conpl exes containing a fused The present invention relat WMMMMM‘
nonocycl opent adi enyl 5 conpl exes in which the cycl openta m
conprises at bgasyoope7fused heterocycle and at | east one un¢iBPged donor
and to a catal yst system conprising at 4 east one of the
nonocycl opent adi enyl conpl exes. 10 In addition, the invention relates to
the use of thgogatakyshenysterniAr tHEMPLEYEET i zAdritiOingopeal yneak&ati on
of ol efins ang %o a grgcess for preparing polyolefins by polynerization or
copol yneri zat f6h€6PCéFefins in the presence of the 15 catal yst system and
to polynmers obtained in this way. Organotransition netal conpounds such as
nmet al | ocene ¢ I i as C ]
ol yrer i 2at 1 o Becet i heg v ip phelfire “Fo AT LR e L
whi ch are Mot cebpaergbl e @5i ngwbdAtent thaal Zveypeeniadiankat al §¥s5emFor

exanpl e, such ghRgkgesi tA CALALYShel aatkd POtYFBEScDAVIaRG axthalkgwt Nl ar
mass distribution and a unjform conmononmer content. Apart from

bi s(cycl opent 88Fe IACNaEFRFoHREIST PRULE % A VRlieS BT teRoRSPPALARRY
geonetry" catakytisasthese affe thsuabhyclyiclapiemfaciaRply@x e®nigl e .oxi dat i on
state 4 containing only one cycl opentadi enyl systemwhich is connected via
a bridge to an anionic amde which is |ikew se bound to the titani um
center. 300 WOI8/RRHMBG atescthbesimies(tcyrl opebabes eyl ) tlvonplsexest | hhehi ch
one or two of | ope Lenyl tens nt ai : e _fused:.on
heterocycles.c%gg&g¥38[37%ggggﬁsclozég Qatgﬁgst seg?gﬁggggggégging B
transiti on necaPodymprérasikavi ®f atcleddsts omtycdi@pent aBreag§ss| i §and
contai ning a LWepdreng QB o000 - 2 pheter ?fddgnﬁéﬁ%@iér&"t hepy
cycl opent adi enyl "|i gand or an ani_oni¢ gonor._ln . ﬁ% Chem 1996, 61,
7230- 7231, FuCEPoANMesigasdrnpeofer?LEEHRS colbl & P SAE ofd of NEhe

15 catalyst system, and to polymers obtained in this way.

;e3eT"T}$DV' 6" T" 0775/ 000074 Monocycl opent adi enyl heterocgwmﬂm
reny

Organotransition metal compounds such as metallocene
complexes are of great interest as catalysts for olefin
polymerization because they make it possible to

20 synthesize polyolefins 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 only 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

T
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cycl opent adi enyl rings contains a fused-on pyridine ring. It is an object
of the present invention to find 10 transition netal conpl exes based on
cycl opent adi enyl |igands containing a fused-on heterocycle which are
suitable for vhespobyoeai zati on of olefins. W have found that this object
s achieved by a 15 nonocycl opent adi enyl scanpl ex which conprises the
follow ng structural feature of the formula (HCp) YnM where the vari abl es
have the fol | put8gorpanengsd HCORF uirk nd rC¥SicaRpindEBERHY ISYIStRIRE 0t ai i ng at
| east 20 one fused, heterocycle, Y is a substituent which is bound to HCp
and conpri ses@BtONaGstOBRE" unchar ged donor contai ning an atom of group 15
or 1& of the Periodic Table, 25 Mis a netal of group 3, 4, 5, 6, 7, 8, 9
or 10 of the_?ﬁrigdico pleCh g n%§§6}, %19r %3§97§§;Eheggprgt aafgtalyst
system conprising fhe hocyclopentadi enyl " tonpléxes o' the i nvéntioh, the
use of the cadasgsibeystenrpeenehe cpupyreiszatinon whridopoingreréfattion of
olefins and acprecgsnrholeRyEParingsSScaotyoheli fS byspoLymerdgaldon. or
copol yneri zation of olefins in the presence of the catalyst system and al so
pol ymers obtaF#BBte in this way have been found. 0775/ 000074 - 3 The
nonocycl opent adi enyl conpl exes of the present invention conprise (HCp)YnM
as structural _elepent, where the variables have the above neani ngs, Further
| i gands can tﬁEre*%ré”be‘gﬁﬁﬁﬁztﬁ héﬁﬁetQFe§F8ﬁ1NﬁnTﬁEtSOHUHBBr g%“@urther
| i gands ddpentdsangdtiexampdtes]l orcdnpd exdsdabiaerdst ahe ®fclheemei@lemayom
Possi bl e furt ,gan . 0ot i ncl furthe I tadj en systens.
Sui tabl e Iigaggéag?g ﬁ%%%g%%ﬁhé% g%d%gssﬁYE%%cBF§é§ﬁ§§%§§ awgléésc T Ped,
for exanple, $oitxblenfed abdi ppomrekéwhtibases slefiias.ani nes, ethers,
ket ones, al dehydes, esters, sulfides or phosphines can also be bound to the
metal center M HCp is a cycl opentadi enyl system containing at | east 15 one
fused het eroc§@l elav# tﬁ%u$@IIgﬁﬁﬁg,t%y%l0%%%@%Fdib%ty¢cmée§¢@5 PYngasystem
Bavi ng 614 &h@ﬁbé?ﬁﬁopéﬁ@é@i@??log | &&e%@akﬁonwlai@lgs P@&mﬁi‘ﬁ@e@e rep aced
ugizbt;Oggnr?%a??é@?g%{%ﬁ?ﬁgﬁﬁu%h? fga uggp<ﬁgu§he ré%f%ﬁ.gfe(h%p?%mﬁﬁ to
where the variables have the following meanings:

HCp 1s 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.



20 replacenent by a heteroatom At |east one heterocycle containing at

| east one atom of group 15 or 16 of the Periodic Table is fused onto this
basi ¢ cycl opent adi enyl skeleton. In the present context, fused-on neans
that the hete®ddpeloeoand t he 25 cycl opent adi enyl skel eton share two atons,
preferably carbon atons. Preference is giyven to cycl opentadi enyl systens
HCp of the formula (F-1) RBAR~- EA~ .. BEu~ ReRAEs ' ~F-~) EBAEHA'r ~
R3A RdA 30 whehe thﬁ;ncmycalbim&mﬁrtﬂe focbzhpméngsnea)rfi ngﬁ‘ie Pré5£A00074 -

4 EIA—EsA ar rbo t no IA to sphorus_or

ni trogen, g Y§%§6 % R@%CPQ eact, in epeﬁ%gahf g?mgﬂg’

anot her, hydrw@enre 01h£Z®aa|1Ia9®|leSCth© éclhleenglbove:mr@:_aoamgs aFuytaeyl _
having from 11&%51%950% *P&Ofthaetr%%r‘e“ Hé‘%&lﬁﬁ"tcpa{ﬁe aﬂ?éit& ZQtBQrFO“TEIEO”B In

the aryl part ,_ Where organi ¢ radi cal may al so
substi tut ed quﬁéﬁégéH% %Hth%b %%@@%@? ﬁaaﬁeaﬁs ﬁgmw%ﬁﬁm&®661@@ bBej oi ned

to forma fivexigatSox- @ﬂb@éecbﬂl ROe Whéhal heyqumvi %stsfl%tleat fh@@ﬁbrt WO
vi ci nal rad|0ﬁﬁs Rl A- RSA are 0|ned toc%grn1a het er oc whi ch contai ns at

| east one at omtPPBHSgr o8P 15n 166 PéPFG (e] Ta%mfoaﬁatﬁék\eav each,
i ndependent | ysg’steme amrmbleh)ﬂdrgmeﬂrs e Clfr@kydniCzaf@odabkenylc

C6- CZCar yl , alk I VI fr 0 carbon in alkyl _radi ca
L3ky! ha Qe 8 gBeé %9 e%fﬂﬁlﬁné Eggl Lk

and 6-20 carbon ons I'n e ary rcafl an cal's A may
al so be j©X0 neédpl@tfl@nm éJefWhﬁedPaSﬁS( seabered atmnmgas, ethers, ketones,

aldehydes, esters, sulfides or phosphines can also be

bound tc the metal center M.

HCp is a cyclopentadienyl system containing at least

15 one fused heterocycle. In the following, cyclopenta-
dientyl is a Cs ring system having 6 m electrons, where
one of the carbon atoms may also be replaced by
nitrogen or phosphorus, preferably phosphorus.
Preference 1is given to using a Cs ring system without

20 replacement by a hetercatom. At least one heterocycle
containing at least one atom of group 15 or 16 of the
Periodic Table is fused onto this basic
cyclopentadienyl skeleton. In the present context,
fused-on means that the heterocycle and the

25 cyclopentadienyl skeleton share two atoms, preferably
carbon atoms. Preference is given to cyclopentadienyl
systems HCp of the formula (F-I)

E
RSA____E!\Q L. (F-1

30

where the variables have the following meanings:



In preferred cycl opentadi enyl systenms HCp, all EIA to ESA are carbon. At
least two vicinal radicals RLA-RsA forma heterocycle which contains at

| east one atom from group 15 or 16 of the Periodic Table, preferably

ni trogen, phospheraso0oDdKygen and/ or sul fur, particularly preferably
nitrogen and/or sulfur. Preference is giyen to heterocycles having a ring
size of 5 or 6 ring atons. Exanples of 5nenbered ring heterocycles, which
may contain fE'dAEdne doef eukchni tafgen atonst andsar ensulgfbr tor TRygen at om
as ring nenbers in addrll n to_ carbon atons, are furan, thiophene, pyrrole,
i soxazol e, 3-isot hi aZd %S&E)%%sm?]é DR thiazol e, imidazol e,

1, 2, 4- oxadi azol e, 0775/ 000074 - 5 1, 2,5-oxadiazole, 1,3, 4-oxadi azol e,
1,2,3-triazolgrapsh 1,2, 4- tréaacqpl e. lﬁ)&ggghg%ncgfl 6- ngpber g, hec?q{&q{é/ll
groups, which may contal n fromone to nitrogen atons an

phosphoru$ atom are hyd¥ewer, SCpHosphdkE¥hzené,™ %w'ladé&?mﬂé, Py fedi ne,

pyrazine, 1,3,5-triazipe, 1,214 1dtazi B30 LZod t 1i agbnero TheyAsdrember ed
ring and 6-nmenbered rin hetero%gles nEy al’so be s%,lozséltuted by

Cl-d o-al kyl, C6-d o- %??%PS APk Liehi RgTFr G 0C@&PBN adi%?ﬁs in
the al kyl 10 part andi®- ifheardgnl apats, i nSLRE;ar yhheast , thd i aiﬂqdrsud yI or
hal ogens such as fluoringe hl arianesor brom e or be fu W nor e
aromatics or heteroar%%%ﬁ%g (IED% ngl es 6% bénzo- fus":"edsfl‘al c!"r‘%b dpheq er oar yl
groups afé indol e, i nvakeyens bemzbf twan, Vﬂ_@lrh)@hzcxtatdlcqw@el? ‘b-eﬁ? otrtdazol e,
benzoxazol e and benzim zggegoggggplt%s & enze;fused 6- & ngfgjered

heteroaryl groups are chroman enzopyran, quinoline, iso
ci nnol i ne, pht hal azi "eiN@ui n&kBhi nBhe quPABXAFPne LhRE- 02hen®@a ol iR and

qui noli zine. 20 NonenglindE andiruwiker RHgGRrS* the hjeéﬂrﬁ@&leoeSfB@ﬁ heen
taken from Lett au, C(t}(éa téﬁ)éder teracyclen, 1st editi VEB, Wi nheim
I

1979. The het erocyc OFYSEY 8iFe 6A8FEIEFcITpe é‘c’fl CengTesidH % on vi a
a C- C doubl e bond of fhenheteupcytler Hetef ocyel Psriodiai Dablepnandb

het eroatom are preferably 2,3- or b-fused. Variation of the substituents
R1A- RSA whi ch do not formt he het erocycl e |i kewi se enabl es the

pol yneri zat i o*behaviare ancadie soliokiepengeot liyhe abnocymé opentcidieeny| 30

conpl exes of the presgnt,j ﬁntlgp_ca kafl ugncgg_a'[fp(%né}inber a.@g _type of

substituents allows the ac ess o ihs t6 3 i‘zed t 9“1
netal atom Mto be mﬂ!ﬂsncéjlk}flrﬁlf}fﬁsf\wnq hé TR8Y i g ©antl sé?%rck?c?ﬂn ty of

the catabyst in respegtoR$ Viali ke 321MQYNONMBESichN Pandi CeLa0 hidKyon
nononmers, can be nodifjed. S nce the su tltu nts. can cﬂl so i nfluence the

rate of termnation r&a®ts ons” of “Rie & "i/]msra ai ' t ISP %0 al | ow
t he nol ecul ar wei ght oddidels 9%751@0@@7% b@ jpbhydetrs formed tldee-
altered. The chem cal st t h bstituents RLA to R5A can

t herefore be varied Wl%ShéinJ}?ar%{lé/\lllgk()j%er(%mgleI§ n order to achieve the desired
results and obtain a tailored catal yst system Exanples 5 of possible

car boor gagi c F&'b%tr'etf'é‘?cfife%l Péy%fé?ﬁéﬁ%&dlé%%y?z‘?y%ltléw Wit Gh nay bgal inear or
br anched, n-propyl, isopropyl, n-butyl, isobutyl,

e 1
tert- butyI gﬂpeﬁﬂ-’?l Caﬁbﬁéxyl n- heptyl n-octyl, n-nonyl, n-decyl or
n- dodecyl, 5- to 7-nenbered 10 cycl oal kyI which may in turn bear a

Co-0.0-21 Y1 SHQUP: 85, SWRSCLLUSL, Sk e Gk panc CYSl ol anc. o
cycl ododecaneyhi3zh CZOrad kemyht wheght mapebetbmnéapm gy@lulpc 1or dor drichefd and
can haveB%n i@ﬁgrrﬁgrfgaic Table, preferably nitrogen, phosphorus,
oxygen and/or sulfur, particularly preferably nitrogen
and/or sulfur. Preference 1is given to heterocycles
having a ring size of 5 or 6 ring atoms. Examples of 5-
membered ring heterocycles, which may contain from one
35 to four nitrogen atoms and/or a sulfur or oxygen atom
as ring members in addition to carbon atoms, are furan,
thiophene, pyrrole, 1isoxazole, 3-isothiazole, pyrazole,

oxazole, thiazole, imidazole, 1,2,4-oxadiazole,



15 term nal double bond, e.g. vinyl, 1l-allyl, 2-allyl, 3-allyl, butenyl,
-pent enyl , hexenyl, cycl opentenyl, cyclohexenyl, cycl ooctenyl or

cycl ooct adi enyl, C6- C2o-aryl which may bear further al kyl groups as
substituent s,0%€.y.0dHENY| , napht hyl, bi phenyl, 20 anthranyl, o-, m,
p- et hyl phenyl , 2,3-, 2,4-, 2,5- or 2,6-di~#ethylphenyl, 2,3,4-, 2,3, 5-,
2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trinethyl phenyl, or arylal kyl which may
bear further lglk\id-graiipsz@lse subsBi duertsiacode, behzy) 3-oriatdle and

p- met hyl benzyl , _r. 2-et hyl p 1 where_t Y RSA . may al so be
joined to fo)rllrh2dj%-torglra2750ﬁr$e'nbe?§%¥1&>ilr?§ an%ft\rll\g6 %fr?egngﬂn%:écfad?@écle RIA“R5A may
al so be substdnaurst byhhghogeds, congaifl ubrome,orshl 6pi nEowr  hridmiogen

Possi bl e organosid | copgulst i tuent s, SLRGA3s can osar ragdical Aiwhich are
t he same as those described 30 ab%y%%)pr RIA- RSA, where tvvo%) A r%\é{;%l’al so be
j oi ned t 0>f oS ENARAN R NnberRAr Fiagine: g. PYFABERYNSY| y| Punsizdnieyl silyl,
3}Jt ylt ﬂ' erELthS,lj_,?B—itﬂiElﬂOifU{é/,' s%ll, ¥l é.—tf%ah%&s'd&ﬁ&, 118] ﬁthYéﬂhMl ??fel

i met hyl phenyl si : eferred radicals ~' - RBA ar rogen, nethyl,

cthyl . 35 n- FrOBACSTeDF ORI , 274 bt PISTRESEUL JENTt TS BRRSCLEE peiity|
n-hexyl, n-heptsd, beoctyhbstvitytedal Iy}, lRRZYJ-alghednyl , cgrthpadival kyl - or
ort ho-di chl orq@!m i gqut J rial kyl - ri ro-substi_tyt ed

0775/ 000074 _a _Sap)#elny %lq{g%%ﬁl}li %?pt%nfl?géﬁé g%?hrgaﬁf}lg aratJTL]I(é’ arly
usef ul otBan@snt coandubsiiiluencsriee t mitamey| sinyl tdreoupsrihvi pgrfrom 1 to
10 carbon at qs; duk i ) kydx 1@ §alns | SuPRT ALl dbrt AEMELRY LKl or oups.

5 Preference is also given to_conpounds In which two vicinal radica
R1A- R5A for mRFFHIEd PitngP8ystesgdi Witd | opSgePRerMOF ¢ h aufdng I E5 AL

skel gt on, pr ﬁe&r&m%&@@ﬂ@éd.OPe%&&@t%pé%l éfehsbaleo-tgriga f@—nﬁ%ﬁ)@}!e%a anl
unsubstituted qr substituted indenyl, .benzi ndenyl, or t et rahydr oi ndeny
system Exarrpdﬂegseréfaréﬂ)cl SFEPadi @ﬁ)}/ﬁ &?éjpéﬁs Hﬁ%déﬁﬁtl&i'ni ﬁ@angqug@@,
heterocytbe demzdiirapgiitaalegne, Zoeretdyhidiapent al enenzazetbykt hi apewat al ene,
2-1 sopropyl t?%e%z]i?ni[ ar&toallee.ne’ F%é%fg?%tsyl t?f ap%rétnazloe—r? sed 6-membered

2-tert-butyl thiapen ene,’ 2- yl siTyl t hiapentalene,

2- phenyl t hi aperiteaicary,l 29naphs hpirehicipmmaaisoneheBzopy hyht hicopentlanene,

4-phenyl - 2, 6-jdigRtid1-ikid hi opanthane. hthalazj ' 1i

4- phenyl - 2, 6-ldi,e hlyl 1lt hi opent al ene, '4-p enyla- 576150 qu?nazé .me'

di i sopr opy! - BHRIBEEA S ene, 1 4- GrRASAIB ISR} 10 put 911t hRspERLdIZERE -

421- pheﬂy: 2@, 6-I\Idj'me|tri’dlrm'1d§:36 Séiridlﬂmﬂmlié'&ﬂﬂfl nsal glﬁl@ héié@@?ﬂ/@hé@ehals been

- et hyl azapent al ene - et hyl azapent al ene -isopr azapent al ene,

2-n- but yl azapéital enbroB- ¢ eﬁgtaﬁ\ll si Y5F AL RpeiEal erfg&/%?)%?\y Nps Tst

azapent al ene edd-tnapht NHBz dpeintled lnel 979 pheny | k2t Sdoopthyk- Araz &Fpeeral ene,

1- phenyl - 2, 5-dij e s . . _

1- phenyl - 2. 5-tg>i %ﬂ%uk%agﬁl%ﬁ%{p%%{afae%l&nyl skeleton via a C-C double

1- phenyl - 2, 5.bfg3in.ck _epf- mhey! hetgraeyetial.eneterocycles containing one

1- phenyl 25 5- dietldrigmRidy la3id YWrelraazapgntalene, » s igidsbutyl -2,5 30

di net hyl - 1- azapent al ene, oxapent al ene, phosphapent al ene,

1- phenyl - 2, 5- di net hyl - 1- phosphapent al ene,

1- phenyl - 2, 5:dirdtahylonl -ghosphapebtalienents R™-R°® which do not form

1- phenyl - 2, 5di - n- but yl - 1- phosphapent.al ene . .

1- phenyl - 2, Si%dhle- t eregc)éurtofly%?-ephg% RYP&ES aFBREL - phbRy| PILETGTIEAE hyl 35

si | yl - 1- phos pledperitcal eme theretdijib 2] Bt Wi ot hipe - dphosphaperhakeienyl

1-tert-byyyl 2,p7dinet hyk- 1apho t al ; -

7-cyd opent a&l,n%] t ﬁ{:g%phene[ g’,%Z] EPQS%E/ (a)lﬁg;(%‘tl-ong Eocyk%? ofigr?tlél Pé:r?gé

cycl opent adi hes 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
selectivity of the catalyst in respect of various

35 monomers, in particular bulky monomers, can be

modified. Since the substituents can also influence the
rate of termination reactions of the growing polymer

chain, they also allow the molecular weight of the



or 7-cyclopentall,2]pyrrole[3,4] In further preferred cycl opentadi enyl
.systens HCp, four 5 of the radicals RIA-RSA, i.e. tw pairs of vicinal
radicals, formtwo heterocycles. The heterocyclic systens are as descri bed
in nore detaid7 0 anpl es of cycl opentadi enyl systenms HCp cont ai ni ng
two fused heterocycles are 7-cycl opentadgt hi ophene, 7-cycl openta 10

di pyrrole or 7-cycl opentadi phosphole. The synthesis of such
c%clopentadi??ﬂymaﬁieﬁsrhﬁb h3>d@§Céﬂbededfom&&xannéﬁl?hm %hQﬁ$ture g
abovenenti one 98/ 2 6 Qr ggMLc cat sts.for nt hesi s, 15 an
polynerlsatléﬁfv%éﬁ §5§158FP§§ OE n at %ﬁﬁéQ?%egg Y 3Fagss 150
ff., further vslyu’rtltreses mufde:yclaogentndl enryilersytsdz emhlﬂi@pve A‘Shen otehaamse of
met al | ocenes C a20 c

i nvention cane% Qﬂﬁy #ﬁPgPﬁo%etg¥f8%%ds§ uen%& E%% lfhe basi c
cycl opent adi eyl ERéﬁébéﬁ C &8 THRARE 9md Or ﬁ@b%tthu¢ﬁtsceﬁteﬂ§ o@nﬁﬂa

cycl opent adi myb&ﬁm HGh can id8el fodbe 16hantd otypi %rsa@lctﬂw C*y rgal ity is
i nduced 25 onl en it bound to_the transitjon netal M (for th

formal i sns eﬁﬁ%ﬁy fBFh Y e EhPFQPﬂﬁf(ﬁSQRﬁﬂRﬁkmtaapéﬁyﬂlcéﬁﬁ&ﬁ%ﬁ%rsee R
Hal terman, Chempt-Revty2, ©:p@2)y1965-A94exy30 Y n-shéptspbsti tieydtyahich is

bound to HCp a nprl | east one_.uncha ged dono mhlch col ntai ns an
at om of group ?g) 16 OfaFﬁglPGrIOdIC ?3% EThe subsf?tuenpﬁw 4;

bound tolfhe dm:sllq*ald%dl opemtladiaenyin sketet bﬁaur at 8ctOp-hetyér (g(Iymlpe asy is
preferably baypddq ef}?’t basi ¢4 35 8 Eng?ﬁgé‘ﬁée”yEgE'ﬁﬁb tﬁgﬁet’Y |c§,c\i%r_y

particularly prefera bound to penf adi on 1n
posi tion nexwﬁﬂi%ﬂﬁyf@%@%PQﬁ%¢@@er@E9 keptrans, Fvcﬂﬁécﬁépéno@mﬂk91s

fused on in thwzhe F@)QS' E&@@o@%db'&@ne 075251@9091ﬂenh/9 Wf&pp%{gyﬁdlb%ﬂe

skeleton, then Y is prefefab ¥ | ocated in osition of  the
cyclopentadléH%“?%%Ie?%ﬁ#lqhg dBrERCPRIY 205h 5 KRR ?ﬂtéPﬁﬁF@é&léﬂly or
i ntranol gsul etrdxynﬂrmjt helonmﬂ@ bMondhe dogor vinylj s 15-giriefier akpl-aagund

i nt ranol ecul Th or can, be an upcha r d functi onal up
cont ai ni ng aﬁie ]ﬁéﬁt 0 ufé f SP%?tﬁ%ygf tﬁ8x58 odi EYTapiEe" tégaﬂ”anlne
am ne, _carboxwmkﬁheXﬁHkayl|ccEGl@¢¢t&@ybne (oxo) eyhépoduadwamﬁne
phosphi ne, ?3 1y 1Ph rEr{‘em'la ofls, Y lrf‘ﬁ ) a%‘#JJlO“%fPOQﬁﬁ‘i

unsubstitute stltut or fused, heterocyclic ring-systeem eablndlng

of Yto the %ﬁ%ﬁﬂﬁﬁﬁ%ﬁj ou€; gfor é&ﬁﬁﬁﬂe bynail hlods, analdgbentlo t hose
Jutzi and 16 U G neti ng L3, B et Chaqn (1998)  800; 4757 188 M i
utzi an ene in is a
metal of grody %3, %Pe??rﬁ%h%ﬂy%? Qggf‘ﬁD'of t%e Per i 8de 6Tabl & dpleter abl y
gg tg_rgup_S &, & or & df, 4h@-tP.exm@tdrnyzlﬂtaéxh3el f@rt:) &Xgm’ﬁlfy?afal:hdbhﬁhna}yttrl um
i tanium zjr i nu ant a rom um
rc%fgﬂepa%ﬂ(éﬁnag%[&rﬁg g sﬁBy%f QF AL E’&Ih 25

or tungsten. I's 'very par era anram or 9¢h " The
met al conpl exes, mn parfgthyabenpglehilomiaum Zoeph ekelzenghn boeobt diweed in a

sinmpl e nppnergibyt ATt kg, thes £ AL espondh Ngo ™BEAL 2 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 SiR®; can
bear radicals R*® which are the same as those described

