al
i

R20

25 The radicals R20 in formula (III) may be identical or different
and can be a halogen atom, a hydrogen atom or a C;-Cy¢ group,
preferably C;-Czp-alkyl, C;-Czp-haloalkyl, Cg-Cpp-aryl,
Cg-Cao-haloaryl, C;-Cyp-arylalkyl, C;-Cy4o-haloarylalkyl,
Cy-Cgo-alkylaryl or C;-C4o-haloalkylaryl. R20 are preferably

30 C;-Cg¢-alkyl groups, particularly preferably C;-Cy-alkyl groups.

The preparation of the catalyst systems of the present invention
will be described for boron as representative for elements of
group III of the Periodic Table of the Elements. The catalyst

35 system of the present invention is prepared using a molar ratio
of boron:M? in the compounds of the formula (I) and the formula
(1I) of from 0.01 to 10,000. Preference is given to using a molar
ratio of from 0.1 to 1000, very particularly preferably from 1 to
100. For this purpose, a compound of the formula (III) can be

40 additionally added in a molar ratio of Al:M2 of from 0.01 to
10,000. Preference is given to using a molar ratio of from 0.1 to
1000, very particularly preferably from 1 to 100.

The compounds can be brought into contact with one another in a
45 variety of ways. In one possible procedure, an organometallic

transition metal compound of the formula (II) is dissolved or

suspended in an aliphatic or aromatic solvent, e.g. toluene,
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25 divided polymer powders (e.g. polyclefins).

Suitable inorganic oxides may be found among those of elements of
groups 2, 3, 4, 5, 13, 14, 15 and 16 of the Periodic Table of the
Elements. Examples of oxides preferred as support include silicon

30 dioxide, aluminum oxide and mixed oxides of the two elements and
corresponding oxide mixtures. Other inorganic oxides which can be
used alone or in combination with the abovementioned preferred
oxidic supports are, for example, MgO, 2r0;, TiO; or B,0;.

35 The support materials used preferably have a specific surface
area in the range from 10 to 1000 m2/g, a pore volume in the range
from 0.1 to 5 ml/g and a mean particle size of from 1 to 500 um.
Preference is given to supports having a specific surface area in
the range from 50 to 500 um, a pore volume in the range from 0.5

40 to 3.5 ml/g and a mean particle size in the range from 5 to
350 pum. Particular preference is given to supports having a
specific surface area in the range from 200 to 400 m2/g, a pore
volume in the range from 0.8 to 3.0 ml/g and a mean particle size
of from 10 to 200 um.

45
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absence of air and moisture with the passivating reagent in pure
30 form or as a solution in a suitable solvent. Suitable solvents
are, for example, aliphatic or aromatic hydrocarbons such as
pentane, hexane, heptane, toluene or xylene. Passivation is
generally carried out at from 25°C to 120°C, preferably from 50°C
to 70°C. The reaction time is usually from 30 minutes to 20 hours,
35 preferably from 1 to 5 hours. After chemical dehydration is
complete, the support material can be isolated by filtration
under inert conditions, washed one or more times with suitable
inert solvents, like those described above, and subsequently
dried in a stream of inert gas or under reduced pressure.
40
Organic support materials such as finely divided polyolefin
powders (e.g. polyethylene, polypropylene or polystyrene) are
likewise suitable for use according to the present invention.
These should preferably likewise be freed of adhering moisture,
45 solvent residues or other impurities by appropriate purification
and drying operations before use.
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The polymerization is generally carried out at from -60°C to

300°C, preferably from 50°C to 200°C, very particularly preferably

from 50°C to 80°C. The pressure is generally from 0.5 to 2000 bar,

preferably from 5 to 64 bar.

35

The polymerization can be carried out in solution, in bulk, in

suspension or in the gas phase, continuously or batchwise, in one

or more stages.

