--e3eE: :; T?z@6FETE Monocycl opent adi enyl conpl exes containing a fused

het erocycl e The present invention relates to nonocycl opent adj

conpl exes in which the cycl opentadi enyl system conprises at ma“ M@Uﬂmmwsed
"het erocycl e &7d 54000844t P6Ae unchar ged donor and to a cataly

“conprising at |east one of the nonocycl opentadi enyl conpl exes. 1059158
addition, the invention relates to the use of the catalyst systemfor the
pol yneri zat i onekyedpekynedizatilon obmplekéns amhtalminpg océss faped
preparing poh%glefins by pol ynerization or copol ynerization of olefins in

the presence 'of StEYEa cat al yst system and to pol ymers obtained in this
way.. Organotransition netal conpounds such as netall ocene conpl exes are of

great interegh as gg&@ws%vfew 1Qef Loy pobymerd zabheaybespuseabheyymake it
possible to sy% esi ze pol y(;cllefnl ns i ch are not oDt ai nﬁbl e usi ng
convent i ohal corgglegesNat 68 catBiybts. thEr eR¥APPRENEAEMSEYAgl eSEFER

catal ysts | eagh i3 iRQlYNBY S188%ENGn2 NBIJQW HBLafodRESediasid i ptit Leasand a
uni f orm conmononer content. Apart from bi s(cycl opent adi en I% conmpounds, 25
use is al so PEGe WIChed@est (CaNREd ﬁégdteci rﬁ/"c%ﬁ?&% s?’ysrﬁgée 8@8%5&8& y
titani um conplexes sith onke caxitthat inh cttyatle pe neerti@inylng cnm e xEre '
cycl opent adi enyl system which is connected via a bridge to an anionic am de

which is |ikewi se bound to the titaniumcenter. 30 WO 98/22486 descri bes
bi s(cycl ppentradi #8419 iconpkexesinventiach oakabest wo othe haseydbpéheadi enyl

systens cont %ieanﬁsa &%&g;i m rxgtfe%sed_- qn et ertgﬁycl e g%y@zgg/ig?}l% gdi-scl oses

cat al yst syst g transition netal co es having at | east one
cycl opent adi emgolyinganid addmrai miihg @l giiged- And  B¥752 00BY2FPET - £OT

het er ocycl e - her £ agi enybyl i ga Y B4t osvh ¢ doser. I n
J. Og. Chem%q%ggaéflq{)gtl, 72‘§%ﬂ,762)8§f]j*t Fu. et gl. Sr%belg:?ibe ferracen
conpl exes i n GAACAYTGTE 26 ¥R OFcl BPpBAERRI ety TihgP " it Hihs °§ fﬁQSd-on

pyridineipi ngatdl st dysakingctaref dhedqiyesant dbteamddnint cfindal0
transition metal conpl exes based on cycl opentadi enyl |igands containing a
fused-on heterocycle which are suitable for the polynerization of ol efins.
Ve have foundrdsatotirtains iatjeect mesadchtevpduhys a SiEhorscyBespéAC&EPENY |

(O b BIGC  A St e cleatyees oborerier o

polymerization because they make it possible to

20 synthesize pdlyolefins which are not obtainable using
conventional Ziegler-Natta catalysts. For example, such
single site catalysts lead to polymers having a narrow
molar mass distribution and a uniform comonomer
content. Apart from bis(cyclopentadienyl) compounds,

25 use is also made of “constrained geometry” catalyts.
These are usually titanium complexes in the oxidation
state 4 containing dnly one cyclopentadienyl system
which is connected via a bridge to an anionic amide
which is likewise bound to the titanium center.'

30 :
WO 98/22486 describes bis(cyclopentadienyl) complexes
in which one or two of the cyclopentadienyl systems

contain one or more fused-on heterocycles.

35 WO 98/37106 ‘discloses catalyst systems comprising
transition metal complexes having at least one

cyclopentadienyl ligand containing a fused-on

MM
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HCp is a cyclopentadi enyl system containing at |east 20 one fused
heterocycle, Y is a substituent which is bound to HCp and conpri ses at

| east one uncharged donor containing an atom of group 15 or 16 of the

Peri odic Tab¢¢75;§0@@h§P@Tnetal of group 3, 4, 5, 6, 7, .8, 9 or 10 of the
Periodic Table, and nis 1, 2 or 3. 3Q Rurthernore, a catalyst system
conpri sing the nonocycl opent adi enyl conpl exes of the invention, the use of
the catalyst, systemor LR BOlAUTREEALRN (e RORIHTEY i 28bind 6F shefins
and a process Tor préparing 35 polyolefins by pol ynerization or

copol yneri zashbandE 6babirms in the presence of the catal yst systemand al so
pol yners obtai nable in this way have been found. 0775/ 00074/ PCT - 3 The
nonocycl opent adi enyl conpl exes of _the present_jpnyention conprise Cp) YnM
as structuralnel émenr9IwherdePhe varPabl é'ha@g9¥ﬁ25§govegﬁeaﬁ§ngéy'Further

| i gands oan yhekefgee Berbeovrdet 0ddhplemiedl atromwiidhe Snaunber ohef ur t her
| i gands depends, for

exanpl e, on the oxidation state_ of the .atom
Possi bl e furFM@FOPFBEﬁeégggﬁnoFlPﬂélu88n ﬁ??ﬁeracy%Faﬁgﬁ?adigﬁ%?Bégétens.
Suitabl e I'i gandg.are nmonoani onic and dianionic ligands as are descri bed,
for exanple, for X 1In 10 addition, Lewi s bases such as am nes, ethers,
ket ones, al dehydes, esters, sulfides ‘or phosphines can also be bound to the
netal centerIM HEp as aolcyetbpernt adibenyprepsingm doneaitdiony &c | €48¢ 15 one
fused NelerocyehestiBnl NRclol| Qlihe o] ORRUA dhentyblbpeatbdiehpy system
having 6 ~ el’&ctrons, where one o the carbon atoms may al s b reglaced by
nitrogen or phaephsrusenpeehérabldy pPhogshoiius hedEdisty P@”@?Veﬁ fo usi ng
a G5 ring sysigmuphkhedt 20 gRhgaemenkthyna dfetar@en At | east one
het erocycl e containing at | east one atomof group 15 or 16 of the Periodic

Table is fused onto this basic cycl opentadi enyl skeleton. In the present
context, fused-onafeangolihat thethetkiecyobgeand tke 25hdpsedpebtyadienyl

skel eton share two atons, _pr.eferabl rhon a Pr Ces S ghyen to

cycl openjtidi B CY SR TR TGS SO 1t he%P%%%%%a (}i'?lg)‘%thA%Etﬁ@'%RSR E E-, ~F I)

\ " E4a ~ ~ R3AcR4Aw3Bgwheteuchershrifalbltegehavt the f 6PrBWLAG HEEhi ls:
where the variables have the following meanings:

HCp is a cyclopentadienyl system containing at least

20 one fused heterocycle,

Y is a substituent which is bound to HCp and
'comprises at least one uncharged donor containing
an atom of group 15 or 16 of the Periodic Table,

25
M is a metal of group 3, 4, 5, 6, 7, 8, 9 or 10 of
the Periodic Table, and
n is 1, 2 or 3.
30
Furthermore, a catalyst system comprising the

monocyclopentadienyl complexes of the invention, the
use of the catalyst system for the polymerization or
copolymerization of olefins and a process for preparing
35 polyolefins by polymerization or copolymerization of
olefins in the presence of the catalyst system and also
polymers obtainable in this way have been found.



0775/ 00074/ PCT - 4 El A-E5p are each carbon or at nost one E Ato ESA is
phosphorus or nitrogen, preferably phosphorus, R A-R5A are each,

i ndependently of one another, 5 hydrogen, Cl-CZO al kyl, C2-C2o-al kenyl,

© 6-C20 aryl, alkylaryl having from1l to 10 carbon atons in the al kyl part
~and 6-20 car baiS406M84i/®Cfhe aryl part, Si R6A3, where the organic radicals
R1A-Rsn may al so be substituted by 10 -hal ogens and two vicinal radicals

Rl p- RSA may al so be joined to forma five- or six-nenbered ring, with the
provi so that Tat | eastodyl abeitneedigragli cabsmRlAxBsa arfe jDitedpreséntm a

het er ocycl e whi ch_contains at. | eas n o] 5 I 1 of the
Peri odi ¢ TabFBYe&fd®&n Iﬁoﬂ%lpsermyf%ée)p )&“ﬁld%A éa{rgg%ag%}g%?i n é%ﬁelﬁgight ly of
one anot her, whydeogere €krG2dlalskyhavE€Z-tOzo- abkeayimeadel Gy 20usEper

al kyl aryl hayi,ng_f.rom QTR b thee akkykiradhgal . ande6- 20
car bon atoms\il‘lﬁ%tnﬁg §ra;%7l tt(r%a%i%c%%r_e?tElﬂge ?gv\o ger#?\a ?adi cal s R6A may aleso be
j oi ned t o5 f onmmbetri \odorf wi therenbégetdsi AgPerss) n intefFFRE &y cPBpERtadi enyl

systems HCp, ;Ant 0 arer CHRONme AL 1! €a8dm I WpodGial Fadtraks
Rz A- RBA for mog&#éall;ér Scyﬁfgego whi ch contains at |east oge at?mfro gr oup

15 or 16 of HAE3RES odfe TabPe, pPmFRIAR| y INENGden, C¥ROSBRBFAS:€B¥ygen
and/ or sul f ugysRakisl, Cthardap R ef efally 4id rmgesaanohde snbf déanPoeference
is given to héterocycles having wri, Si z%&of 5.0r eri ng 3t ogs. anpl es

of 5 35 menbér8d"iSng3fet &F6cyBEEST feh F8Y cSREEPH % r om°Ene™to four

ni trogen @t ogwidardoor, deauld Uvasesoxygen aat amiasesi ngthenber ekanaddi tion
to carbon ataons, ,are furan io . yr .ol L I 3-1 hi,azol e,
pyrazol e, 5$%M%f9lﬁre-£%’ %gggg 8!@ tc[ﬁoa %?gl,gﬂléﬁ’léga;ﬁne,éﬁg b8

1, 2, 9- oxadi abolued 102 theoxedicdz glemter, 31.4- oxadi azole, 1,2,3-triazole and
1,2,4-triazole. Exanples of 6-nmenbered heteroaryl groups, which may contain
fromone to four nitrogen 5 atons and/ or a phosphorus atom ggltdl ne,

, re
phosphabenzeH€EP pyfi GazFHELOBGREATHPARL PMSHA e CORIEIBDAI £ nég
ﬁ, 2, 4-tri|@zi @elean@}lgeab%éﬁébﬁdéy@le.'é'hgnS-tm%bdrcﬂmkdﬁjngg,andy&-lmpebeaed ring
eterocycl es may al.so be substitute 1-Cl o-a z -ar 0

al kyl aryl ha@§§ HromsL & 08510”6}% b%’f‘fs%%/’%%aYhn? hé él E%%@p‘:g? sénﬁkg-r%o
carbon atonsdne t e atyple pamtrbotr i altloplssi ngly orlisal odpens repdlacas f bvori ne,
chlorine or br.om ne or be_ fus | e or ti C$h@sph )

het er oar omat incls.rolg?grrpl e(grof gjglr?zgf}%fsgd 5- rgﬁ%g?ggdmlrg he erggr_;?lrugsr oups
are indol e, iredadlencebehzobdrvan, tisenzdi g ophdive, L ifchzoY AF @FoMathout
benzoxaz‘%e gry l%%e'ﬁtﬁag | g. £5of Benzeddisegnb- mrievegcle

het eroaryl groups are chrohane, benzopyr an,?]gw nol i mi, |soqﬂénol i n?),

ci nnol i ne, plRdIEEZIANG aui h828ET KBS F0-Bui HoxdFPHB, 1P, RE phendht fFS! i ne
and qui nol i zigra-1 genc! atapne andisunbefusgdof tdwetdet erdeyx| es baag cheen
taken from Lettau, em.e der Heterocyclen, 1st,edit] EB, iphei m
1979. The hetc&%ﬁ%?@&e@h?%us;%k%eﬁ & bastc %9% 0 er(r%{gg i\genflo\ﬁgk%l éton via
a C- C doubl e 2dibneh of ndmnhet.etheycl etheet ehotpepescdent aidhichg dHé
heteroat om arg Drefehall Yo fy 13- sRe18tbHS&hare two atoms, preferably

carbon atoms. Preference is given to cyclopentzdienyl

systems HCp of the formula (F-I)

30
where the variables have the following meanings:



Variation of the substituents R1A-RS5A which do not formthe heterocycle

| i kewi se enabl es the pol ynerization 30 behavior and the solubility of the
nonocycl opent adi enyl conpl exes of the present invention to be influenced.
The nunber anu75ypeoof/sabstituents allows the access of the olefins to be
pol ynerized to the metal atom Mto be- nfl-uenced. In this way, the activity
and 35 selectivity of the catalyst in respect of various nononers, in
particul ar bgdrkysnongper saanchenBrdidd ede Jidwe bhe stMstdd ugfit sisan al so
influence the rate of term nation reactions of the grow n pg]:o¥crr9r
0775/ 00074/ PCT  chai RCBRBGTHFsB aPLbWPBRE  nBFFELEH l\xeipén%)[sp tfe pol yners
formed to be altered. The chem cal structure of the substituents RLA to RSA
can thereforeg,besyaried within a wi de range ,nh order tg_achi desired
5 results and 6Bt ai n2&St ai Ford caﬁrbqe%}’s n‘%}ﬁleym I?%;rrpf’@s? ofg%ggélggi e

car boor gani ¢ substithugdrsg&bA- REA-Q5ea 1BY-1C20-GHyb~awbkehy my ®e-Jz2bnear or
branched, e.g. nethy] t hy n- [0}/ | SOpr , N-huty i |,
tert-butyl, n-pentyl?rﬁfhex‘lilljr{(yg?gg%ty%%v%fcgct%p%101 nf%%onglo, ?}95@{%' or
n-dodecyl, 5- to 7-netbesedrcychoabkyllwpiach naydi ©-20r rcardan aatemel o- ar vyl
group as substituent;_e. Cy. ropane, spput reCYehapestangic

cycl ohexane, cycl ohe%)?an%?e cy%llbggctsgne,' c%ﬁo-ﬁnoﬁgﬁg%r%cscl odgdecane,

C2- C20- al kenyl ~whi chr#8¥CBES15R[ INfear ,M&ycl #£S@r BEantWeatahEtedn P¥ve an

ib“t er ni’ﬂ'loor ter”} naLhQQHQFﬁst&hﬁd &l vFeyhalll-ﬁéaytalla-aﬁlﬁ?lk?A Bmay: yl,
utenyl, pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cycloocten or
cycl ooct adi enyl , C6- €28°ar§ mrteﬁi ey g%ﬁ? %urfflhveer' a‘%/&yFléF%EIBEeﬁggzo
substituents, e.g. phengl, wapht hyhe bipgxenydq arttdw angt, beasin, two

p- et hyl phenyl, 2,3-,.2.9-, 2,5:. 0r, 2, 614liJwet h 2, 3. 4- 3.5-,
23,6-., 2,4 5 2,4‘,’%9i8?13,%§‘?35°-0%lr|3n§t hy phérynéy?,%c%i%‘ae'r(jylg?kflo i ch may
bear further al kyl ghetpsoagcdabsthickentcontaigs beizylea®s @ne pptom

p- met hyl.kenzyl, 1- or,.2-e h I rget R TRY] &] senfe

j oi ned tltdg forma 5- g}:glgi %%@r 2§yr?rnwgn§ft %@eo%aﬁ%cﬁrﬁﬁdi cal s R1IA- RSA may
al so be substituted By Ral-&jersay &2g.Yf2R@rine, chlorine or bronine.

Possi bl e organosilicon substituents Si RGA3 can 30 bear radicals R6A which
are the same_gs those descri bed above for, R A RSA ere two_R6p nmay al so
be joined toRforma 8F€or BEMemberdfSHTRFEE Y t Qlet AVSsi | §RoReT?
triethylsilyl, butyldiyaebbghsi | yh-Cig-ialtwil,si |GH-Cob+aBkéyySi | yCs—C20-
triphenylsilyl or dipethylp Lyl . . Pr ef d radical S are
hydroge)r?,O nmet hyl , et ﬁf/V,E" n%?g%%ﬂlyso}b%glpgé %%ngt y]l , ctlosot%g)t Wérgéﬁ
tert-butyl, n-pentylatamhexyh, ®hhembiyl nxesthdal viamd | 6ak0y| capbaRyl
phenyl, ortho-dial kyLs Q& Offhordichhp;® rQ4786900Z46PCEwosuBshiihit ed
phenyls, trialkyl- or trichlorg;substiluted phenyls, naphtlg%l/l , ?I, ghenyl and
anthranyl .- Parti cul aFR§168ePuR orB@ModtFPcBR JFBSES dehts°HP et FHEFKyI si |y
groups having from lotosiQ-gamberedt @ABgi.n the alkyl 5 radical, in
particular trinethylsilyl groups. Preference is also given to conpounds in
whi ch t vicinal radicals RIA-R5A forma fused ring system i . e.

toget her witbnt perfcke=ii skellepentapiehgiabd ystCEmey dCppent B EAYI to

skel eton, fogsm _far %%rg}ll e, an 10 unsubstituted or substituted indenyl,
benzi ndenyl or tetrachy rol'ndenyl system Exanples of cycl opentadi enyl
systens HCp containing a fused heterocycle are thiapental ene, 2-nethylthia

15 pent al enept 241 ebhY! thicAaRAN & Lnesad-d SOPr RPYRENI 2pent al BBeerocycle
2-n-but yl t hi apent al ene, 2-tert-

, but yI t hi apent alnftene, 15 16 of
2-tri met3Y1 sYPYyFRnFapEALAFeRE, 1835He NG ATk nt ER™R n@T OuP or °
2- napht hyl t ht apent&t eh€i c 3-Tedlhy) t hirefentadlignenitrogen, phosphorus,

o phenyl -2, 62HYBERy FIEViH, Ghbht &f enort oulerly prefersbly nitrogen

4- phenyl - 2, 6dhidgopr opyl £t hi Bpefitakene, is given to heterocycles

4- phenyl - 2, 6:dj = n-but yl.- 1t hi.qpe I : E 1 £ 5-

4- phenyl - 2, 6@%{7}3% r%e%flﬁi}?;sgll%% %&?k??o%%en% aﬁl_el}l%,a%ozrg%'ent ’é?fé‘ﬁe,es °

2- met hy 3@z apeankkeend, ringt Mg tergremka enevh2chs sgvossRzapent BPBnene

2-n-butyl 5 four nitrogen atoms and/or a sulfur or oxygen atom
as ring members in addition to carbon atoms, are furan,

thiophene, pyrrole, isoxazole, 3-isothiazole, pyrazole,



25 azapental ene, 2-trinethylsilylazapental ene, 2-phenyl azapental ene,

2- napht hyl azapent al ene, 1-phenyl -2, 5di net hyl - 1- azapent al ene,

1- phenyl -2, 5-di et hyl - 1- azapent al ene,

" 1- phenyl - 2, 5U 675410%% 44BGT azapent al ene,

1- phenyl -2, 5-di -tert- butyI 1- azapentareﬁe- 1- phenyl 30

2,5-di-tri rret hyl sil yl - 1-azapent al ene,

1-tert-but yloﬂaﬂaﬂemet hyltmiaazzqalpant al eime'tdanmlment al éné,, yromshiagranical ene,

1-pheny - phapental sng, o
1- phenyl - gigégfh&}/ égg%'hagéﬁt’é gﬁig‘alazole, 1,2,3-triazole and

1- phenyl - 2 SHAZMbmyaqu©hos@$@@mI enef 1-Gtesnhered. dihatenomyl

butyl - 1- phos@f@ﬂ%"ta %h ma contaln from one to four nitrogen
1- phenyl -2, 52di -trimeth IS|Iy hosphapent al ene,

1- met hyl 57 et hﬁndl;ﬁﬁ"ospﬁapeﬁ gFBRgrus atom, are pyridine,

1-tert- butyl 1'2@ K weet e 1- phegphapenhal ene yrlmldlne, pyraz:Lne,
7-cycl openta th| o hene[ 3, 9 775/ 00074/ PCT ¥C| ogent i enes or
e9efd apr

7-cycl opent a €%, 4 EnEZdNEnend | f ?u?tﬁﬁ Ferr
cycl opent adiwémﬁe'zsécerr&m@p a:ﬁ@ur6 -menfb e radngal}setRbﬁedEg%sles may . two
pairs of vi mg al radicals ter yel es het ?é cl | systens

ormt
are as describe ermréuaé%“éitf%g é% oJfk Xycl opén syst ens
HCp confl&i niaky o ¥ Liskealv 1reg efm:rycle‘soaw @acpohopemnadlmhlt@@aiégyl

7-cycl opent apgn% di gyyr olée ﬁgggpe@%gﬂsoho&qholt% Thgr nt g)eagrits of such _

cycl opent adie systens escri be for. exanpl e,
abovenent i orled 34x 963 2@41860“1?@1%?%? of BaRi esc&LHPYINg f&PlWM%QrS 15 and

pol ymer i sat i19Rom 1 RPr idigebeVerhagd 199%:h Eekre ebral mogescdififtat Dés Rages 150
ff., further syntheses of cycl pent di en¥l stens A} éxibhe Lase of
met al | ocenes €t FeCHIRRT LT Dpent 23B° ?%ny coﬁﬁpé?egu&edt
i nventi aB camem@dmrylal griduss @re ofinded esubstidarerites Ri&arRwEwofart,he basi c
cyclopentadlen can : re chiral s, or. the

R &%erﬂfcp "S‘é’ﬁzé?ﬁﬁl%of& eﬁzoﬁ%‘x%ﬁﬁat arld!

cycl opent adi eny?O can itse enanti ot Opi € SO chirality is
i nduced 25 oményzitheteicelés bdrachpiest heOfrarts&rtZmem@ N-(rreo etriesl

formalisns r hijral i cI I see R
Hal t or man. %"fﬁp gEOfRElar?! e flortv/o RRERLETLERY SRR, b o

bound to HCpl%?fEPJC Nees MALEHsMOne BEHElgEd "donor IHNGReMEai ns an
at om of 2gr ougy frho 041 e Of thﬁl(ﬁ’%h@ﬂél@tﬂ_ﬁbiﬁneTheaﬁdbStic}di@ﬁ&ill\ﬁlﬁ'@”l be

bound to the ba5|cccloe adi en skel o] o the heteroc Yis
e or oo y DT TS T R0 136 vk She Shet Sekbaien BRE Bedees a
substituent fiKemRSALr¥mi s Ieartawpar t Chethael y deref elabéyobpahent o tlise

cyclo entadl el n i n h cle.
TKus plf t he (ﬁ%& e%cy\ﬂlﬁ}g |‘gg%lﬁ%€g§§ 1%2@5/ g%é?é?ﬁ%‘?‘gcggﬁggo%r}ﬁn e%cys
posi ti on of thetkschapbht avit bererkadbenyl ’éh@het{oﬂsvﬁﬁeﬁeﬁal‘il unéé@t ed in

the 1 ops9 posidi @F ofnd heBeRRRNAdI ﬂeee,%lse e&ea J&etéim 1%. g can be
bound internol ecularly or intranolecul arJMy & % rga e donor inY

i s pref er abl Y HROIRRE $ht 3 Eomdt el H/ Yy tan be an unchar ged
functional group containing an elenent of group 15 or 16 of the Periodic

Table, e.g mne,.amn ar bo am ar haxyl éac r e e 0),
et her, thi ok‘Z?%Jh%tl%rho%ghFﬁS Stﬁ%éleﬁlat quph%sphl neC%ox?é kggul g)rﬁnyl
sul f onani de e arhatsstdistd taut éld,k@\utﬁeetl temtadod ey fulised perm@rdaedliicn ri ng

system sghe \hindi ng- of 'ElQetQSlggﬂ?gi‘%gagfb@hga%%'n%%y%ﬁtopefn(yaﬁ@mle by
met hods anal ogous to those descri ers et . “in_Chem "Ber
(1996), complexes of the present "invention to be influenced.
The number and type of substituents allows the access
of the olefins to be polymerized to the metal atom M to
be influenced. In this way, the activity and
35 selectivity of the catalyst in respect o¢f wvarious
mMOonomers, in particular bulky monomers, can Dbe
modified. Since the substituents can also influence the

rate of termination reactions of the growing polymer



15 129, 459-463 or P. Jutzi and U. Sieneling in J. Ognmet. Chem (1995),
500, 175-185. Mis a netal of group 3, 4, 5, 6, 7, 8 9 or 10 of the
Periodic Table, preferably of group 3, 4, 5 or 6 of the 20 Periodic Table,
for exanple grapdpoov4yPCri um titanium zirconium hafnium vanadi um

nmol ybdenum tantal um chrom um or tungstéenr. Mis very particularly
preferably titaniumor chromum The netal conplexes, in particular the
chrom um conphgxgs, €adly be1ohs aianedw25the anslephkamamnesrghty ©dacthaeg the
corresponding netal salts, e.g. tal, chlorid it h it | L Lon
(e.g. by a pPee¥laFa gr%"t?dgugotg%ttﬁalte% 1egan%hT%%elloégg?gtggéAmng
t he monocycl gpertradi nyst Comphexes bft o h&*presenthiemedioticore pyeféeénce i s
given to ones,of ,the formul a (HCp) YMXY. re th |,abl h ;

fol | owi ng neﬁﬁF%@g:E%SWﬁ i é%é%y&%?ﬁ%ﬂ?%ﬁi§ﬁ§I§%¥gégﬁlé%ﬁia?%?ﬁkggt | east
one fused hetesatyel end BEES/IOGO7HACKed 1ertalyst asyebshi t BEAPPWASCh s
bound to HCp_and conpri-ses N UNGHAT danor gonRat ni ggean atom
of group 14 8 1?00%@%41%3 Pe?%‘éé?? 3@F§ 5 10 t%gcchzo 25 3% 35 Mis a netal
of group 3, @;-GerlBydf whécher madi cPFablénexrar 8realh2 Fh8Epentefit!y of
one anot her,mFch%%i N i Or 08y o By M Reopiredivile, Mywliogen, i€dbGholal kyl,
C2- d o- al kenyl, ICZO aryl, al kylaryl q§¥iq9 1-10.car.ban at gy kglthe

al kyl part ah8I6-POt¥arbontaPBREYIn t HE HX¥ L mar £ NERIRD’ ORE, °SRY; " SO3RL,
OC (0) Rg CN-nSENa,(3-gliketpnat exr Ch-diidecyPF6- Ser bud ky 7roRmberédnat i ng
anions, Rl1-R2 are each, independently of one another, h g 1-CZ0O al
kyl, C2-C2o- &D’Eéﬁ)?ﬁ%ygi&w@%%r ey G E | aa]si %gef ‘o %g&g ?gog rﬁgﬁ at ons
in the al kyl spakt ianénG- 20 e.arborcyt brsropendie acytlphrtansi R3GYCREr e t he

organi c radicals Rl-Rz v_.al e i by-bah ggepgnand ctwa o-adi cal's
Rl-R2 may al ggnﬁgnjedi e Oohaéf%a%réo’a H vecgllléc#é%??('- rr%?rber ed rf']ng, gre each, -

i ndependent | yookneneocanothetodpgecagen, ©rlercehk&yyl CH - HAR%enPF,

C6- Czoaryd , glikylaryl Vi N0 £ 9P AchOdlaBdC RO mat®MBn i AntBenalikylr part
and 6- ZOyécar géﬁ)égt%drrsc}{}%ltﬂe aryl pgrt aﬁd two radi C—allil Rg may %I]%ci be
joined to formraifiale- dopbdiex- ReRBer €8 9i ng’ I B k S €EY2 oF 3-7hé
above- descri bed1gghodi mntenynd ppedesnel, enbedenpit s foycld@enardy¥  al so
apply to the%§JT613¥g§§ PDnog%%i%g%gé%gfnyl 89”p|eé§%1ooctadienyl,

C¢-Cpo-aryl which may bear further alkyl groups as

20 substituents, e.g. phenyl, naphthyl, biphenyl,
anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or
2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,

2,4,6- or 3,4,5-trimethylphenyl, or arylalkyl which may
bear further alkyl groups as substituents, e.g. benzyl,

25 o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where two
R™® to R% may also be joined to form a 5- or 6-membered
ring and the organic radicals R™-R*™ may also be
substituted by halogens, e.g. fluorine, chlorine or
bromine. Possible organosilicon substituents S;Rﬂg can

30 bear radicals R®™ which are the same as those described
" above for R!™-R®®, where two R®* may also be joined to
form a b5~ or 6-membered ring, e.g. trimethylsilyl,
triethylsilyl, butyldimethylsilyl, tributylsilyl,
triallylsilyl, triphenylsilyl or dimethylphenylsilyl.

