0738/ 00034 *159159* Salt-like Cheni cal conpound, its preparation and its
use in cpisd ysdosystens for preparing polyolefins 5 The ntion
relates to salt-1ike chem cal compounds which in conbi naﬂmﬂmmmwnﬁlﬁ

. organonetal lic conpound of a transition netal can forma stem

whi ch can advant ageously be used for the pol ynerization of oll®f#nhs, to a

process for preparing themand to their use in catalyst systens 10 for

preparing polyolefins. Catalysts of the Ziegler type based on angl ed

met al | ocfitds-1ébat Ghenieglnepapeunst, gteupraparfattijen Podi b miskabhe of the

El enment s daaaiyat neysgensefatri premdringdpslyobdfiynsusabl e catal ysts 15 for the
pol yneri zation of a-olefins (H H Brintzinger, D. Fischer, R Mlhaupt, R

Ri eger g %he%)éggé'ﬁ@’lm%\ﬁ/on@ﬁ% esl%85sa1197 k:lazéﬁer?%%a@ colipo gh&é' n an

active catal st st.e ocen | e wth a large
excess of" th %{ nc%?éﬁ@ ¥ rg%??\'ﬁn%)e\;tﬁlﬁaﬁ?lﬂg id %v Or ganonet .
Chem , Q%,nsiglo@g‘}et n AR FPHMa Wétaﬁl’ﬁh %’c’ﬁd’&f“a}”pé‘t‘hc‘iﬁ’c s, this has the
di sadvantagyangpgeoys gh beahgafi nfen ddwet palyner itded ipol yﬁECPIMhned. a New
activati groeeshofisr prepairinmgkeheho andt Boutheirs uper $hocatd gt systamdunt of

activai@rror2pripyeidy¢yakenesbeen devel oped. The synthesis of "cation-like"
net al | ocene poI ynmerization catalysts is described in J. Am Chem Soc.

1991, 113 32 I n té’éfl ﬁi% abstraction fr m an al -nmet al | ocene
conpound Gatpdesty of 406 Byofiahstybe PPPED IR 49 890’5?1 OSSI“Sﬁe which is
used in £onspbdpERy dMAlisc OAnBERHP Ha@édtbfh Rerdogdcalipkems thP- A- O 427 697
descri beflenestsyiniteta cepr gemeydtdoandf aindirtréspondesap leatcakydysisy st em
conpri B8 prafhdNséyngad zaetioh | OFL@N135iAPECH 98 BRifrz (AN, Me2), a Lew s
acid (e. o, B&Q@E@) Br.anmg1abupi N rakky¥l s.r ARLRAGESRE, fqRf.CBRELNY sal ts of

the formulgael 5 ngtothe above- descri bed principle is
descri be Q?r? I\E/gd 5?28%% 40 EP-A-0 558 158 describes zwitterionic

cat al yst syst ens Whl ch are prepared fromdialkyl-netallocene conpounds and
sal ts of ThePteadR AR RATRIRHFILEREH Systeame theafetahlegensERMAlex| s wit h,

for eXaripleatedphitdy Nbdargesexcess pfpmethyadivginpkane| (MAMat Honsixn, net hane

to give a.meahyhsigt, GEROCONGan@idtaNCREmAN 19806T TBdi 24 . P&)’ir{hfﬁomaﬁfé s via
CH acti \fafghoeoé&ayéec tB8t2 W % hag tmd&%raavgﬂt £ %Plﬂ Here, the

Zr atom g, ﬁ?Mgﬂne&; tYen%OEH t}t(xjé’ \}:?o g?ogk?t 1n%¥i32{q ctﬁratﬁ%ﬁ gtr%cdst he
phenyl rl%gcgnmakg &% wit BEE a supergto ch10metr1 éhnt of activator

25 have therefore been developed.

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. CpyZrMe;), a Lewis acid (e.g. B(Cg¢Fg5)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, Cpz*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
Cp2*Z2r*-(m-CgHy ) -BPh3~. Here, the Zr atom is covalently bound to a

N

*NNNNT*




- US- A-5, 348, 299 descri bes correspondi ng systens, using 5 dinethylanilinium
salts w tényzrévo®4i nated tetraphenyl borates. In addition to their
activating effect, the borate salts have, due to their |ligand sphere, a

- great influence on the reaction equilibrium Large bul ky Iigands
effectively prevent dinerization of $he netalloceniumfragnents and thus

shift the_ equilibrjumto O the side of  the catalytically active species.
The nononcuacﬁ%eoélr 09b%?%tpeheéwgtoﬁén%leasncd?ilﬁeatﬁ]?f%lezretdgvry'igvﬁnf 3Fyl i gands
and can ¥&CGREePARAi nfl uence on the reaction equilibrium when bul ky
groups are incorporated on the ligand (W 95/24268). Di sadvant ages of
these sysisims-538¢8} %9 ciasplribas atbryeabbadesg asydtbhmst hesing reme sensitivity
of the & esindthPdan®l &l 1ar 8al HE COIP pR%€3uot ThAMH kbeRaphBf1ekat g, starting
mat eri al SIr?‘ra%dilﬂ%BﬁCéc?q:h%f'r Qg%ﬂgatci o] E?gg{" .then‘ggg‘g?em a1%s %é%ée”?' y
toxic. Furth {he for mat1on of the cationi c ne alslocene,spém es is

ernoy e, .
accorrpani‘%“da.f@ Bbefﬁel’iqaﬁgr SPPYTF of* FRPAES Wit Ps Ol iTea6EéoBecause of
the toxi®9%Yy 16F1WAn-andienBs kT hl aseast phEectiMelanbrevent whimerigabion t he
anmoni umafetthgphehyl beation fesgwdnied ahdt blevs chdlfsotheastmitldbrinmotpl et el y
react eto catedlsyge 6§ straeatihysiduls yliabetve edferties . Ofhe titthduedssti vi ties of
the cat alpsylateyaheo®s idesceIBEGththelriE Rava R _a?tl TR{ A ACERE 24
cocatal ySlxdi3de £hoThazhie A0 {ll a0 & PRI EL 2 SHETPEGNR)
utilization are the, consequence. 5?, 76 gescribes | ont & caf al yst
syst ens v?rﬁ°é’lﬁ’sa?’éeaﬂqc\f:§’f’gﬁte‘§f s1opand | @R 9248t eease conpl ex. 30 It
i s an objRBERIFRNE#EEH L ERESE aEReN6nare Prodamelicated -gyntheseperidal
conpoulfl tie elthemse tdemsaduantnges the babkitingamedal boteniamoicdmpléees.
di sadvant ages of the known conpounds of the amonium salt type. 35 W have

Formul a (T B o oS LG amottds of t he
formul a ﬁ(ﬁ;’ ?Eggf{jﬁ%%%l: %%ar?eenig 8?357%5%%5’3%0@‘: are r%%%%f“?’é%l or

di f f er ent™ ™ 8nd OGP ERA I Ta thY T HOEP 4t BRT 2 4L 1RAT6g ERSGE ¥ T sCRCEoDPARNIGA |

C6- C142% My thelliherafiionx gt amgnes] @harkehs |undepicablerhgcauisg| of the

C7- C20- altopigiyy , of G&nglemings 0X@he €btm&iOndralexairkpe , i 1GbA1hayoaf yl , 5
C2- C10- althgnyhmen i (18 -te2@aph&yy Iidrah es MiéSciibed RECRér€d dMRbN185@siRcd |1 of
the Peri aQicempabt&lPirehbBeed B AMRE sfElef®. IThid ANHSIiddéedPlcts on
“”SUbSt'k%%egrgﬁﬁé¥56€%9£8-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 (CeR1s) 3MR? (1)

where

45



- 10 The present invention also provides a process for preparing the novel
conpoundsg9gaiygeokarnula (1), in which conpounds of heterocycles R2

containing elenents of main group I or Il of the Periodic Table of the

~ Elenments are firstly reacted with conpounds of the fornula (C6R15)3Min a

solvent to form conpounds of the 15 f30r mul a [ (C6R15) 3MR2] - which are

subsequently protonated by reaction™w th a proton donor, where RlL, M and

R2 are asRdef PFRddetifalnet LiGiErerh apdiiatieoRach e hdFrosePoRt PR o des

cat al yst systeakogameitersi ngr-C20-atkileaSt-@neavy harthwEt atdlikoxgonpound (A) of

a transition eptabr aHtedyaast7€n'he epoyedikyd , 0€, tde -aDkydBy1(,1 ), if desired an

al kyl  conpousd d;Ba®f1 em;lra'r_hg)ioaglr]@qp tllc,Qrhido®fyit,he Periodic Table

of the El ements Candal]{ eg,rr @a% e support corrponent (O. 25

The presept i Ve a |t%onal § 8 \c/]larte rocessd; Qf

pol yneri zati oh® &t" eI 8%“. RoWP IaI°§f=s SVRYIRHEEC SRR R PE tE8et he

pr esent mvenﬂ%‘?ﬁ%rrpﬁpgr ng at | east one organonetallic conpound (A of a

transiti ok? netmla sabstébetedmy chenbstl tBedcbapewonydfe.t he formula (1), if

desired an al kyl conpound (B) of an elenment of main group IIl or 1V of the

Periodhg bl éEEnEhfhvéﬂﬁ%@%nh§s@fﬁkodi%ege§'%fgbeég fb?aﬁ£eﬁﬂyiﬁ§u999rt
component (01 Iconal3fds ik R PEAPSSS oL Tl i eagRb LAY EnTT o,
i eir e

| it t
55 Accor dRHEHOSYE ﬁ?arﬂmﬁ‘)l&renﬁ Zc?é?né%;‘%?g%. mrp t‘iryge Cmunde. of

g°®
the for mﬂ’%rl(qd)lq ﬁarxﬁmr the Blepents mres AT hyeacsedbéiigh CO@POW%h
boron is ¢f tther fopmuia c(Ae&E4 \sMpref @rsaldent0td nf armprosingoneds embadienent  of
t he compotsmulal [{(bgr%psMrA1a (Which bhe sashecmlestR} prssonardapspdent|y of

one anOthfgach%hogﬁﬂhaﬁcﬁFbton'305@¥t'W%QE@er|‘MO%hHeRﬂrafgﬂangQf& & jyhi ch
fluorine } édr x 2 particularly preferred 45 Particularly pre lrerre

hal ogenate corrp ds of the formula (1) contain 0732/00034 4

pent af | uorophenyl, 2,3,4,6-tetrafluorophenyl, 2,3,5, 6-tetrafluorophenyl,
2,3,5-tri¥n L?(S’rdéﬁheﬁylthe aneett—‘?lil quRleésﬁe%@talirft3sarﬁt¢%rm@ernyrng