40 The catalyst system prepared according to the present invention
can be used as sole catalyst component for the polymerization of
olefins having from 2 to 20 carbon atoms, or preferably in
combination with at least one alkyl compound of an element of
main groups I to III of the Periodic Table, e.g. an aluminum,

45 magnesium 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 adversely affect the catalyst
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polyoxyethylene alkyl ethers, etc. A review of antistatics is

given in EP-A-0 107 127.

30 It is also possible to use a mixture of a metal salt of Medialan
- acid, a metal salt of anthranilic acid and a polyamine, as
described in EP-A-0 636 636, as antistatic.

Commercially available products such as Stadis® 450 from DuPont,

35 namely a mixture of toluene, isopropanol, dodecylbenzenesulfonic
acid, a polyamine, a copolymer of l-decene and S02 plus 1-decene
or AsA®-3 from shell and ARU5SR® 163 from ICI can likewise be
used.

40 The antistatic is preferably used as a solution. In the preferred
case of Stadis® 450, preference is given to using from 1 to 50%
by weight of this soclution, preferably from 5 to 25% by weight,
based on the mass of the supported catalyst used (support
together with covalently bound metallocenium-forming compound and

45 one or more metallocene compounds, e.g. of the formula {II).
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solution to a suspension of the support. Solvents or suspension

30 media used are those described under B. The amount of metal
compounds of the formula (III) can be varied within wide limits,
and the minimum amount depends on the number of hydroxy groups on
the support. Temperature, reaction times and pressures are not
critical per se; preference is given to the temperatures and

35 reaction times described under step B. After pretreatment of the
support, it has been found to be useful to remove the excess
metal compound of the formula (III) by washing, for example with
hydrocarbons such as pentane, hexane, ethylbenzene or heptane,
and to dry the support.

40
This material is then, in a further step B, mixed with a metal
complex of the formula (II) and a compound capable of forming
metallocenium ions. It is also possible to use mixtures of
various metallocene complexes.

45
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desired
The following examples illustrate the invention. Owing to the

air- and hydrolysis-sensitivity of the compounds, all work was
carried out under a protective gas atmosphere (argon) within a

30 glove box or using the Schlenk technique. All solvents (including
deuterated solvents) were dried and distilled under argon. The
compounds used were either commercially available [pyrrole, boron
trichloride in hexane (1.0M), n-butyllithium in hexane {1.6M),
bromopentafluorobenzene) or were prepared by methods known from

35 the literature [tris(pentafluorocphenyl)borane, pyrrolyllithium,
furanyllithium].

NMR experiments were carried out on Varian Unity Plus 600, Bruker
AC200 P and Bruker ARX300 spectrometers. Chemical shifts are

40 relative to MeySi [8H (CgDsH) = 7.15, 8!H (CgDsCD;H) = 2,03, &l3c
(CéDg) = 128.0, d13C (C¢DsCD3) = 20.4], pure BF3*OEt; [811B = 0,
=(11p) 32.084 MHz], 2% benzamide(!5N), 0.2% Cr(acac)s in DMSO
[015N = -279.3 relative to pure MeNO, 315N = 0, Z(1°N) = 10.133
MHz], CFClj [81%F = 0, E(1%F) = 94.077 MHz). The assignments in the

45 lH- and 13C-NMR spectra were confirmed by APT (attached proton
test), GCOSY (gradient enhanced lH-!H COSY), 1D-TOCSY (lH total
correlation spectroscopy), 1D-NOEDIF (lH nuclear overhauser effect



point in tine,,.i.e. before, during or after introduction of the material
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1H 1H Ei)SY), 1D- TOCSY (1H total correl ation spectroscopy), 1D-NOEDI F (1H
nucl ear drampdaesdér ef fect 0732/ 00034 15 SEP 2004 40 difference
spectroscopy), GHSQC (1H 13C gradi ent enhanced heteronuclear single
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spectr were recorded on a Nicolet 5 DXC fourier transformIR
spectroneter, UV spectra were recorded on a TIDAS (Transputer |ntegrated
Di ode Array Spectrpneter) from J&M ¥y means of a fused 10 quartz emersion

probe from HELLMA leﬁé&eﬁl 0 . ﬁ%‘ pm . Melting points were
determ ned by means|Qf NI— 5)@ EE&G& alorinmetry (DSC 2010 CE
fromTA Instrunentsy~"For el enental analyses use was nmade of a