30 above for R™-R®*, where two R®™ may also be joined to
form a 5- or 6-membered ring, e.g. trimethylsilyl,
triethylsilyl, butyldimethylsilyl, tributylsilyl,
triallylsilyl, triphenylsilyl or dimethylphenylsilyl.
Preferred radicals R'™-R®® are hydrogen, methyl, ethyl,

35 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-
substituted phenyls, trialkyl- or trichloro-substituted



25 salts, e.g. netal chlorides, with the ligand anion (e.g. by a procedure
.anal ogous to the exanples in DE 187 10615). Anong the nonocycl opent adi enyl
conpl exes of the present 30 invention, preference is given to ones of the
formul a (HCp)oYME0oodtere the variabl es have the foll ow ng neanings: HCp is
a cycl opent adi enyl system contai ning at 35-1 east one fused heterocycle, Y
is a substituent which is bound to HCp and conprises at |east one uncharged

donor 0775/ - ddbh€opl Ai Pipheapl abpm @htﬁrraumm rarrtizuafa ke

Peri odi c Tabl e, is a netal ﬁf géou? é t.4 or 6_of the.5 @grlgﬂ]ﬁeTable
X are each,iqﬁﬁﬁﬁ%ukﬁﬁgﬁp?ﬁl he®anoth ?,lFFﬁBF?nea LENI iR, Vs

i odi ne, hydr agerupLlh&lrdrngl Ifydo,m Cz- €do-14 kceawﬂ:qn CatCms- arryl thal lkeMlkylO aryl

aryl part, NGO S OB D) | R ST ok BRas, 0o,

BF9-, PF6% orPnﬁﬁ6@¢HnUnco@rdahaP|n@ﬂ%ﬁﬁ(mﬁ? CHMROURASar Eneaddhich two
' ndependent ! Xrlcgjlr%e i@@Is ﬁ}’?d.r@ge@ongl acths%delncgzs%Qeﬁml keny ,

C6- C2oaryl, al kyl aryl aV|ng 140 10 carbon atons he al kyl ‘part
and 6-20 car Horgedtsis Yhthn hﬁr;?l Tart S Sllﬁﬁgn V\/rPerreefecl}?@ldfr deanicy 2P

radlc?ls E&- ﬁﬁaﬁﬁﬁﬁyﬂ_be gub&btbuyed Mwn&@Iogemgrand ém@mgag;caI%ﬁRl Rz
may al so be join red. ri re eac

i ndependent | Wrbsf etiﬁteltaLhto‘:‘[%]ero,r 28 Hﬁgpé@tﬁd L Bk ,nzéf-%?@(]al Rényl

C6- Czo atyl, tndrarddoiralemgl fsymemio 10 carbon atons in the al kyl part
and 6-20 carbon atons in the aryl part and two radicals R3 may al so be
joined to forma five- or six-nmenbered ring, 30 and k is 1, 2 or 3. The
above- descr i Fethmmissli aéntay b ivtafddarad. 3syehbodi Mem scoépraHTpnand Y al so

apply to the%ﬁnﬂ&ffeﬁé€9r899€§¥C|Qﬁ%ﬁtthPQﬁén@Qﬂ@héxes2—Mé€ﬁf&ﬂﬂ¥éﬂ of
group 3, 4, 5 or 6 of the Periodic Table, preferably group 4, "5 or. 6 of the
Peri odi ¢ pentalene, Z2-ethylthiapentalene, 2>isopropylthia-
15 pentalene, 2-n-butylthiapentalene, 2-tert-butylthia-
pentalene, 2-trimethylsilylthiapentalene, 2-phenylthia-
pentalene, 2-naphthylthiapentalene, 3-methylthio-
pentalene, 4-phenyl-2, 6-dimethyl-l1-thiopentalene,
4-phenyl-2, 6-diethyl-1-thicopentalene, 4-phenyl-2, 6-
20 diisopropyl-l-thiopentalene, 4-phenyl-2,6-di-n-butyl-1-
thiopentalene, 4-phenyl-2,6-di-trimethylsilyl-1-thio-
pentalene, azapentalene, 2-methylazapentalene, 2-ethyl-
azapentalene, 2-isopropylazapentalene, 2-n-butyl-
azapentalene, 2-trimethylsilylazapentalene, 2-phenyl-
25 azapentalene, 2-naphthylazapentalene, l-phenyl-2,5-
dimethyl-l-azapentalene, l-phenyl-2, 5-diethyl-1-aza-
pentalene, l-phenyl-2,5-di-n~butyl-l~azapentalene,
l-phenyl-2, 5-di-tert-butyl-l-azapentalene, l-phenyl-
2,5-di-trimethylsilyl-l-azapentalene, 1l-tert-butyl-2,5-
30 dimethyl-l-azapentalene, oxapentalene, phospha-
pentalene, l-phenyl-2, 5-dimethyl-1-phosphapentalene,
l-phenyl-2, 5-diethyl-1-phosphapentalene, l-phenyl-2, 5-
di-n-butyl-l-phosphapentalene, l1-phenyl-2,5-di-tert-
butyl-1l-phosphapentalene, l-phenyl-2,5-di-trimethyl-
35 silyl-l-phosphapentalene, l-methyl-2, 5-dimethyl-1-
phosphapentalene, l-tert-butyl-2, 5-dimethyl-1-phospha-
pentalene, 7-cyclopental[l,2]thiophene[3,4]-



0775/ 000074 - 11 Table, for exanple titanium zirconium hafnium
.vanadi um nol ybdenum tantalum chrom um or tungsten. Very particul ar
preference is given to Mbeing titaniumor chromum 5 The ligands X are
determ ned, for7exeogd® by the choice of the corresponding starting netal
conpounds used for the synthesis of the gonocycl opentadi enyl conpl exes, but
‘can al so be changed subsequently. 10 Possi bl e ligands X are, in particular,
t he hal ogens cf}ldmfpé}?oa&fér%é ne, 4 oni nec9k1bednke,[1i,n wﬂﬂoq@ ar 4qhl ori ne.

Al kyl radicals such as et hyl, propyl, butyl, vrny aIIyI phenyl
and benzyl eu9¥é; rH&VgEFEé%ous Irgands X. Further Irgands X mhrch may be
15 nentioned by way of exanple and do not constitute an exhaustive listing

are trifluorog (x¥&§§%e£*§%ef£¥¥édag cf+é8ng§§§%X¥fog§gtg%%L pReVOUfQQB

noncoordrnatrqg ani ons (¢C uss-in
93, 927-942) 9 f@rheexat@ﬁrleaeswe#‘s—) r. DO Anites, reikoxi dfs, véwlihedat es,

car boxyl at es ang cdrdli ketgpat es.ar e Rafdd s @ard ., usgful Ih'e%}%%y%n\éary' ng
the radicals Rl and enabl es, for exanple, fine adjustnments to be nade to

physi cal propf¥ieRs stk 3% FR5ehied | 1RyMOERafffad lorbEESs Hiemples
car boor gani c cSﬂJb&SlbU.dpéh%aB.leR?{lar étr@néolrtc@M B@nt@in.@?—t@ atiy| pdyeeh may

be linear or branched . h |, n- butyI

i sobutyl, tert® %ﬁych?%mﬁﬁ?ls ﬁYﬁéQQFXtﬁdhEB Bxeﬁeoctypyaﬁ

n-decyl 30 ordipydoddeylqr 5--dyr lepemeetiathayiaiad Kyl which may in turn bear
a C6-C o-aryl group as substituent, e.g. cycl opropane, cycl obutane,

cycl opent ane, cycl ohexane, cycl oheptane, cycl ooctane, cycl ononane or
cycl ododecandheCzsyzthapkenplf wieh anglbpehtadaenydéydvsteans 3BCpr drsched

and have an iqurmaledr tefdy nal cgoybi €, bongd, e. Qhev'nﬁkov%nél&Kbne%'allyl
3-allyl, bute%¥5%ypentenyl hexenyl cycl opent en cl ohexenyl ,

cycl ooct enyl nYWEQ§¥Q3&?Qﬂ®1Cﬂﬁ?iﬁsﬁﬁy Hear SYn$Tesic00074 -

12t hfurtltner @Jﬂwlp@m@ﬁls@tﬁm;l spemhgereverle@emd% na@héhylat Riiphenyl ,
ant hr any

A t hyl phe
6- di met hyl phgﬁﬁCflfp zfy %ﬁ ‘-2502 %st Euﬁt%er 2sxnéheéres of

3,9, 5- tr|netmyqﬂuyqﬁtadnedykﬂaysﬂémé vach may bear further al kyl groups
as substituents, e.g. benzyl, o-, m, p-nethylbenzyl, for 2-ethylphenyl,

where R1 may also be joined to RZ to forma 5- or 6- nenbered ring and the
organi c radi éel siR1-F2e nwpss sefhenstibbiocened, byl ogersysiopeasato

fluorinepochlgrdia Ofcdiond:ne Rossibhe radisahs @nb@n@ﬁoﬁrgéﬁﬂs' llecon
substituent Si R33 can be the same radicals as described,;jn jjore_det ai

above for RL-9RATader Ehtfo R $mpial §BCbes Yot thidd et § orRm R F &henber ed
ring, e.g. trrdarm_tdwybgtltubentaueéhytsrsh«tétetlcﬁq bubyl dided hyslnel |yt , more

tributylsilyl trraII si | tr| n i or,.di nmeth hen il
Prefergnce ys i"fen ¢ E%?%g é%%ét 4§;r%?£ ybﬁp %aﬁropyl
n- butyl, tertlﬂ:aﬁlyﬁ ba- p@rmaryttommecxyls,o nthapt y¢himabtyl, 1sanclnaﬂus:edvr nyl ,
al 1yl bspzylyand V?Qexph%y' opbakCRs (e AR YBRY AL 4! Ao

preference is gi'ven to usi sone of the sub i gands srnce t hey
can be obt ai ﬁé@ ff@ﬁméhéaﬁsan@“?b@mdy fprai khBl eckimating ml ecivallso- Thus,

a particul ar lge rrefiaiad redinent dse obt aijaede When, Xchemdi BBLNYl 2,
(1992), 965-9%4).

300 Y is a substituent which is bound to HCp and comprises
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. Y is very particularly
preferably bound to the cyclopentadienyl skeleton in a
position next to the fused-on heterocycle. Thus, if the

heterocycle 1is fused on in the 2,3 position of the



25 am de, nethoxi de, ethoxide, isopropoxide, phenoxide, naphthoxi de,
triflate, p-toluenesul fonate, acetate or acetyl acetonate. The nunmber k of
the ligands X depends on the oxidation 30 state of the transition netal M
The nunber k ocHIBAdEIEfoOre not be given as a generally applicable figure.
The oxidation states of the transition-ngtals Min catalytically active
conpl exes are nostly known to those skilled in the art. Chrom um

mol ybdenum angy Sgdgsd shar ekyBé o) obabhy Yprﬁé;eﬁke!f@réb@ oXigdattieen state
+3. However, |t |saisopSS|bleto ose OX|dt|on state

fe Eong exes
does not cor rdsddid  o°% h tpﬁf’lﬁ'@nae feec ﬁ’&ﬂ???ntéﬁléﬁnéoﬁg‘ieéﬁ@”can t hen
be 0775/ 0000%4 -ddrdbr apptopYi atehy bedubedndr oxtdirmedebyleeaRs ofr

suitabl e acti f ce is u chrom um conplexes in the
oxi dat i on stajt\ﬁattroarér§ d{@‘ateﬁrlﬁpu?noco?rp exes}:aiqn @ g%h? dSOTSF stht YeBl(?r 4. 5
I n partichl arse iz edowndodydirepedeadilemlly compMexdhe Ydosoa can

substituent gfet LRE Z; ne Y v | l.owi ng
meani ngs: 10 7 é}e di %kgﬁ? funﬁéliﬂgtlmegteﬂr}ﬁl généﬁpéﬁ?lrh& QHN%IS&% RARS,
(3

OR9, SR4 or uRERBRt iltut¥d, 18u }Eﬁegeéf‘—ofj%e&"akﬂétrer%c?cl 2ginieng
system 15 R&ﬂ%ar e c@&@hxanﬁdﬁ)en@%&iﬂoy(yqflcon%s%@@{ helke thyndr 0qeko) ,

Cl- C20- al kyI I ke l,. al kyl having from1 to 10

carbon at ons eﬁw’e a Q%/?E%g??eand pgfé’hc}élrebon @?%ﬁ%h]r?let hepé’ Ip}‘;}&tet,

Si R63, whére dm@leor gasutf@0yt adi sallfoR4mand R®mayanl sanBebsthistitkdt,ed by

hal ogen and twg J.a Qs Igz% aggs na};{e@éls(? \?gl#gl nlelxjnto form a fi,ye- or
Y0 c-fmtsﬁ’esr

si x-menbered ring, eac I hependen one dr ogen,
Cl- C20- al kyl biogioen Ceﬁ kYer‘m tigs- @@bﬁyd:araikql anyl Kavi agafnpdnm,lbtyo 10

carbon at ors rigt abkxhoeaﬁg ansl 6n30oCaTDAN AIAISLN f NepAlyLe DL, and

two radicals R6 WJS%/ al so be forma five- or SIX me ered ring, 30

ned t
and mis 1 o2, It efe¢Bpl PGI d|19|%§9'aI1§(? bet Pvifeh & B- adutinadubddi t ut ed,

substituted ar. faisedlihef erocy.cligmdtng chst.em1 B35 )A mon, fors-exeapl e
together with bridge Z, forman am ne, ether, thioether or phosphi ne. A

can, however, also be an unsubstituted, substituted or fused,
M is a metal 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
Periodic Table, for example scandium, yttrium,

20 titanium, zirconium, hafnium, vanadium, molybdenum,
tantalum, chromium or tungsten. M is very particularly
preferably titanium or chromium. The metal complexes,
in particular the chromium complexes, can be obtained
in a simple manner by reacting the corresponding metal

25 salts, e.g. metal chlorides, with the 1ligand anion
(e.g. by a procedure analogous to the examples 1in
DE 187 10615).

Among the monocyclopentadienyl complexes of the present
30 invention, preference is given to ones of the formula

(HCp) YMXx, where the variables have the following

meanings:

HCp is a «cyclopentadienyl system containing at
35 least one fused heterocycle,

Y is a substituent which 1s bound to HCp and

comprises at least one uncharged donor



0775/ 000074 - 14 heterocyclic, preferably heteroaromatic, ring system

whi ch can contain heteroatons selected fromthe group consisting of oxygen,
sul fur, nitrogen and phosphorus in addition to the carbon ring nenbers .
Exanpl es of 0E/5E0b&sed ring heteroaryl groups which contain fromone to
four nitrogen atons or fromone to threemi4rogen atons and/or a sulfur or
oxygen atomas ring nenbers in addition to carbon atons are 2-furyl,

2-t hienyl, 2-pyrrol yIc;orStaquagolayxl ,atem seazotylp 3-4i sethiladzobyl ,tHD
5-isot hi azolyl, 1-pyr zolyl, 5-pyrazolyl, 2-oxazolyl,

4- oxazol yl, b5- oxazol y PJZ&EJH az&ﬂ% 4-thi azol yl, 5-thiazolyl,
2-imdazolyl, 4-im dazol yl, 5-imdazolyl, I, 4 oxadl azol - 3-yl,

1, 2, 4- oxadi aszl 5-yl, {5 3,4 gxadijazgk- Zgy&\/\}ﬂ% , 2,4-t i agal - ? y(gf 196

Exarrpl es of 6- rrerrbered het er oaryl . groups |ch can contain fromone to four
nitrogen atoms and/ orP&r OSphAREE at om are 2-pyri dinyl, 2-phosphabenzol yl,
3pyridazinyl, 2-pyrimdinyl, 4 pyrimdinyl, 2- pyrazi nyl, 1,3,5-triazin-2-yl
and 1,2,4-trigazin-3-yl, 1,2,4-tri 20 _.,azin 2,4-triazin-6- yI The
5- and 6- rrenﬁgr ed ri ff het &aé:a?ryl @Péﬁﬁgnﬁlﬁ#iwso BE sUM it Fe

Cl-d o-al kyl, C6-C o-frydrired kKyEhiygkihayi rtg:dmcrm 1 iodiﬁeganﬁmroajeﬁ”rs in
the al kyl part and 6-10.car to pr trial kylsilyl or

hal ogens such as 25 fclluoﬁ? ne, ’IOEEB &0 %Iri%r%% @ 2f’use%li ke or
nmore aroffitics or hetaet‘rsdar@mm%sl mam)rl@@noatbmﬁz@ﬁusmt Elrka’rib@ae;tt

heteroaryl groups aresrgsi @deyl:arz;ohn%Q:l&ﬁ{s £a coygrry ;rgr[ﬂ?ougﬁllsmyl

2-t hi anapht henyl , 7- thllanar%t]t hg;é% 3 | ndazplyl, 7-in

2- benzi mi dazol yl and %R'be Bl yl EQéﬁ"pl eV of Eﬁmzé” BLafsnber ed
heteroaryl groups are®- Nl yis &rqulqﬂyyhon%o@r@l&@l'akﬂl,n -G,y

1-pht hal azl yl', 2-quinazolyl, 4-quinazolyl, 8-quinazolyl, qU|noxaIyI

4-acridyl, 1- phenant hri dyl and 35 1- phenazyl Anong these het eroaronmati c
syst ens, lpar tR'eBf ar s er each,i s fhdepehdestbsgt i taf ed are urSIh$tsirt ut ed
2-pyridyl and 8-quin L7754 00007 5 opr h0| f the
radicals RO to R5 Ilckﬂéy e n’abFée’s%gﬁ é]l %ence {)6 beigxeygéd ofi~ ?
activity of the cat alwlran@lckn’haﬁe’lrmhé@'@mar fepght 1 oft e helOpoIO,amIonf or med.

Possi bl e substituent stRd olIRSta@e 41h@ylsa19§ré Ladi cal s d8§9§bhe%tf§{ Rl-R2,

where two vicinal radlcalﬂti_lR9 and may a ;be joined orm a
6- nembered ring and SulRtilt utpééftby ﬁéﬁogen?bsetﬁ?n &def | @agand c
chl ori ne2or broni ne. ﬂ%rcafc&srlrﬁd Rlacdazcakn&qu Anb R ar eshyde ogafedMetYyl ,

ethyl, n-propyl, 10 |s pro n- bu tert ty pent |, .n-hexyl,
n-heptyl, n-octyl, vi ny eor?/ﬁyﬁ %‘l%yl ?/Jlrj r%p%t bidptishy Peand

ant hr anyI Pr ef erence qzs.neld Itewfs:e:ngla/e’nvteo- sirr tmimmnberra/nhllczhuBQ and RS
together with the heteroatom bearing themforma heterocycle 15 such as
pyrrolidine or, piperidine. Possible organosilicon substituents are, in
particul ar, & al kyl 18y §e6bps hivdegerdentlivt o dD camson anomieirn t he

alkyl ragcal, in pan o&tag%rn,trlcqe@;yiaﬂwl 01 OIS, - gi’kghglb“ @gec g-bet ween
t he cycl opent adl enyl ad‘é’?"bem H the functionhal  grou IS an organic

di radi cal conprising ona&%g/lélryél | Pe¥ARENi ?%O%ndl haf\ﬂ nd %a €ﬁépﬁnl engt h
of from1l to 5 Z camthesboimdthe Tafl&yﬂaSgb£r’©yﬁhdp@4t2&ﬂ|@@Mboﬁk@lt&n@n or to

t he heterocycle. 25 e bl ound.to the c c pentadi enyl .skel et on.
Changi ng the | ength éfn t%}gél %%ﬁ gyrle%t vEeh ?Hg Yo clnst i efYY 8yS§Pem and

t he het er oat om donor b& grpalslask ttchei‘fczamm ivi tivef @hescat-lablythred beng,
influenceg. 30 Preferggd Z are

k is 1, 2 or 3.

The above-described embodiments and preferred
35 embodiments for HCp and Y also apply to these preferred

monocyclopentadienyl complexes.

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

Table, preferably group 4, 5 or 6 of the Periodic



0775/ 000074 - 16 R a -~-~,eRzB R eRae- ~,e - ,- ~ s-L,B -RzBRzeRae
.1BsBseRRR1B~ 1B~ 1BLLL2B~ 4B~ 6BRRR 1B ~ 2B ~ 1B ~ 28 ~ 38 -C=C-'-C=C-L1s
RaB =BR1B, =BNR1BR2B, =Al1Rl1B, -Ge-, -Sn-, -0-, -S, =S0, =S02, =~TR s~ =Q0,
=PRi s or =P (0)7R&E0E here Rl1g- R6B are each, independently of one

anot her, hydrogen, Cl-CzZO al kyl, C2-CZOqal kenyl, C6-CZQaryl, al kyl aryl
having from1 to 10 carbon 10 atons in the alkyl part and 6-20 carbon atons
in the aryl madle,Si REB3, \é&}&i@]télg @ﬁ?éﬁ%&mr adixﬁicsoMnRgBh%&)ﬁi%gﬁ? bfe
substituted b en two radicals 0 be joine o form
S ve: or - siETRHIaeqmPEHBISRERR  alien Bn, CrAABSERACHE | § B GRs

anot her, hydriegen,paGitiCAQ kyt & f &z rze- mk@nyén C6- BZBatiyly, tdltlayliay|

havi ng from Lt %kgrqjérﬁqfnpon atons in the al kyl part and 6-20 carbon atons 20
in the ar part and two radicals R B may also be joined to forma five- or
si x- menbe ed ring, and L1B is carbon, silicon or germanium preferably 25

carbon or siliHzon. iBassishl & sabétla@@@bﬁuﬁ%@ tOch%@BéH dﬁlhee s 1Brt?1%i %'BS
cal S (0]

oy ol 50 Do [SITHSE t B o HF & 05 8 L3BB enBER BELF Bngh St mep eS8 e
substituted msduhl dgens thed78yn@0@AE4 - oX7 the monocyclopentadienyl
complexes, but <can also be changed subsequently.

