: ' _ - 200400%999.
Z 9 VAR 2004 166166 Vbnocycl opent adi enyl conplexes containing a fus?ed

fheterocycl e The present inventiom Telates to nonocycl opent adi enyl
} conpl exes in which the cyclo adi enyl system CO?/T'pI’I ges at | elet &%MAR 2004
._fused het erocycl e agm\\mﬂ\ﬁmmﬂﬂ one uncharged donor and to a catal yst
Msystem conprising of the nonocycl opent adi enyl conpl exes. 10
n addition, the inventi-wmissel ates to thejuse of the catal yst system for
gt he polynerization or copolymerization of olefins and to a process for
- Bpreparing pol yqh & d i yp il adiRImiy2at | eompYexapokyneaizangon aof &he¢éns in
the presence of the 15 catal yst system and to polyners obtained in this
way. C)rganotrarn%‘ﬁq?ﬁwvcn]ee( conpounds such as netal |l ocene conpl exes are

gof great int erest as cat al yst s for olefin polynerization because they nake
t possible to r}t h | zey p){,_qlo%fl 1é(\€‘é§ht8r %O@)gtcygt;b@elﬂ@ea@enyw ng
.lconventional Zi ﬁﬁt & cata ysts. or exanpl e, such gl e si

dcat al ysts | éad d:@'r}p)b&t?yamrs Iravi wgpigh natpPew ‘Fﬁﬂ]é?per?ésasdlcﬁné’ ri bﬁtyﬁ%)ﬁmand a

~ l{uni form comonongg, Lcoglégngt Q\@@rstt fcfngmﬂjgse(cp eI addiee sonpes
~Puse is also nade of "constrain eonet r cgfcéaly tsy’mj ']Ehwriesd% a gﬂg ;tjlsly25
‘Htitanium conplexesurahehesd 09?1?1%‘? ’gﬁ <*gtaat‘?aatz"zlly(‘f(lj'ntsé'ls'n|eﬁqg ° % y § g
gcycl opent adi enyh+ syss e otndli ¢h dlee mmnmcé@penaadlbmyhg@ombﬁ%mesam on| C
t',; amde which is |ikewi se bound to the titaniumcenter. 30 WO 98/ 22486
descrl bes bi s(cycl opent adi enyl) conplexes in_which one or two o pe
lcycl opent adi®knyinsysidems ongortthd iR oFhoFel#tkedtBn &t e‘?%ecyff%ei 35 WO

$98/ 37106 discl osgs | yst 5 eysdens ris tr
Having at | cast E%ng&‘%@ sPYSARME GFPr i StRg woByrid iz ateitcad  conpl exes
f copolymerization of olefins and to a process for

preparing polyolefins by polymerization or
copolymerization of olefins in the presence of the
15 catalyst system, and to polymers obtained in this way.

Organotransition metal compounds such as metallocene
complexes are of great interest as catalysts for olefin
. : polymerlzatlon because they make it p0551ble to
20 synthesize polyolefins which &re not obtalnable 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(cyclooentadienyi) compounds,
25 use is also made of “constralned geometry”’ cétalyts
These are usually. titanium complexes.ﬂn'the ox1daL10n
state 4 containing only one cyclopentadienyl _system
which is connected via a bridge to a&an anionic amide
which is likewise bound to the titanium cehtér.
30
WO 98/22486 describes bis(cyclopehtadienyl) 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

.. _
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*ACTION*



-@donor containing an atomof ‘group.

BCYCI Opent adi eny gand contal ning a fused-on ACTTON* 29 MAR 2004 2
¥ heterocycle and a further cyclopentadi enyl ligand or an anionic donor. In
BJ. Og. Chem 1996, 61, 7230-7231, Fu et al. 5 describe ferrocene 29 MAR 2004
g conpl exes in which one of the <tyclopentadienyl rings contains a fused-on
pyridine ring. It is an object of the present invention to find 10
transition netal conplexes based on cyclopentadi enyl 1ligands containing a
fused-on heterocycle which are suitable for the polynerization of olefins.
Ve have found tihatetddw1@bjerd d SfiaehicevegchypantdSienpdcyrgapentadirenyl
g conmpl ex which conprises the followng structural feature of the fornula
(HCP) Yr, M whede ¥He V1%l es have the fol | owing neanings: HCp is a
Bcycl opent adi enyl system containing at |east 20 one fused heterocycle, Y is
B a substituent ich is nd HCp C ri-seg-ata3il easy, oae uggharged
m¢h T &¥§J chn igggf lgﬁgf.the_géfﬁodic Table, .25 Mis
Ba netal of groupessrike 5 feroger® FAHEleFesof int hENPERi 08P TEHI et &nd n
Bis 1, 2 or 3. 30 -FysdhesdmyR,] a Galel Yebnsyst emLomusiesi-og t hgridine
nonocycl opent adi enyl™ conpl exes of the invention, the use of the catalyst
system for the pdPYynerization or copolynerization of olefins and a process
jf or preparing 35 polyolefins by polynerization or copol ynerizati on of

~Rolefins in the fesence Of oiaa%c%at@%y?hesy%%%ﬁﬂd Bheént 294 YRRY S £ind

Bobtainable in thts Way Wave Béen found: .

B} 10 transition metal complexes based on cyclopentadienyl
ligands containing a fused-on heterocycle which are

suitable for the polymerization of olefins.

We have found that this object 1is achieved by a
15 monocyclopentadienyl complex which comprises the
following structural feature of the fermula (HCp) YoM,

where the variables have the following meanings:

HCp is a cyclopentadienyl system containing at least
20 - one fused heterocycle,

Y is a substituent which is boqnd“'to  HCp and
comprises at_least'bne unCharged donér containing
_ an atom of group 15 or 16 of the Pe:iodic Table;
o5 _ _

M is a metal cf 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 copclymerization of
olefins in the presence of the catalyst system and also
polymers obtainable in this way have been found.



VAR 200 o ne nonocycropent aar enyl_conplrexes ol the present

i nvention conprise (HCp) Yr, M as structural elenent, where the variables
have the above neani ngs. Fur t her | i gands can therefore be bound to?gheg 200
nmetal atom M The 5 nunber of further |igands depends, for exanple, on the
oxidation state of the netal atom Possible further |I|igands do not include
further cyclopentadi enyl systens. Suitabke_|ligands are nonoani onic and
di‘ani oni ¢ Iigands as are described, for exanple, for X 1In 10 addition,

Lewi s bases such, %T%g@éloggrmgcsleﬁyato% plededehysies, t]eétepSesémj‘ifldes
or phosphi nes can als bound to the net

cycl opent adi enyiN&/IGH coR M Sfy attiRedst! f§ oﬁgrf‘l%éacﬁet 8118 §ete. In
the foll owi ng, \W&lopenta-valiiemlys ilsaee Chhei nperest meahavghg Sunther

el ectrons, where. one of th Sar to Yy .al b I g Ry ThHEtrogen
or phosphorus, PrEEFabT3) pH osp oo(r)rtr}s% g%uggirg% Zplles?rge:’t\%gnagg using a CS

&ring systemsw trtmuhzeQOOf eplhateeent i pynds heepeods onf OAL eEEREE ong”"

{heterocycl e cofy als+h@asto PN HRt O Of1 9%QUA. 15P@§sﬂ-t§lé3f ‘Uiieher
gPeriodic Table 1's use onto this basic . cycl oFent adi e%})/ skeltetonn &n t he
for esent cont ext1iganded- 60 meafs t HACKHKE hefBFHLTEI e iTd PIFEL258ENY

fPcycl opent adi enydy §1I_<@ﬁ§t omﬁtﬁ?dspetmatdyrarqorneimblqnlccamuonlamonﬁlc
Preference is gjven clo ent%d ﬁ% Sys %%T Pfe thedorgulargF-1) R
- W1A RRA E A - LQS ‘?: a? i Er} 2R I;\ggg r'e T'he vari abl es have
it he fol | owilty naamlnggn Lewis bases such as. amines, ethers, ketones,
| aldehydes, esters, sulfides or phosphines can also be

bound to 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 = electrons, where

one of the carbon atoms may also be replaced by
nitrogen or phosphorus, preferably phosphorus.
Preference is given to using a Cs; ring system without

.20 replacement by a heteroatom. 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

\ (F-1)
E

30
where the variables have the following meanings:



R Zooz - & LIAC Or at nost one 0 I's
phosphorus or nitrogen, R A-RS5A are each, independently of one another, 5
hydrogen, Cl-C23-al kyl, C2-C20-al kenyl, C6-C20- aryl, al kylaryl hayignesrf00m
1 to 10 carbon atoms in the alkyl part and 6-20 carbon atons in the aryl
part, Si R6A3, where the organic radicals RIA RSA may al so be substituted
by 10 hal ogens and two vicinal radicals_RyA<R5A nmay also be joined to form
a five- or six-nmenbered ring, with the proviso that at |east two vicinal

radi cal s RLA- RBArare | Og'f%edeégnf QLALAn het esocyeke whiecheContai B ats | east
one atom 15 from gfoup 15 or 16 of the Periodic Table, and R6A are each,
i ndependent |y of one ariH&NCTWy Fofehf €1 C20-al kyl, C2- C20-al kenyl,

C6- C20- aryl, alkylaryl having from1l to 10 carbon 20 atons in the al kyl

radi cal and 6-20,cagbon atonms in the aryl yadihcal apd M geghdaher,
1 adi cal s R6A iy aRso HEFS oi ﬁgﬁkfo gg}%%nﬁeég-ﬁor si x-menbered_ring. 25 In

l preferred cycl opent adi enydragest,emiHCp- 23K LELACe T 20E8 AR SR ¥ car b 20 At

| east two vicinal radical Rl%—llﬁ?&\agggmﬁaﬁa{garngﬁl el whi chocontabos at
Bl east one atom from gr oup)$]1'5 or 16 o 3

( t he Periodic, Tabl r bly
g ni trogen, phosphorus, oXy@eh &hdFof §€|I]<V8r,pa|5§r t%“&|if?%/ f)‘?‘%?%‘?a F§’q‘9
fnitrogen and/or sulfuriy Prgfer ange igagi vesirGhet enaoycltdée havphRgCa ring

Wsize of 5 or 6 ring atons., npl as ok 5-_ne d Jd Ng Rekekoekal €5y whi ch
By contain fromone 35°3%¢ it tnggenm% oﬁn;??%cﬁd/r{)r a sul f1j ygen -

fatom as riyg nenmbers inabdgéns oanto towr byhCanaks, Y e ald aif| r'Rtg){\i 8)6 ene,
gpyrrole, isoxazole, 3-i350f iBéOBBin@ar@50k6rm @x&zioke, otrhisdzelmembered
flrnldazole, 1,2,4-oxad|?§gg?, with the proviso <that at least two
vicinal radicals R™-R*® are joined to form a
heterocycle which contains at least one atom

15 from group 15 or 16 of the Periodic Table, and

R®? are each, independently of one another,
hydrogen, C;-Cao-alkyl, C,-Coo-alkenyl, Cg¢=Cao-
aryl, alkylaryl having from 1 to 10 cerbon

20 atoms in the alkyl radical and 6-20 carbon
atoms in the aryl radical and two geminal
radicals R® may also be joined to form a five-

or six-membered ring.

: 1A
25 In preferred cyclopentadienyl systems HCp, all E to

E°* are carbon.

At least two vicinal radicals R™-R®® form a heterocycle
which contains at least one atom from group 15 or 16 of
30 the Periodic Table, preferably nitroger, phosphorus,
oxygen and/or sulfur, particularly preferably nitrogen
and/or sulfur. Preference is given 10 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, pyrfole, isoxazole, 2-isothiazole, pyrazole,
oxazole, thiazole, imidazole, 1,2,4-oxadiazole,



. mRZoor e 1, 2, o-oxaar azor g, I, 3, 4-oxadl azol €, 1, 2, 3- ar
1,2,4-triazole. Exarrpl es of 6-nenbered heteroaryl groups, 1\/\/nit(r:|harznca)|ye and
contain fromone to four nitrogen atons and/or a phosphorus atom? gMaR 2004
pyridine, 5 phosphabenzene, pyridazine, pyrindine, pyrazine,
1,3,5-triazine, 1,2, 4-triazine and 1,2,3-triazine. The 5-menbered ring and
| 6- nenbered ring heterocycles may also bessubstituted by Cl-Cl10-al kyl,

_ C6-d o-aryl, alkylaryl having from1l to 10 carbon atonms in the al kyl 10
part and 6- 10 a3rhen cxia@is zbn el hel a?,yll op(atdtl,azotlel,allloﬁ,si-ltynlacxrolﬁalajg%ns

such as fluori chl or.i ne.or f
ﬂeterc&rrc}r?étollgs % es of Qgenﬁﬁ%a%é%oonehefegpggl

j aromatics or sed 5- nenber ed
fheteroaryl groupuarse i wditke, mcrydatzmiéalrbeﬁ?f@ﬁur%? 18 peéittot At bpRRTR,

benzot hi azol e, henzoxazghe,and 5 bepzifBhdagal e. . Exanpl @g eof nzo:fh d
§ 6- renber ed heteroaryl grgugs are cr%rogrraneégbenazop%?g : qui ngﬁ ng:t oe
InLG0P R

“®i soqui nol i né, GﬂWWMhah?nqﬂmﬁha|afWﬁédcﬁﬁpﬁazolPhé OxaIPﬁéaZine’
1, 10-phenant hr ol ine-and Huinkgl i zjine- t&Qal‘dencérai ut g2 abret nimbiore ngTo¢ t he

B het erocycl es haslr%%z? efgl;ggq%gam é @eecﬁﬂ 108" ARSI QA& - maySt

gedition, VEB, B¢
B yc esS are fused tothe ba
M cycl opent adi enydlsad(el &leon smas‘alﬁ;t@djoubwe Gorfdo vl ¥ He heFer%@yéFii?

g Het erocycl es com A& i P NEHER0RP M-S rRaf erahls 0
< Blhyl
i Variation of the gtj]bst | tuents R1A n- R5§ whi ch dr%Onot for ?/nla She %tagfog;gﬁe

| i kewi se eddbl ez2xthe BBPY i 1Pat | AT Beha¥t P and ™t he Kol ubf Y1 ty t he
gonocycl opent adﬂgmjk\spsmmalmesamj‘gewse suces et filmpenitieon chd opene or

#Bi nfl uenced. The nunber and, typ S t I t f
- A5G th
B0l efins to be pofYMENS z&d  8° thilgu C{alkstﬁ%om to%rabt‘glwﬁf I{&g%cedecsslsnoghl s ©

Hway, the activibgtanckroeteiots vi thxaslate &t alBRRZ 9T USEShecy TP AP ous 35
mononers, in pagticpbary pulddoypnonres, 16aB18¢ indazole, benzofuran,

15 benzothiophene, benzothiazole, * benzoxazocle and
benzimidazole. Examples of benzo-fused 6-membered
heteroaryl groups are chromane, benzopyran, guinocline,
isoquinoline, cinnoline, phthalazine, quinazoline,
gquincxaline, 1,10-phenanthroline and quineclizine.

20 Nomenclature and numbering of the heterocycles has been
taken from Lettau, Chemie derxr Heterocyclen, 1st
edition, VEB, Weinheim 1879. The heterocycles are fused
to the basic cyclopentadienyl skeleton via a C-C double
bond of the heterocycle. Heterocycles contalning one

25  hetercatom are preferably 2,3- or b-fused.

Variation of the substituents R™-R®* which do not form
the heterccycle likewise enables the polymeriiation
pehavior and the solubility o¢f the monocyclopentadienyl
30 complexes of the present invention to be influenced.
The number znd 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 wvaricus
35 MONOmMers, in perticular bulky monomers, can be
modified. Since the substituents cen also influence the -
rate of termination reactions of the growing polymer
chain, they alsc allow the molecular weicht of <the



OOStTLUgm S can also rtniruence the rate of
tern1nat|on reactions of the grow ng polyner chain, they also allow.the
i nol ecul ar weight of the 2 9 MAR 2004 - 6 polyners forned to be aI?@»@&7m4
The chemi cal structure of the substituents RLA to R5A can therefore be
varied wthin a wide range in order to achieve the desired results and
obtain a tailored catal yst system Exanplgs-5 of possible carboorganic
substituents RLA- R5A are Cl- C20- al kyl which may be linear or branched,

i e.g. rr:st hyl, ] %tolmg,lm 3 d%%é'd, déojpéoaylteradbutryile al'eamt;u:tayl stdnxmtturt@uty|
n-pentyl, n-hexyl,” n-hept oct Yl 1a qRyl adeca
7-menbered 10 (%fcl'%ﬁ kPP %)'h}tc“he an ttﬁr besf a tgggé Sggr;g)le group as

substituent, e.g.thaycl @pm@ﬂane:arrg;ecl pbutader dyxlachpeve ande SRk ane,

cyc‘loheptane cycl qoct ane, I n ok eyeh pdodecpseem Cr LA bR Kkenyl
whi ch may be Ii Srear Fs cyc Oc%y%rlgbra(rpigﬁ%ran canpﬂave gn watgg;nal qr. 15

|t ermi nal doébl e:ﬂaon:dOS%lkgle vi AyFboarganifg | SIRFAjuentd but®nyl ,

8 pent enyl hexerb/1 C_)éq| enggwh mgycl@enamela,r cyel obcaanlyédor €e.g.
.cyclooctadlenyl

whi ch bear furthe g{
8 substituents, E@;thyplhen‘il‘fhyl)r/rap?\twp rE?fl phEmA °P¥2u anttﬁl nly , %mﬁs

8- et hyl phenyl & B-butd -, BrBentyl, 2, nGhekpet hy pthemiyl 2, anacctylg 5.