Foss- Heraeus CHN rapi d el enental analyzer. 15 Exanple 1 Preparation of

N-(2-Hpyrroliumtris(pentafluorophenyl)borate a) Lithium

tris(pentafluorophenyl)-Npyrrolylborate (1): 20
0.531g (7.27 mmol) of freshly prepared pyrrolyllithium and 3.7249g

(7.27 mmol) of tris(pentafluorophenyl)borane were together

30 suspended in 50 ml of diethyl ether. After stirring for three
hours at 25°C, the ether was removed under reduced pressure and
the residue was taken up in 100 ml of pentane. The resulting
suspension was filtered, the residue was washed three times with
20 ml each time of pentane and dried under reduced pressure. The

35 product obtained was a colorless, hydrolysis-sensitive powder
containing about 1 equivalent of ether per molecule (4.5 g; about
91% yield). Colorless single crystals crystallized from a
pentane/ether solution at 8°C and an X-ray structure analysis was
carried out on these.

40
Melting point: 137.2°C.
Decomposition point: 204.6°C.
Elemental analysis (%) of C¢Hi14NBFisLiO (M, = 659.1): calculated:
C 47.38, B 2.14, N 2.13; found: C 47.63, H 2.95, N 1.90.

45 MS(m/e) = 578 (pyrrolylB(Cg¢Fs5)s3).
UV(CHzC1;) (A(int)) = 230.5(0.9158); 260.5(0.5837) nm.
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65. 9, 14 eeRo) ’” 81!’61219FEDR|NR3 Oz ANVFz-2 (S606% 300RE) -6 = -134.9 (br.
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(599. 96%5 06D6r 298K 61H 613C = 6.72/125.0 (H(2,5)/C(2,5)),

5.84/1 -:ﬁHJﬂPFc(%%w%/lS@ GUHBE. ©sDs0. BBHRIL. O1H(C2¥ 6.72/108.9
(H(2,5)/ C(3,4)), 5.84/125.0 (H(3,4)/ C(2,5)), 2.80/14.0;
0.68/65.9 (OEt,).

b) N-(2-H-pyrrolium)tris(pentafluorophenyl)borate {(2):

30

@ O
I , N-B(GF5)3

35 3.0 m1 (3.00 mmol) of a 1M hydrogen chloride/ether solution were
slowly added dropwise to a solution of 1.50 g ({2.56 mmol) of
lithium tris(pentafluorophenyl)-N-pyrrolylborate in 60 ml of
diethyl ether while stirring vigorously. After 30 minutes, the
diethyl ether was removed under reduced pressure and the residue

40 was stirred with 20 ml of pentane. The resulting suspension was
filtered and the residue was extracted three times with cold
toluene. The yellowish toluene phases were combined and the
solvent was removed under reduced pressure. The product obtained
was a light-yellow powder which was purified by fractional

45 crystallization from toluene at -18°C. This gave single crystals
on which an X-ray structure analysis was carried out {0.852 g,
1.47 mmol, 57% yield).
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(H(2)/ 335 6333)5/4%4@H4H}?L{e)) 1H, 13C—GHSQC (599 9/ 150. 7MHz, C6DS6,
298K) :  b1GYOS¥3C529 79 AL PMHE, CeDg, 298K): SH/81H = 7.35/3.53

(H(2)/H(5)), 6.34/5.45 (H(4)/H(3)).

