- 0775/ 0000787k noodR9159* Catal yst system §uppqrted on calcined hydrotalcite
for olefin po(ymeri zation The present invention relat esmm ‘Wlﬂ'st

. systemconprising 5 A) at |east one cal ¢cj ned hydrotal cit ik st one

organic transition nmetal conpound, C) optionally one or nore«ngabd on-form ng

conpounds and 10 D) at |east one organi c nmagnesi um conpound. u

Furthernore, the invention relates to the use of the catal yst systemfor

t he pol ynetatakistispsterosuppodgbdrysainined dydrotalcitsf foradledinippigmernirdtidnro a process for

prepari ng pol yol efins by pol ynerization or 15 copol yneri zati on of ol efi nz

in the presence of the catal yst ste Organic transition nds

such aspme?'%ﬁ Rrgeed '8"'3(9@ ﬁe%%é§° 3?%;/'6# sg‘%’b@ B est as cat gmmmmmm

ol efin polymerization because they make it possible to synthesi z@oooz+

pol yol ef i ng) whi gheastatN@lcinRE nfdtakiRed usi ng conventional Ziegler-Natta
catal ysts. )For exanpl e, such single-site 20 catalysts lead to pol yners

havi ng a narrow nol ar mass distribution and uni formincorporation of
conononer sB) For attiéessenetadgdne tabsitontreetdl @orisaddd,successful |y in pol yneri zati on
processes in the gas phase or in suspension, it is often advantageous to
use the netallocenes in the formof a solid, i.e. for themto be applied
to a sol i dCsupportienallzqpe pienerp Fation{fai@ing GppRAUndsANdat al ysts have a hi gh
productipvity. 25 As solid support materials for catalysts for olefin

pol ymeri zat,j on, 1S £ At f silica gels, since particles
havi ng a s? e a?\t ag{én%cotr%a?g%%%u rraq%s?g%em suitabl e as supports for
olefin polynerization can be produced fromthis material. Spray-dried

silica gel surivbintdie, @@NBlehtionatlateh ithé G of BRELAIVEYs3Etes fd?ftheg’@yeﬁ{,aﬁtg'fﬁgg' ar
u

articles, known. as the prinar articles, have been 3 unc

bar t1 cul ar 137 0BT &Pl 478132 Bbess angisiamio PobRET Sy RIMSRAE ol s as
suppor t15 netapelymerization df elefinsfio thedrasendeef thecatdlystrsystgreous in  sone
applications. In the production of filmproducts, specks caused by silica
gel partigées. emai ning in the polynmer can be forned. The g.roduction of
fiber pro @?%’4@"@'9%5‘9%‘%‘?"8 i SUS as mgjaligegng complgxasiarg ofigfqabinterist 8 usual |y
carri ed ouwtatghystsdor dlejin pplymerization betausk ¢heg mzke it possiblepasyntheaize palydddinayish .

resi dues '&nﬁa%eBgllabﬁgafﬁ§nﬂoﬁvénﬂ&1ahtig5|er-@tt§%&HI&&S.%peQngﬁ?#psﬂ@?gﬁe Sl eve

plate. _This |l eads to considerable process engineering c I cufti es such as
shor t eABd FAANSEe3GHR PAYTEE MeYinAAstarey Mla Magt estriutipn preyniferansineprrosatiomal be
det er nmi nedcoamabmyers Far thesdip bexblritnbegsedslidcegsfutipmrpalyimenatio prodeesashimink gas
phase or in suspension, it is often advantageous to use the metallocenes in the form of a solid,
i.e. for them to be applied to a solid support. Furthermore, the supported catalysts have a high
productivity.
25
As solid support materials for catalysts for olefin polymerization, use is frequently made of silica
gels, since particles having a size and structure which makes them suitable as supports for olefin
polymerization can be produced from this material. Spray-dried silica gels which consist of
spherical agglomerates of smaller granular particles, known as the primary particles, have been

30 found to be particularly useful for this purpose.

However, the use of silica gels as support material has been found to be disadvantageous in
some applications. In the production of film products, specks caused by silica ge! particles
remaining in the polymer can be formed. The production of fiber products is also probiematical.
35 Here, a melt filtration is usually carried out prior to spinning. If the amounts of particulate catalyst
residues in the polymers are too high, pressure can build up on the sieve plate. This leads to
considerable process engineering difficulties such as shortened filter operating times. Particulate
catalyst residues can Qe determined analytically by examining melt preparations of the smallest
sieve fraction of a sieved polymer, which is conspicuously enriched in the contaminant, under an
40



- sieve frac% ﬂﬂ)@B?P si eved polynmer, which is conspicuously enriched in the
cont am nant, an 40 0775/000071 2 opticadl mcroscope. Hydrotalcites
_are inorganic materials fromwhich it is,likew se possible to produce
particles in sizes and with norphol ogi es which make t hem appear suitable
as supports for the preparation of 5 catalysts for olefin polynerization.
Subsequent cal cination enables, inter alia, the desired content of

hydr oxyl gopliggemicostéppeset. Furthernore, it al so changes the crystal
structure. CA-A 2 237 231 describes a heterogeneous ol efin polynerization

catal yst ¢ tion conprisi n organonetallic conplex of a netal of
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conponent s di scl oses that calcine ci tes act

catal ysts Py gé"cuﬁﬁ)meéﬁ EHths mefrrmﬁ&eﬁgﬁca‘ﬁtaf HuEWreaci d esters.
Furthernore, DE-A 21 63 851 discloses that cal cined 15 hydrotal ci tes whi ch
have been ¥ .0 r ort terials
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B g L R T e

pol ymer i zatTon proces owWs a -up of the polymers
after the pol yrrerl zation. W have found that this object is achieved by a

cat al yst swas emn3sas d@&l@éebﬂwdﬂ@éld{mrwarﬁfalc% acC&yRakdlBisNE teetfdky@lion #ast one

cal ci ned hydr ot IC|t one apsjtion rret al . compound,
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syst em f or zicher-RataydaRiys&EIdrioRiin PolyméRatiyer i zation of 35 olefins and a
process for preparing polyolefins by polynerization or copolynerization of
olefins in the presence of the catalyst solid. The catal yst systens of the
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We have found that this object is achieved by a catalyst system for olefin polymerization

comprising
25
A) at least one calcined hydrotalcite,
B) at least one organic transition metal compound,
30 ©) optionally one or more cation-forming compounds and
D) at least one organic magnesium compound.

We have also found the use of the catalyst system for the polymerization or copolymerization of
35 olefins and a process for preparing polyolefins by polymerization or copolymerization of olefins in
the presence of the catalyst solid.

The catalyst systems of the present invention are suitable for the polymerization of olefins and
especially for the polymerization of a-olefins, i.e. hydrocarbons having terminal double bonds.
40 Suitable monomers also include functionalized olefinically unsaturated compounds such as ester



-acrylonitri 17%/00P6ﬁ1f erence is given to nonpolar ol efinic conpounds,

i ncl udi ng 3 y 00%hstituted a- ol efins. Particéul arl y preferred a-olefins are
. linear or branched C2-Cl2-1-alkenes, in particular linear C2-Cl10-1-alkenes
such as ethyl ene, propylene, 1-butene, 1-pentene, 1-hexene, 1l-heptene, 1 5
octene, 1-decene or branched C2-Cl10-1-al kenes such as 4-nethyl -1-pentene,
conj ugated and nonconjugated di enes such as 1, 3-butadi ene, 1, 4-hexadi ene
or 1, 7- oct adaneide derivativen i agrydierart methacoydierpeid it exampithacngates, ynethaeryatesoubst i t ut ed
styrene. | Ged@nifieS PraRfsrk i fveh Qo RsHpYIEESidAR cahg&ma%c%m ¥RI-§upYRuda gl ef i ns.
10 Suitable 0l efins alxso i ncl uﬂé ones 10N \A$1|c %Ge dqu ?e bond is part of a
cyclic strQEMMF BaRAY PEigredRIding A 872" QDY PR G2 Sips\rair0es: BRARSHBE gl
cycl opent efe-Cirbalkaen eurh,as ethyteae polppldual é deteee, 1aedtenetihekerer boeptenes 1and
di enes guchc@se 3-dfatdheldr BaRGed TR LPRAKGEE such3E Q%e:ﬂﬁglgﬁ%&ﬁer%f conjugated and

et hyl nor bor nadi ene. M xt ure I NS can

, 15 S of two or nore ( _ .
pol yner i ze@°NPRUFRFE Jignss srch asye>-tugdang st 4-Bsxefigprordi’-29Rdieng PRURHAR™OMRGent i on
can be usedohgiunih®icpat ytmené arasubsiituteat styoezolt israoippsdibiotn polymefifeyrhigtoes of

propyl ene. A .c0r fers in the polynerization of ethylene, preference is
given to us] ngL;‘ % a-olefins, in particular 1-butene, 1-pentene,

1- hexene and/or 1-octene. In the polynerization of propylene, preferred
CONDNOMEX S Sakadleaildiyts @BEinalngH Grfes btdhahe @AbiEbendciapar Y cyBitstredire Which lBgn

present inyent] ' | ned [ leite. In

i nor al ogy "sear APERSadths. EERestE o BpalHE naMAIAE AefichGoaopBiene, o o5
30 My6Al 2( €rf TeteriBorappenedid dienes sugk e2ip-athyliderpa?-nereerngneomarbeipadiest obr uci t e
My(OH) 2. Betnginbreorfadisdeal | i zes in a sheet structure with the netal ions in
oct ahedral hol es between two | ayers of close-packed hydroxyl ions, with
only every second | ayer qf the octahedral holes being occupied. In

hydr ot al5ci Mixturesefdwneigness plafins dap Also g eolyregsized: indpaticulat, theioatalyst systems akther
result of phised idvBRion 3aked useh fdr &ie@oFmeidalisn & cBRHndriyion 6/ &fy@iBe of NI S 1S
conpensat ed b%/)I rgehg ani ons \r/vh|| @Q ar e rl.z\(%goatot?g tlo'ﬁeet hgr vmth.waiﬂer _of

crystal | i zBPPBR™ R YRS (R LePRYIDRTAREANOT SBYIRT: RIFELSNCE {S,91eP {R W9 et ound
not only i p-aoefighdspatipu@r trhitanen!ippotensx il diexenelgnd/orl-aatengeln drealolyperigsion of mi xed
netal hydr gipbglese, plefcr@ cddrdHers IM bthyicheZhlol butdnd3+( OH) 4. +4- A2/ nn-. Z H20

whi ch ve a sheet structure and in which MI1I) is a divalent netal such as
My, Zn,“Cu, Ni, Co, 40 Mh, Ca and/or Fe and MIII) is a trivalent netal
such as Al Thé-egtaly30syskdms df the pGsertrinieation Compriseiatieést ome Gifciet 0PPOElRitel 5 0.5 to
10 in steps of 0.5, Ais an interstitial anion and n is the charge on the

interstiti @l madkRgy, WarsBicite is a natural mineral having the ideal formula
25 MgsAl(OH)16CO5-4H,0

whose structure is derived from that of brucite Mg(OH),. Brucite crystallizes in a sheet structure
with the metal ions in octahedral holes between two layers of close-packed hydroxyl ions, with
only every second layer of the octahedral holes being occupied. In hydrotalcite, some magnesium

30 ions are replaced by aluminum ions, as a result of which the packet of layers gains a positive
charge. This is compensated by the anions which are located together with water of crystaliization
in the layers in between.

Such sheet structures are found not only in magnesium-aluminum hydroxides, but also generally

35 in mixed metal hydroxides of the formula
M(I)2* M) (OH)axea Agn™2H,0

which have a sheet structure and in which M(ll) is a divalent metal such as Mg, Zn, Cu, Ni, Co,
40 Mn, Ca and/or Fe and M(lll) is a trivalent metal such as Al, Fe, Co, Mn, La, Ce and/or Cr, x is from



- can be fro /405 ﬁ usually from1l to 4, and z is an integer from1l to 6,
in particular @M 2 to 4. Possible interstitial anions are organi ¢ ani ons

. such as al koxi de anions, alkyl ether suljates, aryl ether sulfates or

gl ycol ether sulfates, inorganic anions such as, in particular, carbonate,

hydr ogencar bonate, nitrate, chloride, sulfate or B(OH 4 or polyoxo netal
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general ly prepared nt het i cal y ossi bl e is to bring salts of
the metal s®hRtYRBT fINGR sfivasyigtes dprsean ac”f?@%éuc\'i{naf Hn BHEcU SERerateinder
defi ned conwhrdsgeocmmn"a'teemtrate ahesde, dafatr arBEOH), or Py 36 M2 8T 2nionswhehcds mmai’ i ses

m i ng 3l kBtYfGS‘S Uowki, Sl 'ree&tac?ﬁﬂéiug hohhohl o taﬁ%ﬁs%'b% aldn¢hydrol yzing the

m xtures w IS pre erre |ngto present invention.
Cal ci ned hydr ot al CI tes can be prepared from hydrotal cites by cal cination,
i .e. heati Ageordifty, alPsuzpaiakingstal avjdrdsmsaau.@ dehdettyrdétore 3hduld RSregisi@sh axccor di ng

to the pre rri out at tenperatures above
180C. Pref gfcgé]t?:'gpl gé‘rtn{e rfl’ot%% ca ré’s 5?6"@" o(c:'}r from3 to 24 hours at from 20

250C t 0101000C, in particul ar from 4OOC to 700C. It is possible for air or
inert gas sg.téa% Hyao&Rdes £Y¥ §éndrdig p%@ér’e@i sﬂmehwy e posiiid W4 1910 Hrifg sdits\bRCcuUM
to be app thE) EH‘ tthe LF %/ etic, hydrot al C|tesf|rstly
gi ve of f elaly g so ?fﬂ?ﬂj’ B ?ﬁﬁw' qPg Aot eﬁ%’&ef%"ﬁ'"ed{?’l’é‘ iensu e
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el i m nati opabnimdnoxd hyaro%nemamxtareé kb @'pre?é?eeeaé oragg B HRUPSR

interstitial anions such carbonate can also stil resent I n the
cal ci né§ h{p¥F¥PRl ci tes. A rreasure of this is the | oss on ignition. This is
t he wei ght | oss experienced by a sanple which is heated in two steps

firstly f OE’JaI}pﬁQd Wfdwélat%s @é%%eo;%%)a'ﬁ%i gﬁogglf Cl’o%gc JQ?\{'% %r"gfl heen hfeﬁlrn 1T hour at

950C in a mu ur nace I ne es us
conmponent REPAkontGHthe caicipedihysiqtaieites éﬁedtaq@or@ﬂg/ta|tmre~°&nﬂnvem1qwau%ﬁuy qagied| s

'V( | J|[ %1 and Mlat ie)npethLIré% dobee 18RP@IPréfavehde i9§ivéWth baolc'ﬁéilon‘ frbnh 3GEDER étt freﬁ: ng
in the ran &ram articul ar
from1 %o ggo E ?@&%’? %art'cH%m’ﬁp%oeﬁgﬁh% 'S P‘?‘Fﬁlzﬂz f?r ger '"Te'gpasetQ ﬁﬁ??e i,

Fe, Na, Caowr thEispliccduningtaicindtien prfersaavacuuniPlodkeappled. cal ci ned hydrotal cites A)

are m xed oxides in which MIIl) is magnesi um and MII1Il) is alumnum Such
al um num rrﬁgnem um m xed oxi des are obtainable from Condea Chen e GrbH,
u

Harmbur g, SFaYNRng PatYa 1 SHENSSE PYrIRICiG frsiyaiveRff walerchen 8ing PGt ANci t es
used accor tlirther heatirighthe peted ealtination,ehd inetal, hytitogided arercoraerteainnto thetnyedd oxiyiés 510

groups 3nd.j 0k &; B%%g%ggryuwénd%te&m& SR EES 5R0pd PMirRerbitE dMRh&LuAsL des does

not have to be . ) _
carbonate can also still be present in the calcined hydrotalcites. A measure of this is the loss on

ignition. This is the weight loss experienced by a sample which is heated in two steps firstly for
30 minutes at 200°C in a drying oven and then for 1 hour at 950°C in a muffle furnace.

30  The calcined hydrotalcites used as component A) are thus mixed oxides of the divalent and
trivalent metals M(ll) and M(lll), with the molar ratio of M(ll) to M(ill) generally being in the range
from 0.5 to 10, preferably from 0.75 to 8 and in particular from 1 to 4. Furthermore, normal
amounts of impurities, for example Si, Fe, Na, Ca or Ti, can also be present.

35 Ppreferred calcined hydrotalcites A) are mixed oxides in which M(il) is magnesium and M(Ill) is
aluminum. Such aluminum-magnesium mixed oxides are obtainable from Condea Chemie GmbH,
Hamburg, under the trade name Puralox Mg.

In the calcined hydrotalcites used according to the present invention, the elimination of hydroxyl

40 groups and interstitial anions or the conversion into the metal oxides does not have to be



-5 conplete, i.e. partially calcined hydrotalcites can al so be used for
preparing PWéVQ?Q?%I yst solids of the present invention. Preference is also
. given to calcined hydrotalcites in which the structural transformation is
conplete or virtually conplete. Calci natPon, i.e. transformation of the
structure, can be confirned, for exanple, by means of X-ray diffraction
patterns. 5 Al um num magnesi um m xed oxi des were exam ned on a D 5000
powder di f FOBRIYIB Bt RAtIEfY ealginedhudkpialsitessran also & tsasiierirenasingiha attalgst solidses

(using Cu e presditaiviestivh. Prelegunt&is hiss RYG odiciked Aytrotdibife rAshitRe BRlhELN of a
attern is characterized by

calcined a in magnesi um m xed oxi de. .Thi s. _

peaks on t h%%—"ﬁ?%’f‘ z'asgcso (r:ng'ege oa[tv'réglg'f? mplgie. ﬁgc'ﬁﬂ'ﬂﬁ’éf: gansfopmajion af tae gisturese
X-ray di ffeanceiconfirmed,dertexampie,dfy meaas eftXaray diffcactiant patterab. Whi ch di spl ays, in
parti cu&L)ar, peaks at 11-14 and 22-25. Fig. 2 shows an X-ray diffraction
pattern of a partially calcined support material according to the present
i nvent i on. Aliminsmyuaagnksilre wiiee ogibéswere dxdminsm dnheD 500BHovgH dRicRimedr fBMOWN i N

Fig. 4. Bog; : t LM STRE S5 d t hose of cal ci ned
al um num nﬁﬁﬁ%&e’Sﬁq&%@?ﬁ%&%’@g@é‘ﬂ&é@%een. er%\,él%f}? W@Tere]'ss‘z]?w? ﬂré%@yr ay
di f fract i ofTigston @atere Pl ealcined jalyRimuimeaagnesium mixadioige. Tis patiern ismbalacterized
starting Hppeard @ thab-thefdaral 3$-B'B’¢4|133¥5§?ﬁ6 a!z-s?i Ei§.| AsRWs %%Q@Faghvﬂ\%c{id?w Lhe.
presentygi n i : .empl oved a i ne ded _powder s_havi ng
a nmean 1gar %{:‘l‘q{gfﬁe&g}egkg{%?&%@l% ' ér]%’#ﬁyé LS Brﬁﬁfk%ar'gii% aﬁ?gfgﬁﬁoﬁig 40 to
150 pm pa$hore ar &rraydifpetios patany offa patiallscalaineti GopRorhnzatatial avceeling foché presdnt om 20
to 70 pm R@nfice TRWas Mélwith @baMeE irbrf thel iR irddi&lal 1)

vol unmes ofmgrtgmngmjatetﬂ% a%gt cnB/ ga,ﬁl [)rgf erabrfI;éTf romﬁ%@w_&‘y%ﬁ@)‘%ﬁ% f
specific suUFPacad QPELa a0¢ thop Rl a3icngd spEumpREgnesiya mixed Sride eandimsesm t o 500
n2/ g and i MNeveahaléssitherX-ray diffraction patterrgditersiBignjficadly fioimethatiop the ubcaiicgistaitingus ed
accor ditBg haefidie present invention can, in addition, also be treated

chem cally using customary desiccants such as nmetal al kyls. Appropriate

treatnment nethods are described, for exanple, in WO 00/31090. Chlorinating
t he suppor Therratcioed hydrotéicites esethget@ding tortige prpsepsigesntion arb ganetallp emplogédiad. 30 As
or gani ¢ treRidides e lameSe 4.0 |- NEi 0ssj ble to use
al | conpou“)dg §‘$ﬂt ﬁgﬁaeﬁ %ﬁ@%ﬁ%%qﬁg%g EE#§59588§£&£§{°? oﬁfp’oﬁr%{eﬁaeb%ﬂé)m odi c
Tabl e or t O A AR IGHErYRERREY FRMAORC HOyamard in garenias fram@Ope & emabl y for m
active?2@atalysts for olef in polynerization after reaction with the
conponent oartil ; - i lv..E) ... These are usually
corrpoundss-{h% %‘F@ﬂggfﬁmp‘f@{&%ﬁ% lﬁ%’(’?ﬂ%ﬂ? g@ék’@[r}%%)so‘%ya%'r%gf’gaﬂ" &nd i s bound
to the cerf'#fg1aby{rem0A tg 48msiocang seecifisisurireg @reag ot frans 89 1911600 intjamdeterabviy frorde
bot h | i garfiso 660vh&g andig padieliapemt1ddiestplmigadi cal s and ones which are free
of cycl opentadi enyl radicals. A large nunber of such conpounds B) suitable

for olefin polynerization are described in Chem Rev. 2000, Vol. 100, No.
4. Fur ther hseppommatsrialused agcordingde theerasartiinvagtion camin additien,aise baltrsateg ui t abl e

for ol efi rbhpmicynmjshg alhét@ﬁhw déiccants such as metal alkyls. Appropriate treatment methods are
described, for example, in WO 00/31080. Chlorinating the support material, for example using
phosgene, should be avoided.