42,3,6-, 2,4,5-, 2.46- 0 t mathQQ@yl QL awdalkyﬂnemheﬁtﬁnay
Bbear further al’kyioy dups£a§ c':i'% stl{Dtkuetrfljt)slé1 e. 9

8 p- net hyl beddy! , cicleal piletihilFhamyl Inwara bror2s FefLAé 057 Bikh ‘%"” B1%0 be
jlj oined to formgu]g;s Hrudrienhered dym@pan@bahlae ocgahfbutadeécal §>’R]J<A- R' may

Nal so be substitut ed by hal ogens, c Aet Qhe, DEOBL HE.
APossi bl e or ganoRFTF &M subst ﬁi‘eaﬁ}g %Yﬁéﬂg(%%ltgﬁe E&Q?g “cal s’ RG 9 A which are
dt he sane as t hosenslescrdmedy8oabdeeafion ﬁlACRSAlkﬁﬂﬁie "Ev&o‘:%ﬂaﬁa @l so be

ji oined to forma 5., 0r 0z TBADSE edr&hEWed Cartd &drh MB&VY | snl yhrernal ox
15 terminal double bond, e.g. vinyl, 1-allyl, 2-allyl,
3-allyl, Dbutenyl, pentenyl, hexenyl, cyclopentenryl,
cyclohexenyl, cyclooctenyl or cyclooct;dienyl,
Ce-Coo-aryl which may bear furtnher alkyl groups as
substituents, e.qg. phenyl, naphthyl, " biphenyl,
20 anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5~ cr
2, 6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,
2,4,6- or 3,4,5-trimethylphenyl, ox arylalkyl which may
beay further alkyl groups as substituents, e.g. benzyl,
o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where two
25 R to Rd may also be joined to form a 5- oI 6-membered
ring and the organic radicals RI*_R% may also be
substituted by halogens, e€.g. fluorine, chlorine or
bromine. Possible organosilicon substituents SiR®; can
pear radicals R*®® which are the same &s those described
30 above for R™-R®™, where two R® may also be joined to
form a 5- or é-membered ring, €.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 crtho-dichloro-

substituted phenyls, trialkyl- or trichloro-substituted



2 o ey T ST Iy, L1 ULyt Sttyr, triallylsiltyl, N

tri phenylsilyl or dlnethylphenyIS|IyI Preferred radicals R27' -RSA are
hydrogen, methyl, ethyl, 35 r.-propyl, isopropyl, n-butyl, isobutyl?3MAR 200
tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, benzyl,

fl phenyl, ortho-dial kyl- or crtho-dichloro- substituted phenyls, trialkyl- or
tric. Toro-substituted 2 9 MAR 2004 -~ phenyls, naphthyl, biphenyl and
anthranyl. Particularly useful organosilicon substituents are

trialkylsilyl hayj g fynompl grend@ eacbencatkenslinPebeiabkytly
gradical, in parF%H t}ﬁar alé}ﬂ& % grény

_ trirmeth IS|IyI roup 5 Preferen ven to
: conpounds in an$ﬂthM)OKHQﬂQﬁﬁ YCRd cé&gmtﬁiﬂeﬁgﬁ fSFn1a ﬁég é?gggéysten]
i .e. together dgngghgaEﬁﬁgESAcﬁkalannnlopcetboabbyom5 dyblbhepéh 2di enyl

skel eton, form for exanpl e, an titute diit ed i;prdepyl
benzindenyl or T ?%f¢ahyaP0|ndgﬁgV%gisf%n1 fﬁefﬁ%ﬁd# %&clogﬁptgdlenyl
fllsyst ens HCpsconpmmmcae fiss eal et @rlo’@pcléoar@“tpﬁ’id@ﬁént dPendric

8 2-net hyl thia- pental e, 41 &l IﬁhLapen&ﬁﬁemg f@sééoagﬁ@ybybtam151 e.
lpent al 2. Y)h‘f“? A t-butylth t

| pen a ene, n- [ apen tgne @I’ Ue I a- en baly r@s CyClO"
12t ri net hyIsHyt@th#@p%ﬁtﬂ’r’élhe ® Ehenylt%’f% t

4 2- napht hyl t hi apgatal&nény3- nethyl thon; peﬁbahene for example, an
fl4- phenyl - 2, 6-di et h I-I-th| pent al en 1. b indenyl or
j4- phenyl - 2, 6- dléPﬁ§¥ SH=ERTS eﬁ?él%ﬂ%gtﬁFu$Fd Seny enzindeny

8di i sopr opyitd - t beopenyat eivdeny brrytieng, b-di - n- but yl -| - thi opent al ene,
M4-phenyl -2, 6-di-trinmethylsilyl-I-thio- pentalene azapent al ene,
d2 oL szapent al ene, 2 oU RBRLALRS: Al a oRY ""4‘%%““'39?"’“98’6
fazapent al ene, anaeht h)He&Zaa@elytabene,rel p&felrgperzag_ene, methylthla—
go! et hyl - 2- azape”tng Ta%e 1- ph‘%”)é'thﬁl?hdéﬁém’éréﬁeﬂa- pent sbenepylthia-
81- phenyl - 2, 5-di PA7HACYI-T - azapental ene o
11- phenyl - 2, 55d|pEemElboey|-|2;ngﬁﬂyﬁ hﬁ%@enfaﬁﬁaﬁy| 2-tert-butylthia
L pentalene, 2- trimethylsilylthiapentalene, 2-phenylthia-
pentalene, 2-naphthylthiapentalene, 3-methylthio-
pentalene, 4—phenyl-2,6—dimethyl-1—thiopentalene,
4—phenyl—2,6-diethyl—l-thiopentalene, 4-phenyl-2, 6-
20 .diisopropyl-l-thiopentalene, 4-phenyl-2,6-di-n-butyl-1-
thicpentalene, 4—phenyl—2,6—di—trimethylsilyl—l-thio—
pentalene, azapentalene, 2—methylazapgntalene, 2-ethyl-
azapentélene, 2-isopropylazapentalene, 2-n-butyl-
azapentalene, 2-trimethylsilylazapentalene, 2-phenyl—_
25 azapentalene, 2-naphthylazapentalene, 1-phenyl-2,5-
dimethyl-l-azapentalene, i-phenyl-2,5-diethyl-l-aza-
pentalene, 1—pheny1—2,S—di-n—butyl—l—azapentalene,
1—phenyl-2,5—di—tert—butyl—1-azapentalene, 1-phenyl-
2,5-di-trimethylsilyl-1-azapentalene, l-tert-butyl-2,5-
30 dimethyl-l-azapentalene, oxapentalene, phospha-
pentalene, 1—phenyl-2,S—dimethyl-l—phosphapentalene,
i-phenyl—2,5-diethyl-1—phosphapentalene, l1-phenyl-2,5-
di-n-putyl-1l-phosphapentalene, l-phenyl-2,5-di-tert-
butyl-1-phosphapentalene, 1-pheny1—2ﬁ5-di-trimethyl~
35 silyl-l-phosphapentalene, 1-methyl-2, 5-dimethyl-1-
phosphapentalene, 1—tert-butyl-2,5—dimethyl—1—phospha—
pentalene, 7—cyclopenta[l,2]thiophene[3,4]—



V \V - -

- . fiearene, I-terct-outyl-2,5 30
di net hyl -1 - azapent al ene,

oxapent al ene, phospha- pental ene,

1- phenyl - 2, 5-di net hyl - i - phosphapent al ene, 79 MAR 2004
1- phenyl - 2, 5-di et hyl - | - phosphapent al ene, 1-phenyl -2, 5- '

di - n-butyl -I - phosphapent al ene, 1-phenyl-2,5-di-tert-

butyl -1 - phosphapent al ene, 1-phenyl-2,5-digtrinmethyl 35

silyl-1-phosphapent al ene, 1-nethyl-2,5-dinethyl-1- phosphapental ene,
l-tert-butyl-2,5-di ¥hiknehosphg- pentakemgpentall,2]pyrrole(3,4]-
_7-cyc|openta[lfgfgﬁgggﬁené[g,4] 2 9 MAR 2004 8 cycl opentadienes or

7- cycl opent a[ 1 2 3PPEARE8E3SAFS " cycl opent adi enes. In further preferred

cycl opent adi enyl systenms HCp, four 5 of the radicals RI'-RSA, i.e. two
pairs of vicinal adical s, formt. &Syl Theshatenagyclicur

| systens are as TdedeHEd EH S ée@§?§5?5§%§§%515kénp$§% of il

| cycl opent adeenydf syskensatiDpatontRifnkg twee f usel® RELEPocHEl e G

g 7-cycl opent adi thi gphane, 7r£ye! opedt anedO- S yrdpl € T™He heterocyclic

2 7- cycl opent adi phosphol€. %%e synthesis of such ééglo entagie ;aﬁggggns HCp
Mis described, Tystemtamiiee @S Fa37e 1R66veReRPFEnda 2D 88752486 2 1

" et al or gani ¢ cat akysl spkAta8yBhPESisystEmantiqol yort & saihen'tWOSpFY sRfkr
#Verl ag 1999, Ewen et al.. describe es; fenef Unther ] syatheses of
;_cyclopentadienJTeE%Eﬁ%%ﬁ}%%qfrﬁkjﬁ%Yéﬁ%ggggsg %?Qﬁétg??bceneg, t%e
wm)nocyclopemta.-djzmynﬁctﬂrqﬂou:dm@}/@:ﬂ@@eota@hﬁhfp?@é;‘élfﬁ-i nventi on can be
Bchiral. Thus, one of the substituents RLA-RSA of the basic

jcycl opent adi enyl skel eton can have one or, nor chi.r al 18IS, H 1 he
Bcycl opent adi enyTheysyBalPe€HS cQh T4 I?YQﬁfgfﬁgﬁFﬁgpggi5g§§x$ﬁ%t<§%irality
di s induced 25 omdycahessit isobountkanplihe transi then mebal eNeE 6P ¢ he

8f ormal i sns enpldﬁ%ﬁ?s;r\ée)hé .<23 chi r‘grgeizt)%ﬁogéa%gl QratheNisadi efyt eoApPpenis, see

gR.  Halterman, V. 1 5-994) .
. 15 and polymerisat§on", $pringer gerlag 1999, Ewen et al.
describe, on pages 150 ff., further syntheses of

cyclopentadienyl systems HCp.

As in the case of metallocenes, the monocyclopenta-

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

25 cnly when it 1s bound to the transition metel M (for
the formalisms employed for the chirality of c¢yclo-
pentadienyl compounds, see R. Halterman, Chem. Rev. 92,
(1992), 965-994).

30 Y is a substituent which is bound to HCp and comprises
at least one uncharged donor which contains an atcm of
group 15 or 16 of the Periodic Table. The substituent Y
can be bound tc the basic cyclopentadienyl skeleton or
+o the heterocycle. Y is preferably pbound to the basic

35 cyclopentadienyl skeleton. Y is very particularly
preferably bound to the cyclopentadienyl skeleton in &
position next to the fused-on heterocycle. Thus, 1if the

heterocycle is fused on in the 2,3 positicn of the



ue nTcn 15 bound to HCp and conprises at |east one
uncharged donor which contains an atcmof group 15 or 16 of the Periodic

 Tabl e. The substituent Y can be bound to the basic cycl opent adi erdyd MAR 7004
fskel eton or to the heterocycle. Y is preferably bound to the basic 35
cycl opent adi enyl skeleton. Y is very particularly preferably bound to the
cycl opent adi enyl skeleton in a position wext to the fused-on heterocycle.
Thus, if the heterocycle is fused on in the 2,3 position of the 1 9 MAR

#2004 9 cycl og?egagbﬁf}@d%ﬂéetsqg,letbﬁn Yhes pr eéfserpatdfierlagdat ePcatect he 1
or 4 position of the cyclopentadiene skelegto gffé) Ke brhe bound
Ji nternol ecul ar F$ &F€ nlorragolt’&?ljl éPPygg kﬁ% Q%E%A? % éd(rjlsno\% Yis 5
dpr ef erabl y bourthei ntjbamnl edol aifl ycto meTth%%orl%Wmcbbe%iﬁ?cyharcdfed

functional group captal.ning,ay element iaaroup 4 dradfiosf ltrhEYPel‘si odi ¢
BTable, e.g. am mne

: , boxam de carboxylic %t e; ke 510)
Het her, thioket @rr@"eglﬁbérﬂhlwndph&%”t LA T 1 F8e 22 fon

S sul f onani de or RN dNsuhstd f ¢ ds un siasiadlt L@l&dzg)rcdnxsaadur’@tm o@yejtft'tt ring
Bsystem The binding of Y to t rr| Ut @ | &midy,

det hods anal og&ds 35 {hose &esck:ﬁrei b%g gﬁe eI]::n g%g ap l% eé(?\jnc):herﬁ Ber
§(1996) , 129, 459463 arareoxAmuze,andankawlsu emtﬁﬁg |he:9°n®r A2%0) Chem

§(1995), 500, 17 85, hfte 7. BnoSpletnd0 of
‘ Ta pr%era R Shodt 3 4 5;505@ ® §09p

al oSl
Bt he Periodic of group Perl odi c
“HfTable, for 1Qxarq3<lleiescan%ﬂhfﬁn3y{'trlilll‘ﬁfoz'f?nﬂqeanl‘?.ﬁn 3F chHFhﬁft g n?%m
dvanadi um nol ybﬂ.%ﬁntuLWI ahunt usdd onhemeebclubgst ermny. siysteery The
@particularly preferabl anl m or_ chro h tal cggp,ln XS, pyi N
dparticul ar the ?ﬂﬂq}rﬁ%rﬁlfc&p L ee@alf?]éi%e g?n a si 6 rrann%r by
lr cacting the coﬁételscpimdanglngbab 2% sehase @e§cr HRptdl bdhl“b'rlﬂd&ers(m th the

fil i gand anion (& 0., 0YcR.RI OgEdUr €1308] ogops, t p5bhecexanpbesJiunzi anc
: 15  U. Siemeling in J. Orgmet. Chem. (1995), 500, 175-185.

M is & 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 1s very particularly
preferably titanium or chromium. The metgl complexes,
in particular the chromium complexes, can be obtained
in 2 simple manner by reacting the corresponding metal

25 salts, e.g. metal chlorides, with the 1ligand anion
(e.g. by a procedure anzlogous to the examples in
DE 187 106153).

Among the monocyclopentadienyl complexes of the present
30 invention, preference 1is given 1O ones of the formula
(HCp) YMX,, where the variables heve the following

meanings:

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

Y is a substituent which is bound toc HCp anc

comprises at least one uncharged decnor



—Anong tne nonocycl opent adi enyl conpl exes of the present 30
i nvention, preference is given to ones of the formula (HCp)YMXk, where the
Y vari abl es have the following neanings: HCp is a cycl opentadi enyl 2<yMAREH4
containing at 35 | east one fused heterocycle, | is a substituent which is
bound to HCp and conprises at |east one uncharged donor 29 MAR 2004 10
containing an atom of group 14 or 15 of- tige- Periodic Table, Mis a netal
of group 3, 4, 5 or 6 of the 5 Periodic Table, X are each, independently
of one another, fluoricearachkegi i@, Hrem oe, Jmdimneld hpdr ogfenpf the
Cl- C10- al kyl , C2-C10-al kenyl,, Ch-C2c-aryl, alkyl 10 aryl having 1-10 carbon
atons in the alkyl par?eréﬁgigFﬁﬁgigrbon atons in the aryl part, NRR2,
ORl, SR,. SABR1, OC (0) R, CN, SCN, P-diketonate, CO BF4-, PF6 or bul ky
 noncoor di nati ng, ani ons,1515aRJﬁﬁ2,1\€r e reaghoup Ndependent | yo:0f éonef andteer,
hydr ogen, C1- -al kyl , C2- C20- al kenyl , "C6-C20- aryl, al kylaryl having from
#1 to 10 carbon atons Wﬁrﬂﬁélélﬁ9plﬁart and 6-20 carbon atons in the aryl
fpart, SiR33, where the organic 20 radicals R1-R2 may al so be substituted by
M hal ogens and two radicals R1-R2 may .al so b l.oi,ned, £ o form a;fivesy Or
{si x-nenbered ri‘tg, R3 &€ eaEﬂ?hindé‘ﬂlé%Z %F?kgk oﬁ%gangﬁﬁer,aﬁg%@% dr ogen,
f C1- C20- al kyl, C2- C20- alfkerydineC6-«C20r iavey| , brinkylear yiOCFW'ng}.’Y‘Pi‘?%‘?ﬁ’}i/' to 10
j§carbon atoms in the alééyhdp_aaﬁtkyqnd &-_%?O_(@_rklgqln_la,.t(xf@czé{hﬁﬁe agykypart and

Btwo radicals R3 may al s be jornéd to forma five- or X- r i ng,
: 10 Y aryl héving 1-10 carbon atoms in %%e g?ﬂ?f 55&{ 9

and 6-2C carbon atoms in the aryl part, NR*R?,
OR*, SR!, SOsR!, OC(O)R', CN, SCN, P-diketonate,
CO, BFs", P¥¢ or bulky noncoordinating anions,

15 R-R? are each, independently of one another,
hydrogen, C;-Czo-alkyl, C,-Cio-alkenyl, CeCao-
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!-R? may also be substituted Dy
halogens and two radicals R*-R? may also be

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

R’ are eeach, independently cf one another,
25 hydrogen, Ci1-Cao-alkyl, Cp-Cao-alkenyl, Ce—C20-
aryl, alkylaryl having. ZIrom 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
k is 1, 2 or 3.
The  above-described embodiments and preferred

15  embcdiments 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 oOr & of <the Pericdic



5 , , ‘ ' 35

k enbodi nents for HCp and Y al so apply to these preferred
monocycl opent adi enyl conplexes. Mis a netal of group 3, 4, 5 or 6 204 MR
d Periodic Table, preferably group 4, 5 or 6 of the Periodic 29 MAR 2004 -
11 Table, for exanple titanium zirconium hafnium vanadi um nolybdenum
tantal um chrom um or tungsten. Very panfiecular preference is given to F.
being titanium or chromum 5 The ligands X are determ ned, for exanple,

by the choicerghithe ¥ esgoathng St&ltbhm@nmst ali rcormomnds hafseadrf,or the
synt hesis of the nnnocyclo I enyl_ exe an..al hanged
subsequent | y. 16”?8§5Wb|é“ﬂﬁ6§ﬁ8gwx afgm'q% ﬁar Ig gﬁeﬁﬁbéﬁiﬁg
fluorine, chl ovens, pbtomtnécorureﬂermnceru%mﬂlvennﬁﬂ V(ﬂﬁkﬂﬁlﬁﬁt@NqQW

radi cal s such as ng&hx% ~ethyl, propyl, butyl, vinyl, allyl, phenyl and
benzyl are al s6 van ageous Ilgands X. Further Iigands X mhich may be 15
menti oned by way of exanple and do not constitute an exhaustive listing

fare trifluoroagetlat ¢; ¢Bhds PRo- sard dateemyeak) y mﬂordmeapuag oby the
fnoncoor di nati ng ani ons

auss 993,
§03, 927-942), Cﬁ@ﬂcéxdﬁﬁlé“ﬁ(d@%ﬁgfpggﬁiv%n85§ %W%ogfges é%%ﬁﬂéﬁ
gcar boxyl at es angedp- doket ohat esyrartes iar t icdul anley mse@gvcl¢@ﬁWﬁﬁﬂD€nylWary|ng

gthe radicals R_and R2 enall g J9r e3<asr”g)l ebe f Lnen sk usglnpgééué,g}m made
fjt o physi cal propef&res"éuch 5 as solubility. Exanp]les of poss

8 car boor ganil @ §ub§u¢ﬂ@en%eg$ﬂ¢$a>%r@f?heJfblP%Eﬁﬂ@“l%ﬂ'Czﬁe ?@To%ﬂ?ch may
Qbe |inear or branchece,e. gn1seidy/ , beblivhe or iodine, in perticular

chlorine. Alkyl radicals such as methyl, ethyl, propyl,
putyl, vinyl, allyl, phenyl and benzyl are also
advantageous ligands X. Further ligands X which may be

15 mentioned by way of example &nd <o not constitute an
exhaustive listing are trifluoroacetate, B¥,”, PFe¢ and
alsc weakly coordinating or noncoordinating anriocns
(cf., for example, S. Strauss 1in Chem. Rev. 1993, 83,
927-942), for example B(CgFe)q .