35 preferred radicals R¥™-R®® are hydrogen, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl,
benzyl, phenyl, ortho-dialkyl- or ortho-dichloro-



0775/ 00079/ PCT - 11 Mis a netal of group 3, 9, 5 or 6 of the Periodic
Tabl e, preferably group 4, 5 or 6 of the Periodic Table, for exanple
titanium zirconium hafnium vanadium nolybdenum tantalum chrom um or

" tungsten. 5 OVEry/ Qa0t4cREBr preference is given to Mbeing titaniumin the
oxidation state 3 or chromum in particduFar in the oxidation state 3 or 4.
The ligands X are determ ned, for exanple, by the 10 choice of the
corresponmlﬁpbﬁmﬂtmt@ﬁnphamytenpbmmdékuéedOﬁoﬁnﬂﬂ?kgﬁﬂﬁﬁﬂh%ikﬁuwﬂ%
nonocycl opent,adi S o] nged suls; I

Possi bl e |.d§Hﬂ§Y ar%ggﬁ{ﬁ%gftpggh e %kahgpgggﬁgw?1uorlnqugﬁ?EP?ne
brom ne or iwskhel |Qr@anosehia©n155eh5@ﬁﬁﬁéntAlk@WQWmﬁRﬁﬁ%¥¥ﬂﬁﬂ%¥%;
methyl, et hy Qp)‘llavﬁét W ponyl ﬂ]f'ylto ald YEarBBﬁnBé'to%@ benzyk EHley’oﬂ so
advantageous ands X urf%er i gands whi ch may_ be nti oned way of
exanpl e &nd tﬁﬁx@@lconsﬂﬂtutepéﬁtéﬁﬁaé§t|vet¥+@?Fh§l%%egfrlfIQRﬁ et at e,

BF9-, PF6- apd.20-alse Waakgﬁsgoo gvgﬁtung an@Qnﬁﬁngdunatwngcnnnﬂns (cf.
for exanple S. Strauss.in for exanple B

92
(CBF5) 9 . Apd@baalaFreiraas, Rsuﬂ?onétoég‘ aca?%%a% 5%89 §)r¥&

(3- di ket onat €sq @f@epawgtﬁukarel ﬁlﬁsleff"uls}delga:nﬂs )@ré@ezyamgyt@e-cr)mﬂcc-al s R1
and R2 enables

e adjus ments t hysi
properties il es ossi'bl'e car a iC
s%%%t%‘gl%)fﬁb | Stliﬁl itpl il My q#; hBLee @
subst i t u@nt sukdulRZt aretéde dol Isonisrig:t uBledC2ondekyl , mhb@hzso ﬂaylbeﬂ1|near
or branched, y ropyl i sopropyl, n-butyl, isobutyl,
tert-butyl, %gtga?9$£g¥kﬂeﬁip EKS eH n-octyl, n-nonyl, n-decyl or
n- dodecyl, 5- to 7-nmenbered cycIoaIkyI mhlch may in turn bear a C6-C o-aryl

group as SUbéiéxBﬁH?QE & Gey §§o;19¥§£9@1@@9116,syt“sytelnebumape,coentehma@t ane,
cycl ohexane, cycl ohept ane, cyc ooct ane cl ononane or % cane,
€

C2- C20- al ken§HSQA AIRLRRPWELE | nRhF, E?&%P@nGF 5F&nch %F%aﬁe an
i nternallsor @ﬁﬁhmahedoubl e—rém@ltm&pé?&/aaea‘ég/ PCT 2- ﬂﬁop:eo;gylt/hray’r

. 1-al lyl 1yl
cygloﬁexenyﬁpe%§6988§te% %5%#%%% %ﬁ€%¥?ngexeggdt%fycgﬁﬁffa may bear
further aIkybegtamBseas23&@Mmdhhmﬂa;lyiqquﬂaaﬁﬂleﬂ§,nabﬁPMQmYl%hbﬁEnyl

ant hranyl , nethylp e 2, 5. 91 gth lth )
6- dIﬂEthyIph% EElERe 2 g%%éthg%tﬁgagé%tdienéz m y io

3,9, 5- trlnethyhphéﬁyb, or aryl%ﬂmﬂﬂnw%n%héd%y“%%%Yl *u??h%?e%T%§?n%Toups as
Subst it ugnt sy ﬁhen @eQZELdlethylln-a Ehﬁrebehkaeez:yél 1 104ephénelhyl phenyl ,

where R1L may a 0|ned form 6= ere n nd the
organi c rad|@aF§°RI9RZlnéyt§F§BeBEa B§t|t€ié&ﬁ H%F%nghs suc%ﬁy‘g £
fluorine, chtgaibpenealbnen ne. 4¥phémﬁﬂ€2r@wﬁrfﬁslﬁéthﬂlanlmlghnbhi¢TCon

substi t uent Sl 3&%§Eeb%2%he safe 1o 1A (iﬂé%?égﬁﬁgiéﬁ@ i gpﬁgldetai

above for RIPRI-2 may  al’'so be ] orma_5- or nber ed
ring, e.g. tezmpthykdihgl,, tru%tmmﬁqgmlam%ntoﬁm%wsu%rn- ut

tributylsdl II ilyl I@Qﬁﬂm I deetdnd phepybréhyl - -
Pr ef ergnz?)e ygzsg%h%vé%h?o ﬁszl’ r%rrlm Cso- Sz':;illkylaégar cér? as %{L,ﬁ%%é;iﬁ)h%y?
% and

n-propyl, n- b@ﬁpﬁntﬁéﬁﬂebutyﬁ NRRJERRA2Z5P €0&y- hep
al so vinyI ahheknyhenzylzagedtphenyl, as radpeahglRe, aﬁdlaﬁhyyeiyapartlcular

preference is n to using sone of.t substi i nce
t hey can be Bﬁg ﬁ@&efron1che PR e gd?l§lava% g? E?ﬁgaﬁg?grlals

Thus, a part leghanlyy - anequFe@reﬁb@dwﬁedtaﬂ@p@@ﬁ@ﬂﬁ@ﬁhmhen X-phenyl-
dinethyl d hQxi. t 2, X e, phepexidgut apb;bOX|de
trlflat:?dn ?éﬁggéegélﬁgﬁgslg9§gqt§ta§%% Ogggety acetonateu ? Qunber

of the I|gandsmxtﬁaﬁeﬂdgZéﬁepﬁélﬁﬁﬁdat|on PiaRP ot L ?%%'transPPPBR ffetal M

The nunber k. ga HQ%refore poﬁhgﬁ gLyep- §§m§tg9meﬂthwspnabeﬁabuen85
figure. The oOxidation states of t%e transition '

cat tically
active conpl éx@seavd -FoStiy SkRoihT L ENOFEE@PSHYAET G t pQFP ilC%r‘érrium
nol ybdenum agd -tUupgstan 1ap osphapgeneakine pr esebtphanyhe 2¢%-daticemt -

35 butyl-l-phosphapentalene, 1-phenyl-2,5-di-trimethyl-
silyl-1l-phosphapentalene, 1-methyl-2, 5~dimethyl-1-
phosphapentalene, 1-tert-butyl-2, 5-dimethyl-1-phospha-
pentalene, 7-cyclopenta(l,2]thiophene [3,4]-



0775/ 00079/ PCT - 13 state +3. However, it is also possible to use

conpl exes whose oxi dation state does not correspond to that of the active
catal yst. Such conpl exes can then be appropriately reduced or oxidized by
means of sui Dabbgoboadypcators. Preference is given to using chrom um
conplexes in the oxidation state +3 or- 4 -and titani um conpl exes in the
oxidation state +3 or +4. In preferred nonocycl opent adi enyl conpl exes, the

10 cycl opent agb@eyslenwa&eﬂbblqo asd Y forayeldpgand({HZppYyrofef{Bedformul a
I1: RBA R2A ~ a~ E5A E (~~) \0 ~EaA~ ~R3A R4A where the variables Y,
ElAto E5A aRdCRBRCAFEIAENEEri ned above and their preferred embodi nents are
al so 15 preferred here and R1A-RgA are each, independently of one anot her,

hydr ogen, Cl- C2 al k Q r ha from 1
to 10 car bonl§0 5:% ||§)rteﬁczgl %c ?arc{pee%gccf%e%ycarﬁ%)ﬁgrg o%%pr ng?Eg aryl
part, Si FEBASpr\,hehe thedbcghni cRYadiGal  -RLA- ROA nivpialssocbe ¥ubsPRrtuted by
hal 099”5 and L)ﬁ@ Yh Gl ”a'gc!ﬁrf" C@wé Ri'uAtB%cgﬁieé' SO & ] OhBedrbeyteim a

five- si x> henberad 2 ring, he proviso that at |east two_vicinal
r adi cal s R AsRgAease ajrei msd dte@crremda et it ye¢ 62 ihi 8ROEBNt BFXABPAES| east

one atom 1 OLAr D1 e 9F ad e 0 1 Ny R0 dhep Tabbez 2 501 The anbodigent s and
preferred enbodi nts descrlbed above |i ke e a 59 _

0775/ 00074/ PertermycrLﬁS &8 clit S¥F VPR %@E?ﬁﬁﬁ%%?cl 8p8P€F gP&Ry P

conpl exesg Ydhﬁy@rémésbktUe&chbpbheaﬁaprh@hoZmrA where the vari abl es

have the followi ng neanings: 5 Z is a divalent bridge between A and HCp, A
is NROR5, PROR5, OR9, SR9O or an unsubstituted, substituted or fused,

heterocyclicThbm;ynﬁﬁ&Hmslﬁngu%ﬁanypk@m¢nt¢®ﬁe@Ehd@WMQPmﬁ Bffre aRot her,
hydr ogen, g%%r§£§él C%EEQO|QL&EQM. oaryﬁe a'EMB%E%EnE@Bh@Q rronrl

to 10 carbon n't he “al'k rt and 6- 2 carbon atons in the ary
part, SiR63, W@h@ﬁé22H§6erg@h|CH@5aﬂ§dQ@@P§ RQaEﬁHYRBSnéV”eI§5n586515

subst | “&tsﬁd Q}Sdh?oq%%ﬁ%%ttﬂ&"r adi oAl o &P ﬁengé mw P wde £oi aed to
forma five- I X nbered ring, R6 are_each ngeggnden%kg of on
anot her, 20 RPECE466; CPrC2&2491 13- &o-ral k@hﬂ" s¢€

cyclopentadienyl systems HCp.

As in the case of metallocenes, the monocyclopenta-

20 dienyl complexes of the present invention can be
chiral. Thus, one of the substituents R*-R*® of the
basic cyclopentadienyl skeleton can have one ‘or more
chiral centers, or the cyclopentadienyl system HCp can
itself be enantiotopic so that chirality is induced

25 only when it is bound to the transition metal M (for
the formalisms employed for the chirality of cyclo-
pentadienyl compounds, see R. Halterman, Chem. Rev. 82,
(1992), 965-994).

30 Y is a substituent which is bound te'HCp and eomprises
at least one uncharged donor which contains an atom of
group 15 or 16 of the Periodic Table. The substituent Y
can be bound to the basic cyclopentadienyl skeleton or
to the heterocycle. Y is preferably bound to the basic

35 cyclopentadienyl skeleton and replaces a substituent
R¥-R%. Y is very particularly preferably bound to the
cyclopentadienyl skeleton in a position next to the

fused-on heterocycle. Thus, if the heterocycle is fused




aryl, alkylaryl having from1 to 10 carbon atons in the alkyl part and 6-20
carbon atons in the aryl part, and two radicals R6 may al so be joined to
forma five- or six-nmenbered ring, 25 and mis 1, or may al so be 0 when A
“is an unsub$§fiitd0eqa,448e8tituted or fused, heteroaromatic ring system 30 A
may, for exanple together with bridge Z forman anine, ether, thioether or
phosphi ne. A can, however, also be an unsubstjtuted, substituted or fused,
heterocycl i on prefréreald], 3 hetssrtcaromet i the réyel eperead 38Nahf R @A cont ai n
het er oat ons _sel ect ed fr o] i St i off ygenpositism, ofi trogen
and phosphoFS‘?ni ?&fdigﬁo{)@n&l{%%&;@%%gﬁﬁ ?%n\gzrerer%ber s. Exanpl es of

Smenber ed rithg heyelopeytagieups sHelet ont BRA f4FRONET D7 FSD0BT9/ PCT -

15 to four nifrogen ALOE QN £NGMANE {10 dky Rec i ¥ Dgeto at pesnandlor a
sul fur or oxygen atomas ring nenfbers_in aflMdltlon to awms are

ar bo

2-furyl,52-thi dhya ,dongyribl ¥l 1 B3-REEHEAR ,b%@?‘%okagaF‘&?P?eﬁ &5t i azol yi
o oxazol yl - B bkazal ] A e v At b ol e agl gl
-oxazol yl, 5-oxazolyl, 2-thiazoly -t hi , . D-1hi T
2-i m dazol ylcontaimidd, Grylelenand R A5RYP 15 4 okgd?gzgﬁgs%ff?"d?c
é;(z, 4|— oxadic qga(yl@;%l ,e,(]j.g,ﬁ, ?amxadi, ?zcﬂmﬁreyl mﬁaﬂb@;a&ﬂidéﬁzpbagbykylig o

anpl es of 6-nenbered het erpar gr oups ich. ai igee to four
ni trogen at GfESnd/ d?eta?%osg%%l)u’s a?%%%’re g}%é}%@%?ﬁ@r g?p%%g{%habenzol yl,
Bpér ildgzgn%/lpho%jppmgjem thqﬂzphmqow?eﬂ nwgggn ra}i:é%;{‘:@}@,e?{f&?élzi n:rﬁ-yl
an ,2,9-trjazin-3-yl., 1, - Zi,h- or ¢BzENrényl . e
5- and 6-mﬁﬁjeﬁugftr%tﬁéc%dét'e?\g%%%t r%ﬁpggnay zfl so be zuct))s%li t ut ed.bé
Cl- O o- al kylsysaendl ofae ybingikgl 051 Yh&@ fig'e r 6AP 2t $3b R&r 68/ 4F6ns in
the al kyl p &t,and%g" 1oe§§§\{99g,at OB imetHiRisar yAnpbsdous ri abkylsiolsgl or
hal ogens such as 2 ?I uorine,_ chlorine, brom.ne gh be fé,lés d w&tg@G ne or
nor e ar omat 4SS G e ePBarbnet 7L S EfAnpPes ¢ beRZ0f used 5- nerber éd

het eroaryl ormapssse-e1@3ideobyl Jufzingodyl, 2ieomeiingnyh, J7- sgmeatonyl
2-t hi anapht henyl , 7-1hian h L1 indazolyl, 7-indazolyl, 25
2-benzim dazccﬂ%}/Y" aHoég}g’-)Ue?lg gjan%z@olly% Exanpl es of benzo-fused 6-nenbered
het eroaryl groups are 2-quinolyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl,

1- pht hal azl y| , . 2- guj | vle, ~4-qui rRazaql yl s qui nagol yl or51quicoxaleyl ,
4-acridyl, fh Jhsgn%n{rlﬁg%g %kaﬁgogg ?—' %énasz'%/%' Anpng these het erogromatic
systens, parkéxidaic pT@ﬁ?enlé?éef%rﬁ}P&énO?o E%‘BE{TSt ufed afd Enéjubstlet ut ed
2-pyri dyly an@e%?@i@ol Yiab APPr Opfd At e Gfapiple of ddemdiadi,cal 3tRY itum,R5

| i kewi se 35 enables an influepce to bg exerteg %%g‘ihl& ac '\ii};ﬁ;eeqlf ITfhe

catal yst andtbfeRHE Dl 2EEFARLWRI ghPabPEile pSPYREF T 6r méd. ossibl'e

subst it uent st R9c 4 DuR5S a8neoihbemsane madistairs destsi ved v araRIRA25der e t wo
vi cinal radical 0775/.00079/ PCT_ - nd S JeBidwed to
forma 5- orp%‘?ﬁ%%%}bédtrli%r?algﬁd %yggéog‘{gggfi tql?%egﬁ%a%alc%g@ns such as
fluorine, chiorpaetdcubeenitie EhefBivd COARILEHES RICHMIPRS Oj%té‘ltﬂfcfrogen,
methyl, sgthyl, o %ri%?ﬁle’ ArROPOPYLeadr PHE Vi het @olrresidnd imgpendtyd ]

n- hexyl ,” n-heptyl , "n-octyl, vinyl, allyl, enz%, gﬁenyii naphthyl

bi phenyl andsahtfrar§ig- Pristerlen G Lo 10ei8ewi ¥&T8i vERSt 0 sTTUCt Ures | n which
Rg and R5 toggther wyth t e heleieat amaheariing thenther nexametes ocyel e 10
such as pyrrolidine_or_piperidine. Possible organosilicon substituents are,
in particul aP® ?‘??ail§9ilg§ryl groups having from1l to 10 carbon atons, in
the al kyl radical, in particular trinethylsilyl groups.

30 Among the monocyclopentadienyl complexes of the present
invention, preference is given to ones of the formula
(HCp) YMXy, where the variables have the Zfollowing

meanings:

35 HCp is a. cyclopentadienyl system containing at

least one fused heterocycle,



15 The bridge Z between the cycl opent adi enyl system HCp and the functional
group Ais an organic diradical conprising carbon and/or silicon units and
having a chain length of from1l to 5. Z can be bound to the basic

cycl opent adi 8Ayb/9REINEYERTor to the heterocycle. 20 Z is preferably bound
to the cycl opent adi enyl skel eton. Changil@g-the | ength of the |inkage

bet ween the cycl opentadi enyl system and t he heteroatom donor A enabl es the
activity of the catalgstat csuiestnfhemncedid?r efier reduidareo 2510R BaRAB R, B
Rse RIB RSB R6B I | | - _O.-LiB - , B .. oa€- -~ = = ~ - LLL
L .i 2B 2B 2B 48 ~ 28°"PLizES” 6E'R R'GTR R%geR, Buﬁicgaﬁ,g%%msagglgr- c=C-
~-C=C-L18 R4B =BRLB, coBRRiBRZE, =ALRIBmM - GE- gra®p , 140-9r - §5, &Botheso2,
=NR1B, =C0, =PRI1B or ,=zP.(@k R@,130 where 0775/00074/PCT - 17 RI1B-R6B
are each, independently of "oné anot’her, hydrogen, G -C2o-alkyl,

Cz- CZO alkenyl, C6-Czoaryl, alkylaryl having from1l to 10 carbon 5 atons in
the alkyl pagt and 6-20 garQopsatoge idrddye &yl 4part, SER 83.0fhene the
organi ¢ radicals RIH- R6$ may al so be substituted by hal ogens and two

radi cal s R B- R6B may P&Ird@%€ 7@ HEd to forma five- or six-nembered ring,
10 R B are each, independently of one another, hydrogen, Cl-Czo-alkyl,,

C2- C2. o- al kenyl, C6-CZQaryl | kyl aryl having.froml to 10 car tons in
the al kyl paft and 6236 ca?BSﬁ'at ojrr%gi%epﬁe?ﬁ%yar y?%parcfrfe an n'lt%&g&e?édi cal s
R H may 1) so be j oi n&duoa ifnar,m ahiovire pr bsioximenbei eding nghysdw@gens i s
carbon, silicon or gernani_ referably bon- qr~_siligpn. i.bl e
substituents RIB to Eélrlﬁhor éﬁﬁ@’sanﬁaér)lﬁdﬁégﬁgﬁgé giassglzf’béé%??br a%@c_%z%z, wher e
two geninal or vicinalryladiavdng RI¥ te2 B nayoms sbnbéhpod&y 1t ®3F¢rm a 5-

or 25 6-nenbered rin e i {At edeby Mal agens, suamr%s
fluorine, chlorine o% %Irqgﬁ?l\de. é:%?g gr ra‘;tdlgﬁgapiirgalgsemgy?% :%6 are hygr ogen,
nethyl, ethyl, n-pro®R, iS¥opr &R, n"PBIPYR,, teft - Byl P -&ma,ten- hexyl ,

n-heptylygn-octyl, vigeyl Brt) ybrsberzyhl k30 nphedyr.d imaahiity lan hinghenyl and
ant hranyl . Possi bl e organosilicon substituents are, in particular,

trial kylsilyl groups having from1 to 10 carbon atons in the al kyl radical,
especi al | y t ®*aBt hyl sideyl grabps. 36depepdeheiyed abnocyres opa@ncadieeny|

of The formila 11 1: TSRAYAY! EXLEMIEPL Aoy £ 4-LaRENgL) ! ORIChT = A
aryl, alkylaryl having from 1 to 10 carbon
20 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 radicals R!'-R? may also be
joined to form a five- or six-membered ring,
25
R’ are each, independently of one another,
hydrogen, Cj;~Cpo-alkyl, Cz-Cazo-alkenyl, Cg-Czo-
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
30 - in the aryl part and two radicals R3‘may also

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

and
k is 1, 2 oxr 3.
35
The above-described embodiments and preferred

embodiments for HCp and Y also apply to these preferred

monocyclopentadienyl complexes.



0775/ 00074/ PCT - 18 RIA A~~~ E2A A Z Esan 1 (Il11) \~J ESA ~Eaa~ \ R3A RaA
where the variables A, Z, ElIAto E5A and R6A are as defined above and their
preferred enbodi nents. are also preferred here and 5 RZA-R4AR are each,

i ndependent loy7 Tf / e’ efther, hydrogen, Cl-Czo-al kyl, C2-Czo-al kenyl,

C6- C2oaryl, alkylaryl having from1 to 110 -carbon atons in the al kyl part
and 6-20 carbon atons 10 in the aryl part, Sl RsA3, where the organic

radi cal s R1A+ ROA maymat 80 ke sgbstpt Bt,edd py Shadwgénsofantdhewredicidial

radi cal s R1A- ROA nmay al so j oined to forma five-_ or_sSi X- her. ring,
with the prhVd¥Eh edftserlag’gs),t ARG 1Es gici al®%r adi c8F s H.?L(LA I%?ng%%jdoi ned
to forma hetsyloeycl govhi cdxamont @i ng iatniveast phecabdumf r ohafirowym,15 or 16
of the Periadic Table. _The, enbodi nme pr ef di scri bed
20 above |i KEHEE Hhpl ?O?é(b%eRPﬁgA. P%ﬁ%%%hegg?ggﬁg]ggg?gpentg i e?(rillfjl

conpl exe§, party qdariqubiereneterengevea govenesoi M WeEidlw 2B HANIM and A

is NRgRs, P - ferapl y- i sy or ;PR4RG +aRe13¢ 44 s.a
di val ent br ﬁggﬁgt}égg}é?éajgﬁggmg&%et%gﬁgu%r cgnﬁﬁg 8f %0775/ 00074/ PCT 19
R1B R18 R3B I8 ReZaERn ¥Rt e28 ¢¥s4C C C RZB' R2B RaB ' R28 Rae RsB

where 1,28 are each, independently of one another, carbon 5 or silicon,

R18- R68 are each, independently of one another_ hydrogen, Cl1-CZO alkyl,
CZ- C20- al kerkhe éGL‘EZbg’? v ARyl SRYETRADEAY f FBM 1°¥F RS car®bn the

10 choice of the corresponding starting metal compounds
used for the synthesis of the monocyclopentadienyl
complexes, but can also be changed subsequently.
Possible ligands X are, in particular, the halogens
fluorine, chlorine, bromine or iodine, in particular

15 chlorine. Alkyl radicals such as methyl, ethyl, propyl,
butyl, vinyl, allyl, phenyl and benzyl are also
advantageous ligands X. Further ligands X which may be
mentioned by way of example and do not constitute an
exhaustive listing are trifluorocacetate, BF,, PF¢ and

20 also weakly coordinating or noncoordinating anions
(cf., for example, S. Strauss in Chem. Rev. 1993, 093,
927-942), for example B(CgFs)a .