30  As organic transition metal compound B), it is in principle possible to use all compounds of the
transition metals of groups 3 to 12 of the Periodic Table or the lanthanides which contain organic
groups and preferably form active catalysts for olefin polymerization after reaction with the
components C), in the presence of D) and optionally E). These are usually compounds in which at
least one monodentate or polydentate ligand is bound to the central atom via a sigma or pi bond.

35  Possible ligands include both ligands containing cyclopentadienyl radicals and ones which are
free of cyclopentadienyl radicals. A large number of such compounds B) suitable for olefin
polymerization are described in Chem. Rev. 2000, Vol. 100, No. 4. Furthermore, multinuclear
cyclopentadienyl complexes are also suitable for olefin polymerization.

40
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7$W§§(§7t1abl e conpounds B) are,

for exanpl e,

transiti on netal

conpl exes | east one ligand of the fornmulae F-1 to F-V, 5 10 15 R3A
R 9A RIA F-1 R8A 0 R 16A R17A 20 R6GA 0 R78A F-1 | F-1V R14A F-111 R 15A H
R5A ERBS5AHF-V 25 where the transition netal is selected from anong the
el enrents Ti, Zr, Hf, Sc, V, Nb, Ta, &, Mo, W Fe, Co, N, Pd, Pt and the

el ements of the rare earth netals.

Preference is given to using

conpounds

havi ng ni cRalapleicompound®Bpdre, faretapplk | teadsitiom reedal cemplexas witk tlkast Bne ligaadiofel enment
of group 1fc@fmiiBerPeyt.Qdic Table of the Elenents, preferably Nor P, with
30 particular preference being given to N The two or three atons Ein a

nol ecul e can be identi cal
may be identi cal
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X
R3A X
|
RAA
10
F—I
R8A
RYA |
15 -
(CR™)n2a
~
RA J_'
2 REA

F-II

or

different. The radicals RLA to R19A, which
or different within a ligand systemF-1 to F-V, are as
10A
R1A F'{
12A ==
R
R13A !
R14A
F-li
R15A
H
O S5A 5A
16A — R ™~ /R
R ~ E E
17A
R O — RsA ™~ RSA
\—{—H R19A
R1BA
F-IV F-Vv

25 where the transition metal is selected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo,

W, Fe, Co, Ni, Pd, Pt and the elements of the rare earth metals. Preference is given to using

compounds having nickel, iron, cobalt and palladium as central metal.

E is an element of group 15 of the Periodic Table of the Elements, preferably N or P, with

30 particular preference being given to N. The two or three atoms E in a molecule can be identical or

different.

The radicals R" to R™ which may be identical or different within a ligand system F-l to F-V, are

as follows:
35
R and R*

40

are each, independently of one another, a hydrocarbon radical or a

substituted hydrocarbon radical, preferably a hydrocarbon radical in

which the carbon atom adjacent to the element E is bound to at least

two carbon atoms,



35 R1A andog%,/bé %_; each, independently of one another, a hydrocarbon

radi cal or L0BSY it ut ed hydr ocarbon radi cal, preferably a hydrocarbon
radical in which the carbon atom adjacent to the elenent E is bound to at
| east two carbon atons, 40 0775/ 000071 R2A and R3A are each,

i ndependently of one another, hydrogen, a hydrocarbon radical or a
substituted hydrocarbon radical, where R2A and R3A may al so together form
a ring systREmndiR*whi ch onearereaciningefeatientip at aemnothsr, hyieogpn esgntocarborl0 R6A
and RBA are each, |ndependepichior @buitieRpibGfontadbiluAER oM kgl or 2

substituted hydrocarbon radical, RS5A and ROA are each, 1 ndepen y of one
anot her, hydrogen, a hydroﬁ'ﬁ?‘r%ﬁher?%(ﬂ’iacré’lg Spters Ny e 9F BarepteFOMITRY

radi cal, where R6A and R5Abepres®n8A and ROA may al so together forma ring
system 15 R7A are each, independently of one another, hydrogen, a

hydr ocar bon,, radigcal or a substituted hydrocarbon radical, where two R7A
mgy al so ngﬂdt{gg form a PEAFTs{PERaRACTY OlgRe FRRENEE1 2 Py drqcarban eadical or a

i ndependent|ly of one anot haubstitatethyiravaaob eadicaiadi cal or a substituted

hydr ocarbon radical, 20 25 or vicinal radicals RL11A, R12A, R12A' and R13A
may al so together, forma ring system RI5A and R18A are each, independently
of one anofhé™dRydrogen, HeR§d BieeRanesnty PLRIP @RPthesr hvgdrogam Sty eraeasbon

hydr ocamcbon radi cal, 30 35ratitfib?AsAtitlRAhRIroddrboRadditaR ar e each,

i ndependently of one anot her, hydrogen, a hydrocarbon radical or a

substituted hydgocarhpn radical,, where two or nore gem nal RI6A and R17A
where R™ and R™ or R™ and R™ may also together form a ring system,

R™ are each, independently of one another, hydrogen, a hydrocarbon
15 radical or a substituted hydrocarbon radical, where two R™ may also
together form a ring system,

R™andR™ . are each, independently of one another, a hydrocarbon radical or a
| substituted hydrocarbon radical,
20
R™, R'?* R and R are each, independently of one another, hydrogen, a hydrocarbon
radical or a substituted hydrocarbon radical, where two or more geminal
or vicinal radicals R"'*, R'# R'* and R™ may also together form a

ring system,
25

R' and R'%* are each, independently of one another, hydrogen, a hydrocarbon
radical or a substituted hydrocarbon radical,

R and R'"* are each, independently of one another, hydrogen, a hydrocarbon

30 radical or a substituted hydrocarbon radical,

R4 is an organic radical which forms a 5- to 7-membered substituted or
unsubstituted, in particular unsaturated or aromatic, heterocyclic ring
system, in particular together with E forms a pyridine system,

35
n'A is 0 or 1, with F-lll being negatively charged when n** is 0, and
n?A is an integer from 1 to 4, preferably 2 or 3.

40



- R19A nlA n2 ach, independently of one another, hydrogen, a

hydr ocar boﬂ%zti?ﬁ&égﬁ or a substituted hydrocarbon radical, is an organic
_ radical which forns a 5- to 7-nmenbered sgbstituted or unsubstituted, in
particul ar unsaturated or aromatic, heterocyclic ring system in
particular together with E fornms a pyridine system is O or 1, with F-111
bei ng negatively charged when nlAis 0, and is an integer from1l to 4,
pr ef er abl y P2rtioylary.usef0! tGRFitdrO0ga complerscontaining idapdsicfdtieformulasrfsi to iFovi areet al

conpl exes epRiAhIM, BEmpibEBREBe GhinditRR reRiTRY, 88, Ni-Pd dr@t il Mafdistof thef i@imuiianpl e,
conpl exes or Pt with |igands of the

f the transition netals Fe . P

forml a F-?Ip.amﬁ%f?”tqr%ﬁrlela?el %P‘é?’b‘?@ﬁ’e'eef@“ﬁ%‘i%'ﬁW(S" g?’ierﬂ':ne conpl exes of Ni or
Pd, e.g.: 5 di(2,6-di-i-propyl phenyl)-2, 3-di net hyl di azabut adi enepal | adi um
di chl or i de di(21¢-(elirrépyiphenyhi2imethyldiazagutgdienspaiadidmatichlsrideadi eneni ckel
g! ?2' griddegji(di-i-propylphﬁnyl)-|2,3-d_imetr{yldialzabutadiegergicke! dichlocrli_de, vl oal | adi

| ,o-al -1 - WA e | , I azabutl adl en | e al | adl um
di (2, 6- di - Fu?B%-BB-y ”81%lBH%V;)gﬁ‘%y'g%ﬁg?'ﬁé'ﬁ%ﬁdﬁ%%&ﬁgﬁ'%ediyngt hyl ni ckel ,
di (2, 6- di nehs-Histpernylpherg|)2-3diimethyigibztbatadienetimatrgmepeall | adi um di chl ori de, 10
di (2, 6-di | SN o T an =Y =p i i.ckel dichloride,
di Ez, 6- di Eﬁykﬁﬁgﬁ%#"y zs%ﬂingn@ T'ﬁ%aﬁ!‘%?i%&%% %“m!°ﬁe5§hy| pal | adi um
di (2, 6-1di nﬂ't@\%/rp'm?gwi}(’h?"yﬁ?v@'@F%‘P'ﬂ’;ﬂba‘?‘?ﬁ%lﬁt‘%{ﬂwﬁfé’&i net hyl ni ckel ,
di ( 2- met hy kgh@tiyrelhy Phéhydi2reedithythgdiaza bdiedideneypblizdimim di chl ori de,
di ( 2- et hyl vl )= = di : ki adi i | dichloride, 15
d: gz- nmet hgf’ﬁ%‘%&;w %h%yg:zg{'ﬁ%g{“g‘%g _Hé%"@%@ﬁ?”ﬁ?ﬁ?hw | pal | aldi um
di ( 2- met hy Pygheaiyiphenys2 Gidiraethidiarabutadienepsliedna dichetidsy | ni ckel
(cjii pﬂeny: - gd@.g@mgabrﬁehlwp,amb ﬁﬁdﬁéz@ﬂﬂ&ﬁéd;ﬁildﬁdu&bmr@b,! gri de,

| en - = Ql t Z | e nit.cke. | C Il ae,
i bhenyts. 20 EAEbRY i TR AR BRER e R 20
di phenyl - 2di2-tiethapheny 2 3ximethvidiaze bisetienetimetiinickes | |
3 (2 € bl et ptasao s S
-di (2, 6-di ne] yl }azan heneni di chl ori de,
di (2, 6- di gg'?%\y -%—Héﬁ%@%&ﬁ%ﬁmdﬁgﬁ@%]@%ﬁﬁ;ﬁ%a| | adi um
di (2, 6- di mebherlyphedinettaKisrantadieorttethbdiptinnckel , 25
1, 1" - bipyr biglidrad 5-arheHor- St RfdnE&methy nickel,

di(2,6-dimethylphenyl)azanaphthenepalladium dichloride,

di(2,6-dimethylphenyl)azanaphthenenickel dichloride,
di(2,6-dimethylphenyl)azanaphthenedimethylpalladium,
di(2,6-dimethylphenyl)azanaphthenedimethylnickel,

25 1,17-bipyridylpalladium dichloride,
1,1’-bipyridyInickel dichloride,
1,1'-bipyridyl(dimethyl)palladium,
1,1’-bipyridyl(dimethyl)nickel.

30  Particularly useful compounds F-V also include those which are described in J. Am. Chem. Soc.
120, p. 4049 ff. (1998), J. Chem. Soc., Commun. 1998, 849. Preferred complexes containing the
ligands F-V are 2,6-bis(imino)pyridyl complexes of the transition metals Fe, Co, Ni, Pd and P, in

particular Fe.

35  |minophenoxide complexes can also be used as organic transition metal compounds B). The
ligands of these complexes can be prepared, for example, from substituted or unsubstituted
salicylaldehydes and primary amines, in particular substituted or unsubstituted arylamines.
Transition metal complexes with pi ligands having one or more heteroatoms in the pi system, for
example the boratabenzene iigand, the pyrrolyl anion or the phospholyl anion, can also be used

40 ¢ organic transition metal compounds B).



1,1 blpyrlg keI dichloride, 1,1 -bipyridyl(dinmethyl)palladi um

1,1 - blpyrl %* ﬁbthyl)nlckel 30 35 40 Particularly useful conpounds F-V
al so include those which are described ig J. Am Chem Soc. 120, p. 4049
if. (1998), J. Chem Soc., Commun. 1998, 849. Preferred conpl exes
containing the |ligands F-V are 2, 6-bis(imno)pyridyl conplexes of the
transition netals Fe, Co, Ni, Pd and Pt, in particular Fe. |Im nophenoxide
conpl exes can al so be used as organic transition netal conpounds B). The

l'i gands of PEH@@&IyQ@Q?QI' o%“m% tFaﬂé\ﬂ&Qné?él%QﬁE&ﬂds BYIRcIRERRBRE Ravifd ATBasitet | tut ed

or unsubstituted  salic de es an articul ar
substi t ut eﬂycﬂﬂpeﬁfﬁ@ﬁﬂéfyf’% Bt "Qﬁl"\glaéerﬁeﬁ‘&a y re%ﬁ%? atslr?ﬁiashﬂ‘éetnﬁlcgrei’)'ﬁ’fﬂsexes Wi th
pi | i gands Phdivularly usefel roetallvogre complexesarathese af theligrmpla (Bystem for  exanpl e
the borgtabenzene |igand, the pyrrolyl anion or the phospholyl anion, can
al so be used as organic transitigon netal cpnpounds B). 0775/000071 9
Particularly useful organic trangi | conpounds B) include those
having at | east one cycl opentadien pe |ligand, which are generally
referred to as netal | ocene conpl . arkicul arly useful netall ocene
conpl exes are those of the fornmula (1)l 5\(1) 10 where the subﬁtltuents and
i ndi ces have the follow ng neani ngs: RS M0 X 25 is titaniu zi rconi um
haf ni umo vanadi um ni obi um tantalum chromygm nol ybdenum or tungsten or
an el ement of group 3 of the Periodic Table and the |anthanides, is
fluorine, chlorine, brom ne, iodine, hydrogen, C1-C10-alkyl,
C2- C10- al kenyl, ©C6-Cl5-aryl, alkylaryl having from1l to 10 carbon atons in
the al kyl part and from6 to 20 carbon atons in the aryl part, -OR6 or
-NR6R7, or ,tu tﬁ@g}bg@uegtggngr@}eeg pgvglmae fg%g%tgl";éép,ﬁgs:or unsubstituted diene
nd, "an

Ilgand |n particular a rene liga

M is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum or tungsten or an element of group 3 of the Periodic Table and
the lanthanides,

20 X is fluorine, chlorine, bromine, iodine, hydrogen, C,-C,g-alkyl, C,-C,p-alkenyl,
Cs-Cis-aryl, alkylary! having from 1 to 10 carbon atoms in the alkyl part and
from 6 to 20 carbon atoms in the aryl part, -OR® or -NR°R’, or two radicals X
may form a substituted or unsubstituted diene ligand, in particular a 1,3-diene

ligand, and
25
n is 1, 2 or 3 and has a value such that, depending on the valence of M, the
metallocene complex of the formula (1) is uncharged,
where
30
R® and R’ are each C¢-Cyp-alkyl, C¢-Cys-aryl, alkylaryl, arylalkyl, fluoroalky! or fluoroary!

each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20
carbon atoms in the aryl radical and

35 the radicals X are identical or different and may be joined to one another,

R'to R® are each hydrogen, C,-Cy-alkyl, 5- to 7-membered cycloalkyl or cycloalkenyl
which may in turn bear C4-Cc-alkyl groups as substituents, C,-C,-alkenyl, Ce-
C.z-aryl, alkylaryl or arylalkyl, where two adjacent radicals may also together
40 form a saturated or unsaturated cyclic group having from 4 to 44 carbon
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are identical or different and are each C4-Cyp-alkyl, C;3-C;q-cycloalkyl, C¢-Cys-
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30 35 R16 R16 RI6 R1I6 | | is -M -M-- M- M-CR218 | | Rl7 R1l7 R17 R17 R16
| 1 -C - 09%fY%9%"R17 R17 R16 R16 R16 R16 RI6 RI6 | CCC, 1 17 117 117 |
-C- CR16 RI6 R16 11 1111 In In 117 40,,0775/000071 11 = BR16, = BNRL6R 7,
= AIR", -Ge-, -Sn-, -0-, -5-, = SO =S, = NRl6, = CO = PR6 or =
P(O R16, where 5 10 R16, R17 and R18 are identical or different and are
each a hydrogen atom a hal ogen atom a trinethylsilyl group, a
Cl- C10-al kyl group, a Cl- EBR' T4 BNRGRY IqARYr-Gep -Sm, -06-816-SC F$6scaNR T, group,
a C6-Ct0-aryl group, a Cl=GH)-algkoxy gopup, a C7-Cl5- al kylaryloxy group, a
C2- C10- al kenyl group, a C7-C40-arylal kyl group, a C5-C40- aryl al kenyl group
or a C7-C40-al kyl aryl group or two adjacent radicals together wth the
at ons connedereng them forma saturated or unsaturated ring having from4
to 15 cgrbon atons, and

R'® R and R" are identical or different and are each a hydrogen atom, a halogen atom, a
trimethylsilyl group, a C4-Cyp-alkyl group, a C,-Cyo-fluoroalkyl group, a Cg-C1¢-
fluoroaryl group, a C¢-Cqp-aryl group, a C4+-Cyg-alkoxy group, a C;-Cys-
alkylaryloxy group, a C,-Cip-alkenyl group, a C;-Cye-arylalkyl group, a Cg-Cao-

10 arylalkeny! group or a C,-Cyg-alkylaryl group or two adjacent radicals together
with the atoms connecting them form a saturated or unsaturated ring having
from 4 to 15 carbon atoms, and

M is silicon, germanium or tin,
15 - ~
A is —O —,—S—, NR', PR"®, —O0 —R", —NR", 0or
— —
— PR",, where
20 R"™ are each, independently of one another, C;-Cyo-alkyl, C¢-C1s-aryl, C5-C1o-
cycloalky!, C;-Cig-alkylaryl or Si(R%),,
R? is hydrogen, C4-C1p-alkyl, Cs-Cs-aryl which may in turn bear C,-C,-alky!
groups as substituents or C3-Co-cycloalkyl,
25
or the radicals R* and R together form a -R'*- group.
The radicals X in the formula (I) are preferably identical and are preferably each fluorine, chlorine,
bromine, C4-C;-alkyl or aralkyl, in particular chlorine, methyl or benzyl.
30
Among the metaliocene complexes of the formula (1), preference is given to
35 (la),

MXn+1

40



M is Siliég'/nﬂ" %gémaniumor tin, 15 Ais -0 -, - S - ,\ NR19\ PR19, - O -
R19, - NRL GO0BR 19 2, where 20 R19 are each, independently of one

. another, Cl-Cl0-al kyl, C6-Cl5-aryl, C3-CL0- cycloal kyl, C7-Cl18-alkylaryl or
- Si(R20)3, R20 25 is hydrogen, Cl-Cl10-al kyl, C6-Cl5-aryl which may in turn
bear Cl-C4-al kyl groups as substituents or C3-Cl10-cycl oal kyl, or the

radi cals R4 and R12 together forma, -R75- group. The radicals X in the
fornula (1) are preferably identicBl~and arerpreferably each fluorine,
chlorine, brom ne, Cl-Cr7-alkyl or ar in particular chlorine, nethyl
or benzyl. 30 Anpong the netall ocengs exgsr of the formula (1),
preference is given to 35 MX"+1 40 '0775/|1008071 12 R5 5 MX" R13 R12 10 15 20
25 R15 R3 11-1 R3 MX" (1c) and 30 AnongRfhe onpounds of the formula (la),

particubar preference is given to those in whig 5 Mis titanium zirconium
or hafnium X is chlorine, Cl-C4-alkyl, Rpshenyl , al koxy or(ltaryl oxy, 35
- R12 Rg
R11 R10
10
R3 R2
;
R5
15
15 R MX, (Ic) and
R13
Rg
R11 R10
20
1
RS
15
25 R\ " (d)
A /

30 Among the compounds of the formula (la), particular preference is given to those in which

M is titanium, zirconium or hafnium,

X is chlorine, C4-Cy4-alkyl, phenyl, alkoxy or aryloxy,
35

n is 1or2and

R'to R® are each hydrogen or C;-C4-alkyl.