2, 3,5, Botat rizalstorne Jorgsniopephthid aompbufid 3(Al), ®ft et tadhsirienSmeeahy| phenyl
as C6R15 swdieddl. ohé ddiponadpotingse Forinbi€af oryulid Gelirédarhahegyocycl e
general | ycodmna POFidd W& ehahefe chletg%e YEif%zR%vV"BEC&é‘rfer%@ Srred

accor di ng, 1,9 t Qg Qﬁé%&%en%egﬁ onl % {gaﬁ%/cleggt o nsq’r%’ Ogr t wo

6- menbered ri n erocyc y cohtain o

het er oat o'?ﬂi“ Ferred het eroat om | s the nitrogen atom Heterocycles

which &fe preferred according to the present invention are pyrrolium

i ndol i um e ipredazbl invantthesadddidpelly 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 Rl 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
formul a (py32l/gopggrounds of the formula (1) which are preferred according
to the present invention, the heterocycle R2 is unsubstituted or 20

~ substituted by at |east one hal ogen atom Cl1-C20-al kyl, C6-Cl4-aryl,

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

C6- C10- aryl oxy, Ci1-C20-hal oal kyl, C6-"Cl4-hal ocaryl, C2-C10-al kynyl or

C3- C20- al R§n&3fjorophenyl n3i:dubaketrafrlarcePrbeyyl unsubst it ut ed or

subst i t ut @d3 by, Cte€26£ hdadpheayd, 2ed BAtridflhgtopimyilsopr opyl or

tert-butyb,3@-tzli41abybpdnilgl agendat Dierophefdyl, fl1 uori ne or chl ori ne,

g}ef er abl y,i,ly’cgjtggraggug%_\ae‘hgrﬂgii}gwlaQrK pref er abl yI unlsubst i ]'Eut eda
em cal ¢o e r [ e particularly preferre

accor di ég?tg})ﬂ%‘%%g; gzs‘g%lporq'%v_g"]éf ﬁ# %erné’\:lfnﬁ %ﬁa/élrsolp?%l al.

tris(pentafl uorophenyl)borate, pyrroliumtris(heptafluoronaphthyl)borate,

2, 4- met hyIpythe|donprirds (qfevihef EQBRBhdf)I ) bbe dheterogygle| genasmlidyol i um

tri s(pent hé$ Lomephenye)doates, H8be2ocralrtshRF pwtriradl iawen preferred

tris(hept abéerrionapbt tiyé )hi@sehe, inverkic arbubetenodyeliedMaving 5- or

tris(pept alhaterepYhdPOMHEe netdrdeyids RUt Y B8 LU ntain one or

tr I s(hept gf | unoert%r}agggh ! )‘1910er atr(zaéif rzéé-ﬂesc%Q“rogfi)grln p%/sl’ rt?lel u!:L’Q:ro en atom

tris(pent af'? uoropﬁeny‘f\‘;j(borat ErtoT S sopropyFpyriol i ant g :

tris(heptafl uoronapht hyl)borate, 40 3, 4-methyl pyrrolium

tri s( pent B¢ternysienyvh iy are, preferrad @cepydind itamthe present

tri s(pent afverdriopheny | plxorcdtiam, Sndeipirhwhpymiddidlium. These can be

tris(hept gfésiaronapbhibyd dheedt 8r ussubdtarhitbyt #dBY 1ok héompounds of

tris(pent Uy - giahgn borate, 3,4-tert-butylpyrrolium
tris( heptgigl uoronagh% 1)borate, 45 3, 4-isopropyl pyrrolium

tris(pentafl uorophenyl)borate, 3, 4-isopropylpyrrolium )
tris(hept &I BPRt Ay 150 farEeLa 2£TrPeMWFBy?¥%|RII?rﬁerred according to
tri s( pent Blf¢ RIESERENIIYBriRNe, tBF I BOBRICEe R st Hpbpystidiutem or

tri s( hept stbstortataghbnydt) lenat eone hdlegenbatgth pya;~0hd-atkyl,
tris(pent@fdojprphenyl JoQral Roxy ﬁ-dzeplam&)éh?yr r®j-icyRarylalkyl,
tr!S(heptéﬁidQQIéikyyny¥|)é%ﬂb?sﬁhryf%x&§OELQﬂ%-H¥I6 lH U‘C6—C14-haloaryl,
tris(pentaflGor openy! Lootate, - 283901 ORI RV LOLL A o1y preserapt
tris(heptad] d&rqnayg thyT ) poral e " Ypyrrdrium - parvieularly preterably
tris(2, 3, %Pgbptaty %%f‘{méﬁléﬁabh‘e'fﬁff YWofarezo-apk¥t 01§ fin methyl, ethyl,
tris(228, ss®@rppglhexat¢itobutipht PeriCrboritle or potegsn whoms, e.qg.
tris(3, 4, 5lixring- hexailardnenapht farabigr a4l eorinw.r R3] isintery particularly
tris(2,3, grdtetabihexaddosaieaapll utenieaat ompdduris 6@l LHEN formula (1)
tris(2,3, ghon «8ehgxAdianenaPrhtdsd el akeora i @l kHE present

tris(2,3, 8- h | uor o- 4- et hyl napht hyl ) borate, pyrrolium
tris( 234,%‘%,1%,1%%%%%% uor o- 3- net hyl napht hyl ) borate, pyrrolium

tris(3; ﬂ, 5, 6, 7, 8- hexaf | uor o- 2- met hyl napht hyl ) borate, pyrrolium
tris(2,3,RYRotigmhekss (Reataf buerrrhanyapRPESYS bor at e,
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,

-isopropylpyrrolium tris(pentafluorophenyl)borate,

-isopropylpyrrolium tris(heptafluoronaphthyl)borate,

-methylpyrrolium tris(pentafluorophenyl)borate,

-fluoropyrrolium tris(pentafluorophenyl)borate,

4
4
40 4
4
4-methylpyrrolium tris(heptafluoronaphthyl)borate,
4
4
4
4

14
[4
,4-tert-butylpyrrolium tris(pentafluorophenyl)borate,
-tert-butylpyrrolium tris(heptafluoronaphthyl)borate,
~isopropylpyrrolium tris(pentafluorophenyl)borate,
~isopropylpyrrolium tris(heptafluoronaphthyl)borate,
-methylpyrrolium tris(pentafluorophenyl)borate,

2
2
3
3
3
3
3
45 3
3
2



215 pyrroliumtris(2,3,4,5,7,8-hexafl uoro-6-net hyl napht hyl ) bor at e,

pyrroli u%%{%%ggggfl uorob| phenyl )borate, pyrrolium

tris(2,2 -oct af | uor obi phenyl )borate, pyrrolium

~tris(3,3,4,4,5/5,6, 6 -oct af | uor obi phenyl ) borate, pyrrolium

tris(2,2',4,4',5/5,6,6"-octafl uorobi phenyl )borate, 20 pyrrolium
tris(2,2',3,3,4,4',6,6' -octafl uorobfphenyl )borate, pyrrolium

tris(2,2 3-3ne3:hy4p§¥tr¢5lﬁim actiaf heptrafiiysrengphtiorlaterateyr r ol i um

tris(2,2' 23e¥Ft~-bubylfyfrolaematt uo(sthitpieay g borayés ol i um

H: §§ 3,33 %eﬂfthﬁué}l@nﬁmlg_ﬁna]{clkﬁ@{r@gamggmrb&mm%)bsya%glr hum

tris( 2 z?s:?prﬁpﬁip%r%n ﬁugﬂr; %QETO%E%IE% al)%ﬁen %; borate, pyrrolium
tris(2, 52 3-gspprepylpyrEpl 1(5‘& 5FF§|6‘P?P"6‘%“°F@’E t&ﬁ PR YDorate, pyrrolium
30 tris(p®rodism §r55(,25365-:6@?a$+hﬁ3¢aélnononiﬁfmﬁé’rlybpb®t%i e, pyrrolium
tris(3, 3'prrdliambtrbs @ 496t &f I uerieexd f2uebopdstiiytyllhboasese, pyrrolium
tris(2,2 frz%l,lﬁm%rﬁs@s 4068t 8f h Uornd r3uoPb Rty h8bah€e, 35 pyrrolium
tris(2, 3,4 hetpalluorspigny! Zber@,aﬂuma%ﬂt%gl)borate,

tri 2 1 b i
HERE s it Ml it Aoy

tris(2, 3, EﬁﬂtrrqlﬂPBoFBb"n%ﬁ b8 At %‘heﬁsﬂtfllBPF%Tﬁ'methylnaphthyl)bor ate,
tris(1, 3- ermlgumphexﬁmz),tﬂoﬁaﬁw Hyirexsifiluprap3-methylnaphthyl)borate,
tris(2, 3, pprrdiaumatt iof3-44-5061, hys pleeaflpbos-ad-aethyynaphthyn )borate,
E ri SEAZL 3, ﬁyx@otl%fnauy@(p 3§4rret hyén@mllhb%asﬁtmethwha@htm)borate,

ris ra qgﬁg r
tris(3- neéw gm Egi%zt et r4i I’uoério Qi}lgggrgtngeth gé?f’%ﬁ%‘mb““e'
tris(2-me 3 CEL SRR IRPERY e yrrolium
tris(2,6- EHITIIQ}GP@ BrHetdnA phRedyt) rrét'é WQEE‘?]OWS’@lB eRxk it ay
tris(2, 4-pirfdoldno- Brhethyd’ pHeﬂylMﬁ)’r,&bé’-ocp‘yaﬁhiqr@hnphenyl)borate,
tris(3,5-ghrfdoiann- 2rietdyd -pheny| 3 for,@t, 6/ -bet d tiopobi paenyl ) Hdiatpy esent
Invent t@r’p}fﬁrolHﬁﬁp@fiQ@ Jfohe 353e0npuRds - (bdtad iR r8bepRatEl WorkRe group |
B(r)t a55| u Ic ;i(dnogffsn (21301 8 gﬁlghzl,arsesusg a@fl%o%ﬁﬁ )ﬂdrtafélg“pn tsﬁg' um
process dYHRet gﬂﬂ"‘t G%Sr%vg]r%t' oh E“)Ir] |n céﬁ l&ﬂrgk’ rél‘Fl 3’5’#‘8 and
et hers. F%}frtl“loé&PHrF§llf’p‘r3ef3er'f]eﬂl s e’ a?%t"’eﬁlh’é’irgb%% Es)bféaaﬁet hyl et her
and THE apxtreldpoochy boids,2 -4, pardiT'ulbab ’ tottafiaioropiphery Hdeaetewhi ch can
be useds aepafodiing to the present invention are, in particular, inorganic

or or gam@rl%czlzd@ 3P ef glaalley 6 ¥ DoE A6 r8CH | d.&—rde'%hpﬁbi;}b]l@éﬂﬂr)bHQ&t@Pd H2SO4.
15 1nth t systens of the present invention organonetal lic

transiti fHégE an?quQFOEA% Eg%(j uorofng‘-mé%ﬁ?&giphenfﬁ)%%%gge,

conpounds h” be,’
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'-octafluoro-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(1,3-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,