Amides, alkoxides, sulfonates, carboxylates and
25 PB-diketonates -are particularly useful ligands X.
Varying the radicals R! and R? enables, for example,
fine adjustments to be made to physical properties such
as solubility. Examples of ©possible carboorganic
substituents R'-R® are the following: Cl—Cm—alkyl which
30 may be linear or branched, e.g. methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl
or n-dodecyl, 5- to 7-membered cycloalkyl which may in
turn bear a Ce¢-Cio—aryl group as substituent, e.g.
35 cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane or cyclo-
dodecane, C;-Cyo—-alkenyl which may be linear, cyclic or

branched and have an internal or terminal double bond,



10 atonms in the alkyl part and 6-20 carbon atons in the aryl part or

Si R 83, where the organic radicals RLB-R6B nay al so be substituted by

hal ogens and two geminal or vicinal radicals 1B 6B R -R may al so be j oi ned
to forma five?r7®r00G746/RETrenbered ring and R 8 are each, independently of
one anot her, hydrogen, Cl-C2o0-al kyl, &-1ZG al kenyl, C6-Czoaryl or

al kyl aryl having from1l to 10 carbon atons in the al kyl part and 6-20

car bon at ons gOgln tsherar,y| ga@ul@nd twp- éamygals EL§1M9y aIs@uh@nyDJned to
forma five- or six- gengere ring. The a overTntlong enbodi,ment s f\
preferred emREFTERYS f 6F*RI¥IR EXFLPHTY o EHELENS S ed BB
monocycl opent it eyl  eenpd pxiso c € g § D, the—e@serwlt hwihel h rizlyeybean be
prepared, preference is yen to. the conbl CH=CH
or 1, 2-phenyt®he"%f ¢ K JA}%L NROFS 17 Fﬁ%RSS ?'?Zmr Cl_%f erséllx\%gy

embodi ment | snaaphnbhnpbycbmpbahadli,erthmrmlex Oﬂ, \Mml-ch plrmfstlamlphenyl
unsubstitute ubsti fute r sed, I ri syste nel_ 35
0775/ 00074/ P 5205 I%Q 99 tD'fl?z%éG taﬂn%t%%% tr{_@ a?g3 e‘gc 2 8
independently20$ fne a?ho‘i.h%T, arbofr 5 ¥ 114 ot £ et Rebohe Ry bachor

i ndependent |y, nofRgEn hi¥dy098Ba rClGaendlkylal izr C42 Abkenyd
C6- Czoaryl, %JFQPE £ havi ng romgll toafO carbon 10 aat%rls in thﬂﬂ al Syl

radi cal and 6512}95%:%1 ‘b%rr"lt%ltoﬁs gl n RRZ%ty| Oradi®al BrVSTRYHEENAYere the
organi ¢ nadi cgt s2REEhR2BhERY 13l Shche FIbsidyt W Bsb byehalodgens wmdrt woo

radi cal s R1B- may al so b orma i r|n
and 15 R $ argz’érécﬁ 5 no%’beﬁa% B§r8? 5ﬁélgarﬁorf$1eitgehfd:rgt?d’eln fﬂgj(f:za- al kgl
C2- Czo- al kenyk:-K%- 6Z@ar glsor haé kyiswalnsltltlat/e@g byonmdloged caubbn atons in
the alkyl radieql and S:A20eahR0D ALNEN L | NeodtYbikadlapl A fwo

radicals R $ nmay "al so jol ne I've-—0or sixmenbere (T ng, and

mis O or 1. @5 T@mm@m@rlm@m}mm&@ andcpﬁefbﬁreﬁh@nb%ﬁﬂ?rents
for RIB-Rz$ aPQ%B:ﬁé" 39 ad?@éa/rwe& hese .S epted; MONasKed opept adi-ghy |

conpl exes. In these prefesr dinents, Ais an UnSUbStltélted 3
substituted oYh*Fﬁée&WOne%er’BéYor?dﬁ% BEng FYREM OPre? Bh efice®T s OFi vEh to
sinpl e systemgembéebdar e ingadi ly. qvai kabhetapdsaheap antrasehgeseryed from

the fOllowngbgtyfglmethylsﬂyl tributylsilyl, triallylsilyl,
triphenylsilyl or dimethylphenylsilyl. Preference 1is

20 given to using C;-Cjo-alkyl such as methyl, ethyl,
n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, and also vinyl, allyl, benzyl and
phenyl as radicals R' and R?. Very particular preference

.is given to using some of the substituted ligands X

25 since they can be obtained from cheap and readily
available starting materials. Thus, a particularly
preferred embodiment is obtained when X is dimethyl-
amide, methoxide, ethoxide, isopropoxide, phenoxide,
naphthoxide, triflate, p-toluenesulfonate, aqetate or

30 acetylacetonate.

The number k of the ligands X depends on the oxidation
state of the transition metal M. The number k can
therefore not be given as a generally applicable
35 figure. The oxidation states of the transition metals M
in catalytically active complexes are mostly known to
those skilled in the art. Chromium, molybdenum and

tungsten are very probably present 1in the oxidation



0775/ 00074/ PCT - 21 R2~ Roc Rec Rc Rac Rsc \ \ Rsc .c R ~N R 2-pyridyl
8-quinolyl Ric-R oc are each, independently of one another, hydrogen,

‘Cl- C20-al kyl, C2-C20-al kenyl, C6-C20 5 aryl, alkylaryl having from1 to 10
carbon atons0T 5 theoad kKptTpart and 6-20 carbon atons in the aryl part or
SiR1c3, where the organic radicals R ctR-oc my al so be substituted by
hal ogens and two vicinal radicals Ric-Roc may 10 also be joined to forma

Li \ée- or Sicisﬁ@i@cz efﬁdlnbggv%gsi B?:L(isalé@s%g@ggsii?g%p&@?ﬂs@ y:ldﬁfpll@’i@lsaﬂo't her,
ydr ogen, - Czo- al kyl - C20- al kenyl , - C20 ar or. a ryl_ havi ng
from1l to 10°R2FBoR*aféis Fn FHEC S E‘?Fspa"rqt aﬁarégﬁﬁ%ﬁ‘gr% gg%ﬁs 5t the
aryl part anghd woatagieal saRkilgsiay @sh becgmpedes o Eanm ahkhvebeor

si x-nmenbered ring. 20 Pjg§si b!je sgbstituen .S Ig c%téo Rl oc ar.e thecaﬁjgma
radical s as URTIRHEUFoY RECRSECWREr €300 ARk mal "Fadf c&2s R EHF 6 R oc may
al so be jpoi nectivatorim a Breberénoenbiésedgivag amnd nmeysialgso dmercsuilegt it ut ed
by hal ogens sy, 5.1 uarine Ghlqring o dwom nee, Praf eried adical s R e
to 25 Rl oc are ‘hydrogen, methyl, et’hyl, n-propyl, 1sopropyl, n-butyl,
tert-butyl, eemehtyes irhexyloxhdakpeylstatectylor behzyl, phenyl, naphthyl,
bi phenyl and anthranyl. Particularly useful organosilicon substituents are
trial kylsilyl groups having from1 to 30 10 carbon atons in the al kyl

radi cal, in PartiRIBERTESY metN QG YSAORRIRASELeNY b7 75/ DTOEHSCT - BF A
preferred compinabéRra®@iedyBndyécbs geyeanyvArbemng angamsubsopg-uted or
substituted 2:pyridyl, beigg 1 and Z being CH2, CMe2 or SiMe2. 5
Monocycl oper?hdi2ny O%%?e& 5 which are very particularly readily
avai l abl e and thus preferred alg®@ i nclude ones without a bridge Z in which
mis 0 and A is an unsubstituted or substituted 8-quinolyl. In these

conpl exes, R5c to R oc is preferay bydrogen, or R5c to 10 R9c are each

hydrogen and Rioc is methyl, ethy ﬁpropyl, n- butyl(” tert-butyl, n-pentyl,
n- hexyl, nheptyl, n-octyl, Ye#: @ ghyl, naphthyl, )bi phenyl or anthranyl.
These are sinple to prepare and &t ttfe~sage tinme display very high
activities. 15 The nonhocycl opent aﬁi enyl FEonpl exes of the present invention
can be used either alone or togegter with further conponents as catal yst
systens for olefin polynerization. Furthernore, we have found a catal yst 20

system for alefio pPRLYYELLZBILQNYCOMPX I SLNESA snd RS are as defined
above and their preferred embodiments are also

15 preferred here and

R*¥-R* are each, independently of one another,
hydrogen, C1~Coo—alkyl, Cy~Cap—alkenyl, Ce—Cap—
aryl, alkylaryl having from 1 to 10 carbon

20 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 vicinal radicals R¥-R* may
also be joined to form a five- or six-membered

25 ring, with the proviso that at least two
vicinal radicals R™-R*® are joined to form a
heterocycle which contains at least one atom
from group 15 or 16 of the Periodic Table.

30 The embodiments and preferred embodiments described

above likewise apply to R*-R*:.



A) at | east one nonocycl opentadi enyl conplex according to the present

i nvention, 25 B) optionally an organic or inorganic support, C optionally
one or nore cation-form ng conpounds, D) optionally one or nore catal ysts
sui t abl e for 030 sglgefim /paltymeri zati on and E) optionally one or nore netal
conpounds of group 1, 2 or 13 of the Renigodi c Table. 35 Thus, nore than one
of the nonocycl opent adi enyl conpl exes of the present invention can

si nul taneoushy be hypughtuidiio, contgeérattbdt he ababicyctbpenekidientd be

pol ymeri zed. This has the advdntage that it qugl s g775/gOOZﬁ£EgT - 23

a w de range SOMPEERERer sYt ot he Spr dBBEBYTUEBF ¢ n§|§, PHBdaf prddii¢ts can
be prepared el $neaYra rEaHaRADIHa e He nfclylod vaipren tneehi retyd s conpl exes  of
the 5 present invention to be used in polynerization processes in the gas
phase or in suspension, it is often advantageous for the netallocenes to be
used in the fzorm of dssal idi,valent fhoridderhdovden dpEn@dHER a solid support
B). Furthernore, the supported nono 10 cycl opent adi enyl conpl exes display a
hi gh productivity. The nonocycl opent adi enyl conpl exes of the present

i nvention cai theref dree BR&Y,0pPRGITal I§Rbe BRMObIEI | Zod VeF RS teitydsid or

i norgani ¢ support B) ]ﬂﬁﬁf |N Sulport 1% & hes pol yyerdmat i on.
This is a 15 custonafsﬂﬁggﬁb 0 C%Coidind(ﬁﬁiéﬁﬁép?{Fthe ?%ac$%$ aﬁd of
controlling the polymer norphol ogy. As support nmaterials, preference is
given to,ysinpg-gklica,gel, argnesi upnepkarkdel yal UsF nunroxi dencwsanor ous
mat erial s, alum nosilicates, hydrotaIC|Les and_or anig 20 olyqu such as
pol yet hyl ene, pol ypr SRATIEEor ~ goryreeyR £heL AsCattaed2diFpsit mattert®al s B)
for catal ysts for ol efiyl polagngilizzatli onaviinef efenme s govelrd t caydiony
silica 25 gels since particles, who iz d_styuctyne t hggrsui t abl e
as supports for ol ef |aﬂpoﬁ‘bs1 yh%ri%ggt iazlﬁ(}zlang%gppragl ugéé rgﬁgﬁpsgﬁcﬁt,eri al .
Spray-dried silica gelrs, tis clararle $phdni cSLR3ggl oMELa e SRHIANSC

granul ar, particles, H?ﬂ%ﬂ: PRE MBRY REr L) e shavs: begBstouided0 vy be
particul%?ly usef ul . e silica geﬁs can Sgldriép and/ calciﬁ%g ef ore
rred

. 0f
use. Likew se prefer el aqfipor®d By Carddihrdrict af cid®$ Bnd™g¥l & ©
hydrotal cites. In nmnpsalQovo yshkmtal £ite- | Sr 35ir-matbeaédntiegal which

has the ideal formuld MysAl2 (OH) isCO8 ~ 4H20 0775/ 00074/ PCT
R® are each, independently of one another,
20 hydrogen, C1-Czo—alkyl, Cy-Cop-alkenyl, Ce-Cop-
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl 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,

25 ' and
m is 1, or may also be 0 when A 1is an
unsubstituted, substituted ox fused,

heteroaromatic ring system.
30
A may, for example together with bridge Z, form an
amine, ether, thioether or phosphine. A can, however,
also be an unsubstituted, substituted or fused,
heterocyclic, preferably heteroaromatic,' ring system
35 which can contain heteroatoms selected from the group
consisting of oxygen, sulfur, nitrogen and phosphorus
in addition to the carbon ring members. Examples of 5-

membered ring heterocaryl groups which contain from one



- 24 and whose structure is derived fromthat of brucite Mgy(OH)z. Brucite
crystallizes in a layer structure in which the netal ions are |located in
oct ahedr al k@,&sf(o&)ei wo | ayers of close-packed hydroxyl ions, with 5
“only every sec q r t he oct ahedr hol es bei ng occupied. In
“hydrotalcite, sone magnesiumions aré replaced by alum numions, with the
set of layers acquiring a positive charge. This is conpensated by anions
whi ch toget H&t WPER Wat&o% cRySPal I9%zatTOh 8P€ 1t€PIg85F§dri rtci‘/?een
intermedi at 6;d T $nd B¥ENa | YBFuSt bHCHHLEEnaBEohoWRd riely embers tihe case
of magnesi um al um num hydr oxi des, butqﬁgener al | y2i n m >_gLed R_lt%l hr%/ r oxi des
havi ng a | ay@#oitiqret ub® af@ eRE 15 FWHul &R ( 2r TRy Lax2 M CASY Yy ) 23+ (
OH ) 9x+9 ' AXywrolyl H/®-nbexezdl 1) Bsisodiavalent, retislouidradylVy, Zn,

Cu, N, 20 . Ca or .Fe and lLIT)qis a trival ent_ ch as Al,
Fe, Co, %/h C{_a%sl\%‘hwa& o 1 RYEE 28 et §¥5?n£6#%ftor§1(?%aaésotl ps of 0.5,
A is an intershidialylni ondandazolylthe chapgzzohylhe i ertsitdadlalil ani on,

which may be 1ol i 8 dSuAldofyom b g ke A2, 19 Ahakdhager from
1to 6, in particular Trom 2 to 9. Possible interstitial anions are organic

ani ons such sirldasd el ani dn &l ®Adia Ik~ Twkat ed Zary1o*aHa2¥ul f at es
or glycol etdief; sul fatesy-LRQR9anRLE-aDLRNS guch as.2 in dardd Byl .

car bonat e, 2&/ r'ogenca; rbonate, 30 nitrate, chlori de,” sul fate, q{n >I.?\%C]—l)q- or
pol yoxolfet BXaM s Qch HEIReBD6 MHLSAGRRES- IVRY e »H8lte of a
plurality ofcsikeds ani Hnsm Myhal S berqares et r Agnor ditghy, add/sticta m xed
met al hydroxides having a 35 | ayer structure are_regarded_as - hydrofal cites
for the pur ISP RITEhedpPBs &l iéﬂ/@ﬁﬂ hr?yf’ %7?%8%8%5%5&?0-1}%5 K

Hydr ot al ci t gsycade bengbnverpedihydealti ndt-ipym imidenyleatd 1y rd zitry leal ci ned
hydrotal ci tes, ich, 1 eS| lig,,the desir droxyl 4 group
content to ?e’ %é?.g?lr]aegggi?i%%, ngtrﬁ&é ?r’yzg’tllalﬁgtruct u? iz;%/so ‘changes. 5 The
pr epar aflfon afinheyhl erndd 2hfditatializdineds ised e cor dieng to PPt ent

i nvention s shalhyr Sagdi el Qitodls abpwe P06 Bef enanoei dwcdd vasy to
calcination for from3 to 24 hours_at from 25QC to ,1000%, in.p rtllcqjl ar
from 400C t F760C; 2Bk Yl t BFd0asPY Y basSitky 186 Yai MaF TherFQad &ert T he
mat eri al bei agriseh cit@ds ofnappki eakiydnpattvaadue-il® alesdqrossiduise.irOn

heating, the_natural.or_sypthetic drotalcites firstl Y er,

i e. drying JeBurdYn ?ﬁﬁheraf%aﬂéﬁﬁﬁ ,ﬁt h8§actht?aalog%a%lci ﬁsa |%nv%§r ocess,

t he met alb hyfinoxt des, eldhiiondine, hydromyhegraupbeantiv$ed emsittint i anearions to

f orm net al des, wth. u ' Lsti-ti al [% sueh s, Lar bonat e

still bei ngqg%?% Fg%etaﬁr%'sggn B%t?%ghgg gl%%‘ecé hyErot%%Sites, A neasure 20

of this is tfes¢dssSonemgaredon helfampanyk hediRight RESs eXpEtihted by a

Zarml e whi Cmiﬁn@@ﬂ}?? inz-télh&xﬁé%'l)ci rsﬂa/odr@irf&&ljlfﬁ nutesciedarZddisin a

rying oven and then for 1 hour at 950C in a e.furnace. .25 .The.

cal ci ned hydtotay ites?'&@é@“é‘?h(?g“ﬁﬁﬁ' ent %ylagng’h&i%'m%dl%%‘a%lsﬁ@f

di val enpsand2tpénvalendaneipl s Mpdl ) arseMinidazedyh. t hExaopadesr atdd of

MI1l) to MIILI epe ly bei i er .5t pr ef bly .
b%l)lzg ReLal .grﬁgmﬂ,)&f*ég' 1@2%%%6%5919_ rd0bs &

fromO0.75 to 8 and in particular rom [ urthernore, normnal
|l evel s of inpuauinesylfor ekampleoXyl, Fe, NecimebylTi art-eHIRRiYes and

sul fates, may. Lesents_ cal c§ gk oba) cit B)n-are
Y aﬁggatﬁizg%fw 2 &refersedh cal cf nadk My s oy ®SqBin

m xed oxides in i S magnesi um and [11) 1s alum num . Such
azolyl, 5-qguinoxalyl, —acridyl, fﬁpheganthrlggl and
30 1l-phenazyl. Among these heterocaromatic systems,

particular preference is given to substituted and

unsubstituted 2-pyridyl and 8-guinolyl.

Appropriate choice of the radicals R* to R®> likewise
35 enables an influence to be exerted on the activity of
the catalyst and.on the molecular weight of the polymer
formed. Possible substituents R?! to R° are the same

radicals described for R'-R?, where two vicinal radicals



al um num magnesi um m xed oxi des are obtai nabl e from Condea Chem e GibH,
Hanmbur g, under the trade nane Pural ox M. 0775/ 00074/ PCT - 26 Preference

is also given .t | ¢i hed hydrotalcites in which the structural
transformati @r?ﬁsf@@?pﬁ&tg or virtually conplete. Calcination, i.e. a
transformation 5 of the structure, carm beé established, for exanpl e, by
means of X-ray diffraction patterns. The hydrotalcites, calcined

hydr ot al ci t e oRngi IR caagelrd sesdie ayE chekrl F9TBp gye®rad THERASF A vi ded
10 powders hauifg af@amParthel esgbareigted50p9f haaBgens0 2HiMas
preferably from™0 to 150 um, particul arl referﬁgj\oﬁy from éS %g 10?4 um
and in parti T iMom SHEIPE uRF &P 117 rﬁé{eré‘ FGRes of from
0.1 to 10 cni/@m préferabby fipmr&g@nto metwyy, arskispeci firc-gosur,face
areas of from30 to 1000 n? referahly fram50_to 800.rn2/ nd 4 n
parti cul a& f FOTAPERP %o 606_%F§E’Th erﬁ)bth K penf]éalegg}fll’co Ihgexxé'sl’of t he
present inveniHraptarle prefercablly appined, i naddetl,an bhevapl, t hatharhe ,
concentration of ocycl Qpent adi en co ,n 20 i ni shed .cat al yst
systemis frdﬁ%q?y ’2005&%6%3% efélr’lgbl ;%?%%g%mf 0, 1%%§€££§%g€d i+
particul arly lprefersblgi fem @55t ougoaxes| inpehighoR” sapport W)get@mre of

t he nonocycl QBteCrH aqh%nyﬁeggg@ggéﬁs kgg#e{r}g? Zﬁhgrmesggtﬁml nyetdQirdiane only a

| ow pol ynerization activity and are t efore brought into contact with an
activat o0 visuch h@scoRpsrentdine i aroreitpe¥ bdbee abl %M & plAFH Yood

pol ymeri zati iy 1actdyi sMpsTheueat sl wsle,syst epuiheeafiare aptianallsyilfwrt her
conpri ses, as 30 conponent %) onf or rEtcbre cati on-ftorm' ng}BcggpourSg?sy
preferably at9iQHRE BABLRGt iLd™F of ni*Ag ‘ConpBERE™ CP * 8l t &I &"Catt " or ni ng
conpounds C) mdicde Br el ralpbert ocuweset £ mimdt hkes hibpbecycbopent adi enyl conpl ex
A) to 35 convert it into a cationic conmpound are, for exanple,

al um noxanes, strong uncharged Lewi s acids, ionic conpounds having a
Lewi s-acl8@ cdtlionboidgeniZ betpeendstiavioyg lorBrdrstienydci dyaseratin.

0775/ 00074/ P ol angseoubt A S i;ROSghbl grdonyse.qf g exanpl e,
t he comound%&s%ﬁebéguﬁkg%ﬂgg/3 0%%‘!.) Partli cul arllyr%seful clo pounds are

open- chai n orcamRy i Hing umar®esneaBdéeRpottCo?  te Fr ACaefEINY & (F
X)) R A-~Ga 1engtR4 dF Xrols 1O tb 19, (EXIddh Obe bound to the
basic cyclopentadienyl skeleton or to the heterocycle.

20 2 is preferably bound to the cyciopentadienyl skeleton.
Changing the length of the linkage between the
cyclopentadienyl system and the heteroatom donor A
enables the activity of the catalyst to be influenced.
Preferred Z are

25

R'® R18 R g3 R® R® R®
| | |.
— 0 -—-—-L1B J— —— L1B._._ __'L|1a_ L|1B__ 113 J-1B L1B
| . o | |
RZB RZB RzB R“B RZB . RAB RGB
R1E! RZB R‘\B RZB R3B
T T
—C=C——C=C—L"=,
L
=BR'®, =BNR!®’R?®, =Al1R!'®, -Ge-, -Sn-, -0O-, -S-, =50, =S50,

=NR!®, =C0, =PR'® or =P(0)R'Z,

30 where



- where R1-R9 are each, independently of one another, 10 a Cl-C6-al kyl group,
preferably a nethyl, ethyl, butyl or isobutyl group, and 1 is an integer
from1l to 30, preferably from5 to 25. 15 A particularly useful alum noxane
" conpound i s ABYAYPAPUAY REXane. These ol i goneric al um noxane compounds are
customarily prepared by controlled reaciVvon of a solution 'of 20
trialkylalumnumw th water. The oligoneric al um noxane conpounds obt ai ned
inthis way are generally in the formof mxtures of both |linear and cyclic

chai n nol ecuk&s_Rai vgq:;aousegg}qgt hs, %ﬁéer{%ne%l nf t.¢ be peggargded. a nean.

The al um noxane "conpounds can al so i'n adm xture W th ‘ot her
metal al kyls, usual | pydiragenum &ikGies 2 lAydn ndeale Pridininati onfss—§ait abl e as

conmponent C) are co i al LLableay Fur t herdpor e, wedi § ped- afpdA noxanes
in which sonme of thggggghyd%%ﬁg¥§%kgradi%éﬁ% inthe formulae (F X) or (F

X) are replaced by Byamsgem atltsaskyYal BSEE WG| 6xyC CAFPAEY 0 PCT -

28 silgxy ?r ﬁnige ghfugﬁec§§rpp ?ﬁgﬁhinsg@aﬁg ofynkhe atyai '%
conpounds of the formula (F or (F XlI') as_ conpagnent @%. o, It ha een
found to be advant agééG%C%ésusg e ndﬂ%%ycﬁ‘b?)%n?%%li et SEJOWﬂFGei itjy and the
al um noxane conpoundsailBgsHeh am@URLS t haditdhes arOPR®r atdyw aflsal uré num

fromthe al um noxane,co unds,. including any alum | kyl .still present,
to the transition neﬁﬁﬁggg FPO%PFWEangﬁggycP%pgﬁfaﬁggg%?egoﬁﬁﬁgk A isin
the ranged from 10:1 to 1000:1, preferably from20:1 to 500:1 and in

particul ar fresm 30:1 900: As | 1a§? rged Lewihs acidssnhdrF eference
is given 15 ?o conpoﬁ%gs o%a%%é fééh%ﬁa.% % W DX1DX2DX3D ( F XII3 wher e
20 MD i s an el enent hyfirgesop 1Fi10fdtrd M¥dri odizc Cratd &ty he Bénents, in

particular B, Al or GayipreferabbyyB RBy¥P £ and X3D ave eashon
hydr ogen, Ci1-C1D- al kyl :Clsar%l, ﬁlkylar I, arylal%yl leoalK§+sor
hal oaryl each havi ng2ftPBf 11t otA® @aFBén Badnmsd? % fréal Phd S and
from6 tis 20 carbon ahorehd retye payt badi aalo ara®DcélsioRihenaxchebsdne,
brom ne or iodine, in particular | oaryl s, preferably u henyl .
Further exanpl es of gFr@ﬁ Peénc a?%?ﬁlf%ﬁﬁgmgcfﬁg %ﬁ%lggﬁﬁéﬁ%¢0ﬁ£@£in VO
00/ 31090. Particul arlepmdusef ul conpounds as conponent C) are boranes and
boroxins, e.g. trial kylborane, triaryl

LB is carbon, silicon or germanium, preferably

20 carbon or silicon.

Possible substituents R*® to R®® are the same radicals
as described for R'-R?, where two geminal or vicinal
radicals. R to R®® may also be joined to form a 5- or
25 6-membered ring and may also be substituted by halogens
such as ‘fluorine, chlorine ‘or bromine. Preferred
radicals R*® to R®® are hydrogen, methyl, ethyl,
n-propyl, isopropyl} n-butyl, tert-butyl, n-pentyl,
n-hexyl, n-heptyl, n-octyl, vinyl, allyl,‘ benzyl,
30 phenyl, naphthyl, biphenyl and anthranyl. Possible
organosilicon substituents are, in particular,
trialkylsilyl groups having from 1 to 10 carbon atoms
in the alkyl radical, especially trimethylsilyl groups.

35 In preferred monocyclopentadienyl complexes, the
cyclopentadienyl system HCp and -Z-A form a ligand
(CP~Z-A) of the formula III:



0775/ 00074/ PCT - 29 borane or trinethylboroxin. Particular preference is
given to using boranes which bear at |east two perfluorinated aryl
radicals. Particular preference is given to conpounds of the fornmula (F
XI1) in whi cR™XB/0HOA/EAE X3 are identical, preferably

tri s(pentafl uorophenyl )borane. Strong-uRéharged Lewi s acids which are
suitabl e as cation-form ng conpounds C) also include the reaction 10
products fromthe reaction of a bgg'6nic acig‘mﬁth two equivalents of a
trial kylal um numor the reaction pr\pg\uct s, Rromthe reaction o.f a

trial kyl al um numw th two equival enffs—atzsan acidic fluorinated, in

particul ar perfluorinated, carbon Zqfpo nd such as pent@fyl uoro 15 phenol or

bi s( pent af | uor ophenyl ) borAnieZact& bl e ioni c compounds havi ng
Lewi s-acid cations include salt-1i k\e aeﬂ‘%&?{ms of the cation of the fornula
(FXIIl) 20C( (MBD) a+) QL2 . . .FQ ] ¢t+ ( F X Il ) where 25 MB is an
el ement of groups 1 to 16 of the Pegttodic Table of the Elements, QL to
are singly negatively charged groups such as Cl-C28-al kyl, C6-Cl5-aryl,

al kyl 30 aryl,heaey! ghkylvahalwedkyln, hal oaryl weackh>harhag g¥omfe t @s20
carbon atons in the aryl radical and from 1l to, 28 carbon atons in.the alkyl
radi cal , C3- Qeddy@halaye wﬁPéhtﬁﬁﬁrb@&@?éf-redo-%{vwl’%%%? o0p§ 445°
substi t uent s Qe Hek<C28al koxy, C6- Cl5-aryl oxy, silyl or mercaptyl
groups, 0775/ 00074/ PCT - 30 ais an integer from1l1l to 6 and z is an

i nt eger fPomO0 to 5 5dis the difference a - z, but d is greater than or
equal to 1. RAP+RPul ardey usekhl, caindeseadentiybondfim catd ongnoskéai um

cations and sul foni urﬂycoa%'m, ar@r@zos_oaf]@};ipni 6,~Coo-alkenyl, Ce=Czo-
aryl, alkylaryl having from 1 to 10 carbon

atoms in the alkyl part and 6-20 carbon atoms

10 in the aryl part, SiR®™;, where the organic
radicals R™-R* may also be substituted by

halogens and two vicinal radicals R*¥-R™ may

also be joined to form a five- or six-membered

ring, with the proviso that at least two

15 vicinal radicals R™-R*® are joined to form a
heterocycle which contains at .least one atom

from group 15 or 16 of the Periodic Table.

The embodiments and preferred embodiments described

20 above likewise apply to RM™-R*.