20
hmides, alkoxides, sulfonates, carboxylates and
Bp-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;-Czo-alkyl which
may be linear or branched, e.g. methyl, ethyl,
n-propyl, iscpropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, nr-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl
30 or n-dodecyl, 5- to 7-memberec cycloalkyl which may in
turn bear &a C¢-Cip-aryl group as substituvent, e.g.
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane cr cyclo-
dodecane, C3;~-Cso-alkenyl which may be linear, cyclic or
35 branched and have an internal or terminal double bond,
e.g. vinyl, 1-allyl, 2-alilyl, 3-allyl, butenyl,
pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclo-

octenyl or cyclooctadienyl, C¢-Cao-2ryl which may bear



oY, 1 S0pTopYT, N-putyr, 1sobutylr, tert-putyl, n-pentyl, r.-hexyl,
n-heptyl, n-octyl, n-nonyl, n-decyl 30 or n- dodecyl 5- to 7-nmenbered

cycl oal kyl which may in turn bear a C6-Cl0-aryl group as substi t udriMARSY.
2 cycl opropane, cycl obut ane, cycl opentane, cycl ohexane, cycl opeptane,

cycl ooct ane, cycl ononane or cycl o- dodecane, C2-C20-al kenyl which may be

| inear, cyclic or 35 branched and have-anzi nternal or term nal double bond,
te.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl,
cyclopenteny ,;%ygggpexgpyyl ﬁ&&bsOQkﬁnfth ieyehooct adienylphe®§-1C20- ar yl

whi ch may bear MAR 2004 1 furthe kyI gr ups t ts, e.g.
phenyl , naphtﬁﬁphtBVbheFQPheﬁﬁﬁhr§ﬁ§% aBYH %Hgtﬁgﬁné%ﬂyﬁﬂhéﬁ?i
2,4-, 2,5- or a,, J6 dbomethybpbenytr, 2263d4m¢t}2y139}5eny1,2 5-4 1224%5 2. 4, 6-
for 3,4,5-trine Eheny& 4 OF_° 5 aij ag kylyy |3ct3 gﬁyrpﬁ@{hy%ﬁé}%ﬂ al kgyrl

g groups as sub f ents;’' e’ 0.’ benzyl, o m enzy

2- et hyl phenyl , GWWéaékRi mapighsomBE | BEAB f%—?@?%o °¥%%Tn21%?“3ﬁ as

f 6- nenbered ri ngu&b@q fL\_t]gangarg @hra@éﬁz’ﬂﬁs &-; RA-mays-aleanieszlydt i tlrt ed by
# hal ogens such as 10 fluarine rine _Qqr br oni.ne. .Possi R3 in

Bl an or ganosi | i coF ABSTIERROYS) RYPEEEN e "ENe $ate © ra?qu‘ﬁ s tggsi dest?rl bed
jlin nore detail rheve for Br- B2meminberd truwogR3neRyt e sor b § oi Fedi ¢ T orm a

45- or 6- nenbergd_5in t rivgt hylaSiclkh¥hs 15uch
ibutyldlnethylsﬁﬁyﬁ tﬁgﬁnn%aFS|I§FE F¥$%}4¥+ étﬁ; %FlpEensIS|u§§ T
| di net hyl phenyl sﬁugdrm@r,efcmlem@@a ©r gkpwwrteb UBP P R F e uc’hn as

m?ﬁlhy' let hyl, - (%w osilibyhy! suﬁﬁit@%ryl Sim’perdayl , be- heiwl samed |
In- heptyl, n-octyl, al so vin enz e adi cal s
IRl and R2. Veryra}fhquéllc%l%ﬁ ﬁFéF\éF@ﬁa l¥‘| PGisveh e aglnﬁs%ggpgormlr %{9 R
Qsubstituted |igangise Xewsi e ridheyatsm be oxnlaxa@edt¢>rémr@he%1p5an& re%dl ly

gavailanle Staft%é%hgggéwlgiég’Thgg @ RaLhkeHLAEEYy1, triethylsilyl,

| 15 butyldimethylsiliyl, tributylsilyl, triallylsilyl,
triphenylsilyl or dimethylphenylsilyl. Preference is
given to using C1-Cio-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 rphenyl as radicals R' and R?. Very particular preference
;s given to using some of the substituted ligands X
since they can be obtained from cheap and readily
zvailable starting materials. Thus, a particularly
preferred embodiment is obtained when X is 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, mclybdenum 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 <C&n then be



DOAT TTET S en X Is dinethyl 25 am de, nethoxi de,

et hoxi de, i sopropoxide, phenoxide, naphthoxide, triflate, 7' MAR 2004
p-tol uenesul fonate, acetate or acetylacetonate. The nunmber k of th

| i gands X depends on the oxidation 30 state of the transition netal M The
nunber k can therefore not be given as a generally applicable figure. The
oxidation states of the transition netal 93M- in catalytically active

conpl exes are nostly known to those skilled in the art. Chrom um

nol ybdenum and a%?ntd-['ﬂg%tt%n aredueey pirolailcy zeriedgntrdans hef oxwdeaklen

state +3. However, it is also I%ossi ble to use conpl exeg i Whosg, phdafi on
state does not &rir@SPFRd t STEASESBFS thd atiVeé cafal yst. > Such conpl exes
can then be 2 %JMRAQQ4 ik3 tappropidateby retiated b? oxPdi zeH P feans of
suitable activators. Preference_i Eyen S chromi um conpl exes in
the oxidation sTUR$%And ttﬁteaﬁfh%ag%%ﬁp?%%eésl % nrk% he oxi dation state 3 or
4. 5 In partsicularly preferred nonccycl opentadi enyl conplexes, Yis a

substituent of fhe fgééqlg[pcglzapl-VA, wherre riree@ var mabbeychapenthéié¢nyl owi ng
g reanings: 10 Z 1s a divalent bridge t&et ween ,% agld (I?g% Aok Sy NRARS, _ PRARS,
OR4, SR4 or an @erARt9%ut &d,1S s@bsTHRUET B¢ fUsed, heterocyclic ring
system 15 R4-R&F& wachadinddeandent| yhof fohkowhitd Hegan Hydf'ogen,

4 Cl- C20- al kyl , C2-C20-al kenyl, C6-C20- aryl, alkylaryl having from1l to 10
jicarbon atons in the alkyl part and 6-20 carbon atops | he aryl part,
§Si RE3, wher® t he or ganiis 20 digdileaits br i8R0 %t%?”ﬁs%n%g{ bstituted by

g hal ogen and two radicals R4 and R5 may al so be joined to forma five- or

dsi x-menbered ring, RE are eagh, ipdependent | ko gne,Anoiigistituted,

substituted or fused, heterocyclic ring system,

R*-R? are each, independently of one another,
hydrogen, Cy-Cao-alkyl, Cy-Cao-alkenyl, Ce¢-Czo-
aryl, alkylaryl naving from 1 tc 10 carbon
atoms in the alkyl part and 6-20 carbon atoms:
in the aryi 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,

[
w

RS . are each, independently of one another,

25 hydrogen, Ci-Czo-alkyl, Cp-Czc-alkenyl, Ce=Czo-
aryl, alkylaryl havirg from 1 to 10 carbon

atoms in the alkyl part and 6-20 carbon atoms

in the aryl part, and two radicals RS may also

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

30 and

m is 1 or 2, preferably 1, or may also ke 0 when

A is an unsubstituted, substituted or fused,

heterocyclic ring system.

93]
o

A may, for example together with bridge 2, form an
amine, ether, thioether or phcsphine. A can, however,
also be an unsubstituted, substituted or fused,



Cl- C20- &l KyT, C2-C2C al kenyl, Cb- C20- aryl, alkylaryl having
fromlto 10 carbon atons in the alkyl part and 6-20 carbon atons g\ th(ﬁ
| aryl part, and two radicals R6 may also be joined to forma five- dr9 MAR 2004
six-nmenbered ring, 3D and mis 1 or 2, preferably 1, or may al so be 0 when
| Ais an unsubstituted, substituted or fused, heterocyclic ring system Jv

I A may, for exanple together with bridge 24 forman am ne, ether, thioether
or phosphi ne. A can, however, also be an unsubstituted, substituted or
fused, 2 9 I\/Anglelocgpmlbet epe@y@z}aml,y pheferablkygmhel eF oar ot |50’5-reFrhg

system which can contain_heteroa e h o] Csigst i ng
of oxygen, sul Pﬁﬁcgnlﬁ%g‘éﬂﬁ%%ﬂ" phosph %%u%élge;égﬁ‘?oﬁrtg]g Fﬁg Ecgar (?rS] ring

menbers. Exanpkesisafting nmeitbexegeni nguhéeer 08EFE CHRBUFS WRRIS Hin from

jone to four nitragen .atoms Orefd BRG LA ddhmegiids . ogeiEmpllean®arid/ or a
B sul fur or oxygén atomas ring nenbers in additiaon.to c%]r b%n Al Qs /e
Z0

Bo furyl, 2-Bhi awyloeregd il VAt IOAYIx FFOPE, "B 80X

| 3-i sct hiazol yl +L0f S sgghtaa@hyla,goﬂnspy;rrazmm o3e pylanC(ﬂIyde Bl pyRGEiol yl |

8 2- oxazol yl, 4-oxazolyl,. 5-oxazol 2-th y hj I @g hirazol yI
d2-i ni dazol yI | @H%Sdﬁ’&/ﬁr 2 g4 lry% “dagd| ﬁ}(%%} JEE10%xaa£éh g%? Mémb

1. 2, 4- oxadi azoladdtglon 1,13 4- oxeetiraz AtaNy| @Fe 1, %’ﬁ%ﬂazo? 'Sh’y‘F"y]i'S

EX&”D' es of 6- rgte errr%qa;letegqasro&lazgrlggps 5m@ggna§amy1poet-asatﬁmmby1b to
@four nitrogen a on's a ~ phosphor us ato are wldb
P

il 2- phosphabeéfzolyiis Shimadiddzi nyTRY 23 of Y2 A Pl mi ghy?wlyl

N 2-pyrazonyl, 1,3,,804d1yazi n- 24 ybxanal 2, 4- bfonaazcml)BL,yl 2-phaaze}vbo

oo o LA ey T, e e ouuastaronr

Bhaving from1 to-iMidazolyl, 1, 2 4- 0xad1azol- ~yl, 1, 294 okadiazo

5 5-yl1, 1,3,4-oxadiazol~2-yl or 1,2,4-triazol-3-yl.

15 Examples of 6-membered heteroaryl grcups which can
contzin from one to four nitrogen atoms anc/or a
rhosphorus atom are 2-pyridinyl, 2-phosphabenzolyl, 3-
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, Z-pyrazinyl,
1,3,5-triazin-2-yl and 1,2,4-triazin-3-yl, i1,2,4-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
Ci~C:o-alkyl, Cg-Cio-2ryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-10 carbon atoms 1in
the aryl part, trialkylsilyl or halogens such as

25 fluorine, chlorine, brcmine or be fused with one or
more aromatics or heteroaromatics. Examples of benzo-

fused 5S-membered heteroaryl c¢roups are 2-indolyl,

7-indolyl, 2-coumaronyl, 7-coumaronyl, 2-thianaph-
thenyl, 7-thianaphthenyl, 3-indazolyl, 7-incazolyl,
30 2-benzimidazolyl and 7-benzimidazolyl. Examples of
benzo-fused g-memrbered heteroaryl groups are
2-guinolyl, 8-quinolyl, 3-cinnolyl, g-cinnolyl,
1-pkthalazlyl, 2-gquinazolyl, 4-quinazolyl, 8-guin-
azolyl, 5S-quinoxalyl, 4-acridyl, l-phenanthridyl and
35 1l-phenazyl. Among these heteroaromatic systems,

particular preference 1s given to substituted ana

unsubstituted 2-pyridyl and 8-guinoly:l.



o atone rrhe a Ryl part anad o- 10 carbon atons 1n_ the aryl part,
trial kylsilyl or hal ogens such as 25 fluorine, chlorine, brom ne or Ee
fused with one or nore aromatics or heteroaromatics. Exanples of b&d 2R 2004
fused 5-nenbered heteroaryl groups are 2-ir.dolyl, 7-indolyl,
2-coumaronyl, 7-coumaronyl, 2-thianaph- thenyl, 7-thianaphthenyl,
§ 3-4ndazol yl, 7-indazolyl, 30 2-benzim dazgl ¥yl and 7-benzi m dazol yl.
Exanpl es of benzo-fused 6-nmenbered heteroaryl groups are 2-auinolyl,
8-qui nol yl, 3-qjpREbYhat8- cHYIeylof tnphthaliazlilyl ,R2-aoi mAzdliWewise
4- qui nazol yl, 8-quin- azolyl, 5-quinoxalyl, 4-acridyl - anthrigyl and
35 1-phenazyl . eRFBAGSt 78 et Hek rgr?atq?% %X‘/%f“eerréis, Sé{pz’ip [ %Eﬁ:gr *prgef erence
is given to subsfi tcutedyand andnsubshét no ke @ pyriehdhtarmf SFHAIIRBINIST 2 9
g VAR 2004 15 propria jce he Ladlcgls gy 4rt0 R | EkeW sxene

enabl es an inf é%&ﬁgg'toﬁgseg%%eerct esgggrrc\bltﬂ% activity of the catalyst, and on
the nol ecul &r weidglve lef celseTpbEGMEPT Rored heee st e¥ keidt t1AT S ™ to RS
arg }Qge samaI 53“‘3%83}25 ﬁg cg%gg%g oiRﬂed:%:o vwntgrne .::tgvxz)- ydmi@angmkaiﬁetﬁal s RQ
an may al so be joined to forma 5- or 6-nenpere, and, my
substituted by Haldogéms s ade f FHBPFRESTEAI ol?)?ne‘ aolrCE ér}gsm ne.crrlgr eferred
Bradicals R5 amd R iake hyHiogeme et hytgmigtehy| Prafpropg| ramd GadéprBpyl ,

n-butyl, tert-butyl, _8-pe I, \n- , r}ﬁ&q.g;-_,y,l , Bragtyl, wipydpyBllyl,
benzyl , phenyl ,an%apﬁ‘t hylam%i pﬁgrqgﬁééﬁd anthranyl . Pr e?er ence [?s |j kewi se

d gi ven to stbuctismsdnyluhi chriREEnd RPIHGRHEr i TRFTHE het BT 0t HM
beari ng them fq{m@p{ﬁtlerogy&g@yﬂﬁ suchyRns pynaeli di neeroryipi pepheh k.

B Possi bl e organe-_ sili'con substituents are,_jpn particul g Lieakkyl sid yl
oroups havi ng TTEME N0 1050RPBOA. at HE | e hR kYT . PAS e

. . cal, In
gparticul ar Frirmﬂkaﬂfﬂd)giqymougsﬁtzgcmhge@r;@g@h2;%e$hé@ﬁig%etogether
?CyC|Opentadleny$iéyskﬁg]FK@%eroatmn bearing them form a heterocycle

15 such as pyrrolidine or piperidine. Possible organc-

silicon substituents are, in particular, trialkylsilyl
groups having from 1 to 10 carbon atoms in the alkyl
radical, in particular trimethylsilyl groups.

20 The bridge 2 between the cyclopentadienyl system ECp
and the functional group A is an organic diradical
comprising carbon and/or silicon units and having a
chain length of from 1 to 5. Z can be bcund to the
pasic cyclopentadienyl skeleton or to the heterocycle.

25 7 is preferébly bound to the cyclopentadienyl sxkeleton.

Changing the length of the 1linkage between the
cyclcpentadienyl system and the heterocatom donor A

enables the activity of the catalyst to be influenced.

30 Preferrec Z are



i cal conprising carbon
and/or silicon unlts and haV|ng a chain length of from1l to 5. Z can be
bound to the basic cycl opentadi enyl skeleton or to the heterocycle.

is preferably bound to the cycl opentadi enyl skeleton. Changing thgs%éﬁgﬁm
of the linkage between the cycl opentadi enyl system and the heteroatom
donor A enables the activity of the catakyst to be influenced. 30
Preferred Z are 2 9 MAR 2004 ;6 R16 R e R113 Re R B R3B R513 L,e L,e-

L,B., L,e- -L ,BL,8 IR;sB Ol Idml : s Rigs R29 RteFREa eREBaBRas
R16 RZBRBRZBRSEJ ,B -c= C—C—--HT BlR =BR1B EBRI R2e,
=Al R1B, -Ge-, -Sn- -, -S, =SQ =s02, ' =NR 1B, l;E’Rl 501 |5P (0) RIB,

5 where R16- R6BaPe each, |ndepénd_htl bfore another '_ﬁy rogen,
| C -C2n-al kyl, C2-C2r. Jalkenyl C6- C2n- aryl, flkylaryl having from1 to 10

carbon 10 atons in thezgal kyl pargaand 6- ég cngon at omr®i nrtther&ryl part,
| Si RTh3, where the organic radi dal's R1B- y al so be substituted by

} hal ogens and two rqglggls RgBﬂRGg may al so be joined to forma five- or
si x- menbered ring,R B h, independently of one another,

hydr ogen, Cl-C20- aikyh 0 *enyl CE- C20- aryl, alkylaryl having from
1 to 10 carbon —C=C ‘”_‘

ILaB

=BR'®, =BNR!®R?®, =AlR‘®, -Ge-, -Sn-, -O-, -8-, =50, =50,
=NR!®, =CO, =PR'® or =P(O)R',

5 where

RIB_R%® are each, independently c¢f one another,
nydrogen, C,-Cop-alkyl, Co=-Cip-aikenyl, Ce-Con-
aryl, alkylaryl having from 1 to 10 carbon

10 atoms ir the alkyl part and 6-20 carbon atoms
in the aryl part, SiR™;, where the organic
radicals R'™-R®® may also be - substituted by
halogens and two radicals R!2-R®® may also be

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

15
R'® are each, independently of one another,
| hydrogen, Ci1-Czp-alkyl, C,-Cip-2lkenyl, Ce¢-Ca0-
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 fcrm a five- or six-membered ring,
and
LB is carbon, silicon or germenium, preferably
25 carbeon or silicon.