“ bridged or unbridged biscycl opentadi enyl conpl exes as are described, for
exanpl e, pR3EP0H084129 368, EP-A-0 561 479, EP-A-0 20 545 304 and EP-A-0
576 970. Also suitable are nonocycl opentadi enyl conpl exes such as bridged
- am docycl opent adi enyl conpl exes as described, for exanple, in EP-A-0 416
815, and al so nultinucl ear cycl opent adi enyl conplexes as are descri bed,
for exanple, in EP-A-0 632 063. FurtPfer 25 suitable organonetallic
conpoundsPYOLR ATif fRrft-difdyorew? deethvdrhanykikaraseal enes as descri bed,
for exanpPerroliumpPiaig(H6D-diFduocnne? emdtihydptiesybsiarateed tetrahydr0|ndenes
as described, for exanple, in EP-A-0 661 300. It is also possible to use
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the El emeP¥afqr@bdy &pongasyicragids cobplraxsdyulas Rile addsBrStaed i n Brookhart
et al, J. Am Chem Soc. 1998, 120, 4049 and G bson et al, Chem Conmun.
1998, 8491n Hhe heaDPse, syisteins (BfJS'lS'ithﬂ'eE@nHSﬁﬂfﬁﬂta..thC@ﬁ@ corml exes whose

descr T bec s e s e D8 %%?ef@?”%‘ eﬁf% 1S CSQSERSZ are
escri pe
pbrl dﬁéé&fﬁoden% %é(n;%’ c}sh T]hese ﬁ:an m?f V\LlO 10 R M

Tgb%gggdw%d 2undeg) b %F%%%‘ia&%w AP e rarssgr o
Peri odic C\%ﬂﬂrelbéfirtﬁ‘érﬁ’@ﬁ*@ﬁ?s in ERydr0i é4Pad68li EPZA-Br56F 4TRUOERFR-0
| dent i 8154 3diéf hedcEr-2a10d 5&6e9*emcmlasohydiﬂglele arem or S (R12) 3, where R12
are i denthacyelofehfflivmty 1266mplexeRncca adyskiegea atomor a Cl- C40 group,
preferabléhfébc?@@aﬁéﬁ%ﬁdien91-SéﬁbféﬁéérQ@'5¥£erf§ka919a§'é&Bﬁble?ﬁiﬁzo‘ary"
EP-A-0 416 815, and also multinuclear cyclopentadienyl complexes
as are described, for example, in EP-A-0 632 063. Further
25 suitable organometallic compounds (A) are n-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 Pd?* 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.



- 25 C6-C10-fl uoroaryl, C6-C10-aryloxy, C2-C10-al kenyl, C7-C40-aryl al kyl,
C?-C40-a|5y%2yé9 Qp C8- C40-aryl al kenyl, or R10 is a Cl1-C30 group,
preferably CIl- g—alkyl such as nethyl, ethyl, tert-butyl, cyclohexyl or
-~ octyl, C2-C25-al kenyl, C3-C15-alkyl al kenyl, C6-C24-aryl,

C5- C24- heteroaryl, 30 C7-C30-aryl al kyl, C7-C30-al kylaryl, fluorinated
Cl- C25-al kyl, fluorinated CB-C24-aégl, fluorinated C7-C30-arylal kyl,
f | uor i nat BEe L 1esh MgtRy L aesie sompeumd ek yrpridged o drifdged radicals R10
may be | orompbumsisoE &het fimrmula guTh, a way that the radicals RLO and the
atons of the cycl opentadi enyl ring 35 which connect themforma C4-C24 ring
system which may in turn lbe subsgﬁkuted, R11 are identical or different
and areceach a hydrogen atomor §i (R12)3r where R12 are identical or
different and are each a 40 hydrogen atomor a Cl-C40 group, preferably
C1- C20- al kyl Cl-ClO-quoroaIk‘r Cl1- C10- al koxy, C6-Cl4-aryl,
C6- C10-fl uoroaryl, C6-Cl0-arylg g C2- C10- al kenyl, C7-C40-aryl al kyl,
C7- C40- al kyl aryl or C8-C40-aryl al Kenyi~-_or  R11 is a Cl1-C30 group,
preferably Cl-C25-al kyl sugdy as nethyl, 4BPEtQhyl, tert-butyl, cyclohexyl or
octyl, 1§2- C25-al kenyl, C3-CGl5-al kyl al kenyl , C6-C24-aryl,
C5- C24- heteroaryl, C5-C24-alk et eroaryl, C5-C24-aryl heteroaryl,
0732/ 00034 8 C7-C30-arylal kyl ,XC/~1C30-al kyl aryl, fluorinated Cl-C25-al kyl,
fluorinated C6-C24-aryl, fluorinat¢d C7-C30-arylal kyl, fluorinated
C7- C30-al kyl aryl or Ci-Cl12-al koxy, or two or nore radicals R11 nay be
joined to one another in such a WidYmthat 5 the radicals Rl1 and the atons
of theigycl opentadi enyl ring which connect themforma C4-C24-ring system
which may in turn be substituted, is 5 when v =0, and 1 is 4 when v =1, is
5 when v =0, _and mis 4 when v =1, L1 nmay be identical or different and are
each a hyﬁ?%ﬁ%n atom _a Cl1-C10-hydrocarbon group such as Cl-C10-al kyl or
06- C10- ar¥f , &5 ameialogéntranshtdencpame Sife, Ivesi { PGS, ofi tiree) 3, P(R16) 2
or N(R16)2, whewriodit6Teble ¢fltdgeRlenems, a iGlpetdiallad Tdrobp,om HE,
hal ogerat ed Cl1- C10-al kyl group, a C6-C20-aryl group or a hal ogenated
C6- C20- aryio gs@dipideditibdl i 6r aitrFewenesald Q¥ eachd flyiRoeRACAYIm or

ri f1 uor oacet gxyliz) | 1 il Aethanesuld Al or2: PADAIUGRADYEANESY fony! or
2,2,2-tr|flu0ﬁo th%gegggfog uac [gup, 0 1S anf ntﬁger [fonl tg
preferably 2, P50 dd 2‘3 10 JELHP 0l PTAIEHEREY et e HHE 1t wo
cycl opent adi enyiC1pTHFOTLRdkY 1 L1oCar-alkogyanps-EcodtY4:are M2RL3R14 groups,
where BB is cQa-iSoosflidricgsl, e Crardnnioxior n-Gn-alkerdd R13 and Rl14 are
i dentical or di-icherantlad®Gyandcaog efikylarel- 620dyeds-aaanhdkefphf agni Ng
group such asrio jis a C1-C39 group, preferably C;-Czs-alkyl such as methyl,
ethyl, tert-butyl, cyclohexyl or octyl, C;-Cys-alkenyl,
C3-Cjis-alkylalkenyl, Cg-Cyy-aryl, Cs-Cys-heteroaryl,
30 C;-C3po-arylalkyl, C;-Czp-alkylaryl, fluorinated C;-Cys-alkyl,
fluorinated Cg¢-Cy4-aryl, fluorinated C;-C3g-arylalkyl,
fluorinated Cy7-Cjp-alkylaryl or C;-C;;-alkoxy, or two or more
radicals R10 may be joined to one another in such a way that
the radicals R10 and the atoms of the cyclopentadienyl ring
35 which connect them form a C4-Cy4 ring system which may in turn
be substituted,

R1l are identical or different and are each a hydrogen atom or

Si(R12)3;, where R12? are identical or different and are each a

40 hydrogen atom or a C;-C4¢9 group, preferably C;-Cyg-alkyl,
C;-Cio-fluoroalkyl, C;-Cip-alkoxy, Cg-Cis-aryl,
Ce-Cipo-fluoroaryl, Cg-Cyp-aryloxy, Cp-C;p-alkenyl,
C7-Cyo-arylalkyl, C;-Cy4p-alkylaryl or Cg-C4p-arylalkenyl, or
R1l is a C;-C3¢9 group, preferably C;-Cys-alkyl such as methyl,

45 ethyl, tert-butyl, cyclohexyl or octyl, C,-Cs-alkenyl,
C3-Cis-alkylalkenyl, Cg-Cy4-aryl, Cs-Cy4-heteroaryl,
Cs-Cz4-alkylheteroaryl, Cs-Cygq-arylheteroaryl,



" Cl1-C10-al kyl, C6-Cl4-aryl or trinmethylsilyl. Z is preferably CH2i CH2CH2,
CH( CH3) CHg738o64B9) C(CH3) 2, C(CH3)2, (CH3)2Si, (CH3)2Ge, (CH3)2Sn,
(C6H5) 2Si, (C6H5) (CH3)Si, (CBHS)2Ge, (C6H5)2Sn, (CH2)4Si, CH2Si (CH3) 2,

. 0-C6H4 or 2,2'-(C6H4)2; preference is also given to 35 the correspondi ng
conpounds havi ng a 1, 2- (1 rret hyl et hagedi yI) 1, 2-(1, 1-di et hyl et hanedi yl )
or 12(12d|rrethylet | brid Iso ossi bl e for Ztogether
with one or 3°r%1’éﬁ' 'aﬁ‘?ﬂf?)fkﬁffytlo Fg aﬁ&ﬁoﬁ?cqzﬁcayfy ’

pol ycyclic ri ﬁbuorsv@tteﬁm Cﬁ'tflzpré#‘léﬁf'erfc,lé‘°ifén§’?%r?7r63ww&ﬁ kr}dged

nmet al | ocene coHbpomuimdsedf C;+ttye-abkydryl( bk) C1+4M 2 pakitdxyul ar tmeson mowki ch v
is 1 and one p&did¥ishrREYalagpeet geimstylto bhgsandttheruhint sbeh e e that they
formansg i ndepyd famalzhﬁm BH@NYhe rdtRghs 5fp£ﬁé eéy%tib‘ieﬁﬂmiér{ﬂt %qng' n 45