14,13C-GHSQC (599.9/150.7MHz, CgDg, 298K): 81H/813C = 7.35/171.1
{H(2)/C(2)), 6.34/155.5 (B(4)/C(4)), 5.45/127.2 (H(3)/C(3)),
3.53/65.5 (H(5)/C(5)).

1§,13C-GHMBC (599.9/150.7MHz, CgDg, 298K): 81H/013C = 7.35/155.5,
127.2, 65.5 (H(2)/C(4,3,5)), 6.34/171.1, 127.2, 65.5
(B(4)/C(2,3,5)), 5.45/171.1, 155.5, 65.5 (H(3)/C(2,3,5),

3.53/171.1, 155.5, 127.2 (H(5)/C(2,3,4)).

1H,15N-GHMBC (599.9/60.7MHz, CyDg, 213K): 81H/815N = 6.93, 6.07,
5.20/-145 (H(2,4,3)/N(1)).

30

35

Polymerization examples and comparative examples

40 Polymerization of ethene
In a Biichi laboratory autoclave, a solution consisting of 300 ml
of toluene and 2-3 ml of tri(isobutyl)aluminum was heated for one
hour at the chosen reaction temperature and subsequently

45 saturated with ethene for one hour. The catalyst was then freshly
generated by treating the organometallic compound with the
activator in 3 ml of toluene and the toluene solution was

injected directly into the autoclave. The polymerization was
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33 FIF N U 1ZIn2 1 jOwNmM11 0732/00034 45 Polynerlzatlon of
propene 1973RP09034 The pol ynerization was carried out in the sank5%af 266
*the 5 polynerization of ethene, but propene was used in place of ethene.
- The amobunts of novel activator used in the exanples according to the
present invention (activator: HBNF) gsd the conparative exanples
(activator: MAQ B(C6F5)3) and information on the polyners obtained are
shomm in %ﬁ Ie 2 0 15 go 25 30 3540 45 Ey_IM y d-Dcrrr E E aco Crr.

' aor 1ﬂ“08 propene

The polymerization was carried out in the same way as the

5 polymerization of ethene, but propene was used in place of
ethene. The amounts of novel activator used in the examples
according to the present invention (activator: HBNF) and the
comparative examples (activator: MAO, B(C¢Fs5)3) and information on
the polymers obtained are shown in Table 2.
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1. A chemcal conpound of the fornula (1), 5 (C6R15) 3MR2 where (I)
15SEP2004 o732 AI0G34& i dentical or different and are each a hydrogﬁars grme
e ,

- a hal ogen atom C1-C20-al kyl, C6-Cl4-aryl, Cil-Cl0-al koxy, C2-C10-al
‘C7- C20- aryl al kyl, C7-C20-al kyl aryl, C6-C10-aryl oxy, Cl-C10-hal oal kyl,

C6- C o- hal oaryl, C2-Cl10-al kynyl or @3-C20-alkylsilyl, 15 Mis an el ement
of main group Il of the Periodic Table of the Elenents, and R2 is a
substituted or unsubstituted heterocycle, which has a salt-like structure.
20 2. A s&le SLRKRB: chenical conpound of the fornula (1) as claimed in
claim1l1, which is obtainable by protonating the reaction products of

conpounds laf Retkeniyal evmgdundndfithengoehner@®ntsy, of main group | or 11 of
the Perigpdic Table of the Elenments 25 and conpounds of the fornula