Possible substituents R'® to R®*® are the same radicals
as described for R'-R?, where two geminal cr 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



‘ silicon,
g C1- C20- al kyl ,

radl cal s RB may al so
L1B i s carbon, p‘ 00
Possi bl e substituents RIBto REB are the sane radicals as descri bed W
R1-R2, where two geminal or vicinal radicals RIBto R6B nay al so be joined

to forma 5- or 30 6-nenbered ring and vay? al so be substituted by hal ogens

2 9 MAR 2004 |
radi cals RIB tao;R66 afe hfﬂu@gﬂrb megihydx : r&thyd)r nEpnopyl , Fsepropd ,

be joined to forma five- or six-nenbered ring,
silicon or germanium preferably 25 carbon or sili

17 such as fluorine, chlorine or bromne. Preferred

tert-butyl, n- pe gyl bexyl . n- vin ||y|
'5 phenchal he&” $ o @}é',ﬁr, C’xﬁéé’%l Yiny R

ran Pos

th al ky dheﬁt%ﬁal ' n-ESPER i al s 4y metdiyl i) vl nghoyps.

PRARS, 2 & i rili vad @bt faniedge selant,ed fiom t bergioupar,

i0

15

20

30

35

g consi sting of 20 Ri6 RISR3B i 1B | 3B | 5B Lea £ BRRBLR2B Rae

| R2B R4B R6B whe?ealr_}é#%ﬂr]é/%ea%ﬁou‘?%d)é%vh%nﬁ O%e 1;%2%%:55 car bon

R3B: R6Ehar £l legc hradinddperdenthis? bf/ bﬁ@n%\ww Y1 FRSSen,
C2- C20- al kenyl, C6-C2a- aryl, alkylaryl having from1 to 10

Among these monocyclopentadienyl complexes, particular

preference is given to ones in which
m is 1,

A is NR'R®, PR'R®, OR' or SR%, preferably is NR'R®
or PR'R® and

7 is a divalent bridge selected from the group

consisting of

1B 38 R R R

RRLR ]

.-LZ.B LZ_B.LZB Cl c]: C|

! I I

28 2B 4B

R , R™R . Rze R4B RGB
where
L%® are each, independently of one another, carbon

or silicon,

 RI-R%®  are each, independently of one another,

hydrogen, C1-Cgp-alkyl, Co-C;p-alkenyl, Ce—Caa—
aryl, alkylaryl having from 1 to 10 carbor
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part cor SiR™;, where the organic
radicals R*®-R*® may alsc be substituted by
halcgens and two geminal oOr vicinal radicals
R*®-R®® may also be joined to form a five- oI

six-membered ring and

pon_atons 20 1n the aryl part and two

organ05|llcon

substituents arye-prdpﬁart |.mdp&ro,pyltr| a!I WItS’ilLyI tgroubdthavi ng PeoRY Y to 10
at ons

f Anong these rmnrbcyc"f*op'enta Iexes parti cul Er EEEfe ence%jrs gi ven
lto ones in Whigthenys 1,naEils NI*%R‘?)’QT‘I?’ﬁMRE"GO?ﬂnG TERA prefefabty is



s aT Ry part ang o-Z0 carpon atons 1n the aryl part cr
Sr RTB3 where the organic radicals R1-R6B may al so be substituted by

hal cgens and two geminal or vicinal radicals RL1E-R6B nmay al so be jqjig@dzmo
forma five- or 35 six-nenbered ring and 2 9 MAR 2004 - 18 R arg

I ndependent|ly of one another, hydrogen, C,-C20-al kyl, C2-C20-al kenyl,

C6- C20- aryl or alkylaryl having from X tig X0 carbon atons in the alkyl
part and 6-20 carbon atons 5 in the aryl part and two radicals R B may al so
be joined to ferma fiyee Oresdx- rrelxheleednﬁéngly Th:ef abouenerdariairied ,

enbodi nents and preferre enbodr S 6-R | ARl Y t ese
preferred 10 nonocycl oﬁégfaﬁféanyl r‘#ﬁﬂ g‘é%m 8 % éﬂ?’re easec\c/)\‘hE: whi ch

t hey can be prepared, Wr@flerc&ﬂC&lk$l@l‘§wbnhﬁ'€jlﬂ@lefr@ﬁ‘n‘bll nPi @R dFaTPR CH2,

SiMe2, CH=CH or 1, 2- ph% ylene V\e}.f41 A iy NRER J'_StOléqBRI%EdolS;a%HdﬂtélﬁtFms
preferred embodi ment i § & FoRGC oenta- drenyI X |raB Ars an

unsubstitut&d, substit dted s #Iﬁ@edpar%e?%?oér‘&rélafj&c?ﬁﬁg syé‘faeym and 20 R1B
-11 3B 1 2B Zis R whgrgoindB aversashs fneependeniti-ynesicesee adother,
dcarbon 25 or silicon, Rl1s-R28 are each, independently of one another,

Bl hydr ogen, C1-C20-al kyl, C2-C20-al kenyl, .C6-C20- aryl, al kylaryl having from
§1 to 10 carbon 3@ at ok dvieniehe iahkyl r aetiieed LAt %6- 20 28&r bonpreferred

embodiments for R!P-R’® also apply to these preferred

10 = monocyclopentacienyl complexes. Owing to the ease with
which they can be prepared, preference is given to the
combination of Z = CHz, SiMez, CH=CH or 1, 2-phenylene
with A = NR'R® or PR'R®.

15 A further preferred embodiment is a monocyclopenta-

dienyl complex in which

A is an unsubstituted, substituted or fused,

heteroaromatic ring system and

20
D
B
._LI-..
28
Z is R
where
18 are each, independently of one another, carbon
25 or silicon,
R'¥®-R?® are each, indepenrdently of one another,

hydrogen, Cy-Cao-2alkyl, C;-Coo-alkenyl, Cg-Co0-
aryl, alkylaryl having from 1 to 10 carbon
30 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 halcgens and two radicals R!®-R?® may also be

joined to fcrm a five- or six-membered ring &nd



atomns 1Tn tne aryr radr cal or S RB3, where the organic radicals RLIB-R2B may
al so be substituted by halogens and two radicals R12-R2H nay al so_be
joined to fcrma five- or six-nmenbered ring and 2 9 MAR 2004 - 19 2 SR4ARPH
each, independently of one another, hydrogen, Cl-C20-alkyl,

C2- C20- al kenyl , C6-C20- aryl or alkylaryl having from1 to 10 carbon atons
in the alkyl radical and 6-20 carbon 5-atiéns in the aryl radical and two
radicals RB may also be joined to forma five- or six- nenbered ring, and
mis 0 or 1. &0t The abewe- desar, bednesbedierhiy and preferr e CEifodi nent s
for R1IB-R2B and R B al so ,apply to.these,,preferge ga)gpgéfglqper@ dignyl
conpl exes. 15 In theseﬁﬁff’jégg?%{éd 8hbcfai?ré)g s’ A&ZI gzan unsublsti tuéta d?n
substituted or fused, heyéraar cadkyba¥yhghayshemiropr &f efendd i%a%?%%n to
si npl e systens which ar eofﬂgadi_}]y rravaihabhe paglicdieapmandeéare seddsdred from
the follow ng group: 5 c RFICRaC RC W Rii. Rx CRNG R g R
2-pyridyl 85quinolyl REETRIGE are e3bh TagkpEhddht| 778 “6he “5nst her,
hydrogen, Cl-C20-al kyl 52G2-£26o aleenydinddh- €20 2&xrar pl , Larkyl arylshavi ng
from1l to 10 carbon ato in the alk ghart and 6-20 carbon atons in the
aryl part or SiRL1'3, WREPE ERe 6P§ante® radicals RIC RoOC may al so be
substituted by halogens and two vicinal radicals R c_RLOC nay

m is 0 or 1.

108
The above-described embodiments and preferrec
erbodiments for R!®-R®*® and R also apply to these

preferred monocyclopentadienyl complexes.

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

20

2-pyridyl 8-quinoly!

"RIC.RIC sre each, independently of one another,
hydrogen, C;-Czo-alkyl, Cp,—Cppo~alkenyl, Ce—Coo-

25 aryl, alkylaryl having frem 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms

in the aryl part or SiR!''%;, where the organic

radicals R -R! may also be substituted by

» 10
haiogens and two vicinal radicals R -R!% may
30 also be joined to form a five- or six-mempered

ring and



30 also be joined to forma five- or six-nenbered ring and 2 9 MAR 2004
0775/ 000074 - 20 Riic are each, independently of one another, 21 MARIRI04
Cl- C20- al kyl, C2-C20-al kenyl, C6-C20- aryl or alkylaryl having from1l to 10
carbon atoms in the al kyl part and 6-20 carbon atons 5 in the aryl part

and two radi ca?§’ RO also be joined to forma five- or six-nenbered
ri.ng. Possible substituents Ric to Rloc2 re the sane radicals as
described for Rl:R2, vvheretwo VICIn icals Ric 10 to R10Oc al so be
joined to forrfa 5- orf% nefBEled Wi aanﬁay al%o b8“§ubsatr}‘1tg{i%d

hal ogens such as fl udridmgenhl orCuﬂ@zooalbybm ne:-Rved Brergd ,r adlec8bs Rl cto

Rloc are hydrogen, metgwl, %h)é'.lklyl!'L‘aPpr}ﬂEmhéOFfrr%th'L t8- %t cLarbon
tert-butyl, n-pentyl, n-"hexy] n-octyl, benzyl, enyl ,

napht hyl , bi phenyl andit"&‘r?t hranype ?%?‘/Y% cBREFI ﬁmgséf‘glo d:ragré%%’sﬁq%n
substituents are trialikylwtid ydrygr capst bend ngvd redikale RECF amrybarisat ons i n

the alkyl radical, in sjtdjcqléldarcgy%il"ﬁg; hylsdl yd, @ S?,@{ngggaé pgg%erred

conbi nation of Z and gi ven an unsu bstituted
2-pyridyl, mbeing 1 and Z being CH2r CIVEZ or SiMe2. 25

Monocycl opent aplose@yrkwosmda@@@a;mscmlar €oVary apar tﬂh(‘emﬁniey Fepidid s
avai | abl e and thu§ﬁgreferre § a_ncl ude >, 0pes Wi thout a EI’I dge éld n which
d

mis 0 and A 7% ﬁﬁéﬁ%@tl f’ﬁt “Br st srtl t ut edvécclqrﬁla nolry ese
conpl exes,1R5CEe oRRIO@aiys girsef dreabi gitsdir ogefiprvr aRSC tax 36- MO enas each

hydrO?er anth%QQ '§nHEHQﬁ,af§JW$? BubQEP@WQednb?“hﬁhogbﬁﬁtﬁQFBYE@ henvl
n- penty n- he n n- oc % %Je Y lac BI pheny
or anthranyl . ﬁvr‘f‘u‘é’éem?a'rr:‘a'glorﬁﬂ“@ £5 ﬁf@’ﬁé’?% a ’ae%”[ rsaﬁé: td
R are hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl, tert-butyl, n-pentyl, n-hexyl, n-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 1s 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 uéed either alone or together with
further components as catalyst systems for olefin



time display very high activities. 35 The nonocycl opent adi enyl conpl exes of
the present invention can be used either alone or together with further
conponents as catal yst systens for olefin 2 9 MAR 2004 - 21 29 MAR 2004
pol ynmeri zation. Furthernore, we have found a catalyst systemfor olefin
pol ynmeri zation conprising A) at |east one nonocycl opentadi enyl conplex 5
according to the present invention, B)-optienally an organic or inorganic
support, C) optionally one or nore cation-form ng conpounds, 10 D)
optionally oneporym@rEz@ai@nystrsmérm@i@ fee helvef i fopa yaeciezatlyen and E)
optionally one_or me rou or 13 of the

Peri odi ¢ Tabl e5YThis F%%r%? an OQ&H&% théqﬁgnggégfpég%%adlenyl conpl exes
of the present i nvention can si mul taneously be brought into contact with

the ol efi n or dﬂ! efins tol%@slee p%ln%rrerlr@&{b Hicpehasdtbgyadva geikhat it
enabl es e range of polyners to be p dpced For exanpl e, i noda

product s céh be pre@%?%ﬁd+%9tﬁ?§jWh§meﬁ§“én&BW§”Fﬁ8nnpnocyclopentadlenyl
conpl exes of the 25 present invention to be used in polynerization
processes int gas hase |n suspensi qQn o] vant ageous fcr
t he netallocengg t 0“Be? hPYn tte qﬁwné% 1nOE8F§éC EEEBOad for themto be
applied to a SO|Id support B). Furthernore, the supported nono 30

cyc! opent adi enyl ¢ gpk%ﬁc%mys&#@ymaﬂu@ JARQBUCELYIE g cIhBounds,
nDnocycIopenta i en conpl exes of the present invention can therefore also
optlonally e |nnDb|I|zed on an organi c or inorganic support B) and be
used in suppobpted bpthvhalihe god yrar i matreoncaTalgstis a5 85 aust ofmry

method of avoiding deps),t Sof flnd e, 1836 Yna

E) optionally one or more metal compounds of group 1,
15 2 or 13 of the Periodic Table.
Thus, more than one of the monocyclopentacienyl

complexes of the present invention can simultaneously
be brought into contact with the olefin or olefins to
20 be polymerized. This has the advantage that it enables
a wide range of polymers to be produced. For example,

bimodal products can be prepared in this way.

To enable the mcnocyclopentadienyl complexes of the
25 present invention to be used in polymerization
processes in the gas phase or 1in suspension, 1t is
often advantageous fcr the metzllocenes 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 &lso optionally be immcbilized
on an organic or inorganic support B} and be used 1in
supported form in the polymerization. This 1s a
35 customary method of avoiding deposits in the reactor
and of centrolling the polymer merpholiogy. As support
materials, preference is given tc using silica gel,

magnesium chloride, ailuminum oxide, mesopcrous



and of controlling the pol yner norphol ogy. As support materials,
preference is given to using silica gel, magnesium chloride, alum num

oxi de, mesoporous 2 9 MAR 2004 22 nmterials, alumnesilicates, Z?MMQNM
hydrotal cites and organic pclyners such as pol yet hyl ene, polypropy ene or
pol ystyrene. 5 As solid support materials B) for catalysts for olefin

pol ymeri zation, preference is given to-u8kng silica gels since particles
whose size and structure nmake them suitable as supports for olefin

pol yreri zat i onmeaar bels pr edunéde$ i bhcdtds nayer¢ed lciSmayandi eddsnifca

gels, 10 which ar g Qerl S84 aggLonPPrcﬁ gfleggal | efo Oyl \Arendpar bircl es,
ar oun

knomn as prlnaPy |cles ave been to be particularly useful. The
silica gels capcbegstyfeune- and/ or cal ci ned before use. 15 Likewi se preferred

supports B) are hydrotalcites and cal cined hydrotalcites. In mneral ogy,
hydrotalcite is a natural mnpera

th I 2
1,,003' 4HD 28 éﬁ&lﬁh&wp&tru&‘fﬁ?é ngdgﬁs\‘fgéefclrg%ﬁl&ﬁ gr@rg%% (o
My(COH) 2. BrUCIbelcmysiahtiaﬁs iprefelrayer sisuctives i ho wh g t 1 1g€Bal i ons
are |ocated in %ﬁhggcé' g%%&&%#&%‘ %l’\ﬂe | BYET s 10fc 18RS GraRC K 8dm

hydr oxyl i ons, every second layer of the octahedral holes
bei ng occupi edUltnbhydra@t afunmat ssoffr nabRes? uRPL YRR AF 3t 1¢RpFated®hy

al um num i ons,  W,LhcERe 58k Oéhwlsayﬁg@erf@nw EbRgyadppsd tsyeichargas, This is
conpensat ed by ani ons whi ch tocet her ﬁ‘ mEter 0, cg¥§igklgﬁg |qn are 30
| ocat ed |leheWPﬁFErﬁﬁﬁ?aFQhF5§%? RMEAFEF>stFuctiires ffound

only in the ca&evatclaagnasbun}abumrnmawhy¢maXudéss bbavgeW@ﬁ@HQPqﬂﬁ nnxed
metal hydroxides Raving.3 L aYetyShEUEL YN erpds ik s 3R IOTIBH e cried

and/or calcined before use.

15 Likewise  preferred supports B) are hydrotalcites and
caelcined hydrotalcites. In mineralogy, hydrotalcite is

a natural minerzl which has the ideal fcrmula

MgeRl, (OH) 16C03- 4H20

20
and whose structure is derived from that of brucite
Mg (OH),. Brucite crystallizes in a layer structure 1in
which the metal ions are located in octahedral holes
between twc layers of close-packed hycroxyl ions, with
25 only every second layer of the octahedral holes being
occupied. In hydrotalcite, some magnesium ions are
replaced by aluminum icns, with the set of layers
acqguiring a positive charge. This is compensated by
arions 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 hnaving a layer structure and the

35 formula

M(II)2, 2 M(IIT) 23" (OH) guee-B2sm” 2 H20



MII) ZXZ¥Z; (L I 1) 23* (OH) Sr-a = p 2/nn ~ Z F20 2 9 MAR 2004 235
where M (I 1) is a divalent netal such as My, Zn, Cu, Ni, Co, M), Ca
and/or Fe and MI11) is a trivalent metal such as A, Fe, Co, M IR 2008
and/or Cr, x is a nunber fromO0.5 to 10 in steps of 0.5, Ais an
interstitial 5 anicn and n is the charge on the interstitial anion, which
may be froml to 8, usually froml to 4, Z28néd z is an integer from1l to 6,
in particular from2 to 4. Possible interstitial anions are organic ani ons
such as al koxiwdheranMdng,) akkgl devhéen‘suhé*aasbssu@?yas SidherZrl,0 Gul MNtres or
gl ycol ether sulfates o] ¢ [ as; gl A r, bonat e,
hydr ogencar bonzliélté I\?rfl t&gt eggphro?:%dg%%sul\? g{ﬁe o%s @O%a.r daqglrn%por?%lo met al
ani ons such as sSMET024 61.0FevV160288D, HoweGerand/ of x@{wexolfs a MRS ity of
such ani ons nmh%@oo bﬁ 95e§gntln I cadi pgby, aalils sdichint xesk neial

hydr oxi des havi ng er structure_are reﬁarded as. h drlqctl%llc'é S, or the
pur poses othh@rﬁP@seﬁ i vt idIF 9B E%Rir BFaltdft 65T CHR e ‘Converted by

cal ci nation, i .ichhedty hg, ficohoicabcBnedshydipt ai@mtbs‘covm cW@naabllfes
inter alia, the desi hydraoxyl, up. cont ent S n; addi t4 on, the
crystal struct e éﬂ‘é '?:‘ha(ri:grgéﬁ Fﬁg I[pér ep%ﬁa |65%198P?taﬁeqt:r§rdm ne(% !
hydrotal cites sedi28eadesredisngtislt heiphesent PRYRME T 0B RN TISHATT VP arri ed
out at above 180G ,Rrgf era%flf‘c%sl s gihxen tecgakci @alf@ﬂesforafy:om Sthiex 24
hours at from 250C to 1000C, in particular Hom 400C to 700

Si mul t aneod8l y PESEYFF  &Fr %er‘f%r tet5‘8§ oVt LT HES et @CF 8BS n§ tR1 T ned
or 30 appli catsi,lmh oésyaqununmstmmmossablbmam, héatjlrngenchebﬁmtﬁ’fal or

synt hetic hydrot C|tes <{:3 gé\yefaocfef g\@tgrOHs Ordrlyéf@o,ggcyé@lm
further heatlnrb HE ‘act cal’ci nat’i on _progess, %

anlons such as Mo070;,° oOr vmoza . However, a m¢xture of

a plurality of such anions may alsc be present.