Among these monocyclopentadienyl complexes, particular

preference is given to cnes in which
25 m is 1 and

s . 455
A is NRR®, PRR®, OR® or SR!, preferably is NR'R
or PR*R® and

30 Z is a divalent bridge selected from the group

consisting of



.10 transition netal conplexes. Particular nention may be nmade of the

tri phenyl nethyl cation, the silver cation and the 1,1'-dinethylferrocenyl
cation. They preferably have noncoordinating counterions, in particular

"~ boron conpouwrtds /A9 0arie PAITso nmenti oned in WO 91/09882, 15 preferably

tetraki s(pentafl uorophenyl )borate. Thel®alts contai ni ng noncoordi nati ng

ani ons can al so be prepared by conbining a q ron,or alm num conpound, e.g.
an al um num al kyl, withy1Ba se&dhgfeonpound i cR™20 Ban react with the
boron or al um num conpopind sojas’to Iink t\ﬁ{o or Irmre]boron or alum num
atons to one anot her, ﬂ_.?@. vaf & ) 2&nd a-thig-d-cgmpougd—whi ch forms an
ionizing ionic conpounl%gtrlug$|ggron or al um num cénpound, e.g.
triphenyl chl oronet hane.RTn adg@itRon, a 25 frgart pseongeund which |ikew se
reacts with the boron .or al um num compound, " e. g. pentafl uorophenol, can be
added. lonic conpounds having Bronsted acids as , cations 30 preferably

| i kewi se have noncoordi nati ng counterions. As Bronsted acid, particular
preference i"'&fi%en to protonated amine or aniline derivatives. Preferred
cations are 7[R0 N-di neihwy| @adh ) niHaephhledi it )y cyred ohrxyhanyociauimoand

N, N- di et hyl benzyl anmoni,um and al so 35 derivatives of the latter two.
Cbnpoundé containiné”éﬁ£$ﬁQ9kaon het erocycl es as are described in WO
9736937 are al so suitable as component 0775/ 00074/ PCT - 31 C), in
particul ar dheetayl anilini orat tritylb ab .
Preferred i%ﬂ Eﬁcorrpaoruends eggﬁéont g?ﬁgégﬁggggi%i cﬁybegﬁ% at%?ll%)gg%?'two
perfluorinated aryl hatiagans. . @arbrad byl pr efer@nceliksnyilven GoCz0-
N,N—dinethylaniIiniqﬁéhgtr%hhgﬁgﬁﬂhafhgg&g@he@yb%boiat@banu)i@agabhicular
N, Ndi et hyl cycl ohexyl a@nmoni um't et raki s(pentaf | uor o%h (gyl %bgr at e,

N, N- di mefhyl benzyl amHoiRunt R etP&kispeht 8216 #Rdor ‘p%? n§PFBOPafE B trityl
t etraki s(pent af | uor ophenyk) konat epafvo car sDRE;, borratre anhenrgamial so be

| i nked to one another, as in the dianiaon [ _(C6F5) 7ZB- CeF4-. 5 ]12-, or
15 the borate anion ’&aa‘?%cbaelsooﬁd—gi a 5% ﬁ&esoco)rrr)ﬁri sslqr?;)gséltél%sut(}i%ggbl)ogz
functional group to Hdeogepporndsuttaceenfuralheprsuyiabhel caaiealer m ng
conpounds O) are | istadein Vi 00031090, - 30:Tbg AuBL:Rl STE90g. wnchar ged
Lewi s acids, ionic conmpounds having Lew S-acid cations or ionic conpounds
havi ng Bionst ed aci dsizsneetendd Fsngrafi@rably from0.1 to 20 equival ents,
nore preferabley fro get()ég%nguiggh@gggdeggg9d 08ft heom®@nocyd worant adi enyl
conplex 25 A) . Further suitable cation-form ng conpqﬂndle) re. _
bor onal uni num conmpouP¥Rr @RIl asCi~Czo-alkyl, = Cz-Czo-alkenyl,” Le=tz0

di [ bi s(pent af | uor ophgiyi beroxy)iyeihyl aharvengBofxsm alluni muirdcargterds . of
this 30 type are described, faor ex le, Ln 99/ P6444 IS

possible to use mixt&r¥e o na%f“ﬁH%ﬁgﬁgvgﬁgﬁyﬁgﬁgdgcgéigﬁifgbnfﬁk%%Bnpounds
C). Preferred m xtures tbepriryd apamt nerdnéwo irpdralTuRar Mt RASAB5

al um noxane, and an {Qnic. n LN, p LCcular sopenepBtakai panghe
tetraki s(pentafl uor o%%e%&fl?%%r?ggt’leg%ﬁlo%, 9%{;1%/ oérjgasgt rong unchar geg Lew s
acid, in particular tris(pentafluorophenyl)borane.

The abovementioned embodiments and preferred
embodiments for R'™-R’® also apply to these preferred

25 monocyclopentadienyl complexes. Owing to the ease with
which they can be prepared, preference 1is given to the
combination of 2 = CH,, SiMe;, CH=CH or 1,2-phenylene
with A = NR'R® or PR'R’.

30 A further preferred embodiment is a monocyclopenta-

dienyl complex in which

A is an unsubstituted, substituted or fused,
heteroaromatic ring system and
35



0775/ 00074/ PCT - 32 Preference is given to using both the . :
nonocycl opent adi enyl conplexes A) and the cationform ng conpounds C) in a
solvent, with greference bei ng given to aromati c hydrocarbons having from
6 to 20 carb8d 7&Y8RE,/4/8 Farti cul ar xyl enes, tol uene, pentane, hexane, |
heptane or mixtures thereof. A |ikew Se 2 Gad product spectrum can al so be
obt ai ned 10 by use of the nocycl opent adi enyl conpl exes A) of the present
invention in conbination Rith at | east one further catalyst D) which is
suitable for the polymerizgion of olefins. It is therefore possible to use
one or nore catalysts whith are suitable for olefin 15 pol yneri zati on as
opti onal conponent D), in ﬁﬁé catal yst system Possible catalysts D)

i ncl ude, inn%artlculéﬁ assical Ziegler-Natta catal ysts based on titanium
and classical Phillips catalysts based on chrom um oxi des. 20 Possi bl e
conponent s D&l [ nteprl nci pl e include all conpounds of transition nmetals of
groups 3 to ? the Periodic Table or the | ant hani des whi ch congfln
organi ¢ groups®and preefeeradtly, f@ndﬁ@&ﬂdﬁv§ﬂ§\Mﬁ(ﬁp%fén85bﬁ€e|Q?r‘¥ﬁ|n

pol ynmeri zation after 181 th the 25 conponents C) in the presence of
A) and op$| onal |y B) o;:ﬁ%‘iolrl%%r\’“ These are usually conpounds in which a
nonodent ate or pol ydentate ligand is bound to the central atomvia a signa
or pi bond. SQukigdl e Jigandsdcl udadepthdehese coofai nbmg another,

cycl opent adi enyl . radi cal s 30 and_t h re cl opent-adi enyl
radicals. Chem Rev. BEFEIN . 0t 2"!\%{\@}&5f g&rlﬂegl%anyéucﬁ:ecg Apounds

B) which are suitabl edfyar, oladfkyiamylymvzmtgl ofirodul Ei ntiel eB® carbon

cycl opent adi enyl conpl exes are | SO bl e é lef 8 polysrerdzaidron. 35
Furt her %Qrtl cularly M s it eg hg ﬁ'k %ts > 9%?2 t hosg contai ning at

| east one cycl opent aditemyd - Lypéhla g%lmll vhféRadr @ gehbRabt y WREFEr réf to as

meta focene 0775 O adBcafMRIAEE. nk rtau@w ad yswsafiduted
nmet al | ocene conpl exes ate Those o? formul a %RSE RzE R1LE F XI'V)
f

5 MLEXE t Z where th@&db%%%%féﬁténﬁnawpn&“aélé§aljr§vé°‘tﬁ oIty Wani ngs:
ME is titanium zirconijun ieféui a 101 vanash usixAnelbamedt anbgl eang

Chronluna are each, independently of one another,
hydrogen, C;-Caop-alkyl, C,-Cpp-alkenyl, Ce—Coo~
aryl or alkylaryl having from 1 to 10 carbon
atoms in the alkyl radical and 6-20 carbon
atoms in the aryl radical and two radicals R™®

20 may also be joined to form a five- or six-
membered ring, and
m o is 0 or 1.
25 The above~described embodiments and preferred

embodiments for R!2-R?® and R’ also apply to these

preferred monocyclopentadienyl complexes.

In these preferred embodiments, A is an unsubstituted,
30. substituted or fused, heteroaromatic ring system.
Preference is given to simple systems which are readily
available and cheap and are selected from the following

group:



nmol ybdenum or tungsten, or an elenment of group 3 of the Periodic Table and

the | anthanides, 15 XE is fluorine, chlorine, bromne, iodine, hydrogen,

Cl-d o-al kyl, Cz-d o-al kenyl, C6-Cl5-aryl, alkylaryl having from1 to 10

- carbon atong77h/00@74/RT part and from6 to 20 carbon atons in the aryl 20
part, -OR6E or -NRG6ER~E, or two radi€al®s XE forma substituted or

unsubstituted diene ligand, in particular ﬁé%3 di.ene ligand, and 25t is

1, 2 or 3 and, depending on ghe val ence of
net al | ocene conplex of the f

0775/ 00074/ PCT - 34 R6ERape
al kylaryl, arylalkyl, fluo

s such that the

unchar g&d, 30 where
ct~-arkyl , C6- Cl5-aryl,

or flugo eggth having from1 to 10
carbon atons in the alkyl 9 )~ 20R¢ar bon atons in the
aryl radical and the radical XE are identiclal or different and nay be
joined to one anot her, %éﬁ,g& RSE are each fiydro , Cl-C22-al kyl, 5- to
7- menber ed cycl oal kyl or g 4 kenyl whi ch mey 3 n bear . Cl1-d o-al kyl
groups as substituents, C2-C22-al kenyl, 15 C6-C22-aryl, alkylaryl or
aryl al kyl, where two adjacent radi cal s may al so together formsaturated or
unsaturatedReyq#P% greupsehali ng iﬂdﬂpehd&nvmycamﬁbn anens, 2BPLISEr ( RBE) 3

where 20 R8E may be i denti cal i ffanent a Clc (g al kyl,
C3- d o-cycl oal kyl g&f@ af |, 1C§ }ﬁnaxngr é% C o-ar on

n
is as defined for XErgd, |saRkYBEr812Eh&&ED%llﬁ?CquéE Wer aagﬁ?cals 30

ROE Lo R3S are each iydr ogensnCloCagnalganls £nat & Bomanharsd syahoal kyl or
cycl oal kenyl whi ch qu-égétgigl %&Lﬁ: or Sl%h%y, where the organic

radicals R}¥-R™ may also be substituted by

ormul g (F X1 i

. . 10¢
halogens and two vicinal radicals R¢-R may

10 also be joined to form a five- or six-membered
ring and

RM¢C are each, independently of one another,

hydrogen, C;-Cpo-alkyl, C,-Cyo—alkenyl, Ce—Ca0-

15 aryl or alkylaryl having from 1 to 10 carbon

atoms in the alkyl part and 6-20 carbon atoms
in the aryl part and two radicals R'C may also

be joined to form a five- or six-membered ring.

20 Possible substituents RS to R'® are the same radicals
as described for R-R?, where two vicinal radicals R1C
to R may also be joined to form a 5- or 6-membered
ring and may also be substituted by halogens such as
fluorine, chlorine or bromine. Preferred radicals R} to

25 R!YC are hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,
n-octyl, benzyl, phenyl, naphthyl, biphenyl and
anthranyl. Particularly useful organosilicon
substituents are trialkylsilyl groups having from 1 to

30 10 carbon atoms in the alkyl radical, in particular

trimethylsilyl groups.



0775/ 00074/ PCT - 35 5 10 15 groups as substituents, C2-C2z-al kenyl,
al kyl aryl or arylal kyl, where two adj acent radicals nay al so
t oget her formsaturated or unsaturated cyclic groups having from4 to 44

£4%ﬁfaqé52§gg%3 where R gE are identical or different and are

C6- C22- aryl,

carbon atons

each

Cl-d o-

ycl oal kyl Cl saryl, Cl1-C9-al koxy or

C;lgEo aryl oxy, or the radicals RAE and ZEE together fornran

- ~- Al Egroup, where RI SE 1Rl SE | RI SER|_SE 8 -

MBE- CR 18E A SRATFERYERY 7%%%9%%%5?&‘3@% ¢ER) E}Acls qlvaﬁebéf Ecée'\{%%

- 817E817E817%8&7&8&@%i@EuBéaE%ﬁE&hﬁEtataEe@vmmﬁwﬂ; 81vBERi¥ng 1

817E817E817E 817E -BRrs ﬁ@e SRERF~ ~AlRl SE~ -Ge-~ -Sn-, -0-, -S-,
¢oy

=S02,
i denti cal
trimethy

Cs

=NR sE,&K

10

15

20

25

30

35

particularly readily available and thus preferred also
include ones without a bridge Zz in which m is O and A
is an unsubstituted or substituted 8-guinolyl. In these
compiexes, R to R! is preferably hydrogen, or R to
R*® are each hydrogen and R} is methyl, ethyl, n-
propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl, n-
heptyl, n-octyl, benzyl, phenyl, naphthyl, biphenyl or
anthranyl. These are simple to prepare and at the same

time display very high activities.

The monocyclopentadienyl complexes of the present
invention can be used either alone or together with
further components as catalyst systems for olefin
polymerization. Furthermore, we have found a catalyst

system for olefin polymerization comprising

A) at least one monocyclopentadienyl complex

according to the present invention,
B) optionally an organic or inorganic support,
C) optionally one or more cation-forming compounds,

D) optionally one or more catalysts suitable for

olefin polymerization and

E) optionally one or more metal compounds of group 1,
2 or 13 of the Periodic Table.

Thus, more than one of the monocyclopentadienyl
complexes of the present invention can simultaneously
be brought into contact with the olefin or olefins to
be polymerized. This has the advantage that it enables

=80,

: sE®hhere 20 RISE, RI~E and RIgE are
or drfferent and are each a hydrogen atom a hal ogen atom a

ST o roupy 8 Gl & @ kY GrgiRxed C1-Ghaeh! uorgalkyl yrqup, a



. 0775/ 00074/ PCT - 36 do-fluoroaryl group, a C6-Clo-aryl group, a

Cl- Cl1- al koxy group, a C~-C sal kyl aryl oxy group, a C2-d o-al kenyl group, a
C~- C90-aryl al kyl group, _a Ce-C90 5 aryl al kenyl group or a C7-C9o0-al kyl aryl
- group, or t\/\87ééj/g{9@ﬁ€/P§§i cals together with the atons connecting them
forma . saturated or unsaturated ring having from4 to 15 carbon atons,
and 10 ME is silicon, germaniumor tin, preferably silicon, AEi S _~ -
- S -, ~ NRi sewideR xange ~of RodemerRRiseZ0a5prPREGER - orf G €m@tidbe i t ut ed,

substituted ginbusedprBELELOCKEhT Ber bagpaYELEL wheke, RIOE are each,
i ndependent|y of one another, Cl-C o-alkyl, Co6-Cs-aryl; C3-C o-cYclo 20
al kyl, C~-Cl18-al kylaryl or 5i (RZE) 3, R2E is hydrogen, Cil-d o-al kyl,

C6- C15-aryl whi ConaBye | tHAI PRy Ghpehtaldidn dr Ovpmpas xeWbstit ugnd s or
C3-Cd o-cycloal kyl, 25 v is 1 or in the case of "Al E being an unsubstituted,
substituted BFEFEREd, HEtRor3el i O i g sySSEf canlal SOPHETRE L BB Hr t he
radi cal s ROEpapdeR:@s tngether §osmpnaseR 8B89r owp.subied=Adircal $tXEsn the
formul a (F-Xlg% are [\)fraef %rat%I A I oentjclgal and:L roeepreferabg¥ fl uo ilne,
chlorine, 35°br&hi A&V AEEAEF M kyt Oor “F alRy Pt HOTh&T i Tl 8F SSS i e,
met hyl or benkgl form0BA/HD0FDLECTi- e37 foSucthannpd ekes apai ilka syntdesi zed
by met hods k 0 .pe re% r ab io tg?p rigtely
substi t ut ed,ggé\gfii cgﬁég?ggar gh aifl’%{%ﬁ;s(e%\ﬁgﬁéhaﬁ%%s 0 ???%%?un@ z({)rconi um
haf ni umld® chyohbPpants8dienyl complexes display a high productivity.

The monocyclopentadienyl complexes of the present

invention can therefore also optionally be immobilized

on an organic or inorganic support B) and be used in

supported form in the polymerization. This is a

15 customary method of avoiding deposits in the reactor

and of controlling the polymer morphology. As support

materials, preference is given to using silica gel,

magnesium chloride, aluminum oxide, mesoporous

materials, aluminosilicates, hydrotalcites and organic

20 polymers such as polyethylene, polypropylene or
polystyrene.

As solid support materials B) for catalysts for olefin
polymerization, preference is given to using silica
25 '‘gels since particles whose size and structure make them
suitable as supports for olefin polymerization can be
produced from this material. Spray-dried silica gels,
which are spherical agglomerates of smaller granular
particles, known as primary particles, have been found
30 to be particularly useful. The silica gels can be dried

and/or calcined before use.
Likewise preferred supports B) are hydrotalcites and
calcined hydrotalcites. In mineralogy, hydrotalcite is

35 a natural mineral which has the ideal formula

MgsAlz (OH) 15CO3 * 4H20



Exanpl es of particularly useful conpounds D) include:

bi s(cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( met hyl cyeénrapgnnadide®LIT) zi r coni um di chl oride, bis 10

(et hyl cycl opent adi enyl ) zi rconi urn di chl @ai de,

bi s(n-butyl cycl opent adi enyl ) zi r coni um di chl ori de,

gi SE 1- gbut ly)saadnexﬂwi;@écgtqphl ﬁﬁ;t%d; enyl )czéﬁ:@étﬂh' gmrgd:inghtmla';:deof brucite

is(in enyl) gl rconi umdi chiori de Is(tetra r ol nden zirconi um

(B 138! dhyeF

di chlori de aNg (Bfidet r BROHASSi F3Y'S YEF Bt ati &RYISYzi § CORT UM Ti &Rl ori de.
and al so t hewbgrhesgiondimegadi ndihy | zirec and cam ednpaundst adsdcahpbrérs D) ,

pref erence i | so_gi ven {9 brid i_n e mc or
pseudor aceni @e%ae]egr Jie?}ée é’seggorgcém g}%%grcg{?%’%égipl gﬁ}ég i Eﬁ ich the
two i nderfyl b'ngandsrearrﬁ secohé layen cofr thagemaahadial i heled beangnot her
e ias of "EECRORHL VIR S0k LRE1CONE, X BN rakeRudsel 18hsTubkRer
exanpl es of part chlar |y useful “catal yst’s I nc

di net hyl si | aﬁ@mly’ﬂlcl@ds(byd apeniadnenyPy i rc%hﬁmm’fd?%hlscﬁ'q def layers

d'”Ethy|5'|a@%ghl&@h@('Qdﬁﬂwgﬁ@ﬂJé”MEH#Pq@ chigikdeis compensated by
di'nmet hyl si | ane | bi S(tetrahydroi ndenyl) 30 zirconium dﬁhl ori de,

ethylenebls(é?éP@ﬁeMﬂ%ﬁWﬂﬂﬂ%%ﬁW%ﬁnﬂ%ﬁﬁcW%ﬁﬁ%r?HecrySta ization’ are

et hyl enely s( Ledargl) zinr ¢oRi UMtdreRdrEtde,layers.

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

t et ranet hyl et hyl ene-9-f | uor enyl cycl opent adi enyl zi r coni um di chl ori de,

di et hyl si | asedhy lhiye r35st3rdtemtesbnd -Houred hyd tychbpehhatdhengkpzi odoni um
di chl ori de, :
d|nethyIS|Ianggpfﬁﬁﬁs(flfgﬁpughtdego %ﬂ Fbyc ope 8len%y)iygcgﬁﬁ3%

di chl ori de, memeﬂhyhydtaﬁedeplbh@@Zﬂ@etﬁylﬂﬁd@ﬁylﬁiﬁﬁ@@ﬁﬁ@nléﬁéhl6Pﬁde

di met hyl;s O0¢45400Q79/ PCT - 38

si | anedi yl bi s(3-net hyl - 5- et hyl cycl opent adi enyl ) zi r coni um di chl ori de,

di met hyl si | anedi yl bi s(3-et hyl - 5i sopropyl cycl opent adi enyl ) zi rconi um

di chl oride, dinethylsil anadi)yplPmst2Ietybundanyh)zir-com,om 5 di chl ori de,
di et hyl si | anedi yl bi s(2- et hyl - 4, 5- benzi ndenyl ) zi r coni um di chl ori de,

di met hyl si | anedi yl bi s(2-et hyl -4, 5-benzi ndenyl ) zi rconi um di chl ori de,
nethylphenylghbanediyﬂbis@QamﬂﬂmdlenﬁrmemﬂwwM¢WI§znganZuw1@P@hNénide
rethyl phany! gl angg i %t%h/% yﬂr% pralener e [ pdenyl)zi b8 eohtmadiehl ori de,

di phenyl Sl I anedl nzi ndenyl ) zi rconi um di chl ori de
di met hyl si | aﬁ@@hwats. 2. Fieet rﬁg,- Mph iy | FRIAHFH S OF r €8ni Hmidi EhPSFPEE,

di et hyl si | a@@@&nyldw(@cetlfoyluﬂpg@@ ki ngenyl g zi pcany ugh diselle@isideial
di met hyl si |l anedi yl 15 bi s(2-net hyl - 4- ( 1- napht yI )i nden%/)#léé?' oni_um

di chl ori de, @PAEFNYIRS | Bnedi yF]B?s(&f‘aétgﬁyl on( H ﬁap:h‘?%?ﬁ | F2*P86ni um
di chl oride, dhaehhylasi lbanedion U H(2-Pr opyha ¥ ¢ 1£naphl hyb) éndengl kzilsconi um

di chl ori and di %%%lskr%nEdiy%%1sé2 'rpmﬁgktlgﬁgar from 2

(1- napht™yl )1 Hden F cGAiCUm di ¢ off de ere €se conp exest aréJ
preferably u§@éS|lbltGhen¢@0:§ml¢lfad¢ rﬂnl@d‘eﬁm@@% ofgappeophiiane wEChod@s of

preparation ang.descri hed. fOr exanpl e, eifeJOUsAREa0Es O gaRgIEL @lhee 25
Chemi stry, 369 (1989), 359-370. Further preferred corrponents D) are ones in

whi ch the ra8PeéiRseRqECANIIZIEOY oM fOThahPS /R SSIOMGRN I 0GP 1086 When
AE is |-0- s§chf é\&:%?&n apglrt PRI9Er, kMdorsqr ehgﬁablgyentdagabmmme, |
particu ly prefera titapi umi e oxi -state+ art i arly
usef ul |Q%§§agf %ﬁ%} ®mesgigage or qg&h? or fyoxo mé%

di et hyl si | anedioyls( tseid‘narw hyd-©ped opentvagd LAYyl )}(dsmxzqi,arranm)Lmtuam orf 35

di chl ori de,

di met hyl si | anedi yIrFtlelttlyaOft ﬁ’)}ll cy@lnolﬁenr?t al yer?y%s)o( tbeer 2but yrf amno)titani um

di chl oride, dinethylsilanediyl(tetranethylcycl opentadienyl) (adamantyl)titan

Accordingly, all such mixed metal hydroxides having a
35 layer structure are regarded as hydrotalcites for the

purposes of the present invention.



.+ 0775/ 00079/ PCT - 39 iumdichloride and

di met hyl si | anedi yl (i ndenyl) (tertbutylam no)titaniumdichloride. Wien AIE is
-0-R19E, -NRi 9E2, -pR ~E2 or an unsubstituted, 5 substituted or fused,

" heterocycli cop15}‘@@@ey4)pp@frat| c ring system MLE is preferably titanium or
chrom um where titaniumis particularlys preferably in the oxidation state
+3 or +4 and chromumis preferably in the oxidation state +3. 10 In a

preferred enpog fenio1 ALE i/ nsUBSLLLALEA h5URSi dulod o, T used

het eroaromatic ring system and I's chromum ™ Very particul ar preference
is given to P& bedng Jéﬁ%n§@l3§tlmte@t edy8rotabsif 6t ed?hECR). eNaBHesy5

substituted,; gul nolyl sbounth U@s@%é@(ﬁydﬁoxyp B@u§ m%ﬂﬂéﬂm t€. Ge
8- qui nol yI, 8 (2- et hy!l qui nol 4-trimeth qUIgﬁﬁé

8-(2, 3, 4,5, @Geithe%arrétdrﬂﬂfcfm%l %rhe FIYEitRG o5 e

Preferred Catr@é Yyt SepAr £f i dMi Sot ypehear Q:allc(l&-e}ﬂl nq}dlﬂc)taZLdﬁHidEyI md
4-met hyl cyc ent dl enyl c rom urr%l Qi ied
1- ( 8- qui nol yﬁ) %Byl nBt f‘/?%écll@ﬁgﬁlt ag nJchHFBﬁ%ll,le(ﬁalrr
dichloride, out at above 180 C. Preference is given to calcination
1- (8- quinoly 3-tert yI5 h ycl.op di { chr.om bh)

di chl ori de, Jl13 ft &Fho?ylt) 2?% ékgetgrigng?hﬁl cfggt}%(o(gen'(t%adztl?argr%bIeC

chr omi ur‘r(l I Ipaxjtlzctnllbar dérom- (481-0qt<ﬂ ot yF 9@ e€raﬁyﬂlﬁétﬁ@@ﬁ’§ﬂlsémmﬁﬁﬁ¥ﬂgl
dichlorig 1485 gw'ﬁ%ﬁ%) Qge%ﬁéﬁwﬁﬁ%uﬁkkh&hd@‘¥B£H¢d6a1c1ned or
1-(8- qumoly - 2met hyl 1 ndenyl chromun(]11) dichltorid

1- (8- qui nol y@HIQlJr%@’b%%‘by@f nﬂ%‘ﬁ\}uneh%%n%mlpwsa%ﬁror| de, , 1-(8 30
qui nol yl')-2-ethyl i ndenyl chromi um(111) dichloride,

1- (8- qui nol yl -tert-butyl.i ndenyl chrom un(l111 dlchlorld
(5 aui nol Y93 beia eyl cHIOm AT o hios e ydrotalcites

(8- qui nol yf)r2t et hyvbenZitndendchrions unzﬁtjzir)lgdochhcmq@,n further

(8 (2uet YL Qi Rg) VI de 2 25 00 Meafefmidwd ey dapant & anyd chyargunt 1)
(8- ( 2- net hiyyduonddigs ) eld @ @ ts t kydaewy hy losrsirspeptddiieia eiridriadm( 11 1)

i chloride, Js{(8§2- g’gt mflo%h' n(?r{eyda)l) t el £ adwdlr oi pdeny! elr ogredgs! | Jor

775/ 00079/ PCT - 40 dichlorid

1- 8- ( 2- met hypawﬁ%mmnaewnéms&mhurﬂa |$3rpRAtor &1L being able
1-(8-(2- rret hﬂébe“@'r)é's)eh‘tz'lﬂft‘&l'yéI@QE@yxhédilr BpHEGEhL L) tdischlrometesure

1(8(2 qui nol y| |so opyl i ndenyl chr om 1) d I 1-(8-(2
5 met hyl? UI n nylt)b)l Sp- Je% hﬁ’ cﬁPorﬁ‘iﬂvTﬁlﬁ :fi',‘:rﬁﬂsorjlzsdelti;lg Ud e

1- (8- (2- met hybgsii mdgdr)l)enz-etcbrbybwt ysamdeay Iwdhiradm deq( Ihela)tem chhortivie,
1(8(2rreth no n y unt! bl

1- (8(2- net hy %bl 3%/ lf% 29 %bgy?gehgmﬁg@s g&hﬁg)r% gj C'LH 1) djzgl di chI or| de. The
prepar at i on @lﬁdsnbﬁnfﬁﬁétilolh%rc?‘él %b@n@aHFeﬁymufféénégrﬁagebeen known for
a long time. Various synthetic routes to these conplexing |igands are 15
455- 46375 PIh9utcA Laied) PERERBRLAG T 10 Seslgrie . CORBRPS(To08)) ‘500,
175-185. Thetnesalmioap! exasies n gfar ticallantt hendhroni val @0t comiakes, can
be obt ai ned j,n Si e r b agtinng ap. [ ts,

e.g. netal clhl(é)ﬁ deasr?A WIMthI?L?ﬁé I‘iy %ﬁd%ar(f1 mg?gr lpé@%g%tfepggggéju?%

anal ogous t oM{ h&Iexaeslea®lily meADQQIIOG‘QB? @%rtfﬁém sSUi abPe &t al yst s
D) include Irrggg}fggggﬁgs £a5t aignhRg @t I8ea§5donfhl i dwararedsrbyma 1

cycl opent ad t erocycl opent adi en)_[L and a fused-on, heterocycle, wth
the het @roocy‘éPeé prBSBERBTYO BRI nd et LEVERS cBAt at APREL hi BF ogerPand/ or
sul fur. Sucheﬁgmgggpogmgjs aee described, dror Examie, dHLIMQ HH 22486. These
are, in partic

di met hy! si | aﬁ\ég‘F?F?El nBE Wy P L aBnBRyPFAGEAYT ) (2, 5- di met hyl - N- phenyl - 4- azapent
al ene) zi rconi um di chl ori de,

S by PSP ST APDEDML 0L AL Bt o

35 which M(II) is magnesium and M(III) is aluminum. Such

)

1-
1-
1-
di
1-
di
0

aluminum-magnesium mixed oxides are obtainable from
Condea Chemie GmbH, Hamburg, under the trade name
Puralox Mg.