40



-nis 1 or %77%&% to R5 are each hydrogen or Cl-C4-alkyl. R2 /R2 40

0775/ 00007 X ng the conpounds of the fornula (Ib), preference is given
~to those in which Mis titanium zirconigmor hafnium 5 X is chlorine,
" Cl-C4-al kyl or benzyl, or two radicals )1 forma substituted or
unsubstituted butadiene ligand, nis 2, 10 Rl to R5 are each hydrogen,
Cl-C4-al kyl or Si(R8)3 and R9 to R13 are each hydrogen, Cl-C4-al kyl or
Si (R14) 3, émongnbe cerdpavadsofRie forouRE IbapaferendeSs givenRd Bosoigethiver wi th t he C5
ring forman indenyl or substituted 15 indenyl system Particul ar
preference is given to gomaounds of t%g.for mula (Ib) in which the
cycl opent alfi enyl  r adi ‘G4iPEVEy FPYWRL] TUM 20 Exanpl es of particul arly
useful conpounds include: bis(cyclopentadienyl)zirconiumdichloride,
bi s( peng angt hyl cycl opegtrgifn|-¢Zaikys erteHsD, & ! rRidAEX form a substituted or
bi s(met hyl cycl opent adi enﬁl%ﬂ rgﬁpl um di chl ori de,
bi s( et hyl cycl opent adi efyPF§SuedM ARt or i de, 25
bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(1-n-bugyl - 3- met hyl gycl opent adi enyl ) zi r coni um di chl ori de,
bi s(i ndenyl ) zirconiumdichloride, bis(tetrahydroindenyl)zirconium
dichloride and bis(trinethylsilylcyclopentadienyl)zirconiumdichloride 30
and al 96 tREtod®r r esponate mgchdiymyéry Cz-Ci-elbytiousi(R¥prapounds. 35 Particul arly
useful conpounds of the fornula (Ic) are ones in which RL and RO are
i denti cal ég di,fferent and are each hydr ogen_ gy, a Cl-C10-al kyl group, R5
and R13 arB Pdentical YP eRreEPER Cafrerdly' & ¥R hydr ogen or a net hyl ,
ethyl, isopropyl or tert-butyl group, R3 and Rl1l are each Cl-C4-al kyl and

40 0775/ 000Qyd radicals R to RS and/or R® to R™ together with the Cs ring form an indenyl or substituted
15 indenyl system.

Particular preference is given to compounds of the formula (Ib) in which the cyclopentadienyl
radicals are identical. v

20 Examples of particularly useful compounds include:
bis(cyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconium dichloride,

25  Dbis(n-butylcyclopentadienyl)zirconium dichloride,
bis(1-n-butyl-3-methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichioride,
bis(tetrahydroindenyl)zirconium dichloride and
bis(trimethylsilylcyclopentadienyl)zirconium dichloride

30 and also the corresponding dimethylzirconium compounds.

Particularly useful compounds of the formula (Ic) are ones in which

R'and R® are identical or different and are each hydrogen or a C;-Cys-alkyl group,
35
R®and R"™ are identical or different and are each hydrogen or a methyl, ethyl, isopropyl or
tert-butyl group,

R®and R" are each C;-C,-alkyl and
40



R10 and R1 er forma saturated or unsaturated cyclic group having
. from4 to 44 carbon atons, 10 R15 is Rl§,R16 RI6 | or - C- C-M | |

" R17 R17 R17 or = BR16 or = BNR16R17, 15 M is titanium zirconium or
hafni um and X are identical or different and are each chl ori ne,

Cl- C4-al kyl, benzyl, phenyl or C7-Cl15-al kyl aryl oxy. 20 Especially useful
conmpounds ﬁfammﬁmfornubQE@bmhwmanthose of the formula (l1c') 25 30 R13 35
where the radicals R are identical or different and are each hydrogen,

Cl- C10-al kyl or C3-Cl10-cycloal kyl, 40 preferably nethyl, ethyl, isopropyl
or cycl oheX{l, ©6-C20-aryl, preferably phenyl, naphthyl or 0775/000071 15
mesityl, C7- C40- aryl al kyl, C,-C40-al kyl aryl, preferably 4-tert-butyl phenyl
or 3,5- g' tt\ﬁ'cféd' &HBMAJ?W and R2br @Baﬁﬂﬁ” ?Jg)é!h@rl RNy lsaturgﬁd @P&s%%te@ir clic

i dentical or | ent and are each hydrogen or Cl-CB-al kyl, prefeéerably
met hyl , SQEFH9F“”9@QﬂﬁEﬂﬂﬂcaqﬁnﬁPBEyl n-butyl, n-hexyl or tert-butyl, and
the rings S and T are identical or dlfferent, saturated, unsat urated or
partially saturated. The indenyl Rt tetrahydroi pdenykel i gands of the

net al | ocenes of the fornmula (Ic')| are preferably 10§;ubstituted in the 2

- 14 R2 and each hydrogen or 5 two adjacent radicals R2 and R3 or
TR

position, tpe 2,4 posifions, the,d 7 p05|t|ons he 4,7 positions, the
2,6 posittions, t he 2,4,6 positio thé'2,5,6p positiohs, the 2,4,5,6
positions or the 2,4,5,6,7 p05|tqons in parthularlin the 2,4 positions,
where the follomnng nonenclatureRVs enpl oyed fog'"thegsite of substitution:

or = BR™ or = BNR™R",
15 M is titanium, zirconium or hafnium and

X are identical or different and are each chlorine, C4-C4-alkyl, benzyl, phenyl or
C;-Cis-alkylaryloxy. '

20 Especially useful compounds of the formula (Ic) are those of the formula (Ic")

R’ R’
Rl
R® O S
25 R
Rl
R15
MX.,
30 (Ic),
RY
Rl
T [O)—r®
RY
35 R’ R9

where

the radicals R’ are identical or different and are each hydrogen, C,-C,¢-alkyl or C5-Cys-cycloalkyl,
40 preferably methyl, ethyl, isopropyl or cyclohexyl, C¢-Cyo-aryl, preferably phenyl, naphthyi or



- 154 3 20 A% n‘gl exes (lc'), preference is given to using bridged
bi si ndenyl éZO&P Les in the Rac or pseudo-Rac form where the term

~ pseudo-Rac refers to conpl exes in which he two indenyl |ligands are in the
"~ Rac arrangenent relative to one another when all other substituents of the
conpl ex are disregarded. 25 Exanples of particularly useful conplexes (lc)
and (lc') include: dinethylsilanediylbis(cyclopentadienyl)zirconium

di chl or i demesigi, PeCaydrglalkdr@etyblbyla(li preferaply ¥zen-oayiphemyicir 8atdbtertebatyiphenyl,

di met hyl si L),a@eg‘{ yhRikghjiet rahydr oi ndenyl) zi r coni um di chl ori de,

et hyl enebi s(cyc opent adi enyl ) zi rconi um di chl oride, 30

et hyl enebi s(i ndenyl ) zi rconi um di chl ori de,

et hyl enebi ﬁt% bt R & aeddepiticad enditferarit ancbare eachdiydieber orde-Ce-alkyl, preferably methyl,
tetrameghylgf, hxgﬁgﬁq Q- Jr(l)dgpﬁ%w} ﬁ;ﬁg)typ&qg{ glq)renyl zirconi um dichl ori de,

di et hyl si | anedl yI'bi's(3-tert-butyl-5-nethylcycl opent adi enyl ) zirconi um

di chl ori de,

di et hyl si bahirdrigdds s{d3F arelidentinat grldifferent, batlirated) wpatntasedioe patidiig isata@fEdUM

di chl oride, 35 dinethylsilanediylbis(2-methylindenyl)zirconium dichloride,
di met hyl si | anedi yl bi s(2-1 sopropyl i ndenyl ) zi rconi um di chl ori de,

di met hyl si TanBaerY| Hitatfabyqrairdeny)iaands abtan reiedocenssaf e frmuia (sh pegepreferably

di et hyl i | anadtiutel i taé¢ 2 postidnythe 0 deoyitions] the @ Mipushiats Ao d@ositions, the 2,6
aimethyl s b@-ﬂgﬂg ¥hePd, 26 BodinMhe 25 BRLONNE Hhd SRS RIABLHIBE the 274G PiRitions,

di net hyI SI InnREgHION B the 23 Rasfions. yhere gisrielsying yemesiitra i esmiayse for b siteeh

di chl ori desu3titéfidnr000071 16 di net hyl si |l anedi yl bi s(2-et hyl i ndenyl ) zi rconi um
di chloride, dinethylsil anedl yl bi s(2- met hyl - 4, 5- benzi ndenyl ) zi rconi um

di chl oride, dinethylsi ga edi yl bi s(2-ethyl -4, 5- benzi ndenyl ) zi rconi um

di chl ori®de, net hyl pheny gt | bi s(2-nmet hyI 4, 5-benzi ndenyl ) zi rconi um
dichl oride, 5 nethyl phegy di yl bi s(2-ethyl -4, 5-benzi ndenyl ) zi rconi um
di chl oride, diphenyl sil arredi yMNi s(2-net hyl -4, 5-benzi ndenyl) zi r coni um

di chl ori de, diphenylsil anediyl iRs(2 et hyl - 4, 5 benzi ndenyl ) zi rconi um

di chl oride, diphenylsilanedi yl'bi s(2-nethyli ndenyl ) haf ni um di chl ori de,

di et hyl si | anedi yl bi s(2- et hyl - 4- phenyl i ndenyl ) zi r coni um di chl ori de, 10

di net h | | di ,
4 7 e A oo AT o
di et hyl si PW@@R?F M@(W&ﬁ? &fmpeeﬂdﬁ?ﬁzﬁﬁf‘ﬂ*WF hqqm’éhyqsy'zwwefowmfm ifdeml ori de,

ligands are in the Rac arrangement relative to one another when all other substituents of the

complex are disregarded.

25 Examples of particularly useful complexes (ic) and (Ic') include:
dimethylsilanediylbis(cyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(indenyl)zirconium dichloride,
dimethylsilanediyibis(tetrahydroindenyl)zirconium dichloride,
ethylenebis(cycliopentadienyl)zirconium dichloride,

30 ethylenebis(indenyl)zirconium dichloride,
ethylenebis(tetrahydroindenyl)zirconium dichloride,
tetramethylethylene-9-fluorenyicyciopentadienylzirconium dichloride,
dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(3-tert-butyl-5-ethylcyclopentadienyl)zirconium dichloride,

35 dimethylsilanediylbis(2-methylindenyl)zirconium dichloride,
dimethylsilanediyibis(2-isopropylindenyl)zirconium dichloride,
dimethylsilanediylbis(2-tert-butylindenyl)zirconium dichloride,
diethylsilanediylbis(2-methylindenyl)zirconium dibromide,
dimethylsilanediylbis(3-methyl-5-methylcyclopentadienyl)zirconium dichloride,

40 dimethylsitanediylbis(3-ethyl-5-isopropylcyclopentadienyl)zirconium dichioride,



- di met hyl si | anedi yl bi s(2-propyl -4-(1-napht hyl )i ndenyl ) zi rconi um di chl ori de,
di net hyl si P&%&@P§11bi s( 2-i - but yl - 4- (1- napht hyl )i ndenyl ) zi r coni um di chl ori de,
- 15 di net hyl si | anedi yl bi s(2- propyl -4-(9- phenanthryl)lndenyl)2|rcon|um
“dichloride, dimethylsilanediylbis(2-net'Ryl-4-isopropylindenyl)zirconium
di chl ori de,
di met hyl si | anedi yl bi s(2, 7-di met hyl - 4-i sopropyl i ndenyl ) zi r coni um di chl ori de,

di met hyl si h.m@ﬂz]dlb]dnbcn.ﬁ&;&zlmtymdenﬂ)zﬁ;oqiuhﬁdmroquI i ndenyl ) zi r coni um di chl ori de,

(Cji: gﬁf 2?!: 3; %”%%'sr}’ le)%lsz(z mettthlt 5- berLPn enyl)zurconlumrEBcR\Enghenyl J'i'ndenyl) zi rconi um

di met hyl si P"E‘ﬁ@d’ﬁ'ﬂﬂhw'ﬁwlﬂ2wﬁwh§45-bﬂﬂ2[f@emﬁzlwanlmatdmllopdlaenyI ]i ndenyl ) zi rconi um

di chl ori demethylphenrl&Ianedlylbls(z methyl -4,5- benzmdenyl)zwconlum dichlori

€,
(Cji: gﬁf 2?{% Zg%gtﬂ e¥nylsdan<gd2 ylbls(E e}f'lyl 4,5- [)enzmden);[l);lg:grtn r'n%flﬁﬂ?@e? "ndenyl) zi rconi um

di et hyl si | dipfenigilabediylitls (Bwtethyl-4,8-bprindermyl)zirdoniumldhieriyd, ] i ndenyl ) zi r coni um

di chl ori deg

phenylsulanedl |bIS 2- eth |4 5- ben inden |ZII’ mum dichlorid
di met hyl si | }/ y ( Iiy [Z y) | ﬂrér?yl ]i ndenyl ) zirconi um
di chl ori dedlp enyIS|aned|ylbts(2-met yhndenyl)hafnlum dlchlonde

di net hyl si dimetgsilahédigtid2-pretiyl4-pHenihdertydzitcohiurh dlcpbedey | 1 i ndenyl ) zi r coni um

di chl orypdegimehysii Iis(2-ethy
di met hyl si ?lrgnegmap%cflys 'sé B phenY"nﬂerIyAz"c?mur? d'ﬁrﬁl y phenyl ] i ndenyl ) zi rconi um
di chl ori dedmethylsn anedlylbls(2 methyl-4 8 -naphthyl)indenyl)zirconium dichloride,

di met hyl s diumamlsmhémwt(uazmhblm o hnaghthylindb@kirdamitinl A, ] | ndeny! ) zi r coni um
i chloridey
et hyl si | aneraetx*%]an?dylmséz {/)Ppﬂ rnaphtyd 'nge'fyﬁ"cﬂ'éwi}ld]cp' Wnyl ) zi rconi um

di chl ori dedlme ylsilanediylbis(2-i-butyl- 4 -(1-naphthyl)indenyl)zirconium dichloride,

di net hysg i diuraéna;z!s|mhéd3ﬁu|§(2>woﬁm4l(9/&>hmamw)lnasigzwﬂcbr(uan @RhibYde: 4- phenyl i ndenyl ) zi
rconi um di

di met hyl si G ﬁ‘idéy'b'séz BBy SR oRYInAeBEIRA M ARRIRIS:( 2- met hyl - 4- (1- napht hy
1) i ndeny! )gmetoysikogeiyltig2, disethy-#-isepropylindenyl)zirconium dichloride,

di rrft h%/I Eld.raétﬁ;zlmmhéd?yluuéi@ﬁfemwde&mbﬂropﬂ.ﬁddnyl%&dﬁkd&h&éwdrhé ndenyl ) (2-met hyl - 4-]
-ter

AP e e - AR A S N
(2-ethyf- 4dlqu1h¥|§'|eﬂ€tdl)'&ﬁt(%*mﬂwlﬂ4yl]3]5 -dimetreppényllindengidiraoniuhh dibhiaridede, 35

di net hyl S'duﬂélﬁﬂéﬂ!he(d?yﬂius?@ﬁn'éfh?l}d [a%hﬁu IbﬁénE/I]uPdéBWz%'%mﬂ &.&rﬂﬁﬁ@y' ) (2-methyl -4-[

3',5' -bi

d| et hy: i.ﬁwisamdi%'s "E’BB‘% ‘Vf"‘a”F vl *tzelﬁ;'ﬁgdghﬁg;f%ﬁtyﬂwc]hm%nyl ) (2- met hyl - 4- [
- napht hydiméthylsiiayed)yibist2-eto vt {4 rrertibayiptenyifireeayidirconium dichloride,

et hy ene(?cnhétﬂﬁiuametyﬁkxi Bropyiald: 1(9{1!5 Wﬁﬁyﬂ}z@gle ){}%%f(br}\(d% BSR4y -4-[4' ~tert-bu

tyl phengl ](Ln en%lﬁ% ) zirconiumd e cor respondi ng
di met h§? zi RGRY edﬁ%‘?&%ﬁ?@??}’hﬁlﬂ) e&rWPhBWGP%WT“HW dighlgnidexy) zi r coni um
and di (al kdihethydilened)yibis(Zzo-hutyirm-dcep-outgidisenyl)iftiehljzecdnakd gichigiaé,ul conpounds of

the for W'dﬂnéthﬁs)uaﬁefdﬁdb‘ish?ﬁ&yl' {‘[4"‘48%&@3%%%@?@%% ﬂéhl&idéconi um in

particular titani um IS C enyl"’or two radicals X
forma suf¥pst ’E‘Xﬁ"é’&?dm(z isgprepsdPhendindeny)@-mathy flemgla?ﬁtwl)qreomd'chlorlde
dimethylsilanediyl(2-isopropyl-4-(1-naphthyl)indenyl)(2-methyl-4-(1-naphthyl)indenyl)zirconium

30 dichloride,
dimethylsilanediyl(z-isopropyl-4-[4'-tert-butylphenyl]indenyl)(2-methyl-4-[4’-tert-butylphenyl]-
indenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-[4-tert-butylphenyl]indenyl)(2-ethyl-4-[4 -tert-butylphenyl]-
indenyl)zirconium dichloride,

35 dimethylsilanediyl(2-isopropyl-4-[4’-tert-butylphenyl]indenyl)(2-methyl-4-[3’,5’-bis-tert-butyl-
phenytlindenyl)zirconium dichloride,
dimethylsilanediyl(2-isopropyl-4-[4’-tert-butylphenyl]indeny!)(2-methyl-4-[1 *-naphthyljindenyl)-
zirconium dichloride
and ethylene(2-isopropyl-4-[4’-tert-butylphenyljindenyl)(2-methyl-4-[4’-tert-butylphenyl]indenyl)-

40  zirconium dichloride and also the corresponding dimethyizirconium, monochloromono(alky}-



R15 is -Si - or R17 15 R17 R17 Ais - O-, -S NR19 and 20 Rl to R3 and R5
are each h§ats9ee/1 Cl- C10-al kyl, preferably methyl, C3-Clo-cycl oal kyl,
C6- C15- aryl or Si(R8)3, or two adjacent radicals forma cyclic group

“having from4 to 12 carbon atonms, wth Yarticul ar preference given to all

Rl to R3 and R5 being nethyl. 25 Another group of particularly useful
conpounds of the fornmula (Id) are those in which Mis titaniumor chrom um
in the oxi dv?bkﬁﬂrcﬁﬁn%%ndi bitalkylryicky)eRdoRIun@mpbdas - al kyl or phenyl or two
radicals X forma substituted or 30 unsubstl tuted butadi ene |igand, R16
R1I5is -Si - or 35 RL7 Ais - O- R19, - NR192, - PR192 and R16 R16 1 1
_C-C | | RE@teiaElygsebI£omogungs 00nOpmus(IdREre thosadn mhich RS ar e each hydr ogen,
Cl- C10-al kyl, C3-Cl10-cycl oal kyl, C6-Cl5-aryl or Si(R6)3, or two adjacent
radi calg f@;ma cyclic, grou haV| ng from4 to 12 carbon atons. The

synt hes? s such’ conpf ERBYMPLANGE @a‘PPF'@‘c‘fJ"Hﬁ‘Ea”W nmet hods known per se,
preferably by reacting the appropriately substituted, cyclic hydrocarbon
anions with halides of; ' ni obi um
tant al um o? chrom um %&gsﬂesm} é%gﬁ"g‘gﬂ' g{“go%cﬁls% "?/g&?r’g{'tg@g? lon are
described, inter alia, “’]SHbsﬁ'E’Eﬁdr’PéﬂadG\“e @aﬂ‘éno- netal lic Chem stry, 369
(1989), 359-370. 10 Further suitable organic transition netal conpounds B)

are metygl | ocenes having at |eastgtne R® R
R' is —S8i — or —c —¢Cc —
R" R7 RY
15
, ' ~
A is -0 —, —Ss—, NR'®,
/
and

20 R'toR’andR®  are each hydrogen, C;-Cyo-alkyl, preferably methyl, Ca-Cyo-cycloalkyl, Cs-Cys-
aryl or Si(R®%)s, or two adjacent radicals form a cyclic group having from 4 to 12
carbon atoms, with particular preference given to all R' to R® and R® being
methy!.