15
Accordingly, all such mixed metal hydroxides having a
layer structure are regarced as hydrotalcites for the
purposes of the present invention.

20 Hydrotalcites can be converted by calcination, i.e.

heating, into <calcined hydrotalcites, which enables,
inter alie, 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 1is also possible.

On heating, the natural or synthetic hydrotalcites
firstly give off water, i.e. drying occurs. On further
heating, the actual calciration 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



35 hydroxides elimnate hydroxyl groups and interstitial anions to form
nmetal oxides, with OH groups or interstitial anions such as carbopate
still being able to be present in the calcined hydrotalcites. A nbdMAR&00%
9 MAR 2004 - 24 of thisis the loss onignition. This is the weight |oss
experienced by a sanple which is heated in two steps, firstly for 30

m nutes at 200C in a drying oven and thgh for 1 hour at 950C in a nuffle
furnace. The cal cined hydrctal cites used as conponent B) are thus m xed
oxi des of divabenthasd ts i vatedbssetal sigMf1ign andhig| Iis) , thé t Het Blet nol ar

ratio of ;, (I LLL enra) | LRg i N,Hihke rang tem Gid £9010, 10
preferably fro%r?%g7§|¥%g‘8)egggai rﬁ aér{t_ilggh g? fro:L 1 '@f]o%fa Fur t herm)?e,
normal |evels otepapufixitesy FoOF >Qramtessipt Igg],o Nainca 8ryFicaRgen

chlorides and syl {@Egessoray RSO0 die gpuesenh. a lbuPreé efuatkoal ci ned
hydrotalcites B). are m xed oxides in which MI1l) is magnesiumand MII-_)

is alumnum Such al um num magnesi um m xed oxi des are obtainable from
Condea Cheni e fbH,cdaierdg, huddetaldiccds adeedarss Pamgbogniy.Bl2oare
Preference is also given,t Lgin dratahci Leg i WGl thergtisuctural
transformati on“*‘gscgr%’fee e%grq%e\%i r?ﬁaﬁﬁy acorrpl ete. Cal c\i n'La}t i\pn _i.e. a
transfor mat i onM (8f) t Fencst MUEL Ut e, vdah beh@sMEBPTsHERE 1 oPfexhhbile, TBy 25

Lregns o:‘ _)(-raqu&f—Lf;-Fac‘ctein@}ang,t Bdishg The hy;@rﬁea{g:étiesomcwl.csi ][recd 10,d ded
ydrotalcites or silica el s used_are gener e ! y.di vi de
powders ha\f ngPéeﬁﬁéﬁbbért%ir e @ig%ttgr %56“?# %IIF o%ﬁ%gég?zo%%g’lm :
preferably fromel@.tordStheamonzar t houhat | yieysrisf epdbl YMPylhi 155 ¢ 0 L9260 pm

and in particular m te-.70 pm and ysualdy have ponerMeegmesnaf from
0.1 to 10 cr.§%§fﬂg|%rgef %?ébl gefrolgn 0.27to 5 cnB/g, and specific
sulfates, may also be present.

15 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 rame
Puralox Mg.

2¢C
Preference is also given to calcined hydrotalcites in
which the structural transformatiorn 1is complete or
virtually complete. Calcination, i.e. a transformation
of the structure, can be established, for example, by

25 means of X-ray diffraction patterns.

The hydrotalcites, calcined hydroctalcites or silica
gels used are generally employed as finely <ivided
powders having a mean particle diameter dso c¢f from 5 to
30 200 um, preferably from 10 tc 150 pm, particularly
preferably from 15 to 100 pm, and in perticulsr from 20
to 70 pm, and usually have pore vclumes of from 0.1 to
10 crm®/g, preferably from 0.2 tc 5 cm’/g, and specific
surface areas cf from 30 to 1C00 m?/g, preferably from
35 50 to B00 m’/g and in particular from 100 to 6CO m’/qg.
The monocyclopentadienyl complexes of the ©present
invention are preferably applied in such an amount that

the concentration of monocyclopentadienyl complexes 1in



surface areas of from30 to 1000 NPT g, Preferaply TT0Mab DU 10 SO0 N g m
and in particular from 100 to 600 m/g. = The nonocycl opent adi enyl conpl exes
of the present invention are preferably applied in such an anount?ghah mf]
the concentration of nonocycl opentad enyl conplexes in 2 9 MAR 2004 2J the
finished catalyst system. is from10 to 200 rnol, preferably from20 to
100 j.:nmol and particularly preferably fa2om 25 to 70 pnol, per g of
support B). 5 Sone of the nonocycl opent adi enyl conpl exes of the present
i nvention have tord yf anlsvegokybet yzat sgateactiisvi fyorandCare the? efrorle
brought into c towihth a cthyator, Viz . c ne | der to
be able to di plegf(\erz‘ia\Ml oda%o?n?ne%gzat‘?on\ﬁé%ot i]”&%?y.o#ﬁ]g C %5%%%1%%ystem
t her ef ore opt i G ey abunt ﬁépmcéﬁpﬁpsé%,wa@l, dpahaft sgepodite 3or nore
cation-form ng conpounds, preferably at |east one cation-form ng conpound
C). Suitable cation-form ng corrpountdls C) _which are able to 15%%ea t with
t he monocycPopett™di &yl d¥npMOLOAY CLEPeEoATePTY Tt FATRLS* TSt i dni c-onpound
are, for exanplpgresetum inorarnasn sthaarg widhar ged lewi spatidsrizatian
compounds havi ng. 4 L,&W &:8¢1.d 03400 ¢BEo ! BDhGROMPRLDIS,, A Ng: g, Bronst ed
acid as cation. al'um noxanes, it Is posgl |e'to usé, for exanple,
t he conpounds desérviaied i (viNO 0018 10TWOTRRITt i €ul athyordssf (o conpdukRls are
open-chai n or %'di%pﬁléﬁ“é‘%@?%f&@fﬁ]@@.@ﬂg%i@ﬁ EB@%{IZP’EXU"?}@Re(Ea%Qlﬁt(F Xl)
u

25 R DA +0Q-Al-}--- Ro F 1 D - A, \
10 sttem t ére ore opgf%nafgy further gomprises, as
component C)}, one or more cation-forming ccmpcunds,

preferably at least one cation-forming compound C).

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

having a Brdnsted acid as cation.

20
As aluminoxanes, it 1s possible to use, for example,
the compounds déscribed in WO 00/31080. Particularly
useful compounds are open-chain or cyclic zluminoxane
compounds cf the formulae (F X) or (F XI)
25
~ )
Alf0—a—]—R (F X)
RZD/ l I
RSD
L[O-—Al]. — (F Xl
[
where R'®-R'®  are each, independently of one another,

a Cy-Ce¢-alkyl group, preferably a methyl,
30 ethyl, butyl or isobutyl group, &nd 1 is



where R'-R' ‘are eac I ndependentTy O - CL- )
preferably a nethyl, 30 ethyl, butyl or isobutyl group and 1 is 2 9 MAR
2004 26 an integer from1 to 30, preferably from 5 to 25. A par Zi9NARE0ky
useful al um noxane conpound is 5 nethyl al um noxane. These oligoneric

al um noxane conpounds are customarily prepared by controlled reaction of a
solution of trialkylalumnumwth water.2dhe oligoneric alum noxane 10
conpounds obtained in this way are generally in the formof mxtures of
both linear and cyclic chain aml:ieaelges @kromani eys3bengtbsersplyhftod is to
be regarded as a nean. The aIu n9§ane conpounds can also be present in
adm xture with other netal alfyls 5 usual ly al um num al kyl s. Al um noxane
preparations suitable as conmponent C) are comrercially avail abl e.

Furthernore, mogi fiﬁé’r@i&ﬂé&o?s,a“e%éé’fu%' ch: %M%o%néhe cB¥PE0RAT bops
radicals in the fornulae (F (F XI') 20 are replaced by hydrogen atons

or al koxy, a&ryl®sahyl %ﬁqmﬁﬂP%ﬂ'@anlde groups can be used in place of the
al um noxane conpounds of the formula (F X) or (F Xl) as conponent 0. 25

It has been fouﬂh ﬁTadvantage us to use C I< @Dnoc%clog a%|gn¥
conpl ex A) and %?%Jﬁ RR&hE" " 2onPOURER"S n %u%%’gﬁ%u te thHar 'R &t onic
rati o of alun1pmﬂndrqﬂntbmaeﬂQﬂﬂHﬂb&E@e ceapounds, cfnckudsaguanygr abfim num

al kyl still preé»emwpaﬁnﬁﬁmwttn %tré%t akp 30 fl&%mnw@c 2luminoxane
nmonocycl opent edi eny lex A) 1S 1n range from 10: 1 to 1000; 1,

pr ef er abl y 1 on§ZOPQURGS S’GGai"ﬁﬁd 3im b%%%l #@lar%% o367 3 HS 460: §he As
strong, unchargeskrhews agi>tirepr eber epsehi sliiewn o3& t @eyeaapoundsinf the

formula (F Xll)mg%%%%q%é?D%%D QEI%ELS) lengths, so that 1 1is to be
regarded as & mean. The aluminoxane compounds can also
be present in admixture with other metal alkyls,
15 usually aluminum alkyls. Aluminoxane preparations
suitable as compecnent C) are commercially available.

Furthermore, modified aluminoxanes in which some of the
hydrocarbon radicals in the formulae (F X} or (F XI)
20 are replaced by hydrogen atoms or alkexy, aryloxy,
siloxy or amide groups can be used in place of the
aluminoxane compeounds of the formula (F X) or (F XI) as

Component C.

25 It has been found to be advantageous to use the
monocyclopentadienyl complex A} and the aluminoxane
compounds in such amounts that the atomic ratio of
ziuminum from the aluminoxane compounds, including any
2luminum alkyl still present, to the transition metal

30 from the monocyclopentadienyl complex A) is in the
range from 10:1 o 1000:1, preferably f£from 20:1 <o
500:1 and in particular from 30:1 to 400:1.

As strong, uncharged Lewis acids, preference is given

35 to ccmpounds of the formula (F XII)

M2Px 10x20x 30 _ (F XII)



29 MAR 1004 27 where MD TS an elenen

Table of the Elenents, in 5 particular B, Al or Ga, preferably B, Xi D, X2D
and X3D are each hydrogen, Cl-d o-al kyl, ©6-Cl15- aryl, alkylaryl,

aryi al kyl, hal oal kyl or haloaryl each having from1l to 10 carbon 102 AR
in the alkyl radical and from6 to 20 carbon atons in the aryl radical or
fluorine, chlorine, bromne or iodine, - iy particul ar haloaryls, preferably
pent af | uorophenyl. i5 Further exanples of strong, uncharged Lewis acids are
mentioned i n Woh@@e31090. Particularly useful conpounds as conmponent C) are
20 boranes and boroxins, e.g. trialkylborane, triaryl- borane or

tri met hyl bor oxi n Particular preference is given to using boranes which
bear at |east o perfluorinasedaaryklemdntal 8f Parbupul a3 prosf eregrece i s

gi ven to compounds of the for gy]_,goéf? Xl kdpid Wiech, XLD, E%%F?é%'t's’ananBD are

i denti cal, pr eferably tri s (penta- fluorophenyl)borane. ong "unchar ged
Lewi s aci ds°whi ch are suitabl B2RS1Ce¢RY dh- fAdr MiIn§econpefindsbty Bl so i ncl ude
the reaction 30 products fromthe reaction of a boronic acid with two

equi val ents of _ap trjoal kyl alam num or . the reaction_ products.fromthe
reaction of a fri‘al yl%%/%%‘ nuff @i 55 7t woY SERF A eﬁféé’dfaikyﬁci discCre”
fluorinated, in particular peryluozlhatadyl, carboreldgipoursd cidylasr

pent af | uoro- 35 phenol or bisfpentafi L@J&PW":%Qb%xjo'}i q a4 dp 2.4 MAR 2004
28 Suitabl e ionic conpounds having Lew s-acl d ations
10 atoms in the alkyl radicei and frcm 6 to

20 carbon atoms in the aryl radical cr
fluorine, chlorine, bromine or iodine,
in particular haloaryls, preferably
pentafluorophenyl.

Further examples of strong, uncharged Lewis &cids are
mentioned in WO 00/31090C.

Particularly useful compounds as component ) are
20 boranes and boroxins, e.g. trialkylborane, triaryl-
borane or trimethylboroxin. Particular preference 1is
given to using boranes which bear at least <two
perfluorinated aryl radicals. Particular preference is
given to compounds of the formula (F XII} in which X'°,
25 X?® and X*® are identical, preferably ris(penta-

fluorophenyl)borane.

Strong uncharged Lewis acids which are suitable as
cation-forming comgounds C) alsc include the reaction
30 vproducts from the reaction of &z 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
perflucrinated, carbon compound such as pentafluoro-

35 phenol or bis(pentafluorophenyl)borinic acid.



i nclude salt-T1Ké compounds of the cattonm or tne tormiatlir X1 ol il ——
(MBo) a-,) Q@2 ... QI (F XI Il ) where M3Dis an elenent of groups 1 to

16 of the 10 Periodic Table of the Elenments, QL to QZ are singly 29 -
negatively charged groups such as Cl-C28-al kyl, C6-Cl5-aryl, alkyl*- %y@mm
aryl al kyl , hal oal kyl, hal oaryl 15 each having from6 to 20 carbon atons in
the aryl radical and from1l to 28 carbaen2gatons in the al kyl radical,
C3-d o- cycl oal kyl which may bear Cl-Cl0-al kyl groups as substituents,

hal ogen, Cl- C2Eu20aBkkoxypn€6- Ctbmpoyhexy, hsviyd OrtewEs-Caciapt Wa@raoisps, a
is an integer froml to nd.. 25 z is an.integer_fromQ .to 5, IS, the
difference a - l?,CleéF dsf‘g%;El g%éét e%ml? %%n%sr e%ﬁalt’{eo %dqif(?rbar ﬁ:jClJt?"'aerl y
useful cationsZarsuéar B6nkubicati ons, oxonium cations and sul foni um
cations and also cationic transition netal conplexes. Particular nention
nmay be made of the triphenylmethyl, cation, the silver cation _and the

1,1 -dinmethyl ferrocenyl catioﬁf(ﬁhéy)ﬁhg?erébﬂy 35 have noﬁEOBFa?hating
counterions, in particular boron conpounds as are also nentioned in WO
91/ 09882, preugrgbly tetraki s(pent af |l uorophenyl ) borate. 29 MAR 2004 - 29
The salts contaiﬁrﬁg noncoor di nati ng ani ons can al so be prepared by

conbi ning a boron or al um num conpound, e.g. an alumnumalkyl, with a
second compoungsmhi ch can reagt ;W th ehBatberzony Yyl um phumgcypaupd so as
to 5 link two or nore boron or alunm num atons t% ong anot her, e.g. water,
and a thirdconpound which foffEtcdic Tab.e of the Elements,

Q1 to Q. are singly negatively <charged groups
such as C;=Czg=alkyl, Ce-Cis-aryl, alkyl-
aryl, arylalkyl, haloalkyl, haloaryl

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-Cio-
cycloalkyl which may bear C;-Cjo-alkyl
groups &s substituents, halogen, C;-Cae-

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,
0! is the difference a - 2z, but d is

greater than or equal to 1.

30 Particularly wuseful cations are carbonium <cations,
oxonium cations and sulfonium cetions 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, 1in particular boron
compounds as are also mentioned in WO 91/09882,
preferably tetrakis(pentafluorophenyl)borate.



an ionizing ionic conpound w th the boron or alum num conpound, e.Qg.

tri phenyl chl oronethane. In addition, a fourth conpound which |ikew se
reacts with the boron or 10 al um num conpound, e.g. pentafluorophqub ﬁﬁﬁ
be added. Ionic conmpounds having Bronsted acids as cations prefera P@

| i kewi se have noncoordi nating counterions. 15 As Bronsted acid, particular
preference is given to protonated am ne @e aniline derivatives. Preferred
cations are N, N-dinmethylanilinium N, N-dinethylcyclo- hexyl anmoni um and

N, N- di net hyl bermayl ammiei vonardrahgonodess madtnateisr pfartile sl ather liswobe20
Conmpounds cont ai_ni_ng _ani,oni ron_heter e S . descry kn WO
9736937 are alggegﬁngblg agxggégéﬁgnfi %§¥g#n§ﬁgr5?gﬁf2g§ %%A%%%ﬁb'

di met hyl ani | i nieugboran abénzénes @A kydri withcrat 8PERZ@NESMPIBNPr ¢ihdFred

i oni ¢ conpounds. ;@) ,GQREAINY {BON 3L S IMINC I DAl @38k obwe Ber flsueki nat ed
aryl radicals. Particular preference is given to N N-dinethylanilinium
tetrakis- (pentldfkuotsBhefyl ) BoFat LART i%rpaF%PEbPﬁ? Ny o one

di rnet hyl cycl ohgythamon .o twdter Ki sfpeat ahlnor aphenyhd- whacat gorms

N, N-di re. hyl benzyl ar nnoni um t et r aki s(pent a-. f.l u p ) horate, g krityi
tetra' kis (pentaf 180> hehy1© bors %?“%g“ﬁég gﬁgngggxho?gtejgﬁﬁgﬁb can
a:so be |inked domponed, amotder Frapheny el o WftGRNeceFs) 28dEBFADB EC6F; )
2) 2-, or the honate ARBRANEARNEENDOUREWYEQ Pedri Lol QOMd Sidi®naor

sui tabl e functional group to the support surface. 2 9 MAR 2004 _ - % 0

Furt her suiPable Eafi%h- FHRNG Ccongodnds @ntfﬁgﬂqrgfganoiln wo?do/ 3to90.
The anmount of siddwag, uncharged Lewis acids, ionic 5 conpounds having

Lewi s-acid cations or ionic conmpounds

Ionic compounds having Bronsted 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 also suitable as component
C), in particular dimethylaniliniumboratabenzenes or
tritylbcratabenzenes.