35 sil anedi yl bi s(2-ethyl - 4-phenyl - 4- hydr oazul enyl ) zi rconi um di chl ori de.
0775/ 00074/ PCT - 41 Suitable catalysts D) also include imdochrom um
conmpounds in which chrom um bears, as structural feature, at |east one

i m do group. ;ag?% %83?%§ﬁds and their preparation are described, for
exanple, in 8 f . 10 15 20 Further suitable components D) include
transition netal conplexes containing a tridentate macrocyclic ligand, in
particul ar substituted and unsubstituted 1, 3,5triazacycl ohexanes and

1,4, 7-triazacyclononanes. In this type of catalysts, preference is |ikew se
gi ven t o t he pekifememmeconpl eles. Prefrertedcedrahngst shydretakciype ane

S L) T gt neaask ebe g Loh Sbiltece o

[1,3,5-triocwykipﬁiﬁamrdQQE&@tﬁohéﬁénéméhigﬁiuﬁ%ﬁ%ioﬁlérﬁdéﬁormation
1173 5- Y bewayl 1 5B P e R T 1 o) O Eapl es of
further suit@skescafalysry O ffraatiensiPEtdfifst-al conpl exes contai ning at
| east one ligand of the fornmulae F XV to F XX 0775/ 00074/ PCT - 92 R F
e R e hyGrotalcites,” C418%hed nyGrotsiertel Nor reiires — V!

gels used are generally employed as finely divided

10 powders having a mean particle diameter dsp of from 5 to

200 pm, preferably from 10 to 150 pm, particularly

preferably from 15 to 100 pm, and in particular from 20

to 70 pm, and usually have pore volumes of from 0.1 to

10 cm®/g, preferably from 0.2 to 5 cm®/g, and specific

15 surface areas of from 30 to 1000 m?/g, preferably from

50 to 800 m?/g and in particular from 100 to 600 m?/g.

The monocyclopentadienyl complexes of the present

invention are preferably applied in such an amount that

the concentration of monocyclopentadienyl complexes in

20 the finished catalyst system is from 10 to 200 pmol,

preferably from 20 to 100 pmol and particularly

preferably from 25 to 70 pmol, per g of support B).

Some of the monocyclopentadienyl complexes of the
25 ©present invention have only a low polymerization
activity and are therefore brought into contact with an
activator, viz. the component C), in order to be able
to display a good polymerization activity. The catalyst
system therefore optionally further comprises, as
30 component C), one or more cation-forming compounds,

preferably at least one cation-forming compound C).

Suitable cation-forming compounds C) which are able to
react with the monocyclopentadienyl complex A) to
35 convert it into a cationic compound are, for example,
aluminoxanes, strong uncharged Lewis acids, ionic
compounds having a Lewis-acid cation or ionic compounds

having a Bronsted acid as cation.



. RRaF F--XVI R sF HRL6F EF R ~F -EF HR, eF F-XVIII R2zF R21 F 823F 820F
~ ~, 824F WwEF F FI RISFi E EWR2sF F-XI X where the transition nmetal is
selected fromanong the elenents Ti, Zr, Hf, Sc, V, No, Ta, C, M, W Fe,
~Co, 5 N, Pdp7Ps/apd7e)/eoents of the rare earth netals. Preference is here
gi ven to conpounds having nickel, ironh,2tobalt or palladiumas central
netal. EF i~s an el enent of group 15 of the Periodic Table of 10 the
El ements, preferably Nor P, with N being particularly preferred. The two
or three atons EF in a nolecule can be identical or different. The radicals
RLF to RzsF, ARhicdiimapRs@Ssdent t c4 ROIHLREG £ EPertSShi t APR £43 system

F-XV to F- Xl ¥pear&omgsurded | @@sr&mre@uwn Rid- @B R0 aravae_agltularly
i ndependently of one anot her, drocargon radi cal stituted 20

hydr ocar bon F&8FfEAl Coﬁ}pé’f‘@dszl‘?/r% RPGPoERPBBN YadF¥éS licn TH P Car bon

R'F |,0F 5 EEonpgobhdd3&f tRE75600078¢ PCH X) 43r &FoXIpdj acent to the el enent
EF is bound to at | east two carbon atons,

R'P
~ _—_
AI—[—-O——-AI-—}— R (F X)
- I
R? |
Lﬂo-—-Am — ' (F XI)
I,
where R*-R*’  are each, independently of one another,
10 a Ci;-Ce-alkyl group, preferably a methyl,
- ethyl, butyl or isobutyl group,‘and 1l is
an integer from 1 to 30, preferably from
5 to 25.
15 A particularly useful aluminoxane compound is

methylaluminoxane.

These oligomeric aluminoxane compounds are customarily
prepared by controlled reaction of a solution " of
20 trialkylaluminum with water. The oligomeric aluminoxane
compounds obtained in this way are generally in the
form of mixtures of both linear and cycl%c chain
molecules of various lengths, so that 1 is to be
regarded as a mean. The aluminoxane compounds can also
25 be present in admixture with other metal alkyls,
usually aluminum alkyls. Aluminoxane preparations

suitable as component C) are commercially available.

Furthermore, modified aluminoxanes in which some of the
30 hydrocarbon radicals in the formulae (F X) or (F XI)

are replaced by hydrogen atoms or alkoxy, aryloxy,



5 10 15 20 25 30 35 RzF and R3F are each, i ndependently of one anot her,
hydr ogen, a hydrocarbon radi cal or a substituted hydrocarbon radical, where
R2F and R3F may al so together forma ring systemin which one or nore

het er oat ons @By sheopHeyet, RO6F and RBF are each, independently of one
anot her, a hydrogarbongrag}cal or substhiuted hydrocarbon radical, RSF and
ROF are each, independently of one another, hydrogen, a hydrocarbon radical
or a substituyt hydr ocar r adi , ere _R6 d .RSF F.an F may
al so togetheglﬁgﬁﬁiaéfi%ﬂggg%tggéﬁgchggé ggchgégﬁdégén g%%?ﬁ‘ﬁ? gﬁgg

anot her, hydrdgeaunoxamedcormdords afi ddie oformsldbstFt ¥t edrhydr 8éar BSn

radi cal, whe F~yay al so together forma ring system R oF and Rl~F
are each, in§§8§§§§§F|§q§f one anot her, a hydrocarbon radical or
substituted hydrocarbon radical, Rl1F, R12F~ R12F~ and R13F are each, -

i ndependent | y+of ngae gpehhekouRKdr @genpea BydeAcagReMsr adiccahser ane
substituted hydrocarbon radjcal, where_two or noré gem nal _or  vicinal

radi cal s RL1ECDRCYS L OREHE2CATE YR 3AOMRY X s&t 0§8Cherfor AETLPREEEE st em
0775/ 00074/ PetmpohthdsRi Sh andciz $maire: £aehati ndppenglediil ¢y afatanre atot her,
hydr ogen, a throcarbo radtcal gr a_substituted h rocarbgn radi cal ,

R sF and Rl' BL8R&PEHcH TS hdeRE SR OBR NEnE WMRAHEFS - h{ardgdntdaany

hydr ocar bon padmc¢aumoralkyplbstillit gddpedrpcatbonheadi cahsiRIGF artda825F are

each, i pendent | f . C2- C20- |, C6-C20-.ary
al kyl ar W‘? ha\%irﬁa‘ et 1’9{9§°§88§:§§%8F1%§ ‘g’%n%gnc?’héfg%( Kyl part i dtcg-e. 20"
car bon at ons rengehefaeml pari, twhel€00hé,orpaaferehdycaf soR1IFP :dndtR2sF may

al so be substiyhuted by ;15 halagens,, ek RRh are Aash, . i ndependent |y of
one anot her, hydroggn,101f%20-alk f;.cz-czo-alkenyl, C6- C20-aryl, al kyl aryl

having from1 to 20 10 carbon atons in the al kyl part and 620 carbon atons
in the aryl partstford Rz6h3havhere g Organds, r adicdalrere-FRRqGiray al so

be substjtuted by hal ogens and t vi ci nal_ radi.cal s R2F-829F may 25 al so be
j oi ned t foFﬁmgoﬂPﬁgp%ér°§?%%€h3§FEH3Fr§&"5ﬁ§5
Mznxwxznxan (F XII)

where
20
M?P - 1is an element of group 13 of the
Periodic Table of the Elements, in

particular B, Al or Ga, preferably B,

25 X, X?° and %X°° are each hydrogen, C;-Cjp~alkyl, Cg-Cis-
“aryl, alkylaryl, arylalkyl, halcalkyl or

haloaryl each having from 1 to 10 carbon

atoms in the alkyl radical and from 6 to

20 carbon atoms in the aryl radical or

30 fluorine, chlorine, bromine or iodine,
in particular haloaryls, preferably
pentafluorophenyl.

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

Particularly wuseful compounds as component C) are

boranes and boroxins, e.g. trialkylborane, triaryl-



- R2sF are each, independently of one another, hydrogen, Cl-C2o0-alkyl,

C2- C20-, al kenyl, 30 C6-C20-aryl or alkylaryl having fromh to 10 carbon
atons in the alkyl part and 620 carbon atons in the aryl part and two
" radicals R2@57@qbo@hqqphq joined to forma five- or six-nenbered ring, 35 X
is O0or 1, with F- XV belng negati velLy»gharged when x is 0, and

0775/00079/PCT - 45 is an integer froml to 4, preferably 2 or 3.
Transition getal, co ?ﬁn%@\{#ﬂ@of@m.@ Mt RehQfr Ptpr%mem@tras met al
and cont ai ning Ilgan s

ornmul a F- are particul ar u
Particul ar refedr erfce |%Sbn9enb96aﬂﬁﬁn1W@léénpﬁﬁﬁﬁé dﬁ:Nli%? é %50

D (2, 6-di -1 R GRYIRRSRY S 2a Spdi H&bm&bdsazmutta@ﬁmlopp@iéaanm is

dchlor de, (AT bronyl phetvL 12,2 T8\ oty o speniips,

di (2, 6-dg-i x2bpykpheny’y di gekhylidieazaluitiadi gneslt aedihyy pakiradi(panta-

di (2,6-di-i 2, 3-di met hyl di azabut adi enedi net hyl ni ckel ,

di (2, 6- dlneﬁﬁﬁﬂﬁ%ﬁ%ﬁ?paﬁk§uzrﬁ%thyl 15 dlazabutadlenepalIadlun1d|chlor|de
di(2,6-dinethy|pheny|) 2, 3-di net hyl di azabut adi eneni ckel dichl ori de,

di (2, 6-di net hen di t di hyd pall u

di (2, 6-di met%dp iéln)c §%§% m?%t%' a%t ﬁ%a@mﬁgﬁl ﬁﬁ] ?érgﬁgkgﬁdg o

di (2- et hy| premydn~2 iz dcmphyndiSai:dbu@hweﬁ@ﬁéwd@dlWﬁdF@ﬁFGP-PBe

di (2met {Dg' Eﬁﬂy&f -2 3¢ fbfret Ryl diazahyadi engnisekehidi chdof i deth two

di (2- et hyl ny -2, % di et hyl di azabut adj enedi net h ngblad um

di (2- met hy| sHamMMalentsdi ik hyd di b5 hbHKAHR BHBHR Wt h9¥ni & I8PSHERYI-2,3 25

di et hyl di azahiiadienepah! adieum et i €, a trialkylaluminum. with
di phenyl 2, 3- d|nethyldlazabutaglenenlc el ? chlori g g,
t%l ;]) ate

di pheny| 2, 3-G et B ¥ HdbUt &i EReF hat hyf paPFaAraRs, 1 particular
di phenyl 2, 3- ﬂmmdbﬂihéﬂﬁﬁnﬂzmmrenediaempyhndckemqh as pentafluoro-

i (2, 6 UpmetHyTBTErSA Yo T hen e ChoT Soh ek op e, Toi

di (2, 6- d|nethylphenyl)azanaphthened|nethylpalladlun1

di (2, 6-di metdyy 1) a2 ﬂ@ph&BﬁﬁEQhaEIhMbOiﬁ§e|Le&a%—abuﬁymdw¢hpabladlum
di chl ori de, 1 1 I pyri Inlckel dlchlon

1,1' - bi pyri dijt \F@hyf’ri‘)]a‘ﬁjahlf%m cempqunRds p; %§r| GRdi FREAGPNi Ofer BP
Partlcularlyféﬁmﬁlg conpoumnds F- Xl X al so i nclude those described in J. Am
Chem Sgc¢. 120, p. 4049 ff. (1998), 0775/ 00074/ PCT - 46 J. Chem Soc.,
Chem C8fnun. 1998, 849, and WD 98/27129. RI9F and R25F |n F-XI X are
preferably phenyl, naphthyl[(bﬁﬁh%ﬁﬂthantﬁwﬁnyl o-, (b-%&thy| phenyl ,
2,3-, 2,4-, 2,5- or 2,6-dinethyl phenyl, 5 dlchlorophenyl or

- di br onophenyl , 2-ch|oro-6-nethy|pheny|, 2, 3, 9-, 2, 3, 5, 2, 3, 6-, 2,
9, 5-, 2, 4,weerer 3,4,5-trinethylphenyl, in" particular 2,3- or

2, 6di met hyl phenyl, -diisopropyl phenyl, -dichlorophenyl or -di bronmophenyl
and 2,4, 6-tri thylphenyl At the sane me

pr ef er aBPy H?%?ogen met hyl S efRyI® eb’rop ,gFQBBFopyﬂQDR%E O§ the
tert-butyl, n-pentyl, n-hexpériodheprsbleneDctlyé, Ebengyptsor phenyl in
particul ar hydrogen or nethyl. RZi F and RZSF are preferably hydrogen and
RZZF i s preferably hydrogen,

Q1 to Q. are singly negatively charged groups
such as C;-Cyg-alkyl, Ce-Cis—aryl, alkyl-
30 aryl, arylalkyl, haloalkyl, haloaryl

each having from 6 to 20 carbon atoms in
the aryl radical and from 1 to 28 carbon
atoms in the alkyl radical, C3~Cip-
cycloalkyl which may bear C;~-Cip-alkyl
35 groups as substituents, halogen, C1-Cog-
alkoxy, Ce¢-Cis—aryloxy, silyl or merc-

aptyl groups,



15 nmethyl, ethyl or phenyl, in particular hydrogen. Preference is given to
conpl exes of the ligands F-XIX with the transition netals Fe, Co or Ni, in
particular ,Fe. Particular preference is given to

2, 6-di acetyl pyrisgionelisy(@Zrd- di met hyl phenyli mne)iron dichloride, 20

2, 6-di actyl pyridinebis(2,9,6-trinethylLphgnylimne)iron dichloride,

2, 6-di acetyl pyridinebi s(2-chl oro-6-net hyl phenylimne)iron dichloride,

, 6-di acetyl pyridi nebi s(2, 6-di i-30RHRYRNENE 1 N ig Yhdli chl ori de,

di acetyl pyridi nebi s(2, 6-di chl orophenylimne)iron 25 dichloride,

pyri di nedi car boxal dehydebi s( 2, 6-di i sopropyl phenylimne)iron dichloride,

6-
6-
6- di acetyl gyri di nebi s( 2, 41@ et ey lfideme) ceba t di chl oride,
6
6
6-

2
2,
2,
2,
2, 6-di acetyl pyridinebis(2, 4, 6-trinethyl phenylin ne) cobal t dichlori de,

2, 6-di acetyl pyridi nebi s(2-chloro-6 30 net hyl phenyl i m ne)cobalt dichloride,
2 di aced yl pyri di nebi s(2, 6-idi i s0pr opyifgleerylcen ae) cobal,t duehl ari de,

2, 6-di acetyl pyridinebi s(2, 6-dichl or%&h%nyl im n %bal t d| chl ori de and
2, 6- pyri di nedi car boxal dehyd@tﬁ sa(tfr i S(%:r enyI i'm ne) cobalt 35
dr chloride. Further catalysts D) which can be used are i m nophenoxi de

compl exes 1 n g a@%l%%ﬁ%rq& Wmséﬁﬁ ItLﬁ@gzﬁgoquglngfboﬁguml'93@

prepared, for “éxample romsu unsubstrtuted salic apgéhydes
and primary amomésyn ioz tgants culdars substiunut @t wenainsudselsat éétapwlém nes.

Transitipn ”%tr%'nsqce%' e)ﬁﬁét:&i)mc%hﬁ'l@gre@' |Fagv.aﬁq§.1§a§0ﬁ%%'t'1'oﬂg RAg 86 more

het eroatons in g system for exanple the boratabenzene gand t he
pyrrolyl ani B‘ﬁ‘dﬁr q etbﬁowrﬁnyﬂe&ﬁlykaﬁa@r%‘ér béh@seﬂlja‘ée’&a atyshs' D)

10 Such conbizmat iteres 101 ‘campananist Arcadsh b)) d@keon! phesi brefetablexanpl e,
to produce binodal produc enerate caonmononers i.n sifu. Bref erence

or.to
is given to U&Vg APTRAE l%ﬂ@%n%@%‘l%ﬁéﬁﬁﬁdr enfl Rept EX 3
presence of abnpeasidsoneacat alrpst d)sahi mhntsohBdcustromaiVy Bd:VOBB@Z

pol yrer | 7| go0 aksl) RNk J L esimed, e gn Ie et on for i ng

conpounds and D), one or nore
cation- form ng corrpounds may be advant ageous. The poI ynmeri zation catal ysts

D) may |ikewirge Q6120 SURRY LA AN L RE Hseth i sal bageeus! X196 ba any
order with the conplex A of the present i nvention.. M xtures of various

catal ysts caRf&Pdéele B¥ed AL CoHHNENt POFON 251 n BAddMTGh, CORBONALal yvst
system nmay fur. @heraﬁoapum&aumas;m,tr engh conperent E)om;ﬁb‘difﬁ:l alvhéenpound

of the f rrula(F M, ( [~ R2~ S t wher e
~1is ‘f% eé?é: ,h g%g S‘P?ré’é, oBo?&H,mlg’lumn%%ﬁﬁ lﬂéﬁll iRV agr % i um or
thal l'ium 35 1Eh~k [ swbydromgempré‘,l Eb@oal kylr gdugibugr yketoalskyltar yner

aryl al kyl ea n m r I a
0775/ 00079/ P O%% gg T Batlrg) %81 Garb @%nggr?@p}&nuﬁ e\b%{}@}? ES’F-’“‘S R2~

and R3~ are @@crﬂwmnlohwo@ﬁ?%ﬂdﬂ@%ﬂ kyhe BHAERICIGE apyHMiaRRy| aryl
arylal kyl or compound, e.g. triphenylchloromethane. In addition, a

25 fourth compound which likewise reacts with the boron or
aluminum compound, e.g. pentafluorophenol, can be
added.

Ionic compounds having Broénsted acids as , cations
30 preferably likewise have noncoordinating counterions.
As Bronsted acid, particular preference 1is given to
protonated amine or aniline derivatives. Preferred
cations are N,N-dimethylanilinium, N,N-dimethylcyclo-
hexylammonium and N,N-dimethylbenzylammonium and also

35 derivatives of the latter two.

Compounds containing anionic boron heterocycles as are

described in WO 9736937 are also suitable as component



. al koxy each having from1l to 10 carbon atcns in the al kyl radical and from
6 to 20 carbon atons in the aryl radical, 10 r~is an integer froml to 3
and s~ and t~ are integers in the range fromO to 2, 15 where the sum

Cr~+s~+t ~ cord-eﬁg/)d}% r,lhe val ence of M-, where the conponent E) is not
identical to conponen It is al3st_p055| ble to use m xtures of 20

various netal corrpounds of the forrrul a Anmong t he net al corrpounds of

the formul a , prefere ce is t he

lithium m oo drﬂ 0P i oS A &g?ﬁglrm?%e\gc{h%%f‘%%?gal Ryl .
Par ti cul ar | yt pirtef Bsd ook atedred e roespounds of the formula 30 (F-XX) are
methyl lithium ethyllithium n-butyllithium methylmagnesi um chloride,

met hyl magnesi um brom de, et hyl magnesi um chl ori de, ethyl magnesi um br om de,
but yl magnesi Rire féut 02d dieon ik nechydwagnes) uﬁPn‘dBeﬂh9pﬁa§ﬁésM@ﬁth bear -

di but yl magn eﬂu'i%aetbtwc! eePﬂME@HQ@éBU@rﬁ5 f‘a@i‘&é(isn rpe&tmlcmg&esn um

in particular utyl -noctyl magnesi um tri-n-hexyl al um n
triisobutyl abxedeence riisnodiep atPQJrﬁ‘]nﬂn?lW?F]éﬂa?/PéHﬁiLH{Hmtetrakls'

di met hyl al u M&ﬁ@& Syd @4 urmianem f ligor i rt1cQ;7_L7aEJ 00Q7#-~PCT - 49
et hyl al um mum di ch] on%g?er?r}e{]ﬁél al um num zaaw ch?ﬁ e, th llﬁl um num

chl ori de anodW??ﬁY}ﬁY%Jr‘?ﬂﬁ’hYﬂ‘ﬁwwl&t e Er 86 ydrol ysis
products of 15 £ UM alNow samdﬂhﬂlmwzsmmmm be:eﬁcmm (DA -a net al

corrpoun use referably t i I emin
such an %fu?lﬁ%? ?W%lm?g?t?at 0 of fi;omt 5trrrru l%a(%% ﬂt%)cé)) transition
10 net al frogsrrnéﬂmel)"m:vmry@l opent adi enyl corrpound A is from2000:1 to 0.1:1,
preferably from800:1 to 0.2:1 and particularly preferably from100:1 to
1:1. To produce the catal yst systens of the present 15 invention,

pref erence i Bwgi wen Tﬂ@rﬁlépﬁgtﬁt anegts ofidNcohpdheRt ALGset Rer SHith ©) to

the support ﬁomephygbsqrrptt@@ Q‘iaﬁ!oﬁhqmdg@!, geea:rgnom (CdEsgs) Tovalrent
bondi ng of t he conponents.to gort surface ns _of .reactive

groups. LPhe Bfﬁﬂe?oFﬁt%?EhoPh%aﬁobéu BBRE BbﬁpSne}ﬁ%{dﬁ)e OBEForent A and,
i f used, conpenefbl€)fafet Combl n@ﬂoxmraytd»etlmé\osmpcbre%yrﬁhe conponent s A)

and C) can b ded i ndependent resioulta rchn mixad formto
B). After thguﬂ‘u IR ﬁﬁéﬁgkﬁp c%%%xg e%ékﬂyhé ggﬁpghﬁgﬁ 58 vvashe(j' with 25
suitabl e i neit 80l 9@n3s0%Qch as aliphatic or aromatic hydrocarbons. In a
preferred enbodi nent, the nonocycl opentadi enyl conplex A) is brought into

contact with the cation , , o
20 The amount of strong, uncharged Lewis acids, 1ionic

compounds having Lewis-acid cations or ionic compounds

having Bronsted acids as cations is preferably from 0.1

to 20 equivalents, more preferably from 1 to 10

equivalents, based on the monocyclopentadienyl complex
25 A).

Further suitable cation-forming compounds C) are boron-
aluminum compounds such as di[bis(pentafluorophenyl-
boroxy) lmethylalane. Boron-aluminum compounds .0f this

30 type are described, for example, in WO 99/06414.

It 1is also possible to use mixtures of all the
abovementioned cation-forming compounds C). Preferred
mixtures comprise aluminoxanes, in particular methyl-
35 aluminoxane, and an ionic compound, in particular one
containing the tetrakis(pentafluorophenyl)borate anion,
and/or a strong uncharged Lewis acid, in particular

tris(pentafluorophenyl)borane.




30 form ng conpound C) in a suitable solvent, usually giving a sol uble
reaction product, an adduct or a m xture. The preparation obtained in this
way is then brought into contact with the support B), which may have been
pretreated if pr@%;ja/ & and the solvent is 35 conpletely or partly
renmoved. Thi lﬁll?&ﬂlves a solidin the formof a free-flow ng
powder. Exanples of the industrial inpl e”%en't ation of the above process are
described in WD 96/00243, WD 98/40419 or WO 00/05277. A 0775/00074/ PCT -
50 further preferred enbodi ment conprises firstly applying the
cation-form mpexempowed C) i thegswpport 8 andustihgequebblty brirgieng this

supported catlonformn co d |nto ontact tht e
SRR o A D Freewcas'se

nonocycl opent™ onen D) Tan se be “r eact ed
in any order ﬁmrmhrtdwcomppun@st A)) amd af gesiared, B)LtI0) pamieE’)ence

Prefer ence i3, given, Lo 1icstly g, Dol ALBEONACL 1O W4 GoTRonnt

C) and thén proceeding as descrl e conpo B) and
possi bly furt2fer @xbdm aabomev prielf erltraeld'-mﬁ)]@ltf melylehegat alt@é{u%@l:l dis

prepared fr org 8 rROmy ta@e and Q)yas-desgtd beds above and this is

brought into cont act’ wit corrponent E) during, at the beginning of
or shortly before the. pol ymerlzatlon Preference is given to firstly

bringing E) imto;camactsybid phedakphapelefivm teabeapoby Ber ickat iaed
subsequent | y addi ng the catal yst sqlid aned fromthe £omp ents A
and O, 4% 2PYdeis i BedTEBoTEROfHE t BT %%ng LA an be

br ought i nt o px@Heant \Amtvlentttiemcoﬁponenmlslnéiicland/mtlﬁ)) mth]aastief@m@ or
after it is r?:r ucg]ht i nt g¥gggggct thwkgehZS o% ef 'E%ﬁ_t%%ltee pelymerized.