25  Another group of particularly useful compounds of the formula (id) are those in which

M is titanium or chromium in the oxidation state 111,
X is chlorine, C1-Cy-alkyl or phenyl or two radicals X form a substituted or
30 unsubstituted butadiene ligand,
R'e R'® R
R15 is —Si — or —C —C —
35 | |
R" R7 R"
A is—O —R", —NR'",, —PR", and

40



- ligand for n%g froma cycl opentadi enyl or heterocycl opentadi enyl and a
fused- on h&{&fBLYL e, Wwhere the heterocycles are preferably aromatic and
contain nitrogen and/or sulfur. Such caogpounds are described, for exanple,

~in WD 98/22486. These are, in particular: 15

di met hyl si | anedi yl (2- et hyl - 4- phenyl i ndenyl ) (2, 5- di et hyl - N- phenyl - 4- azapen
tal ene) zi rconium dichl ori de,

di met hyl si RanRfiaph I8 s ( 2rersatilyidrogem Tai0yd-alk, IDydr ey zinhipmyd.)zi-agianiSyri),, or

di chl ori de, two ad

jacent radicals form a cyclic group haying from 4 to 12 carbon atoms.
h ? 4 4-yﬁyc?r ogqu egny? zlrconium

di et hyl si | anedi yl bi ssélz- eéo{wg -B%ht??g% -

di chl ori deThoeyneeganl LIch FUPRISEs Hied WY RFHPSS 9)owRIPeE S Breteralll tvabl e f or
t he pur posesciniy thehappprpasteln substitated Ndycl@ry drlosapbdnrenions] @itts hetisés df titaeidm,

monocy ck op gkAfChithium TRARIHIGHElm, BRRRA UehEMy OF  heter ocyel opent adi eny|
conpl exes of chrom um’ nol ybdenum or tungsten, ere at | east one of the
substituents on the cycl opentadi enyl ring bears a rigid donor function

whi ch i s nékarhwesnd ap@amlatesheteddg of prapsatan Ryddesctbze; dnteradlif omnJdarnabofl Orgsma- at ons.
25 The nos I j e.donar function contains at | east one sp- or
sp2- hybri dl}nf{:eyA'E?g%rg%{nrﬁgts%ggggb?%%graabl y from1l to 3 sp2-hybridized carbon
atons. The direct link preferably contains an unsaturated double bond, an
aromat i 10 ﬁFum@gatitb; oltfahib triiwttio @eedl cdnipolmdsB) R rhdtallobdhet Rgigat &Ia@ldaln@r
aromatic hg i 0 a
conpounds E%;?B?ﬁé%*;%r 3R ERadtN 5 el o ARy L URAL S B Gre

het er ocyc| WpeRthEdeERAYCles 38 Regferablyaromgtic|ang sentaim aitregen 3pfoaaulivh Seth be

repl aced byorfApdieddre aéned foperagipuip VIO 98D24B6. THebe 48] if pgrd&far: @ C5-ri ng
carbon atomis preferably replaced by phosphorus. In particular, the

cycl opentadi enyl ring is substituted b%/ further al kyl groups which can also
form a 5 39imsihyilarediye@r-eethylidrryentliedendy ,ﬁéwe&wyﬂwbewﬁéﬁﬁppntﬁ'ﬁd@ﬁvaum

benzi ndenykichéridel uor enyl . Possi bl e donors are uncharged functional groups
whi ch cont ain,..an. el nt. of qgro or 16 of . the Periodic Table, e.g.

i ne, 1 m frer @R ER g By o Qe Sheicb i SEBRBE et ner

t hi oket onedimghyisitamedgbis@tatyphbeny-bhussshileny)greprlem disbipfideny| , sul f onani de or
unsubstituted, 40 0775/000071 19 substituted or fused, partially

unsat ur tegJr hell:C el 0(,:1Ini1 galocrjmhoetr@sr@avghocrratéscitrti) n]%r%élsétrerrs. E eference is
gi ven 0 usT9g°JaBR MR TRNEE DOFE ALy 1P PREHBPTES {W,preﬁ% of | uor enyl
or het er otyeltiopeiae makémsubsidgepmenasyciepentatieny, groneindengl mpngugte®!or MLB _ Xle
W(IT), Retd@cytdpeRadidifl d6pleRbd GShBaieh, B bdeAlin@Mungstdre ARkrB @Bleast one of

the substituents on the cyclopentadienyl ring bears a rigid donor function which is not bound

exclusively via spa-hybridized carbon or silicon atoms.

25
The most direct link to the donor function contains at least one sp- or spz-hybridized carbon atom,
preferably from 1 to 3 spz-hybridized carbon atoms. The direct link preferably contains an
unsaturated double bond, an aromatic or together with the donor forms a partially unsaturated or
aromatic heterocyclic system.

30

In these organic transition metal compounds B), the cyclopentadienyl ring can also be a

heterocyclopentadienyl ligand, i.e. at least one carbon atom can be replaced by a heteroatom

from group 15 or 16. In this case, a Cs-ring carbon atom is preferably replaced by phosphorus. in

particular, the cyclopentadienyl ring is substituted by further alkyl groups which can also form a 5-
35 or 6-membered ring such as tetrahydroindenyl, indenyl, benzindenyl or fluorenyl.

Possible donors are uncharged functional groups which contain an element of group 15 or 16 of
the Periodic Table, e.g. amine, imine, carboxamide, carboxylic ester, ketone (oxo), ether,
thioketone, phosphine, phosphite, phosphine oxide, sulfonyl, sulfonamide or unsubstituted,

40



MlB IS chr&gg%@ bedenum or tungsten, z18 has the formula (Ila) 15 A' B
- k 20 B/9g/ IN, E4B R 3B R 4B where the variabl es have the foll ow ng

meanl ngs: 25 E15 - E5B are each carbon o at nost one of E B to ESBis
" phosphorus or nitrogen, 'B 5B 6B 5B 6B 5|§ 5e Ais NRR, PRR, OR SR or an
unsubstituted, substituted or fused, partially unsaturated heterocyclic or
heteroaromatic ring system 30 RBis one of the follow ng groups: R 7B Rae
ROB R1OB RidiBtituted-oCuERd, p@tidly lunSHurdteBheterdeycliapr hetgiohionmatic tifg shstBme.s an
unsubstituted, substituted or fused, partially unsaturated heterocyclic or
het eroaromatic ring system ¥ al so be 40 0775/ 000071 20 5 10 where L',
L2 are each§"Pi€sY tea?%wb tﬁ“‘?‘zmi”%}‘c'%ﬁh‘éﬂe'ﬂiB“%”%'“%ﬁﬁ‘y'uﬁ‘g'ﬂﬂﬁ'g?fie%f’bd
substi t ut edetercfdopentadiggt ¢dnldxys eftisafomuiet @d  het er ocycl i ¢ or het er oar omat i ¢
ring sygstem may also be 0, X 1B are each, independently of one another,
fluorine, chlorine, bromne, iodine, 15 hydrogen, Cl-C10-al kyl,
C2- Clo- al kenyl, C6-C20-aryl, alkyl.aryl having 1-10 carbon atons in the
al kyl part and 6-20 1BhON , ABOr g}n the aryl ﬁ) NR15BR16B, OR15B,
SRISB, SOSRISE, OQ(QRISE, R di ketonat &' cO BF4 . PF6 or a bul ky
noncoor di nati ng ani on,

10  where the variabies have the following meanings:

M'™® is chromium, molybdenum or tungsten,
Z'"® has the formula (l1a)
15 R1B
\ 28
E1B —— ZB/ R
/ E
A8 R® — E° \ - (lia)
'k N\ £
g% N R
20 /

where the variables have the following meanings:
25 E™-E®  are each carbon or at most one of E'® to E*® is phosphorus or nitrogen,

A'® is NR*®°R®®, PR*®R®, OR®, SR®® or an unsubstituted, substituted or fused, partially
unsaturated heterocyclic or heteroaromatic ring system,

30 R® is one of the following groups:
T7B TBB TQB TWB THB
—C=C— —C=C—L—
35 l
R125 )

and, in addition, if A'® is an unsubstituted, substituted or fused, partially unsaturated

heterocyclic or heteroaromatic ring system, may also be
40



- RIB _ R16B are each, independently of one another, hydrogen, Cl-C20-al kyl,
C2- C20- al k@ﬁZﬁ/?OOO@G- C20-aryl, alkylaryl having from1 to 10 carbon atons in
. the alkyl part and 6-20 carbon atons infhe aryl part, SiRL7B3, where the
organic radicals R B-R16B may al so be substituted by hal ogens and two
gem nal or vicinal radicals R16-Rt611 may also be joined to forma five-
or six-nenbered ring, 25 R178 are each, independently of one another,
hydr ogen, Cl-C20-al kyl, C2-C20-al kenyl, C6- C20-aryl, al kylaryl having from
1 to 10 carbon atoms in th&'&l kyl part and 6-20 carbon atons in the aryl
part and two gem nal radi ca{ls R17B may also be joined to forma five- or
si x-nmenbered ring, 30 nlB-ii$4,20or3and miBis 1,2 or 3. 35 As transition
nmetal MLB, particul ar prefe‘rence is given to chromum ZIB is a substituted
cycl opegt adi enyl system amd®t he radical -RBk-A"B bears a rigid bound donor
function. The cycl opentadienyl ring is bound to the transition netal via a
T5 bond. The donor can be bound via a coordinate bond or not be
coor di nat eskherehe donor is preferably coordi nated 40 0775/000071 21
intranolecularly to the metal center. E1B to E5B are preferably four carbon
atons and onpe,phosphorus atom or carbon atons only; very particular
pref erencelid’ gi veAGORpilicoRPBSARPNESB bei ng carbon. 5 A1B can, for exanpl e,
togethero with the bridge RB forman am ne, ether, thioether or phosphine.
Moreover, R1B can al g Rfende NIE YRS LGS dunsS bl hUL ol [HS R areq
het erocyclic aromatic ring systemwhich ' can contain Ferddt one 17 om t he
group consi sting ofeERG¥NCr hetprearematicring sygtem FAYalspPRSphorus in addition to
ring carbons. Exanpl es of 5-nmenbered heteroaryl groups which can 10 contain
from1 to fecar bonalame ARHLHEORPoRHGHE: Alord KABMRbAMASEHLI 2t ors i n
addition to carbon atorns are 2-turyl, 2-thienyl’,” 2- yrroI'yI, %1 soxazol yl,
5-i soxa?ol yl , 3-i s8YHPIEP ot yFo-alsyl; %D&O‘P'I'ﬁ?'}é(h&b'ﬂwary_bw a2 Bavrg, 1-BLqsmoazol yl |
5- pKr azo: y: , 2- oxazmhm:in thé ar} 326 biyd 6-2(5~|:aamzaﬂdn)€ in tr%l-aﬁ'ﬁbéi'zNRWRmB,@mﬁj azol yl,
5-thiazolyl, 2-im dgze 158t -4 Y QB0 -1 1D o - ;
1, 2, 4- oxadi azol - 3-?/ , 1% I,R4_, do%&?az%'?‘usfﬁ"gPj"r'pff‘i’g,%‘g’-%é)’caf‘ i a@%l grf-tiyllkyor
1,2, 4-triazol - 3- y| NOEReIRFPEY 8Pn6- menber ed heteroaryl 15 groups whi ch can
contain from1 to 4 nitrogen atons and/ or one phosphorus atom are
2-pyridighykse g8 o each, independently of one another, hydrogen, C;-Cye-alkyl, Co-Cyo-alkenyl,

Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20

carbon atoms in the aryl part, SiR'"®;, where the organic radicals R'™-R'®® may also

be substituted by halogens and two geminal or vicinal radicals R"®-R"®® may also be

joined to form a five- or six-membered ring,

25
R'® are each, independently of one another, hydrogen, C;-Cx-alkyl, C,-C,o-alkenyl, Cg-
Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon
atoms in the aryl part and two geminal radicals R'"® may also be joined to form a
five- or six-membered ring,
30
n'® is 1,2 or 3 and
m'® is 1,2 or 3.

35 As transition metal M'®, particular preference is given to chromium.

Z'® is a substituted cyclopentadieny! system, and the radical -R®-A'® bears a rigid bound donor
function. The cyclopentadienyl ring is bound to the transition metal via a n° bond. The donor can
be bound via a coordinate bond or not be coordinated. The donor is preferably coordinated

40



- 2- phosphabepzgl 3 pyridazinyl, 2-pyrimdinyl, 4-pyrimdinyl, 2-pyrazinyl,
1,3, 5- tr|a£7H“%%§Y and 1, 2, 4- trlazin-3-yl, 1,2,4-triazin-5-yl or
~1,2,4-triazin-6-yl. The 5. menber ed and 6 menber ed het er oaryl groups can

" also be substituted by C1-Cl10-al kyl, C6-C, 0-aryl, alkylaryl having from1
to 10 carbon atons in the al kyl part and 6-10 carbon atons in the aryl
part, trialkylsilyl or hal ogens 20 such as fluorine, chlorine or brom ne or
be fused wirttamoleeularty torteenedal oerdéri cs or heteroaromati cs. Exanpl es of
benzo-fused 5-nenbered heteroaryl groups are 2-indolyl, 7-indolyl,

2- coumaron)éhB ;Bco nF qny 2- thlanaphéhen , 1- thlanaphthenl

3-i ndazol yIE, 95 rRIRPEISALY 9Ursareo AioFS 287 e Rhpsphorusaiom %CBEQE‘E)PS?WS ORI es
of benzo- fwa@dﬂﬁﬁmﬂﬂbmxﬂdghﬂneabEPyiEﬁbaawsmbme 2-qui nolyl, 8-quinolyl,
3-cinnokyl, 8-cinnolyl, 1- phthalazyl 2- qU|nazonI 4- qU|nazonI

8- qU|nazonI uin 25 0 1- henanthrldyl or phenazyl
Normhet at ue FRSOHRIAEER: GRS Wth herbars Kyl SLamia gt eHAaheR P RRNEL

Fi eser and MdreovereaErcan hlehbdarcimsdistitudgaubstiatbeor f@dee Metsroctid aRewtis eel

Edi tion, V@Htéﬂwﬁ@ﬁ@érﬁbon%‘ H%t'é%é@nqsgf Zwtp'é Pro@p Pcfn@fsfﬁ'fgro?gxy:ﬁgrp%gl'fmngeﬁA‘g‘n% I's an

unsubstl tuted, substituted or fuse eroaromatic r
NR5BR6B. HEPSPhYHSNEHdlino fiag carkass. gmelespi %me@%%%'ﬂﬁéﬂw’@rpuaﬁ whiclaeat | y
avai | able aordaicheap tandarboreatset end/e dné sufon driogyded bioavdsnig ot adiflioRk9OB R20B

N R21B 35.2ppvitb ¥5re82'@fg| a%efr{ykﬁﬁlyglse.sé%w.gs&ay.%léﬁné?o. ?.sBo-_are the

sane radlca S as_descri 'SUC
chl orine of"a3PHil REazalylthPHazEY Y PEYRZAY! r2aeeal 4- CP&BB/' S0P XRZINS %ﬁ‘@@lﬁel ng abl e
to be 40 j eitmemxbiyt, &-thiazaipl, 2-ididazolyl, Grinfeiakiy, edmidandgy! anzls-axsiRz81a8yng 2Hl e to be

bstitut 7
o e ol DO oy IS B ol el
n- propy!®, 9RUBIVRIFN cangpptaip frop 1 to 4 ntgr@gﬁryqtomq]ar}q&(we P Smﬂﬁ)ﬁtom qare@oqyyqimyl
vinyl, al | giphodpaatisnkolyl Bhogrigdziny inZpirinhidiny), kpypiimyl 2-paragn@ntde-aeyh-2-yeand al so
f1uorine, Q'zﬂhé 3?|”¢Flﬁrt9 nr_ge_g oP?§§1tPalzﬁ &Jlgﬁ%%%énib%?éb a%glés“ qadel > ars, 1n

particular, "tria rou avin in the
al kyl radi E%EPFOa@b%S@&SéP'P 9'5'5b? ?qbﬁﬁvtﬁ‘}%& -Gio-2ly! oerf20-ary .awmlrftawmfrqn 1to

pr ef er ence 10 sargprvatoms in thfeldiybgarrand omsnbsfomtsu{tada@rpartsmaswsnw&r ﬁﬂogeﬂs g.
e TR T
8(2345 r 9’\95?55,8% P 1°rp@lmerm at
the sane t raBurgirgs 2vtméyapgmeﬁyl aahiavdphihesyl, 3lfbaléig, T-Ingéz@lbelbéﬁ@nB&ohW&rV\een
the cycl Op?@%%lﬁ%\ l. rE'xQﬁpIQJ'& b%&k%—fus"éﬂ%trﬁeq{b% edQ{ePe%DaHg%r%ul Sar{g U'Eﬁ)él n | ength

di radi cal conpri si icon uni

of from1 ?@“'SO'Y'RBC'B%R‘N' 8rannelyli Adhthalazyl B-ayingzqly!. 4oquingzelyl GRauinaply Ingratio- t he

ease of25pr epd, atdcadyl, 1Rsheh&itieagior i phéHa¥@ NdnientiB@re and numbering of the heterocycles
has been taken from L. Fieser and M. Fieser, Lehrbuch der organischen Chemie, 3rd Revised
Edition, Verlag Chemie, Weinheim 1957. In a preferred embodiment, A'® is an unsubstituted,
substituted or fused, heteroaromatic ring system or NR*®*R®®. Here, preference is given to simple
systems which are readily available and cheap and are selected from the following group:

30

R1%E R R*B
R'%8 R2%8 R¥% R*®
21B 228 27B
35
2-pyridyl 8-quinolyl

Possible substituents R'®® to R*® are the same radicals as described for R™®-R'®® and halogens

R27B

such as fluorine, chlorine or bromine, with two vicinal radicals R'® to R?’® also being able to be

40 joined to form a 5- or 6-membered ring and also being able to be substituted by halogens such as



- conbi nation of RB = CH=CH or 1, 2-phenylene with A'B = NRSBR6B, and al so RB
= CHz, C(CP§)5§)08971 Si (CH3) 2 vmth A' B = unsubstituted or substituted
_ 8-qui nol yl or unsubstituted or substltutﬁd 15 2-pyridyl. Systenms without a
bridge RB, in which k is 0, are also very particularly sinple to obtain.
In this case, A°Bis preferably unsubstituted or substituted quinolyl, in
particul ar 8-quinolyl. The nunber n'B of the |igands X B depends on the
oxi dati on &dcahe cblbrifie® btanames Ptefered nadicals RVIEBo RThare hpdrodear math@, etayn, r-frosyl, not
be given i n [ i i t 20
ML8 in cat glb I| %H%tﬁ gcp%ﬁt\ylleﬂ_@gxy%g)‘%g@ g?gﬁu\gﬁ}g / bte Itpﬁ@rgﬁh%%@&l gﬁhﬂygd in
the art. %?ﬂ”ﬁﬁ’iy' A% PP EHOA TP CAIRTN e AN GiNE- 5?%'%@(%“6?’%9&51’%“&9?@%@& inj n
t he oxi dat paticur atiakylsBy! gtdopeivaying fiotn 1its 18babon passinitecalkyoratis s, expagdlgXxes

uhose 0Xi daiiedisth HfpdloB3 plAbuS UESRANIA | Rehl oh DFeBGliLEor cat al Vst

Such conpl exes or ~oxi s of

sui tabl e a%ﬂst'tvfaf' S a'kﬁrseP%%%eu'r%v' g %T‘F“fabmﬁf‘st?%@d Reian e Gofraviasdss-i n

t he oxi dat (2ometsyiadirelyh38-(2254-FimetHylqainslylf, iBeR 3 Asted-hexanpihgyuindlyll e \;fea/rgﬁqwﬁ (rn)
can be in ' ' [ trinmeric conmpound, with nilB
t hen bei ng{orlb?egfpeoénd%?th?tsgﬁgﬂggégg%\feg{é@éra&gggsrrpl e, for one or nore |igands
X1B to bridge two netal centers MLB. 30 Preferred conpl exes are, for

exanpl e0  The @idipridge RY betwaernmeé bydlopdntamdryyring \aad Mg duticashargtydpcAl? @ra'nlwdalnicl )

di chl ori de B
1- (8- qU| noijrr:a'dﬂcal comgrrsmg caroongn%/agr snllc?r(\:urg gn%rl]ﬁvmgla chalpcelqptgr%fﬁo 3 R" can

di chl ori debe bound to A’ vra L" or via CR. Owrng to the ease of prepara%/on preference is grven to the
é' (ﬁl qui gonhht)maBor’i STRC-TH3EH & 1Bptiey)Ieneokippeht ARFaffy hed I RUAEH), CYCHs), or
i chloride 18

1- (8- qui noF (?H3) W't§ 4. & unsuP St'tUtec{?{sF bsmu edp? ufné’ I%rrlf n?Ubﬁt't%tﬁ? orr?(" Pyt 3te di chl ori de,
35 1-( §5q u?ﬁmdy! ?Yséﬁf?sa‘ﬁ'fi’@%ﬁ tigen . dhwiieh g are Pbso ¥R partiguladie simple to obtain.
1- (8- qui nolnythis tasdeAY lisarefenably Dhidubtituted erisbisstitueil, quinoly!, in particular 8-quinolyl.
1-(8-quinolyl)-2-methyli ndenyl chromunm(111) dichloride,
8-quinol yl)-2-isgpropylindegyl chrom un(l11) dichloride, 5

qui nol¥A nupees R 9T the baangs X1 dertndsen the pxidation stateiofithe trasition metal M. The

8-

g qui Eghoh:ﬁer Rlcan hubﬂét}blalgﬁdﬁm)gbﬁéiél%mfdﬁ'(He'oxhétrdﬂlsfélfg SiiedinsifohmétA0071 23
8- g%.bnow 2 %Ql%rté:? ﬁ/ ﬁr&géanczo I'nd é‘s’g,? c?‘ru)a dkn%mr() FOI t“ise&k'&?ﬂ B e gy, Chromium,

8- ( 2- me'f“ﬁ‘y c&upm@n@tumst@arevﬂyptonatnmrn%nwénecmenumta@myzf However Litié biko )

i chl ori depossible to use complexes whose oxidation state does not correspond to that of the actlve

(]j-l f:ﬁl E)r2| ggéaq%ys S n0|%"3n’%axte?1b7dqtﬂ?nn%ﬁta>eﬂ}pr°?f E’gﬁgﬁ% ‘%’Pﬁ’ r'?(“Faqlflq )

di chl ori deaCt'VfatWéSDfoEEﬂﬁm lhylvquutonolngpyrpmwueqmpbmwmmmﬂatlo)w stiitectdl. or i de,

1- (8- (2smet hyl qui nol yl))-2-net hyl i ndenyl chromi un(111) dichloride,

1- (8- (2-nmethyl qui.nol vl 2-1S Ich [11) dichloride,

1 (8- ( 2- el TS cbraiex Y RRtun 1 cattesin (e = baet ygenc o

trimeric compound, with m'® then being 1,2 0or 3. Itis possrble for example, for one or more

1-(
1-(
1-(
1-(
1-(
1-(
di

ligands X'® to bridge two metal centers M'®.