Dot t e I " M;& oSl 26t Biem %d%%sg%b‘go%é kK ri s%? aguln tugR

posi tions, |ons or i'n
particul ar by bes A5PKSE, or 08- C20-aryl, where two or nore 0732/ 00034 9
substituents of the indenyl ring may al so together forma ring system
Chiral brildgets netwlenoeened cambunds ofwhdreviermula (11) can be 5 used as
pure ragenm c or pure meso conpounds. However, it is also possible to use

m xtures gf a; gaé: leq GOU @u%dagldy?byg‘?%ncgmf)?nd Exanpl es of netallocene

conmpounds are: I met hyl si | ane denyl ) zi rconi um di chl ori de,
di met hyl si ]lanedl yI b| s(4- napht hyl i ndenyl ) zi rconi um di chl or.i de,
di met hyl skt anBa A%ileept hea hyAth & 6ERERN\APE, PFE 0PR S ANy AFBgeReatom, a

di net hyl si | an€tiGib bhydrecrEbay| gy Elurhi ae otu-Gnotildiyllopr deg-Cio-aryl, a

di met hybsi | ankaloden atdmnet OHS 4- §HSnaht (RAS) 3 ndEnRLY) 371 P¢RH)ynor 15

g! cm ori ge, dumertslyyjl s,me&@edw:lm ( Balr@ééw:atémﬁar@gb b byd Dxyndemyhy, z4 r coni um
i chl oride, el pheny. on| um

di chl ori de, 20 J%a%i ag g ii%(%l gggb%t?'ndq E?? ??%‘g%z%ﬁ(é Jrrconl um

di chl ori de, RSP e X\ SEREPRyPE 4[' i §8p?o?) ‘1%‘88}%3 YTtconi um

di chl ori de, dFWeﬁlh’gﬂrgﬁF%Wéqu wrmfé(lgr%ff XYAs otk ﬂwmﬂ&w%ml 25

di chl oRPde, dioreafipospbahamsplifiony 2- erethyd 24t at Ehepiverphnagehfdnydi r coni um

di chl ori de, dgretdyl sil anediyl bi s(2, 4-di methylindenyl)zirconiumdichloride,

di met hyl si | anedi yl bi s(2-et hyl i ndenyl) zirconium dichloride, 30

di et hyl si| angdi M| Rinsbgaft i 4- ebhy! i pidarybyz{rgoni um dichloride,

25 2 is a bridging structural element between the two
cyclopentadienyl rings and v is 0 or 1.

Examples of Z are M2R13R14 groups, where M2 is carbon, silicon,
germanium, boron or tin and R!3 and R!4 are identical or different

30 and are each a C;-Cyg-hydrocarbon-containing group such as
Ci1-C1o-alkyl, Cg-Cyg-aryl or trimethylsilyl. Z is preferably CH,,
CH2CHz, CH(CH3)CHz, CH(C4Hg)C(CH3)2, C(CH3)2, (CH3)2Si, (CH3)yGe,
(CH3)25n, (CeHs)2Si, (CgHs)(CH3)Si, (CeHs)2Ge, (Cg¢Hs)2Sn, (CHz)4S8i,
CH2S1(CH3)2, 0-CgHy or 2,2'-(CgHy)2; preference is also given to

35 the corresponding compounds having a 1,2-(l-methylethanediyl),
1,2-(1,1-dimethylethanediyl) or 1,2(1,2-dimethylethanediyl)
bridge. It is also possible for 7 together with one or more
radicals R!0 and/or R!! to form a monocyclic or polycyclic ring
system.

40
Preference is given to chiral bridged metallocene compounds of
the formula (II), in particular ones in which v is 1 and one or
both cyclopentadienyl rings are substituted so that they form an
indenyl ring. The indenyl ring is preferably substituted, in

45 particular in the 2 position, 4 position, 2,4,5 positions, 2,4,6
positions, 2,4,7 positions or 2,4,5,6 positions, by C;-Cyy groups,
in particular by C;-Cjg-alkyl or Cg-Cjzp~aryl, where two or more



- di et hyl si | anedi yl bi s(2- et hyl - 4- phenyl i ndenyl ) zi rconi um di chl ori de,
di net hyl Sé*fi]ﬁ@bd#%l s(2-met hyl -4, 5- benzoi ndenyl ) zi rconium 35 dichl ori de,
di met hyl si 1 anedi yI bi s(2- et hyl - 4, 6-di i sopropyl i ndenyl ) zi rconi um
- dichloride, dinmethylsilanediylbis(2-nmethyl-4,5-diisopropylindenyl)zirconium
di chl oride, 40 dinethylsilanediylbis(2, 4,6-trinmethylindenyl)zirconium
di chl oride, dinethylsilanediylbis(2, 6 tr| nmet hyl i ndenyl ) zi rconi um
di chl ori c@bsnlrwphw sof driediipAgnyl xipg7mey| AhyHagetbaY | JUT comilnt 45
di chl ori deystdimyet hyl si | anedi yl bi s(2- net hyl - 5-ii obutylindenyl)zirconium
di chl ori de, 0732/00034 10

di met hyl syl %)elgﬁéwbéé %Tél}%tl?xsbeée ccl@fmhﬁgd@ yé:{)fz'feggnwmﬂ' clhopl de,

met hyl (Phene}gn aned] zl Lconi.um_ dichl oride,
5 net hy ( )gFF%me g %/ﬁ"el - I 1°sopr FI Atleni ) 2oni um
di chl ori dPS RyF ?p‘h%?\ Redf \A lflaEF’?l?rE‘E‘?ﬂﬂoui‘ i §B rd s1°ndeny| ) -

Zi r coni uneeNRSINGr de,
met hyl (phenyl’) si | anedi yl bi s(2- et hyl - 4, 5- benzoi ndenyl )zirconium 10

di chl ori d@mnlﬁite@YbfPrh@th/l])o%’ehé”@&h;\&ﬂd%( gr&et hyl - 4, 5- (et hyl benzo) i ndenyl ) -
ety AT %W%a?dﬁylmgmdew)qrgggmm e ageny!)

2|rcon|u 4-naphthylin zirconium dic lor1
met hyl (pt@d‘}ﬂ%ﬂﬁé%@ﬁ%y&@é‘izn%?ﬁwlbﬁnaeéh%&fmlﬁlwéﬁi)wm dighdexiigen
di chl ori déimetbiyhyl { piedip Dodis|( 2 Aweli i 13ind €2y het indonindedyth Ikrigieni um

di chl ori deimgBhiyhgh { Sinediwt Dedisl 2 et hat 10ias ( 2= nEpiHy19-1ihaehyl ydirmdaawh) - 20
Zi rconhyrgghqurqaéde 1, 2- et hanedi yl bi s(2 nmet hyl - 4- phenyl i ndenyl )zi rconi um

i chi Si'z(gmet%fz’ o A R A L .

di chl ori hl§§ ?E 4 but anedi yl bi s( 2- rret hx -4-1sopropylindenyl)zirconium
di chl or i déimethylpil aprafi¥AbEsd £ ek -RhEDHEHKSIN S AYF T FBoni um
di chl ori déichlpr2det hanedi yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) zi r coni um

di chl ogo dﬁ.methyiselﬁmm@tmlbl(séxﬂeﬁhyﬂ-ur-tnﬁmmalmuéawl)}:‘:mam:mm di chl ori de,
30 1, 2- ethanadi-yhbi s(2- met hyl i ndenyl ) zi rconi um di chl ori de,
dimethylsilanediylbis(2-methyl-4-isopropylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2-methyl- 4-ethy11ndenyl)21rcon1um

25 dichloride,
dimethylsilanediylbis(2-methyl-4-acenaphthylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2,4-dimethylindenyl)zirconium dichloride,
dimethylsilanediylbis(2-ethylindenyl)zirconium dichloride,

30 dimethylsilanediylbis(2-ethyl-4-ethylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2-ethyl-4-phenylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)zirconium

35 dichloride,
dimethylsilanediylbis(2-methyl-4,6-diisopropylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2-methyl-4,5-diisopropylindenyl)zirconium
dichloride,

40 dimethylsilanediylbis(2,4,6-trimethylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2,5,6-trimethylindenyl)zirconium
dichloride,
dimethylsilanediylbis(2,4,7-trimethylindenyl)zirconium

45 dichloride,
dimethylsilanediylbis(2-methyl-5-isobutylindenyl)zirconium
dichloride,



= 1, 4- but anedi yl bi s(2-net hyl i ndenyl ) zi r coni um di chl ori de,

[4- (115- cyrzppevds4i enyl )-4,6,6-trinethyl (i5-4,5-tetrahydro-

pent al ene) ] di chl orozi rconi um

~ [4-(15-3' -trinmethylsilylcyclopentadienyl)-4,6,6-trinethyl(15-4,5 35
t et rahydr opent al ene)] di chl or ozi r coni

[4-(T15-3 -1 c ent adi e lH‘ﬂ
tetrahydr%ﬂﬁﬁﬁﬁaﬁiﬂ%ﬁaﬁﬁa%? IP%%luﬁrt by nGenyY ) b1 2odH in

[ 4- (, q5- FeIFo&rtadi enyl )-4, 7, 7-trinethyl (i 5-4, 5, 6, 7-tetrahydro- indenyl)]
dichlorotmqthmlupheﬂyﬂ)51lanedlylbls(2—methy1 -4- phenyllndenyl)21rcon1um

[ 4- (T15- cgidmpentadi enyl)-4,7,7- trlrrethyl(15 4,5,6, 7- tetrahydro- i ndenyl )]
d|Ch|0r92ﬁéEHy1 BHEn 1)511aned1y1bls(2—meth

dllSO ro de
[4-(, 95- cycgc%glci%agigﬁyor)lde , (-trimet hy?’(l 5 9 111 orll?’o- i ndenyl )]
di chl or ohd !
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t et r ahy droi5e@aapm) daketarddseyi t ani um