25

Preferred ionic compounds C) contain borates which bear
at least two perfluorinatecd aryl radicals. Particular
preference is given to N,N-dimethylanilinium tetrakis-
(pentafluorophenyl)borzate and in particular N, N-
30 dimethylcyclohexylammonium tetrakis (pentafluorophenyl)-
borzate, N,N-dimethylkenzylammonium tetrakis (penta-
fluorophenyl)borate or trityl tetrakis (pentafluoro-

rhenyl)borate.

35 Two or more borate anicns can a.so be linked to one
. . . . - 2~

another, as in the dianion [ (Cg¢Fs) 2B-CeFs-B(CeFs)2]1°7, oOr

the borate anion can be bound via & bridge comprising a

suitable functicnal group to the support surface.



having Bronsted acids as catrons Is preferably from0. I to 20 equivalents,
nore preferably from1l to 10 equivalents, based on the
nonecycl opent adi enyl conplex A). 10 Further suitable cation-foranpﬁmqmm
conpounds C) are boron- al um num conpounds such as

di [ bi s(pent af | ucr ophenyl - boroxy)] net hyl al ane. Boron-al um num conpounds of
this type are described, for exanple, -i BoWD 99/06414. 15 It is also

possi ble to use m xtures of all the abevenentioned cation-form ng
conpounds C). Puetkereduinelerest compidseral wdnpraRes,) iatepdritsicedl ar

met hyl - alunlngﬁaﬁﬁ @”91@@ ionic conpound, in particular one 20 containing
the tetrakis(pentarl uorop enyl )borate anion, and/or a strong uncharged
Lewis acid, in particular trls(pentafluorcphenyl)borane Preference is

given to usi ngllaet hahdien 25 Jmn@eysh@f)emr@edia@@élq copph exesc s and Hhe

cation- for g ounds é in_a solvent, wWith preference being given to
aromatic hytr oESPBBRRC RPNy Er GRFESTHCI20CBAIBDA REor®NiCh GAREGSar
xyl enes, tol ueney: n@eatanete@eaeums feptpneory 18 Xgfes 16 €afom 30 1A

| i kewi se broad,_proggct e .0 be taj ed use of_ the
nnnocyclopenta&?eng ﬁgrg§£§H§§ IDrreese H% nvéﬁ%ﬁonﬁln Sonblnatlon
with at |east @ﬁéiv$h¢mh%r batsaﬁysm D)hevvmqﬂpqwlsmemmdeemﬂ tdeep3§x

pol yneri zationnef olefins. It is therefore possible to use one or nore
catal ysts ich are suitable For olefin polymerization as optional
conponent in the catalyst system Possible catalysts D) include, in
particul ar, 2 9ubf\Re2084itabBd czt aksstftalmificegloampdiatdsa ) ataaley Stz olnased on

titaniumand chagshgrl ELddRs calghysts baspd O SV AT NP RS -
boroxy) lmethylalene. Boron-aluminum compounds of this
type are described, for example, in WO 99/06414.
15
It 1is &lso possible to wuse mixtures of all the
abcvementioned cation-forming compcunds C). Preferred
mixtures comprise ealuminoxanes, in particular methyl-
aluminoxane, and an ionic compound, in particular cne
20 containing the tetrakis(pentafluorophenyl)borate anion,
and/or a strong uncharged Lewis acid, in particular

tris(pentafluorcphenyl)borane.

Preference is given to using both the
25 monocycleopentadienyl complexes A) and the cation-
forming compounds C) in a solvent, with preference
being given to aromatic hydrocarbons raving from 6 to
20 carbon atoms, in particular xylenes, toluene,

pentane, hexane, heptane or mixtures thereof.

A likewise broad product spectrum can also be obtained
by use of the monocyclopentadienyl complexes R) 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 cne or more catalysts which are suitable for olefin
pelymerization as opticnal component D) in the catalyst
system. Possible catalysts D) include, in particulear,



Possi bl e conponents D) in principle rncru

nmetals of groups 3 to 12 of Lhe 5 Periodic Table or the | anthani des which
contain organic groups and preferably formcatal ysts which are active in
ol efin polynerization after reaction with the conponents C) in the 9 MAR 2004
presence of A) and optionally B) and/or E). These are usually conpounds in
whi ch a 10 nonodentate or polydentate ligand is bound to the central atom
via a sigma or pi bond. Suitable ligands include both those containing
cycl opent adi enylasadteal 8ieghdrthoisea Wt eyt f}:ra%%dofoncyqlt@ﬂ@nhadhanyl

radi cal s. 0 Vol 0 scribes _many suc
conpounds B) ng Iguzgacr:taa%sg? Lot f%a?C olly'g%l n%aﬁc?ﬁyﬁﬁr? AT or™ ‘75hucl ear
cycl opent adi en?@“é@hﬁ;ﬁex@@mrb@ﬂﬁenaﬁso Ddui tabl epfoncibed i nipolyderi zati on.

Fur t her part'CHE@EBMnH@'B‘Sgkéﬁgl@fgﬁxﬂg¥gf%[91i@?%up%O tQ%S%ZC%thEQ'ng at
| east one cycl opent adi enyl] - nd, which areld_ggnera y referred to as

met al | ocene® cbRpFBIES. TF%iL?l Eﬁl ’é]F‘F y—%’é}ﬁﬂ et ANISTe TSP OX68n1ar e
those of the foraupba EndXIphedr A RbrRlE-Rs£l (= XIMicMEXE iactZve25

where t he SUbS_ILI tu%Q ?lnd ori?!Lrn%?§z gvgnthe Eol I ovm ng neani ngg §Q MPE i s

titanium zirconium ha drum niobrum ?an%a?um chrom UM
mol ybdenum or @gmggvént%ﬁ)anneltémmraﬁer@ﬂg MARRR2084d 3prignalipy 3Bof the

Periodic Tabl eaaidother) | antari dgse usually compounds in which =
10 monodentate or polydentate 1ligand is bound to the

central atom via & sigma or pi bond. Suitable ligands

include both those containing cyclopentadienyl radicals

and those which are free of cyclopentadienyl radicals.

Chem. Rev. 2000, Vol. 100, No. 4, describes many such

15 compounds B) which are suitable for olefin
polymerization. Multinuclear cyclopentadienyl complexes

are also suitable fcr oclefin polymerization.

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 metallocere complexes
are those of the formula (F XIV}

(F XIV)
M’EXE
25
where the substituents and indices have the following
meanings:
30 MiE is titanium, zirconium, hafnium,

vanadium, niobium, tantalum, chromium,

molybdenum or tungsten, or an element of




c XEis fluorine, chlorine, bromne, 1odiiie, o nydrogen, CI-CIO-al Kyr,
C2- C10- al kenyl, ©C6-Cl5-aryl, alkylaryl having from1l to 10 carbon atons
in the alkyl part and from6 to 20 carbon atons in the aryl part,, mlﬁ
or -NR6ER7E, or two radicals 10 XE forma substituted or unsubstitzuqt

diene ligand, in particular a 1,3-diene ligand, andt is 1, 2 or 3 and,
dependi ng on the 15 valence of MLE, is-sugh-that the netallocene conpl ex
of the formula (F XIV) is uncharged, where 20 R6E and R7E are each
Cl-Clc-al kyl, C6-Cl5-aryl, algepharyld, oér Wral kyéyiddior cabkyl £1d the

fl uoroaryl each havi ng from 1 L9 % 5 arbon atons in the al kyl radical and
25 from6 to 20 carbon atoms iRt radical and the radicals XE are
identical or different and nay be 10| ned to one another, 30 RIE to RSE are

each hydrogen, B1-CL-alkyl, § tﬂqur}%rTbeé@Pb% oalkyki 98, cyglioak kenyl
which may in turn bear Cl- d 0-al K rougs as substltuents

C2- C22- al keryl , 35 Cb- C22- arylhydéIOWParyl oC1ard4 ey | | C2vihsr & LEGBY Adj acent
radi cal s may al so t oget her f @rTsabugal ed iy lersat uﬁaaiiad; ZfQONAR 2004 -
33 cyclic groups having fromléb to I4oncagltogrqs altnon&e oral.‘S(iy R;@agt 3_%1ere
from 6 to 20 carbon atoms in the aryl
part, -OR®® or -NR®R’®, or two radicals
10 XE form a substituted or unsubstituted
diene ligand, in particular a 1,3-diene

ligand, and

t is 1, 2 or 3 and, depending on the
15 valence of M, is such that the

metallocene complex  of the formula
(F XIV) is uncharged, '

where
20 _ _
R®E and R7E are each Cy-Cire-alkyl, Ce¢-Cis-aryl,
alkylaryl, arylalkyl, flueoroalkyl or
fluoroaryl each having from 1 to 10
carbon atoms in the alkyl radical and
25 from 6 to 20 carbon atoms in the aryl
radical and
the radicals X¥ are identical or cdifferent and may be
joined to one ancther,
30
RF o R°F are each hydrogen, C,-Czp-alkyl, 5- to
7-membered cycloalkyl or cyclecalkenyl
which may in turn bear C;-Cjp-alkyl
groups as substituents, C,-Cz;-alkenyl,
35 Ce—Cor~aryl, alkylaryl or arylalkyl,

where two adjacent radicals may also

together form saturated or unsaturated



K8F. May be identical ci different an” nay 5 each be CI-CIO-alTley ,

C3-d o-cycl oal kyl, C6-Cl5-aryl, Cl-C4-al kexy or C6-ClO-aryloxy ar.d ZIE
is as defined for XE or is RI3E RI2ZE ROE R 1E ): & RIDE 10 wherey Mirer0n
radicals ROE to RI3E are each hydrogen, C -C22-alkyl, 5- to 15 7-nenbered
cycl oal kyl or cycl oal kenyl which may in turn bear Cl-Clo-al kyl groups as
substituents, C2-C22-al kenyl, C5-C22-argRk,-al kylaryl or arylalkyl, where
two adj acent radicals may al so 20 together form saturated or unsaturated
cyclic groups having from4 tq'aﬂéhma;rx’mrps atone; Obobi 0Skd vMhererRI4E: are
identical or different and araec(?g%c »aﬁ;l 0;,ak k% C3-C, o-cycl oal kyl ,
C6- C15- aryl, Cl1-C4-al koxy or ¢16* aryloxy or e radi cal s RAE and Z1E
t oget her form an - R15F, - A3F- group, where 2 9 MAR 2004 34 Rs6E R16E R16E
RIGE | ~ ~ 1 RIGE ME -NE My peMEefBcleE o: 2 aiRELERL TR RITE/RITE

R16E R16E 6E RIGE I | I I C --0O - I
%1 each be C-Cjp-zlkyi, C3 Cijo~cycloalkyl,

Ce—Cis—aryl, C;-Ci-alkcxy or Cg-Cjg-aryloxy

ernd
Zie is as defined for XE or is
R13E
R1ZE Rgg
10 ,
where the radicals
9E 13E - VA - E_
R t¢c R are each hydrogen, C:-Cz;-alkyl, & to
15 7-membered cycloalkyl or cycloalkenyl
which may in turrn Dbear C;-Cyo-alkyl
groups as substituents, C;-Czz-alkenyl,
Cg-Coz-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, cr Si(S'E); where
R4 are identical or different and are each
25 Ci1-Ciyo-alkyl, Cs—Cip~cycloelkyl, Ce-Cais-

aryl, Ci-Cq~alkoxy or Cg¢-Cio-arylony,

cr the radicals R‘ and 2'® together form an -RE,-AE-

group, where



R17E R17E RI7E RI7TE RIGE RI6E RIGE RIOE RISE RIBE . CC C MBE M. ZE M2 -

R17E Rl R 17F 817E 817E 817E | 17E =BR16E, =BNR16ER17E, =Al R16E, -Ce-, -Sn-,

-0-, -5-, =80, =502, =NR16E, =CO =PR16E or =P (0) R16E, 5 where? RMAE0;

R17E and R1OE are identical or different and are each a hydrogen atom a

hal ogen atom a trinethylsilyl group, a Cl-Cl0-al kyl 10 group, a

Cl- C10-fluoroal kyl group, a C6- Cl.--flugroaryl group, a C6-Cl0-aryl group,

a Cl-Cl10-al koxy group, a C7-Cl5- al kyl aryl oxy group, a C2-Cl10-al kenyl

group, a G ,-C40-aryl al kyl group,.a CE-Ca(. 15 .aryl al kertcl(%gﬁlE group or a

C7- CAC-al kyl aryl group, or two adjacent Rradiftal s toge her wth the atons

connecting then forma saturated or unséturaled ring having from4 to 15

carbon atons, & 20 M 2E is silwEon, -gewFaniwifoor - tinmregeyably

silicon, 2 9 MAR 2004 - 35 Ty';is -0--t--.-S, \ NRlL|, PRE -0-RISE. -

NRI SE2 -PRI9E2 or an unsubstituted, subStituted or :uged, hetexoc::yclic

ring system where 5 RI9E are eath, indeBendétly of offe anot her

Cl-d o-al kyl, C6-Cl5-aryl , C3-Cl0-cyclo-. alkyl, C 7-Cle-alkylaryl or S

(R20E) 3, R2CE is hydrogen, Cl-Cealkyl, C6-gB85-aryl pl& whiech may in turn

bear Cl-C4-al kyl groups as subs{ituents ar C% ClO-cycIIoaI kgl, vis 1lorin
d,

the case of AIE being an unsubstituted, substituted or' fus
C _-'O_M _ —C — C _—,
| | l |
R17E R17E R‘l?E R17E
T16E T15E T1!5E T‘IGE T16E T'AEE
T T
R1Tr'E R17E RWE R'l?E R17E R‘l?’E
=BR*¢E, =BNR'®*R!’®, =pAIR'®®, -Ge-, -Sn-, -0-, =-S-, =SO,

=SC,, =NR!®® =CO, =PR*®® or =P(0Q)R'®F,
S5 where
R*®E, R!E and R'® are identical or different and are
each a hydrogen atom, & halogen atom, a
trimethylsilyl group, a Cy1-Cyp-alkyl
10 grcup, & C;-Cyjp-fluoroalkyl group, a Ce-
Cy--fluorcaryl group, & Cg-Cio-axryl group,
a Ci-Cyio-alkoxy group, a Cy-Ci5~
alkylaryloxy  group, a C2-Cig-alkenyl
group, a Cs-Cqo-arylalkyl group, a Cg-Cqo-
15 arylalkenyl group or a C;-Cyue-alkylaryl
group, or two adjacent radicals together
with the atoms connecting them form &
saturated or unsaturated ring having
from 4 to 15 carbon atoms, and
20
M?E is silicorn, germanium or tin, preferably

silicon,



15 heterocyclic ring systemcan also be O, or thé radi cals RAE and RIZE
together forman -R'5r- group. 20 The radicals XE in the formula (F XIV)
are preferably identical and are preferably fluorine, chlorine, qug?m h
Cl-Cr7-al kyl or aralkyl, n particular chlorine, methyl or benzyl. 25 Suc
conpl exes can be synthesized by nethods known per se, preferably by _
reaction of the appropriately substituté®, -cyclic hydrocarbon anions with
hal i des of titanium zirconium hafniumor chromum 30 Exanples of
particularly uiaful conpoundsig»_jgciud§;_ bi@&ﬁythﬁpenkgggenyhkairconium
di chl ori de, bis(penta- methylcycl opentadi enyt) zi rconi um di chl ori de, bis-
(nethylcyclopentadienyl)zirconi9%1dichloride, bi s- (ethyl cycl opent adi enyl)
zi rconium dichlcride, bis 35-@f but Pircyah opesRGitafyt P&y r commtditéRl ori de,
bi s(1-n- butyl -3-nethyl cycl opent-adi.anyl,dzi F SO L8 di 61y Qlyisdeu, Bhere

(i ndenyl) zirconium dichloride, bis(tetrahydro 2 9 MAR 2004 36

i ndenyl ) zirconiurn dichloride and bis(trinmethylsilyl- cyclopentadi enyl)

zi rconi um di chkd¥i de and al soztbeesohy esipdrgendedt et byl inecaTiatiner,
conpounds. 5 As conponent D), ;qéigfgﬁpe i§8§&§gaggygn to- 4qgged -

I
bi si ndenyl conpl exes in the rabe 1c of pseuddr acem ern}%ﬁ%ere
pseudoracenic refers to conpl exésli rCwifhctdloRe o orndényl 1 i.gands are in
the racem c arrangenent relative to one another when all ether

substituents of ,,i0 the conplex are disregarded, Further exanpl es of
particularly u8éful catalystsiP) NYAEPGEE Ble, 8, CEmL2uh
di met hyl sii@nedi yl bi s(cycl openhadhenyy ) zn rcom dmearl5.dletd bryldeggroups

dinethylsiIanediylbis(indenylégiEgﬁg%gﬁ%%ﬁyéﬂyfmd3d@m_pgcloalkyl'

di met hyl si | anedi yl bi s(tetrahydrornden zirconi'um di ¢hl ori de,
et hyl enebi s(cycl opent adi enyl ) - )
v is 1 or in the case of A** being an

unsubstituted, substituted or fused,

15 heterocyclic ring system can also be O,

E
RlZ

or the radicals R* and together form an -R'*%-

group.

20 The radicals XF in the formulia (F XIV) are preferably
identical ard are preferably fluorine, chlorine,
bromine, C;-Cs-alkyl or aralkyl, in particular chlorine(

methyl or benzyl.

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

titenium, zirconium, hafnium or chromium.