(CBR15)3M 3. A cherri(%a 1@0ﬁﬁpund of the (fﬂr mula (1) as clainmed in claim1l
or 2, wherein the het& odycle is a pyrroli’'um indoliumor inidazolium
group. 30 4. A salt-like chem cal conpound of the fornmula | as clained in
any of clainsvwher® 3, wherein Mis alumnumor boron. 5. A salt-like
chem cal conmpound as clained in any of clains | 35 to 4, wherein the

htet er oau: ICSORall leawasmérwitdatlegroaiﬂéé%%u uﬁégaltwle%fchl saﬁ%dfwe l%%ﬂ en
atom - -al kyl,, = - 0X Y, C2: - al.kenyl_ - QRU-ar )
C7- C20- al kyl aryl, CC%S &%%F% 6 é%/ Céi-% 8a€{‘yﬁrgz§g’gfa°fa Eé‘&yl ,
C2- C10- al kyny!| ~ or C&C@8 5P} s TyF20-28Y 82y hvg = Froc IERLAT¥L  conpound
as claimed in anyCefCiorar¥koRy, Co-Gio-RALeetylhEehCiehddperel R is
unsubstituted. 7.C#GumoestkynyloorpLepiorabkyaidguinds of the fornula (1) as
45 cl aiysed i nManyisfas|eliefent bo Main RrobpchrT ywanedpeofodttetiobaeystes R2
Eement's are ghrotryornrisd B0 L VENDED, SHEET. 0732/00034 1 5 SEP 2004 |
El enrents are I st r
48 corrpounds&j(l)f %%gaf%?D%Lﬁigu%I&é%%ﬁtéy@oﬁdv%ﬁt%efyya?ﬂ conpounds of
the formula [ (C6R 5)3MR2] - which are subsequently protonated by reaction
with a protonvBbdflrhasygepalRilike shgurpure.
20
2. A salt-like chemical compound of the formula (I) as claimed

in claim 1, which is obtainable by protonating the reaction

products of compounds of heterocycles R2 containing elements

of main group I or II of the Periodic Table of the Elements

25 and compounds of the formula (CgRls)3M.

3. A chemical compound of the formula (I) as claimed in claim 1
or 2, wherein the heterocycle is a pyrrolium, indolium or
imidazolium group.

4. A salt-like chemical compound of the formula I as claimed in
any of claims 1 to 3, wherein M is aluminum or boron.

5. A salt-like chemical compound as claimed in any of claims 1
35 to 4, wherein the heterocycle R?2 is unsubstituted or
substituted by at least one halogen atom, C;—Cpp—alkyl,
C1—Cjp—alkoxy, C;—Cjpo—alkenyl, C;—Cyp—arylalkyl,
Cs—Czo—alkylaryl, Ce—Cypo—aryloxy, C;—Cip—haloalkyl,
Cg—Ci4—haloaryl, C,-C;p—alkynyl or C3-Czg—alkylsilyl.

6. A salt-like chemical compound as claimed in any of claims 1
to 5, wherein the heterocycle R? is unsubstituted.

7. A process for preparing compounds of the formula (I) as

45 claimed in any of claims 1 to 6, in which compounds of
heterocycles R? containing elements of main group I or II of
the Periodic Table of the Elements are firstly reacted with
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" are as defjned jn formla (). 5 8. A catalyst systemconprising at |east

one or gan®x2499434 conpound (A) of a transition netal, at |east oih& SEP 2004
conmpound of the formula (1) as clained in any of clains 1 to 6, if

" desired an al kyl conpound (B) of an elenment of group IIl or 10 IV of the

Periodic Table of the Elements and, 48 desired, at |east one support
conponent (C) cofipodnds @eshel form1a RELXIBLUZEL | LxAleqt efd Npm¥her ein the

[ I on [ t t-he en al yst 15 syst as
O o Behpesedt 0 sl R Al i
protchated by reaction with a proton donor, where R!, M and R2
are as defined in formula (I).

8. A catalyst system comprising at least one organometallic
compound (A) of a transition metal, at least one compound of
the formula (I) as claimed in any of claims 1 to 6, if
desired an alkyl compound (B) of an element of group III or

10 IV of the Periodic Table of the Elements and, if desired, at
least one support component (C).
9. A process for the polymerization of olefins, wherein the

polymerization is carried out in the presence of a catalyst
15 system as claimed in claim 8.
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