4- (15- 3' -nestdiyrlg phésyl) stijeneddy Bmid (2-meEh¥1+4 | Srkdenpbihderdy B), A réonium
tetrahyolrd)id]ﬂaﬁ}yhé] di chl orotitanium 0732/00034 11 4-

(,n5-3" - ﬁﬁmpfmﬂ%say{,ibfs (2-fiel by T4 8 (nbkBy focnfb) indeny 1) -
tetrahydrOJ eay c’:hcl Qr,at 1tani um

05-3" -tri IlSI| Jr)y htadlenl trimethylsily

O R e e S e

(i 5-3' -texrtdetyutlylzewrup@miwhb@mqu 7,7-trimethyl (i5-4,5,6, 7-
tetrahyﬁrmﬂﬂhyamphéﬁyﬁXﬁﬂhahediyrhﬁﬁaﬂnmethyl-4-acenaphthindenyl)—
(tert- butyn@asinqigﬁl(aﬂ;m@maayl - g5-cycl opent adi enyl ) di net hyl silyl -

di chl or oty dai 1)silanediylbis(2-methyl-ipdenyl
(tert- butéll%[ EB}] Itl}tlat)rsalrn‘;fl%nﬁyf'y15lsc(ycIm((;"pe%t aldn éer?y )Zircéo%lt ane-
0 an|

di yl di chlor R

(et hyl arﬁ‘%’)y(lt( B’P?%WP“@Q%W%&éﬁ‘ﬁaﬂi’%ﬂn%sdﬁbﬁé@’h%‘%‘?f}% )~

di chl 02®t3irgengmn dichloride,

(et hyl ani ,@eethebedigltipl( 2 Tnst oyl ephrhati mdady)l-) 2 i Peat hanedichlloride,
diCh|0r0tit4i%huﬁheéi§lbls(2-methyl -4-phenylindenyl)zirconium dichloride,

(tertbuty] @me@ﬁzné&yﬁbq' r(Ft,ngéhf-l A I%eﬁﬁgbﬁbpjﬂ%ﬁ dh HM in'ixln-

di chl orotj ? bi's(cyc opent adi enyI zi rconrum
0

bi s(n- but C 1 adi en ZI rconi ym di chl ori
RO n4e¥ BT o AT BBk siscogun

t etrachl &Wh[lﬂ?r%‘?s(T 5-1H i nden- 1-yl i dene) et hyl si l yl ] - 3- 15-

cycl opentla42bdtdnedi-yl-bjilsi demet hy8-4q5-Beh 26 Lratemiyl) z yi coleine) dithbetide,

di zi r coniym-etRaRETIY 106 b 2mé tHy8(-495-Ben®d indendith izmﬁl@csmlmwdildﬁm@:‘zi@é hoxy-
silyl]-5- 1( zqétga&aayibtlgr(éameﬂwﬁaé%wﬁmefhya y%19EER i WilcHheBE) ge 25

5- (., q5 % ?, i#} Moilm dgﬁ;;g;g&

tetr ac OI’ O E¥B§ Cﬁ(}ﬁ %
cycl openta- 27 PHEARE dﬁ§Y LEFISPOYER- 61 - 3-
oxaheptadérd“ TeXTIPPE ,6—trimethyl (n°-4,5~-tetrahydro-

di met hyl sien&nédng) bilsr(hzonezrmomu@tert but yl phenyl i ndenyl ) -
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conmpound vvtl1 can rati'o with conpounds
of rTPhe f of MEFH m8P°ﬂ‘f ridenmpne ( q%‘?’@ Aiphenopidenagi cal s RZOWPn

f or nul QO(FHSOW B‘QHPG’&RHJ@@I mgno (2 fF-elimethyipenenided .a hal ogen atom a
hydr ogen aixerdumamGhoCdlomideumeno (2 A-elimeltiy DbhéiRikialeky| ,

Cl- C20- hak oaddayilum @on62Réd e, mohb¢ S2A-dink@ByYphefokiGe)- aryl al kyl ,

C7- CA0- hal, pak 3 i3k Wbnoc K HHe- ﬁbk&dﬁ@”dlﬂ\%t 158G dalaR f)‘l kylaryl . R20 are

pr ef er abl 1§<Qonqjumcﬁlo§£gﬂ?%d%“Rén?érent | ciléear y preferably Cl- C4- al kyl

groups, repara | O étens of the present invention
1r onium monochloride mono (2 —met phenox1de ’

zirconium monochloride mono(3—methylphenox1de),
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),



“wll be described for boron as representative for elenments of group Il of

the Periogyalafgg3of the Elements. The catal yst 35 system of the present
invention is prepared using a nolar ratio of boron:M in the conpounds of
~the fornmula (1) and the formula (Il1) of fromO0.01 to 10,000. Preference is
given to using a nolar ratio of frog0.1 to 1000, very particularly
preferably from1l to 100. For this rpose, a conpound of the fornula
(111) can BEWLIHRMOSHAPT LA MRS (Rt hrtuhy leai i &99¥, Al : M2 of from 0.01
to 10, 00Girpeeiwn armsechiopide mang (Gekhebutyiwimadejatio of from0.1 to

1000, ver yipabhiwmnnoyhpoeids aldng (Bioisdpidpyl@fiddhe conpounds can be
brought | MoRof@MhPCtz iWebhi SR endHYMNIBLi48, @ 45 variety of ways. In one

possi bl g Q{ SEQH%ft z%?cgég%ﬁ%oaclhllio i%éansi tion nmetal conpound of the
formula (I Zg IS ssg ved or, suspené«f In an aliphatic or aronmatic

sol vent, &OGONEORULE, 20732 HYHIX G 1 Ae%me, tetrahydrofuran, nethyl
tert-butyl ether, dinmethoxyethane, diisopropyl ether, di-n-butyl ether or
di et hyl @rkéeredreSulssedaenyiven moetbe abdrrespoodpog niinefthyhezioeondwm (111)

i s added cdompdusddlanadthe Sowfepdadiherfr-bdbed 1arReliresntimRdnpolinas 1

m nute g 24 hours, preferably from5 mnutes to 120 m nutes. The reaction
t enperat urg i r.al LNt range from.10C to +200C .preferably from
0C to SOC.T%KE?%%%t Bits 2 g’ét%:lgs %ﬁg%og r‘t:'%eer%ld' VSPRIT A E{ﬁe)(%,erflﬁ?%a??‘?p&ﬁ%r an
or ganobor 8 ¢BRPo I 8 *YheCTRMWECaCE (75 eiegeridel Rairharour Stk PorlVi n

di ssol ved odr theirzi@ddct Bapde ofh&hpeBementsti whitk ppraferably from 1 minute
to 24 hoursrregpafdsr &bl yhé rfountla nDLEs, tuwsub2Qynamudiemnohbeal BAet i on

t enper afsuicempSund) whiehr 8896bd NActd8Cih G2 @Q6icRIaabl ¥atfomyikd 0C to

50C. The icgghgéﬁ,gdéialofcQggopgﬂﬁlﬁacqgéaglso(rlqﬁ introduced successively in any

order into t yneri zation vessel. | esired, the catal yst system of
the present invention can also be used in supported form For this
pur pose, the catal yst system 2(R20f the pR#sent invention can be reacted
with a support component: the Catalyst-~systemof the present inventi on
prefer®® y conprises at |east one gupport conponent (C) which can be any
organic or inorganic, inerf solid. |{In particular, the support conponent
(© can be a porous support such a% talc, inorganic oxides and finely 25
di vi ded pol ynmer powders (e.g. pol yolﬁjoi ns). Suitable inorganic oxides may
be found anong those of elenents of ""groups 2, 3, 4, 5, 13, 14, 15 and 16
of the Periodic Table of the Elenents. Exanples of oxides preferred as
suppor t25i b yerdisialscB 30 dpsmutre, (IFIuninayhexidgat anadl mixad f6erdes of the
two el enerhd8 eard becer habpyetdiatgmexa deydrogenr esom @rher ChAOfggpbap pXi des
whi ch canpbefetsag al-ang-alkyn, cyrbjjalaleallyi h dshe, plevenenti oned
prefer[edcgwodig&l&lﬂwqrI:??c%ealr;pél]@i@ml,%40N]§Qoa§rﬁ]§¢k}h92 or B'203t ﬁS The
suppor etia p r abl yi. hay i TJ.6 - ain e
”87 if(fot ﬁ;}bﬁ%‘é‘}%ﬂ £ @7 %Ef) hiﬁ@oaﬁ.&%&gpﬁf R26 é:af%%eragff

range B%PE}_ groupsg’pgr Sular y pre%er;gyg E?p4-alkyl groups.

6—a k
The preparation of the catalyst systems of the present invention
will be described for boron as representative for elements of
group IIT 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
(II) 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,