10 Possible 1ligands X are, in particular, the halogens
fluorine, chlorine, bromine or iodine, in particular

chlorine. Alkyl radicals such as methyl, ethyl, propyl,

butyl, wvinyl, allyl, phenyl and benzyl are also
advantageous ligands X. Further ligands X which may be

15 mentioned by way of example and do not constitute an

exhaustive listing are trifluorocacetate, BF; , PF¢ and
also weakly coordinating or noncoordinating anions
(cf., for example, S. Strauss in Chem. Rev. 1993, 93,

927-942), for example B(C¢Fs) 4

20
Amides, alkoxides, sulfonates, carboxylates and
B-diketonates are particularly useful ligands X.
Varying the radicals R' and R® enables, for example,
fine adjustments to be made to physical properties such
25 as solubility. Examples of possible carboorganic

substituents R'-R® are the following: C;-Cyo-alkyl which
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
30  or n-dodecyl, 5- to 7-membered cycloalkyl which may in
turn bear a Cg-Cip-aryl group as substituent, e.g.
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane or cyclo-
dodecane, C;-Czp-alkenyl which may be linear, cyclic or
35 branched and have an internal or terminal double bond,
e.g. vinyl, l-allyl, 2-allyl, 3-allyl, butenyl,
pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclo-

octenyl or cyclooctadienyl, Cg¢-Cyo~aryl which may bear



such as fluorine, chlorine or bromne. Preferred radicals RIB to R6B are
.hydrogen, nethyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl,

n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, benzyl, 5 phenyl,

napht hyl , bi phyemylooamnd 4ant hr anyl . Possi bl e organosilicon substituents are,
in particular, trialkylsilyl groups havipg-from1l to 10 carbon atons in the
al kyl radical, especially trinethylsilyl groups. 10 Anmpong these

nonocycl opentragit @Ry @Qnt?llexg&ou@arth@ul auppEetaeanse ié.gi.vephteg&%es in
which mis 1, 13 A i.s NRAR5, PR4R5 8R4 Oi SR9, preferablg Ii NRH or
PROR5 and z FEPRtGYal dmtPibit¥iye SBFRERBYLS r &mrt HE yr BuBCEBHLPRENHG  of 20
R18 R18 R3B R|,B-R3B,R58 %£3- oZR gediné& 1 RileenyR2B2 RaB4~, RZB3RaB, RsB
where L2B ar ach, ipgdependent|l f one agother, carbon.25 or .silicon,
R1B- R6g are 2é?ﬁ% Vndgpgh ehtl?’éf%oneogno hgfs E§6P88§H}p PR¢20 aPRyl |
CZ- CZO al kenplryl@dk@2Oamyiichal kydsar yedravi higrfhemxm latlylO garbpa 3@sat ons
in the al kyl [ 20 garbop at, in the_aryl._ | R7B3, _where
t he organic FE@F?&?§%§%§!R€% y gﬁsgqgecgdbsﬁifu¥££%§ﬁ¥£§%é? s}a%d t wo
geminal or viP&i rel® TREIRIATY R1BYIRSES nfly BR¥02BE0) BinetPired off & f £9e- or
35 si x-menberednr ingsandr @R 4rind 8anR Braf eo gl ci pdapendant |y of

ope enother, o oge | IO ol o Rocel Koy B0 O s
carbon al®ns fBuorinks arfylomiard andbreminadi calss IR neydatsbs ba’j ahned to
breferred enfodi SEAPLCPaL LHER RERPT S5 3851 y L8 1 n6eb pPaTeffed 161°-
nonocycl opentradiiemyls cofpHesges ibei dgltmoyhedeaséjmjahomhi¢brtﬁ€yR@an be
DR, oy LR S 8 B LarLbe eTtbagbon & rhon, e, Sdpze ORa
i s a monocycPSpeREadi ensAn¢onpPed i n takingtrhylsilyl,  triethylsilyl,
15 butyldimethylsilyl, tributylsilyl, triallylsilyl,
triphenylsilyl or dimethylphenylsilyl. Preference 1is
given to using C;-Cjp-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
20 phenyl as radicals R' and R%?. Very particular preference
is given to using some of the substituted ligands X
since they can be obtained from cheap and readily
available starting materials. Thus, a particularly
preferred embodiment is obtained when X 1is dimethyl-
25 amide, methoxide, ethoxide, isopropoxide, phenoxide,
naphthoxide, triflate, p-toluenesulfonate, acetate or

acetylacetonate.

The number k of the ligands X depends on the oxidation
30 state of the transition metal M. The number k can
therefore not be given as a generally applicable
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
35 tungsten are very probably present in the oxidation
state +3. However, it is also possible to use complexes
whose oxidation state does not correspond to that of

the active catalyst. Such complexes <can then be



A is an unsubstituted, substituted or fused, heteroaromatic ring system and
20 R B- ~sB I 28 Z 1S R, where L3B are each, independently of one

anot her, carbon 25 or silicon, R g-R2B are each, independently of one

anot her, hydregeoddotzo-al kyl, CZ-CZO al kenyl, C6-C20aryl, alkylaryl

havi ng from1l to 10 carbon 30 atons in- tiwe -al kyl radical and 6-20 carbon
‘atoms in the aryl radical or SiR-B3, where the organic radicals R1B-R2B nmay
al so be substigutgsh by diay ogeascand crweiatial soR BeR2B kHy salismiie j oi ned

to forma five- or six-nenpered ring and 0775/ 0QQ074. - r.e each
i ndependent | y29%1 bR Hhot HEF?Fﬁ{}%?%%en}SG ge36 al Ckggfl 1 _négo_égﬁ éﬁly : :
C6- CZOaryl orcahyyémeyl bavingefromidatoon0 sarben atSonmerich tthie iy

radical and 620 ﬁg%%gP%g ALONE i Bat NG asyLeLagi 6ol gand two radicals R B

may al so be j PR ma five: or sixnenbered ring, and mis 0 or 1. 10
The abovesdescri bed enbodi nents and preferred enbodi nents for RLB-R2B and

R B also apply, to these;pueheried mMpReekeh-epent adiaudy cosm exeasiedsl | n
t hese preferrg% enb g?néntsh Apis g% unsubsti t ut ed, sd%stit ted li ﬁused,
het er oar omat | €omPheEegst &ém 1Pr et ersdtnss itdisgitvett o- 1§ mpiee eﬁgﬂéﬂ ch are

readily avai |l @l e ape CheapaBDgs angvsetret edlfowimyheebnihgwi:ng group: 20
~c Rc RaRcyl NRc

10 Z is a divalent bridge between A and HCp,

A is NR4Ri PR%?, ORﬂ SRY or an unsubstituted,

substituted or fused, heterocyclic ring system,

15 R*-R’ are each, independently of one another,
hydrogen, C;-Cpo—alkyl, C,-Coo—-alkenyl, Cg—Co0-
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part, SiR®;, where the organic

20 radicals R? and R® may also be substituted by
halogen and two radicals R* and R® may also be

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

R® are each, independently of 9one another,
25 hydrogen, C;-Co-alkyl, Cz-Czo—alkenyl, Cg=Czo-
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,
30 and

m is 1 or 2, preferably 1, or may also be 0 when
A is an unsubstituted, substituted or fused,
heterocyclic ring system.
35
A may, for example together with bridge 2z, form an
amine, ether, thioether or phosphine. A can, however,
also be an unsubstituted, substituted or fused,



Rec Rsc wy R N R oc 2-pyridyl 8-quinolyl R c-R oc are each, independently
of one ano%/her, hydrogelrcl), Cl- Czo-al kyl, CZ-C2o0-al kenyl, C6-CZO 25 aryl,

al kylaryl having from1 to 10 carbon atons in the alkyl part and 6-20
carbon atons OA76HE€0&0YKM part or SiR|Ic3, where the or gani c radicals

R c-Roc nay al so be substituted by haloggns and two vicinal radicals
Ric-Rioc nmay 30 also be joined to forma five- or six-nenbered ring and

0775/ 000074 - h2BerBklclare ep@bfeiradepelnﬂéﬂék?ﬂaQ}Bmgﬂ@cﬁnogg%%r%%gg&?gnio
1- CZO al kyl , - -al k . C6- C20ar or a ar avi
(c::ar bon at o)r/ns fqﬁ%f: e%aalqkﬁg%%?%naﬁl& 6= )Gl‘t(‘?ﬁ‘tsbo?F o deFﬁf“t ar §¥opart and
two radi cal s RPRELRAYNE] I bexyoened stud fuar,m aif_rg@eToran&i )éplﬁ@ﬁplgbgﬁl?:’)lr ng.

i bl e substht ts 1 RKC e radi S As scri f
EgssRlz \i/h e %\?\oﬁg?iél%ﬁg:n rttfgi%s@éﬁéﬁorgggapg%gﬁ%% al%(?%é?sm d°To form
a 5- or 6-henBEFRATEFng1a8d e ey heseizt i vhiel Iepnitaliogefisons ustie as

fluorine, chlosi fewar hierbsen Breher r&d radhcals RS tt‘?lr%eocnfrgfogé{rqmgen’

- - - I
nmet hyl , ethyl, _n-propyl,, isopr |, n-butyl, tert-butyl, n-pen n- hexyl ,
n- he%tyl , 15 %%%?yf‘%égﬁz% ,Sug%ﬁyp,r REVBCRY I3 EBI Bferyinaterr e aiy| .
Particul arly adefuionr ganosidartam subséms uents arzefturﬂﬁ!,kygir%%% ;J?,UDS
. in

i f 1,1 bo tons i he .al.kyl radi cal iy _
R T L i AR L A
bei ng an 119nsu%s%W*altlb@Z@JEY%ubs'u—lptymemd)ll&lpyr?dyyrambg&ngrﬂ-%%m,ng ,
i Me22 - cl openta n compl arge \ve. _
Sz\i/?tzi glrjl glrl y j'e&g?lé@pg%/éi I a%l e a%lgqty%]ids ppge)'f ‘gﬁg‘a&?so I CJM%@IW t hout
a bridge Z in Vﬂ?%‘?}%’?ﬁyjs' 0 undh iR ial vh ursuisitdaanled or subsitdaadlad, -
8-qui nol yl . 15+ irhixsez 6 0PD) exes,2 Bt R Q0 15 pr ef erabl %_%rﬁ%%dblu_g;l c

. 4
to 30 R9c are; each hydrogen anqd. R oc 1s methyl, ethyl,_riprl -
tort-butyl . Pyl oRGRIF S HRERLTE Y ocPI, Berfah-rpinaryl- 3 ndpht 1
bi phenyl 16r dndmaigd . diheseraintbadtd! edt@ A0 € Ah A the Spme i ][re "
di spl ay very Jgrgéki%tif‘éﬂotrﬁ es; e3_5 'I(')he fm)nocyclto oent adi etnyl c%frrrfglr/exes ao t he
present invention can be Used ei ther lIl_anle“dT FFEt hért Sl h tIer
conponent s aPheardigmis sysemmereor2ghefidinyl, 2-phosphabenzolyl, 3-
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl,
1,3,5-triazin-2-yl and 1,2,4-triazin-3~-yl, 1,2,4-tri-
20 azin-5-yl or 1,2,4-triazin-6~-yl. The 5- and 6-membered
ring heteroaryl groups may also be substituted by
Ci1-Cip-alkyl, Ce-Cro—aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-10 carbon atoms in
the aryl part, trialkylsilyl or halogens such as
25 fluorine, chlorine, bromine or be fused with one or
more aromatics or heteroaromatics. Examples of benzo-

fused 5-membered heteroaryl groups are 2-indolyl,

7-indolyl, 2-coumaronyl, 7-coumaronyl, 2-thianaph-
thenyl, 7-thianaphthenyl, 3-indazolyl, 7-indazolyl,
30 2-benzimidazolyl and 7-benzimidazolyl. Examples of
benzo-fused 6-membered heteroaryl groups are
2-quinolyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl,

l-phthalazlyl, 2-quinazolyl, 4-quinazolyl, 8-quin-
azolyl, b5-quinoxalyl, 4-acridyl, l-phenanthridyl and

35 1l-phenazyl. Among these heterocaromatic systems,
particular preference is given to substituted and
unsubstituted 2-pyridyl and 8-quinolyl.



0775/ 000074 - 21 polynerization. Furthernore, we have found a catal yst
system for olefin polynerization conprising A) at |east one

nonocycl opent adi enyl conplex 5 according to the present invention, B)
optionally anoorgad@ s i norgani c support, C) optionally one or nore
cation-form ng conpounds, 10 D) optionaligy -one or nore catal ysts suitable
for olefin polynerization and E) optionally one or nore netal conpounds of

group 1, 15 %gprd{&mté h@hBe_rdeOdcbfl Takl eradhdslsmr'e ¢har®ong @fwitde
nonocycl opent ad'@% 3{1 es of the resent ention can_si
a

% | t an ousl y
be brought intH YeRE o eofaXSIréfagnsori otB% B@tﬁgmﬁ
This has the tah:la/aa:ma@byﬂlaandtoanabéemoaewdmarr ardgghaf opfoltmrmrpmllmdnﬁ

produced. Forg L epdismddl Bﬁegegfcaeﬁég be: P gpaﬁfd Lo thig To

enabl e the nonocycl opentadi enyl conplexgs of the reSent nvention to be
used in pél ynEdicalorrieseedesesion ES]hER gayhphgs &wer Vl@lm%mmla t is

of ten advant ageqyy fror rile 4 @&'H@Cﬁﬁ%& ocberysrdai B-t e foarar@fe afol i d,
i.e. for themto be applied to a so suEport B). Furthernore, the

suppor t ed nonfor&H opBHY adPenyFUbskpFeked dp¥pl B¢ Loogrrgh ﬁr‘)&ﬁ’ucﬁsvl ty.

The nonocycl ommlapﬁ@nylchqwmln@(%rofbﬁdnmpé es@'ﬂeﬂe&‘t@&tl eadeanlkhegefore
al so optional | smmobi | i zed %an an organl i nor aar} c support B) and be

used in suppoaf’r%/%d rm Fh®t he"Pof 97E? 1 zatTo isS 35 AUttty net hod
of avoi dilAg deposidsylin t hebnegdt or thct-ch:‘utqdntrom-pegtyhe pol-yreedy 1,

nor phol ogy }%39&1_9_] rt t ks, enceqh$,19i v sin ilj,ca gel,
nmagnesi um chﬁirl al ug?]ném g)%l de, lergrre}?(r)porg&s?l %7%%%%74 %}% 3)1
materials, allARHINY cate®hemydr ot andi te%n'@hﬁa@)’bam Fyoigranes sudls as

pol yet hyl ene,1 pedwie i\ﬂé}? 05 @@flyé&yf@@em%ﬁfc&%* & Y PPord, JRR: al s B)

for catal ysts far oefl nmeri zation, preference is given to using
silica gels é’fjﬁg’é ﬁg‘ E?E Bgré gi’ %ﬂfg Selict HPEM ek e R EROSYIGlsnl e as
supportsibor salefi raspobym‘er:ualtmen ean pepdr dgiuced frayBidlis raﬁ’fg%rrioarl
Spray-dried SI I e are spheric oner_at.e Il er
granul ar partic 1I caorgk%%%%éguﬁll)gﬁala§epar]tri cP%EJCl‘ﬁ'gg@rbeé gtu stlga
particul arly arsefpd . hhéngi lfirom gkl socdrd breax:lbmedaannvsorlrcatheneﬂ)@df ore

use. radical, in particular trimethylsilyl groups.

20 The bridge Z between the cyclopentadienyl system HCp
and the functional group A 1is an organic diradical
comprising carbon and/or silicon units and having a
chain length of from 1 to 5. Z can be bound to the
basic cyclopentadienyl skeleton or to the heterocycle.

25 7 is preferably bound to the cyclopentadienyl skeleton.

Changing the length of the 1linkage between the
cyclopentadienyl system and the heterocatom donor A
enables the activity of the catalyst to be influenced.

30 Preferred Z are



15 Li kewi se preferred supports B) are hydrotal cites and cal ci ned
hydrotalcites. In mneralogy, hydrotalcite is a natural mneral which has
the ideal formula My6Alz (OH) 16CO3 4H20 20 and whose structure is derived
fromthat of JgraiaW OH) 2. Brucite crystallizes in a layer structure in
which the nmetal ions are |located in octahedral holes between two | ayers of
cl ose-packed hydroxyl ions, with 25 only every second | ayer of the
octahedral hol es beigyg occupi egs|n hydrRQg al giet €, sone _mmgnesi Uﬂ]sé ons are
repl aced by al um numi ons, withl t he set 'of Igyers acquﬂi ngRa positive
charge. This is conpgnsated by fani ons V\_h|i ch tloget her wifth V\Jat er | of

crystal lization@rel30 TdcatedLli®mt-he—tnernebirat e layels—1ShehLBayer
structures are found{ not only ijn the cas'e of |magnesi umyal u[&ﬂuméhydroxi des,

I
but general l inm metal h oxi des 'havi a | ayer r ur @egand t he 35
Y / Esj I %Qs; z3+ (R%-i )R§x+9 'yAz s?’m z ‘

formula M( | | ) zXz+M ( | 20

0775/ 000074 - 23 ,where Md 1) ig a divalent netal such as My, Zn, Cu, N,
Co, M1, Ca and/ ? andRMRTIR i s a trivalent netal such as Al, Fe, Co,

M, La, Ce and/o , X iis A nugber fromO0.5 to 10 in steps of 0.5, Ais an

interstitial 52@FR andCTFs kfe'charge on the interstitial anion, which
may be from1 to 8, usually froml to 4, and z is an integer from1l to 6,
in particular from2 to 4. PosBible interstitial anions are or gani ¢ ani ons
such as al koxi de ani ons, al kyl ether sulfates, aryl ether 10 sulfates or

gl ycol ether sul fates, inorganic anions such as, in particular, carbonate,
hydr ogencar beieR'®, aABNRERE?, o IRPde-Geul f ata-or -BCOH)-3— ,0r=qm/| y=p@m,, et al
ani ons such as C)Z_(g(g- 0L M10028: ﬂ@y\ever, a mxture of a plurality of
such ani ons Etiqyﬁvgsf) e Toirs%se(r%(tg. _?éoAccdr dingly, all such nmixed netal

hydr oxi de§8 hawviang a | ayer structure are regarded as hydrotalcites for the
pur poses of the present invention. 20 Hydrotalcites can be converted by

cal cination, i,e.heating, into calcined hydrotalcites, which enables,
inter alia, thhe Resi@® hy§e6kyl giBEPPEBARRRLYt o0 Bk s&ne | naa@dineiron, the
crystal structure al sgyddanggs. Jhe,repy Bt i oozmzot.ggkggg,gi,ne@e_czo_

hydr ot al ci tes used 25 accordi n% to hehgr esent invenili on i1s usually carried
out at above 180C. PPeferenédVdadidene81BHl cf haPi oh fF FlomC3HEEM24
hours atl®rom 250C t @t0Cini hhparalikgul apaft oand0E=20 dHOKoONn atoms

Si nul t aneousl y passi ai k. or _ipert overntshe nmterial_,bei l.ci ned or
30 application of vacqglumt?lse a l‘éfpo B%?gf e.ﬁ& ﬁ’ea{@lneé{étﬁé] na{a%lgéﬁlgr

synt heti c hydrotal ci tieslifdalst | RWgrRe omBywageésp i be. dupistigtacedr sbyn
further heating, thepotdplnLcabghnalion BHYcEss, fkerpet gl 35aj["é’c5” g?i des

el i mnate hydroxyl groups and interstitial anions to form netal oxides,
with OH groups or intd&dgd ita Lofimes LT £&F Srporrkerad 17iMei ng able to
be preseny in the calcined hydrotalcites. A neasure

R® are each, independently of one another,
hydrogen, C1-Czp-alkyl, Cy-Cyp—alkenvyl, Ce—Coo—
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms

20 in the aryl part and two radicals R’® may also

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

and
1B is carbon, silicon or germanium, preferably
25 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

30 6-membered ring and may also be substituted by halogens



0775/ 000074 - 24 of this is the loss onignition. This is the weight |oss
.experienced by a sanple which is heated in tw steps, firstly for 30

m nutes at 200C in a drying oven and then for 1 hour at 950C in a nuffle
furnace. 5 The7taleoded4hydrotal cites used as conponent B) are thus m xed
oxi des of divalent and trivalent netals MI14) and MIII), with the nolar
ratio of MIIl) to MIII) generally being in the range from0.5 to 10, 10
preferably freuwel. 7&8st o fuandnd) pachiictirg foom briomide .Furgherdmorey
normal | evels ] rities,, for _exanple S, .Fe, Na, Ca.or .Ti and chlorides
and sul f at es,rér)r%%/ég?%o t%e pr %enF‘. 1 J??refséyg}éag%arci H}?&?W dr ot B tres B)
are m xed oxitlesroépyihi chsthpropyils magbesiydm arecd-Hbutyli,s al+parmuyi, Such
al um num magngsy i xed _QXxi ar jnabl g; m Cherm.e H,
Hanbur g, undre]I? Ftl%gﬂqr adgl ﬁghg?}%ﬂr aleho_%tgr\%,.l'ZO %%?ie)f eﬁggqsé’al gkggngzl egn to

cal ci ned RydrR@r¥tt esn@RhGRAYER t RéPBenyét upar t aidfamiE: i orPdss doiml et e

or virtual |y commhes£likshCinaib@Ri tuehrsa transf or Mmhi on of rd g, SiF uct ure,
, means of X-ray_diffraction patterns.

can be establjs eij, Lor eﬁanEI e, bé] 25

The hydr ot al cFrTE3LK¥EF 1 hbd IRPUPSt s BYORi i &P gkP s CaEe@narat Yesher al | y
enpl oyed as fimetlye daVkylbdrpoiciel s dayéopadl peanipathiythel di agebgpsd50 of
from5 to 30 200 um preferably from 10 to 150 um particularly preferably
from15 to 100 um and in particular from20 to 70 um and usually have
pore vol dfes Aoy ommese tmorier wriBipen raferabl gohpdares? tpr X iondlay and
specific surf of . f 0. to 0; . gpreferably from35 50 to
800 nk/g and ?ﬁ%ﬂ%%ﬁilgsr é?%%mg’l%% ?%Q Ob%}?bc.ﬂ?The nonocycl opent adi enyl
conpl exes of the present invention are preferably applied in such an anount
that the conggntrationgof, nonocycl opent adi enyl conpl exes in 0775/ 000074 -
25 the finished catalyst systemis from110 to 200 unol, preferably from 20
to 100 unol and particularly preferably from25 to 70 unol, per g of
support Bp. 5A Sone ofid herRfohocsrRIRGpenRAdicendR comeasly t e présenNt

i nventi on have only aorl% al HE” zation activity and are therefore brought
into contact with an &activator, "viz. the conponent C), in order to be able
to display a good polynerization activity. The catal yst 10 systemtherefore
optionally furth cQnpryi: en®S GATRA Paent o] re tion-faormng
conpounds, p%ef e?%ébl)g/ atdlﬁfgdg'gtnacone cation- %%ﬁggco%gﬁndtﬁ)@ g}lqtu%bl e
cati on-f or m iPEONPorHCE) which are able to 15 react with the

nonocycl gpent adi enyl conplex A) to

1B 58

18 1B 3B
R ROR L1
2B 2B ,' 2B
o o
28 2B 4B
R ’ R™R ’ R?8 R%8 RSB
where
L%B are each, independently of one another, carbon
25 or silicon,

R-R®®  are each, independently of one another,
hydrogen, C1-Cyo—alkyl, Co-Cypo-alkenyl, Cg=Cyo-
aryl, alkylaryl having from 1 to 10 carbon

30 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

35 six-membered ring and



convert it into a cationic conmpound are, for exanple, alum noxanes, strong
.uncharged Lewi s acids, ionic conpounds having a Lewis-acid ration or ionic
conpounds having a Bronsted acid as ration. 20 As al um noxanes, it is

possi bl e to usE]5f@0&kéanpl e, the conpounds described in WO 00/ 31090.
Particul arly useful conpounds are open-clmi-n or cyclic al um noxane
conpounds of the fornulae (F X) or (F XI) 25 Ro\ Al -EEO Al -~ R4 (F X
i RSﬁ O- ~ IRP (FI )k(lal)reR' asfeer, e ]lc?lnaglpéh@eﬁﬁgb, | i@ﬁepamﬁ&elnt |a)6‘1d?:fhle(¥)e

anot her, a Cl1-C6-al ky, rou pr ef er ab a. nethyl . 30.et , butyl or

i sobutyl group, and 1h¥cgr°g%17’75/§b8%?4a¥k%%’ aﬂzi%oeﬁé%ef“&&m 1 45630,
preferably from5 to @&5y1 5010 alkyiarylpahbeveobarinomsef o al Gmceotame
compound s met hyl al yigexang. cHaeser )4 OBHREL G WIAPXBULLEAMQS are
custonmarily prepared by controlled reaction of a solution F

trial kyl aPum num wi t i hatle. aTHd AFGonerd c tEPukasheais cRdnpvads isst ai ned
inthis way are genensd lyoided hes feoim of fivdures of chathodiaeariggd cyclic
chain nol ecul es of various lengths, so that 1 is to be regarded as™ a nean.
The al um noxane conpounds can al so be present in adm xture with other netal
al kyl s, usualThe al urdbuwrarad iyl ghed umMerdcaiiengartapar atarns s grderRre as
conponent C) are cQ rcially awaiLkabl e. Furthernpre, nodified al um noxanes
in which som&o oqc%nggrrﬁtysdrgggr b%ln_ adi 82?8 iar*Pthﬁ'en?Sr rﬁﬁl%%e(fr)?)f%&re XI)
are repl abed npndupdrlogemaaainn ol abkpkyxear yOoxing sid oxlye oraam de tgr oups

can be used i f umng cgﬁgﬁlg]_d% e E X)) or
(F XT) as cor?rphollrclger.ﬁtcﬁ&% %gﬁltgghglsr%%g‘%%f’_o nd to eégad%;n?ggégﬁégtgchfsza t he
nmonocycl opentEIRBRAT XFhpPéx ZA)= afdzt hé iMfleani élkcaie @BnBodmedeiny lsueh

anount s that ie at amnrRat 69 pRéll,um num from t he al um noxane conpounds,
i ncludi ng any alum num al kyl still present, to the transition netal

15 A further preferred embodiment is a monocyclopenta-

dienyl complex in which

A is an unsubstituted, substituted or fused,

heterocaromatic ring system and

20
I._FB
_%@
2B

Z is R ’

where

L% are each, independently of one another, carbon

25 or silicon,

R!3-R?®  are each, independently of one another,
hydrogen, C;-Cyo-alkyl, C,-Cyo-alkenyl, Ce—Coo-
aryl, alkylaryl having from 1 to 10 carbon

30 atoms in the alkyl radical and 6-20 carbon

atoms in the aryl radical or Sing, 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 and



30 fromthe nonocycl opent adi enyl conplex A) is in the range from10:1 to
1000: 1, preferably from20:1 to 500:1 and in particular from30:1 to 400: 1.
‘As strong, uncharged Lewis acids, preference is given 35 to conpounds of
the fornula (&7 }0o0®DXi DX2DXsD ( F XI | )  0775/000074 - 27 where MZ is
an el ement of group 13 of the Periodi c Teble of the Elenents, in 5
particular B, Al or Ga, preferably B, X1, XZ and X3 are each hydrogen,
Cl- d o-al kyl ,R6-Cl sagyé, aldaHarylindapghnalekylly habdal kyhe or dradtdegyyl each
having from1l to 10 carbon 10 atqns.in e.al kyl _radi_gal d from6 to 20
carbon atoms in the aryfreagical 8b_rc%‘)l—ﬁ§5??/%é, }:eﬁl {::ﬁ‘)i g%eﬁls}c}di ne@ﬁorcg)? odi ne,
in particul ar hal oar yhsyl pref ea hbyYapeht aBviagopfresy| 1 150 FAOt earkxanpl es
of strong, uncharged Lew cjd e io l /3 ) jcularly
Sifent OF1 ¢ T8 900y Aot and Baroxins, o g o

useful conpounds as c9 onen . oroxins, e.g. ..
trial kyl bérane, triargtbosana drha rawel hyrBoFa%i RRPAFU? chGRarCpref & ence is

given to using boraneﬁawiﬁwe% ol gast tovorpeff lalordiRat-edoar ydix-
radicals. Particular preference is given to conpounds of the fornula ( F Xl
| ) in which X1, 25 XZeBRET%3 R#BI: dBAtical, preferably
tris(pentafluorophenyl)borane. Strong uncharged Lewis acids which are
suitabl e as cation-form pg coErpounds C) also include the reaction 30
products fronfthe reatti @noﬁf 4 boronic acid with two equival ents of a
trial kyl @oum num or the reaction products fromthe reaction of a

trialkylalum gy W tihdyo SALVAIEN! S Aodiaehdisc 11 uaal nalgferdfireq
particular perfluorinated, car o campoun sych as pentafluoro 35 phenol or
bi s( pent af | uoeophehpenber i ivt ki dR™ and R™ also apply to these

preferred monocyclopentadienyl complexes.