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

35 (n-butylcyclopentadienyl)zirconium dichloride, bis{(l-n-
butyl-3-methylcyclopentadienyl)zircenium dichloride,

bis(indenyl)zirconium dichloride, bis(tetrahydro-



zirconium di chlToride, ethylenebis(indenyl)zircon_r1u
et hyl enebi s(t et rahydroi ndenyl ) zirconi um 20 di chl ori de, 9 MAR 7004
t et ramet hyl et hyl ene- 9-f | uor enyl cycl opent a- dienylzirconiun1dich|o?|3@,

di met hyl si |l anedi yl bi s- (3-tert-butyl-5-nethyl cycl opentadi enyl ) zirconi um

di chl ori de, dinethylsilanediylbis(3-tert-butyl-5-ethyl- cycl opentadienyl)
zirconiumdi chl oride, dinethylsilane 25 dgytbis(2-nethylindenyl)zirconiu:n
di chl ori de, dinethyl- silanediylbis(3-nethyl-5-nethylcycl opentadienyl) -

zi rconi um di chiodede] ) gdi nediirsi | @ivediod ikies ( 3ret hyH St rimethylsilyli-

i sopropyl cycl ope L. £ I,y COoni .dichl.artde,

dinethylsilaneg?§? ié?ég%% @X%H%Q%y'fg#wgégﬁﬁggégedichloride,

di met hyl si | anedi§| d+ 8¢ 2t et ¢1 e BrIsdmg- dimdehy 2 2 F ¢ eohimnsehedirots de,

di met hyl si | anedi yl bi s- (2-ethyl -4, 5-benzi ndenyi ) zi rconi um di chl ori de,

met hyl - pbenyl si | anedi Ibis%é-neth%}-4,5-benziQﬂenybizirconiun1,dichloride,
met hyl phenyl si fFan&EPOTESE2-BirhyPI A SIHRGT, 38 iBddenyI AN cobhi BtdPERI ori de,
di phenyi si | anedi gl hidenyl 2-cvriphgiked, Srbenne nderydn)izi r oonigseudictialceriide,
dirnethyl si.|. anediy| bis(2-net. - 9- ny| i nyl)-._zitconiumdichl oride,
dinethylsilaned?y bigﬁﬁ?étﬁggggggagaﬁ&% g%ggngy? CSHB%?T??.&BnQﬁf%ﬁrconium
dichl ori de, dimRehyksi Ladedyyl 1ibesg2- asehyh- 4he lraggphchyrriandemgh)

zi rconium dichbortdge dbmehehyhgihapedihyhbhs2vehBYl sdnscitrents of
(1-napht hyl )i ndenyl ). zjrconi um di chl oride, dinmethyl 5

si | anedi vi¥i s(37pr 6%3’9?-%’-‘(?2%a‘b‘rﬁW%dﬁaieny| )zi rconi um dichloride and

di met hyl si | anedi yl bi s(2-i-butyl-4- (1-naphthyl) indenyl)zirconium

di chl oride, wh S l.ex e I in g erni C
form 10 Exanpﬁggtég?aggﬁgg?iétegﬁe?hé gEgggéggpé¥§§ﬁgn g?égfyégir?%ed, for
exanpl e, in JouPRarI®f Organonetal |l _c¢ Chenistry, 369 (1989), 359-370.
Further prefertedeengponestsd )1 ar< raspentwhiehyt heirdédryadi cals R4E and

Z1E togeth@g f8Egk?grL§%?E-AlEHi%E?H?lsilanediylbis(indenyl)zircchium
dichlericge, dimethylsilanediylbis(tetrahydroindenyl) -
zirconium dichlcride, ethylenebis (cyclopentadienyl) -
zirconium dichloride, ethylenebis (indenyl) zirconium
dichloride, ethylenebis(tetrahydrcindenyl)zirconium

20 cichloride, tetramethylethylene-8-fluorenylcyclopenta-
dienyizirconium dichloride, dimethylsilanediylbis-
(3-tert-butyl-5-methylcyclopentacienyl})zircenium
dichlcride, dimethylsilanediylbis(3~tert-butyl-5-ethyl-
cyclopentadienyl)zirconium dichleride, dimethylsilane-

25 diylbis(2-methylindenyl)zirconium dichloride, dimethyl-
silanediylbis (3-methyl-5-methyicyclopentadienyl)-
zirconium dichloricde, dimethylsilanediylbis(3-ethyl-5-
isopropylcyclopentadienyl)zirconium dichlorice,
dimethylsilanediylbis({2-ethylindenyl)zirconium

30 dichloride, Gimethylsilanediylbis(2-methyl-4, >-benz-
indenyl)zirconium dichloride, dimethylsilenediylbis-
(2-ethyl-4,5-benzincdenyl)zirconium cdichloride, methyl-
phenylsilanediylbis(2-methyl-4, 5-kbenzindenyl)zirconium
dichleoride, methylphenylsilanediylbis(2-ethyl-4,5-benz-

35 indenyl}zirconium dichloride, dipheny:silanediylbis-
{(2-methyl-4,5-benzindenyl)zirconium dichloride,
dimethylsilanediylbis(2-methyl-4-phenylindenyl) -

zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-



Wen A" Ts -0-, -5, -NP. - and -PRT -, VWE'TS prereraply titani um

particularly preferably titanium in the oxidation state +4. Particularly

useful 20 conplexes D) of this type are dinethylsilanediyl-

(tetramet hyl cycl opent adi enyl ) (benzyl ami no)titani um dichloride, 99 MaR 2004

gl met hyl si | anedi yl (tetranet hyl cycl openta- dienyl) (tent-butylam no)titani um
i chl oride, dinethyl- - 37 -

Si Idagedi ylh(tet ranet hyl cycl opent adi enyl ) (adamantyl )titan 25 iumdi chl oride

an i met hyl si paredilyhtendeényiy¢omrum Butyl @nddw) dinerhwin dictdadnilde. When

A" is -0-RI19E, , - NR19 - PRI9E2_ - : i ihstituted or fused,

het erocyclic oP%ﬁeR%e}rﬁ(%ng gaR'grl ¢ %%oﬁ{h%ﬂ??@feé#ﬁkﬁ?cgﬁ?@ﬁpr ef erably

titani umor chearhdaridehere titani umcigepayipedpaedyy brief edaiylinit he

oxi dat i on Statf%1*%515?1'1%91@9%55‘%9?@11%&&&{ ef esabl Wi ife,t he OXxidatjion state

+3. 35 In a preferred. einbodi nent, E is an unsubstitute .Substituted or

fused, het et oaforBPPEIYILRYSSGSPETR ‘d‘]'l\AllE”%pg‘%ﬁ( zﬁi‘”l‘i’ﬁ{’y%ﬁrrﬁaﬂ‘i”&ul ar

preference is givelortdeA e abei ng aimensybstiltnéedybsisUbstidutydds-e. g.

the’ 8 posi L1 on. 8o BYaLE T o~ B R Dy AT RGP, ufetd! Whede 11

(2, 3, 4-tri nmet hgbgoilaskyl precrioigrap by Gasﬁ%eixar?@tehylacei’ﬁéli:népw; v being O

and M'" being chromum Frefezred 5 catalysts D) of this type are

1- (8- quinolyl)-2-methyl- 4- [ ' [ [

{5 G noldh) sSaPRLRnof” SRS SHARLAR o “iBtiided) B 4

di chl ori de, 1-@gésquiibebyl )3t ertmpléyl-in Journal of Organometallic

5- et hyl cycl op i | c m DEY s Y ride, 10

| - (8- qui nol yi )%gtegqi%g}'(/t' e?r%gm(s%l y%)l:ycaf%épeﬂcgdi enyl - chromun(l11)

di chl oride, 1-(8-quinolyl)tetrahydro- indenylchromun(Il1) dichloride,

1- (8- cui ncl yl') ruirk@eRy |Gty e |dompofietitlsorn)des rel - §8e guk AOkMli Lh2the

nEthyIIndefglcgg%quﬁg khdén%i%mi%gd%%he%_ 8 quinolylsy_pae group.

When A is -0-, -S8-, -NR**- and -PR'*-, MP s
preferably titanium, particularly preferably titanium
in the oxidation state  +4. Particularly useful
20 complexes D) of this type are dimethylsilanediyl-
(tetramethylcyclopentadienyl) (benzylamino)titanium
dichloride, dimethylsilanediyl (tetramethylcyclopenta-
dienyl) (tert-butylamino) titanium dichloride, dimethyl-
silanediyl(tetramethylcyclopehtadienyl)(adamantyl)titan
25 ium dichloride and dimethylsilanediyl{indenyl) (tert-

butylamino)titanium dichloride.

When AY¥ is -0-Rr!%F, -NR!'®%,, -PR'®E, or an unsubstituted,
substituted or fused, heterocyclic or hetercarcmatic
30 ring systemnm, M® is preferably titanium or chromium,
where titanium is particularly preferably in the
cxidation state +3 c¢r +4 and chromium is preferably in

the oxidation state +3.

35 In a preferred embodiment, A'® is an unsubstituted,
substituted or fused, heteroeromatic ring system and M1E
i=s chromium. Very particular preference is given to A'E

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



15 2-isopropylindenylchrom um(TTT) drcnrortae, I-to T —

cui nol yl)-2-ethylindenyl chromurr(111) dichloride,

1-(8-auinolyl)-2-tert-butylindenylchro.m-um(l11) dichloride,

1- (8- qui nol yl ) benzi ndenyl chrom un(111) dichloride, 2 9 MAR 2004

1- (6-qui nolyl)-2-met hyl benzi ndenyl 20 chromun(l11) dichloride,

1- (8- (2-met hyl qui nolyl))-2- methyl -4-netiyl<cvcl opent adi enyl chrom un{111)

dichloride, 1-(8-(2-nmethylquinolyl))-2,3,4,5-tetra- _

gEEBYLZYC|Oﬁerﬁaﬁiffﬁﬁtﬁﬂﬁ”ﬁqﬂﬁJdlwﬂ gb@hT@LiC&h parﬁﬁculgg, _inl tb%

- (B-(2- et hyl gui no tetrahydy ei ndenyl.chromun(--11.) : [ orjde,

1- 8- - ( 2- et hyl %u‘?%tﬁ%‘%%ﬁ n&éﬁyl c r%Lrﬁ’l?qm)Q Il |§’m‘%i¢i%“|*b\’r-%°d‘el,”° AT

1- (8- (2- met hyl @i Hot yit yImethygtdninicdgany| -  dhr @vidury (I, 16) 7dhekboekde] -

1- (8- (2- et hyl gyi ) ¥ 251 $RPrPPYL 4 ndenyl c; 1Ly, die i.de,

1-(8-(2- et hyl'ﬂulimﬁioﬂy% ) ?\; f-eé?%w?n%t%yﬁchr%fﬁdaz%#l%%d%’:)(l) di gEF%H%‘E

1- (8- ( 2- nethyl CaFbYSE ) Lb- Per thBat FIYPE itd@enyt CidGRyE) ry-BRERV ST i de, 1-

2223- (Zhn}et hyl -?qué?o%ydgdmh | 'tnadﬂraggrhlr:alﬁbmn{nhkiilﬁi ChgorL?@cagoiiég; )
-nmet hyl cui nol y - 2- et hyl benzi ndenyl chrom un( 1| | i C ride. 35 The

prepar ati on of‘sh%’:hﬂhﬂ@ﬁ‘ n%e l@f@lrc?gg%t d?g]fw}&mcﬁ%%edg%aglserﬁ’ en known for

a long tine. \Variousum&yhthediichiontds, t ot tfesp icodpllexitngekicgandglare 2 9

MAR 2004 39 degerhped, c fole sTRRG1 cRY oM ufpeief s et al . g4inneEhemye, Ber.
(1996), 129, 459-463 or P.. Jutzi and U. Sieneling _.in J. Ognet. Chem

(1995), 500 175{48%21%° e Trettal’  CoRBF ERBETNYHC Yk TRt 26+ §He- chr omi um
conpl exes, cancheoobim{ NED i n dicilngieiayannar- By quieadlyingetbenhgppsopri ate
e vere: snar st s, bheA gL gend solqg e 1o 2
catal ysts D) i hederel gexemiwcddds dichloride, 1-(8-quinolyl)-2-
methylindenylchromium{III) dichloride, 1-(8-quinolyl)-

15 2-isopropylindenylchromium(III) dichloride, 1-(8-
quinolyl)~-2-ethylindenylchromium(II1) dichloride,
1-(8-guinolyl}-2-tert-butylindenylchremium(III)
dichloride, l1-(8-guinolyl)benzindenylchrcmiuvm (III)
dichleride, 1-(8-quinolyl)-2-methylbenzindenyl-

20 chromium(III) dichloride, 1-{8-(2-methylquinolyl))-2-
methyl-4-methylcvclopentadienylchromium(III)
dichloride, 1-(8-(2-methylguinolyl))-2,3,4,5-tetra-
methylcyclopentadienylchromium(IITI) dichloride,
l1- (8-~ (2-methylguinolyl))tetrahydrcindenylchromium(ZII)

25 dichloride, 1-8-{(2-methylquinolyl))indenylichromium(III)

dichloride, 1-(8-(2-methylquinolyl))~-2-methylindenyl-
chromium(III) dichloride, 1-{8~(2-methylguinolyl))-2-
isopropylindenylchromium(III) dichloride, I-(8-(2~

methylcuinelyl))-2~ethylindenylchromium(III)

30 dichleride, 1-1{8-(2-methylguinclyl))~2-tert-butyl-~
indenylchremium(III) dichloride, 1-(8-(2-methyl-
quinolyl)benzindenylchromium(III) dichloride or 1-(8-
(2-methylcuinolyl))-2-methylbenzindenylchromium(III)
cdichloride.

35
The preparation of such functional cyclopentadienyl
ligands has been known for & lorng time. Various

synthetic routes to these complexing 1ligands &are




containi ng at Teast one T1gand ToOrNEd DY & CYCl O DeNt ool BNyl O —

het erocycl opentadi er.yl and a fused-on heterocycle, wth the heterocycles
preferably being 15 aromatic and contai ning nitrogen and/or sul fur. Such
conpounds are described, for exanple, in WD 98/22486. These are, i?g
particul ar, dinethylsilanediyl (2-nethyl - 4- MAR 2004
phenyl i nder.yl) (2, 5-di net hyl - N- phenyl - 4- gpapent al ene) zi rconi um di chl ori de,
di et hyl si | anedi yl bi s(2- et hyl -4- 20 phenyl - 4- hydr oazul enyl ) zi r ccni um
di chl ori de andcdeaetibyl; for example, by M. Enders et zl. in Chem.
si | anedi yl bi s( 2-et hyl,w4--phenyl,- 4-hywdr,eazul enyl )zir.coni.um. . dichl ori.de.
Sui t abl e cat al é%{g 6)19§I620 iq%c?l’udqe“ I r#ido%ﬁr% l]]ﬁth 235 c’é@rrpuo'unscsem:%r:1L1(;il i ch
chrom um bear sinad-sPraveur afheteatlf%) «atcU0eadt’ SoAaé5i mi do group. These
conpounds and their preparation are described, for exanple, in WO
01/09148. 30 Further suitable conponents D) include transition netal
conpl exes cont MR ngedatlr i detRA B Sfacr oty cl PETEEGAREE  itRepartltaniyrm
substituted andompsehetituted Ibhs, Tbiadinazacyel ohexangsi@ndnanner by
1,4,7-triazacyclononanes,.In this t of |y preference |
i kew se gi ven £835"¥he “Ofr oﬁpﬁrﬁogéﬁir%?%xeén.%%é?ef %%?Eé’catealgyst_ smec;‘%lt hi s
type are 1'1, 3cBlorideshyl wit3, 5-the azbigaridhexan®] - ¢arom umstnchlaori de,
[1,3,5-triethybydcdanrt bRZBogbY S| Qhetanel,Ghiaisumt beChL 9bh dge1s) |
;1,3,5-trioctyl 2 9 MAR 2004 40 |,3,5-triazacycl ohexane]chrcm um
trichloride? [1,3,5- tridodecvl-1,3,5-triazacycl ohexane] chrom um
trichloride amdrfies, Sstitbehzyl cit3]lpstis i azacychohekanehetd DIvaemes
trichloride. . further, sui l e, ¢ y are rqglﬁ_'!ti_on
met al conpl exgéggg%\ﬁzﬁ né ngaL%t eeéaésgt %ﬁg H%tarﬁdd %%ﬁ{ngé f% rru% ae to F
Xl X, RIF RL1F pempgpdiopyl or heterocyclopentadienyl and a fused-on
heterocycle, with the heterccycles preferably being
15 aromatic and containing nitrogen and/or sulfur. Such
compounds are described, for example, in WO 98/22486.
These are, in particular, dimethylsilanediyl(2-methyl-4-
phenylindenryl! (2, 5-dimethyl-N-phenyl-4-azapentalene) -
zircenium dichloride, dimethylsilanediylbis(2-methyl-4-
20 phenyl-4-hydroazulenyl)zirconium dichloride and dimethyl-

silenediylbis(2-ethyl-4-phenyl-4-hydrozzulenyl)zirconium

dichloride.
Suitable <catalysts D) also include imidochromium
25 compounds in which chromium bears, as structural

feature, at least cne imide grcup. These compounds and
their preparation are described, for example, in
WC 01/09148.

30 Further suitzble ccmponents D) include transition metal
ccmplexes containring a tridentate macrocyclic ligand,
in particular substituted and unsubstituted 1,3,5-
triazacyclohexanes and 1,4,7-triszacyclononanes. In
this type of catalysts, preference is likewise given to
35 the chromium compiexes. Preferred catalysts o¢f this
type are {1,3,%-trimethyl-1,3,5-triazacyclohexane] -
chromium trichloride, {i,3,5~triethyl-1,3,5-trizaza-

cyclohexane]chromium trichloride, i1,3,5-trioctyl-



R JF E I F (RLZF  F o Lo T T S ——
J F 0 R1F R3F ~CR27s)Y R16F EF \ \EF R EF R20F R24F ,)F c
R~1 C o F RBF HRI9F/~ F E\R25F RUF F-XVII F-XVI | | F-XIX 10 where
the transition netal is selected fromanong the elenents Ti, Zr, 3§ MARBQ
V, Nb, Ta, &, Mo, W Fe, Co, N, Pd, Pt and elenents of the rare earth
metals. 15 Preference is here given to.cegpounds having nickel, iron,
cobalt or palladiumas central nmetal. E' is an elenent of group 15 of the
Peri odi c Tabl e108, st he; B eapat She Ui 1@HaBIY uN Ok RenbihglN be'[P93,§C
particularly preferred.. T eq:\ﬂo or three atons EF in a nolecule can be

i dentical or dFff&8PERTY:2 o> MiR DG4 CYClgpexeng) FREPEEIR REECPSORESE, which
may be identicahdor [dif¥ érentibentigilnla3] § ganck sestAnex¥Yet enhFoXiXn are
the follow ”thEQHPﬁiiéeR F and RQ' are each, independently of one

anot her, a hydrocarbon radical or substituted

Examples of further suitable catalysts D) are
transition metal complexes containing at least cne
ligand of the formulae F XV to F XIX,

RIF RHF RWF
| I
RF < NEF (R N

' |

13

Rar- R R"‘F

F-Xv F=XVI

RSF

F-XVI F-XVili F-X1X
10

where the transition metal is selected from among the
elements Ti, 2r, 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.