“fromO0.1to 5 mM/g and a nean particle size of from1l to 500 m Preference
i's given po3supReRls having a specific surface area in the range from 50
~to 500 m a pore volune in the range from0.5 40 to 3.5 m/g and a nean
~particle size in the range from5 to 350 m Particular preference is given
to supports having a specific surfa:g?n area in the range from 200 to 400
n2/ g, a pore volune in the range fr 0.8 to 3.0 mM/g and a nean particle
size of PERFATIRD ttGtrebYdToLTan73pebmoBAeyt -bpEyE REMGTpport material used
nat ur al | ydfmsthoiyevhape st dirisopyapehtetlmr ,r dér-dubhitwblerder cordimithyl
dehydr ati etheéxt. dryi ng before use can be omtted. If this is not the case,
for exanple when using silica gel as support material, dehydration or
drying gs ggﬁj e. l,.,deh j r Vi f ppar.t
mat er i aF s%b%? ee%%tai&r'i ngf%{g%lx gré/&ﬁe‘%%dnggogr Efs;éufr%q?vﬁqtaht(gffﬁihsgﬁggﬁg
bl anket i ni™ (i 13FAINER: OF (&I RengednFoTy i TPAGELLTY: Tig SpEral dre is in
t he rangeMiPWR OO 280heWODC Prgier ap bib| firomy Sninpodtes tR0AE0 mimitesar Fhet er
pressur e rsaatotorctiempenatune tilsi gepesallyThia dhyi nanded firome-téic he from 1 to
24 hour s. +Sherct, eprefet sBIGLEreinydng thi H8X. AECePOSHId) & cBhPMIMELG L hAL
equi | i Bpi PG (e By ABLAlcuBRPURS 0rYanbBBrHPRMdoutid’ bACENE &G
est abl I'sheg Under, 4G condlf Lans, o£hasen, JwLeh, normlly, Lakes frgm to 8
hours. 15 %’e support, pmterial _can 50 he ae_ rated Soroar i ed bymChem' cal
means. byTPeAAAGHGoPhE IRISor BEASRAILY SHAT LnBIRYLE Gy PAgPBEERY on  t he
surface W¥HferalybEEOBas ipdtPAgtagerht ainykesy cBig ireachiion t he
passi vat i tempexgemre d¢anic drhecrrangé | fioom SAMEC afo tH2OOAY dromeferablyuix®m Nnto a
for{n whached @adsotd. Mbeadie@lwikidant ebagshdtt Michh higo l&Qe q&&e«b&ﬁé&ﬁl : _ydacti ve
centers. : SSj V. e , ﬂ@aht_g : on halides an
si | anes, gl&%%@%ﬁeggn%t%?r %gﬁlégr%%, a{:h%I 8?%%? met yogi V%%%é%'r
di met hyl am notr,ichl orosil ane, or organonetallic conpaounds of alum num
boron and heffifdgiedm the FatalyaEt AT LA GR P5eIS e RYPAFIRR @R also
triisobuthe #e64 ABrEuUPPeRhEsy ERERankonthigi burpesmyrids gataltat svetemal
dehydr 20i of e passenttiorensfionhean seppeattedteitiala issppart iathpouent f or
exanpl e, tie IRAGIYBY Systsis RENShOprfsente i5UPPOIdn Prebrably ltompsilbéabl e
sol vent '£'ttlfkf‘astagﬁéngﬁﬁ:ﬁxtabbmﬁ&%x{@!(%t)u&ﬁi&%té’hx{ he Qﬁ?sbf’faf-di%goi-eagent In
pure 30 folmor,;as adiad W98, ' I gbasr%itcﬁgla% SOl GRL é’é'%&? o%esg' ;{gﬂts
are, for exa a’Ie, al 1 phati ¢ or argnatic ydfocarborﬁ’g Sug¢ S B n e,
hexane, hefft dife? PBFORHSHRROKY| B! 3Padéilfat +ROFIARICHaREASE 1A AiPEEY out
at frofP2dxyided) potymer gfomidgspy (¢ romPodgolef Y - The reaction time is
usually from30 mnutes to 20 hours, 35 preferably from1l to 5 hours.
Af ter chesiiiadbldeydrgdnian oxides aiEY dle€ folh@ SMRPRhoBBL&f idllemeals bes
i sol at ed dyoddd br,asi on, ginder 1pEris Geadh ki @PSeheVdeheda PP6r4Y1eMBECLAd MBS
with sui tahlig, ineph . 500 LeBeS ol die 108, 0858! 1 REDoRROYEe1 A 3 UbSSIUENt |y

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, ZrO,, TiO; or B;03.

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 pm.
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 um. 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 pum.

45



“dried in a streamof inert gas or under reduced pressure. 40 Organic
support ngygbirgbsszguch as finely divided polyolefin powders (e.g.

_ pol yet hyl ene, pol ypropyl ene or polystyrene) are |ikew se suitable for use

_according to the present invention. These should preferably Iikew se be
freed of adhering noisture, 45 solv residues or other inpurities by
appropriate purification and _dry perations before use. 0732/00034 36
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an or gani tsriithel rhage nrdm dif01te ol QY °Ce apirferabdmsfrom A94r ttiocBPAIC.from 1
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having 2400 Il 801 Yrof (U €nbe dl11GA00R ALy far oBhone

1- but ene, ent’ene, or rene,

L butene, o RS T eRe: T l® e e LGt 1 B dﬁm P et

nor bor nadFeeReTor WBERY | RRFIRdadRERR B dyEPi & ‘tﬂ"éﬁ ‘ns such as norbor nene,
tetracycl ododecene or nethyl norbornene. In the process of the present

i nvent 1eNThrAfppoeBCRater igilveant alshww@ehydeited RE AEOSE NSy Wheatibane or
copol ymer y&i N9 ByOPesE: Md R heChlSHEL AN WaRbr Vakd 1HRE NQEr SRV E gdipef bRS
having from 4 &%a%goéf’tr?aJ\B%QPi‘LOBESSl%aQ n e ﬁ{l&(f 2pdLore é’ S ol ”‘%Ee di-enes

having from I ene, nor rna

i€
et hyl i den*é]h%rﬁﬁf‘lsr’rgﬁ*él%? F‘ﬁo?ﬁ%r eéﬁeal oge Bf the Eéfll mer s
are et hen@r?}mfpéﬁéoc%p%ﬂ ichndeads HénBopRrBTRIRE }n&eﬁé&‘a?eﬂrbrv@t

t er pol gRecatald®i8sl Theaquiveneentets orfuisapbacpaddiywatangi ®gerousg aae,f rom - 60C
to 300C, f¢r efxamphey $inNimMM0Gal Dd@H)Hnd velyn@s) td.qul ailycqieferably from
50C to 80&&4&9&@&@ur&ro%oggmﬁé@h}nglflagm fr5 to 2000 bar, preferably
froms5 t o484 B35 anlf6 P r)i%?r Hi‘éﬁé’“ o‘?ca%rBEn J&ﬁ‘lco%moﬂ?&bé%‘é% 22 In

i n one

b | k,
u nor ;ns?gusp u&jbggﬁé’{ &Y{éaf'? 'earﬁsgr eb’éi’%ecﬂ‘é’g&%ﬁé?‘?lﬂ“'t o the present

|nventpgntrlethylalumlnum, trllsobu ylaluminum, triethylborane or

dibutylmagnesium. The chemical dehydration or passivation of the
support material is carried out, for example, by reacting a
suspension of the support material in a suitable solvent in the
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.



" can be used as sole catal yst conponent for the polynerization of olefins

havi ng frem32/0003@ carbon atons, or preferably in conbination with at

~ least one al kyl conpound of an elenment of main groups | to Ill of the

. Periodic Table, e.g. an alum num 45 magnesiumor lithium alkyl or an

al um noxane. The al kyl conmpound is ded to the nononmer or suspension
medi um and serves to free, the nono of substances which can adversely
af f ect t hEOcBRRIY €0 9352 s £Yshemaet ithe Presaat abiattior 5Pky1 conpound
added dep8nBROWH tthe cqbalysty miktuhe praremedsassdescribedeebssaris hydr ogen
i's added gsnemdlry mésedrefth at dehgaddesd tor paskDes€as &upporachdtdrting , The

suppor t edtgat s MadntsY st e haqusrd ddacthy E@pp chbc%d aewﬂféd tion.
Hovever 5 bhedfydl 3908751 D110 é@@ﬁ(&;eh%ha%om cglrh Lo geighenc the

cat al yst SYPLE r@ f U c?tt %/ITEI‘I zabl on Pe of this
acti vat i onChethod =i & Pﬁ‘é? i Esp? &dsit FeS‘EQP%‘i JRteht?

pol ymer i zE¢PRAEEG F@éaééﬁ%lﬁﬁspbtéy%‘érﬁ% @ BEepof hestinshiPpwHer ¢ he react or.
This prevents partial deconposition fromoccurring on introduction of the

ai r - sensi preferamicaliysgiverd toupblgneiiAingad1addhs o theChoagurn antistatic

can beltus dHlCtHhﬁ mr%%srz ond he 9£@Sfd3nt'1'a\5§“&£0&&f&r|% tf Qha 'J@r OVit ng
e parti 29V, e_po ener 0SS e to use
¢ach 19 a'&fm IOQ ﬁl‘jﬂyﬁlc %89%7%?% ?5% % nﬁlté’s re salt

all anti st at1|) cs

m xt ures of°¢hl & ﬂ‘FH si‘;l‘il t%a%‘ﬁ N/g?ff af’éﬁﬁ“ &m a8 é?ldc%lfﬁod‘rnaﬁﬁi“%lcfrs Rgf and
N st ear yl BntiRogiPRF Wil dheadtems Ganpesting Dehew ay4308B00ne Rur mhee
sui tabl e mimdsstatics are, for exanple, Cl2-C22-fatty acid 25 soaps of
al kali 1er alkaline earth netals,salts of sulfonic esters, esters of

pol yet hyl gnandlascaleSsyel hbrfedtihy aFd dlsdoleEQl'xL{OP)(X\% 3 K Bhi§r S etc.
A review pf n?"}t st ?Bl CSa ﬁ% gwﬁg | n EP tf‘gﬂ a%liﬁ(%ngg?iéilft r%ib §f possi bl e

to use a re o

ant hr ani I{ncpea{’c i*qeand Eed\;é gt %1]3‘ ‘(H’@g&??%e%lr ilToEbeRe 0 BIHFHS6, as
ant i st at | ¢LeneSmTBER| af | stpabere prlodubesadicne ayisyinbelainess fr om
DuPont 20 B&humadjene ndix tarhy lobrivaitneetienei sopropdnal plefins such as
dodecy| befmthrasieht pnt etmriydl odo@edaiNoiteme Sh g D HOFREn8f In dgeene and SO2
pl us 1- deges@ss0bsr ASHY I'Predeht O vl ilond@NEr é%%#%ﬂd@ 1;6§1$éﬂngd Cl can

i kew se t fer sol ution.
the pref erreé%‘i?ﬂgrl %IQPE%E &, §8:he§1ep§§ & goe %éerlz%’é% QmpﬁEFnﬁ T‘}F om 1
to 50% Z?r t'Hi gBFu? rlef’if" t1“"r"('3‘|’i‘i'5’5f{‘"%‘“ 2530y Owei ght ,
based ®h %i%’%%%? t&red - sGEiS%‘P?edi P&l 9B %@wr@sdpﬁms havigat fieemwi t h
coval ent |4 tso@Adcariven |agoasi uen § orlvidrdput edpenmd nortodbadiwneqr nore
met al | ocesthydddpoensishortiegle 6f d418/1nREkBUlRadidne. Examples of such
copolymers are ethene-propene copolymers and
ethene-propene-1, 4-hexadiene terpolymers.
30
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



- 0732/ 00034 38 However, the required anount of antistatic can fluctuate
within a Of3P/A0&fe, depending on the type of antistatic used. The
. polymers prepared using the catal yst systemof the present 5 invention
_display a uniformparticle norphology and contain no fines. In the
pol yneri zation using the catal yst sysgyem of the present invention, no
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The amqun metta conpounds of the fornmula (I11) can be varied within
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m Xt ur es Wstesayilanshretialicoaene, casmieasesbed 5i) H32A000843 ?é%o SUI table
conpoundsrgag! euﬂtaﬁm EnRdsBBE 8dd QeI !EB}'@:EE&\;ﬁre 'ln-c ALy the
novel ng%foglkgﬁ q’r%‘hﬁ(gliﬁé ea-m:% mgg Sla,t ISOH%S (o] Ele re Ctl On Of the

nmetal | oce cQ
égiersnpes§ers J} po yethylene glycols with fatty acids,

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 S0; plus 1l-decene
or ASA®-3 from Shell and ARUSR® 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 solution, 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).