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

20

R1c X R R N Rsc
I 5C ~

N7 R® R N” "R

2-pyridy! 8-quinolyl

RIC-R1C are each, independently of one another,
hydrogen, C,-Cso—-alkyl, Co-Cso-alkenyl, Ce—Coo—

25 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!I®-R'® may also be substituted by

halogens and two vicinal radicals R'©-R'¢ may

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

ring and



0775/ 000074 - 28 Suitable ionic conpounds having Lew s-acid cations
include salt-like conpounds of the cation of the formula (F XIIl1) 5 ~ (
(MB)a+)QLQZ, ..Q)d+ (F XIlIl) where MB is an elenment of groups 1 to 16 of
the 10 PeriodiT7abd@ D4 the Elenents, QL to Qz are singly negatively
charged groups such as Cl1-C28-al kyl, C6-fl5-aryl, alkylaryl, arylalkyl,
hal oal kyl , hal oaryl 15 each having from6 to 20 carbon atons in the aryl
radi cal and fg'dfn 1 t 28 casdwn) at amslepentbetakkyl ofadi®®d, another,

C3- A ocycl oal kyl which may bear C1-Clo-alkyl groups _as,substituents,

hal ogen, Cl-CZa 20 aﬁ%%a,/g%’- Clgl ac%?l ngﬂSi | P @‘?ro ﬁi?‘@&é’ﬁyl gﬁohﬁ%, ais
an integer from1l to ﬁrsa]_ndo’z‘S Zlkplaryl nhegengf riommd flo &y do0i s:atﬂtmn
difference a - z, bUtaxgorhé gheatey 1 n%(ghagﬂuaalncf 05150 3Q,2RLH cHl @rd v

useful cations are carbonjum cati ons, um cations and sul ?IOI’II um cati ons
and al so €ationic trahsiEnenam¥FlalPagénpinekesvo Pageieal ar Rientiaoh %80 be
made of the triphenylp@tywincatt®nothea Silver &atsPR-R8HLEPEd ring.

1,1 -dinethyl ferrocenyl cation. They preferably 35 have noncoordi nati ng
counterions, in particular boron conpounds as are also nentioned in WO

91/ 09882, prefesadib)et etibakistpansafitiotopmetylghorahe. sam@7 A QA0 - 29

The salts containing npncoordi nafi2g ani ons can al.sq _he prepared by,c

Conbi ni ng & b5 oG TAPE mith carpoand Pers E8R Frihoiim SR RYTELSi i a
second cdfpoum RHcmagarelsacbewijtdindte bor fpror aal omi pumCconpoaakdso as
to 5 1ink t n akym fim 00N , ) ter,
and a thi rdmgro%{p%zﬁggvmq@c)ﬁ ?g%?n; b%n |on!§%t§%@?%n}32 ?B%p%%ggwstﬁﬁ?g ha\(,a@boron
or al uni num chhpiinre ., echlcxinghenybeembreonebhaferred addicpda, Ra ftourth

conpound whi it i kew g8 d@a5drs, Wnkbhihe Rangn ornlfrahym numgmaund, e.g.
pent af | uor ophe;@, can be aqg);o}lc.é, | oni ¢ con‘Eoinds havi ng. Bronsted acids as
cations pref @ y}i kewsd lioncBaPARA¥LY ng FOMRFEFi ondi~heptyl,

15 n-octyl, benzyl, phenyl, naphthyl, biphenyl and
anthranyl. Particularly useful organosilicon
substituents are trialkylsilyl groups having from 1 to
10 carbon atoms in the alkyl radical, in particular
trimethylsilyl groups.

20
A preferred combination of Z and A is given by A being
an unsubstituted or substituted 2-pyridyl, m being 1
and Z being CH;, CMe, or SiMe,.

25 Monocyclopentadienyl complexes which are very

particularly readily available and thus preferred also
include ones without a bridge Z in which m is 0 and A
is an unsubstituted or substituted 8-quinolyl. In these
complexes, R°® to R is preferably hydrogen, or R*¢ to

30 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.

35
The monocyclopentadienyl complexes of the present
invention can be used either alone or together with

further components as catalyst systems for olefin



15 As Bronsted acid, particular preference is given to protonated am ne or
aniline derivatives. Preferred cations are N, N-di nethylanilinium

‘N, N- di net hyl cycl ohexyl ammoni um and N, N- di met hyl benzyl ammoni um and al so
derivatives of7theot@dter two. 20 Conpounds cont ai ni ng ani oni ¢ boron

het erocycl es as are described in WO 9736937 are al so suitable as conponent
C), in particular dinmethylaniliniunboratabenzenes or tritylboratabenzenes.

25 Preferred @p@@egpﬂ@@y@ﬂs @hﬁuw@ﬁmo&deﬁée&awhldhnh&ﬁraﬂcdtﬁ&ysﬁwn
perfluorlnatedyslgﬂ.{%]}1 Par%lcu ar re erence.i s _given to

N, N- di net hyl af fe?f%i?%(%% YBFF 167 bﬂ%ny?TBﬁf%%% and in particul ar

N, N 30 di net hyl cycl ohexyl ammoni um t et raki s(pent af | uor ophenyl ) bor at e,

N N di methyl benzyl ggmon s stetr Al s (pepbablyeiepaarul bavat ¢ loddidyl

t et raki s(pent-arl uor ophen bor at e borate~ani ons can al so be
| i nked t o5one anot@@¢0r@sn@nt@h§h€|Hﬁ?@ﬁnf (EBFBFlZB*C6F4 B (C6F5) 2] 2,
or the borate anion can be bound via a bridge conprising a suitable

functional group to the support surface. 0775/ 000074 - 30, Further
sui tabl e cati®h- fo?ﬂ?h@n%%ﬁﬁoﬁﬂdgrﬁﬁnéFeoF|%P%Hg?ﬂ19mfﬁﬁpgf690 The anount

of strong, uncharged Lew s acids, ionic 5 conpounds having Lew s-acid

cations or c conpound haV|ng Bronsted ¢l ef erably
fromO0.1 to 2€5equ?5gfgﬂ?ilyn8P% BFe?g a% rom%ls'rtnggéogg§1 ngﬁéhts based
on the mirocycl opent adi enyl conplex A) . 10 Furt her SU|tabIe cation- fornlng
conpounds C) ?Le bSéQEQb% gxg§f%gPﬁylgﬁo§gc §§al sts .suitable for

di [ bi s(pent af T uor ophéeny ane oron al um num conpounds of
this type are desceidéun P@lYEﬁaﬁpﬁélOnnaV@)99/06414 15 It is also

possi ble to use m xtures of all the abovenentioned cation-form ng conpounds
C). Preferred_m xtures conprise al um noxanes, .in par

met hyl al uni nokane, CBR4CRAL L ¥nPREcBRPBTRE, Weﬁa&aﬁﬂmﬁﬂQEngﬁgfZﬁxﬁﬂﬁtﬁ1ning
the tetraks s(pent apl ver ophesythborPateodhicomaband/ or a strong uncharged
Lews acid, in particular tris(pentafluorophenyl)borane. Preference is
given to using both the 25 nonocycl opentadi enyl conplexes A) and the cation
form ng conpolhds, C) niarea sbhaent onei t hopr efdreenceched vl gperpadbery bmt i

hydr ocar bons B%ngégow {020, CA0RAN Ao0R: 140 AL LULATC XNL GREDy

t ol uene, pentane; hexane, heptane or m xtures t ereo 1 kew se” broad
pr oduct spectb@nb@@@gﬁﬁsdiﬂéDo@@étﬁ@ﬂ by thsehsr e hef pnegy dlsfemadienyl

conpl exes;A) gL bey%%%B i %@'%'Ghéoa’abaﬂthga \Mhtait att | eaghlo8€
further catalyst D) "which is suitable for the 35 i zation of_olefins.

It is therefofeV“d6SsitAE® oClis@OIHECSE ﬁﬁ%eb%aP5P5§F§ gﬂfaﬁ%@@ﬁ%?able
for ol efin pobymedkzapiroauassopthobal peeppesdntnDrhir twhe.catal yst system
Possi bl e catalysts D) include, in particular,
To enable the monocyclopentadienyl complexes of the
25 present invention to be used in polymerization
processes in the gas phase or in suspension, it 1is
often advantageous for the metallocenes to be used in
the form of a solid, i.e. for them to be applied to a
solid support B). Furthermore, the supported mono-
30 cyclopentadienyl 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 1is a
35 customary method of avoiding deposits in the reactor
and of controlling the polymer morphology. As support
materials, preference 1is given to using silica gel,

magnesium chloride, aluminum oxide, mesoporous



0775/ 000074 - 31 classical Ziegler-Natta catal ysts based on titani um and
classical Phillips catalysts based on chrom um oxi des. Possi bl e conponents
D) in principle include all conpounds of transition nmetals of groups 3 to
12 of the 5 RerisgionOfabl e or the | ant hani des which contain organi c groups
and preferably formcatal ysts which ar~eactive in olefin polynerization
after reaction with the conmponents C) in the presence of A and optionally
B) and/or E) mathase la,e usu:aihysmma@ueds ihrydmjtcalicatm rmm@demgamoor

pol ydentate |igand is baoun 0
Suitable Ii gﬁ?g@'r?eﬁ:cﬁ ud&HH th ? oseg If%nrg cycl opéﬁjtl%g%elne;ﬂ ra %gal s
and t hose whipsdl yeatey faree. of cyclopentadlenyl radi cals. Chem Rev. 2000,

Vol . 100, No. 4, describes many such 15 conpounds B) whi ch are suitable for

ol efin polynerization. Miltinuclear Cﬁc| opent adi en% conpl exes are al so
sui tabl e Por sl e3ohigoPYRRPFEafRERI IRLSt For {1k t FRERBY F S wéPK- Suiatdd

conponent s D), Argnedd 0%6h Co@ntr@f'é'r%dét h@a%l@eﬁ cys | Qpﬁn{gadlsqrmlcatype
l'i gand, mhlch are generally referred t nmef al.| ocene

as
Particul arly 9%t Wi+ ek aEP?BEJe%Jee%o‘ﬁlb?%ﬁe?é? eaPﬂo§ErBFtPﬁ8 f“&*ﬁ'ulté’efrl: XI V)
RIE (F XIV) MibXagle 25 sheparithe Sabsbiledent pante midiaeisomaeent e

fol | owi ng neamla%ce fg%%léitlt £un1af|r$§) dJFgJ"Eﬂl ¥§23%P@n

ni obi um tant ﬁ romum enum or an e
0775/ 0000¥9 which are spherlcal agglomerates of smaller granular

particles, known as primary particles, have been found
to be particularly useful. The silica gels can be dried

and/or calcined before use.

15 Likewise preferred supports B) are hydrotalcites and
calcined hydrotalcites. In mineralogy, hydrotalcite 1is
a natural mineral which has the ideal formula

MgeBls (OH) 16CO3+ 4H,0

20
and whose structure is derived from that of brucite
Mg (OH).. Brucite crystallizes in a layer structure in
which the metal ions are located in octahedral holes
between two layers of close-packed hydroxyl ions, with
25 only every second layer of the octahedral holes being
occupied. In hydrotalcite, some magnesium ions are
replaced by aluminum ions, with the set of layers
acquiring a positive charge. This is compensated by
anions which together with water of crystallization are

30 located in the intermediate layers.

Such layer structures are found not only in the case of

magnesium-aluminum hydroxides, but generally in mixed

metal hydroxides having a layer structure and the
35 formula

M(II)2>™M(IIT) 2" (OH) axeasBon™ +2 Hp0



- 32 group 3 of the Periodic Table and the |anthanides, XE is fluorine,
chlorine, brom ne, iodine, 5 hydrogen, Cl-d o-al kyl, CzZ-d o-al kenyl,

C6- C15-aryl, alkylaryl having from1l to 10 carbon atons in the al kyl part
and from6 too205c@dbondatons in the aryl part, -OR6E or -NRGER~E, or two
radicals 10 XE forma substituted or uhsabstituted dine ligand, in
particular a 1,3-diene ligand, and t is 1, 2 or 3 and, depending on the 15
val ence of Mlfhets ByTh)t hat at Hevaktakl aeend comdl exs ofg,t It f @uull (F X V)

i s uncharged, -where 20, R6E are.e - -al kyl. - C15-
al kyl aryl , ar@?al ", Q?uSP%ZgESﬁé%ra??ugﬁgég§lq%gc% ﬁé&?ﬁggfggﬁ$€{%% 10
carbon atons suchhasahkyl FeadCoal MandL25 Ceomngl/tag ¥ ,caf bioh atwiPen t he

aryl radical apg.thecradicahs ;XE ara,d dgptiocal, of dif fer eyt angk paya be
joined to one another, 30 RIE to RSE are each hydrogen, C1-C22-alkyl, 5- to
7- menber ed cyehbank@ndorn cyél ddikefPRTGRI OB nBYCi ANTEES tBédr lcia P al kyl
groups as subghitHernh§, b€Zread- al kenyl,, uW39a08Cazoar VIl tRlKyl&iylz ofs
aryl al kyl , where two adjacent radicals may al so together. formsaturated or
unsaturated aB773y 741r0B3 1 LQ) | g?éu&??ﬁ%ﬁ ¥ §kOR g% %2 car bon

atons, or Si PE8Elb3ewhaterBBEtiaY heibdentirealorayardid faariemts asukchreys 5 each
gg-gﬁoFL?yﬁgiéi5ﬂ§§%%LO?§X§§QSLF%E§EEE6%%iﬁ 0¥%?§- *%%%ag%ﬁéxbgé?%ﬂiﬁ ~Rl oE
10 sulfates or glycol ether sulfates, inorganic anions
such as, in particular, carbonate, hydrogencarbonate,
nitrate, chloride, sulfate or B(OH), or polyoxo metal
anions such as Mo-0,,%" or vmozf‘. However, a mixture of
a plurality of such anions may also be present.
15
Accordingly, all such mixed metal hydroxides having a
layer structure are regarded as hydrotalcites for the

purposes of the present invention.

20 Hydrotalcites can be converted by calcination, 1i.e.
heating, into calcined hydrotalcites, which enables,
inter alia, the desired hydroxyl group content to be
set. In addition, the crystal structure also changes.
The preparation of the <calcined hydrotalcites used

25 according to the present invention is usually carried
out at above 180°C. Preference is given to calcination
for from 3 to 24 hours at from 250°C to 1000°C, in
particular from 400°C to 700°C. Simultaneously passing
air or inert gas over the material being calcined or

30 application of vacuum is also possible.

On heating, the natural or synthetic hydrotalcites
firstly give off water, i.e. drying occurs. On further
heating, the actual calcination process, the metal
35 hydroxides eliminate hydroxyl groups and interstitial
anions to form metal oxides, with OH groups or
interstitial anions such as carbonate still being able

to be present in the calcined hydrotalcites. A measure



10 , where the radicals ROE to R13E are each hydrogen, Cl-CZZ-al kyl,
15 7-nmenbered cycl oal kyl or cycl oal kenyl which may in turn bear
groups as substituents, CZ-Cz2-al kenyl, C6-C22-aryl, alkylaryl

Cl- d o-al kyl
or aryl al kyl,

owWhsy @ 00W4 adj acent radicals nay al so 20 together form

5-

to

saturated or unsaturated cyclic groups-havihg from4 to 44 carbon atonms, or
Si ~S14E) 3 where R 4E are identical or different and are each 25

Cl- d o-al kyl,
C6- O o- aryl ox

o £31tHie cy€l enlekyl os£6061 St iorCl- Chial kioxy tbe weight

, or the radical s, ROE and Z1E tqget.her farm.,an, .
- R15E~- Ai egr o %?Smﬁéﬁpéerleé‘fféjl 0BBoF4 §a§E}eRI PoERP SER e 5ER. TV

MZE- - ME- MRE-

I ~-Me ,-C -
MPES817E817E 8
-0-, -S, =S0

atom a hal og
Cl-d o-fluoro

C7- C9o- aryl al

stepSREECRs i BE- fpr2807H80UE8S7 BRI 2BRI° SERINSERIBERIRE-@/en

TR TR T 6178 ShR bE " CgRRISER JE LA RIBES Coe - - Sn-,
, =S02, =NRI sg, =C0, =pRIsE or =P (0) R 6s, 5 where 10 15 20
RL6E, RI~E angy R as @l d fdentiicdl 0k 1¥ilsf engall ayl alaRaehta Bydrogen

en atom a _trinmethylsi

: yl group, a Cl-CIo;altgl groug, a
RS R, WISRY ool uBtdarsrtgr8lg, GrEREFBtaritYroup, a
Cl- O o- al koxym@toup,arad Co-(€rsal, kyh aey| @ne gnelpr ardZ:i& @fal kenyh group, a

kyl oup, a - Coparyl al ken group or .a C~- -al kyl aryl
group, or tvvoMgEifgLe el}eﬁﬁ%ﬂs toh8t mét With tHe St gﬁgmcoﬁ%ct%f)ngi(?hem
form a satwr apedferabhgatirat ed .7iSngtdavd ngnflr obm 4 pag tis wWarbofiramons,

15

20

25

30

35

to 4. Furthermore, normal levels of impurities, for
example Si, Fe, Na, Ca or Ti and chlorides and

sulfates, may also be present.

Preferred calcined hydrotalcites B) are mixed oxides in
which M(II) is magnesium and M(III) is aluminum. Such
aluminum-magnesium mixed oxides are obtainable from
Condea Chemie GmbH, Hamburg, under the trade name

Puralox Mg.

Preference is also given to calcined hydrotalcites in
which the structural transformation 1s complete or
virtually complete. Calcination, i.e. a transformation
of the structure, can be established, for example, by

means of X-ray diffraction patterns.

The hydrotalcites, calcined hydrotalcites or silica
gels used are generally employed as finely divided
powders having a mean particle diameter dso 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
surface areas of from 30 to 1000 m?/g, preferably from
50 to 800 m?/g and in particular from 100 to 600 m?/q.
The monocyclopentadienyl complexes of the present
invention are preferably applied in such an amount that
the concentration of monocyclopentadienyl complexes 1in

and



MZE is silicon, germaniumor tin, preferably silicon, 0775/ 000074 - 35
AEiIig-0,-S, \NR-se~ PR-se -O R-se -NR-se2, -PRI9E2 or an unsubstituted,
substituted or fused, heterocyclic ring system where 5 RI19E are each,

i ndependent | yopfs poeo@nst her, G -C o-al kyl, C6-C s-aryl, C3-C o-cYcloal kyl,
C~-Clg-al kylaryl or Si (RZE) 3, R2E is- hysirogen, Cl-d o-al kyl, C6-C s-aryl
10 which may in turn bear Cl-Cg-al kyl groups as substituents or

C3- A o-cycl oat kyl ,fl\hlisfheh ofatalyHie cagsecal M Effeing @ntonsadstjmal ﬁd

substituted or f eterocyclic ri ys can ,al so he. 0

radical s ROE %ﬁ%l %Eli’oggﬂ?& f%? %ﬁ’ %gosi gl%rlog%np 254 TrPear?C %%‘% E in
the fornul a (pr&Xf&falig preme?abty Vdepnotal pandgapé pupper&bPBy.fl uori ne,
chl orine, brom ne, Cl-C--alkyl or aralkyl, in particular chlorine, nethyl
or benzyl. 25 Such conpl exes can be syntheS|zed by net hods known per se,

pref er abl ¥ bySemact pén @heth@oapgwgépp@méﬁ¢1§@w§tuﬁﬁm§&ex3ﬁﬂ|Qﬁrw&n%carbon

ani ons wth h L& des of 1%%%'16@ HONI iy hahni us,or g @i ki a 8lon
Exanpl es of rtircularly useful conpounds i ncl

ude
bus(cyclOpenta@téﬁytyzﬁnéoﬁrenﬁaﬁéﬁ|8Fﬁd€r0ught ints contact with an

b'5(pentanEth&bﬁYGé@@@Dt@d&Qthﬁilé@ﬁpbuéhﬂlChIOhndEOrder to be able
bi s(nmet hyl cyc| o i ).zi rconi,um di.chl aqri

pent adi e
bls(ethylcycIBBeﬁﬁﬁa'éﬁ ?OPSOF|ﬁ¥q?(ﬂﬁaqﬁ9ﬂaaﬁ}lv%ﬁ¥ The catalyst
(n- butyldyblopgatemiemwbraﬁananmethqnﬂlﬁydeﬁurther comprises, as

bi s(1- nbutyl ychppe yl hgi-econi i di eblar h d
bls(lndenyl)2|r@géﬁﬁhgdléﬁro?%gg %%}s ?etraﬁydro 0775/%00%%%P?un S
preferably at least one cation-Tforming compound C)

Suitable cation-forming compounds C) which are able to
15 react with the monocyclopentadienyl complex A) to
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 Brénsted acid as cation.