30 Preferred complexes are, for example:
1-(8-guinolyl)-2-methyl-4-methylcyclopentadienylchromium(ill) dichloride,
8-quinolyl)-3-isopropyl-5-methylcyclopentadienylchromium(lll) dichloride,

1-(8-quinolyl)-3-tert-butyl-5-methylcyclopentadienylchromium(lil) dichloride,
1-(8-quinolyl)-2,3,4,5-tetramethylcyclopentadienylchromium(il} dichloride,

35 1-(8-quinolyl)tetrahydroindenyichromium(ill) dichloride,

1-

1-(8-quinolyl)-2-methylindenylchromium(ill) dichloride,

1-(8-quinolyl)-2-isopropylindenylchromium(lll) dichloride,

1-(8-quinolyl)-2-ethylindenyichromium(!il) dichloride,

1-

1-(
~(
~
~
-(8-quinolylindenylchromium(lil) dichloride,
~(
~
-
40 -(

8-quinolyl)-2-tert-butylindenylchromium(lll) dichloride,



- 10 1-(8-(2 uinolyl))-2-tert-butylindenylchromun(ll I) dichloride,
1-(8-(2- netoﬁﬁ(gﬁpﬂbl yl')) benzi ndenyl chrom un(111) dichloride or

1- (8- (2-net hyl qui nol yl ))-2-met hyl benzi ndgnyl chrom un(111) dichloride. The
- preparation of functional cyclopentadi enyl |igands has been known for a
long tine. Various 15 synthetic routes to these conplexing |ligands are
descri bed, for exanple, by M Enders et. al. in Chem Ber. (1996), 129,
459- 463 or 1R8-qUintlyl)beaxittiebyictBpreimm(/ihiighioride). Orgnet. Chem (1995), 500,

175- 185. Th?s'ﬁ%é\h QQ{MFBé%deh h%ﬁ,&ﬁ,(ﬂ”h@moﬁdge chrom um corrpl exes, can be
obt ai ned in co rre 'gg'éﬂ metal sal ts,

e.g. metal Tdfi %)P‘g@é'gu'”%f')t)ﬁ ”Eeﬁ'@’ "éﬁwt?yg%%tﬁd' °6r°"11‘§? thod simlar
t o t he exarpB¢smetylRiindy!)}-2.8 41B@ia ethfieyciobetad@ngchmonvivintirrichtoride et al _
conpoungs 3)8Y‘f‘!'ngmyIauﬁolﬁ})‘tbfrﬁ@hr‘amaé}{ylchrl%ﬁnmrIPQ@Iﬁ@ndgf the present |nvent| on
are |mdochro n’g $ ﬁﬁ % 25 L\ / (NRO)" Cr
X10mLC 30 \M{éﬂ%mﬁﬁé'q\') 9'¥')§B eé’¥'°'?‘f8'{?%‘"’f' LA i ng meani ngs: 35 RC are

R CC=NR2C, 1R8-COmEhyIRIiGHD2OREGlndeRyI@B>Bum(IR dehlo@id,c () ) 2P=0, (OR ) ZP=0,
SR R CRAE Nenn) A2 Moo R ien iy o, C - €20 cycl oal ki

C2C20 al k aving from1l to 10 carbon atons in
t he al kyl ﬂa(gl(z -DRYIguIngyD) 3%@@?9@{%‘#?%“{ JAENBY4% part, hydrogen if this is
bound t® a 1gai(boathatidmlymitért-bltgindenyigmmom(id)ddicddride, R C and R2C al so bei ng

abl e to bear '@ﬁqe{hy.aMnaw)iaﬁﬁn&e?wcﬁgm%aﬁ/&@%95’4024 X C are each,

i ndependent | or| ne, brom ne, iodine, NR3cR4c -
NP( R3C) 3, -mefgy layingyl Y 2-metyiosezindepy ey eIy dighicedeonat e, BF4 , PF6 or a

bul ky weakly coor di nat i ng or noncoordinating anion, 5 R C - Roc are each,

' ”depe”de”tﬂwé( Pr%g r?(b% d?ﬂﬂEtQﬂ%l’cy@ﬁeg@Qiéﬁyjl If%‘lr;ds I%%'bggrpkr@kzk%?wlonlg%'ecg%?og%yl 1

al kyl ar hav par

car bon %/f’t o FENHEAC reuiRs tothope complexing figandy @k dpscriped. for P’éa 1AEM; Brdgrscetrbdh at om
wi th t he oicgami Berr @edeyal2s, 489@63 boP.RAE amd 10 Sleeergy bl ergivet. loaam. (19$3)1500,
substituentsg 440 n"Cis 1 or 2,

The metal complexes, in particular the chromium complexes, can be obtained in a simple manner
20 by reacting the corresponding metal salts, e.g. metal chlorides, with the ligand anion (e.g. using a
method similar to the examples in DE-A-197 10615).

Further organic transition metal compounds B) which are suitable for the purposes of the present
invention are imidochromium compounds of the formula (llI),

25
L'c, y (NRC),1c
‘l3f ()
XC 1c
30
where the variables have the following meanings:
R® are R'°C=NR%, R'°C=0, R'°C=0(0R%"), R'°C=S, (R'°),P=0, (OR'®),P=0, SO,R",
R'°R%*°C=N, NR'°R% or BR'°R?, C,-Cy-alky!, Cs-Coo-cycloalkyl, C,-Cyo-alkenyl,
35 Cs-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20

carbon atoms in the aryl part, hydrogen if this is bound to a carbon atom, with the
organic radicals R'® and R¥ also being able to bear inert substituents,

40



mCis 1, 2 or 3 and has a val ue, depending on the valence of C, for which
the netald7deee®7tonpl ex of the fornmula (111) is uncharged, 15 L'Cis an
~uncharged donor and y is fromO to 3. These conpounds and their
- preparation are described, for exanple, ‘fl acuna] WD 01/09148. 20 Further
suitable organic transition netal conpounds B) are transition netal
conplexes with a tridentate macrocycl ic ligand. In particular, suitable

?r gan: c E Ir)g;;lskai[)o%ré@cm inde® /oEé ar?JtH?‘eQ flh&ge%rlﬁ@ww%dﬂte Nﬁ"e\,\h"°25 h
ornmul a . efe the
vari abl es have thi%f(g‘%?bw ny %g?aﬁﬁ Sé)gﬂ WB@@ aggllkgﬂg%?l A%t"élaiﬂ'lky gr oups

3-12 of the Peri omeeklsraqqr@natnzgprnonmww'wera@h a diradical selected from
the foll owi ng group 40 0775/000071 25 5 where ELD - E3D are each silicon

or car 1A A3D a e ach nitrogen phorus, 10 15 20 R1D- RAOD are
each h drd?g 1’9001 SRRy k“f?Pe”doe"“%% ﬁﬁé%g?ﬁ‘t%ﬂ&' @1%7?"‘%’& CrCad@in turn

bear a C6- Cl10- arylallglatyulpavms frombisto 10 ga;hdm at@fls G2 alykpanydnd 6¢26-caR0n albyis m

al kyl aryl  havi ng y{g é?Wp&rttr@d%?erﬁ%Q%o@F@ﬁBa danoEQﬁ)n@lNhtY 4heB ahi % 8 I O RID

carbon atons |nthe sybp , where e organic ra
may be substitute By 0 being able to bear mertsubstltuents

10 n'® is1or2,

m is 1, 2 or 3 and has a value, depending on the valence of Cr, for which the
metallocene complex of the formula (lll) is uncharged,

15 L' is an uncharged donor and

y is from O to 3.

These compounds and their preparation are described, for example, [lacuna] WO 01/09148.
20

Further suitable organic transition metal compounds B) are transition metal complexes with a

tridentate macrocyclic ligand.

In particular, suitable organic transition metal compounds B) also include compounds of the
25 formula (IV)

30
2 (V)

35 where the variables have the following meanings:
m'® is a transition metal of groups 3-12 of the Periodic Table,

Z'°-z® are each a diradical selected from the following group
40



hal ogen(s) 2.8%? buit her functional groups which preferably bear el enents of
group 15 80TP16 of the Periodic Table of the Elenents and two gem nal
~or vicinal radicals RID-ROD may al so bey,gj oined to forma five- or

- six-nenbered ring, X1D are each, independently of one another, fluorine,
chlorine, brom ne, iodine, hydr ogen, Cl1-C10-al kyl, C2-C10-al kenyl

C6- C20-aryl, alkylaryl having 1-10 carbon atons in the al kyl part and 6-20
carbon atons in the aryl part, NR1IOD2 ORIOD SR10D, SG3R10D, OC(O) R10D, CN,
SCN, =0 a-di ketonate,gBF4 , FFQR®r a bul ky noncoordinating ani on, R4D R6D
R8D EI1D E2D E3D R5D R E ﬂD RI._ R 9D 25 R10D are each, independently of
one anot her, hydrogen—E@l CQ(E—%-IE[@?I, 5- to 7- menbered cycl oal kyl whi ch may
in turn bear a C6-Cl10 b{DyI grlopipl @s substituent, C2-C20-al kenyl,

0B- C20-gryl, al kyl arylRhavin ffdm 1 to 10 carbon atoms in the alkyl part
and 6-20 carbon atons in the aryl part and two radicals R1OD may al so be
joined to 0P a five- or six-membered ring and 30 n1D is a number from 1
to 4 for vaEchfEs? he nmetedachsiters occatpdnex of the fornula (1V) is uncharged.
Preferred organic transition netal conpounds of the fornula (1V) are: 35
[1,3,5-tri ﬁxmat hyl)-1,3,5-(r] azaé%cl ohexane] chromumtrichloride, [1,3,

5-tri(ethyl) -1 3, 5-t APPSR IPIRE BMEP K Sni um tri chiori de,
[1,3,5-tri (octyl)- 1 3,5-triazacycl ohexane] chromi umtri chioride,
[ 1,

[

3, 5-tri Rnggey! ) - ;pe?eaén wdr@géacm ﬁé\@(%nﬁﬁ#ﬂér%@réﬁ%%blﬁ;}?w&h %yﬁngm

1,3,5-tri(benzyl)- b3 azac exanel chrom um trichlorid
0775/ 000071 26 It is %"1“5&6 sy %’ptaasﬁ'%séw itGaraakepyl CaCearng: %‘fyéaé%c
transition nmetal conpaingd®matteciOmpbaeatoms B)the Flkye parhsral 6/21 caghypataemspn eeer abl y

further conprises at aPast sR™, GAbL He dredni¥ rAdicafOP. M suB ent C).
Sui tabl g cation-for m'lr){ régn " capabl ea%t?e re%tglgl nng th the

c are
or gani c15t ransition 8%61 ?sgg%faﬁm%y“%' JEYRY WhiEh preferablydpear ¢lefpenshpgroup
conpound are, for exadphdor 16ohthe Radsiicsiable ohthe Eiemeatsuant twaxgentnal ér vitdirabng

uncharged Lew s aci dgqR0siR0NR® rﬁéarm%e%m\fa faﬂnaf.!ree\eﬁréx ﬁ'l%hngergé"hnl\d)n or 10 an
ionic corrpound contalning a Bronsted acid as cation. e case of

net al | ocene conplexes as .
x'P are each, independently of one another, fluorine, chiorine, bromine, iodine,

20 hydrogen, C4-Cc-alkyl, Co-C1o-alkenyl, Ce-Cyo-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR'®®,, OR'®,
SR'®, SO4R'®, OC(O)R'™, CN, SCN, =0, p-diketonate, BF,, PFs or a bulky
noncoordinating anion,

25 R'® are each, independently of one another, hydrogen, C;-Cyo-alkyl, 5- to 7-
membered cycloalkyl which may in turn bear a C¢-C+( ary! group as substituent,

C»-Cyo-alkenyl, Ce-Cyo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl
10D

part and 6-20 carbon atoms in the aryl part and two radicals R™- may also be
joined to form a five- or six-membered ring and
30
n'® is a number from 1 to 4 for which the metallocene complex of the formula (IV) is

uncharged.

Preferred organic transition metal compounds of the formula (IV) are:
35 [1,3,5-tri(methyl)-1,3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri(ethyl)-1,3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri(octyl)-1,3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri{dodecyl)-1,3,5-triazacyclohexane]chromium trichloride and
[1,3,5-tri(benzyl)-1,3,5-triazacyclohexane]chromium trichloride.
40



organic transition netal conpound B), the cation-form ng conpounds C) are
frequent| y0aP98007ef erred to as metal | ocene ion-formng compounds. As
~alum noxanes, it is possible to use, for exanple, the conpounds descri bed
in WD 00/31090. 15 Particularly useful Qlunlnoxanes are open-chain or
cyclic alum noxane conmpounds of the fornmula (X) or (Xl) 20 25 30 35 R21 Al
-{-O0 Al R1L (X R1I m R1O-1i A] (XI) R where R1is a

C1- CA- al kylk is@ls0ppssitity t0fues mixtuyestot DEH0QY brgdic #4rdiibn BIERHRdMEBIMHS XS ksmdhehtnt €g€r
from5 to é preferably from 10 to 25. These oligoneric al um noxane
conpounds are usually prepared by reaction of a solution of
trialkylalumnumwth water. In general, the oligoneric alum noxane
conpounds ubtoataweﬁybtemtpkuf&ablwh&rcembﬂ‘ke& bBedsP6R8 QliodMorhibg Einddlind2@t h 1 near
and Cy%!ICd%? tggﬂlecules of various lengths, so that mis to be regarded
as a nean A noxane conpounds can al so be present in adm xture with
other nmetal alkyls, preferably alum num al kyls. Furthernnre nodi fi ed

al um noxangiftabig cAMdhSdimm @&n@éunﬁ?@ W £ @5&39@ of Réthg win 9\';3 F(ﬂ'gﬁsqlon at ons

have been repl ace oxy or amde ra |ca can al so be
used as W‘E‘&ﬁ@ﬁ?“”%é) °rF°BY‘%'d'é"t81a CF‘\*%"C%G'H?W% &r AR ARrBPQYNds #8h A% mul a
(X) or (X E;n alyntindxaee, betond uonaigédd ez aaidy amibeig emmubdhaving atlle@iscic@gagiich or
transi g Orhr{ﬁl@éon%mnf;m% aaé}?nsttt{beac%%s %Lt#)q] H %&hadage ﬁ%ﬁ“gg\ﬁ CB@W%/S 380071

amounts that the atomc ratio o um noxane

27 corrpoun?i%a“ECd'af‘ﬂ@”t'P%{ﬂé:P‘PP%wd FethA cafionsiompiRgcasngarmsC) aredregbentiy alseet al
conpound Bgferrgd foras nfetaliogeng ®n-férmimycd®pdunde. 1000: 1, preferably from 20:1 to
500:1 and in particular in the range from30:1 to 400:1. 5 As strong,
uncharged Lewis acids, preference is given to conpounds of the formula
(XI1) VR X| AsAingxanes, 11@ possible to use, for example, the compounds described in WO 00/31090.

15 Particularly useful aluminoxanes are open-chain or cyclic aluminoxane compounds of the formula

(X) or (X1
R21
S Afo— A} R X
2 l " )
20 R
R21
I—IO — Alln — (X)
RIZ‘I
25
where R?’ is a C4-Cq4-alkyl group, preferably a methyl or ethyl group, and m is an integer

from 5 to 30, preferably from 10 to 25.

These oligomeric aluminoxane compounds are usually prepared by reaction of a solution of

3o trialkylaluminum with water. In general, the oligomeric aluminoxane compounds obtained in this
way are in the form of mixtures of both linear and cyclic chain molecules of various lengths, so
that m is to be regarded as a mean. The aluminoxane compounds can also be present in
admixture with other metal alkyls, preferably aluminum alkyls.

35 Furthermore, modified aluminoxanes in which some of the hydrocarbon radicals or hydrogen
atoms have been replaced by alkoxy, aryloxy, siloxy or amide radicals can also be used as
component C) in place of the aluminoxane compounds of the formula (X) or (XI).

It has been found to be advantageous to use the organic transition metal compound B) and the

40 aluminoxane compounds in such amounts that the atomic ratio of aluminum from the aluminoxane



- M is an eI%m; of group 13 of the Periodic Table of the Elenments, in
parti cul ar S/OR00%Y Ga, preferably B, 15 X1, X2 and X3 are each hydrogen,
. C1-C10-al kyl, C6-Cl5-aryl, alkylaryl, arylalkyl, haloalkyl .or haloaryl
each havi ng froml to 10 carbon atoms in the alkyl radical and from6 to
20 carbon atons in the aryI radi cal or fluorine, chlorine, bromne or

exanpl es. ofPERBE MHEREP L= B e oaa: BTG TER APNGH0Y /8800
Particul ar frpnneﬂsrtemm@ 1, sre@irabdyﬂrdrmZQ:‘oww@Q:nded ofpattih@arfiotheudrge fdinl3P:1ite whi ch
X1, X2 andgyg$qare identical, preferably tris(pentafluorophenyl)borane. 25

Strong uncharged Lewi s acids suitable as cation-form ng conpounds C) al so
i nclude the reaction products of a boronic acid with two equi val ents of an

al um nug ls réﬂé' y%arb@cﬂe&ﬁsa&ﬂ Oﬁ}eBFeﬂgé‘gWFrﬁtfo cof'?\?o@u'd B?tﬁ‘é‘m@pé génf W th

t wo eqU|va an-acl uorinate |cu ar nat ed,

car bon conpound such as pentafl uorophenol or bls(pentafluorophenyl)bor|nic
acid. The suitable ionic cmipaixids having Lew s-acid cations ixel ude
salt-like conpounds of the cation of the fornmula (XIl11) 30 where 35
[(Yat) QL. .. Q] d+ (XII1) Y is an elenent of groups 1 to 16 of the Periodic
Tabl e of tMEeEl enents, 40 QL to QZ are singly negatively charged groups
such as1oCl- C28- al kyl , C6- Ct 5- aryI al kylaryl, arylalkyl, haloalkyl,

hal oaryl eggh havi ng from,sﬁant %‘E&?ﬁ% 1) e,l, t%gls%i?%&gﬁbgalh and

from1l to 28 carbon atomsmt [ 'which ma
bear 0775/000071 28 Cl- C1824F4g| r% §r Oﬁiﬁsprggrag)@&“ tuents, hal oge% g
Cl1- C28- al koxy, C6- C15- aryl oxy, S|IyI or S5anercaptyl groups, is an integer
from1 to &.2@¢Xs an i neegech hydgen. GiSi5alki Ca3HHavI0FYITrS, apilalky (hatvalky]
groups as substituents, hal icayeny e&dh-na2iBg Bidrk dX0/10 cabothbonariy thealky! raditay hbndor
mer capty groups, from 6 to 20 carbon atoms in the aryl radical or fiuorine, chlorine, bromine

or iodine, in particular haloaryls, preferably pentafluoropheny!.

Further examples of strong, uncharged Lewis acids are given in WO 00/31090.

20 Particular preference is given to compounds of the formula (XI1) in which X', X* and X® are
identical, preferably tris(pentafluorophenyl}borane.

Strong uncharged Lewis acids suitable as cation-forming compounds C) also include the reaction
products of a boronic acid with two equivalents of an aluminum trialky! or the reaction products of
o5  an aluminum trialkyl with two equivalents of an acidic fluorinated, in particular perfluorinated,

carbon compound such as pentafluorophenol or bis(pentafluorophenyl)borinic acid.