Preactivatio means 0 € or nore’ componen rior to mxing with
the olefin armblfymetme?ratadmwi)méﬁf@he sél’ielcﬂ @tlﬁé@f@éﬁp@ﬁéﬁt‘-?)le Ct%and/ or

D after bringingthis$. rﬁ&fé”@até‘i?s@Qn&lﬁ§Eh%§:Q she rabefd Fdrs o@JeS.”Qn
possi bl e. 30 Preactivation 1s general q,fl carried out at 10-100C, eferably
p

20-80C. 19 .soo&wra@@smmre 59 rRRT OB pePYRLRERE PhelBaf-diey G2 t&/tEm wi th
a-ol efins, prefarabl ypbsoesle CE0kt3 Bl kqmw& i pnparddwuthararet hyl ene

or propylene and then to e the resulti re riz d catal olid
in the actualS'GaisHr&y Zk ql;]ne fﬂaet%sga f?gﬁg‘fbf865¥§e sl& g usegldsn t he
prepol ynmeri zatliagys fozm Immaieri ps 0dafSd D07/ REle d dﬂ_cmmmmnumlqeddaﬂtOIt IS
usually in the range from11: 0.l to 1:1000, preferably from1:1 to 1:200.

Furthernmore, a small anmount of an olefin, preferably an 5 a-olefin, for
exanpl e 20 ny|Roasd idHexaneompoyeahe orD)pheby| diprdmgindiay| sPFARde agll

modi fyi ng Cormﬁg:%ﬁndsarb@@fﬂﬁﬁfoﬁrm@t§l‘été‘@' rbﬂﬁét 3CQRPAVNG SUHe as a
wax or oil can be added as additive_during, Qr a he preparation of t he

te
catal yst systRahiorHe ke raf i bhef li@"'%@lﬁﬁ??%%’hﬁﬁ}‘t CERSGES o P
compound B) igrdigil éﬂdfm@fbﬂa@l@tﬂoﬁrﬁ)OQaltalpeefserv&bicyhfamm & itve 20: 1.

POl yrrer | 24t 1 Y of SBRETR nsPRAYTEE E85a8hal 1/ 15 e BbrSer 1S5t ort 5
a-ol ef i n35 i .ccompgwytrocar ®ongnhantiengetesenaoal odody! earbrd)néptlsnlatlébfl &)
mononer s al sq. lnelidg,funegignal Lzed obelincallyoupnatur o edapoapounds
such as acrolein, est de derivative acry Ic or rret hacrylic
acid, for ex@mMQﬁentate or polydentate ligand Is bound to the
central atom via a sigma or pi bond. Suitable ligands
include both those containing cyclopentadienyl .radicals
30 and those which are free of cyclopentadienyl radicals.
Chem. Rev. 2000, Vol. 100, No. 4, describes many such
compounds B) which are suitable for olefin
polymerization. Multinuclear cyclopentadienyl complexes
are also suitable for olefin polymerization.
35
Further particularly well-suited components D) are
those containing at least one cyclopentadienyl-type

ligand, which are generally referred to as metallocene



- 20 acrylates, nmethacrylates or acrylonitrile, or vinyl esters, for exanple
vinyl acetate. Preference is given to using nonpolar olefin conpounds,

whi ch include aryl substituted a-olefins. Particularly preferred a-ol efins

" are linear or branched C2-Cl2-1-al kenes, in particular 25 |inear

Cz- Cl 0- 1- al K&és OcH /R et hyl ene, propyl ene, 1-butene, 1-pentene,

1- hexene, 1-heptene, 1-octene, 1-decen&3or branched CZ-C o-1-al kenes such
as 4-net hyl 1- pent ene, conjugated and nonconj ugated di mes such as

-1, 3- but adi ermmmpl, Sdmexadizere, cull atloct adieshngd ometiadylocdear Grarilexesnpounds
such as stygﬁggfﬁbggﬂgﬁi%ﬁge¥£€ﬁy$§n&=Afvfs al so possible to polynerize
m xt ures of various a-ol efins. Preference I's given to polynerizing at |east
one olefin selected fromthe group consisting of ethene, propene, 1-butene,
1- pent ene, 1-hexene, §§ 1-hepten§2E 1-octene and 1-decene. Further suitable
ol efins include ones I"'n i doubl e bond is part of a cyclic structure
whi ch may 0775/ 00074/ P 2 conprise one or nore ring systens.
Exanpl es are cycl opent gp€, exene, norbornene or tetracycl ododecene,
and net hyl nor bor nene Bnd di fres\slich as 5- et hyl i dene- 2- nor bor nene,

nor bor nadi ene or ethyl 5 norgmrnadi ene. M xtures of twdF $Vinore ol efins can
al so be polynerized. In contrast Yo sone known iron and cobalt conpl exes,

t he monocyci opent adi enyl conpl exesMOTX% he 10 present invention display a
good pol ymerization activity eveg/in the case of higher a-olefins, so that
their suitability for copol ynerz'zati on may be particularly enphasized. In
particular, . the nonocycl opent adi enyl conpl exes of the present invention
15 can beé used for the polynerization or copol ynerization of ethylene or

propyl ene. %Moeﬁge%%ﬂs&i%tu@ﬂt%ln%ml YRBA b2at iive PERECRIORWiIRII ven to

using C3-CB-a,olefins,. in particular 1-butene, 1-pentene, 1-hexene and/or
1-oct ene. Pr&fEéHt¥s is given to using nononer 20 m xtures containing at

| east 50 nold of ethylene. Preferred cononomers in the polynerization of
propyl ene argget hyl ene and/or butene. .The pol ynerization ca .carried out
in a known ﬁgnner 25 in buli ir1%£hﬁ? 'on, i t4e gay phagg oﬁgﬁh a
“supercri@ical nmediumin thevanediomery miedctur,s ergplt@edn f orchiemium,

pol ynmeri zation of olefins. Aél§%ﬁg$ﬁﬁfg%J£ﬁg ngnbagﬁhggs%lgheg%eggrabIy
continuously in one or nore stages. Hi g -pre%sure'po ymeri zati on processes
in tube 30 reactors or autcifeues3 sof uthen Protedses abdeperforthe
processes, stirred gas-phasg, priocesses, or gas-phase fluidi zed-bed processes
are possible. The polynerizations are usually carried out at from-60 to
350C under pressures of fromO0.5 to 9000 bar at 35 mean residence tinmes of
fromO. psto ¥ hours, preferabl y1h600me, 5 dHl o ihoyr sordhenadyvanricageous
pressure and tenperature ranges for carsryin t he | yer. i.gn depend
greatly on the polynerizati et Hod. f% FF%HQH&6775/8%0¥E75e%§%u@é
pressure pol ymerization prdoessesarywhi chliyéagydal hgvenagrifg®@mout &

pressures of from 1000 to 9090 Bapon NPdhd | GWl afné r @NiB004 8 339 bar,
hi gh pol yneri zation tenperatures are generally al so set., Advantagequs 5

tenmperature ranges for thesErdm gh- presdlr €338 erE2REi o pFBBeddedd are
from 209gto 320C, in particsydgy, f LoRF220rt o NZODELE, | ot heweasadifcals

| owpr essure pol yneri zation ogcesses, it . is,usual, to set a.tenperature
which is at least a feM/dedgie °5@I6V/FH85§1%U%ed Sx > Gnshst T
diene ligand, in particular a 1,3-diene

ligand, and

25 t is 1, 2 or 3 and, depending on the
valence of M*E, is such that the
metallocene complex of the formula

(F XIV) is uncharged,

30 where



10 softening tenperature of the polyner. In particular, tenperatures of
from50 to 180C, preferably from70 to 120C, are set in these

pol ymeri zati on processes. In the case of suspension polynerizations, B
polynerizati§97g§OH§E@ybéTcarried out in a suspension medium 15 preferably
in an inert hydrocarbon such as isobutagg,_or else in the nononers

t hensel ves. The pol yneri zation tenperatures are generally in the range from
-20 to 115C, _gnd the.pressure is generally in t nge fromp 1_t 00 bar.
The solids cOnt &RF %f t he sﬁgﬁensgﬁﬁﬁ}s Zélgéﬁeggﬁﬁé’in tg%q%énﬁgy#?on1lo
to 80% Polymerization can békgaeryéd owrwidheyl bat dAwior@al&kyd. iar
stirring autocl aves, or conEhaggggk%r €e9cnl MHLYRE regggﬂrsl pegfefably in

| oop reactors. In particular; ep ﬂynerlzatlon cgn e carried out by the
Phillips PF 25 process, as desbehbertéms USTA Bheazmllspl ak@ddsa4 32p48° 179.
The gas-phase pol ynerizatiop g genepaldy €arpbRd AWnd nihheHeangeyirom 30
to 125C. "Anmong. the polynerization processes nentioned, 30 particular
preference is given to gas- pRE&62poRPHeri zation, in particul ar in gas-phase
flui di zedbed reactors, solution polynerization and suspensi on

pol ynmerization, in particular in lgog reaﬁtors ang stir£ed Eﬁnk regctors.
The gas- phas&NBolr@feedat i%n ¥h 38°8Fi62be LartteHEHEETi A hd"®bndensed or
super condensedifBdetol Bnwhkabtpatt of the circulating gas is cooled to
bel ow t he dew point and returned as a two-phase mxture to the reactor. The
vari ous | ymeri zati on processes, 0775/ 00074/ PCT - 54 or else identical
pol yneri zat i BIf preode8ses, cameal sachi fhytbsigen, e-Eeamriddteld | #-seEPes and
thus forma polynerization ga ur r nol s1bggukat,ors, for
.exanpl e hydrogen, or additignggﬁgggggitiaggﬁgﬁgﬁdés gﬁtrg?atics % be

enpl oyed in the pol yneri zat WBAChThd@ &) oce8s &M rfhe Rfr%%en?ﬁ?ﬁ?éﬁﬁ?%

enabl es pol yners of ol efinsgkeupe prepasedstIbgeheEmM potyrBFezakhoh, as 10
used here for describing thé inventign enc&ggﬁssei bot h po%éngrgigééon and
ol i goneriZation, i.e. oligofers:2aAdYpol yné a9¥ng nBfar Aagse in the
range from about 56 to 3 00Qhe@e cawobeapipadeaed bypdtibiadsproegssalgd Owi ng

to their good nechani cal prgﬁgg&h&ght%%ﬁmcﬂ;gﬂdkggggn§%§sgﬁEB%ngFgéing t he

catal yst system of the pres ar'e especi al | ab t he
production of films, fiberscandigplodiongs. 20 ifie Tl §stosddt 6RELER t he
present invention display a_ye %,hBthRW@Q%%tMHéEé in the polynerization of
olefins, offer advantages in the work-up of the polyners after the

pol ynmeriZ&tion and lead to significantly fewer problens in respect of

catal yst 25 gesidues in theppgl yper .ide idlymers @i eparedtusimy mhe
catal yst system of the present inyventjion. are,advantageous far hcations
whi ch require a high producfdsli P§. %H*&daFQ%XXJ tﬁg ﬂtgpyéfgg3ggéns of
the present invention al so digsplsagralyerd-geoalhckyvoryC3oCat-agylekati vel y
| ow nol ar ratio of the aluni% ane to organotransition netal conpound.
Exanpl es 35 Exanple 1 PrepaPatlon of

1-pyrrol28i no-2- (2, 5-di methyl thieno[ 3", 2": 3, 4] cycl opent a[ 1, 2- b] t hi ophen-7-y
I') et hanedi chl,orochrom um  Q475/ 00979/ Bekined for XE or is

R1E
R12E RQE
R'E R10E
14
where the radicals
30
R® to R are each hydrogen, C;-Cg~alkyl, 5- to

7-membered cycloalkyl or cycloalkenyl
which may in turn bear C,-Cig-alkyl



- 55 N1crci2/ ~ 1\ s a) Preparation of the |igand system
1-pyrrolidino-25
(2,5-dinethyl-7Hthieno[ 3", 2" :4,5] cycl openta[ b]thiophenyl)ethane A sol ution
“of 0.95 ,g (GRESN@D)4LOFCR, 5-di methyl-7Hthieno [ 3" , 2' : 3, 4]
cyclopenta~[ 1, 2-Db] thiophene in 50 -4r3%f- 10 di ethyl ether was cooled to
-78C and adm xed at this tenperature with 2.8 ml (4.5 mmol) of a 1.6 M
solution of n-butyllithiumdiohsxans Biustdsuldntyy sdspépnsiadkenyd,al | oned
to warmslowy to roomtenperature aﬂd was, ,subsequent | stirrleg fgr anot her
45 minutes at room 15 tenper@turet e r YIS xt e wis YefedYdool ed
back down to -78C and a solwtiéon ofwd. GdyjgEE mudiadls may also
1-chloro-2-(1-pyrrolyl)ethane in 20 f di t ropw se
at this tenperature. The rg%%??%%rr?éog& o%grgnﬁ%g?g V\hil; ﬁ%é@%&%ﬁteﬁy
al | owed B0 warm 20 sl ow y taoycbben geopes abayenandraas 4stir #édd CBEPOanot her
12 hours at roomtenperatur 8 f @44, 6 ution of n-butyllithium
i n hexane (corresponds to 4. Orgn?folé%fé)ln(-%ut)yﬁ I%eﬁ:i%lun) was added 25 at room
tenperature to the suspension obtained in this way, which resulted in
formation ofg@aeprecipitate.;Jhe; gEgel Phiabe WS aRai@l &6 okteardchashed
twce with hexane. It can either be reacted directly 't)gothe chrom um
trichloride or can be hydrdfyseer3bgive t%écs‘l)'qxcdrﬁ‘?mk r t fES“Par pose,
the pregigpitate was adm xedamyih GG ortadkoaguesus,atmeairyiroehl ori de
solution, 50 mM of diethyl ether were added to this m xture and the organic
phase was separated off. The a%ueous phase was 0775/ 00074/ E%T -, 20
extracted twrethit hrasll cdlseakt tance OFf diogetyleret ferm apd ke ordarmi ¢
phases wer edépgrlp' neg, . Jhe conbi ned organic phase was washed with 50 m of
wat er, dried”over’ nagnesi um sul fate and subsequently filtered 5 through a
short colum of silica gel. Regewal of ke gekvent angiwedrying in a high
vacuum gave 1.14 g (84%yi el d)|of t he |‘I gana as a redqi sh brown oil. NWR
data for
1-pyrrol i di n&'%- (2, 5- di met hyt~MFthi emoF—2MT4--5] cyet Wpent 8RESF+hi 'opheny! ) et
hane 10 1H NWR (CDC13, 25C, 8)} 6.76 ((, 2H)J, 3.95 (t,| 1H), 2.68 (m 2H),
2.62 (m 4H), 2.55 (s, 6H), 2.R],Q. (g, 2K, 1.83 (m 4,51)75 15, b) Preparation
of R R
2-pyrrolidino-1-[2-(2,5-dinmethylthieno[3",2' :4,5]cycl opentalb]thiophen-7-yl
)] ethanechrom um di chl oride 2. Ll of a 1.6 A%Esol utiop®ef gebutyllithiumin
hexane 20 were added at -78C tp a sol ution or 1.0 g (q.s mTDI of
1-pyrrolidino-2-(2,5-dinmethyl-7Hthieno 3., 24, 5] cyclopent al b] t hi ophen-7-y
| )ethane in 50 m of toluene. The resulting freaction Hixture was
subsequently allowed to Warmsiowly to room'iterrperatu e ancli was stirred for
25 another 5 hours at roomtenger ature. The g'gaction girkt ugee was t hen
cool ed back down to -78C and 1.3 g (3.3 nmml) of CrCl3x3THF was added. The
resulting reaction mxture was allowed to warmslowy to roomtenperature,
and was stirred for another hour't R'Gom'¥0 tenper at uRE® ardfEt T for a
further hour at 50C. The soluti¢n wds fijtered to rempye ijnsollubl e
constituents and the sol vent—wag—+efpved-urtt | fir? mai ned.
The concentrated sol ution obtaited ijn_this way was copled|to -]30C, the
R17E R17E R17E 17E

precipitate forned was R R R
15
=BR!®®, =BNR'®®*R'®, =AIR'*, -Ge-, -Sn-, -O-, -S-, =S0,
=50,, =NR'®® =CO, =PR'®® or =P (0)RE,

where

20 R, RYE and RY are identical or different and are
each a hydrogen atom, a halogen atom, a
trimethylsilyl group, a Ci;-Cio—alkyl
group, a Ci-Cjo-fluoroalkyl group, a Ce-



35 filtered off after one day, washed with cold tol uene and dried. O. 61 g .
of the chrom um conplex were able to be isol ated. 0775/ 00074/ PCT - 57
Exanpl e 2 Preparation of

6- (8- qui nol yl| 3- phenyl [ cycl opent a[ b] t hi ophenyl ] chr om um
di chl ori de . ?7%/?(3%7 Aﬁ%ﬂar ation of the, igand
6- (8- qui nol yl ) -2, 5di net hyl - 3- phenyl [ 4- H cycl opent a( b]thioptiene] 10 A

sol ution of 116gof8bro 1) Euuas
cool ed to -80C and adni xed vréof hfgy(#gr? %f (g %’ F]@O?ﬁr ;l brou?
n-butyl lithiumin hexane (586 rmﬁlr)Clo‘Fhékpéyul tlﬁgouﬂléactl én ni ¥rT¥es-was

subsequently stirred at -80G ‘3\%’2’5‘;@ rHhputesg 15¢ aslqzlegg,llon of
| .35 g of 4,5-dihydro-2, 5- d| I(cyc %ﬁent a[b hi ophen Zone)

(5.6 mmol) in5mn of THF \Amqqpen aadéber 40"I‘<h7éyllf iy} i #5CrRacti 6A Rdoxt ur e

was allowed to warm slowy taqyrl%qrpetrgm)e@%gbe &nd avva@7s¢40r.ggq1yﬂ@&yanot her
10 hours at roomtenperature. "The 20 'm xture obtained in this wa

poured into ice water, the &ffBus Phaste wadlaxerbctediGRrLtR 369 ¥h8F

met hyl ene chl ori de, dr| ed ovgrHTMREREesSIduvrsdll E@h@e@tdntghetﬁezhveﬂﬁrmas
subsequently renoved. This ave 1. log of a bro éan al COhﬁ )vahe oi |
was admi xed with 0.3 g of 2534HARERNLB0 WD u{)%%ez neTafd t AV Rt ure
obtained in this way was refiimmxed ftar 130 Tdunans.atAmser aobl i ng to room
tenperaty e, the m xture was washed with sodi um carbonate solution, dried
over magnesi um sulfate and =~ 0775/ 00079/ PCT - 58 the solvent was_renoved.
The product W&% purified by iol Ul e ongr BIREDNY @Si hgna PrefRrRPdYe of
tol uene/ethyl acetate as el uant;apd silica gel as stationary phase. This
gave 0.96 g of the ligand (48%5 yi'el d based on 8-bronoqui noline). 1H NVR
(CDC13) of the ligand: 9.03 (m 1H) ; 8.26 (m 1H); 7.98 (m 1H); 7.81 (m
1H); 7.65 .(mg1lH); 7.507. 3Q (m 6H) % 48\(sR,aEZ~kD Rﬁg 50 (Rs* 3m,gg 2.17 (s,
3H). 10 b) PlAeparatl on of

6- ( 8- qui nol yl ) 2, 5-di net hyl - 3pheny| [cycl opent al b] t hi ophenyl ] chromi um
dichlorize 1.9 ni of a 1.6 MEGFUt ban af netswdtitthited,i nsdbethylt28 et her

wer e added at -30C to a sol ut| n of o]
6- ( 8- qui nol yl ) -2, 5-di net hyI P eny1 &167}3-% %%pen%mﬁ‘)%?hlg%sﬁgﬁ'e] Wher30 m of
di et hyl et her. The resul ting reactl on m xture was subsequently allowed to

warm sl owly oo oom t enper atye &ch Wasngbheh8Ent®y of one another,
C1-Cio-alkyl, Ce~-Cis—aryl, C3-Cjyo-cyclo-
20 alkyl, C;-Cig—alkylaryl or Si(R*%F)j,

R20E is hydrogen, Ci;~Cijg—alkyl, Ce-Cis-aryl
which may in turn bear C;-Cs-alkyl groups
as substituents or Cs-Cip-cycloalkyl,

25

v is 1 or in the case of A being an

unsubstituted, substituted or fused,

heterocyclic ring system can also be 0,

30 or the radicals R* and R'?® together form an -R™%-

group.

The radicals X® in the formula (F.XIV) are preferably
identical and are preferably <fluorine, chlorine,
35 bromine, C;-Cy-alkyl or aralkyl, in particular chlorine,

methyl or benzyl.



- 20 anot her hour at roomtenperature. The reaction m xture was then cool ed
to -70C and 0.86 g (2.3 mmol) of CrCl3x3THF was added. The resulting
reaction mxture was allowed to warmslowy to roomtenperature, was
“stirred at roonbrenpeddbire for another 6 hours and 50 ml of 25 nethyl ene
chloride were then added. The solution @das-filtered to renove insol uble
constituents and the sol vent was renoved until a volume of 3 m renai ned.
The concentrated sohplliesrsolizi neel spnthesivay Wwys meadiceld timowd0@et he
resul ting preC|p|tat was,, filtered 30 aff after Qne da e h cold
di et hyl et hef“and &dr eear.as%l.yzz Yof H5%& S o ﬂ% rIIIEI engz%m% \/\%CreIIaI‘IL bI e to
be isol at ed. sEbanmtetédPregaﬂam(hydﬁocarbon anions with halides of
4-(8-quinoly he > [ cycl ] pyrrol yl]chrom um

di chl ori de I%E%g?B@OgSIEé#nIug H¥E§§g% é?e%gﬁgb?gﬁ of the ligand system
9- (8- qui ol yl ) 2, 5-di net hyl - 7- H 1- phenyl [ cycl openta[ b] pyrrole] 5 A sol ution

of 10.4 g OfE§aﬂﬁ9ggq5kn?EEEQcﬁ%grﬂgnhgeEUllggmﬁbuﬂﬁsTUE wag1ggeled to -80C

and adm xed M sol ution of tyllithiumin hexane (50
mol ). The rBs8(EYA§OPEAERASANNIXEHFEORGEM10 Lipislducifl y Rif [RYRFEAT - 80C

for anot her ﬁétﬂyméyé§o @ﬂtédi@hi&b@ﬂr@ﬁnlhm3 g dfichloride, bis-

5, 6-di hyd 5- h I talb I I 30
v Cof TP vad"eRH SURLAPSFRES ESULY FAGCPEACT! on PRSP LPELUBS ol ITWEY (o

warm sl oW y néthpmﬁyteﬂpehahu&engmdzﬂﬂ&omEumubseqmmmdﬂqmmméIuxedoiﬁf

anot her 3 ho rs r e
t enperature bFﬁ¥ §%§8§t§?§% nggﬁgﬁkgﬁwﬁééIo%Hﬁ%%Icq%%?ﬁfto bring
the pHto abbut:yl 3Tmetby@amt¢ophatedmsyéépampedumff t fechbeiei®, phase

was admi xed G20 AUTPRLAcSALLAI on LA i ddie pH 50 phou o fya eyt Tact ed

wi th di et hyl ether an he conbi ned organic phases. were drle over

magnesi um suf-PAEBYANELERENSBIY e fE CRAS TGS e TN | 94 § ERDA7RRLD shet by bduct

obt ai ned g n &9t§op@mwa§ea9m m@lcbhs_hmhmdea@.bmaec acid to bring the pHto
0 25 and the_m,xt s refluxed for Neut ral.i zati on an mork up

gave 10.9 g BPdtﬁ SP'6 ﬁdcoﬁfe§P8B8F89|SHmSFEylerconlum compoun
4- (8- quinolyl)-2,5- dlnethyl 1phenyl [ cycl opent a[ b] pyrrol yl ] chroni um

glfgIZLIﬁg|yI% f: rﬁ%ﬁ%4¢E7 ﬁgfbﬁghéI cyé%openta[%fpy?réI by ldgadded to
a solution oblelmeegy(LB qomﬁﬁaem ipot tikei wrAdRird deri m%@lmr%ﬁew
20 form, where pseudoracemic refers to complexes in which
the two indenyl ligands are in the racemic arrangement
relative to one another when all other substituents of

the complex are disregarded.

25 Further examples of particularly useful catalysts D)
include
dimethylsilanediylbis(cyclopentadienyl)zirconium

dichloride, dimethylsilanediylbis(indenyl)zirconium
dichloride, dimethylsilanediylbis (tetrahydroindenyl)-
30 zirconium dichloride, ethylenebis (cyclopentadienyl) -
zirconium dichloride, ethylenebis(indenyl)zirconium
dichloride, ethylenebis (tetrahydroindenyl)zirconium
dichloride, tetramethylethylene-9-fluorenylcyclopenta-
dienylzirconium dichloride, dimethylsilanediylbis-

35 (3-tert-butyl-5-methylcyclopentadienyl)zirconium
dichloride, dimethylsilanediylbis(3-tert-butyl-5-ethyl-
cyclopentadienyl)zirconium dichloride, dimethylsilane-

diylbis(2-methylindenyl)zirconium dichloride, dimethyl-



5 The resulting m xture was subsequently stirred at roomtenperature for
anot her one hour and 1.12 g (3 mmol) of CrCl3x3THF were then added. The
resulting mxture was stirred at room Tenperature for another 15 hours and
50 m of netpybeneoohlsgricde were then added. The 10 sol ution was freed of
the solvent, the residue was taken up-ingdi.chl oronmet hane and the sol ution
obtained in this way was filtered to ..renove insol uble constituents.’