20
As aluminoxanes, it is possible to use, for example,
the compounds described in WO 00/31090. Particularly
useful compounds are open-chain or cyclic aluminoxane
compounds of the formulae (F X) or (F XI)
25
R1D
~
Al-}-0— Al —]}— R*® (F X)
e |

RSD

Lﬂo-—Tm — (F X
R

where R!P-R?P are each, independently of one another,
a C1-Ce-alkyl group, preferably a methyl,

30 ethyl, butyl or isobutyl group, and 1 is



i ndenyl ) zi rconi um di chl ori de and
bis(trimethylsilylcycl opentadi enyl)zirconiumdichloride and al so the
correspondi ng di net hyl zi rconi um conpounds. 5 As conponent D), preference is
al so given toghresdgedobisi ndenyl conpl exes in the racem c or pseudoracem c
form where pseudoracem c refers to coappegxes in which the two indenyl
ligands are in the racem c arrangenent relative to one another when all

ot her substituents of 10 theagoqﬁkgge@rqréhsmegﬁjdﬁm e £ desb Bxampbes of
particularly useful catalyst cl ude
dinethylsiIanediylbis(cyclopgnFSdF nyl ) zi rconi um 15 di chl ori de,

di met hyl si | anedi yl bi s(i ndenyl) zi rconi um di chl ori de,

di met hyl si | anediy LSGtehr roi pdenyl ) zi hl o ;
ethylenebls(cécloégnta Gc\]'eny 2|rcon|un1d|éi %ﬁ?ék& ébﬂﬁound e
et hyl enebi % (i ngghylpiupéonixamedi chl ori de,

et hyl enebi s(t et rahydroi ndenyl ) zirconi um 20 di chl ori de,
tetranethyletgélene 9-fluorenyl c clopentadlen§P2|rconlun1d|chlon

di met hyl si | andaeprpiSEMMEELhue JPREDGRERG| & Gﬁélﬁksaoﬁ%%yF)lﬁFP@Bﬁﬁ&éh

dichloride, prepared by controlled reaction of a solution of
dlnethyIS|Ianed| tert-butyl h cIo ntadlen |rcon|um
di chl ori de, d|ﬁéFH§V§§%5Wé9ﬂ?(ﬂﬁﬂ %§¥%e il %%?T?Ef¥ %é rehfori de,
di met hyl sit anedinplolinsis3- vt Ayhes- mnthyh¢ych0penaa@|e@qmgzalbmnuun1the

di chl ori de, 4 11 hai
d|nethyIS|Iane8|§\bls(3méfﬁyfe§|sopro yIcycﬁéggﬁfadfgnyl)gfrégniSnﬁln

di chl oride, dinedelpplsisl apddi yebieps- et®yotpseny$9 zitedhi Um 36 ditéhl 8fi de,
di met hyl si | anedipal 3 2a§TBatt hfzﬂaafh 5T96n7a'lfi'1‘ﬂﬂ@ﬁ6x)a¥ier cctzmpwurmmb@ﬁl deso

dlnethyI5|Ianed|be|s(2 et hyl - 4, 5- en2|nde zirconiumdic
net hyl pheny| sian&FHSESBIts ( Zlq"retarfy‘l‘l’ﬁt@%en"ﬁ W%Jen?ﬁl)‘%r c’BﬁFﬁpn dPLé%V&Fv de,

”Ethy|pheﬁy|5mb@%ﬁdwy|bh&ﬁﬁlﬁhhyl -l by henz 38 umidenynezi r peapamrediohkor i de,
di phenyl si | anedi, i.s(2-met nzi_nden 2|rc ium di.chlori de,
di met hyl si | an«§éﬁl¥%a%1§( fsnﬁ%%onff%hgﬁmrﬁd ﬁér%ezﬁcrl YU i %h bglrl de,
dlnethyIS|Ianed|be|s(2 et hyl - 0775/ 000074 - 37 phenyllndenyl)2|rconium

dichloride, diJgtd r%negrl&qlb %}%Aﬂﬂm fhrfds nap hylj&x'ggﬁ?ybk%gom um

ori

di chl ori de, dlnethy S are na I ndenyl) zi r coni um
di chl ori de, dihysiregdardon radlcals in the ormu

si | anedi ybi sg%eoregwla@eel BIPIE Ryt oder ortd e g OBirgs égq
di met hyl si | anedi yl bi s(2-i - yl - 4( 1- napht hyl )i ndenyl ) zi rconi um oride,
where these cEHPHYesOar é‘”ﬁrdeﬁf eEéBP?sus%nl ??et heSfaceli cProfFm & &npl es
of appropri at e1netihedaned dqurepamtd of artee desarabed(FPfoy exanpl ¥I)i as

Jour nal of Crggnonetakll Chem stry, 369 (1989), 359-370. Further preferred
conmponent s D) SFE6IeS ‘whi ch the 15 radicals ROE and Z1E together form
an -Rl ss-A E- group. When AlIEis -0-, -S, -NRI9E- and -PR19E-, MLE is
preferably E}Itﬁyﬂlﬁg PRt lﬂﬁgﬂdﬁ p&%fe%@blgdybh%gb@gh@n t-he g@@dakhgn

state +4. Particularly usefu 20 conplexes D) of this type are

d|nethyIS|IanémQﬂQMQ#QRﬁﬁQQQHQRMﬂ(ﬂ%%ﬁ%b?%nﬁl)(ﬁéﬁzngﬁlné}PPﬂ&ﬁﬁ&ﬁF

di chl ori de, compounds in such amounts that the atomlc ratio of

di et hyl si | anedi tetr net h Lcyclo ent adi enyl ) (tert- but 'aoh%itanium

di chl ori de, di § “c?yéf %‘iré%?'en ?]}i AHENEYM tit an

25 iun1dichIo@ﬂhmﬁﬂmhdannyhyb&uuan@maédmmﬂenylﬁﬂkertbmmgiaﬁbnoyekbanium

dichlorid n_Al O RI19E R1 an, uynsubst.i tu

Subst it ut o Xv#eoa*geghehefnspssysﬁp A
range from 10: to 1000 1, preferably from 20:1 to

500:1 and in particular from 30:1 to 400:1.

As strong, uncharged Lewis acids, preference is given

35 to compounds of the formula (F XII)

MZDXIDX2DX3D ( F XII )



30 ring system MLE is preferably titaniumor chromum where titaniumis

particularly preferably in the oxidation state +3 or +4 and chromumis

preferably in the oxidation state +3. 35 In a preferred enbodinent, AIE is

an unsubstit uoed;/Gubst4tuted or fused, heteroaromatic ring systemand MLE

is chromum Very particular preference 25 given to ALB being an

unsubstituted or substituted, e.g. alkyl 0775/ 000074 - 38 substituted,

qui nol yl bounghet®& particular, in the 5 10 15 20 25 30 35 8 position, e.g.

8-quinolyl, 8-(2-nmethylquinolyl), 8(2,3,4-trinethylquinolyl), _

g—(fZ, 3, 465, 6£;€Dhe;<arr§); hy:c q't[uh‘nol %/I Y tig ng t0 aonfd Nélllrzogsl n%Bchrcgfm utrr;le
referred catMiysts o] is typpe alemen o

1- (8- qui nol yl)-2-met hyl 4- net p&g%g#gpeqta%qgenygfhr }q%un@llegn)en@sghl of4 de,

1- (8- quinolyl)-3-isopropyl -5-net hyl cycl opent adi enyl chrom un{ |11

di chl ori d&, particular B, Al or Ga, preferably B,

1-(8-quinolyl)-3-tert-butyl 5-nmethyl cycl opent adi enyl chrom un(I11)

di chl oride, 1-{8-quinolyl);s2, 3,4,5-tetranethylcyclopentadjenylchromun(lll)

di chl ori de, 1X(8- %ui r?d}ajll’g?ef‘f*%hﬁﬁﬁi nQYPERFoni %ﬂ“ﬁPT?glﬁV@hl 0 ﬁ'g{én?'

igg qui no: y: gi gdetnﬁl ?:_hrgm' uatyl}) gdkg?%@;;ilde,arlyla_lkyl, haloalkyl or
-(8-quinolyl)-2nmet hyl i ndeny] chr omi ord_de,

1- (8- qui nolyl')2-isopropyli ndéﬁ‘;?%ﬁ?‘{g%ac I P?‘;\’Eg?cﬁflrgﬁ &e,to 10 carbon

i-gng _ndJOlyl l)iz-zez hyltl lr)ndten?/! e’;omml an( £he) adkf/til}l@‘gdkéq@ial _agrlxd from 6 to
-(8-quinolyl)-2-tert-butyli e&l&rorg ; QF, € radical

1- (8- qui nol yl') benzi ndenyl ch_r?)n‘i E% I IIB d%%gf oride, , yEEra 1lca . °F

1- (8- qui nol yl ) - 2- net hyl benzi A4BAYLBAY orF RTINS, dicdRMdmiedecr 1odine,

1- (8- (2-met hyl qui nol yl')) - 2met Ryl -dapei Byl gy cl opendaey eay| chs eafargi 1

di chl ori de y ¥

1- (8- (2- met hyl qui nol y1)) - 2, 3P8nE2f LEPEABRRYY Ly cl opent adi enyl chromi un(111)

dichloride 1-(8-(2-nethylquinolyl))tetrahydroindenyl chrom un(l11)

5 o T PN M A Lt D e

1- ( 8- ( 2- met hyhgotnohgtl) Yn2WeopPRYPPAdenyl chromi un(111) dichlori de,

1- (8- (2net hyl qui nol yl ))-2-ethylindenyl chromun(l11) dichloride,

1- (8- (2- et hyl qui nol yl )gL-Z-tert-butyI i ndenyl chromun{I11) dichloride,

1- ( 8- ( 2- met hyPaarh8RyRY I BenssRdBAy | CRFORIGREI | 1BS diSHIRATI/RE orC)  are

1- (8(2- metchyl gyiaak¥l ) ind- nBbhykbeszZi ndeqy! chr Dol ky(bdandj chit préeigl - The
preparation of such functi onal Cﬁéfhlo ent adi gnél | i gands ha? been knpown for
a long tine. DAFRBEs QYnthHedisth X131 1 he8d LeGHpPéxi RCFFPYSRES at®
0775/ 000074 - g39endeseri hednd orbexatgd e, wbycM Berder s aet aleastn Cheon Ber.
(1996), 129, 459-463 or P, Jutzj, and,lU | e i I . e
(1995). 500 %95% Berfhabera’ B a&cag%‘fae%e's@%%Q%EP?F%ulpgeq{%‘[eénc%q% um
conpl exes, cagibenobbaicespoumds sifpitee nbowrew Ly (FedEli ngnt Wb ighpropri at e
metal salfs, gxg. peial yohl orjdes;quhthophe |i I@Elqno(ﬁrgs(yéhﬂg—a

procedure anal ogous to the exanples in DE-A-19710615). "1
fluorophenyl)borane.

Strong uncharged Lewis acids which are suitable as
cation-forming compounds C) also include the reaction
30 products from the reaction of a boronic acid with two
equivalents of a trialkylaluminum or the reaction
products from the reaction of a trialkylaluminum with
two equivalents of an acidic fluorinated, in particular
perfluorinated, carbon compound such as pentafluoro-

35 phenol or bis(pentafluorophenyl)borinic acid.



Further suitable catalysts D) include netall ocenes containing at |east one
| i gand fornmed by a cycl opent adi enyl or heterocycl opentadi enyl and a
fused-on heterocycle, with the heterocycles preferably being 15 aronmatic
and contai ni ngy ™ tg@@Eng and/ or sul fur. Such conpounds are described, for
exanple, in WD 98/ 22486. These are, in paytdcular,

di net hyl si | anedi yl ( 2- met hyl - 4phenyl i ndenyl ) (2, 5-di net hyl - N- phenyl - 4- azapent
al ene) zi r coni gym @iwhd or i gei c di BRPYLAEEaNREVYhbi S(2wistayidd 2itions
phenyl - 4- hydr oazul enyl ) zj rconj um di chl ori.de and .
dinethylsiIad&ﬁ%ﬁi%s(%@£Yﬁ§}k%-pﬁ%ﬂ@?gﬁgﬁyd?gazEFSnny%ﬁP@om95n the

di chloride. Siwimble cRt®IyBYs D) al so include imdochrom um 25 conpounds
in which chrom um bears, as structural feature, at |east one imdo group.
These conpounds and their preparation are desgribed, for exangle in WO
01/09148. 530 Further suitabl &( @6mponéhls- D)Qincl ude transi tFohl kbt al
conpl exes containing a tridentate macrocyclic ligand, in particular
substituted and unsubstituted 1, 3,5triazacycl ohexanes and

1,4, 7-tri azacy®$®honanes. In this type of catalysts, preference is |ikew se
given to 35 the chrom um conpl exes. Preferred catalysts of this type are
[1,3,5-trimethyl-1,3,5-triazacycl ohexane].chrom um trichlori
[1,3,5-trietHQ%—l,S,S-triazaﬁ?c?Bhéi%ﬁﬂﬁ%ﬁﬁr 'gﬁPPPFcﬁ1d??dgs of the

[ 1, 3, 5-tricoct yl 0775/ 00007Be b1 401 45TdbBe Seofrthgakyenehegane] chr om um
trichloride, [1,3,5tridodecyl-1,3,5-triazacycl ohexane]chromumtrichloride
and [1,3,5-tribenzyl-1,3,5-triazacycl ohexane] chrom umtrichloride. Exanples
of further sultdist Q:catal ystd8r®) &ArRILVandCOREAVEBYal FEHEISkesIEIM I ni ng

at | east one ligand of the fgpaHl ag Fclx‘ézgﬂafk%i,X, CR-&:Ralrlp1; tafk@F R REF
RtzF EF 3F ~F /R2F " FR aErg; {X _alé:ylla41FkyBLt,3 A ogfki/ll,lo k'1:a_f(ovaz!':§f(\/| R8F

15 each having from 6 to 20 carbon atoms in

the aryl radical and from 1 to 28 carbon

atoms in the alkyl —radical, C3-Cqo-

cycloalkyl which may bear C;-Cio-alkyl

groups as substituents, halogen, C;-Cgg-—

20 alkoxy, Ce-Cis—aryloxy, silyl or merc-

aptyl groups,

a is an integer from 1 to 6 and
25 z is an integer from 0 to 5,
d is the difference a - 1z, but d 1is

greater than or equal to 1.

30 Particularly useful cations are carbonium cations,
oxonium cations and sulfonium cations and also cationic
transition metal complexes. Particular mention may be
made of the triphenylmethyl cation, the silver cation
and the 1,1’-dimethylferrocenyl cation. They preferably

35 have noncoordinating counterions, in particular boron
compounds as are also mentioned in WO 91/09882,
preferably tetrakis(pentafluorophenyl)borate.



Rt SF RsF 822F H/EF 0 R21 F 823F ~CrRy7F~y R16F 820F EF R24F REF Rt 7F EF
WEF RBF ~ | F F6F 19F /IEE\ 25F RHR RRBF F-XVI | F-XVIII F-XI X where
the transition netal is selected fromanong the elenments Ti, 2Zr, H, Sc, V,
Nb, Ta, Cr, My77WWo0oE@07€o, N, Pd, Pt and elements of the rare earth
nmetals. Preference is here given to conppainds having nickel, iron, cobalt
or palladiumas central netal. EF is an elenent of group 15 of the Periodic

Tabl e of the Thenesalss pbeatatabhy NodkoBrdwnkh iNgbeainign20 Jqear td s asd y
preferred. The two or, three ons EF in a nol ECljlf| eaggrg.be identic&g%or
to C

a
different. P59BPEBB07A - AP THES afi RILTRIP F90hi SRy
i dentical or di§fermentalimbhuna adlikydnd wishem FEeqond EoXipxunar ewh heh

following gro : R1F C ' e 0 ther, a
hydr ocar bon r(g_ﬁcé:?ag% %”3%$ %?ﬁ%r%ﬁa?ggﬁ%ggi ?é’*“%o%:“gf egfoag%g; 2@
hydr ocar bén raénkal tva whfchnehe chebhon a®bm aHPBERWE tdCeHe eF@nePReEF is

bound 10 to agnberst,twocarporneat oged RZR el REbmpbanaaahidmdepengent |y
of one anot her, hydrogen,” a hydrocarbon radi cal substitutfd

or .
hydr ocar bon r&8i ¢ 246 et At RZECBRAUREF "y a0 S8§8Phé3rr forME T ng
systemin whi gbmpoena; more. herephahgirshayohetprasentIn addition, a

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

Ionic compounds having Broénsted acids as cations
preferably likewise have noncoordinating counterions.
15 As Brénsted 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

derivatives of the latter two.

20
Compounds containing anionic boron heterocycles as are
described in WO 9736937 are alsc suitable as component
C), 1in particular dimethylaniliniumboratabenzenes or
tritylboratabenzenes.

25

Preferred ionic compounds C) contain borates which bear
at least two perfluorinated aryl radicals. Particular
preference is given to N,N-~dimethylanilinium tetrakis-
(pentafluorophenyl)borate and in particular N, N-

30 dimethylcyclohexylammonium tetrakis(pentafluorophenyl)-
borate, N,N-dimethylbenzylammonium tetrakis (penta-
fluorophenyl)borate or trityl tetrakis(pentafluoro-
phenyl)borate.

35 Two or more borate anions can also be linked to one
another, as in the dianion [(CgFs)3B~CgF4-B(CeFs)21?", or
the borate anion can be bound via a bridge comprising a

suitable functional group to the support surface.



R6F and ReF are each, independently of one another, 20 a hydrocarbon

radi cal or substituted hydrocarbon radical, RS5F and ROF are each,

i ndependently of one another, hydrogen, a hydrocarbon radical or a 25
substituted hgdrbeaoboniradi cal, where R6F and RSF or R$F and ROF may al so
together forma ring system 30 R F are ®ach, independently of one another,
hydrogen, a hydrocarbon radical or a substituted hydrocarbon radical, where
two R F may akﬁothegetshetaboenbatriiongfs;)tsﬁe@ impiveelsa) RLSF hi etedch,

i ndependent |y, of §n8099899 , a hydrocarbon radical or substituted

hydr ocar bon ré8|@ I /000074 - 42 RI11F, R12F, R12F~ and RI SE are
each, independently of one another, hydrogen a hydrocarbon radical or a

substltuted h oc r re r n Vi 5
radi cal s RIIA¥Ré12%§8€£E 3hﬁiggf uh so tgge?ﬁg?g}ogg%ggrlngéggétem
R sF and K eFcemposaéh, hlaﬂd@p‘lerkfeﬁtﬂya@fd ofet HABS her, Ipfdrogepnpaunds

hydrocar bon rﬁQbQﬁ!; Q&oas%@dse@wst latse@awdfn@,cq@%émémy Rshr and Rl F
are each, |ndepen ently of gne anot her, hydra hy rocakPon radLﬁ
dently

a substit ut edtRydrBcafBoAVRAENES,, TSLR 9@r ﬁféﬁ'ar i iep
of one anot heéquﬁzaiznalskem;als,edC%rCZtaéyhnorwdy;dlwgdnﬂwmeag/ﬂ resmdlén 10
carbon atons %2 the al kyl part and 6-20 carbon atons in the 20 aryl part,
where the organic radicals R1I9F and R25F may al so be substituted by
hangensJiRzoF R29F are each independently of one anot her, 25 hydrogen,

Cl- CZ-al kyl , ?ﬁe?|% blgﬁcg% br%h %L ﬁ§§¥%PQ%fr£P%1b$PO&0

carbon atons In art an carb e ar part or
Si R2EF3, V\heréltzmnemgaﬁp@p@aaiiéal euNZF 39 F&Itbmypem%ofb@%%%@whred by

hal ogens and bw@oanﬂekhpaaueaés %rcﬁz-gflﬁmyn@hs%d?@dﬁdbedotfo fRiy a
five- or sixnmenbered rlng and 35 R26F are each, 8 %qtly of one
5 We; S5

anot her, hydr BYBR, 2€%- B2SSFEkPRS CZOEZEXPRBAGY | léﬁ ¢ -al kyl aryl
having frian1 to 10 carbon atons in the alkyl part and 6

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

tris(pentafluorophenyl)borane.

Preference is given to using both the

25 monocyclopentadienyl complexes A) and the cation-
forming compounds C) in a solvent, with preference
being given to aromatic hydrocarbons having from 6 to
20 carbon atoms, in particular xylenes, toluene,
pentane, hexane, heptane or mixtures thereof.

30
A likewise broad product spectrum can also be obtained
by use of the monocyclopentadienyl complexes A) of the
present invention in combination with at least one
further —catalyst D) which is suitable for the

35 polymerization of olefins. It is therefore possible to
use one or more catalysts which are suitable for olefin
polymerization as optional component D) in the catalyst

system. Possible catalysts D) include, in particular,



0775/ 000074 - 43 20 carbon atoms in the aryl part and two radicals Rz6F
may al so be joined to forma five- or six-nenbered ring, 5 x is 0 or 1,
with F-XVI being negatively charged when x is 0, and y is an integer froml
to 4, preferaptyso@oB 10 Transition metal conpl exes having Fe, Co, N,
Pd or Pt as central netal and containi-hgligands of the fornmula F-XV are
particularly useful. Particular preference is given to diimne conpl exes of

Ni or Pd, e. gblaééﬁcal Zle ler-Natta catalysts based on titanium and
D (2, 6- d|-|-pr hgf nethgldla abut adi en aIIadlun1d|chIor|de

3- di
di (di-i-pr opy? Jnje?%y%l?% YBUE 2f erent Rk LY AT oP R HRSS
di (2,6-di-i prmxps/stmbé\yl ):dmpsehlaylltdl azput adi enedimeidbd palihadibdm 201

i (2 o ai et PR R Gt St B AL A BB P Y R Srhe
di (2, 6- di Fet hl';’/dalph@qlw¢)1‘2b36dpneth?l dinazhboddeeWoaichk slondisdm riRnic

di (2, 6-di met g2 Ry dkgzabukadingne 250 set Bykpal d@didim
di (2, 6- dlnetn%% eny%&Z 5%%etﬁ9¥élazabutadleﬁggﬁnet | ni ckel

di (2 et hyl ph?erhy| 919 L3R mPOYREEAZRS O] GHARH | H?aﬁ? PRhI Hilithe, the
di (2met hyl phegyth or2e13t@“ m?t hyl diez aputadhesenirckel dhahbprtiideally B)
di ( 2- net hyl phe % t hyl di_aza 30 bghadlenedlnethyl gllﬁﬁ um
di ( 2- met hyl ph& %{ Qi &F&oubsiPEndi iRTRO AP G ket

di phenyl 12, 3dnaimcbdﬁqrh‘da‘aeab@r adb ehygeh t ade unlxiga;rtrﬂ origle, bound to the
di phenyl 2, 3-d d b di en el hl e,

di phenyl 2. 3- d&gg’égﬂrd%‘%gbﬁ%dla:ng%ﬁéth | |§é€1§m Sy SREAS Hgands
2, 3-di met hyl duaczhxbcdn@aldoéhetlhﬁéehylomt@mmg cyclopentadlenyl radicals

di (2, 6di met hyémeexb)sézmq%t henepaldadbemcdicaBiemit@dienyl radicals.

di (2,6-dinmeth | ) azanapht heneni ckel di chl ori de
di (2, 6- dlneth¥$%%en FYaz %%%dlﬁﬁphyp%hlI%Mlﬁﬁ?crlb??SFﬁﬁﬁb?ﬁpch44
di (2, 6- dh@ethyé @@yagazagaphtmmmahrnﬂim@nlckehtaﬁlé bifipyr | dyd paf 1radi um

dichloride, 1 i dylnic di chlori de,

1,1’ blpyrldy?ﬂ}ﬁﬁ? B¥?%d.ﬁH#ti“EC Bﬁﬁny&ﬁQQeﬁgﬁﬁﬁ%ﬁzﬁ<?omE}exes
Partlcularly usefulscogubumUEeFfdithéEDnlpclyMerihaSeodescrlbed inJ. Am
Chem Soc. 120, p. 4049 ff. (1998), J. Chem Soc., Chem Comun. 1998, 849,

and WO 98/ 271 24. 819F and R25F in F-XI X are preferably
Further particularly well-suited components D) are

20 those containing at least one cyclopentadienyl-type
ligand, which are generally referred to as metallocene
complexes. Particularly useful metallocene complexes

are those of the formula (F XIV)

(F XIV)
MTEXE
25
where the substituents and indices have the following
meanings:
30 M!E is titanium, zirconium, hafnium,

vanadium, niobium, tantalum, chromium,

molybdenum or tungsten, or an element of



10 phenyl, naphthyl, biphenyl, anthranyl, o-, m, p-nethylphenyl, 2,3-,
2,4-, 2,5- or 2,6-dinethyl phenyl, -dichlorophenyl or -dibronophenyl,
2-chl or o- 6- net hyl phenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or
3,4,5-trimet hghpheogbo7un particular 2,3- or 2,6 15 di net hyl phenyl,
-di i sopropyl phenyl, -dichl orophenyl or--gpbronophenyl and
2,4,6-trinethyl phenyl. At the sane tinme, RZF and RZ4F are preferably
hydrogen, methyl, ethyl, n-pgepub, 3 se@rofysd , perbubilc, T&le buny ,the
n-pentyl, n-hexyl, n-heptyl, _n-octyl, benzyl or phenyl, 20 in particular
hydrogen or methyl. RZiF andlﬁﬁggaéﬁgeﬁreferably hydrogen and RzzF is
preferably hydrogen, nethyl, ethyl or phenyl, in particular hydrogen)
Preference is,given to conpl exes he |i  E= Xl e he; ition
metal s Fe, Co%or Ni, in part?éul%ﬁg%éghﬁé. gg???%ﬁ?ér¥E$%#£¥%ncé&?gﬁéfven to
2, 6-di acetyl pyri di nebi s(2, 4- HiydwehghphenGiiGuone} krdn di €iCoprabkenyl,
2,6-diacety|pyridinebis(2,4,@%Iékagggxhph§py§i§}yp)%@Q&n@ichfg&ide,to
2, 6-di acetyl pyri di nebi s(2-chl aro-6-net hyl pheny| |r%% difglfride,