The suitable ionic compounds having Lewis-acid cations include sait-like compounds of the cation
of the formula (XIII)

30

(Y*Q,Q,...Q," (Xl

where

35
Y is an element of groups 1 to 16 of the Periodic Table of the Elements,

Qi toQ, are singly negatively charged groups such as C4-Cyg-alkyl, Cs-C1s-aryl, alkylaryl,
arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl radical
40 and from 1 to 28 carbon atoms in the alkyl radical, C3-C4o-Cycloalkyl which may bear



5 10 15 a |§§5qdop{eger froml to 6 and z is an integer fromO to 5, d

corresponds ¥ he difference a-z, but d is greater than or equal to 1.
. Particularly useful cations are carboni up cations, oxonium cations and
sul fonium cations and also cationic transition netal conplexes. Particul ar
nmention may be made of the triphenylmethyl cation, the silver cation and
the 1,1 -dinethylf t r v 0 i nating
counterions, in par |d?1$|a)>fgr°ugs o srabsn-m%(}% gé'?ac?? %?"ts-bgy’er%h(gf%ﬁ@g‘[ garlYP&O
91/ 09882, pr ef er ablmer¢aptyt grRiRsS( pent afI uor ophenyl ) borate. Salts having
noncoordi nating ani ons can al so be prepared by conbi ning a boron or
al um num conpound, e.g.. an n | ky wi th a second conpound which
can react t% |ink tvvdS%}'mﬁB‘?rgromo tf’:ér‘?g aI umi num atons, e.g. water, and a
third cgnmpound which forns an ionizing ionic conpound with the boron or
al um num cgnpound, e.g,p, I[,nreg aheyd @3l oro methane. In addition, a 20 fourth
conpound which |ikewi se reacts with the boron or al uni num corrpound e.g.
pent af | uor ophenol, can be added. 25 30 |onic conpounds contai ni ng Bronsted
aci ds as cations prefceirédpbiydsltd kewiffentma-e bnodie @agatkr thah bnghualktount eri ons. As
Brbnsted acid, particular preference is given to protonated am ne or
aniline derivatives. Preferred cations are N, N-di nethylanilinium
N, N- di met hyRagigeleiyhesgiyl catipisrere earbanim ¢ations, eponmoalicns ang sulienismicatianaand aks o
%eu \éat i ;’ﬁf‘claﬁB‘nlcttﬂﬂsdlcﬁhtrﬁ&él chMBlexdl RArRjulat fehtRR infay ;@)@maysﬁme ﬁbh@&lﬁwthyl

i met hyl ani | ini um r 0

particul ar, r\ihal Siet ?’E‘N}‘ﬁigﬁ 'B%Lrﬂgﬁlfr?ﬁ’?ﬁﬂ aon: H‘ey pre?eré%lydﬁave
tetrakis( pelnn@btdmhmmylhqnlson aarticutan dorsn bbmbundst ds\ard@szpertionatin um
Lt 1 aki o o 3 it pDEAM MRk E EnafropfehiafngosSt bl e Tor two or more

borate anions to be joined to one anot as 1 n the dianion
[ ( C6F5) 18- C6F, , - B(CGF5)2 ]2-, or the borate anion can be bound via a bridge
to a suitalgas rﬁawnxgmbma}dunagrghqmn@nartém tUpép@rdd by dbmbisiag a Borofrur ditaihursui t abl e

cation-for %?Wronﬁ%ﬂun ity Wit Sooh b WO G S0 BRARAAI R 29

The anount L ew s
Lewi s-aci d be®niobpsmHEm atanis egmomciasthlcdoqmpmdw@I%rf@m@eapnmwms cations

i's preferalbypdun@Witd thk Ho?bn%@alﬁﬂlﬁhfﬁ%bﬁﬁétﬁmd eg)rtr%@rﬁywalo»bnfémﬁb 3n b&itHA, a
equi val ent ?durtE%gne'lpoun Wthlcﬁllk aeryeacctstv&lt%rt]r?é tgolroonnorgﬁmmum comy)aounddegB

pentafluorophenol, can be added.

lonic compounds containing Brénsted acids as cations preferably likewise have noncoordinating
counterions. As Bronsted acid, particular preference is given to protonated amine or aniline

25  derivatives. Preferred cations are N,N-dimethylanilinium, N,N-dimethylcyclohexylammonium and
N,N-dimethylbenzylammonium and also derivatives of the latter two.

Preferred ionic compounds C) are N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate and, in
particular, N,N-dimethylcyclohexylammonium tetrakis(pentafluorophenyl)borate and N,N-

30 dimethylbenzylammonium tetrakis(pentafluorophenyl)borate.
It is also possibie for two or more borate anions to be joined to one another, as in the dianion
[(Cst)zB-CGF.,-B(Cst)z]z', or the borate anion can be bound via a bridge to a suitable functional
group on the support surface.

35

Further suitable cation-forming compounds C) are listed in WO 00/31090.

40



- 5 Suitable cation-form ng conmpounds C) al so include boron-al um num
conpounds SUEM0871di [ bi s- ( pent af | uor ophenyl ) bor oxy] net hyl al ane. Exanpl es

. of such boron-al um num conpounds are thgse disclosed in WD 99/06414. It is
al so possible to use m xtures of all t hé”abovenent i oned cati on- f or i ng
conpounds C). 10 Preferred m xtures conprise al um noxanes, in particular
nmet hyl al um noxane, and an ionic conpound, in particular one containing the

tet & aki s( pEﬂi‘d@ﬁddd%f@?b@Ndchb@ét?[éivi@&didﬁnionilaBﬁﬁ&fun@s hann? 064is 45 baloags Lew s
acid, in parti [ uor enyl ) bor ane.  Bo e_organi c
transiti on'%ﬁr&éf: %ﬁﬂ)@hds (E?Gﬁa%%%’ns%f dtaﬁ@QSSé %{'8 o Bﬁﬁﬂ%'??&q? &)%%Pse‘%"a'ﬁ?t% 15
pr ef er abl yPraieeadlyifiomal tod0eavivalenys, based ab the axganigitrensitianandigidompeund8h havi ng
from6 to 20 carbon atons, in particular xylenes or toluene. The catal yst
system conpr.ises_at .| east one ar iC. esi um conpound as addi ti onal
conpone tn%}'{ag'ﬁcﬁté?ﬂif%'"\‘%ﬁﬁgg?m gg%ﬁ%ﬂﬁau@ ONAAHRIAYT CORRRAYBS YRR AdifPise
oxi dat i on @eatafuoppReénybdrotyinmdataianat EXaeaies obsueh borgaaldminumrcoinpeungs arephose
consi st i nggigdiosbY AVOO6@B5REANS, al koxi des and aryl oxi des, am des, carboxyl ates
and acetyl acetonates. Preferred organi c magnesi um conpounds D) bear at
| east one Cl- C20- hydrocarbon radical as ligand. These are, for exanple,
(()r gii/;]i C  niigraesipussibowuse mitures of blnmeﬁbdivﬁmleﬂtioﬁé’d éé)uon-%mf«gcfrlﬁoﬁms @)R2E) 2|— r

X er j , - - a C6- C20-aryl,
al kyl a\rqel @Ffeﬁﬁir“g?“ﬁ% i %%"ﬁﬁn’%ﬁeﬁ r%ﬂ'?&%om%'aﬁ&%%‘ﬁ”%ta%%” PC he al kyl
part and f{9ReENY; i PRTICYIATRE §ORIRIBIAG thejteirakinpentaorophgny!) baratRaEEN, iapd/byadr ogen,
fluorine, siohg@uhdnargeddrewid akd, in ReticoRs triQﬁerﬁE@o@bﬂ@hgl)bo%e.CZO' aryl, alkylaryl,
aryl al kyl or al koxy each having from1 to 10 carbon atons in the alkyl
part and from6 to 19 carbon atons in the aryl part, is Cl-C20-alkyl,
C6- C20- ar yBoth e eigagie yrnsition aefal eorispunéBeandiza/datien-forming dompounds®)@er bon at ons

i n_the1al kytbfeR8kuséd afsblom,@réf&aﬂlgaﬁ%m% [RREE b VIR frofenth 28 8drborfNd 40
0775/ 00007]f 30.r i tabl e carboorganic radicals RLE and R2E are,

2.
f or exarrplae?m?’llpepah%"\%f))\?ﬁr'eﬁﬁs. org}i]]y??fo- al kyl whi ch nay

The catalyst system comprises at least one organic magnesium compound as additional
component D). Organic magnesium compounds D) contain magnesium in the oxidation state 2

20 which bears at least one ligand from the group consisting of hydrocarbons, alkoxides and
aryloxides, amides, carboxylates and acetylacetonates. Preferred organic magnesium compounds
D) bear at least one C4-Cao-hydrocarbon radical as ligand. These are, for example, organic
magnesium compounds of the formula (XIV),

25 Mg (R'®), (R*)z., (XIV)

where

R'E is hydrogen, C,—Coxo—alkyl, Ce~Cao—aryl, alkylaryl or arylalkyl each having
30 from 1 to 10 carbon atoms in the alkyl part and from 6 to 19 carbon atoms

in the aryl part, SiR%t,

R2E is hydrogen, fluorine, chlorine, bromine, iodine, Cy~Czo—alkyl, Cs~Cpxo—
aryl, alkylaryl, arylalkyl or alkoxy each having from 1 to 10 carbon atoms
35 in the alkyl part and from 6 to 19 carbon atoms in the aryl part,

RE is C1—Cao—alkyl, Ce—Czo—aryl, alkylary! or arylalkyl each having from 1 to
10 carbon atoms in the alkyl part and from 6 to 19 carbon atoms in the
aryl part and
40



* be linear or branched, e.g. nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, EPOORRTyl , n-pentyl, 5 n-hexyl, n-heptyl, n-octyl, n-nonyl,

. n-decyl or n-dodecyl, 5- to 7-nenbered c¢ycloal kyl which nmay in turn be a

C6- C10-aryl group as substituent, e.g. éclopropane, cycl obut ane,

cycl opent ane, cycl ohexane, cycl oheptane, cycl ooctane, cycl ononane or

cycl ododecane, C2-C20-al kenyl which may be linear, cyclic or branched and

i n which the doubl e bond ismayrhe internal or termnal, e.g. vinyl, 1

-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl,

cyclohexeﬂéL, cyclooctenyl 10 or cyclooctadienyl, C6-C20-aryl which nay

bear furt h2yitable Rgrboqsganipyadieais Blilsad RT e fas exampie, thetellowing: Cr@apalkilythich may

bi phenyl , wnhbirdn¥lanchad, e.dmethyt, SBYNY-bRPANYIpropgs, A-butyRislsutyl, K-

2, 6- di et hyl phenyl . 2, ,Igﬂ“ 23,?-, bz%, {oprongh oyyRisghuy derkoutyH-penty,

3, 4, 5-t11 nBIRYT PRI OBy NIV ATROY! QUi 4oferh - BdAPerPheredfyFloaly which Baviips as

subst i t uertur bea. (g:Cibpamizgroup as-substituentpe.gedytipirbmaneydyclotiutarey cy2lopéritgdepheny| |

wher e R1E capkkx [Wa} f = 6~pnt ing and
yeiik %c%e%bﬁg%ﬁﬁi@%&é&n@g{n@o ﬁ:lo%o%eg%?et, S%Tg%%ﬁﬂ which

t he organic raﬂj cals R S e su al ogens

i : ray . !
such as f|T®e18%aHFis 9 REnehediipd ik wikeh the dauble beerd Pavbealedaber termigakie B2E ar e
met hyl , etinyl, -aﬂyl,m-aﬂpyB-,all;il,smtenylmelntemljl,-lhgu@rwl, cydlc&:@hluhwc%cléﬁék?nybui;]c}doctlenyl
n- pent yh, _Eﬁ%M o R-Aept vl r enyl ‘or
napht h%ﬂ) . JI% r all_ Flggs{p’sdgi%r%" %‘&Ig“éﬂr'}:ggﬁ %ﬁggrgﬁ#ﬂ%%lg%ﬁéowgwég%%a?, ‘g% P{%@@e as
descri bed N3RMErRiPRgBY ANrayL 0= MF drMetheipheAY, 38 E2.4WR.Hh of WS dRBEYIRhe!, bei ng
able to lb_ez,i,ol aeﬁ_-,m,e‘-.@r,maz,gﬁ- @'_rs,zﬁﬁ-fm'féb@h by lfpﬁeid'lyr, '?mw?lr@mﬁpn:m ﬁhlﬁy Béar futhbabl e
or ganosi | i i . Si ri S .
butyl di net%[;%flﬁpgla,g g{‘%f’,@é’?s fesq F’%ﬂzg'e{’r %aPr’S} ’é’i'tie{)ﬁ"qf P'%/%‘F{WGEYH WiergR
di met hy| pHREAYA - may 3lsa be ipiaed to daimar - gr ereembree ringariddheergarisadicals Bfpoa Al ar e
nﬁlt hyl gﬁgnﬁ@ialljmbéhhwihﬂ&!,bgﬂﬁiobéﬂs-sué%ﬁ?&iidé%ﬁﬂrﬂ%ﬂ@rgrgﬁE.WEf@F?&H_ & Yadib&lTR'E
chl ori de, si um brom de, n-bu esi um chl orj de,
di met hyl na&‘éﬁ@ia %?n%g‘uyfe?‘ﬁ]{h "r?%rﬁR‘@é@&Fﬂp’tﬂdﬁ"gﬁ%g{lﬁM%ﬁgﬁ"lﬁ‘fﬁe"WL BOEYH- n-
oct yl magneshepiv. ardtyh vinylt afivl, benagmhetyiragneekthyinR™ radicakrin orgarloaiticon radicals
n- butyl - n-gieE yhSPENRSIeW—deddribéPin RROPSISMiIRbER 1HSFE ANERT! williWE RF AR Hefh .
magnesi um quﬁunds E}. Q%Eferen%§¥|s iven to using  one organi c MAgnesi um
conpound Iﬂf’.e SIODPY P R 8Lemhe G’r?ﬁ%d?rﬁ‘amﬂf“s plsu ganopilicop rrdicals are
cat al y8Q dmeteyisilyintrigthys$ilyt butgdimethyisityh &toutylsityl, mnzligisilyk, aiphenyisilyl ddziirh&hyiphangd ti on
metal fronygrganic transition metal conpound B) is from 2000:1 to 0.1:1,

preferably Trom800:1 to 0.2:1 and particularly preferably from100:1 to
1:1. The catalyst systemcan further conprise, as additional conponent E),

a netal cdapouady whfut drganicbadnesiomlcampotiis ardirelRYmaghdsRAryndriaé,Redivi-F ( XV) 40
0775/ 00007n‘]ag?lési|.Y?1{f| Grroﬁ'litM: etﬁylr%)gnesium chloride, ethylmagnesium bromide, n-butylmagnesium

25 chloride, dimethyimagnesium, diethylmagnesium, di-n-butylmagnesium, n-butyl-n—

octylmagnesium and n—butyl-n-heptylmagnesium, in particular n—butyl-n—octyimagnesium.

Itis possible to use one or more organic magnesium compounds D). Preference is given to using
one organic magnesium compound D). The organic magnesium compound D) is present in the

30 catalyst system in such an amount that the molar ratio of Mg to transition metal from organic
transition metal compound B) is from 2000:1 to 0.1:1, preferably from 800:1 to 0.2:1 and
particularly preferably from 100:1 to 1:1.

The catalyst system can further comprise, as additional component E), a metal compound of the
35 formula (XV),

M (R') F(R*)sF (R¥)r (XV)

40



R1F is Li, Olé\?% 71Be Ca, Sr, Ba, boron, alumnum gallium indiumor
thallium %P&Pogen Cl- Clo-al kyl, C6-Cl5-aryl, al kylaryl or aryl al kyl

. each having from1l to 10 carbon atons if the al kyI part and from6 to 20
carbon atonms in the aryl part, R2F and R3F are each hydrogen, hal ogen,

Cl- C10- al kyl, C6-Ci15-aryl, alkylaryl, arylalkyl or alkoxy each having from
1 to 10 carbon atons in the al kyl radi cal and from6 to 20 carbon atons in
the aryl ratleeal, rF and is an integer from1 to 3, 15 sF and tF are
integers fromO to 2, with the sum r F+sF+t F correspondi ng to the val ence
of M, whe the conponen 0 e n

al so possi Mge to use m xtllijsr gs ao? 8% tCai %Ué‘é bgr% at"ﬁ)nﬁ rﬁ@%ﬁ’ﬁm ae"frﬁorq%a"'um
(XV). 20 Anong the netal conpounds of the formJIa (X\/), preference is given
to thosg i R'which MF is | isPioaenCr&hoatyh Galarry! REFagher RastyAeachdavhg

Cl- C10-al kyl . 25 30 35 #40mReo 110 carbardtymsin éfecatky ehrtrapti &tbm GaorP@ catbish aadmsg he
formula (XV) are n-butyllidthé 5 paktr i - n- hexyl al um num triisobutylal um num
tri-n-butylalum num triethylalum num di rrethyl aI um num chl ori de,

di et hyl al o |l uoride,_ nmeth um.n deC um n

sesqui chl o#\ gr}\; di et hyl afa[?rﬁaﬁh%f 6??Ie?)rr\a ge'ht%f ’Wg?hﬁs rﬂrﬂ"ﬂ[? an?‘y'

m xtures thereof. The par ©f #koXkgashdiayiag gomM%mgon@fonmmmemmraqwﬁ@ with
al cohol® can al so be usedfromfdn 2@ carearcdtorconpewdnd reical s used, it is
preferably present in the catalyst systemin such an anmount that the nolar
ratio of MF fromfornul a (QeW)intbgerkbANgs i on netal fromorganic transition
metal conmpound B) is from2000:1 to 0.1:1, preferably from800:1 to 0.2:1
and particularly preferably from100:1 to 1:1. The catal yst system of the
present i n%‘ﬁti on is in principle prepared by i mmbilizing at ieast one of
t he corrponents B) or C) on the support by physisor pt| on or by means of
cheni cal® reaaditon, i.e.  ewistegans fram At hyitbhetshm rosmoneetponding tolthe eact i ve
groups of the support sur¥aegeofke order in 0775/000071

where the component E) is not identical to the component C). It is also possible to use mixtures of
various metal compounds of the formula (XV).

20
Among the metal compounds of the formula (XV), preference is given to those in which

v is lithium or aluminum and

05 * and R are each C,-Cyp-alkyl.
Particularly preferred metal compounds of the formula (XV) are n-butyltithium, tri-n-
hexylaluminum, triisobutylaluminum, tri-n-butylaluminum, triethylaluminum, dimethylaluminum
chioride, dimethylaluminum fluoride, methylaluminum dichloride, methylaluminum sesquichloride,
diethylaluminum chloride and trimethylaluminum and mixtures thereof. The partial hydrolysis

30
products of aluminum alkyls with alcohols can also be used.

When a metal compound E) is used, it is preferably present in the catalyst system in such an
amount that the molar ratio of M" from formula (XV) to transition metal from organic transition
metal compound B) is from 2000:1 to 0.1:1, preferably from 800:1 to 0.2:1 and particularly

35
preferably from 100:1 to 1:1.

The catalyst system of the present invention is in principle prepared by immobilizing at least one
of the components B) or C) on the support by physisorption or by means of chemical reaction, i.e.

40 covalent binding of the components, with reactive groups of the support surface. The order in



- 32 5 10 15 which the support conponent, the conponent B) and any conponent
C) are conbBi6900&8 immaterial. The conponents B) and C) can be added
_independently of one another or sinultaneously. After the individual
process steps, the solid can be washed wéth suitable inert solvents such
as aliphatic or aromati c hydrocarbons. In a preferred enbodi nent, the
organic transition metal conpound B) is brought into contact with the

cation- forWhlagthGQGMH@Gn&)nehtnth@ c§er6r\%mB§ aﬁ@b%ﬁpo%‘f‘@{ ré c&h%h&ﬂsa sol ubl e
reaction prodaif lon obtained in this
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This pref egakhi sBénVESaii as.eugom&.ctﬂy&owsmsof a free-flow ng powder.
Exanpl es of the |ndus rial inplementation of the above process are

descri bed | 6/ 00243, V\D 98/ 40419 or WD 00/05277. A further preferred
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pol ymer i zat ion. Preference iIs 3l ven fIrst cont act
with the QT’EP%WHPPQF"W"‘P(?”H%CW PWQ%@WW"%&%{DW?? addi ng the
catalygss solid der| ved fromthe conponents A), B) and C) as descri bed

above. THoRAARSHonblyh SoRLO 0L EARLEISHESA & o) Y wibDlhplipnld "

further conp
-enbodi ment/é) Bb%ndm'qmgi'w@ ang Ry Siieiprends)is Bivendo disie bringingiD) Intoxpntad)witand )
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onto it is :il Y, | ran rom 1; e, a small
anount of pragledp; %be ‘iﬂjyg?eé'F grg‘?sa?feau‘%wé?qqm t'i'%‘fataé%h?f’ﬂjﬁ ée’VP%VPfEWI ohexane,
st yrene orcopipemykstd)niB)iamyl IOy anyiéssiidearaboveaThemetipbydnt g) usemwﬁlewetereaaae Bhtvest atic

or a sui tatQ 8( dsﬂ? aRy fuﬁﬁéFBQM H:‘éhlf ?ﬁorﬁpoﬂ@ﬁ? ngs UQ%A theasnfnegfe d as additive

during or a preparati rted’cata tem The
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It is also possible for the catalyst system firstly to be prepolymerized with o-olefins, preferably

linear C-C1o-1-alkenes and in particular ethylene or propylene, and the resulting prepolymerized

catalyst solid then to be used in the actual polymerization. The mass ratio of catalyst solid used in
30 the prepolymerization to monomer polymerized onto it is usually in the range from 1:0.1 to 1:200.

Furthermore, a small amount of an olefin, preferably an w-olefin, for example vinylcyclohexane,

styrene or phenyldimethylvinylsilane, as modifying component, an antistatic or a suitable inert

compound such as a wax or oil can be added as additive during or after the preparation of the
35 supported catalyst system. The molar ratio of additives to transition metal compound B) is usually

from 1:1000 to 1000:1, preferably from 1:5 to 20:1.