“metall ocenium form ng conpound of the formula (1) are not 5 critical per
se; the repEr3d2000034preferably carried out in solution, wth suitable

. sovents being, in particular, hydrocarbons, preferably aronmatic

_ hydrocarbons such as toluene. An anpunt of fromO0.1 to 10% by wei ght of
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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



- spectroneter, UV spectra were recorded on a TIDAS (Transputer |Integrated
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_ probe fromHELLMA (path Iength: 1.00 mm 0.001 nm. Melting points were
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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(pentafluorophenyl)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 [81H (CgDsH) = 7.15, O8lH (Ce¢DsCD3H) = 2.03, 613cC
(CéDs) = 128.0, 813C (CgDsCD3) = 20.4], pure BF3;*OEt, [l!B = 0,
E(11B) = 32.084 MHz), 2% benzamide(!5N), 0.2% Cr(acac)s in DMSO
[815N = -279.3 relative to pure MeNO, 815N = 0, E(I5N) = 10.133
MHz], CFCl3 [819F = 0, Z(I19F) = 94.077 MHz]. The assignments in the

45 lH- and !3C-NMR spectra were confirmed by APT (attached proton
test), GCOSY (gradient enhanced lH-lH COSY), 1D-TOCSY (lH total
correlation spectroscopy), 1D-NOEDIF (lH nuclear overhauser effect



" (C(2,5)), 108.9 (C(3,4)), 65.9, 14.0 (CEt2). 15 19F- NMVR (282.4M+z, CbD8,
300K): 8 ©73234093@br., 2F, Fortho), -157.5 (t, 1F, Fpara), -162.7 (m 2F,
Freta) | 1B{1H - NVR (64.2MHz, C6D6, 300K): 8 = -8.2 (v1/2 = 50Hz). 11B-NMR
- (192.2MHz, TDF, 298K): S = -8.8 (v1/2 = 20Hz). 7Li-NVR (77.8M, TOF,
300K): 8 = -2 6 (vl/2 = 2Hz). 20 1H, J)—I—GCOSY (599. 9/599. 9MHz, C6D6, 298K):
81H 81H = 5.84 H 5)/ H3. 4 0.68 (CEt2/ CEt2). 1H, 13C GHSQC
(599. 9/ 158”% enC@elﬁé’g é’é"é%{%"wélHFB% & %&/%ﬁlef‘t(w@@ﬁﬁqz 5)),
5. 84/ 108. BeteRAnupleer3single Augntes, @r@mpyn)oanqm (95-13¢1, 13C- GHVBC
(599. 9/ 150rFdtent E@bencedheter@hbitbeSC muldip2E1068nd coride2abidn)C( 3, 4) ),
5. 84/ 125. 8xpéX inehitls . CLA-BMR-e Rp & meht3; wePe 681658 6PEL €3ind )k GHMBC
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reduced pirssgrategn@iotie AmsiydSpectmsmetternr €domi 14M 2y means qent #gngeq The
resul t 10ggSasheREees ivASprdid tebRdummdia heatRSi was extracted three
times with, gl toéttﬁne Theusl i ?ggmn&mmede BERE.dELS fRIRLned and
THTY %

bt 2i Hed
G W%’l’% u@l‘%ﬁés S (BB P81 (Gl APORTE L ol | rration

from t ol uEHE-AMert8E: K rﬁ‘@@tgjr r&:ﬂaelyéﬁﬁst‘&? svapragdgi eh an X-ray
structureF%ﬁm'I*SPﬁa@Wa%HI‘éaiﬁplédeéﬁver(t(}imii\zagyzell 47 mmol, 57%yield).

0732/ 00834 Melting point: 178.7C. 42 Elenental analysis (% for C22H5NBF15
(M = 579%dgmpieahcul ated: C 45.63, H 0.87, N 2.42; found: C 45.50, H 1.11,
N 2.27. 5 UV(CH2O 2) (?(int)) = 231.0(0.9482); 254.0(0.8525) nm 10 15 20 25
30 35 IR 7.0, 1603 520.6, 1502.5,

1465. 2, 1?@%“%89 %q“sl‘ge‘?‘ Byri%l’d‘“g%riié%e’itaffé‘é’§°8ge’i&]6?§’°¥ate

,2ithium tr1s(pentafluorophenyl)—N pyrrolylborate (1):

20

ON-B(GE), | [LiOEw)

25

0.531g (7.27 mmol) of freshly prepared pyrrolyllithium and 3.724g
(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,¢H;4NBF;5LiO (M, = 659.1): calculated:
C 47.38, H 2.14, N 2.13; found: C 47.63, H 2.95, N 1.90.

45 MS(m/e) = 578 (pyrrolylB(CgFs)3).
UV(CH,Cly) (M(int)) = 230.5(0.9158); 260.5(0.5837) nm.



©1120.0, 1099.6, 1086.4, 1063.7, 1045.0, 972.3, 953.4, 911.3, 906.3, 800.5,
789.3, 778782/0003%, 744.6, 739.0, 703.8, 689.6, 682.8, 668.9, 625.7,

. 614.1 577.5 cm1. 1H NWVR (599.9MHz, CBD6, 298K): 8 = 7.35 (br., 1H H(2)),
16,34 (m 1M H(4)), 5.45 (m 1H H(3)), 3.53 (br., 2H H(5)). 1H NWR
(599. O9MHz, C7D8, 213K): 8 693(br4 1H, H(2)), 6.07 (m 1H H4)), 5.20
(m 1H, H%3) 308 i%@ 2H H5)) h3c MR 150. TMiz, CBDB, 298K): 6 =
171.1 (C( ﬁf 3 (A5 14 R6EP -3, 22832 1BiEof4 ho), 140.6
(dm 1J(F1€% =y 2&4354% GFpiaré)%nl%,? 1280dfy lZ]f(Z;?G) 120249, 1M84 .A; Frret a) ,
127.2 (CLB8§§,7,11815.8br979.@,p96}p, 7 556 .6C( BF). 1,11@2NMR (4928 2NHz,. 56708,

298K): S 761746 750.8, =69PH) 68%95 ’\8%(156%25'\@42 6 13738, 5298K )0,3-6 = -13%|§

(m 2F, sFert ,59%%5 ghar . ¢ i E

599. 9%1 :@gé ' F'r o? ¢ t /@ ) 3%/ 5. 45
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208K) : 61HI-BIMBC (599, BS1zL7TDF, L9ER)Y O(2)5,4%.(B4.155H5 K, A))C(8)I1 (m,

5.45/ 127. 2u{ (), /46:()3)3 38 ac§3/3551a51)(Id(B)bEéﬁ)l)J(cJ,ht)BQﬁW@Q 4H
(599. 9A85Qg

1. 115979, ¢ zé %H oﬁ%
H(2)/ C( 4 / 7 i 4 4 01711,
(15g % cg X ?HZ '5’ (‘2115 5"9'2 18%’3/ 177?)"1’ f( %% (3,3, 4)).
1H, 15N %eh 1Clp TH24 P5REZ, el\rg“agxraa 0¥37.6. 20/ - 145
(H( 2, 4, 3)1%1)1)7 (FF%) y-ne?r4|82éﬁ|zanmé%mamjl,eé2é1nﬁ ([dmopdr a€ipee) exXiploes 40 45

Pol yrer i ze@{215)0f, 20&iehe(d(13,a)Blicés . d,ahar at posr,aut ocl ave, a sol ution

consi stbnyrofiMB0028d . amat:, tcgngensoami & 3 oh3ofg tagdli seputyl ) alyum num was
heat ed forlg);n% (t@ouiFatF the chegen; r gactizongt enperature "and e subsequently

sat ur at ed; ; ne, hour e cata § s n freshly
gener at ed, g}} t}r @4 g t' Zgrecéanre%ﬁ |c8corrp8g ncﬁw% E? *activator in 3
m of tol u@ng Bnt 4% Bru 850 ot Therd ||‘1}’écfe%lo%ﬁ)rectly into the

aut ocl ave'LiFN¥RpoT {+fdfiza af'PBn W)G?QZ?O%M (#2 =s2Bpped by addition of 20
m of ?—Ell/méﬂh@may ((599;9¥%99 .9MHze CplmsublbBRy: OHYsEr =was7pashed in
successi oy (v lst)/l—E(l::, Mﬁtem goy@td;mr(@Etgyldo gtone and was subsequently

dr leegrelg% : LHHsHCO! 59§‘°§éﬁﬂ50’°‘%h¥at f_és ﬂ i 2% @'f%zgﬁggrg'opg to
phenyl )bo a 1%@1":"5)05 % ?#ﬁ%ﬁ%a‘ r %é &grﬁ) I'és ( 'oro GBMA‘b
B(CGFS%? HBPH4 and informati on on the pol yners obt ained are shown in
Tabl e 1g,13c- GHMBC (599.9/150.7MHz, CgDg, 298K): B8H/813C = 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
| / N-B(GFs);

35 3.0 ml (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 yas 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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Melting point: 178.7°C.

Elemental analysis (%) for C,HsNBF;5 (My = 579.1): calculated: C
45,63, H 0.87, N 2.42; found: C 45.50, H 1.11, N 2.27.
UV(CHC1ly) (A(int)) = 231.0(0.9482); 254.0(0.8525) nm.