, 6-di acet yl pyri di nebis(2, 6 38 dt35oP opyPReny i fitre) 6% diRdH or 2BE,
di acetyl pyri di nebi s(2, 6- direhl of opbend | gapedhr artachichliaritdes aryl

2

2, 6-

2, 6- pyridi nedi car boxal dehydebi_ s( 2, 6- didesopr opyl ghenyl Lo ne)iran  di oride,
2, 6-di acet yl pyri di nebi s(2, 4- §Pmet hyl en§ﬁini%%)%bUaIPrdﬂ3% oF?gg?gg%
2, 6-di acety! pyri di nebi s(2, 4, &'t riaret hgl phest itited coal tndiubhat drirtded
2, 6-
2, 6-
4

, 6-di acet yl pyri di nebi s(2-chlqr.o-6net henyl I i.chl ori degq;

, diacetylpyridinebis(2,6-(§iiieglgpﬁﬁﬁ{}%ﬂﬁﬁeng%{i#%%g?gg%gﬁh4 %7%5 688874 -

5 dichloride, 2,6-diacetyl pywiadidaeldinsy( 2, 6- di chl or ophenyl i mi ne) cobal t

di chl ori de and

2, 6- pyri di nedi car boxal dehydehi s( 2, 6-di i sopr.opyl phenyl i m ng) cobal t

di chl ori de. 5tFurther catal ydfss By whi c®f cah B&UsedeRPEdFi%hopRenbRPde
conpl exesisn the case of whi ghlehed i gands MdFe priepar edchf orttextanpkhe from
substituted or unsubstituted sali,cyl al dehydes_and pr i mar mn .10
particul ar substituted or un §9ﬁFﬁF@§ ar??gﬁ?ﬁés. %$En§¥?3on%§% g?a

conpl exes containing pi |igandsXiont disniunghemgeat, nore heteroatons in the
pi system for exanple the boratabenzene |ligand, the pyrrolyl anion or the
phosphol yl anion, can also be used as 15 catal ysts D). Such conbi nati ons of
conponents A) waiedeD) nake it possible, for exanple, to produce binodal
products g to generate conmononers in situ. Preference is given to 20 using
at | east one nppocycl apent adi enyl conplex A) in th%% resence of at | east
one catalyst B) WHIRMRTs custdfary EBF1t he PoFyediati on &F GI56fFHS rand,
if desired, one or nore rati eniQrarylg coapouatryl) . DBeEpenbaigkyn t be
cat al yst conbi nations A) and )tn%p%_%5 Q" Jfor ¢ L4 ionTE M ng ¢anpgynds
may be advant ageous. The pol I"Zation Cata yst's éﬁ may 11 kéw se bé
supported and can be used si mademmeoasbypsorin ntéey atket wiadiadle eddpl ex
A) of the,present invention. 4y xt uge§oof2yarciag%%nca5@$ﬁ(§tgnca@h@I 3@yhe used
as 30 conponent D). In addition, the catalyst systemmay further conprise,
as additional conmponent E), &afdtG@l &fpound of the fornula (F-XX) 35 M (
Rc) rV(R~) S ( Rsc) tG( F-XX ) where 0775/000074

the radicals X® are identical or different and may be

joined to one another,

30
R to R°E are each hydrogen, C;-Cy-alkyl, 5- to
7-membered cycloalkyl or cycloalkenyl
which may in turn Dbear C;-Cjo—alkyl
groups as substituents, C;-Cyy-alkenyl,
35 C¢—Cor—aryl, alkylaryl or arylalkyl,

where two adjacent radicals may also

together form saturated or unsaturated



- 46 M- is Li, Na, K, Be, My, Ca, Sr, Ba, boron, alumnum gallium indium
or thallium Rl1~ is hydrogen, Cl-d o-al kyl, C6-Cl5-aryl, 5 alkylaryl or
aryl al kyl each having from1l to 10 carbon atons in the al kyl part and from
6 to 20 carbgyva@mdy the aryl part, 10 R2~ and R3~ are each hydrogen,

hal ogen, C1-C o-al kyl, C6-Cl15-aryl, alkwz3aryl, arylal kyl or al koxy each
having from1 to 10 carbon atons in the alkyl radical and from6 to 20
carbon atons in the aryl radigdlic Iprdups Shanindgit egem fir om B4t @aFbamd 20 s~
and t~ are integers in ther Qﬁﬁ? fromsg. {ﬁE? “\é}gere the sumr~+s~+t ~
corresponds to the val ence df St iifert the’ tofponent E) is not identical

to the 25 conponent C). It is also possible to use m xtures of various

nmetal conpoungg of the for (E- t : ou he
formula (F- , prefer encemiLHé i\lr/:)een %et oggli n%%v\hnlagﬁkg%g% i%q(?it aiyLm
magnesi unbor al uni num and R®adnd MR8~ Gar61eddtkydl- CLZo-alk@yclzmlkyl,
Particularly preferred netal..c e | & ¢( I -H181ox

met hyl ['it hium ethyllithiunqc%-butyl i%ﬂ?ﬂﬁ? ﬁg?Ey nagneé?é%%cﬁﬁ%ri e,

met hyl magnesi um br om de, et m%gnesi um chl ori de, ethyl nmagnesi um bromn de,
0775/ 000074 - 47 butyl magnesi um chl ori de, dinethyl magnesi um

di et hyl magnesj um di but yl magnesi um_ n- but yl - nzoct ¥l nagnesd um

n- but yl - n- hep%lﬁl magnesi um ih° par f_’llscul1g§]e%l-rb%?yl -erlpgéft yl (rar%dgnes?ﬁm
tri-n-hexylaluminum triisobutyl 5 alRifinum tri-n-butylal um num
triethylal um num dinethylal umum chjori de,gEdi met hyl al um num f | uori de,

met hyl al umi num di chl ori de, meRhykq] uprBesqui-chl ori de, diethyl al um num
chl oride and trinethyl al um num and res thereof. The partial hydrolysis
10 products of alum numalkyls wt ol s can al so be used.

is

RME R10E
10 '
where the radicals
R® to RIE are each hydrogen, C;-Czy-alkyl, 5- to
15 7-membered cycloalkyl or cycloalkenyl
which may in turn bear C;-Cio-alkyl
groups as substituents, C;-Cz-alkenyl,
Cg—-Cro—aryl, alkylaryl or arylalkyl,
where two adjacent radicals may also
20 together form saturated or unsaturated

cyclic groups having from 4 to 44 carbon
atoms, or Si(S**E); where
RUE are identical or different and are each
25 Cl—Clo-alkyl, C3—C10—cycloalkyl, C5'C15-
aryl, C;-Cs-alkoxy or Ce-Cip—aryloxy,

or the radicals R' and together form an -RM@E -A'E-

group, where



When a netal conpound E) is used, it is preferably present in the catal yst
systemin such an anount that 15 the nolar ratio of M~ from formula (F-XX)
to transition nmetal fromthe nonocycl opent adi enyl conpound A) is from
2000:1 to 0. PAyspved@rably from800:1 to 0.2:1 and particularly preferably
from100:1 to 1:1. 20 To produce the cat®f yst systens of the present
invention, preference is given to fixing at |east one conponent A) together
with C to the support B) by phé§gsorptiq& or by chemcgl reaction, i.e.
coval ent bondi ng of the conponehts to t suﬁport surfdce by 25 neans of
reactive groups. The order in whi ch the suppart conponent B), conponent A)
and, if used, RESnponent C) are g6nhi.nedpay- e chosen ffeel gRr,'Fhe
conmponents A) and C) can be addgd indepqndenqu or sinqltaneously or in
prem xed formto B). After the 10E i ndi vi'dual grocess steps, the solid can
be washed with suitable inert $blvents Ri€h BY®aliphatRC or aromatic

hydr ocarbons. In a preferred enbodi nent, the nonocycl opent adi enyl 35
complex A) is brought into contagi with the CQﬁdon f or mheag %Qgpound C in a
sui tabl e solvent, usually giving a soluble re?cti on prggluct, an adduct or a
m xture. The preparation obtained in this way!ls then 0775/000074 5 10 15
20 25 30 - 48 brought into contact wi i @he Muppor t—BE, —whicch—may have
been pretreated if appropriate,|and the solvept is conqleteuy or partly
removed. This preferably gives £"§olid in the formof a _free.flow ng
powder. Exanples of the industrtal inpl ementdtion of tRe abBve process are
described in WO 96/ 00243, WD 98/40419 or WD 00/05277. A further preferred
enbodi ment conprises firstly appﬁﬁﬂ1 mqu%ation-forni GEC %gésC) to the
support B) and subsequently bringingithis|supported raﬁi on-| orm ng conpound
into contact with the nonocycl og%r_llg_ i_enyl_conpl ex A).Mi'd’leM)B ent D) can
| i kewi se be reacted in any order mﬁtq thelconpohent A)landw i f desired, B)
C and E). Preference is given tgEi ngtEI yR1bEi ngi ng D) i’f-(n’eonuznt g with
conponent C) and then proceedi ng as descri bed above with the conponents A)
and B) and possibly further C. In another preferred enbodi nent, a catal yst
solid is prepared fromthe conponents A) , B) and C) as described above and
this is brougheri%] o -BNRER "% t BALREEcomBnent -BEh-dur+dg, aiS-t,he=®@gi nni ng
of or shortly_hefore tike palymerjzation._Prefesence is given to firstly
bringi ng E) iﬁ?@z’co_ Fg:lct angto?‘/i t_rgg‘zal ;%}a- cgjla(gsi n to be polynerized and
subsequentd y wddrag the catal yst solid fornmed fromthe conponents A), B)
and C), as described above. The nonocycl opent adi enyl conplex A) can be
brought into contact. with the conponents) C) and/or D) either before or
after it is bRoughR

’neBdcBint aciren tifertd callef s £6LBETBBIy NBRfZzeRre
Preactivation by nmeans of ongaeh ROMEdFIRONENtSnC) aphiaQioge® Mtdmg & th

the olefin and further addi t%:og o[C tEeiiaﬂE orrot her conponer gla% fnd/or

D) after bringing this nixtuFEIBECPKES ¢St acP A Ph thd ol BFi T3 &Y S0

possi bl e.1Preactivation i s ggmengl | \a car+d:edf budtratl1 kPl 10GCumr ef efabl y

20- 80C. Cio-fluoroaryl group, a C¢-Cip—aryl group,
a C1-Cip—alkoxy group, a C7-Ci5-
alkylaryloxy group, a C,-Cio—alkenyl
group, a Cs-Cyp-arylalkyl group, a Cg—Cyo-

15 arylalkenyl group or a Cy-Cyo-alkylaryl
group, or two adjacent radicals together
with the atoms connecting them form a
saturated or unsaturated ring having
from 4 to 15 carbon atoms, and

20

M2E is silicon, germanium or tin, preferably

silicon,



0775/ 000074 - 49 It is also possible firstly to polynerize the catal yst
systemw th a-olefins, preferably |inear CZ-d o-1lal kenes and in particular
et hyl ene or propylene, and then to use the resulting prepol ynerized

catal yst solighBsymooted actual pol ynerization. The mass ratio of catal yst
solid used in the prepol ynerization to- ndmoner polynerized onto it is
usually in the range from1:0.1 to 1:1000, preferably from11:1 to 1:200. 10
Furthernore, gz small amount of an_olefin, e abl AN a- ghef i e f Or
exanpl e vi nyl%ycl ohexane, st§?eneoor'pﬁgnyﬁzﬁﬁefhyféihyf%i ahéfﬂ%§‘

nodi fyi ng conponent, an antistatic or a suitable inert conmpound such as a
wax or oil can be added as a®&'iveoduennguosulhfterutad, 155 prepiretedn of

the catal yst system The nog%rf3%%%?og%6%ggkvé%Q% (e} %@%E@dﬂ‘dﬁgfﬁ

conpound B) is usually from prefeéerably “from’'l:5 to 20: 1.
The catal yst systens of the present invention are 20 suitable for the

pol yneri zati ogueef ol efins angd,gspaehal |ihdd8erddien o) yoer izt | phoer,

a-ol efins, i.e. hydrocarbons having_term nal double ﬁonds Sui t abl e
mononers al so i ncl ude functierdtiozedkdtef i nfcalpy2ihat urer &docofipbiinds
such as acrolein, ester or agmidel25ceerivatkyesrol aer ghi(8*¥y;methacrylic
acid, for exanple acrylates, nethacrylates or acrylonitrile, or vinyl
esters, for exanple vinyl acetate. Preference is given to using nonpol ar

ol efin conpourtts, which include arydmagest,itufCedCa-elébilns. RarCibcaknk |y
preferre -olefins 30 are |} bran G121 'l
particulgﬁﬁlinear C2-CIo-1-akﬂggésﬁézc%ﬁagﬁgﬁhgﬁggggapggl%Ie e,gﬁg%%?ene,
1- pent ene, 1-hexene, 1-hepteng, stbgeitnents- gsceneCor CHFaREAKI L/

CZ- d o- 1- al kenes such as 4-nethyl 1- pent ene, conjugated and nonconj ugat ed

di enes such as 35 1, 3-butadi ene,_1,5-hexadi ene, 1, 7-oct adigne or

vi nyl ar omat i cVconpounds suchifis 5t yendlor t_ebtat%ut &d sfyr eﬁ@.lnpt % al so
possible' to polynerize m xtypesbetivatkeays asudefimnstedr eber enteséd, gi ven
to polyneri zing 0775/ 000074 - 50 at .l east one_olefin _select f.rom t he
group consisting of ethene, BFBSERSYC}%SuFéﬁg,S¥?§8ﬁt8%8,%%§§e§%n8:

1- heptene, 1l-octene and 1l-decene. 5 Further suitable ol efins include ones
in which the double, b%qjii%}p@r }Rmf aAdCYRlZEC SEructur e sphich pay_gORPri se
one or nore ring Systens. anples are cycl opentene, cycl ohexene,

nor bor nene or gretipacycl ododecene, and net hyl nor bornene and di mes such as 10
5-et hyl i dene- 2- nor bor nene, norbornadi ene or ethyl norbornadi ene. M xtures of
two or nore olefins can al so. be polynerized. In_contrast to soggﬁkn wn iron

and cobal20 15TRENHaEHER 1S hé mbRo&VE oFRELR en§l X8 hpldtesPBEL EREObY esent
invention di sphaytacgeod £od ymakezatpodf &cdb vy t y favenr ine ,t heckhseing, hi gher

-ol efins, t hat t hei itahility f | ) I I .
oL el ne, | SOpkhgtpLer SULLalY 4y 01, £9Pol ML AL LO0aFn B8 e,
methyl or benzyl.

25 Such complexes can be synthesized by methods known per
se, preferably by reaction of the appropriately
substituted, cyclic hydrocarbon anions with halides of

titanium, zirconium, hafnium or chromium.

30 Examples of particularly useful compounds D) include:
bis (cyclopentadienyl)zirconium dichloride, bis(penta-
methylcyclopentadienyl)zirconium dichloride, bis-
(methylcyclopentadienyl)zirconium dichloride, bis-
(ethylcyclopentadienyl)zirconium dichloride, bis-

35 (n-butylcyclopentadienyl)zirconium dichloride, bis(l-n-
butyl-3-methylcyclopentadienyl) zirconium dichloride,
bis (indenyl)zirconium dichloride, bis(tetrahydro-



20 nmonocycl opent adi enyl conpl exes of the present invention can be used for
the polymerization or copolynerization of ethylene or propylene. As
conmononers in ethylene polynerization, preference is given to using

C3-Cg-aol efi 3779 0@a014 cul ar 1-butene, 1-pentene, 1-hexene 25 and/or
1l-octene. Preference is given to using rceher m xtures containing at |east
50 nol % of ethylene. Preferred conononers in the polynerization of

propyl ene anﬂﬁﬂéﬁ@fﬁ&ﬁfwmhimmbuﬁEGﬁlosﬂdaheapdlyWBGCMﬁﬁmythymsﬂkymarried
out in a known nner. i n. bul in nsi |n he gas phase or in a
supercritical “¥e d%q??g%?ﬁyﬁbg%%%§#§ﬂﬁé%% RS edé oyed for the
polynerizatiGnubfabﬁ@ftms.C¢Ir©%@pm@&@@f¢i@@¢®wlnga Eehhig econPrprRfier abl y
continuously in one or nore 35 stages. Hi gh-pressure polynerization
processes in tube reactors or autoclaves, solution processes, suspension
processes) sthsr eqnpasepiasie) pr BEessEEN6E gles- phESe FHRMI 58d- Pidcesses
are possi bl e. blsmaéASgPOQz%ple‘iﬂes The m{é/rr&@céaltllconéra Féiﬁi&ﬂa{d‘en@ﬁf ri ed

out at from-60 to 350C under pressures of _from 0.5 to. 4000 har q%%ﬂfan
resi dence ti meREBF VRBAFOPSSUGOS 2RETHS, ﬁﬁ%ﬁ%ﬁa%?ycPWBH?ﬁeg to 3 s. The
advant ageous @M@SﬁUbelaﬂén§ltaﬁ@@hﬁsu&xdan@eShéoma@@mnw regr ragdnent

polynerlzatlon.gg end ée%h%yEWOt Rﬂx ifatER <M.l ltdégyéﬂggessure
i

pol ymeri zati oh® fustratt y car rred odt at pressures of
from 100Q0t o um@OCQmplexnapardlsuéaﬁrd$@n12000 to 3500 bar, hlgh

pol ynmeri zation 10 tenperatures are generally al so set. Advantageous
tenperature ranges for these high-pressure pol ynerization processes are
from 200 to 3P@Cthen EaaAMR@Esar Of r ARICY R DOOCUSEA UilheCRB3EYSES D

| owpr essure pohyrggszation processes, it is usual to set a 15 tenperature
which is at |east a few degr pel ow t he sof eni ng erature of the

pol ymer. In patP¢tyasllap byg?h?égyﬁio??gﬁ?ébe?ﬁ -OPreferably from 70
to | 20C, 1are @ﬁ&hl@ridm@se pol wmretza,tnmanamgs]s;es JJrfdetr{yal me:cmflum
suspensi on po |za i ons r|z tion,.2 II ry |n a
suspensi on med %/%M bt efer abldolmeyt an 5 ?llerr}e%l bolcsa egcn as%%&asﬁf% tan
else in the nnnmemsumhend;mlwe@rldme pcﬂ%&am@u%@&t@mrmaﬁh@mkb—

generally in ih céﬁ‘{‘&ﬁ frQ%h%grﬁgell5cie@mér{&ﬁﬁ§§i€rﬁli)szzgj?&%ﬁ!uﬁy in
t he range from to bar solids content of the suspension is

general Iy in @h@hiﬁﬁg@efrom:HFQQY%ﬁﬂFbHﬁJSﬁﬁﬁqgﬁﬁqqﬁPQ%ﬂV%kg%%ﬁ?@%%mout

f' Lher b@';OChV\dﬁé‘hl@er% n %ét{ﬂdrﬁlﬁ:@ﬁf&lﬂ.\/&% Wflgmﬁérmm@d;]yop@ﬂga—l n
ube reactors refera in loo ctors rtic
polynerlzatloﬂlg%%{ﬁérﬁa FPRg od£ %@f§¥&9?%ullléi? ﬁ% §%§Bﬁ5§crlbed
in US-A 3 242(159eﬁﬂdb@ByA-B—ﬁéBhQI@ychpegasdphaye pmkynaiumatlon is

generally carried,out .int e fr

polynerlzatlo% ?%%5%%%3 ﬁgn ?y%flléﬁgég&% § erence glvehy%o

gas- phase poI9ﬂelozant@dlenmlbaerQDLam |®l@®$®@h@%e ﬂilmQﬁﬁxkﬁk%ﬁm%actors

sol uti on ool ya‘fw@g' QDméegy_wﬁa@mfelrcgzmowzmom@% ol &K § zat i on,

in particul ar reactors and irred tank_reactors. The gas- phase
polynerlzatloﬁl%%%GQFK%bbé éaretayloarPehhYheYEbABBRERE I BRYSdper condensed

nmode, in whichipabhiah t@ﬂc@l@ﬁméll N r@sh y Ss I el b B b@#@wgzhesdew
poi nt and returned as 1 re to the reactor gbvarlé

polynerizatiohs8?588%§8¥CT§Pg8€§§lF8§%¥F&5F056P§ner|zatlon can
al so, if deS|deﬂetbglsmmaeedeglbms$éFéEhyamddehy$)torubalpmlynerlzatlon

Cascade'gﬂ”tQ?EHPBEidg?lar Qﬁ%%thylsilanediylbis(2—methyl—4,5—benz—

indenyl)zirconium dichloride, dimethylsilanediylbis-

or

(2-ethyl-4,5-benzindenyl) zirconium dichloride, methyl-
phenylsilanediylbis (2-methyl-4,5-benzindenyl) zirconium
dichloride, methylphenylsilanediylbis(2-ethyl-4,5-benz-
35 indenyl)zirconium dichloride, diphenylsilanediylbis-
(2-methyl=-4, 5-benzindenyl) zirconium dichloride,
dimethylsilanediylbis(2-methyl-4-phenylindenyl) -
zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-



10 requl ators, for exanple hydrogen, or additional additives such as
antistatics can be enployed in the polynerization. The process of the
present invention enables polynmers 15 of olefins to be prepared. The term
pol ymeri zat i og 2%/ sEe7 here for describing the invention enconpasses both
pol yneri zation and ol i gonerization, i.-..30ldgoners and pol yners havi ng

nol ar nasses MVin the range from about 56 to 3 000 000 can be produced by

this process.préh rﬁ@erﬁ;ol)tbﬁtéoxgmd aeehae!rg:ala p@m@ﬂhﬁ%ﬁé&@lwﬁ n

polymers pre are usi { t al stem of resent invention are

especi al |y sutabt E"Fo1Yth E ’b’?:% )oJf FAL DAY Z%l%%?% “8Bnd nol di ngs. 25

The catal yst sysirosidé, t he present |d1\vr@rdhydr$1d|asmlcawléohﬁe(r%rdﬁfgﬂ 4-

productivity Lf'—rli Pr%'éz\.’{*fﬁaéﬁﬂ]%'l? ol &h1 “Sdl%ﬁﬁél%vant Qﬂﬁrﬁeﬂr{whe
polyner

wor k-up of th arter E ynerization_ an
si gni fi cadt | ysikarediy bbbl emd-pPrope p‘écﬁ1Dﬂia@éﬂa}’%%n@@éwhééri:ﬁ“f-lﬁ@

polymer. The @Péla{ﬂ@fﬁ@repaéﬁe usi mxﬁé&ﬂ@lqlawfédlgm&egmphimﬂ%ent
i nvention are advant ageous {) i cations hig r oduct

re
purity. In ad&ihn%htlf‘%e %%@%ﬂ‘% 2P RHE™ of %%hf%l‘g‘?esewelf%ve $%h al so
di splay a veryo@evexast ayétyratepabeyatsael ynl ohenphaemtat Eormf the
al um noxane to organotransition netal conpound. 0775/ 000074 - 53
Exanpl es Exanple 1 Preparation of 1-pyrrolidino-2-(2,5-dinethylthieno5
[3', 2" : 314] cyekapehta| 1o02- i ophbnt & - wemmemthlmmmﬁw NG d 2/

S-S 10 a) Pre ' of [ sys{em 115
1-pyrrolidi noggég{ggg?hetfﬁﬂle %h—gﬁlﬁggnoé%ﬁ Oufnﬁ cyc open rtobr?eﬁ'ﬁl oplh%nyl ) et
hane A sol uti©remistres §694(E96Abt)399-23786.- di net hyl - 7H15
thieno[3',2':3,4]cyclopentall, 2-b]thiophene in 50 m of d| et hyI et her was

cooledto-78C and adm xed at this tenperature with 2. 51 rm%hg of a
1.6 M sol uti oRUBEhAT hREGIERTERCU R MSHE. D}I'hérreeﬁﬂeﬁ nbn

al | oned t16 war gy s&eWk YR PO ahgo 't erfass el ef aand amas—lﬁéE—sn}Esequenpl.y St rred
for another 45 mnutes at roomtenperature. The reaction m xture was then
cool ed back down to -78C and a solution of 0.6 g (4.5 mmpl) of

1- chl or 0- 2- ( 1Wpynr oAYA ) etshane+,n 205+ of NRfi® thyehnét hePRMs,addiﬂed di@pvm' se

at this tenp ﬁ?&f‘{éf’wﬂ?e &Sl £4g é%rft%% tla(?rg é&é’fér%ﬁ ySUbSEAY

al l onwed to wa to toom t €nperature an tirred.for anot er 12
hour s at rooni@enﬁéﬁatupéldatlon state Particularly useful

20 complexes D) of this type are dimethylsilanediyl-
(tetramethylcyclopentadienyl) (benzylamino)titanium
dichloride, dimethylsilanediyl (tetramethylcyclopenta-
dienyl) (tert-butylamino)titanium dichloride, dimethyl-
silanediyl (tetramethylcyclopentadienyl) (adamantyl)titan

25 ium dichloride and dimethylsilanediyl (indenyl) (tert-
butylamino)titanium dichloride.