Removal of tBe15pkuelt pIaYS-thed4yd -Of-riche: \ohnemidyaaemilax 610) . 15
Exanpl e 4 a) Pretrea?rrent of teheygu ort fg AMATE S

y-dried
silica gel fRéFC201EFosELEPHCTHERE h é@%ﬂhég gé@@ﬁgbyzglﬁéarg%ﬁﬁg ePr educed
pressure. b) 16@@&'0?@’11'09"&l@fpetzﬂ%d(i@:fﬂwm& itredriiensupport 25d3shagrdafiet he

Colbt1on of | FROSFAYES46AE FAIA BEraPG HIr THE TG S has stirred | or

15 m nutes. dhehnestkde,ng sofunedhybasl addadybises (2-pethgd-éf Stbemzrutes to

wes otirred fORCENGVRGF 66 MUt LM IR 65e ) v oL TRGLY LREA AL ad LEL S oom
tegpgrﬁ}uge dr-e@hY 1rdarn- bEmammben&lB?1@F??nmnzahf@d@ﬂ%?aﬂ Uﬁtﬁ;ngt?BeYS
an &n %b%%%ﬁ36§%§f§é¥ﬂkqgnhéﬁh&%J% g %éﬁﬁ%ﬁﬂgﬁflcglféﬁHh g

mg of triiso I 'dl"'um nu were placed inal1l
aut ocl ave whidékhiadibeen metleyipeepy %ﬁaaﬁéeﬁlbéﬁdzIStQY%a40P ~PREZCat al yst

solid Obf@' “%d'e?l %%m%%ﬂ% wege chher jadded. dE’?h msaataheal\yasalearrl ed
out at 70C and an ethylene pressure of 40 bar for

~ pol yneri zat i 48 R&SNtlofped ey Aieeeasiin G 1RO S sur e and EEPE&EEV was

di schar ged tﬂﬁ&@ghyu@alb@bbamrbabve ME&Hyﬂﬁ4ﬂyﬂah¥1mﬂdﬂmyN%He obt ai ned.
Productivity

L o W raneRotionl o AEsh B R o Phe SRk 01 g R DA DY 2L By a2 Ve

structural fehkenydiodenyd ) hamnﬂmium dichloride, dlmethy151laned1yl—
15 bis(2-methyl-4-(l-naphthyl)indenyl)zirconium
dichloride, dimethylsilanediylbis(2-ethyl-4-
(1-naphthyl)indenyl) zirconium dichloride, dimethyl-
silanediylbis(2-propyl-4-(l-naphthyl)indenyl)zirconium
dichloride and dimethylsilanediylbis(2-i-butyl-4-
20 (1-naphthyl)indenyl)zirconium dichloride, where these

complexes are preferably used in the racemic form.

Examples of appropriate methods of preparation are
described, for example, in Journal of Organometallic
25 Chemistry, 369 (1989), 359-370.

Further preferred components D) are ones in which the

radicals R and z'f together form an -R'*®*-A'®*- group.

30 When AY¥ is -0-, -S5-, -NRY™- and -PR'®-, M is
preferably titanium, particularly preferably titanium
in the oxidation state +4. Particularly useful

complexes D) of this type are dimethylsilanediyl-
(tetramethylcyclepentadienyl)(benzylamino)titanium

35 . dichloride, dimethylsilanediyl (tetramethylcyclopenta-
dienyl) (tert-butylamino)titanium dichloride, dimethyl-
silanediyl (tetramethylcyclopentadienyl) (adamantyl)titan



-5 (HCp) YnM where the variabl es have the follow ng nmeanings: HCp is a

cycl opent adi enyl system containing at | east one fused heterocycle, 10 Y is
a substituent which is bound to HCp and conprises at | east one uncharged
“donor contai 6vng/an0atppcof group 15 or 16 of the Periodic Table, 15 Mis a
metal of group 3, 4, 5, 6, 7, 8, 9 or-1990f the Periodic Table, and n is 1,
2 or 3. 20 2. A nonocycl opent adi enyl conplex as clained in claim1, wherein

the donor injYmi Sd@eumarha%rargelldemdlarré%ﬂosll\maﬁ?e%l%xl A maogycl et adi enyl
conplex as c| a in claim]l or 2 which has the formula (HCp) YMXk, where

t he var|abIeguﬁgsém%ﬂ%)?bFPBﬁP%gdhﬁg%Pﬁbge Hop is a cycl opent adi enyl system
containing 30 at | east one fused heterocycle, Y is a substituent mhlch i's
bound to HCp._and Qﬂprlse foxl east ;@ne u nﬁrged donor_c¢ ntaln an atom
of group 14 ‘836 15 of t EélF>er|o c Tabl |\/F|8 a?fetdt®k 8‘? , 9, 5
or 6 of tohe E@bbbdtntﬁdbh&; fu@%lB/Oﬁ@iék@ﬁWc1163 oﬁ(eh&t&ﬁmaromatlc

hydr ogen. | CILERS. SR ot Coot a1 REr 2= T Lo o SPyt al Re & Haing 1 10

carbon 5 at owiserﬁ t hétahkym past amlr‘@@@ltlahbonpaeﬁﬁsabhyt henaryilhepart
NR1R2, ORL, da PSR s+ e ( Qs %% 43*a hr§m9h5639n§é &f Qb 18FY, PF6-

or bulky noncoorﬁlnatlng ani ons, are each pendently of one
anot her, hydibgenxidat o ar&ye, +@Z C20 al kenyl , C8-CZO-aryl, alkylaryl
havi ng ﬁmpn11 to 10 carbon atons in the alkyl part and 6 15 20 carbon atons

[ e aryl, party SRR Mhere e cgeni pradical 5 RfRumy alsabe
five- or S|xsuhﬂbeteded|@g £28e R3 hEEeeaahomandepemdgnsyytem end HHot her,
gy?goggncarbon g@ghéyPﬁ EﬁegglP%E%§§¥Laéﬁg)g§g%%%%4caq% %l@%%hsgﬁﬁ}Tﬁef;?;}
part and twoPeaed cats R@W@Iwm jof nexh s ftortach f i ordldivdmenber ed
ring, and k &$pdei@u0d3  quinolyl bound, in particular, in the
8 position, e.g. 8-quinolyl, 8-(2-methylquinolyl), 8-
(2,3,4-trimethylquinolyl), 8-(2,3,4,5,6,7-hexamethyl-
quinolyl, v being 0 and M being chromium. Preferred
catalysts D) of this type are 1-(8-quinolyl)-2-methyl-

20 4-methylcyclopentadienylchromium (III) dichloride,
1-(8-quinolyl)-3-isopropyl-5-methylcyclopentadienyl~-
chromium(III) dichloride, 1-(8-quinolyl)-3-tert-butyl-
S5-methylcyclopentadienylchromium (IITI) dichloride,

-(8-gquinolyl)-2, 3,4, 5-tetramethylcyclopentadienyl-

25 chromium(III) dichloride, 1-(8-quinolyl)tetrahydro-
indenylchromium(III) dichloride, 1~ (8-quinoclyl) -
indenylchromium(III) dichloride, 1-(8-quinolyl)-2-
methylindenylchromium(III) dichloride, 1-(8-quinolyl)-
2-isopropylindenylchromium(III) dichloride, . 1-(8-

30 quinolyl)-2-ethylindenylchromium(III) dichloride,
1-(8-guinolyl)-2-tert-butylindenylchromium(III)
dichloride, 1- (8-guinolyl)benzindenylchromium(III)
dichloride, 1- (8~quinolyl)-2-methylbenzindenyl-
chromium(III) dichloride, 1-(8-(2-methylquinolyl))-2-

35 methyl-4-methylcyclopentadienylchromium(III)
dichloride, 1-(8-(2-methylquinolyl))-2,3,4,5-tetra-
methylcyclopentadienylchromium(III) dichloride,
1-(8~(2-methylquinolyl))tetrahydroindenylchromium(III)



30 4. A nonocycl opent adi enyl conplex as clainmed in any of clainms 1 to 3,
wherein HCp and Y forma ligand (HCp-Y) of the formula I1: 0775/ 00074/ PCT
- 64 RLAEAXa R~EY ~ 0 ~ '\ EaA ~E4A~ \ R3A RaA where the vari abl es
have the fol ! LRgs: Ei a- E5A are each carbon or at nost one EIA to
ES5A is phosphg\rﬁ\%zgoaga?;?reggen, prefer Q.b|4 5 phosphorus, R1A-ROA are each,

i ndependently of one anot her, hydrogen, "Cl-CZO al kyl, C2-CzZO al kenyl

C6- C20-aryl, al kylaryl hayi rom.l 1o 10 in.th kyl
part and b 285EH BondEr o Tt HES BV Spare: T RS e opRah e Y

radi cal s R AdReAlpmydal, so be- $8bs2 ihetledl hyihal pgehs2angthndivdenrat

radi cal s R1A- . be, . jai.ned to,fogma_fiVes : SKX¢ red
ring, with tﬁgggwggﬁég&ﬁﬁat%gt %é%égévn %i@?ﬂ%? &%gﬁ¥éﬁglégﬁgg§ngre
joined to foieparopgiéndepylehwoiidhmdddflai ns dichéagtidene at dmifrdéT gr oup
15 or 16 of 1,odk ¢ \Iahl.e+ 5. ¥ehQ tradiyenyl conpl ex as

cl ai med ﬁﬁ aﬁgt%9§gF§ﬁﬁg9}§€o§4?%$ﬁgﬁg?§%$q?§ a sgﬁgﬁﬁﬁdent of the fornula
-Zm A, wher edihbleaiidghl es havk-t bie(2smetbylewinglikahragsery-Petylai val ent

bridge betweenyn3ndnbeR uh (13 INRIRS, (PRARSr 1685, SR910rsam2unsvhglit uted,
30 substituted or fused, heteroaronati¢ ri n% ﬁys%je 0775/ 00074/ 5>CT - 65
et l’hy }gb%ﬂF y

RO-R5 are eaBRinPhdeépeREBRLPYCHY LGRS ORAST™H h 184 . &o- AT kST,

Cz- CZO al kenyb ~-m@8hGZGanyb.l yal) k yeatmgl hiya bieng ifhdemyll dharoh( we(lddn at ons i n

t he al kyllO pa&ticgtigr%%c_) carbon atons

The preparation of such functional cyclopentadienyl
ligands has been known for a long time. Various
synthetic routes to these complexing ligands are
15 described, for example, by M. Enders et al. in Chem.
Ber. (1996), 129, 459-463 or P. Jutzi and U. Siemeling
in J. Orgmet. Chem. (1995), 500, 175-185. |

The metal complexes, in particular the chromium
20 complexes, can be obtained in a simple manner Dby
reacting the approprizte metal salts, e.g. metal
chlorides, with the 1ligand anion (e.g. using a

procedure analogous to the examples in DE-A-19710615).

25 Further suitable catalysts D) include metallocenes
containing at least one ligand formed by a cyclo-
pentadienyl or heterocyclopentadienyl and a fused-on
heterocycle, with the heterocycles preferably being
aromatic and containing nitrogen and/or sulfur. Such

30 compounds are described, for example, in WO 98/22486.
These are, in particular, dimethylsilanediyl (2-methyl-4-
phenylindenyl) (2, 5-dimethyl-N-phenyl-4-azapentalene) -
zirconium dichloride, dimethylsilanediylbis(2-methyl-4-
phenyl-4-hydroazulenyl)zirconium dichloride and dimethyl-

35 silanediylbis(2-ethyl-4-phenyl-4-hydroazulenyl)zirconium

dichloride.



- 51in the aryl part, S1R63, where the organic radicals RO and R5 nmay al so be
substituted by hal ogen and two radicals RO and R5 may al so be joined to
forma five- or six-nmenbered ring, 10 R6 are each, independently of one
*anot her, hyd6genQ0@n4A2Cr al kyl, Cz-Czo-al kenyl, C6-C2oaryl, alkylaryl
having from1 to 10 carbon atons in thellalkyl part and 6-20 carbon atons in
the aryl part, and two radicals R6 nay 15 also be joined to forma five- or
si xmenber ed $¢Imﬁbkﬂuj eeitalyster nBy aladsdbe Dnmhede/\irmxﬁoahnnmusmituted,
substituted 20_he ycl SYy. 6.
rmnocyclopen(?(5 %%@ sco%%le¥%a§%clé#he qgn 8&5?% wﬁ St%ﬂftural 1, Ais
NROR5, PRIORS{ellROrer SR9leadtZare alm:iudﬁal @mumrl ﬂgesselc@omdmﬁrsorﬁrtdﬁe gr oup
30 consi sti 1 R3 5B {gg} C R28 B RZB
Rae RsB V\he?%]{fer 5?%55%?% ?ﬂde%ergdenc% one an%%:heregaaéggar bolr?@or
silicon, 5 O/MIs9DOVFUIPCT - 66 R18-R68 are each, independently of one

anot her, hydrogen, Cl-C2o-al kyl, Cz-CZO al kenyl, C6-CZO aryl, al kyl aryl

havi ng from1 to 10 5 carbon atons in the alkyl part and 6- 20 carbaqn at ons
in the aryl PaFther %¥¥F%Blemﬁ%W€OPﬁ%t6rBénﬂBC#5§Fc§F§nﬁf§lﬁ@8”ﬁ%ﬁ | so be

substit ut ed @&mﬁﬁéw@n&omdm\m@ggean rali demtwitel nakcrediyeals Rlgdeg may
al so be 10 jpined to

- .0r six-nmenbered i and R each,
|ndependentI@nofp%ﬁgl%ﬁ%?ﬁersu HFg@Eﬁd ct? oygﬁk@ﬁ q&f §1§é§y| 15
C6- CZO alyl oriat&kyyargiieave ng bmmh1111@,10tnhab@uyalonenaneshe dkkyl part

ari d 620" caghon angumorncibey gLyl parLB0dntpo;tadusals SRy dlso be

joined to forma SI' X rrn nmonocycl opent adi enyl
conpl ex as cthﬁrnﬁhﬁquﬂﬂal@pﬂplWﬁ@ﬁelnPAeﬁgréﬁdun@@béiyﬁhﬁedeSJ%EWﬁtuted

or fused, 25 {\cderogpgmati|g r3i g SYsdeMANd R B_triazacyclohexane]-
chromium trichloride, [1,3,5-triethyl-1,3,5-triaza-

15 cyclohexane]lchromium trichloride, [(1,3,5~trioctyl-
1,3,5-triazacyclohexane]chromium trichloride, [1,3,5-

tridodecyl-1,3,5-triazacyclohexane)chromium trichloride

and [1,3,5-tribenzyl-1, 3, 5-triazacyclohexane]chromium
trichloride.

20 _
Examples of further suitable catalysts D) are

transition metal complexes containing at least one
ligand of the formulae I XV to F XIX,



1S -L3B RZB where L38 are each, independently of one another, 30 carbon or
silicon, R b-R28 are each, independently of one another, hydrogen,

Cl- C2o-al kyl, Cz-CZO al kenyl, C6-CzZO-aryl, alkylaryl having from1l to 10 35

carbon atons .i,n.t I radi cal and 6-20 carbon atons in the aryl radical
or SiR B3, OB?%?@@S%%E& - 67 where,the organic radicals R1B-R2H may
al so be substituted by hal ogens and two“fadi cal s RLB-R2B nmay al so be j oi ned
to forma five- or six-menbered rin ¢ 5 R-B are each, independently of
one anot her, hydrogég; Cl- CZO al kyFli1 - Czo- al kenyl , C6-C20-aryl or

0,

al kyl aryl havi ngfffr 1 to 10 carbo fonms in the al kyl radical and 10 6-20
carbon atons in t ryl radi &a .Two radicals R-B nmay al so be joi ned
to forma five--o0 ép(-nenberg;gjm)'n,_ nd mis O or 1. 15 8. A

nonocycl openté?dFi enyl “conpl ex as ¢l a rrg inclaim5 or 7, wherein Ais

2- PYridYl ~, Z~- qui nol%d 2-pyri dylR™8- ~ ly-ec Rc Rsc Rec \ \ Rsc ,r R~ N~
R ac N, R 2-pyridyl 8-quinolyl 20 wheRe Ric-Ri oc are each, independently of
one anot her, hydrogep_,XVCL CZO al kyl FCZX-V?ZO- al kenyl ,

‘;l‘“ RIS
RQF
E 0 l H
(CR""), R =g

\EF
RSF _J_‘ R —E

0
R ¥"~ H
. R1BF
F-XVII F=XVII] F—XIX

where the transition metal is selected from among the
elements Ti, Zzr, Hf, Sc, V, Nb, Ta, Cr, Mo, W, Fe, Co,
5 ©Ni, Pd, Pt and elements of the rare earth metals.
Preference is here given to compounds having nickel,

iron, cobalt or palladium as central metal.

Ef is an element of group 15 of the Periodic Table of
10 the Elements, preferably N or P, with N Dbeing
particularly preferred. The two or three atoms Ef in a

molecule can be identical or different.

The radicals R* to R?*F, which may be identical or
15 different within a ligand system F-XV to F-XIX, are the

following groups:

R and R are each, independently of one another,

a hydrocarbon radical or substituted

20 hydrocarbon radical, preferably a
hydrocarbon radical in which the carbon



- 25 C6-CZO aryl, alkylaryl having from1l to 10 carbon atons in the al kyl
part and 620 carbon atons in the aryl part or SiR |1c3, where the organic
radicals RicRi oc may al so be substituted by hal ogens 30 and two vi ci nal
“radicals R coRipeoomys absp be joined to forma five- or sixmenbered ring
and 0775/ 00074/ PCT - 68 Riic are eacyy 4independently of one another,
hydr ogen, Cl1-C20-al kyl, Cz-C2o0-al kenyl, C6-Czo-aryl or al kylaryl having

from1 to 10 carbon atons ig theaahkybnparh ang &% carban ajemR in the
aryl part and two radicals Riic nay also be joined to forma five- or

si x-menbered ring. 9. A catBPydt &§3tent¥orcerePin2peP§meri zation, 10
conprising A at |east one nonocycl opentadi enyl. conplex as clainmed in any

of clainms 1 tg 8, 15:B) optionally, an organic, or_.norganic su rt, O
optional |y one SPdrrgre cat i RS f §fFng lcrlfgﬁ}’(ﬁﬂﬁ@tl.y 2@9D)C’n8pﬁ 4% one or
nore cat al ysts suitable foxhpdedgenpol ymetydedcarband Bdogdl orat | y one or
nore metal conpounds of group 1. . r .13 of the Periodig¢, Table. 10. A
prepol yneri zed cat al yst sys?lé E%ﬁ%ﬁ?%i ﬁby%r%%?%kf?/%t rsaié Cea?nl ‘as wcqzegriened in
claim9 and pol yneri zed ont®*fi enon&®’brmapr el kbneageChet dotal kendhd n a

mass ratio of from1:0.1 togJ. 0,,30,:hased, on the catalyste system 11

The use of a catal yst systes %%ngl %.IanEéB] n gcfa%]mg (I)nr Ol?/oretheo

pol yneri zati on or copol ynerhgatbencsesenefins. 35 12. A process for

preparing pol yol efins by pol ynerization or copolynerization of olefins in

77 74/ P -

0775100074/ &g ggg Bgﬁsenceagé ea%%, %H:égggggnéﬂftgg]%%e another,
a hydrocarbon radical or substituted

hydrocarbon radical,

15 R°F and R*F are each, independently of one another,
hydrogen, a hydrocarbon radical or a

substituted hydrocarbon radical,

where R® and R* or R¥ and R°f may also together form a

20 ring system,

R'F are each, independently of one another,
hydrogen, a hydrocarbon radical or a
substituted hydrocarbon radical, where

25 : two R’ may also together form a ring
system,
R and RMF are each, independently of one another,

a hydrocarbon radical or substituted
30 hydrocarbon radical,

’
RllF R12F R12F

and R are each, independently of one

! !

another, hydrogen, a hydrocarbon radical
or a substituted hydrocarbon radical,
where two or more geminal or vicinal
35 radicals R'**, R'2*, R'¥ and R' may also

together form a ring system,



claimed in claim9 or 10. :
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| | vgl gb] XSl g] ca] ca] ca] ca] cahvafeaehea] calfCaradiyéa] c e Caef &28Y ¢a

U c*al] ca] cal] ca] cal] ca] CaUtgﬂ&&a]a%hga] &P]lsyﬁﬂiaﬁi CalsfAng from 1 to

I I wwnermnoWggqqaqrrr"r' r+rrdst (uuuuvdv' vpvvBwxayzupkf \Vﬁa cal ca] galca] ca]ca

] ca] ca] ¢ ca] ca] ca] ca] ca] cal-faTreErEaBtCASc %aﬁ@%@f aé’%ﬁ% cﬁ%‘ga}géa] cal ca

]ca]caLca!ayzz{@ﬁ4{;{F{C{{"p©~ctargon atoms in the aryl part or

'} xsni d_Zca] c] ca] ca] ca] ca] cal.cadsca] cal ca] cal calcalcal cal.ca. al,ma] cal cal c
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cal] ca] ca] ca] ca] ca] ca] ca] caD3] ca] caD) ] ca] caD] ca] ca] ca] ca] ca] ca] ca] ca] ca

" &+/ >CEl OTWR2Hdh+468; are each, independently of one another,

=?0Scg{ upj e_ZTmhc” U] ca] ca al.calc”ha] cakc”al c ~a] cal gallfca cajcajc
&a]ca%ﬁcgicEa]caU]gL]CLU]ggﬁggﬁfggfdg]cé%]@%fgigygg]cgezh&”'LEQLS9&q feal
gnr xE=v"3W8?} 5DKM { vql gb] XUFe} ¢alealydajcsa]adadiyla ] cd ehleafcafca] €8] ca] ca)
ca]ca] ca] ca] ca] ca] ca] ca] ca calichal ¢ C ; -
'+}}aniL_Y{ﬂc}LﬂLa]La]La]Lg?Lg%iaica%%gfggﬁ%gﬁ%g%cﬁ%%%%Lgf%giﬁh?cg calcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] caPc&pedodaldemns IQVRVE @32 Wik §b] ﬁadfv clcalc
a] ca] ca] cal] ca] ca] ca] cal] cal-gayl-aalc ad*€R] k2 cal saUpea] ra] ced capcabeal] cal ca
Ul ca] ca] ca] ca] cal] ca] ca , , .

Ecehknqt wYA. +C{ vl gb] XU c] c&] {a&a) OF] SaPcaFEREEE T4 ¢ ca] ca] ca] ca] ca] ca] ¢

a] ca] ca]jxm] ca] ca] ca] ca] ca] calU] caU] ca]calc(a]ca]lcalcalO
X is 0 or 1, with F-XVI being negatively

charged when x is 0, and
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zJJJJIKKWPePl Pi RR/ SWV WA [\ \\] } xskfal\ WJ] ] ca] ca] ca] caDM ca] ca] ca] ca] ca] c
a] ca] ca] ca] cq] ca] ca] ca] ca] cagcahcah¢apheralfrom 1 to 4, preferably 2

a] ca] ca] ca] ca] ca] ca] ca] ca] ca! ]%”‘ bobvbzbbb9gggggggS Vj j &I MM ncm 060=0Go02
p5pppzupkf a\ WJ ] ca] ca] ca] caftaf ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]caD]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calpq#q&qqxrska%Ast3wCMFMMMMMMMMMM

e e e
Oe” -{vqlsgb]a&J ¢pnakea] caled] Caallobadmﬂaﬂaimd Ch:}@au]lda] Oﬁl calec Aaaj ol ca] ca]

a]ca]caLﬂca]f]Cafgg% %% %%iﬁ a]céfﬁlialfay ?& %ql Xl 1ical ca) ca

] ca] ca] ca] ca calca ca]ca calcalc
a] ca] ca] ca] ca} earruHe~d iy ﬁel@@@P%?X%$lq MR ¢ - Pd!l@@@ & ()-
10%m& ()-GlLO%& ()-g 3")10%)
&f() Os#&z[ <l 1310%m& ()- L!'10%& ()-!y L!10%& ()-!~ L!109& FLI109%&' () -
1 10%m8: () - s%@@‘fd—l'@/‘rﬂ{)@/ﬁ”}?}E)}‘@@bbﬁ@ %7dm®5z‘@?}azi@%ié#ne"
1aEgY_é§%gFiﬁélié@1@m109?2%%2%1%r1de, di (di-i- propylphenyl) -2, 3—
X ~ ' - - & ()--1 = L'lO X OW""& 1
0% " & () - @ St %% 3GEuty k)e“e@é%%% 186/3@8 Y S 46} e
"109%K" k" & ( rép?EﬁHehﬁD»@iméﬁhY)dlé%ébdﬂﬁﬂﬁéhédimeth@%@&ﬂ(@dlum,
Zr81|9|109KI§£€2 8“9%“&1ﬁr85V§££%nnyl 3 ~dimethyldiazabutadiene-
dimethylnickel, di(2, 6-dimethylphenyl)-2,3-dimethyl-
15 diazabutadienepalladium dichloride, di(2,6-dimethyl-
" phenyl)-2,3-dimethyldiazabutadienenickel dichloricde,
di(2,6-dimethylphenyl)=-2,3~-dimethyldiazabutadiene-
dimethylpalladium, di(2, 6~dimethylphenyl) 2, 3-dimethyl-

diazabutadienedimethylnickel, di(2-methylphenyl)-2,3-
20 dimethyldiazabutadienepalladium dichloride, di(2-
methylphenyl) -2, 3-dimethyldiazabutadienenickel
dichloride, di (2-methylphenyl) -2, 3-dimethyldiaza-
butadienedimethylpalladium, di (2-methylphenyl)-2,3-
dimethyldiazabutadienedimethylnickel, diphenyl-2, 3-

25 dimethyldiazabutadienepalladium dichloride, diphenyl-
2,3-dimethyldiazabutadienenickel dichloride, diphenyl-
2,3-dimethyldiazabutadienedimethylpalladium, diphenyl-

2,3-dimethyldiazabutadienedimethylnickel, di(2,6-
dimethylphenyl)azanaphthenepalladium dichloride,
30 di(2,6-dimethylphenyl)azanaphthenenickel dichloride,

di (2, 6-dimethylphenyl)azanaphthenedimethylpalladium,

di (2, 6-dimethylphenyl)azanaphthenedimethylnickel,

1,1’ -bipyridylpalladium dichloride, 1,1 -bipyridyl-

nickel dichloride, 1,1’ -bipyridyldimethylpalladium,
35 1,1’-bipyridyldimethylnickel.

Particularly useful compounds F-XIX also include those
described in J. Am. Chem. Soc. 120, p. 4049 ff. (1988),
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10RR 10RR 10RR acn{ 10RBREL () oLl - LOPWE { )5 L #5#56 6, G I WRERLny1,
5 —dlchlorophenyl or -dibromophenyl, 2-chloro-6-methyl-
phenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or
3,4,5-trimethylphenyl, in® particular 2,3- or 2,6-

dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or

-dibromophenyl and 2,4,6-trimethylphenyl. At the same

10 time, R?®F and R?*F are preferably hydrogen, methyl,

ethyl, n-propyil, isopropyl, n~butyl, tert-butyl,

n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl,

in particular hydrogen or methyl.
preferably hydrogen anc

R21F R23F

and are

R??F is preferably hydrogen,

15 methyl, ethyl or ©phenyl, in particular hydrogen.

Preference is given to complexes of the ligands F-XIX

with the transition metals Fe, Co or Ni, in particular

Fe.

Particular preference i1is given to 2,6-diacetyl-

pyridinebis (2, 4-dimethylphenylimine) iron dichloride,

20 2,6-diactylpyridinebis(2,4,6-trimethylphenylimine)iron

dichloride, 2,6-diacetylpyridinebis(2-chloro-6-methyl-

phenylimine)iron dichloride, 2,6-diacetylpyridinebis-

(2,6-diisopropylphenylimine)iron dichloride,

2,6-diacetylpyridinebis (2, 6-dichlorophenylimine)iron
25 dichloride, '2,6-pyridinedicarboxaldehydebis(2,6-diiso~

propylphenylimine)iron dichloride, 2,6-diacetyl-

pyridinebis (2, 4-dimethylphenylimine)cobalt dichloride,

2,6-diacetylpyridinebis (2,4, 6~trimethylphenylimine) -

cobalt dichloride, 2,6-diacetylpyridinebis(2-chloro-6-
30 methylphenylimine)cobalt dichloride, - 2,6-diacetyl-

pyridinebis (2, 6~diisopropylphenylimine)cobalt
dichloride, 2,6-diacetylpyridinebis(2,6-dichlorophenyl-
imine)cobalt dichloride and 2,6-pyridinedicarbox-

aldehydebis (2, 6-diisopropylphenylimine)cobalt
35 dichloride.