The polymerization can be carried out in a known manner in bulk, in suspension, in the gas phase

or in a supercritical medium in the customary reactors used for the polymerization of olefins. It can
40



- from 1:1000 to 1000:1, preferably from1:5 to 20:1. The pol ynerization can
be carri ed0®®00pe¥ia known manner in bulk, in suspension, in the gas phase
or in a supercritical mediumin the customary reactors used for the

" polymerization of olefins. It can 40 07?5/ 000071 33 be carried out

bat chwi se or preferably continuously in one or nore stages. High-pressure
pol yneri zati on processes in tube reactors or autoclaves, solution

pr ocesses, Peeasinsipyt katchwise o pretoeably oontinupesly i ase privemse stpgasc Higbeessure gas- phase

f1uidized- &ﬂ’;dn@&&%ﬁ%ﬁﬂ&ss@ﬁ ﬂt@de' re&ﬁlﬁ§br@u&cla5es-r§tﬁutﬁﬁbmsb§%Eép@ﬂéorpan
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preferably from 0.5 to 3 hours. The advant ageous pressure and tenperature
ranges for_carryin out the meri zations depe reatly on the
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of the circul atlng gas is cooled to below the dew point and fed into the

react or asagfon ﬁzaélgr\ %EME@S ngtlme%r é}{l %F Pﬂeggeg.u-: %?}kveﬁ) ol a@@k' stz ation
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mixture. Different or identical polymerization processes can also, if desired, be connected in

30 series so as to form a polymerization cascade. Furthermore, molar mass regulators, for example
hydrogen, or customary additives such as antistatics can also be used in the polymerizations.

The catalyst systems of the present invention give a very high productivity in the polymerization of
olefins, offer advantages in the work-up of the polymers after the polymerization and lead to

35  significantly fewer problems in respect of catalyst residues in the polymer. The polymers prepared
using the catalyst system of the present invention are particularly useful for applications which
require a high product purity. The catalyst systems of the present invention also show excellent
activity at relatively low molar ratios of aluminoxane to organic transition metal compound.

40



35 significantly fewer problens in respect of catal yst residues in the
pol ynmer. TRE rs prepared using the catalyst system of the present
_invention are particularly useful for applications which require a high

product purity. The catal yst systens of the present invention also show
excellent activity at relatively |low nolar ratios of alum noxane to
organic transition netal conpound. 40 0775/ 000071 34 Exanples To
char act er i Egartfhies sanpl es, the following tests were carried out: 5
Det erm nation of the magnesium and al um num contents: The nmagnesi um and
al um num cgontents were determ ned on the sanples digested in a mxture of
concentr at Bc?ﬁr???rgegl?ls&mpﬁﬁgé ng tﬁ%?‘ﬂerﬁg%)f”gi‘?‘ftu?l c acid using an
i nductively coupled plasma atom eni ssion spectroneter (ICP-AES) from

Spectr og K'D%%éﬁmnéi%ﬁ%Pt'ﬂalmaaﬂesw%dta%lm«?%{eﬁgemS being carried out using
the spectral lines at 277982 nmfor magnesiumand at 309.271 nm for

al um num Determ nation of the specific surface area: 15 By nitrogen
adsorption in abeoagesoe aw alnmbiud @6EEE welbetetarminadion e sarfiplédiggsteddn ol une:

By mercury por n of
Slor a A BT S OISl BV BaAf 0 I o

measured in a QPURISEPES A At ?’E'B%QWSﬁ@Weﬁ?y('CFﬁ‘Eé?f"?’P aﬂﬁc"gdﬂ?‘iee??rﬁﬁnhm ng a
Mast er siozer X fitiotie Midas@wement$badag caBied toat using THessppatradlimes et 257 98Dnma&d d50 and

d90 are the vol gk Q@,ﬁ apg(gé;‘e,qthfg,sa, dm;,pe diameter. d50 is at the sane

time the nedian of e particle size distribution. Deternination of the

| oss on ignition: 30 The loss on ignition is the weight |oss experienced by
a sanpl e Whethmihstioh etthe dpdciiic siwtace ateeps, firstly for 30 mnutes at 200C in a
drying oven and then for 1 hour at 950C in a nuffle furnace. X-ray

diffractometry: 35 The X-ray dlffractlonr@ﬁtterns wer e neasured by nmeans of
a powdet® di f f r B¥PHAAAISHPENIDACPIRRe S HMEC13di ng Cu-Ka radi ation. 40
0775/ 000071 35 Determ nation of the OH nunber:

Determination of the pore volume:

By mercury porosymmetry in accordance with DIN 66133
20
Determination of dg, dso and dgo:

The particle size distribution of the particles was measured in a dispersion in isopropanol by
laser light scattering using a Mastersizer X from Malvern, Great Britain. The parameters d4q,

25 dsg and dgp are the volume-based percentiles of the diameter. ds, is at the same time the
median of the particle size distribution.

Determination of the loss on ignition:

30 The loss on ignition is the weight loss experienced by a sample which is heated in two
steps, firstly for 30 minutes at 200°C in a drying oven and then for 1 hour at 950°C in a

muffle furnace.

X-ray diffractometry:
35
The X-ray diffraction patterns were measured by means of a powder diffractometer D 5000
from Siemens using Cu-K, radiation.
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About 20 g of the solid to be exam ned are suspended in 250 m of heptane
and the sO&%&9890n is cooled to OC while stirring. At constant
tenperature, 40 mM of a 2 Msolution 5 qof triethylalum numin heptane are
" added continuously over a period of 30 MPnutes. The ethane forned is
collected and its volune is determ ned. The OH nunber is the nolar anount
of ethane forned divided by the mass of support used. Determ nation of the
resi dual nDetsimifaios onth€OH:nukBerThe resi dual noisture content is the content
of volatiles given by a neasurenment under an inert gas atnosphere using a
Mettler U 16 Moisture Analyser from Mettl er-Tol edo, G eifensee,

Switzerl and. 14bqub2@e afthesqligtp kefexamined arg systended in85thm! i hertenemndtitiec

(ulbgggL ggde ;/i iga@ér%ron(idi@id;é% td?dffa vgﬁle %!?rﬁ .ﬁlgc%ﬂ%;hﬁi t@ﬁspe'ﬁé?dnt&%tntn%?aélw&rutign

a : of decal.in SUPpPOr ] erial used was
Pur al ox§I\/G 61 %rq;’c')erﬁy@g“gn %Lgn BLERIPRS RpHPe Ptg’“f"és?ynoﬂﬁﬁg%‘?”ﬂﬂ? RV AP xed
oxi de whi ch ha&thane tengedisnetiestad anfl itg Yolwndis dejeimjied, Tize Gidecmberds theimblace ar ea

of 156 n2/ g, am&ME & erhb MBPmed diviedh BYtHeImadahi Sudpért Lided! € Si ze distribution
characterized by a d10/d50/d90 ratio of 21.1/44.0/71.0 mm[sic] and has

been cal cined at 550C for 3 hours in a rotary tube furnace. A loss on
i gni tion oPetermigHiomgf theeiegibval mastugetoptent: ned on the starting material. Fig. 1
25 showg an X-ray diffraction pattern of this nmagnesi um al um num m xed
oxi de. The sta.Fti ng m'lxe,d oxi de used above was cal cined for 3 hours but at
only 250C. Fi g "eJeIfANEOBHEe conteptis,thg cortent of Yolitiep giverthya measuramenpaden aal | y
cal ci ned nagneiséerugasatrosphermusing @ tetiri ldie.6 Mdstdrh analysef irorh MlefiexBsleddxi de used
above was cal cgReshsE@lswrzd}aHg S but at 800C. Fig. 3 shows the X-ray
diffraction pattern of this partially cal cined nagnesi um al um num m xed
oxide. It had a specific surface area of 138 nR/g, a pore volune of 1.59
m /g and aDétermanation ofgird dta ealuedf 3. 74% by weight. 35 An X-ray diffraction
pattern of an uncal cined starting material (cf. Conparative Exanple 3)
having a specific surface area of 236 n2/g, a pore volunme of 1.12 nl/g and
a | oss on i gni{S9rnGHtomgtigphsiphdgyiscgmeter 4-a Drvithidgcalia as gavept7at33¢G007 1
36 Exanpl e 1 a)SC6e8 ae@0rG: 0000/l bdesaiipport 100 g of Pural ox MG 61 were
firstly dried for 30 hours at 180C and 1 nbar and subsequently 5 stored in
a nitrogen_at nosphere. This reduced the |loss on ignition to 7.1 % by
wei ght 20 ExHieuerort materiat gsed was Fuiglox MG & Heoms Gerpsier Chemie GmbH. This is magnesium-

aluminum mixed oxide which has an MgO content of 61% by weight, a specific surface area of

156 m?/g, a pore volume of 1.4 mi/g and a particle size distribution characterized by a dy¢/dso/dgo

ratio of 21.1/44.0/71.0 mm [sic] and has been calcined at 550°C for 3 hours in a rotary tube

furnace. A loss on ignition of 11.6% by weight was determined on the starting material. Fig. 1

25 shows an X-ray diffraction pattern of this magnesium-aluminum mixed oxide.

The starting mixed oxide used above was calcined for 3 hours but at only 250°C. Fig. 2 shows the
X-ray diffraction pattern of this partially calcined magnesium-aluminum mixed oxide.

30 The starting mixed oxide used above was calcined for 3 hours but at 800°C. Fig. 3 shows the
X-ray diffraction pattern of this partially calcined magnesium-aluminum mixed oxide. It had a
specific surface area of 138 m2/g, a pore volume of 1.59 ml/g and a loss on ignition of 3.74% by
weight.

35 An X-ray diffraction pattern of an uncalcined starting material (cf. Comparative Example 3) having

a specific surface area of 236 m?/g, a pore volume of 1.12 ml/g and a loss on ignition of 45.6% by
weight is shown in Fig. 4.
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10 100 g of Puralox M5 61 from Condea Chem e GrbH were heated at 150C for 6
hours. The0776{9p@®1t subsequently had an OH nunber of 0.19 muol /g of
support. b) Loading with netall ocene/ MAO 15 287.1 ng of (nBu-Cp)2zrd 2
" (Wtco, Eurecen 5031) were suspended in3%.1 nl of toluene, adm xed with
18.6 m of a 4.75 Msolution of MAOin toluene fromAl bemarle and stirred
for 45 mnutes. The netall ocene/ MAO sol ution was added over a period of 10
m nut es toexkthpR 19 of the deactivated support from Exanple 4a) [sic] and
t he rrixtura§ lyrva}seatsn;ein{gf desfuor not her 60 m nutes. The catalyst was then
dried at r on??errperaturep% d 10-3 nbar. This gave 20.2 g of a pale 20
yel | ow bei ge solid. Exanple 2 Polynerization 25 400 m of isobutane and 3

m of a 20fgostdi PoIR MEe RS Ristp@ldalidr@0 nefrs BHavt®Shd] MBARRS LibEbddenyhepPt ane
(corre on%n . to0.150 of butr | oct(\'/l nesi um were placed ina I |
aut ocl :R?e ?‘gﬂaq’féogerﬂ)g‘g}?s’m&% F'ﬁé‘?‘df‘ eﬁgﬁ%@%@' tante bl % BYYPIH 0 ngy of the

catal yst solid obtained in Exanple 1 b) were then introduced.

Pol yneri zagjppewas carried out at 70C under an ethylene pressure of 40 bar
for 90 m nutes. The pol yneri zati on was stopped by rel easing the pressure
and the pr@(fﬂeéieat"?@t‘ﬁ/ﬂ?sﬁf’%%ar ged via the bottomvalve. This gave 400 g of
pol yet hyl ene having an eta value of 3.68 dl/g. Productivity: 16,670 g of

PE/ g of,caiml i j I rjzation-400 m of
| sobut 36 Rl PUBRME SHRTDAKeK BB dere il B & 8L i ng 1o
30 mg of HARSH suPtasueHy harROpInY®Rer of A1 mMol/g gfifuBRdtave whi ch had been made
inert by means of argon, and 22.8 ng of the catalyst solid obtained in

Example 1 Q) Ewith el ed. Polynerization was 40 carried out at 70C
under an et?h?/ ere 'pr essh%ten%o 40 bar for 90 m nutes. The polynerizati on was
0775/ 000071 37 stopped by rel easing the pressure and the product was

di SChaF@eCQBVhang dsreenm;amﬂ)mwwvm, EuFédes 5ommrem$pegdéa‘ in niglrbn%t i&}éb@é}%aﬂﬂ?&% ng an

eta val ue . I Y - catalyst soll

Exanpl e 3 M%&?fﬁro?égg?ﬁgowgﬁ%m%é %a{o@%g/oqg rAg%eé‘%ﬁﬁé%g}&?ﬂéffgiﬂ’ 4§ Rinutes.

but yl oct yI ThadgirialipeareAQaalugian was adsed aves aperindrab 49 ovndtes do 1402 g F3hery of

Pﬂ ut y:c 'Oi '([')yl deagivasd support .ﬁrormExé}f\plé‘tém%] %hdifhi:ﬁﬁ(tdr@@é Sfrkél ifé?'&n&tﬁéﬁ@biﬁirﬂkés‘?) and 8
0 t re introduced into a autoclave ¢h had peen

charged wit cgt%f?ic’tm _;?haeln %%%%d‘%%*empiﬁb”ega"&%Opg]tbﬁrelt.r ﬁ'?ﬁ%%@oa?rﬂ]‘nﬁé’ag inert by

means 8% aelpynbeiga®lidi2. 0 ng of the catalyst solid obtained in Exanple 1 b)

were then introduced. Polynerization was carried out at 70C under an

Example 2
Polymerization

25 400 ml of isobutane and 3 ml of a 20% strength by weight solution of butyloctylmagnesium in
heptane (corresponding to 150 mg of butyloctylmagnesium) were placed in a 1 | autoclave which
had been made inert by means of argon, and 24.0 mg of the catalyst solid obtained in Example
1b) were then introduced. Polymerization was carried out at 70°C under an ethylene pressure of
40 bar for 90 minutes. The polymerization was stopped by releasing the pressure and the product

30 was discharged via the bottom valve. This gave 400 g of polyethylene having an eta value of
3.68 dli/g.

Productivity: 16,670 g of PE/g of catalyst solid

Comparative Example C1
35 Polymerization

400 ml of isobutane and 3 ml of a butyllithium solution in heptane (corresponding to 30 mg of

butyllithium) were placed in a 1 | autoclave which had been made inert by means of argon, and

22.8 mg of the catalyst solid obtained in Example 1b) were then introduced. Polymerization was
40 carried out at 70°C under an ethylene pressure of 40 bar for 90 minutes. The polymerization was



et hyl ene pressure of 10 bar (20 bar total pressure) for 90 m nutes. The
pol yner i za@176/@00d st opped by rel easing the pressure and the product was
di scharged via the bottomvalve. This 15 gave 95 g of polyethyl ene having
an eta value of 2.44 dl/g. Productivity? 2200 g of PE/g of catalyst solid
Conparative Exanple C2 Polynerization 20 2 nl of a triisoprenylal um num
solution in heptane (corresponding to 75 nmg of triisoprenyl- alumnum, 1

M of a Cogémeany r‘éiéa&nﬁ@th%@'réé&ur@ lan@md p%dﬂét wak dB&{&Fg%G@IaW BotbRlAREUGRd into a

1 1 autoclay been. char initial charge of 100 g of
pol yet hyl eéug g(r)\(yd\hopt?é’eﬁﬁl g navipg age V?'“Sfo Q?‘%@’ﬁ and 40.0 ng of the catal yst

sol i d obt aPrmeustiyity: 8808 ay9f BE/g Obqatmwrﬂhen 25 introduced. Polynerization was
carried out at 70C under an ethylene pressure of 10 bar (20 bar total
pressur5e) En %03 m nutes. The pol yneri zati on was stopped by rel easing the
pressure and product was di scharged via the bottom val ve. _

Pr oduct i vi Rajymerigationt han 100 g of PE/ g of catal yst solid 30 Conparative
Exanple C3 a) Pretreatnent of the support The procedure of Exanple 1 was

r epeat ed, £x¢ t hat uncal ci ned magnem um al um num hydroxi de was used.
This had a g@’@f%"c’ o SUGPYta by weiplbutyjottylaopssiug sahtorminfhepiane, GpiasRonsingto 12
m/g. 35 Tl‘ﬁen¢ oidwitymatyimgigindsiunm), MSoflﬂt?co@%ab%SWBbg&htlonﬂrglstaﬁc)Shws\:ﬁul &N X-ray

f tall e/.MAO 40
07751 06007 ke so el o T8 el B g Bhd M Bl B8R " e

suspended 19 9 ﬁ?lyqyfqunman%w@de '”%I RS \Rf @’HO'&?"M%‘P mQPf the gatgigstppliso| ut i on of
MAO i n t ol abtiredfirr Bxam@lebmomedeehemndrddh@dnmgemurreatm&as Sérhédcgidatfmﬁc GrtEUeghmut es.
The net al Ié?,gﬁa;l,/ t e deactivate

support from Eggwbgré &M daP&g‘rNQgtoé%jrSélaFe P}é%%'rﬁgtr‘?ﬁt@? pglﬁraefzﬁh "8t ur e was
stirred fcﬁmpae‘i‘hﬂel‘i’é?'”%‘hﬁefeﬁﬁ%%@ he greduct wesdligeharoar va thedottetn valee. Ahis 10, 3
nbar ati5r qgane dRgpEFodtiyiene Hdving afawevall8 of2.44 @fg. @ pal e yel | ow bei ge solid.

nd 2 m of
= 20% ot r eRoTE IRy A% et PR YRR IEE ot um sol ut i on i n heptane
(corresponding to 100 ng of butyl octyl magnesiun) were placed in a 10 |
aut ocl ave ounpakativeehnipRere nade i nert by neans of argon, and 330 ng of the
cat al yst %,Mrigﬁgr@i ned in
20
2 ml of a triisoprenylaluminum solution in heptane (corresponding to 75 mg of triisoprenyl-
aluminum), 1 mi of a Costelan AS 100 solution and 8 ml of heptane were introduced into a 1 |
autoclave which had been charged with an initial charge of 100 g of polyethylene and made inert
by means of argon, and 40.0 mg of the catalyst solid obtained in Example 1b) were then
25 introduced. Polymerization was carried out at 70°C under an ethylene pressure of 10 bar (20 bar
total pressure) for 90 minutes. The polymerization was stopped by releasing the pressure and the
product was discharged via the bottom valve.
Productivity: less than 100 g of PE/g of catalyst solid

30 Comparative Example C3
a) Pretreatment of the support

The procedure of Example 1 was repeated, except that uncalcined magnesium-aluminum
hydroxide was used. This had a specific surface area of 236 m2/g and a pore volume of 1.12 ml/g.