When A is —O—R”E, —NR”EL —PRNEZ or an unsubstituted,
substituted or fused, heterocyclic or heteroaromatic
30 ring system, M!E is preferably titanium or chromium,
where titanium is particularly preferably in the
oxidation state +3 or +4 and chromium is preferably in

the oxidation state +3.

35 In a preferred embodiment, A" is an unsubstituted,
substituted or fused, heteroaromatic ring system and ME
is chromium. Very particular preference is given to Als

being an unsubstituted or substituted, e.g. alkyl-



2.8 mM of a 1.6 Msolution of n-butyllithiumin hexane 30 (corresponds to
4.5 mol of n-butyllithium was added at roomtenperature to the suspension
obtained in this way, which resulted in formation of a precipitate. The
precipitate vasseppo@Ete£d of f and washed twice with 0775/ 000079 - 54
hexane. It can either be reacted directl3gwith the chromumtrichloride or
can be hydrolyzed to give the ligand. For this purpose, the precipitate was
adm xed with 30,4 i it agueausi mdmpni LHBLQ{H or iide gmlrlﬂnjdﬁlaﬁ,o nin 5 tdfe

di et hyl ether_were added to thlé mxtu and8t %%w( p gfﬁ%yva

separ at ed of {8 Bt Gffbous Fhas Wdén8 Facted HB each tine
of diethyl et ma,rB,aar}dtztimemghmmqnlna]s)e,s weBe ( @orﬁbmnéd 6, Théres@mtsi et -or gani ¢
phase was vvas(i[ﬁﬁ? er%d’ 50 rge W@t% dyized, q}d)vgflrgﬁggﬁm wased f.ale and

subsequent |y throu % ShSrtT col umn I ca gel. Renopval_ of the
sol vent aﬁd<ﬁqMa@y$¢saDh|@ﬁ\knxmntggﬁeareldfg8(@&}@9%¥%b-%ﬂm%qh¥h|gand
as a reddish @w N shed @ & ﬁX}éﬁfﬁ%i&&(ﬂIﬁP 2- (2, 5dhdﬁﬂ&b&a&+ﬂ5
t hi eno[ 3', 2' Bjm‘ opent a[ b]thio %et hane 1I—I—i\rl?l\/R % ESC 8) :
6 e (o Dby 1= B aEiRe Ly iy S SomBoR L DHe By bav g hpbans hoRE T, ey

3.10 (qi_gfﬂ,cﬁféﬁﬁ&ﬁnlﬁﬁﬂ é%%%$%fﬁ&¢ﬁfﬂ}l@ﬂqﬂlnol%l -3-tert- 3$tyl— .
-pyrrolidino i met thie cl opent ophen-

)] 2¥hanechron? Jﬁ%é?éﬁ?%‘?f%%e %X lin%fqg¥°%limélﬁggl ut Pon Og b ll & yi'1i t hi ﬁm
i n hexanaower®- atlepdimd 1y 7BE21 D, 4, Sﬂteﬂ;rmebmylcﬂcgopsneamwlof

Lopyrrol i n0xg: (s & it 81 Y| wfBini BeBal 3' \ 2~ b ourdgpenialbldyu.ephen-7-y

| ) et hane in 50 ene resulting reaction mxture was
subsequent | y bndeowstciBoonbumbt A 51 owl ydidh ¥ookie enper aturd Bhid ekl )st i rr ed

for another 5; Méwl@ﬁrasx@punmfﬂﬁﬁrat wachmeld@acthnm ieo W) 1hen
cool ed back dovvn to -78C and 1. %\éﬁ djWaJ% of CrC13x3T Fwas adloged The
t

resul ting red&??%ﬁﬁlhﬁlﬁi%%ﬂac%%mh‘ilmé etdav y 1o
t enper at yrse, @nﬂswpﬁopyliﬁ@gn§péha@@1h@nIhopr atdﬁ@@ﬂb&&mperaturb—amd t hen

for a further hour.a S on was fi ed tore sol ubl e
constituents Qny® ?%%i)so?vﬁﬁ?ygbgg ?/léﬁorﬂh'tnlnl £%ﬂ/ol une ofcgmcbhelréIn &,
0775/ 000074 -15%58-¢eimohed) LTh’eecbﬁbenyitanédngbthrommumbiféifhed in this way

was cool ed tod]régf f‘wg preci plltg(tdﬁe %‘ﬁémg'l% £1|r¥ r%ﬁlcg'tr_for@{ﬁr@(lpﬁ)e day,

washed with co uene and dri om um conpl ex were
able to 5 be #sohdeséideExample 2 1- (8-quinolyl) - methylben21ndenyl—

20 chromium(III) dichloride, 1-(8-(2-methylquinolyl))-2-
methyl-4-methylcyclopentadienylchromium (IIT)
dichloride, 1- (8- (2-methylquinolyl))-2,3,4,5~-tetra-
methylcyclopentadienylchromium(III) dichloride,
1- (8- (2-methylquinolyl))tetrahydroindenylchromium(IITI)

25 dichloride, 1-8-(2-methylquinolyl))indenylchromium(III)
dichloride, 1-(8-(2-methylguinolyl))-2-methylindenyl-
chromium(III) dichloride, 1- (8- (2-methylquinolyl))-2-
isopropylindenylchromium(III) dichloride, 1-(8-(2-
methylquinolyl))-2-ethylindenylchromium(III)

30 dichloride, 1- (8- (2-methylquinolyl))-2-tert-butyl-
indenylchromium(III) dichloride, 1-(8-(2-methyl-
gquinolyl))benzindenylchromium(III) dichloride or 1-(8-
(2-methylquinolyl))-2-methylbenzindenylchromium (IIT)
dichloride.

35
The preparation of such functional cyclopentadienyl
ligands has been known for a long time. Various

synthetic routes to these complexing ligands are



Preparation of

6-(8-quinolyl)-2,5-di met hyl - 3- phenyl [ cycl opent a[ b] t hi ophenyl ] chr om um
dichloride 10 a) Preparation of the |igand

6- (8- qui nol yl 3725 bold o®T fyl - 3- phenyl [ 4- H-cycl opent a[ b] t hi ophene] 15 A
solution of 1.16 g of 8-bronoquinoline-(F6-mmol) in 15 M of THF was
cooled to -80C and adm xed with 3.5 mM of a 1.6 M solution of

n-butyl l'ithi Ucﬂféé@rﬂﬁé(@ne 0T 6emm£b3)e The nesWridews r eactdon ﬁrhxtahesnms 20

subsequent|ly sti rr for m d f 1.35
g of 4,5-di hy@‘?’é'— 99%9715% ﬂ%g’zﬁln b}(lgy%?osen?'d["g?t ﬁ’?@ph@n one]?ﬂ@

mmol) in 5 n111®fJTHl¥rgvaetth@]meladdéﬂ;l993'he pegul tVvhglBeacti on mi xture was
allowed to wvarmslowy to roomtenperature and was 25 stirred for another

10 hours at roomtenperature. The mi xture obtained in this way was, poured
into i ce at eFhet haeidqleousoppbe¥esas Rt r RIEEH Gt 30The ofC}h%?rhWr%ne

chloride, dr'@Qmﬁyskegagn@§hunbéul$@ﬁ@1ﬁé@ the sol ventple QAHAHO00TH -
was subsequently rem)ved Thi s gav .1 g of browgﬁml an al coholi< The
tur

oi | was adm xE®2G@FtRI0. 3§ of2R pr'Fé'-aeFr‘?d 567 Sene arfd t HESTR
obtained in tBhsowayewns fafdhuxethd or 1@ganbouraniok t efecgol i nging 5 afoom
tenperature, the m,xture s _washed th _sodi r bgpat,e dried
over magnesi Uit SGFFAFE aﬂ%’fi’ﬂ%‘léoﬁ%e ewgéarlngm)vegn @E ah rlgzlhjgt%hg
purifiedlgy col unm chronmat ogr aphy using a 1/1 m xture of toI uene/ et hyl

acetate as el at ifgnar I 96
of the IlgandH{(:llgg}e}é‘ln e%gklﬁggé ga&gg% u:rﬂol |%I<Ia 1H EQE%%:%%\{%}“Q% tge

li gand: 9.03 ¢eptaHying. 2t ( ealsﬂ) orlegsl(lﬂﬁnﬂH) foymgd (Ry 1#&):CYSES (m
1H); 7.50 15 gegga&fénﬁ&ﬂ1o§ Y dSso Rt open2@dieny3H) and. 14 (Busddhoenb)

Preparation o , .

6- ( g qui nol yl P ECGYFR hy | WibhentPE cyBEEBERERE LT hi BPRERYFT thr oRT LAY

di chl ori des 20aioﬂaﬂic0faﬁdJ.dﬁdﬂaiﬁhugiOnlbfogﬁmfndddﬁdﬁ umuﬂﬁudLetBythether
were added at -30C to a sal ut| on 7

6- (8- qui nol yl foxﬁp%u’aﬁ?ﬁetalﬁﬁ 4ephEn ??4 vel opengﬁ?b] tlhl oWRe {224880 m of
di et hyl et her Th@he pesul mnngaarretac:tul@rr,mdaimmémﬂ.@slgubsieqdléﬁtmytéylo%d to
25 warm S| owl ynLy{ PRGLACIPES AUl AN MRS okl 0d-Lokp8Rekerehour at room

t enper at ur e. mXture was en coo (2.3
mmol ) of Cr Cl3%3FeFivias ddeetoridey r esmatimg sidaceddn lRiRtarecha¥laft oned

to V\ﬁrm gdoﬁvw ¥hify 50@%9@f@£iﬂéﬂ | é’ﬁ%o?ﬁlluhr @dc&@oa&déoaﬁut amaetayme for
anot her ours._an yiene cnl orl wer e
sol ution was FFF‘?E?@HWW?@%{)‘?@%S‘%’I nYiedn dffﬁé‘ﬁfl egﬁﬁ??ﬁﬁcg%lr%nt was

renoved until dacudbui@eof 3 nml remai ned. The concentrated sol uti on obtai ned
inthis way was 35 cooled to -30C, the resulting precipitate was filtered
off after one day, washed with cold diethyl ether and dried. 0.22 g of the
chrom um conpBeitéRle) weawakpitstoDbe isbtatednclude imidochromium

25 compounds in which chromium bears, as structural
feature, at least one imido group. These compounds and
their preparation are described, for example, in
WO 01/09148.

30 Further suitable components D) include transition metal
complexes containing a tridentate macrocyclic ligand,
in particular substituted and unsubstituted 1,3,5-
triazacyclohexanes and 1,4,7-triazacyclononanes. In
this type of catalysts, preference is likewise given to
35 the chromium complexes. Preferred catalysts of this
type are [1,3,5-trimethyl-1,3,5-triazacyclohexane] -
chromium trichloride, [1,3,5-triethyl-1,3,5-triaza-

cyclohexane]chromium trichloride, [1,3,5-trioctyl-



0775/ 000074 - 57 Exanple 3 Preparation of

4-(8-quinolyl)-2,5-di net hyl - 1- phenyl [ cycl opent a[ b] pyrrol yl ] chrom um
dichloride 5 a) Preparation of the ligand system

4- (8- qui nol ylo21 5@ ot hyl - 7- H 1- phenyl [ cycl openta[ b] pyrrol e] 10 A sol ution
of 10.4 g of 8-bronoquinoline (50 mmol9 4 100 mM of THF was cooled to -80C
and adm xed with 20 Ml of a 2.5 Msolution of n-butyllithiumin hexane (50

mol ). The resu t5ngrlr@gé:é}b@jbmgqmp;}vmnﬁybseaueahllyrsﬁerrec[lat3 -80C for

h d |
B hyar o AT ey TP U b RS 1 n a0

m of THF wasardien dddeqds-the beasylltHlng , Beactiaam ayiodtolres amss cdldaaviedh t o
war m sl ow y to 19 Of%leé%erature and was subsequently refluxed for another 3
hours. The mx)fure tained in this way was cooled to roomtenperature
and then adnmi xed with ice and then hydrochloric acid to bring the pHto

about 1. The wygani £&s phase wasseRar at ediehbiet hecagyepussphase waseadm xed
wi th ammoni a solutlonto bring the pH to about 9, extracteg]ﬁZS wi t h diethyl

ether and t het &bt R orBRirA X@F e HHEE RS flgnesTaih st e and
the sol vent wasgsudsetuend | formupyedr ThetgrbdiTX, obtained in this way was
adm xed with hydrochloric acid to bring the pHto O N 0775/000074 - 58
and the m xture was refluxed for 2 hour Neutralization and work-up gave
10.9 g of the |igandg*b) Preparati afF ok 4- (8-quinolyl)-2,5-di methyl -

phenyl [cycl open%&[b];j rroI yl' ] chrom m(Jd chloride 1.0 g (3 mol ) of

4- (8-quinolyl) Enet hyl - 7-g¥¥1 %cycl openta[ b] pyrrole] was added to
a solution of O. 1;& 3.1 mol }(12‘3 o_t_a§3| um hydride in 60 m of THF. 10
The resulting R¥x ur@ was subsBquent}vEStirred at roomtenperature for
anot her one hour and'}.12 g (3 rrpva oi Cr C13x3THF were then added. The
resulting mxture wal stirred at roomRr'®nmperature for another 15 hours and
50 m of nethyl ene chI or| de were then added. The

F-XVI
8F
R R15F
RQF ‘T‘
H
~FE 0
(CR.™), RI6F —gF
\EF R

18F
R

F=XVII F-XVIi| F-XIX
10

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

iron, cobalt or palladium as central metal.

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

molecule can be identical or different.



15 solution was freed of the solvent, the residue was taken up in

di chl oronet hane and the solution obtained in this way was filtered to
renove insol uble constituents. Renoval of the solvent gave 0.84 g of the
chrom um conpd Exs (®1%) 74 20 Exanple 4 a) Pretreatnent of the support 100 g
of ES 70 X, a spray-dried silica gel f+om 25 Crosfield, were heated at 130C
for 6 hours under reduced pressure. b) Application of the conplex to the
support 30 35rhay afadikeleonplex thr ort*ExammicH 8%, 1banoidemetr eaAdmixed

with 4.32 m of 4.75 M sol ution,of O i ol.u efr%m:_ﬁl e d the
m xture was s‘?}rﬁfee%el?%rw 1E‘.hjrﬁ‘n‘?ﬁt gégaﬁssﬁgﬁ{"t ?ngqsglouti on )é.\i(/as%d}e over a
period of 10 fwhudwsng og2ogedf the support material 35 ES 70 X from exanpl e
4a) and the m xture was stirred for another 60 m nutes. The catal yst was

then dried at roomtenperature at 10-3 nbar. 0775/ 000074 - 59 Exanple 5
Pol yneri z&ti oh 460dnR™of i sobte agechnd indapregfdently i @bprefy I UhHYM 5

solution in heptane (correspgndhggrg@aZQOﬂg b gkl SO ot ey tind iy wer e
placed in a 1 1 autoclave which had been made, .inert with argo and 13.8 ng
of the catalyst solid obtai ne¥FACRXRMDI e éFl?)d]\ﬁé‘\ae theﬂragagagly a
Pol ymeri zation was carried owydabcdfforndaadcethylrenehi6hpressurerkadn 40 bar
for 60 mnutes. The pol ynerization was _ Sstoppe r.el j t.he ure
and the product was discharg% OTh?gaaﬁeP%eggo%ﬁgaﬁﬁ%ﬁgﬁ%!%gg;%ﬁgg§ﬁé
pol yet hylléne were obtai ned. Poosucie¢sstytwd20agbof PESGsef catal yst solid.
DEO00074/ PCT - 60 W claim
R*F and R are each, independently of one another,
hydrogen, a hydrocarbon radical or a
substituted hydrocarbon radical, where
15 R?f and R*f may also together form a ring
system in which one or more heteroatoms

may be present,

R®* and R®F are each, independently of one another,
20 a hydrocarbon radical or substituted

hydrocarbon radical,

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

25 substituted hydrocarbon radical,

where R®f and R or R®f and R may also together form a

ring system,

30 R'F are each, independently of one another,
hydrogen, a hydrocarbon radical or a
substituted hydrocarbon radical, where
two R’ may also together form a ring
system,

35

RYF and RMF are each, independently of one another,
a hydrocarbon radical or substituted

hydrocarbon radical,



1. A nonocycl opent adi enyl conpl ex which conprises the follow ng structural
feature of the formula 5 (HCp) YN M where the variabl es have the foll ow ng
nmeani ngs: HCp is a cycl opentadi enyl system containing at | east one fused
het erocycl e, @079/ 3&0@&74ubstituent which is bound to HCp and conprises at

| east one uncharged donor containing anh &t omof group 15 or 16 of the
Periodic Table, 15 Mis a netal of group 3, 4, 5 6, 7, 8 9 or 10 of the
Peri odi ¢ Tablgllf and'¥, i R, 2rer BF28r2. cAdmnorydéppeddadl enplf conpl ex as
claimed in claim1l1, wherein the donor. in Y is bqu intramnol ecul ar to M
25 3. A nonocycl opent adi enyl 2CORPT B B%QE?%?HEdgiﬁiﬁﬁéﬁ%r r 5?%%%%%lhas
the formula (HCp) YMXk, whererthe vardsbitestdryawdrodatbow nopdieslngs:

Hp is a cyclopentadi enyl sygheps colfQ! :N0nd%al gbREAk1 ONS: f USRL nal
heterocycle, Y is a substituent which j.g boypd to, HCp and, gonprises at
| east oneSunchar ged donor cor®@i®@dhy Bn at Bm of Rgroupn®4For IBYIRI5¥° t he

Periodic Table, Mis a netaltgéegmgypfgrm4a piRg Syetedhpe Periodic Table,
0775/ 000074 - 61 X are each, 1 ndependently of one another, fluorine,

chlorine, brom ne, iodine, hydrogen, Cl-d o-al kyl, CzZ-d o-al kenyl,
C6- C20- aryl , mi°Ryimdyk*®Aavi ngrd- 2@char honddpeataursliyn v he oakkydnqgardr and
6-20 carbon atons in the aryl part, NR Rz, S S03 (0 , CN,
SCN, (3-diketonate, CQ BFQ-?ygﬁ%gé%f Uﬁlngﬁ#ﬁﬁég?ﬁrmﬁég%féﬁi6%%,@%0
R1- RZ araoOeach, independent| yub$tbnetadohhdrochydongeadicalC2o-al kyl ,
Cz- C20- al kenyl , C6-Czo-aryl, alkylaryl having from1l to 10 carbon atons in
the al kyl part__and 6

R®F and RY'F are each, independently of one another,

hydrogen, a hydrocarbon radical or a
substituted hydrocarbon radical,
15
R*F and R*F are each, independently of one another,
Cy-Cso-alkenyl, Ce—Cro—arvyl, alkylaryl
having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the
20 aryl part, where the organic radicals
R*F and R?*f may also be substituted by
halogens,
R20F-R24F are each, independently of one another,
25 hydrogen, C1-Cyp—alkyl, C,-Cao—alkenyl,
Cg~Coo-aryl, alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-
20 carbon atoms in the aryl part or
SiR%%F;, where the organic radicals R?%F-
30 R**! may also be substituted by halogens

and two vicinal radicals R2F-R%%F

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

membered ring and

35 R26F are each, independently of one another,
hydrogen, C1-Cpo—alkyl, C,-Cyo—alkenyl,
Ce-Coo—aryl or alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-



15 20 carbon atons in the aryl part, Si R33, where the organic radicals
R1-RZ may al so be substituted by hal ogens and two radicals RL-RZ may al so
be joined to forma five- or six-nenbered ring, 20 R3 are each,

i ndependent | yo70f5 /oo et her, hydrogen, Cl-CZO al kyl, CZ-CZO al kenyl

C6- Czo-aryl, alkylaryl having from 1 t04B0-carbon atons in the al kyl part
and 6 25 20 carbon atons in the aryl part and two radicals R3 may al so be
joined to forma five- or si2¢ mmmchtcbmg imnth& asyl, p2rar add 30o4. A

nmonocycl opent adi enyl conpl ex_a cI ai Fl n f i o] reiny
is a substituent of the formf Zﬁd\m@?g tyd%% vggrelaa leére a\t}g tf\#e}%

followng neanings: 35 Zisa ﬁ:hnx,ea-i ent Dint-dugnitetaenizgand HCp,
0775/ 000079 - 62 A is NRAR , PR4AR5, ORg, SR9 or an unsubsti t ut ed,
substituted or fused, het erocycl ic ring system R4- RS are each,

i ndependeht |  of one anot heris h§droggel, €1tlzd: dﬁ‘kIylbeBZgCil@gé‘ItI%é’ﬁﬁ-ly

C6- CZCaryl, al kyl aryl havi ngc}{g,_c?’@éj. wrerl O cog bon atons in the al kyl part
and 6-20 carbon atons in the aryl part, SiR63, where the organic 10

radicals R4 and RS may al so be substituted by hal ogen and two radicals R4
and RS may alyo be joined taid oam antegyer drosi X- ntembér edreifegabRy & e
each, independently of one ther, 15 hydrogen, Cl-CZO al kyl,

C2- CZO al kenyl, C6-Czo aryl, alkylaryl having from1l to 10 carbon atons in
t he al kylLOpart and 6-20 carbon atons in the aryl part, and two radicals R6

may al so be lﬂagqe%] {0 %g&aﬁlfhxﬁ-ﬁée&eél %2Q 1R eced i ngs , aBd M ol or 2,

or may al so be I'S an unsubstituted, substltuted or fused,
het erocycl i c &% n@e@’yg@brﬁne‘%lS ang EATgAidHGKEnt HER AT | O ofpeerx A med
inclaim4, whekei 8r8 brtic3@arly useful. Particular preference is

given to diimine complexes of Ni or Pd, e.g.:

15
Di (2, 6-di-i-propylphenyl) -2, 3-dimethyldiazabutadiene-
palladium dichloride, di(di-i-propylphenyl)-2, 3-
dimethyldiazabutadienenickel dichloride, di(2,6-di-i-
propylphenyl)dimethyldiazabutadienedimethylpalladium,

20 di(2,6-di-i-propylphenyl)-2,3-dimethyldiazabutadiene-
dimethylnickel, di (2, 6-dimethylphenyl)-2,3-dimethyl-
diazabutadienepalladium dichloride, di(2, 6-dimethyl-
phenyl)-2,3-dimethyldiazabutadienenickel dichloride,
di (2, 6-dimethylphenyl) -2, 3-dimethyldiazabutadiene-

25 dimethylpalladium, di(2,6-dimethylphenyl)?2,3-dimethyl-
diazabutadienedimethylnickel, di(2-methylphenyl) -2, 3-
dimethyldiazabutadienepalladium dichloride, di(2-
methylphenyl) -2, 3-dimethyldiazabutadienenickel
dichloride, di (2-methylphenyl) -2, 3-dimethyldiaza-

30 Dbutadienedimethylpalladium, di (2-methylphenyl) -2, 3-
dimethyldiazabutadienedimethylnickel, diphenyl-2, 3-
dimethyldiazabutadienepalladium dichloride, diphenyl-
2,3-dimethyldiazabutadienenickel dichloride, diphenyl-
2,3-dimethyldiazabutadienedimethylpalladium, diphenyl-