Further catalysts D) which can be used are

iminophenoxide complexes in the case of which the

1000
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for example the boratabenzene 1ligand, the pyrrolyl
anion or the phospholyl anion, can also be used as
catalysts D).

10 Such combinations of components A) and D) make it
possible, for example, to produce bimodal products or
to generate comonomers in situ. Preference is given to
using at least one monocyclopentadienyl complex A) in
the presence of at least one catalyst D) which is

15 customary for the polymerization of olefins and, if
desired, one or more cation-forming compounds C).
Depending on the catalyst combinations A) and D), one
or more cation-forming compounds may be advantageous.
The polymerization catalysts D) may 1likewise be

20 supported and can be used simultaneously or in any
order with the complex A) of the present invention.
Mixtures of various catalysts can also bé used as

component D).

25 In addition, the catalyst system may further comprise,
as ' additional component E), a metal compound of the
formula (F-XX)

M® (R®) 16 (R%®) s6(R*®) G (F-XX)
30
where
MC : is Li, Na, K, Be, Mg, Ca, Sr, Ba, boron,
| aluminum, gallium, indium or thallium,
35 RI€ is hydrogen, Ci;-Cip-alkyl, Cg-Cis—aryl,

alkylaryl or arylalkyl each having from
1 to 10 carbon atoms in the alkyl part
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AL Qa Gd R3¢ are each hydrogen, halogen, Cj;-Cio-alkyl,
5 Cg-Cyrs—aryl, alkylaryl, arylalkyl or
alkoxy each having from 1 to 10 carbon
atcms in the alkyl radical and from 6 to

20 carbon atoms in the aryl radical,

10 «r° is an integer from 1 to 3

and

s® and t° are integers in the range from 0 to 2,
15 where the sum r®+s®+t® corresponds to the

valence of MS,
where the component E) is not identical to the
component C). It is also possible to use mixtures of

20 various metal compounds of the formula (F-XX).

Among the metal compounds of the formula (FP-XX),
preference is given to those in which

25 M° . is lithium, magnesium or aluminum and
R%¢ and R " are each C3;~-Cyo—alkyl.

Particularly preferred metal compounds of the formula
30 (F-XX) are methyllithium, ethyllithium, n-butyllithium,

methylmagnesium chloride, methylmagnesium bromide,
ethylmagnesium chloride, ethylmagnesium bromide,
butylmagnesium chloride, dimethylmagnesium, diethyl-

magnesium, dibutylmagnesium, n-butyl-n-octylmagnesium,
35 n-butyl-n-heptylmagnesium, in particular n-butyl-n-
octylmagnesium, tri-n-hexylaluminum, triisobutyl-
aluminum, tri-n-butylaluminum, triethylaluminum,

dimethylaluminum chloride, dimethylaluminum fluoride,
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When a metal compound E) 1is used, it 1s preferably
present in the catalyst system in such an amount that
the molar ratio of M® from formula (F-XX) to transition

10 metal from the monocyclopentadienyl compound A} 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.

To produce the catalyst systems. bf the present
15 invention, preference is given to fixing at least one
component A) together with C) to the support B) by
physisorption or by chemical reaction, i.e. covalent
bonding of the components to the support surface by
means of reactive groups. The order in which the
20 support component B), component A) and, 1if |used,
component () are combined may be chosen freely. The
components A) and C) can be added independently or
simultaneously or in premixed form to B). After the
individual process steps, the solid can be washed with
25 suitable inert solvents such as aliphatic or aromatic

hydrocarbons.

In a preferred embodiment, the monocyclopentadienyl
complex A) 1is brought into contact with the cation-
30 forming compound C) in a suitable solvent, usually
giving a soluble reaction product, an adduct or a
mixture. The preparation obtained in this way 1s then
brought into contact with the support B), which may
have been pretreated if appropriate, and the solvent is
35 completely or partly removed. This preferably gives a
solid in the form of a free-flowing powder. Examples of
the industrial implementation of the above process are
described in WO 96/00243, WO 98/40419 or WO 00/05277. A
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The component D) can likewise be reacted in any order
with the component A) and, if desired, B), C) and E).
Preference is given to firstly bringing D) into contact
with component C) and then proceeding as described
above with the components A) and B) and possibly
further C). In another preferred embodiment, a catalyst
solid is prepared from the components A), B) and C) as
described above and this is brought into contact with
the component E) during, at the beginning of or shortly
before the polymerization. Preference 1is given to
firstly bringing E) into contact with the alpha-olefin
to be polymerized and subsequently adding the catalyst
solid formed from the components A), B) and C), as

described above.

The monocyclopentadienyl complex A) can be brought into
contact with the cbmponent(s) C) and/or D) either
before or after it is brought into contact with the
olefins to be polymerized. Preactivation by means of
one or more components C) prior to mixing with the
olefin and further addition of the same or other
component (s) C) and/or D) after bringing this mixture
into contact with the olefin is also possible.
Preactivation is generally carried out at i0—100°C,
preferably 20-80°C.

It is also possible firstly to polymerize the catalyst
system with o«a-olefins, preferably linear Cz-Cio-1-
alkenes and in particular ethylene or propylene, and
then to use the resulting prepolymerized catalyst solid
in the actual ©polymerization. The mass ratio of

catalyst solid used in the prepolymerization to monomer
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Furthermore, a small amount of an olefin, preferably an

5 oa-olefin, for example vinylcyclohexane, styrene oOr
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 catalyst system. The molar ratio of

10 additives to transition metal compound B) 1is usually
from 1:1000 to 1000:1, preferably from 1:5 to 20:1.

The catalyst systems of the present invention are
suitable for the ©polymerization of ©olefins and
15 especially for the polymerization of a-olefins, 1i.e.
hydrocarbons having terminal double Dbonds. Suitable
monomers also include functionalized oclefinically
unsaturated compounds such as acrolein, ester or amide
derivatives of acrylic or methacrylic acid, for example
20 acrylates, methacrylates or acrylonitrile, or vinyl
esters, for example vinyl acetate. Preference is given
to using nonpolar olefin compounds, which include aryl-
substituted a-olefins. Particularly preferred o-olefins
are linear or branched C,-Cipo-l-alkenes, in particular
25 linear C,-Cijo-l-alkenes such as ethylene, propylene,
l-butene, l-pentene, 1-hexene, l-heptene, l-octene,
1-decene or branched C,-Cjo-l-alkenes such as 4-methyl-
1-pentene, conjugated and nonconjugated dienes such as
1,3-butadiene, 1,5-hexadiene, 1,7-octadiene or vinyl-
30 aromatic compounds such as styrene or substituted
styrene. It is also possible to polymerize mixtures of
various a-olefins. Preference is given to polymerizing
at least one olefin selected from the group consisting
of ethene, propene, l-butene, l-pentene, l-hexene,

35 l-heptene, l-octene and l-decene.

" Further suitable olefins include ones in which the

double bond is part of a cyclic structure which may
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ethylld ne- 2 -nor ornene, norbornadiene or ethyl-

5 norbornadiene.

Mixtures of two or more olefins can also be
polymerized. In contrast to some known iron and cobalt
complexes, the monocyclopentadienyl complexes of the
10 present invention display a good polymerization
activity even in the case of higher a-olefins, so that
their suitability for copolymerization may be
particularly emphasized. In particular, . the
monocyclopentadienyl complexes of the present invention
15 can be used for the polymerization or copolymerization
of ethylene or propylene. As comonomers in ethylene
polymerization, preference is given to wusing C3-Cg-Q-
olefins, . in particular 1-butene, 1l-pentene, l~hexene
and/or l-octene. Preference is given to using monomer
20 mixtures containing at least 50 mol% of ethylene.
Preferred comonomers in the polymerization of propylene

are ethylene and/or butene.

The polymerization can be carried out in a known manner
25 in bulk, in suspension, in the gas phase or in a
supercritical medium in the customary reactors employed
for the polymerization of olefins. It can be carried
out batchwise or preferably continuously in one or more
stages. High-pressure polymerization processes in tube
30 reactors or autoclaves, solution processes, suspension
processes, stirred gas-phase processes oOr gas-phase
fluidized-bed processes are possible.
The polymerizations are usually carried out at from -60
to 350°C under pressures of from 0.5 to 4000 bar at
35 mean residence times of from 0.5 to 5 hours, preferably
from 0.5 to 3 hours. The advantageous pressure and
temperature ranges for carrying out the polymerization

depend greatly on the polymerization method. In high-
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temperatures are generally also set. Advantageous
5 temperature ranges for these high-pressure
polymerization processes are from 200 to 320°C, in
particular from 220 to 290°C. In the case of low-
pressure polymerization processes, it is usual to set a
temperature which is at least a few degrees below the
10 softening temperature of the polymer. In particular,
temperatures of from 50 to 180°C, preferably from 70 to
120°C, are set in these polymerization processes. In
the case of suspension polymerizations, polymerization
is usually <carried out in & suspension medium,
15 preferably in an inert hydrocarbon such as isobutane,
or else in the monomers themselves. The polymerization
temperatures .are generally in the range from -20 to
115°C, and the pressure is generally in the range from
1 to 100 bar. The solids content of the suspension is
20 generally in the range from 10 to 80%. Polymerization
can be carried out either batchwise, e.g. in stirring
autoclaves, or continuously, e.g. 1in tube reactors,
preferably in loop reactors. In particular, the
polymerization can be carried out by the Phillips PF
25 process, as described in US-A 3 242 150 and
US-A 3 248 179. The gas-phase polymerization is

generally carried out in the range from 30 to 125°C.

Among. the polymerization processes mentioned,
30 particular preference is given to gas-phase
polymerization, in particular in gas-phase fluidized-
bed reactors, solution polymerization and suspension
polymerization, in particular in loop reactors and
stirred tank reactors. The gas-phase polymerization can
35 also be carried out in the condensed or supercondensed
mode, in which part of the circulating gas is cooled to
below the dew point and returned as a two-phase mixture

to the reactor. The various polymerization processes,
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additives such as antistatics can be employed in the

polymerization.

The process of the present invention enables polymers
of olefins to be prepared. The term polymerization as
used here for describing the invention encompasses both
polymerization and oligomerization, i.e. oligomers and
polymers having molar masses M, in the range from about
56 to 3 000 000 can be produced by this process.

Owing to their good mechanical properties, the olefin
polymers prepared using the catalyst system of the
present invention are especially suitable for the

production of films, fibers and moldings.

The catalyst systems of the present invention display a
very high productivity in the polymerization of
olefins, offer advantages in the work-up of the
polymers after the polymerization and lead to
significantly fewer problems in respect of catalyst
residues in the polymer. The polymers prepared using
the <catalyst system of the present invention 'are
advantageous for applications which require a high
product purity. In addition, the catalyst systems of
the present invention also display a very good gctivity
at a relatively low molar ratio of the aluminoxane to

organotransition metal compound.
Examples

Example 1
Preparation of l1-pyrrolidino-2-(2,5-dimethylthieno-
[3',2':3,4]cyclopental[l,2-b]thiophen-7-yl)ethane-

dichlorcchromium
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a) Preparation of the ligand system l-pyrrolidino-2-
5 (2,5-dimethyl-7H-thieno(3',2"':4,5]cyclopental[b]-

thiophenyl)ethane

A solution of 0.95 g (4.5 mmol) of 2,5-dimethyl-7H-
thieno[3',2':3,4]cyclopentaI1}2-b]thiophene in 50 ml of
10 diethyl ether was cooled to -78°C and admixed at this
temperature with 2.8 ml1 (4.5 mmol) of a 1.6 M solution
of n-butyllithium in hexane. The resulting suspension
was allowed to warm slowly to room temperature and was
subsequently stirred for another 45 minutes at room
15 temperature. The reaction mixture was then cooled back
down to -78°C and a solution of 0.6 g (4.5 mmol) of
l-chloro-2-(l-pyrrolyl)ethane in 20 ml of diethyl ether
was added dropwise at this temperature. The resulting
reaction mixture was subsequently allowed to warm
20 slowly to room temperature and was stirred for another

12 hours at room temperature.

2.8 ml of a 1.6 M solution of n-butyllithium in hexane
(corresponds to 4.5 mmol of n-butyllithium) was added
25 at room temperature to the suspension obtained in this
way, which resulted in formation of a precipitate. The
precipitate was separated off and washed twice with
hexane. It can either be reaéted directly with the
chromium trichloride or can be hydrolyzed to give the
30 ligand. For this purpose, the precipitate was admixed
with 30 ml of agueous ammonium chloride solution, 50 ml
of diethyl ether were added to this mixture and the

organic phase was separated off. The aqueous phase was
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15 b) Preparation of 2-pyrrolidino-1-[2-(2, 5-dimethyl-
thieno[3',2':4,5)cyclopenta{blthiophen-7-yl)]-

ethanechromium dichloride

2.1 ml of a 1.6 M solution of n-butyllithium in hexane
20 were added at -78°C to a solution of 1.0 g (3.3 mmol)
of 1—pyrrolidino—2—(2,5—dimethyl—7H—thieno[3',2‘:4,5]j
cyclopenta[b]thiophen-7-yl)ethane in 50 ml of toluene.
The resulting reaction mixture was subsequently allowed
to warm slowly tc room temperature and was stirred for
25 another 5 hours at room temperature. The reaction
mixture was then cooled back down to -78°C and 1.3 g
(3.3 mmol) of CrClix3THF was added. The resulting
reaction mixture was allowed to warm slowly to room
temperature, and was stirred for another hour at room
30 temperature and then for a further hour at 50°C. The
solution was filtered to remove insoluble constituents
and the solvent was removed until a volume of 10 ml
remained. The concentrated solution obtained in this
way was cooled to -30°C, the precipitate formed was
35 filtered off after one day, washed with cold toluene
and dried. 0.61 g of the chromium complex were able to

be isolated.
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a) Preparation of the 1ligand 6—(8;quinolyl)—2,5—
dimethyl-3-phenyl[4-H-cyclopenta[b]thiophene]

10 A solution of 1.16 g of B8-bromoguinoline (5.6 mmol) in
15 ml of THF was cooled to -80°C and admixed with
3.5 ml of a 1.6 M solution of n-butyllithium in hexane
(5.6 mmol). The resulting reaction mixture was
subsequently stirred at -80°C for another 20 minutes,
15 and a solution of 1.35 g of 4,5-dihydro-2,5-dimethyl-2-
phenyl (cyclopenta[b]thiophen~6-one) (5.6 mmol) in 5 ml
of THF was then added. The resulting reaction mixture
was allowed to warm slowly to room temperature and was
stirred for another 10 hours at room temperature. The
20 mixture obtained in this way was poured into.iée water,
the aqueous phase was extracted with 30 ml of methylene
chloride, dried over magnesium sulfate and the solvent
was subsequently removed. This gave 1.1 g of a brown
oil (an alcohol). The o0il was admixed with 0.3 g of
25 iodine and 50 ml of benzene and the mixture obtained in
this way was refluxed for 0.5 hours. After cooling to
room temperature, the mixture was washed with sodium

carbonate solution, dried over magnesium sulfate and
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& ()-mIQ&, $| EobUWaMeyeh$1l acetate as eluant and silica gel as

stationary phase. This gave 0.96 g of the ligand (48%
5 yield based on 8-bromoguinoline).

lH-NMR (CDCls) of the ligand: 9.03 (m, 1H); 8.26 (m,
1H); 7.98 (m, 1H); 7.81 (m, 1H); 7.65 .(m, 1H); 7.50-
7.30 (m, 6H); 3.48 (s, 2H); 2.50 (s, 3H); 2.17 (s, 3H).

10
b) Preparation of 6-(8-quinolyl)-2,5-dimethyl-3-
phenyl [cyclopenta [b]thiophenyl]chromium dichloride

1.4 ml of a 1.6 M solution of methyllithium in diethyl
15 ether were added at -30°C to a solution of 0.73 g
(2.1 mmol) of 6- (8-quinolyl) -2, 5-dimethyl-3-phenyl [4-H-
cyclopenta[b)thiophene] in 20 ml of diethyl ether. The
resulting reaction mixture was subsequently allowed to
warm slowly to room temperature and was stirred for
20 another hour'at room temperature. The reaction mixture
was then cooled to -70°C and 0.86 g (2.3 mmol) of
CrClsx3THF was added. The resulting reaction mixture was
allowed to warm slowly to room temperature, was stirred
at room temperature for another 6 hours and 50 ml of
25 methylene chloride were then added. The solution was
filtered to remove insoluble constituents and the
solvent was removed until a volume of 3 ml remained.
The concentrated solution obtained in this way was
cooled to -30°C, the resulting precipitate was filtered
30 off after one day, washed with cold diethyl ether and
dried. 0.22 g of the chromium complex (21%) were able
to be isolated.
Example 3
Preparation of 4-(8-quinolyl)-2,5~dimethyl-1-phenyl-
35 [cyclopenta[bjpyrrolyl]chromium dichloride
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a) Preparation of the ligand system 4-(8-quinolyl)-
2,5-dimethyl-7-H-1-phenyl [cyclopenta(b]pyrrole]

A solution of 10.4 g of 8-bromoquinoline (50 mmol) in
100 ml of THF was cooled to -80°C and admixed with
20 ml of a 2.5 M solution of n-butyllithium in hexane
(50 mmol). The resulting reaction mixture was
10 subsequently stirred at -80°C for another 15 minutes
and a solution of 11.3 g of 5,6-dihydro-2,5-dimethyl-1-
phenyl (cyclopenta [b]pyrrol-4-one) (50 mmol) in 30 ml of
THF was then added. The resulting reaction mixture was
allowed to warm slowly to room temperature and was
15 subsequently refluxed for another 3 hours. The mixture
obtained in this way was cooled to room temperature and
then admixed with ice and then hydrochloric acid to
bring the ©pH to about 1. The organic phase was
separated off, the aqueous phase was admixed with
20 ammonia solution to bring the pH to about 9, extracted
with diethyl ether and the combined organic phases were
dried over magnesium sulfate and the solvent was
subsequently removed. The product obtained in this way
was admixed with hydrochloric acid to bring the pH to O
25 and the mixture was refluxed for 2 hours.

Neutralization and work-up gave 10.9 g of the ligand.

b) Preparation of 4-(8-quinolyl) -2, 5-dimethyl-1-
phenyl[cyclopenta[b]pyrrolyl]chromium dichloride
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0.13 g (3.1 mmol) of potassium hydride in 60 ml of THF.
The resulting mixture was subsequently stirred at room
temperature for another one hour and 1.12 g (3 mmol) of
CrCls;x3THF were then added. The resulting mixture was
stirred at room “emperature for another 15 hours and
50 ml of methylene <chloride were then added. The
solution was freed of the solvent, the residue was
taken up in dichloromethane and the solution obtained
in this way was filtered to . .remove insoluble
constituents. Removal of the solvent gave 0.84 g of the

chromium complex (61%).

Example 4
a) Pretreatment of the support

100 g of ES 70 X, a spray-dried silica gel from
Crosfield, were heated at 130°C for 6 hours under

reduced pressure.
b) Application of the complex to the support

35 mg of the complex from example 1 (82.1 mmol) were
admixed with 4.32 ml of a 4.75 M solution of MAO in
toluene from Albemarle and the mixture was stirred for

15 minutes. The resulting solution was added over a

period of 10 minutes to 2 g of the support ‘material

ES 70 X from example 4a) and the mixture was stirred
for another 60 minutes. The catalyst was then dried at

room temperature at 107° mbar.

Example 5
Polymerization

400 ml of isobutane and 2 ml of a triisoprenylaluminum

solution in heptane (corresponding to 75 mg of triiso-



“10% & ()- y 1048 & ()-y yl SMIO% & ()- yy310% & ()-10S S10S Shknqtwy| [ : A410S
Sy yy310% & ()-- yl7 10%4& ()- yLO10% & ()- yS)10% & ()- yF"10% & () -
yL10% & () - YA % -410'y OyL-310% & ()-t yL-310%& ()-t y$310% & ()-
310 & () -y QS@@&76)/PCTys310% & ()-+bA410ly  y10%x!y& ()- M10%! & ()-
FYlO%('&'() yyMlOO/(yx'y&'() yY10%x! y& 1) =10! 10! @*|[: A410ly " -110% x!

& ()-S 0-110% x! & ()-S q 110% x!'q & ()- "!110%x! & ()- !110%x! & ()-

yX 10%x! y& prehyiBAbfip&nl0% &t ) placgd31098 & (-1 RYEEOME (Yhigly

1098 & ()-10 XLq peen made inert with argon, and 13.8 mg of the
catalyst solid obtained in example 4b) were then added.
Polymerization was carried out at 70°C and an ethylene

5 pressure of 40 bar for 60 minutes. The polymerization
was stopped by releasing the pressure and the product
was discharged through the bottom wvalve. 72 g of
polyethylene were obtained.

Productivity: 520 g of PE/g of catalyst solid.
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1. A monocyclopentadienyl complex which comprises the

following structural feature of the formulea
5 (HCp) YnaM, where the variables have the following

meanings:

HCp 1is a cyclopentadienyl system containing at

least one fused heterocycle,

10
Y is a substituent which is bound to HCp and
comprises at least one uncharged donor
containing an atom of group 15 or 16 of the
Periodic Table, |
15

M is a metal of group 3, 4, 5, 6, 7, 8, 9 or 10

of the Periodic Table, and

n is 1, 2 or 3.

20
2. A monocyclopentadienyl complex as claimed in
claim 1, wherein the donor in Y is bound

intramolecularly to M.

25 3. A monocyclopentadienyl complex as claimed in claim
"1 or 2 which has the formula (HCp)YMXy, where the
variables have the following meanings:

RCp is a cyclopentadienyl system containing

30 at least one fused heterocycle,'

Y is a substituent which is bound to HCp
and comprises at least one uncharged
dcnor containing an atom of group 14 or

35 15 of the Periodic Table,

M is a metal of group 3, 4, 5 or 6 of the

Periodic Table,
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5 atoms in the alkyl part and 6-20 carbon

atoms in the aryl part, NRlR{ OR?, SR!,
SOsR', OC(O)R!, CN, SCN, B-diketonate,
CO, BF,, PF¢ or bulky noncoordinating
anions,
10
R'-R? are each, independently of one another,
hydrogen, C;-Cgyo—-alkyl, C,-Cyo—alkenyl,
Ceg—Coo—aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-
15 ' 20 carbon atoms in the aryl part, SiR’s;,
' where the organic radicals R'-R® may also
be substituted by halogens and two
radicals R'-R? may also be joined to form
a five- or six-membered ring,
20
R’ are each, independently of one another,
hydrogen, C1-Coo—alkyl, Cy-Czp—alkenyl,
Ce¢=-Czo-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-
25 20 carbon atoms in the aryl part and two
radicals R® may also be joined to form a

five- or six-membered ring, and

k is 1, 2 or 3.
30
4. A monocyclopentadienyl complex as claimed in any
of claims 1 to 3, wherein HCp and Y form a ligand
(HCp-Y) of the formula II:
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RMP-_R4A are each, independently of one another,
hydrogen, C1-Cao~alkyl, Cy-Cyp—alkenyl,
Cg-Coo-aryl, alkylaryl having from 1 to
10 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part,
SiR®*;, where the organic radicals RIP-RYP
may also be substituted by halogens and
two vicinal radicals R'™-R* may also be
15 joined to form a five- or six-membered
ring, with the proviso that at least two
vicinal radicals R¥-R* are joined to
form a heterocycle which contains at
least one atom from group 15 or 16 of
20 the Periodic Table.

5. A monocyclopentadienyl complex as claimed in any
of claims 1 to 4, wherein Y is a substituent of

the formula -Zp-A, where the variables have the

25 following meanings:

y is a divalent bridge between A and HCp,

A is NRYR®, PR'R®, OR%, SR or an unsubstituted,
30 substituted or fused, heterocaromatic ring

system,
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membered ring, and

m is 1, or may also be 0 when A 1is an
unsubstituted, substituted or fused,

20 heterocyclic ring system.
6. A monocyclopentadienyl complex as claimed in

claim 5, wherein
25 m is 1,
A is NR'R®, PR'R®, OR! or SR’ and

7z is a divalent bridge selected from the group

30 consisting of
1B 3B 5B
L S N
_Il_"’_B _||_?__|'_2_ C c C
RZB, R%® R4B, Il{za F|{4B IIQGB
where
1?® are each, independently of one another,

35 carbon or silicon,
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Ce-Cao-aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-20
carbon atoms in the aryl part or 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 and

RP - are each, independently of one another,
hydrogen, C;-Coo—-alkyl, C,-Cgp-alkenyl,
Ce-Cao-aryl or alkylaryl having from 1 to
10 carbon atoms in the alkyl 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.

A monocyclopentadienyl complex as claimed in

claim 5, wherein

A is an unsubstituted, substituted or fused,

heteroaromatic ring system and

Z is -%-
le
'
where
L*® are each, independently of one another,

carbon or silicon,

R¥-R?? are each, independently of one another,
hydrogen, C;-Cao-alkyl, C,-Cyo~-alkenyl,
Ce-Cao-aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl radical and 6-20

carbon atoms in the aryl radical or SiR'®;,
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R’ are each, independently of one another,
hydrogen, C1~-Czp—alkyl, - C2-Czo~alkenyl,
Ce-Coo~aryl or alkylaryl having from 1 to
10 carbon atoms in tﬁe alkyl radical and
10 6-20 carbon atoms in the aryl radical and
two radicals R’® may also be joined to form

a five--or six-membered ring, and

m is 0 or 1.
15
8. A monocyclopentadienyl complex as claimed in claim

5 or 7, wherein A is

| 2-pyr1.dyé2§-qumolyl 2-pyridyl, 8-ﬁmoly§8c

6C RDC
R1c N R ac R A
l . 5C . s/

N7 R® R N" R

2-pyridyl 8-quinolyl

20

where

RIC-R10C are each, independently of one another,
hydrogen, C1-Cyo—alkyl, Cyo-Cao-alkenyl,
25 - Cg—-Czo—aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-
20 carbon atoms in the aryl part or
SiR!*¢,, where the organic radicals R!®-

R may also be substituted by halogens

R¥-R'® may also

30 and two vicinal radicals
be joined to form a five- or six-

membered ring and
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radicals R'® may also be joined to form

a five- or six-membered ring.

9. A catalyst system for olefin polymerization,

10 comprising
A) at least one monocyclopentadienyl. complex as

claimed in any of claims 1 to 8,

15 B) optionally an organic or inorganic support,
C) optionally one or more cation-forming
compounds, '
20 D) optionally one or more catalysts suitable for

olefin_polymerization and

E) optionally one or more metal compounds of
group 1, 2 or 13 of the Periodic Table.
25.

10. A prepolymerized catalyst system comprising a
catalyst system as claimed in claim 9 and
polymerized onto it one or more linear Cy-Cio-1-
alkenes in a mass ratio of from 1:0.1 tqg 1:1000,

30 based on the catalyst system.

11. -The use of a catalyst system as claimed in claim 9
or 10 for the polymerization or copolymerization
of olefins.

35
12. A process for preparing polyoclefins by

polymerization or copolymerization of olefins in
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