IR (KBr): v = 2966.3, 2932.8, 1647.0, 1603.1, 1520.6, 1502.5,
1465.2, 1389.6, 1374.0, 1367.4, 1310.7, 1285.1, 1269.8, 1262.7,
1120.0, 1099.6, 1086.4, 1063.7, 1045.0, 972.3, 953.4, 911.3,
906.3, 800.5, 789.3, 773.6, 769.5, 744.6, 739.0, 703.8, 689.6,
682.8, 668.9, 625.7, 614.1, 577.5 cm-1l.

!H-NMR (599.9MHz, Cg¢Dg, 298K): & = 7.35 (br., lH, H(2)), 6.34 (m,
14, H(4)), 5.45 (m, 1H, H(3)), 3.53 (br., 2H, H(5)).

1H-NMR (599.9MHz, C;Dg, 213K): & = 6.93 (br., 1H, H(2)), 6.07 (m,
1H, H(4)), 5.20 (m, 1H, H(3)), 3.08 (br., 2H, H(5)).

13C-NMR (150.7MHz, CgDg, 298K): & = 171.1 (C(2)), 155.5 (C(4)),
148.2 (dm, 1J(F,C) = 241.4Hz, ArForino), 140.6 (dm, lJ(F,C) =
253.4Hz, ArfFpoara), 137.6 (dm, 1J3(F,C) = 249.1Hz, ArFpeias), 127.2
(C(3)), 118.5 (br., Cipso), 65.5 (C(5)).

11B-NMR (192.2MHz, C;Dg, 298K): 8 = -7.6 (vl2 = 90Hz).

19F-NMR (563.7MHz, C7Dg, 298K): & = -132.3 (m, 2F, Fortho), -155.7
(t, 1F, Fpara), -162.6 (m, 2F, Fpeta)-.

lH-NOEDIF ((599.9MHz, C¢Dg, 298K): d(irradiation point)/d(reply)
7.35 (H(2))/ 5.45 (H(3)),

GCOSY (599.9/599.9MHz, CgDg, 298K): 8lH/OH = 7.35/3.53
(H(2)/H(5)), 6.34/5.45 (H(4)/H(3)).

1H,13C-GHSQC (599.9/150.7MHz, CgDg, 298K): 81H/813C = 7.35/171.1
(H(2)/C(2)), 6.34/155.5 (H(4)/C(4)), 5.45/127.2 (H(3)/C(3)),
3.53/65.5 (H(5)/C(5)).

1H,13C-GHMBC (599.9/150.7MHz, CgDg, 298K): 81H/813C = 7.35/155.5,
127.2, 65.5 (H(2)/C(4,3,5)), 6.34/171.1, 127.2, €5.5
(H(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)).

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

45
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stopped by addition of 20 ml of HCl/methanol (1:5; v/v). The
resulting polymer was washed in succession with HCl, water,
methanol and acetone and was subsequently dried. The amounts of
novel activator used in the examples according to the present

5 invention (activator: N-(2-H-pyrrolium)tris(pentafluoro-
phenyl)borate = HBNF) and the comparative examples (activator:
MAO, B(Cg¢Fs5)3, Bu3sNHBPH,;) and information on the polymers obtained
are shown in Table 1.
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VWNcol - TLU ggbblbggzo U 0732/ 00034 45 Pol yneri zation of propene The
. polyneriza |oﬁ wasS ‘carried out in the sane way as the 5 polynerization of
_ethene, but propene was used in place of ethene. The anpunts of novel
activator used in the exanples according to the present invention
(activator: HBNF) and the corrparati% exanpl es (activator: MAQO, B(C6F5) 3)
and information on the polynmers obtained are shown in Table 2. 10 15 20 25
30 35 40 #61pw3/z22@0384 46 gidpe@e- E 2rN. COCOLII E ~*0 OOIIITINIT1I ar E f-
cccoCj CQj 't co coN
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(Cg¢Fs)3) and information on
the polymers obtained are shown in Table 2.
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0)Q I CVCM 1) \VvNvNv ~ YrzO WO W U 9c 0732/00034 47 W claim 1. A
_salt-like chem cal conmpound of the fornmula (1), 5 (C6R15)3MR2 (1) where 10
Rl are identical or different and ar%zeach a hydrogen atom a hal ogen
atom Cl1-C20- aIkyI C6- Cl4- aryl, o- al koxy, C2-C10-al kenyl,

C7- C20- aryl al kyl , C7- C20- aIkyIaryI C6- C10- aryl oxy, Ci1-d o- hanaIkyI

C6- C10- hal'®ar 1m' C2- O o-al kynyl "or C3-C20-alkylsilyl, 15 Mis an el enent

of main group |11 of the Periodic Table of
l. A salt-like chemical compound of the formula (I),
5
(CeR15)3MR? (1)
where
10 Rl are identical or different and are each a hydrogen atom,

a halogen atom, C;-Cjp-alkyl, Cg-Cig-aryl, C;-Cig-alkoxy,
C2-Cyip-alkenyl, C;-Cyp-arylalkyl, Cy-Cyp-alkylaryl,
Ce¢-Cio—aryloxy, C;-Cjpo-haloalkyl, Cg-Cip-haloaryl,
Cy-Cjipo~-alkynyl or C3-Cjyg-alkylsilyl,
15 M is an element of main group III of the Periodic Table of
the Elements, and
R?Z is a substituted or unsubstituted heterocycle.

2. A salt-like chemical compound of the formula I as claimed in
20 claim 1, wherein the heterocycle is a pyrrolium, indolium or
imidazolium group.

3. A salt-like chemical compound of the formula I as claimed in
claim 1 or 2, wherein M is aluminum or boron.
25
4. A salt-like chemical compound as claimed in any of claims 1
to 3, wherein the heterocycle R? is unsubstituted or
substituted by at least one halogen atom, C;—Cj¢—alkyl,
C1—Cip—alkoxy, C;—Cip—alkenyl, C;—Czo—arylalkyl,
30 C7—Czo—alkylaryl, Ce—Cjip—aryloxy, C;—Cy¢—haloalkyl,
Ce—Ci14—haloaryl, C,-—Cjp—alkynyl or C3—Cjp—alkylsilyl.

5. A salt-like chemical compound as claimed in any of claims 1
to 4, wherein the heterocycle R? is unsubstituted.
35
6. A process for preparing compounds of the formula (I) as
claimed in claim 1, in which compounds of heterocycles R2
containing elements of main group I or II of the Periodic
Table of the Elements are firstly reacted with compounds of
40 the formula (C¢R!5)3M in a solvent to form compounds of the
formula [(C¢Rl5)3MR2]—- which are subsequently protonated by
reaction with a proton donor, where R!, M and R? are as
defined in formula (I).

45 7. 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 claim 1, if desired an alkyl



“the Elenments, and R2 is a substituted or unsubstituted heterocycle. 2. A
salt-llkeoqbemaud34xmpound of the formula | as claimed in 20 claim1,

- wherein the heterocycle is a pyrrolium indoliumor imdazoliumgroup. 3.

A salt-1ike chem cal conmpound of the formula | as clained in claim1l1l or 2,
wherein Mis al um num or boron 25 4,,A salt-like chem cal conpound as
clainmed in any. wherein the heteroc cle

unsubst i t ut ed8 ?‘po‘érbcgs@t ﬁlfeﬁn b‘i/leé‘ienlteggtg’b‘?%’ Hatlo g %R%@ilpwddi%yl
Cl- O o- al koxy Tabde (@b -tiiek EAgrentsyandp- Af yfesixad, 30 byaso@ngl RyPROXH |

C6- A o- ar yl oxgompne@t0-(I€dl-oal kyl , C6- Cl4- hal oaryl, C2-C10-al kynyl or
C3-C20-al kylsilyl. 5. A salt-like chem cal conpound as clained in any of

clains § glo 4 phb&ds drhend @I LeeRen i Wiskbas] t»me%m?»éh A

f 1
"n whi oh compBURTL of Hater o arieiin Chbefice HOTRANA 2 T

or Il of the 5¥FF?QHQ? °$§BW% cﬁ“téi?lﬁlgnents are firstly reacted with
conmpounds of 40 the fornula (C6R 5)3Min a solvent to form conpounds of the
formul a [ (C6R15) 3MR2] - which are subsequently protonated by reaction with
a protam donor, where Rl, Mand R2 are as defined in fornula (1). 45 7. A
catal yst system conprising at |east one organonetallic conmpound (A) of a
transition nmetal, at |east one conpound of the forrmula (I) as clainmed in
claiml, if desired an al kyl 0732/00034 48 conpound (B) of an el enent of
group IIl or 1V of the Periodic Table of the Elements and, if desired, at

| east one support conponent (C). 5 8. A process for the polynerization of
ol efind5 wherein the polynerization is carried out in the presence of a
catalyst systemas clainmed in claim6. 10 15 20 25 30 35 40 45 0732/ 00034
49 Salt-li ke chem cal conpound, its preparation and its use in catalyst
systens for preparing polyol efins
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—5 Abstract A salt-like chenical conpound of the fornula (1), (C6R15)3MR2
(I') 10 where Rlare identical or different and are each a hydrogen atom a
» hal ogen 6570_{%/ 42£0-al kyl, C6-Cl4-aryl, Cl-Cl10-al koxy, C2-C10-al kenyl,
, C7- C20- aryl al kyl , C7-C20-al kyl aryl, 15M36- Cl10-aryl oxy, Cl-C10-hal oal kyl,
C6- C10- hal oaryl, C2-C10-al kynyl or C3-C20-al kylsilyl, is an elenment of main
group Il of the Periodic Table of #fe 20El enents, and R2is a substituted
or unsubstituted heterocycle, can be used in catalyst systens for preparing

pol yol ef igag tangke 26 ix@1achhpeass fies pispdraponabthonts30sa5id0 45

catalyst systems for preparing polyolefins
5 Abstract
A salt-like chemical compound of the formula (I),
(CeRl5) 3MR? (I)
10
where
Rl are identical or different and are each a hydrogen atom, a
halogen atom, Cj;-Cjg-alkyl, C¢-Ci4-aryl, Ci-Cipo-alkoxy,
15 C,-Cio-alkenyl, C;-Cyo-arylalkyl, C;-Cpo-alkylaryl,
Cg-Cio-aryloxy, C;-Cjp-haloalkyl, Ce-Cip-haloaryl,
C,-Cio-alkynyl or C3-Cpo-alkylsilyl,

M is an element of main group III of the Periodic Table of the
20 Elements, and

R? is a substituted or unsubstituted heterocycle,

can be used in catalyst systems for preparing polyolefins and
25 also a process for its preparation.
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