35 2,3-dimethyldiazabutadienedimethylnickel, di(2,6-
dimethylphenyl)azanaphthenepalladium dichloride,
di (2, 6-dimethylphenyl)azanaphthenenickel dichloride,

di (2, 6-dimethylphenyl)azanaphthenedimethylpalladium,



A is NRgRS, PROR5, ORg or SRg and Z is a divalent bridge selected fromthe
group consisting of 0775/ 000074 - 63 R- B Rse Rss RRB RIB RsB -L2B -L2B
L2B CCCR2B' R2B RAB ' RZB R4B Rss where LzB are each, independently of
one anot her, @mrosrdoooos silicon, RLIB-R6B are each, independently of one
anot her, hydrogen, Cl-C2o-alkyl, Cz-C20-s kenyl, C6-CZo-aryl, alkylaryl
having from1 to 10 10 carbon atons in the alkyl part and 6-20 carbon atoms
[ nbt{]_et a{ y|OI F‘Z’f@;‘ﬁ‘%@%’“mmw@‘f“ et @é@ﬁ}l@myh&aﬂa{aﬁ]—l may al so be
substitute al ogens, t emn vicinal radical s.. - _ma
al so be 15 jdfhgd*? ¥?ﬁ$§i¥?¥£ééh%w éﬁ§£¢ﬁﬁ&éﬁbd ring’gnéiﬁ§é§§§gﬁéacﬁ,
Egdependenflyhiﬂkeﬂmﬁinhﬂ¢midehydrogénl’ebM§y;hﬂMQﬂLma§hMI§akﬂadﬁwmn 20
-CZO ary k r havi r 10 carbon atons in the al kyl part
and 6-20 carg%ﬁﬁgb%ggy?¢F¥§ggé§%$y%£} k%ﬁd two radicals R B may alsoybep
joined toSforma five- or six-menbered ring. 25 6. A nonocycl opent adi enyl

compl ex as ol gl et d 1 £1 01 Mg rutn ki ubdss AKX UNSHDSS! bucadaesutrsddd ut ed
or fused, 30 heteroaronatic ring s%sten1and R%% 1S -53% 3%@
described in J. Am. Chem. Soc. 120, p. 404 . (1998),

J. Chem. Soc., Chem. Commun. 1998, 849, and
WO 98/27124. R and R*»f in F-XIX are preferably
10 phenyl, naphthyl, biphenyl, anthranyl, o-, m-,

p-methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl,
-dichlorophenyl or -dibromophenyl, 2-chloro-é-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-
15 dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or
-dibromophenyl and 2,4,6-trimethylphenyl. At the same

RZOF and R24F

time, are preferably hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl,
20 in particular hydrogen or methyl. R?*¥ and R*' are
preferably hydrogen and R**f is preferably hydrogen,
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
25 Fe. Particular preference 1is given to 2,6-diacetyl-
pyridinebis (2,4-dimethylphenylimine) iron dichloride,
2,6-diacetylpyridinebis (2,4, 6-trimethylphenylimine)iron
dichloride, 2,6-diacetylpyridinebis{(2-chloro-6-methyl-
phenyl)iron dichloride, 2,6-diacetylpyridinebis (2, 6-
30 diisopropylphenylimine)iron dichloride,
2,6-diacetylpyridinebis (2, 6-dichlorophenylimine)iron
dichloride, 2,6-pyridinedicarboxaldehydebis (2, 6-diiso-
propylphenylimine) iron dichloride, 2,6-diacetyl-
pyridinebis (2,4-dimethylphenylimine)cobalt dichloride,
35 2,6-diacetylpyridinebis(2,4,6-trimethylphenylimine)-
cobalt dichloride, 2,6-diacetylpyridinebis(2-chloro-6-
methylphenyl) cobalt dichloride, 2,6-diacetyl-
pyridinebis (2, 6-diisopropylphenylimine)cobalt



0775/ 000074 - 64 where L3B are each, independently of one another, carbon
or silicon, 5 R1B-R2B are each, independently of one another, hydrogen,
Cl- CZO al kyl, Cz-CzO al kenyl, C6-CzZO aryl, alkylaryl having from1 to 10
carbon atonms pgn7theo@dkyl radical and 6-20 carbon atons in the aryl radical
or SiR B3, 10 where the organic radi cal s4R1-B-R2B nay al so be substituted by
hal ogens and two radicals RLIB-RzB nay also be joined to forma five- or

rs1i é-m?rrbergg %iZ@@l@Eﬂ?éS R B -ati; caao i, p y rideipasidientd y6 -af L anieo mowitdrey ] -

ydr ogen, -C20-a CZ- CZO-al kenyl , C6-CZO ayyi_ 3l ; ing

from1l to 10 %Iﬁjr%%Lcél?%% iﬁétlﬁghglrl%y[e raé‘inggl gjn’dé égyzrolac%:lar %{hé%rtgc}?% in the

aryl radical abdeR9dembsfadbcdiss® Boppyprheeplbeinel aedats forma five- or

si x- menber ed &lgﬂhoﬂ'g%m is 0 or 1. 25 7. A nonocycl opent adi enyl conpl ex as
or

claimed in claim wherein Ais RZ R~ R3c 4C N R 2-pyridyl 30 where
Roc Rec R~ RO¢c Rc | ~ N R-ac 8-quinolyl Ric-Ri oc are each, independently

of one anot hefy hidrogenat £1y6ZO al Kyl , #&:&KO atkenylbe C6- &N ar yare
alkylaryl haviﬁ?négggk%xgge 83%3 323974in the case of which the
ligands are prepared, for example, from substituted or
unsubstituted salicylaldehydes and primary amines, in

10 particular substituted or unsubstituted arylamines.
Transition metal complexes containing pi ligands

containing one or more heteroatoms in the pi system,

for example the boratabenzene ligand, the pyrrolyl

anion or the phospholyl anion, can also be used as

15 catalysts D).

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
20 using at least one monocyclopentadienyl complex A) in
the presence of at least one catalyst D) which is
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
25 or more cation-forming compounds may be advantageous.
The polymerization catalysts D) may likewise be
supported and can be used simultaneously or in any
order with the complex A) of the present invention.
Mixtures of various catalysts can also be used as

30 component D).

In addition, the catalyst system may further comprise,
as additional component E), a metal compound of the
formula (F-XX)
35
M (RY€) 16 (R*) 56 (R*®) tG (F-XX)

where



- 65 10 carbon atons in the alkyl part and 620 carbon atons in the aryl
part or SiRIIc3, where the organic radicals RIcRloc nmay al so be substituted
by hal ogens 5 and two vicinal radicals Ric-Roc may al so be joined to form
a five- or sixmEt0o®EI’4ing and Riic are each, independently of one

anot her, 10 hydrogen, Cl-CzZO al kyl, CzZ @p-<al kenyl, C6-C20-aryl or

al kyl aryl having from1l to 10 carbon atons in the al kyl part and 620 carbon
atonms in the Myl part and tyw® Lhadixal sKkR Be, nHy, alse ISe,| Ganeddrrf,or m 15
a five- or six-nmenbered ring.,8..A catalyst sys r.olefin,.

pol ymeri zation, comprising 20~ R+ A e%%%/fjo‘ﬁﬁz’ rr%ﬁ%%:@rgl %]geﬁ%%gllle%@f conpl ex
as clainmed in any of clains 1 to 7, B) optionally an organic or inorganic
support, 25 Qucoptionally ong.or tiop-1 ] onpeuags, -

optionally o%e or nore catal %ﬁtshgg%tgg\%ﬁ’e fgfl g{og}aiﬂ%y%él y(r?e%r ?zyét%ynl'and 30
E) optiondlly one or nore medBkykampbufds 36T Igrldup 1eaohohayangs {upm
Periodic Table. 9. A prepol yrerpzed cad abyst asymbemCopps i ailRgla prt

catal yst systemas clained in clafim8 gndcfoé nmerized onto it one@{e nor e
linear CZ- Coo- 1al kenes in a #Ss H&M o°0fF r 6th 15 4°% 0 *FCTE001 P bdsEd on
t he catal yst system 0775/ 80P07dart 66 10. The use of a catal yst system
as clainmed in claim8 or 9 for the polynerization or copol ynerization of
olefins. 5 A process for preparing polyolefins by polynerization or

copol yneriozatRBnaotl 8/%fins anct hachr byemegens aad@gainystCisEsteniasl ¢l ai med
inclaim8 or 9. .A AF. AF. AR A5 . A : NF. A 3 A&a3. A3. AL,
F. A (3. A9N3. AR AL; .A3. As( 3?%?%%%’. AF.%@%A%'@_{ A3.AaAr flAﬂwl

. A3, . A3. A3. AFY. A3y. A3. AFy. A2 AFORF. Rach hmesaings Arom 1 to 10 carbon

.AF. A (3. As(F. AFy. AF. AF. AF. Ag¥oh3. A39tAE. A3KAE. A39'1cAI3 AAER A%m A 3. A

. AN321D: <u45 C . .

<u<u( U<#. #. OPXXXXXXXXXXX XXX XX IXFERRRR XX RBE LR RS 2B8L EBEEEBE8<<<8: 45

15
o is an integer from 1 to 3
and
20 s® and t° are integers in the range from 0 to 2,
where the sum r®+s®+t® corresponds to the
valence of MG,
where the component E) is not i1dentical to the
25 component C). It is also possible to use mixtures of
various metal compounds of the formula (F-XX).
Among the metal compounds of the formula (F-XX),
preference is given to those in which
30
M® is lithium, magnesium or aluminum and
R%® and R are each C;-Cyp-alkyl.

35 Particularly preferred metal compounds of the formula
(F-XX) are methyllithium, ethyllithium, n-butyllithium,
methylmagnesium chloride, methylmagnesium bromide,

ethylmagnesium chloride, ethylmagnesium bromide,
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In a preferred embodiment, the monocyclopentadienyl
35 complex A) is brought into contact with the cation-
forming compound C) in a suitable solvent, wusually
giving a soluble reaction ‘product, an adduct or a

mixture. The preparation obtained in this way is then
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solid is prepared from the components A), B) and C) as

20 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

25 solid formed from the components A), B) and C), as

described above.

The monocyclopentadienyl complex A) can be brought into
contact with the component(s) C) and/or D) either

30 before or after it 1is 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

35 into <contact with the ©olefin 1is also possible.
Preactivation 1is generally carried out at 10-100°C,
preferably 20-80°C.
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5 in the actual polymerization. The mass ratio of
catalyst solid used in the prepolymerization to moncmer

polymerized onto it is usually in the range from 1:0.1
to 1:1000, preferably from 1:1 to 1:200.

10 Furthermore, a small amount of an olefin, preferably an
oa-olefin, for example vinylcyclohexane, styrene or
phenyldimethylvinylsilane, as modifying component, an
antistatic or a suitable inert compound such as a wax
or oil can be added as additive during or after the

15 preparation of the catalyst system. The molar ratio of
additives to transition metal compound B) is usually
from 1:1000 to 1000:1, preferably from 1:5 to 20:1.

The catalyst systems of the present invention are
20 suitable for the polymerization of olefins and
especially for the polymerization of a-olefins, 1i.e.
hydrocarbons having terminal double bonds. Suitable
monomers also include functionalized olefinically
unsaturated compounds such as acrolein, ester or amide
25 derivatives of acrylic or methacrylic acid, for example
acrylates, methacrylates or acrylonitrile, or vinyl
esters, for example vinyl acetate. Preference 1is given
to using nonpolar olefin compounds, which include aryl-
substituted a-olefins. Particularly preferred oa-olefins
30 are linear or branched C;-Ci;-1l-alkenes, in particular
linear Cy-Cip~l-alkenes such as ethylene, propylene,
l-butene, l-pentene, l-hexene, l-heptene, l-octene,
l-decene or branched C;-C;p-l-alkenes such as 4-methyl-
l-pentene, conjugated and nonconjugated dienes such as
35 1,3-butadiene, 1,5-hexadiene, 1,7-octadiene or wvinyl-
aromatic compounds such as styrene or substituted
styrene. It is also possible to polymerize mixtures of

various a-olefins. Preference 1s given to polymerizing



10 10

100~ " 1109& ()-$!

"L3

| 10%H#& () -$! "1 10%H& ()-$! 1 10%H#& () -$11111j 2A3a?M!

"10!! "yl 109078 § )0 000yA L0V () - F10%&' ()-F 109%& ()-S, f10%&' ()-310%& ()-A

3j 34445~6zX6Me!

LI'L 1109%7& ()- ! L !10%<<& ()- 'L !10%& ()-

1 1100478 () -1~ 1 109R2& ()- " y! 10%& () - ~67] 8nBn808{ 88S9r S1! LF! 10%<& ()- S
109 ()-F10%af ) 1ed08t- oh@- olkFin YsdIH I - B ¢m- &hk0GIRUP7 & dr) s RKSAMK;

- <z<T=}[9rS11 1 = L 1 100@2& ()-1L | 109% () - PLO% ()- @ LF! 10%
& (o1 LR 10982 EHERE i BEORIRE() - 1=bbbelS o d GBS er 1 -hexene,

10! r L5! 109& ()-héptdns® [Yotyehe! 4086 184¢Fehel. | 109& ()-!0" L
| 109EE& ()-?2?*?2172nP?24@@P. 1! 1 10%& ()-Mv ! 10% ()-M SM 10% () - @

109&' () - S@ 109%& (

10@dBBCOSWXEE Tt
"()- 1 110% §dap

10! ~ 51 109& ()-s!t .

@ 10%<<&' () - FEORRY 1997 781F) - plrL@nl%@%&r% g Fsi@i@ &EPP- H

- 310%&
B! 1@/&:(6\)(91%211?%1@&' irclygeg epegr ~in' 1ydgh ()the 1 109&
Eé%'a?zrffw&/@ (@ - SYROYE (IRl d ) whiBhllnay
51109 () - SEEGEFGHHHz[ Or S4! | Ly#l 109%(7& ()-L"109%& ()-!"
w@%mﬂs‘-’ 109% &'

§%2§}O%i&gfio @28 éﬂ@@neﬁll%%glohexene, n?ﬁkornene or tetracyclo-
~ Ly #! 10% - KLIVNCPe oP1!! &F!
10%" k" & () - /S{Q é %@/& " &d()mﬁ‘ng&&}‘fééﬁ‘ré%e()? ﬂlfdb% f"%%?) of° &}FI 10%
2" 7" & () 1% &F516%Y zi&e@ Y6 ERGX Sy 5z SSS) 0PI SMIOYEES ( ) - 98100F& () =

norbornadiene.

15

20

25

30

35

Mixtures of two or more ©olefins can also be
polymerized. In contrast to some known iron and cobalt
complexes, the monocyclopentadienyl complexes of the
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
can be used for the polymerization or copolymerization
of ethylene or propylene. As comonomers in ethylene
polymerization, preference is given to using C3-Cg-a-
olefins, in particular 1l-butene, 1l-pentene, 1l-hexene
and/or l-octene. Preference is given to using monomer
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
in bulk, in suspension, 1in 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
reactors or autoclaves, solution processes, suspension
processes, stirred gas-phase processes or gas-phase
fluidized-bed processes are possible.
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10 temperatures are generally also set. Advantageous
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
15 temperature which is at least a few degrees below the
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. 1In
the case of suspension polymerizations, polymerization
20 is usually carried out in a suspension medium,
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
25 1 to 100 bar. The solids content of the suspension is
generally in the range from 10 to 80%. Polymerization
can be carried out either batchwise, e.g. in stirring
autoclaves, or continuously, e.g. 1n tube reactors,
preferably in loop reactors. In particular, the
30 polymerization can be carried out by the Phillips PF
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.

35 Among the polymerization processes mentioned,
particular preference is given to gas-phase
polymerization, in particular in gas-phase fluidized-

bed reactors, solution polymerization and suspension
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10 regulators, for example hydrogen, or additional
additives such as antistatics can be employed in the
polymerization.

The process of the present invention enables polymers

15 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.

20
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.

25

The catalyst systems of the present invention display a
very high productivity in the polymerization of
olefins, offer advantages 1in the work-up of the
polymers after the polymerization and lead to
30 significantly fewer problems 1in 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
35 the present invention also display a very good activity
at a relatively low molar ratio of the aluminoxane to

organotransition metal compound.
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10 a) Preparation of the ligand system l-pyrrolidino-2-
(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-T7H-
15 thieno[3',2':3,4]cyclopenta(l,2-b]Jthiophene in 50 ml of
diethyl ether was cooled to -78°C and admixed at this
temperature with 2.8 ml (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
20 subsequently stirred for another 45 minutes at room
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
25 reaction mixture was subsequently allowed to warm
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
30 (corresponds to 4.5 mmol of n-butyllithium) was added
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



& ()- 5sl10% R & ()- 9 9° LI10%& ()-9 n LI10% R & ()- 9FL0WR & ()-
9O@IOYR! & ()-bR[[:bUs~ 9 9-110%R #& ()- n !!10%R 6& ()-M

111098 & ()- M 99 BLOUWR & ()- 9FMLOWR & ()- @ 9109R & ()-R v~ 9

Y109R! & ()- 9@ 16YRD&O(YN- 93109R! & ()-10' 10" 10' 9°9-110% & () -

19-110%R & ()- AG[:vUA~ 9 DI10%R & 6)--9 2 ! 10% R & ()- 9 ?110% R

& ()- 9~L!'109R & ()-g 9109%R & ()- 93109%R! & () - 0P9:

<| [ NAMd~" 10#R! £aQ&Re#10#R! #%n 0L@¥HER! #Be()re&t%do%i'r&dt)g% Qv&tElOE/Ré&' () @

9) Z109R & &, &10YR & <HO NA4 ~ 110
!)10%’!&'()5) FREDE BN TSRO (68 w5 i daNgg are chet)

T*1109%®! & ()11i9an8L 108X & f)s purpose, the precipitate was admixed
with 30 ml of aqueous ammonium chloride solution, 50 ml
5 of diethyl ether were added to this mixture and the
organic phase was separated off. The aqueous phase was
extracted twice with 50 ml each time of diethyl ether
and the organic phases were combined. The combined
organic phase was washed with 50 ml of water, dried
10 over magnesium sulfate and subsequently filtered
through a short column of silica gel. Removal of the
solvent and drying in a high vacuum gave 1.14 g (84%
yield) of the ligand as a reddish brown oil.
NMR data for l-pyrrolidino-2-(2, 5-dimethyl-7H-
15 thieno[3',2':4,5]cyclopenta[b]lthiophenyl)ethane
'H-NMR (CDCls, 25°C, &): 6.76 (g, 2H), 3.95 (t, 1H),
2.68 (m, 2H), 2.62 (m, 4H),
2.55 (s, ©6H), 2.10 (g, 2H),
1.83 (m, 4H).
20
b) Preparation of 2-pyrrolidino-1-[2-(2,5-dimethyl-
thieno[3',2':4,5]cyclopenta{b]lthiophen-7-y1l)]-

ethanechromium dichloride

25 2.1 ml of a 1.6 M solution of n-butyllithium in hexane
were added at -78°C to a solution of 1.0 g (3.3 mmol)
of l-pyrrolidino-2-(2,5-dimethyl-7H-thieno[3"',2':4,5]~-
cyclopenta[b]thiophen~-7~yl)ethane in 50 ml of toluene.
The resulting reaction mixture was subsequently allowed

30 to warm slowly to room temperature and was stirred for
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 CrCl;x3THF was added. The resulting
reaction mixture was allowed to warm slowly to room

35 temperature, and was stirred for another hour at room
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
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ghdﬁég§§§ﬁ40.6l g of the chromium complex were able to

be isolated.

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

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

A solution of 1.16 g of 8-bromogquinoline (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,
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
mixture obtained in this way was poured into ice water,
the aqueous phase was extracted with 30 ml of methylene
chloride, dried over magnesium sulfate and the solvent

9,:10%! & ()-(
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was subsequently removed. This gave 1.1 g of a brown
0oil (an alcohol). The o0il was admixed with 0.3 g of
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
the solvent was removed. The product was purified by
column chromatography using a 1/1 mixture of
toluene/ethyl acetate as eluant and silica gel as
stationary phase. This gave 0.96 g of the ligand (48%

yield based on 8-bromoguinoline).

'H-NMR (CDCli3) of the ligand: 9.03 (m, 1H); 8.26 (m,
1H); 7.98 (m, 1H); 7.81 (m, 1lH); 7.65 (m, 1H); 7.50-
7.30 (m, 6H); 3.48 (s, 2H); 2.50 (s, 3H); 2.17 (s, 3H).

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

1.4 ml of a 1.6 M soclution of methyllithium in diethyl
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
another hour at room temperature. The reaction mixture
was then cooled to =-70°C and 0.86 g (2.3 mmol) of
CrCl3;x3THF 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
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
off after one day, washed with cold diethyl ether and
dried. 0.22 g of the chromium complex (21%) were able
to be isolated.

D
9
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a) Preparation of the ligand system 4-(8-quinolyl)-
2,5-dimethyl-7-H-1-phenyl[cyclopenta[b]lpyrrole]

10 A solution of 10.4 g of 8-bromoquinoline (50 mmol) in
100 ml1 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
subsequently stirred at -80°C for another 15 minutes
15 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
subsequently refluxed for another 3 hours. The mixture
20 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
ammonia solution to bring the pH to about 9, extracted
25 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 0
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15 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%).

20
Example 4

a) Pretreatment of the support

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

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

30 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

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

room temperature at 1073 mbar.
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Example 5

Polymerization

400 ml of isobutane and 2 ml of a triisoprenylaluminum
5 solution in heptane (corresponding to 75 mg of triiso-
prenylaluminum) were placed in a 1 1 autoclave which
had been 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
10 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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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 1in
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:

HCp 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
donor 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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k is 1, 2 or 3.
30
4, A monocyclopentadienyl complex as claimed in any
of claims 1 to 3, wherein Y is a substituent of
the formula -Z,~A, where the variables have the
following meanings:
35

Z is a divalent bridge between A and HCp,
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vy#! 10% !10 radlcals R* and R® may also be substituted by

halogen and two radicals R* and R® may also be

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

R® are each, independently of one another,

15 hydrogen, Ci-Czo—alkyl, C,-Czo-alkenyl, Cg-Coo-
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

alsoc be Jjoined to form a five- or six-

20 membered ring, and
m is 1 or 2, or may also be 0 when A 1is an
unsubstituted, substituted or fused,

heterocyclic ring system.

25
5. A monocyclopentadienyl complex as claimed 1in
claim 4, wherein
m is 1,
30
a is NRR®, PR'R’, OR? or SR! and

Z 1s a divalent bridge selected from the group

consisting of
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10 carbon atoms in the alkyl part and 6-20

carbon atoms in the aryl part or SiR’%3,
where the organic radicals R®-R®® may also
be substituted by halogens and two geminal

or vicinal radicals R'™-R®® may also be

15 joined to form a five- or six-membered
ring and

R’® are each, independently of one another,

hydrogen, C1-Cyo—alkyl, C,-Cyo-alkenyl,

20 Cg~Coro—aryl or alkylaryl having from 1 to

10 carbon atoms in the alkyl part and 6-20
carbon atoms 1in the aryl part and two
radicals R’® may also be joined to form a

five- or six-membered ring.

25
6. A monocyclopentadienyl complex as claimed 1in
claim 4, wherein
A is an unsubstituted, substituted or fused,
30 heterocaromatic ring system and
1B
I
Z is -L¥
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where
5 R1B_R2B
10
15 R'B
20
m
25 7.
4 or o,
30 where
rlc_gloc
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are each, independently of one another,
carbon or silicon,

are each, independently of one another,
hydrogen, C1=Cpo—alkyl, C,-Cyo—alkenyl,

Ce-Cpo-aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical or SiR™®;,
where the organic radicals R'™®-R?® may also
be substituted by

radicals R'®-R?® may also be joined to form

halogens and two

a five- or six-membered ring and

are each, independently of one
C]_"Czo-al kyl 7

Ce-Cpo-aryl or alkylaryl having from 1 to

another,
hydrogen, C,-Coo—alkenyl,
10 carbon atoms in the alkyl radical and
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

is 0 or 1.

A monocyclopentadienyl complex as claimed in claim

wherein A is

R7C RBC
5C sC
R xR
3¢ N/ R 10¢
8-quinolyl

are each, independently of one another,
Cl—C2o—al kyl ’

alkylaryl having from 1 to

hydrogen, Cy-Czo~alkenyl,

Ce—Czo—aryl,
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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 vicinal radicals R¥-R'® may also
be Jjoined to form a five- or six-
membered ring and
R€ are each, independently of one another,
hydrogen, C1-Coo—-alkyl, Cy-Cyp-alkenyl,
Ce-Cpo—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

RllC

radicals may also be joined to form

a five- or six-membered ring.

A catalyst system for ©olefin polymerization,

comprising

A) at least one monocyclopentadienyl complex as

claimed in any of claims 1 to 7,
B) optionally an organic or inorganic support,

C) optionally one or more cation-forming

compounds,

D) optionally one or more catalysts suitable for

clefin polymerization and

E) optionally one or more metal compounds of

group 1, 2 or 13 of the Periodic Table.

A prepolymerized catalyst system comprising a
catalyst system as claimed in claim 8 and
polymerized onto it one or more linear C;-Cjyo-1-
alkenes in a mass ratio of from 1:0.1 to 1:1000,

based on the catalyst system.
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10. The use of a catalyst system as claimed in claim 8

or 9 for the polymerization or copolymerization of
olefins.

5 A process for preparing polyolefins by polymerization
or copolymerization of olefins in the presence of a

catalyst system as claimed in claim 8 or 9.