35 The loss on ignition was 45.6% by weight. Fig. 4 shows an X-ray diffraction pattern of this
material.

b) Loading with metallocene/MAO
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Exanpl e Cab) were then netered in. Polynerization was carried out at 70C
under an eOniA/a®Ae71 15 pressure of 40 bar for 90 m nutes. The polynerization
was stopped by releasing the pressure and the product was discharged via
" the bottomvalve. This gave 950 g of pol3fet hyl ene having an eta val ue of
3.58 dl/g. Productivity: 2880 g of PE/g of catalyst solid 20 Conparative
Exanple C5 Polynerization 1.5 mM of a 20% strength by wei ght

Bu: y: oc: y: DPOORG ioﬂéﬁBﬁ-@;l)HZﬂGEf'(fr&rﬁ V\ht@@,:@ﬂé%er( S@ gg@@&fye{a&dtm m|7§f 1583 o

utyl octy nesi LU, St e / sol ution acunal %
strength by g'éec\?\nvgﬁ‘gr%tg 'Eloqr':dﬁt‘1 IQITB_ Ma S°§ﬁ'8" 84 'ﬁ?o i °'H@}?tfﬁ’ﬁ'€k19\?é?3é'eiqﬁ’ MEAPEwE Wast o0 a
1 | autocl stvediisc minwes. BreeametallogengddAO slttion avas addedital 3.C haf the dedctive®d g of

pol yet hyl e%p&ﬂﬁorﬂ@ﬁnbl@@@é&gobé’r dPABS of0l nﬁﬁ@%nd%&@g&rﬁ%ﬁ%d fo{ DRkt al yst

solid optaLned jn anp| e b) were then introd merizati on was
carri ed?ouwmﬁ‘f‘#e?t)%él?%&?t was "gﬁ"ﬁ&'/?‘g?fé Op MbaL3|reomiemperatyss: ¥Q'2 gavsalB &t al
pressure) paeydiowegesads, The pol yneri zati on was stopped by rel easing the
pressure and the product was discharged via the 30 bottom valve. This gave
51 g of pol Xeth | ene. Productivity: 670 g of PE/g of catalyst solid

Conpar at | vEORREANP EX¥BP L4 Pr et r eat ment of the support 35 100 g of ES 70 X,
a spray- dr Pegnagizhiioma gel from Crosfield, were heated at 600C for 6 hours.
The sugport subsequently had an OH number of 0.15 mmol /g of support. b)
Loading with netal | ocene/ MAO 40 0775/ 000071 39 258.8 ng of (nBu-Cp)2ZrCl2
(from W t coP00(R| Pbisehtang anq 2 ket 200sYieneta &Y Meigl betylertylstagresiumesedution mdni xed
With 16. 7 hdptapb (@rréspbbdihg B0I0Origam b@flodWBagriesitin) were glabédmaAbPefsdidve walkd t he

m xture wa i : i i ocene/ sol uti on was added
To 12,5 o e b PR8dnbRby Meal o o6 apd 450 B b RIGRTLAR SaRedhnar at  ve
Exanpl e CoB¥@MPIHEIh WRRdhespsterad mgﬁvwertzw@nwﬁearm Gt aLFEBE undes an AbYlsngopor t
utsgad i gs?aWumoubbar fﬂ’\gbl’rpilﬁut@ﬁWh@ﬁblﬁﬁeriiﬁioff’h@?&t@ﬁpe@% réléhginmﬁétdﬂfﬁliﬁg@gd "
stirred fo , e_ca S S n.dried a , ar
at roomt e{rﬁe)grroé%wéga's%%fds% 8'153’%3%;% Vﬁ'v%?rﬁg%ﬁ\ée\ %b\%feqtf P@Wﬂ%‘?r‘ﬁ ga\gfgﬁ fnfta
‘Conpar at i VE@UBARSBE/E7 10 Pol yreri zati on Exanple 2 was repeated, except

that 24.8 p@detivilyn2ssoatopPi/glof &tdiystisghiepared in Conparative Exanple Cb6b)
were used. This gave 300 g of polyethylene having an eta val ue of 3.55

dl /g. Productivité: 12,100 g of PE/g of catalyst solid
20 Comparative Example C5

Polymerization

1.5 ml of a 20% strength by weight butyloctylmagnesium solution in heptane (corresponding to
75 mg of butyloctylmagnesium), 1 ml of a Costelan AS 100 solution ([lacuna] % strength by

25 weight solution) and 8 mi of heptane were introduced into a 1 | autoclave which had been charged
with an initial charge of 100 g of polyethylene and made inert by means of argon, and 76.0 mg of
the catalyst solid obtained in Example C3b) were then introduced. Polymerization was carried out
at 70°C under an ethylene pressure of 10 bar (20 bar total pressure) for 90 minutes. The
polymerization was stopped by releasing the pressure and the product was discharged via the

30 bottom valve. This gave 51 g of polyethylene.
Productivity: 670 g of PE/g of catalyst solid

Comparative Example C6
a) Pretreatment of the support
35
100 g of ES 70 X, a spray-dried silica gel from Crosfield, were heated at 600°C for 6 hours. The
support subsequently had an OH number of 0.15 mmol/g of support.

b) Loading with metallocene/MAO
40



15 Conparative Exanple C8 Polynerization Conparative Exanple Cl was
repeat ed, @x6@pe07hat 32 ng of the catalyst solid prepared in 20
_ Conparative Exanple C6b) were used. This gave 260 g of polyethyl ene havi ng
an eta value of 3.65 dl/qg. Productivit?? 8100 g of PE/g of catalyst solid
Conparative Exanple C9 25 Loading with netall ocene/ MAO 234.5 ng of
(nBu-Cp)2zZrCl 2 (fromWtco, Eurecen 5031) were suspended in 70 m of

:[AI OLuenei 2588 M@ 6k (MBU-0p)IZrClL (fom Witcid EéreZ?m Ms&z)gbéié E&Berﬂi‘ed_lll\ﬂﬁ&b inﬂoftulsh:;éh@,ne ; R/gg
emarl e r Ir r m. nut es. e netallocene

sol ution W%'E'q ?@%ﬁ%éﬂfﬁ%w{gé%&@hg& (ﬁgﬁél\cc? RIS @lﬁgﬁg? ?”‘EIE? BPptp was

prepar ed i HiMeBieHa? anuise. TheanriallecansAO sdhitiomwanaridag br 196 greftted geattivetedane OH
nunber as §upBorbBBMR brep&red in Contpariid Bxafiple CAAY hich hBE Bpkidtel} el ioRs and

the m xture was fLLrre f or. furtﬂ)s:r 0 m_néltfe@). The c tal%st was then

dried at 1O™PeRSPe 3PP B?ﬁdt"éﬁﬁaé?pée[ SVer alirad giy é“'&‘é?%)a”@ toft Mt Was

yel | ow bei giged tor & tirthgH00mnges. Ih¢ catalyst wapthen @id at P pbeeat wamitenpdiatampl e 3

was repeatﬁqls%?gqgggbotglggegg"owg,eggsgﬁa__e catal yst solid prepared in
Conmparative anple C9 were used. This gave 88 g of polyethylene. 40

Productivity: 1010 g of PE/g of catalyst solid 0775/ 000071 40 Conparative
Exanpl e 11ConmwratimeExareiea ©h 5 Conparative Exanple C2 was repeat ed, except
that 7Q90 pghmizdide catalyst solid prepared in Conparative Exanple C9 were
used. This gave 79 g of polyethylene. Productivity: 1100 g of PE/ g of

catal yst solid Exanple 4 10 a) Pretreatnent of the support 5 g of Pural ox
M361 wer e Ekampl 2avask&teGted! exteptittat 24.®mg8f the vatslysiolidpndparAuwe0bhparaiver ed under

a nitrog e } i : ngy of

di chl orof fEL)B( glrpqul ngféﬁ;%@;ﬁ%%@fb‘g?? gﬂ@[’%&@@%ﬁ#ﬁ@?@%ﬁ%%@%#gg? g‘(ﬂ' um (0. 350
mol ) wer@ORHcRd 1290997 BE/s ofpatalyst solid 757 M sol uti on of MAO in tol uene from
Al bemarnbse (corresponding to 43.75 mmol of Al) and stirred at room

tenperatur@or;&Fati;e‘SE{gn{y'g@Bs (Cr:A = 1:125). 20

Polymerization

Comparative Example C1 was repeated, except that 32 mg of the catalyst solid prepared in

20 Comparative Example C6b) were used. This gave 260 g of polyethylene having an eta value of
3.65 dl/g.
Productivity: 8100 g of PE/g of catalyst solid

Comparative Example C9
25 Loading with metallocene/MAO

234.5 mg of (nBu-Cp).ZrCl, (from Witco, Eurecen 5031) were suspended in 70 m! of toluene,
admixed with 15.1 ml of a 4.75 M solution of MAO in toluene from Albemarle and the mixture was
stirred for 45 minutes. The metallocene/MAO solution was added to 11.6 g of the deactivated

30 support material prepared in Comparative Example C6a), which had approximately the same OH
number as the support used in Example 4b), over a period of 10 minutes and the mixture was
stirred for a further 60 minutes. The catalyst was then dried at 10” mbar at room temperature.
This gave 18.0 g of a pale yeliow-beige solid.

35 Comparative Example C10
Polymerization

Example 3 was repeated, except that 87 mg of the catalyst solid prepared in Comparative
Example C9 were used. This gave 88 g of polyethylene.
40 Productivity: 1010 g of PE/g of catalyst solid



This solution was applied while stirring directly to the cal ci ned
hydr ot al ci 8&35RRPEN had been pretreated in Exanple 4a) and the m xture was
stirred for an hour once addition was conpleted. The reaction m xture
" obtained in this way was allowed to staf for 2 hours and subsequently
dried at roomtenperature under reduced pressure. This gave a |light-violet
powder. 25 Exanple 5 Polynerization 5000 mM of isobutane and 2.6 ml of a
20% strength by wei ght butyl octyl magnesi um sol ution in 30 heptane
(corresponding to 130 f butyl octyl magnesi um were placed in a 10 |
aut ocl ave %Tcratwﬁé)éamboér%}lprmde inert by neans of argon, and 554 ng of the
cat al yst syeprigdicai ned i n Exanpl e 4b) were then introduced. Polynerization
was carried out at 70C under an ethylene pressure of 40 bar for 90

m nut e The pol ynerization was st ed rel easing the pressure and the
pr oducf5 wag’ ag%%%?w?%{:gw%rgpﬁ%?ﬁgﬁqe ta{%gp'sﬂﬂcgﬂﬁaﬁ??'yi be gregdred in
pol yet hyl ebempasalive) GxampleERwerd Bisedch Thie gafe 784 @ GolghtiiydenePr oduct i vity: 2900 g of

PE/ g of ~ capahoesiitysabb d of P B7SLAPAH4 41 Conparative Exanple CL2
Pol yreri zati on 5000 of 1sobutane and 80 ng of butyllithium(as a 0.1 M

solution in heptane) were placed in a 5 10 | autoclave which had been nade
i nert by neangledf argon, and 342 ng of the catalyst solid obtained in

Exanpl g 4h)) vergefdiihed: BihO¥pEe- Pol ymeri zation was carried out at 70C
under an ethylene pressure of 40 bar for 60 mnutes. The pol ynerization

was stopped by releasing the pressure, the product was discharged via the
bot t om val s/gofdftutaladvibédeweraitidy are8draraol mbaHel 8 haued andisobseqddntifibtoll under a
concent r at g BYdrREHHepr i ¢ acid in 50 m of methanol). 250 nl of methanol
were 10 subsequently added, the white polyner fornmed was filtered off,
washed wi th nethanol and dried at 70C. This gave 400 g of polyethylene
havi ng1an Bt a akdieg oth rhétaliodert/MyO Productivity: 1200 g of PE/ g of catal yst
solid Exanple 6 15 Loading with netall ocene/ MAO 84.6 ng of
di chl or o[ 1- (8- qui nol P/I %)i ndenyl ] chrom um (0. 231 nmmol) were dissolved in 5 n
of a 4. 7533w QficBRrobi (minelybr2 Sehutetiamethwiayelppastasionyishreméinp(0B5EMmsl)
tT ﬁ! uene anebrs tissoived insd.2 mommat_jltsarrp@mhgar MAb_GHtoﬂ;érlmmdwmémér@('c@espﬁon&;n&l@p) : (210
is solut r i rect : of the cal cine
hydr ot al ci%sggm%ﬁaﬁg%{d%gggeﬂ%ﬁfogf {eg‘géﬂg@gﬁfﬁr "é'ﬂf}gsezciﬁ‘f: iﬁgs)t he m xture was
stirre@for an hour once addition was

This solution was applied while stirring directly to the calcined hydrotalcite which had been
pretreated in Example 4a) and the mixture was stirred for an hour once addition was completed.
The reaction mixture obtained in this way was allowed to stand for 2 hours and subsequently
dried at room temperature under reduced pressure. This gave a light-violet powder.

25
Example 5
Polymerization

5000 ml of isobutane and 2.6 mi of a 20% strength by weight butyloctylmagnesium solution in
30 heptane (corresponding to 130 mg of butyloctylmagnesium) were placed in a 10 | autoclave which
had been made inert by means of argon, and 554 mg of the catalyst solid obtained in
Example 4b) were then introduced. Polymerization was carried out at 70°C under an ethylene
pressure of 40 bar for 90 minutes. The polymerization was stopped by releasing the pressure and
the product was discharged via the bottom valve. This gave 1600 g of polyethylene having an eta
35 value of 14.36 di/g.
Productivity: 2900 g of PE/g of catalyst solid

40



conpl eted. The reaction m xture obtained in this way was dried at room
terrperaturQqﬁ‘n%)QP71 reduced pressure. This gave 5 g of a green powder. 25
Exanple 7 Pol ymerization Exanple 5 was g4epeated, except that 906 ng of the
catal yst solid prepared in Exanple 6 were 30 used and pol yneri zati on was
carried out for only 60 mnutes. This gave 1650 g of polyethylene having
an eta value of 16.6 dl/g. Productivity: 1800 g of PE/g of catalyst solid
Conpar at i v€otpamipledx@hBle (38 Pol yneri zati on Conparative Exanple 12 was
repeat ed, exggBlizatiblat 965 ng of the catal yst solid prepared in Example 6
were used. This gave 1050 g of pol yethyl ene having an eta val ue of 46.93
dl/g. Productivity: 1100 g of PE/g of catalyst solid 40 0775/ 000071 42
Exanpl e 8 Boetdhinygisabuténerant 8D imgceaé higty IO 3aE08 B1 NMgsotytion in heptane) were placed in a

E é, giS-msr; : ;‘m Lauectrdvb Rich Bhdbdeh madd indrt by HRERCH algeh axnaRed G5 bard Bl diisalal ori de

S5 W d | ved . 16. 0 f a 4.75 M sql ut f MAO i
t ol uene f r8%%%%?@@2?g)o";’/‘??%g%gf?h%ed'Eg 8lyg'8r.'z%§°'h’9‘r?ﬁ CaH?eg,Rlﬁt)ét gﬁc&qg‘fj?rrar”e:jnat
room t enpeetiylanepresaureld 4frbanfored nii@rtesAllhe-pdlymiePigation Waé stogeld by iredersing theappl i ed
whi l e stirbidaglrditiesbdutt sk schafedia thBBoti A BYHkEY @itHhdtRanthd ﬁﬁ: had

been pretreated i anpl e 4a nd the mxture was stirred for an hour once
nda & on waSUED (R B Tty ARROTE Ao S0 0 PBERe a6 T P Enalay Snae

dri ed ato r egrsetentheadied tiee wirttgolymeefidursddvap fikesediofe washed svity anethad® abd driedf a

li ght - gr een; REYORYs g7 306 6f pRlyeRPLAITRLIE 8k LaRakte oE%aRl/g 5 was repeat ed,
except thaﬁD 117 g& %&) t%}rE?at al %St S'??Irl d prepared in Exanple 8 were used
and pol ymefrT4V0h 1629 9 4&2BYE Pt only 60 minutes. This gave 76 g of
pol yet hyl ene having an eta value of 1.39 dl/g. Productivity: 650 g of PE/ g
of catal ysgxsphéd 20 25 30 35

15  Loading with metallocene/MAO

84.6 mg of dichloro[1-(8-quinolyl)indenyljchromium (0.231 mmol) were dissolved in 5 ml of a
4.75 M solution of MAO in toluene from Albemarle and 0.3 ml of toluene and stirred at room
'temperature for 15 minutes (Cr:Al = 1:100).

20 .
This solution was applied while stirring directly to 3.3 g of the calcined hydrotalcite which had
been pretreated in Example 4a) and the mixture was stirred for an hour once addition was
completed. The reaction mixture obtained in this way was dried at room temperature under
reduced pressure. This gave 5 g of a gréen powder.

25
Example 7
Polymerization

Example 5 was repeated, except that 906 mg of the catalyst solid prepared in Example 6 were
30 used and polymerization was carried out for only 60 minutes. This gave 1650 g of polyethylene

having an eta value of 16.6 dl/g.

Productivity: 1800 g of PE/g of catalyst solid

Comparative Example C13
35 Polymerization

Comparative Example 12 was repeated, except that 965 mg of the catalyst solid prepared in
Example 6 were used. This gave 1050 g of polyethylene having an eta value of 46.93 dl/g.
Productivity: 1100 g of PE/g of catalyst solid

40
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40 0775/000071 | 43 W claim 1. A catal yst systemfor olefin

pol yneri zaﬂ?lﬁfDO@@?ﬂpri sing 5 A at |east one calcined hydrotalcite, B) at

| east one organic transition netal conpound, 10 2. 15 3. 4. 20 25 30 5. 35
40 C) optionally one or nore cation-for M2ng conpounds and D) at |east one
or gani ¢ magnesi um conpound. A catal yst systemas clainmed in claiml1,

wherei n an al um num magnesi um m xed oxide is used as cal ci ned

hydr ot al ci ERampfe gat al yst system as claimed in claiml1l or 2, wherein the
organic mag agsn nb N@@ contains at |east one Cl-C20 hydrocarbon
radi cal . A-CR"NEM g@g‘fegﬁln claimed in claim2 or 3, wherein the

cati on- form ng conpound C) is an open-chain or cyclic alum noxane conpound

of t he formdﬁm(;X)n %rs-tﬁé(h)(z Ei?e]ayl@t'hyl)*@3s-tl‘ﬂzacdcrohgiéﬂze]é@mB%%/.chion% {0%%%47 o -

5
o 30 A cHPRIER] 180 Lot TN aoin S yAdin thareiiom Abemaesgssiadngnor

conpri ses, toa$.28amna! obiipand stirred at room temperature for 15 minutes (Cr:Al = 1:125).

This solution was applied while stirring directly to 6.1 g of the caicined hydrotalcite which had
been pretreated in Example 4a) and the mixture was stirred for an hour once addition was

10 completed. The reaction mixture obtained in this way was dried at room temperature under
reduced pressure. This gave 10.5 g of a light-green powder.

Example 9
Polymerization

15
Example 5 was repeated, except that 117 mg of the catalyst solid prepared in Example 8 were
used and polymerization was carried out for only 60 minutes. This gave 76 g of polyethylene
having an eta value of 1.39 dl/g.
Productivity: 650 g of PE/g of catalyst solid

20
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conmponent E), one or nore netal conpounds of the forrmula (XV) MF (RLF)r
F(R2F) Sk (RBPIPRIY'XV) where 0775/000071 44 5 10 15 MFis Li, Na, K Be, Ca,
Sr, Ba, boron, alumnum gallium indiugor thallium R F is hydrogen,

C -C, o0-al kyl, C6-Cl5-aryl, alkylaryl or arylalkyl each having from1l to 10
carbon atom|[sic] in the alkyl part and from6 to 20 carbon atons in the
aryl part, R2F and R3F are each hydrogen, hal ogen, C, -C10-al kyl,

C6- C15- aryWe cidirkyl aryl , aryl al kyl or al koxy each having from1l to 10
carbon atons in the alkyl radical and from6 to 20 carbon atons in the
aryl radical, rFis an inte roml to 3, and sF and tF are integers from

0to2 wiih tﬁga@\xﬁﬁsyiﬁq@@;gpfl%gqlwé?glﬁ%}ﬁaf?{apfﬁggt he val ence of M. 6. A

prepol yneri zed catal yst system conprising a catal yst systemas clainmed in
any of glaims Al to gt@égqio,l,é&fc@{ed%rgg{gfel al kenes polynerized onto it in a
mass ratio of from1:0.1 to 1:200." 20 7. The use of a catal yst system as
clainmed in any of clalms 1 to 6 for the polynerization or copolynerization
of ol efins. 8.BA proedesst brer organgpeansitian rpesélycomnpdunds by pol yneri zation or
copol yneri zation of olefins in the pr esence of a catalyst system as
clainmed in any of claims 1 to 6. 30 35 A rocess as claimed in claim
8, wherein the thonﬁPt‘oﬂglk‘!d’”?ﬁ”P?f@cﬁtt?f‘);?f@f"ﬁfarﬂ" YR d et hyl ene or a monomner
m xt ur etoof et hyl ene and/ or C3-Cl2-1-al kenes containing at |east 50 nol % of

ethylene. 40 p, at least one organic magnesium compound.

2. A catalyst system as claimed in claim 1, wherein an aluminum-magnesium mixed oxide is
used as calcined hydrotalcite.

15
3. A catalyst system as claimed in claim 1 or 2, wherein the organic magnesium compound D)
contains at least one C;-Cy hydrocarbon radical.
4. A catalyst system as claimed in claim 2 or 3, wherein the cation-forming compound C) is an
20 open-chain or cyclic aluminoxane compound of the formula (X) or (XI)
™~ 21
AI—[—O— Al —]m— R (X)
R* |
R21
25
L{O — Ally — (XI)
R|21
30 where
R is a C4-C4-alkyl group and m is an integer from 5 to 30.
5. A catalyst system as claimed in any of claims 1 to 4 which further comprises, as additional
35 component E), one or more metal compounds of the formula (XV)
M (R™), /(R (R™)¢ (XV)

where
40
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44
MmF is Li, Na, K, Be, Ca, Sr, Ba, boron, aluminum, gallium, indium or thallium,
R'F is hydrogen, C,-Cio-alkyl, Cs-C1s-aryl, alkylaryl or arylalkyl each having from 1
to 10 carbon atom [sic] in the alkyl part and from 6 to 20 carbon atoms in the

aryl part,

R* and R¥ are each hydrogen, halogen, C;-Cio-alkyl, Cs-Cys-aryl, alkylaryl, arylalkyl or
alkoxy each having from 1 to 10 carbon atoms in the alkyl radical and from 6
to 20 carbon atoms in the ary! radical,

r is an integer from 1 to 3,

and

s"andt”  are integers from 0 to 2, with the sum r"+s"+" corresponding to the valence
of M\,

6. A prepolymerized catalyst system comprising a catalyst system as claimed in any of claims
1 to 5 and linear C,-C,o-1-alkenes polymerized onto it in a mass ratio of from 1:0.1 to 1:200.

7. The use of a catalyst system as claimed in any of claims 1 to 6 for the polymerization or
copolymerization of olefins.

8. A process for preparing polyolefins by polymerization or copolymerization of olefins in the
presence of a catalyst system as claimed in any of claims 1 to 6.

9. A process as claimed in claim 8, wherein the monomer used in the polymerization is
ethylene or a monomer mixture of ethylene and/or C5-C1,-1-alkenes containing at least
50 mol% of ethylene.