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

2C particularly preferred. The two or three atoms Ef in a

molecule can be identical or different.



carbon atom adj acent to the el errent Er is bound 10 to at |east two carbon
atons, R2F and R3F are each, independently of one another, hydrogen, a
hydr ocar bon radi cal or a substltut ed hydrocarbon radical, where 15 R2F and
R3F may al so together forma ring systemin which one or nore hetdrMiki s
may be present, REF and RBF are each, Lnggpendently of one another, 20 a
hydr ocar bon radi cal or substituted hydrocar bon radical, R5F and ROF are
each, |ndependH|niI)ta@f¢chle arot hes , Whydr,@gg& @d@ydﬁgcar&grhrc%@ cgl or a
25 substl tuted. hyplr ocarhbon ! rad| cal ere and. R5SF or RBF and ROF may

al so toget her formia” |"f11g Wiiemi%Be S’Islgeé”ré eich® frtiépendent FHeof one
anot her, hydriogelmwiandyrrcagar:bon radical or a substituted hydrocarbon
radical, where two R7F may al so together forma ring system 35 RL1F and
R 4F are each, indepepdently of one another, a hydrocarbon radical or
substi tuted Hi/dr@)’é%tr%on r adieg&l ,es4n,2 @qmrmnly- ofR1dFe Raget Rde2F' and

R 3F are each, independent!y 50f romgocapgbher r-AydE0gen, ashydtoeasbon
radi cal or a substituted hy rocar bop radical where two_ or nore gem nal

or vicirial 5 radicals RL1A PRESRSCRISA af@HC8A  my RISETaAYget het form a
ring system R ~F and R18F ahgdeachrbondependet liy: ofhiare anodt b&fhon

atom acdjacent to the element =¥ is bound
10 to at least tweo carbon atoms,
2 3 .
R?Y and R%F are each, independently of one another,

hydrogen, a hydrocarbon radical or a
subpstituted hydrccarbon radical, where

15 R* and R’ may also together form a ring
system in which one or more heteroatoms
may be present,

R¢T and R are each, independently of one another,
20 a2 hydrocarben radical or substituted
hydrocarbon radical,

R*F and RF are each, independently of one another,
hydrogen, a hydrocarbon radical or a
25 substituted hydrocarbon radical,

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

ring system,

30 R'F are each, independently of one znother,

hydrogen, a hydrocarbon radical or a

substituted hydrocarbon radicel, where
twe R’F may also together form a ring
system,
35
10F 14F C

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



T K
U U

hydrogen, a grocar po qorcal ore e O
R16F and R17F are each, independently of one another, hydrogen, a
hydr ocarbon radi cal or a substituted hydrocarbon radical, 15 R19F and R25F
are each, independently of one another, C2-C20-al kenyl, C6-C20-aryl,

al kylaryl having from1 to 10 carbon atons in the alkyl part and $M&0D2004
carbon atons in the 20 aryl part, where, the organic radicals RI9F and R25F
may al so be substituted by hal ogens, R2F _R24F are each, independently of
one anot her, 2&8fhygfogen!2iClL-4620-raPkyld 5 G20- a), - C20- I,

al kyl aryl havi ng from% to 10 ¢ rbon_a%eo%a%'t tggﬁ@{@?en% Céhdaéﬁg 20
carbon atons in the aryl part2FtNeERIBIEE CIfer @ tYEreCganPe radii€als RcOF
30 R24F may al so be substituted by kabegensteandthjdawwidgidgial rhadicgal s

R2F- RR4F may al so be joi ned Vs}pmfeor m.a fiJ\_,/e-mq:r si x- . nenbered ri ng_and 35
R26F are each, independently 0Of one anqther "o 1fydPogeh® ciRicod*41 Ryl ,

C2- C20- al kényl, C6- C20-aryl wrdimadd &'V, R n&' Y oemdé RO d@ycaibon at ons
in the alkyl part and 6 43 - 29 MR 2004 aZQiﬁ?rQQQt%%OHB in the aryl part
and two radicals R26F may also be joined to fofm~ a five- or six-nmenbered
ring, 5 xis 0 or 1, with F-XVI being negatively charged when x is 0, and
y is an integeR*fromilrt’® 4, srefesabl yizcepéndently of one another,

hydrogen, a hydrocarbon radical or a

10 substituted hydrocarbon radical,

R*®f and RY'F are each, independently of one another,
hydrogen, a hydrocarbon radiczl or a
substituted hydrocarbon radical,

15

RIQF RZSF

and are each, independently of one another,
Cz2-Czo-alkenyl, Ce¢-Cao-aryl, 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 and R®®f may also be substituted by

halogens,
R2OF_RF are each, independently of one another,
25 hydrogen, Cy-Cao-2alkyl, Cy-Cao-~alkenyl,
Ce-C20-aryl, alkylaryl having from 1 to
1C 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**F may also be substituted by halogens

and two vicinal radicals R20F-R2F

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

membered ring and

35 R are each, independently of one another,
hydrogen, Ci1-Cpp~alkyl, C2-Cro-alkenyl,
Ce-C2o-aryl or alkylaryl having from 1 to
10 cerbon atoms in the alkyl part and 6-




10 Transition netal conplEXES NavI Ny TG, 0, O T ———

and containing ligands of the formula F-XV are particularly useful
Particul ar preference is given to diimne conplexes of N or e.g.
D (2,6-di-i-propyl phenyl)-2, 3-di net hyl di azabut adi ene- palladlun1gsfnkf% de
di (di -i-propyl phenyl)-2,3- dinmethyl di azabut adi eneni ckel dichl or

di (2,6-di-i- propyl phenyl) dinmethyl di azabsitadi enedi net hyl pal | adi um 20
di (2, 6-di-i-propyl phenyl) -2, 3-di net hyl di azabut adi ene- di net hyl ni ckel

di (2, 6-di net hyl phenyl) -2, 3- deethybondEaDmbuhadtE@epayladhuﬂldh@htwéidE,
di (2, 6-di met hyl - phenyl) 2, 3-di | diz@z t adi i C Io i.de,

di (2, 6-di net hyl phenyl ) -2, 3- df%gg%§%§|§2ab3§§dlghe §§3df ?%@ aﬁnum
di(2,6-d|nethylphenyl)2 3- di metfhyke- éraiabum%meﬁﬁﬁh¢4nﬂzhylnlckel

di (2- met hyl phenyl) - 2, 3- dinethyldiazabutadienepalIadiunldichloride di (2-
nethylphen%I) 2, 3- d|nethyldlazabutadl?nenlck di.chl ori de,

di (2- met hyPphehyl) - 2, 3- di met Hyl & a2&- 130 Hitadi €hedi ety | BEREadY &HY

di (2-: net hyl phenyl) -2, 3- di netrthykdbazabunt adi enediaret hyl ni ckel ,

di phenyl - 2, 3- dinethyldiazabutadienepalIadiunldichloride diphenyl-

2, 3- d|nethyldlazabutadlenenlc kel dichloride, diphenyl-

2, 3- d|rnethyldiazabutadlenedﬂﬁeﬁﬁ&1kﬁH5%ﬁﬂlﬁﬁomdﬂpﬁéh » 3Breferably 2

2, 3-di et hyl di azabut adi enedi et Byl ni ckel , di (2, 6-

dlnethylph%n yI)azanaphthenepaIIadlunldlchlorlde

di (2, 6-di met hyl phenyl ) azanapht heneni ckel dichloride, di (2,

6- di rr. et hyl pHamyi 9l tHzan apsttehe retiptetdey] pelviadi ki, O MR 2004or 48t

di (2, 6- di met hyg@@ﬂﬁalazrﬁé‘mtmegbﬂ@éﬂﬂ% cKelanasl: Jf - PLOYELEYL P2l | adi um
dichloride, 1,1' ¥€% ni ckel dichloride,

1, 1' - bi pyri dylditet Fﬁﬂ?lﬂ]rﬁr Lise%‘flpyrf’%i’i/?h‘f‘rﬁ%yﬁ’ﬁ?%%@?”ce 5is

given to dllmlre complexes of Ni or Pd, e.qg.

15
Di(2,6-di-i-propylphenyl)-2,3-dimetkyldiazakbutadiene-
palladium dichloride, di (di-i-propylphenyl)-2, 3-
dimethyldizzebutadienenickel dichloride, di(2,6-di-i-

propylphenyl)dimethyldiazabutadienedimethylpalladium,
20 di{(2,6-di-i-propylphenyl)-2,3-dimethyldiazabutadiene-

dimethylinickel, 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-dimethyldiazaputacienenickel
dichlorice, 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-dimethyldiezabutadienedimethylnickel, di(2,6-
dimethylphenyl)azanaphthenepzlladium dichloride,
di(2, 6-dimethylphenyl)azanaphthenenickel dichloride,

di {2, 6-dimethylphenyl)azanaphthenedimethylpalladium,



ParticularlTy usefual co - .
Chem Soc. 120, p. 4049 ff. (1998), J. Chem Soc., Chem Commun. 1998,
849, and WD 98/27124. R19F and R25F in F-XI X are preferably 10 phenyl,
napht hyl, bi phenyl, anthranyl, c-, m, p-nethylphenyl, 2,3-, 2,429 R4r5Hg0r
2, 6-di net hyl phenyl, -dichl orophenyl or -dibronophenyl, 2-chloro-6-nethyl-
phenyl 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 244,6- or 3,4,5-:rinethyl phenyl,
in partlcular 2 3- or 2,6 15 di et hyl phenyl, -diisopropyl phenyl,

-di chl or ophenyd: @r, *dﬂ@t@x@@ﬁ@ﬂyh)éﬂgng Ht}@evtédlrﬁ%zhwmpc%éh At the sane

time, RcOF an 4F are iR er. .hydro t hyl , hyl ropyl ,

i sopropyl, n- ghﬁé ~P R ﬁf?ﬂ%a Jﬁeafﬁﬁloﬁ“ﬂgx n*h pf?%pyﬁﬁﬁéty
benzyl or phenyﬂqkéﬁ)dutqimmuneular thﬂdgenpqm1m@ﬂhymetﬁalﬁaBhddﬁﬂSF are
preferably hydfo@eﬁ:?ﬂ@-?%%éwmb§n rp}gg@ply hydrogen, nethyl, ethyl or

phenyl, in particula ogen reference is given to conplexes of the
Ilgands F-XIX with the transition netals Fe, Co or Ni, in particul ar 25

Fe. Particul arpprefenenas lL&;e&lu\ieftdn(bon,r@'sdlfaC}ﬁtW|aiszrir‘ﬂéﬂ%¥! S{tfose
4- di met hyl phenyl i m.ne C}Sronzgd Iorlde
6

| 2, 6-diacetyl pytidi i TOEAyI fRENy PR nB) i FBAS &f chfbiite,
2, 6- diacetylpy14d|ﬁ@bns(2 &@¢oro &heet.hy| Cophemy| ) iraw8 ,di cBkeri desnd?,

6- di tyl , 6 3¢ di I L
26 di acet y gyé'y‘f*? BRCEr Sl 67 chlBFophenyl L oy T 26F crror PRy
|

6- pyri di né céWEH%Qideh@é@Bt§€é 6- d?%%&ﬁnxﬂwapy@@ﬁ@ﬁﬁpwﬁlne)Pron diohl ori de,
2, 6-di acetyl - mwewﬁqme&(yz,,wdbnfet |2y|4|9he!2ybl-Wbﬂe)2¢ebahﬁeﬂh}§3ﬂbt@éﬂ , 35

, 6- dlacetylpyr %% ri | i;m ng) obal Iorlde
, 6- dlacetylpyrl néb } hIo°5 6q§ ¥ﬂ§1gﬁéﬁ§l)c6bgp HPC%|
, 6-di acetyl - Hﬁﬁrfi)dllrne_& 'sY,2,6- di2i. SeproepyFkphefyl . i &i heycobal 14,169- M&R 2004 -
5 - dichloridg, 426 dirkeebbB¥nRd] nebhs(8vdghborophenyl o 2, 6-
15 <dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or

2
2
2
9

-dibromcphenyl and 2,4,6-trimethylphenyl. At the same
time, RZF and R“F_ 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 RZ%¥F

is preferably hydrogen,
methyl, ethyl or phenyl, in particular hydrogen.
Preference is ¢iven to complexes of the ligands F-XIX

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

[e}
w

Fe. Particular preference is given to 2,6-diacetyl-
pyridinebis (2, 4-dimethylphenylimine)iron dichloride,
2,6-diacetylpyridinebis (2,4, 6-trimethylphenylimine)iron
dichleride, 2,6-diacetylpyridinebis(Z-chlecro-6-methyl-
phenyl)iron dichloride, 2,6-diacetylpyridinebis (2, 6~
30 diisopropylphenylimine)iren dichleride,
Z2,6-diacetylpyridinebis (2, 6-dichlorophenylimine)iron
dichloride, 2, 6-pyridinedicarboxaldehydebis (2, 6-diiso-
propylphenylimine) iron dichloride, 2,6-diacetyl-
pyridinebis (2, 4-cdimethylphenylimine}ccbalzt dichloride,
35 2,6-diacetylpyridinebis(2,4,6-trimethylphenylimine)-
covalt dichloride, 2,6-diacetylpyridinebis(2-chloro-6-
methylphenyl)cobalt dichlorice, 2,6-diacetyl-
pyridinebis {2, 6-diisopropylphenylimine)cobalt




6- di i sopropyl gheny im ne) cobal t di chI cri de 5 Furt her cat al yst S D) V\/m ch

can be used are imnophenoxide conplexes in the case of which the I|igands
are prepared, for exanple, fromsubstituted or wunsubstituted 2 3 MAR 2004
sal i cyl al dehydes and primary am nes, in 10 particul ar substituted or
unsubstituted arylam nes. Transition netal _conpl exes containing pi |igands

contai ning one or nore heteroatons in the pi system for exanple the

‘bor at abenzene iigandyitibe pA/rET-@.&lcet@'Tbg’? anélgfs Pi‘oéilmlm' Hy e al so

be used as 15 catalysts. D). ofbi hat 1 ons of rrponents D) make
it possible, fOr"EXERBPEE to bFBH‘EI’é%Gfbl nokfd pr%d@d%)érkﬁlnec@@éﬁ@%a
conononers in siltahyleefel2néedi Ssgp My ok eAQ 1UBEAY) abbhEASt ONne
nonocycl opent aghggﬂ:rgggpl ex A) in the presence of at |east one catal yst
D) which is customary for the polynerization of olefins and, if desired,
one or nore’cation-formng conpounds C). Depending on the catal yst

combi nati ons AruaffeP), On€aRpstd Mone cakiien-f orgy ng L(;@rrpo_‘%zs may. be
: advant ageous. Theﬂgol émsrl zation cat aI ysts D) may |ikew se su ported

and can be used™s REBLRI Y- VIR hiskesny Tor BBE Wi $F t IRE cofiidx APeof the
present inventilopandM xtar esephredri dos eatabystsiean alsetheudsedoas 30

component D). LheaddLioneqt e sayalyst, syst el IRy, SULLher oppLT se,, as

addi ti onal . conponent oun R6Y mi "~G
RIG) yG (IQZQ:) g@r(myl@ (F‘JMlt e O 9 WHERIIZFGG4 utes arvlamlnes
Transition metal <complexes containing i ligands
containing one or more heterocatoms in the pi system,
for example the boratabenzene 1ligand, the pyrrolyl
anion or the phospholyl anicn, can alsoc be used as
15 catalysts D).

Such combinations of ccmponents 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 monocyclopentzdienyl 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 sirwultaneously 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 additicnal component E), a2 metal compound of the
formula (F-XX)
35
M® (R1®) ,6 (R*%) 6 (R%®) (¢ | (F-XX)

where



Gis Li, Na, K Be, M, N — T T i
thallium is hydrogen, Cl ClO aIkyI C6-C s-aryl, 5 al kylaryl or aryl al kyl
each having from 1 to 10 carbon atons in the alkyl part and from6 to 20
carbon atonms in the aryl part, 10 R2G and R-G are each hydrogen,_ hal ogen,
Cl-Cifl -al kyl, CE-C5-aryl, alkylaryl, arylalkyl or al koxy each M AR04
from1l to 10 carbon atons in the alkyl padical and from6 to 20 carbon
atons in the aryl radical, 15 rGis an integer froml to 3 and 20 sG and
tGare integers®in the range fy am,0M:0 %, geheng,thg sup rErsGel
corresponds to the valence of MG, whére'the conponent Ef is not Tdenti cal
to the 25 conponent C). It §“§F§6mpo§§FBFémtolﬁg%PWnQ&lﬁﬁﬁ#%ﬁtm'varlous
nmet al compounds of the fornula (F-XX). Among the netal conpounds of the
formula (F-XX)z¢ preference ig 9i t hose j n which 30 MG is_|ithium
magnesi um Qr al um num and RZ% ané'%é%al‘e eéc oCTT &g ral k§TC15-88Y L
Particul arPy pre-erred netal sdénpédnds oaf &ﬂniﬂkhwan£CKF%a©®n@férom

methyllithium ethyl lithiumi neduiyl chib ugt omgetRylRINES] WM é?% oride,
met hyl magnesi um brom de, et h | magnesi :gm chl oride, et hvl magnesi u rom de,

2 9 MAR 2004 47 butyl magne? &m t’Fﬁ’"br dek© dhet rﬁﬁﬁ%ﬁheﬂ@l’ﬁ? dinet 1iyg -
magnesi um di but yl magnesi um amvyBupgktn- oct yl magnesi um
n- but yl - n- hept yl magnesi um in particular n-butyl-n- ocLyl, naanesi uni,
tr_-n-hexyl al uginum, ty.iisobutyl

- Yo WENIL &% ar% each hydrogen, halogen, C;-Cyo~alkyl,

Ce-Cas~aryl, alkylaryl, arylalkyl or
alkoxy each having from 1 to 10 carbon
atoms in the alkyl radical and from 6 to
20 carbon atoms in the aryl radical,

15
G : .
x is an integer froem 1 to 3
and
G . + C . ; .

20 s” and t are 1ntegers in the range from 0 to 2,
where the sum r%+s%+t® corresponds tc the
valence of MS,

where the component E) is not identical to the
25 component Cj. It is also possible to use mixtures of

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

Among the metzl compounds of the formula (F-XX),

preference is given to those in which

30

G . . . . .

M is lithium, magnesium or aluminum and
2 z

R*® and R are each C;-Cyc-alkyl.

35 Particularly preferred metal compcunds of the formula
(F-XX) are methyllithium, ethyllithium, n-butyliithium,
methylmagresium chloride, methylimagnesium brormide,

ethyimagnesium chlioride, ethyimagnesium bromide,




5 alumnum tTrr-n-puatyraramam ; - Seointo T

chl ori de, dinethylalum numfluoride, nethylalum num dichloride,

met hyl al um num sesqui - chl oride, diethylal um num chloride and trinethyl

al umi num and m xtures thereof. The partial hydrolysis 10 products g

al um num al kyls with al cohols can al so be used. Wen a netal n% J#%Z%y
is used, it is preferably present in-the catal yst systemin such an anount
that 15 the nolar ratio of M3 fromfornmula (F-XX) to transition netal from
t he nnnocyclopemyadhgnybiamnpeumdrfaejs arﬁ§@n§iMHh;béﬂbﬂ3 Ldkhetpraterabl y
from800:1 to,Q Fé ; apd part tqylar%y prefer % fron1loé 1to 171. 20 To
produce the catalyat systEHe of 1T Prafent "~ PAVENTE G LIMBEESIEE i s gi ven
to fixing at PeégtYéne hgpnpbmﬁgneﬂlQWutogemhepawmhhamkrtorth&t&upmort B) by
physi sor pti ongef by, | reagtion., i.&,covalent baqndi.ng of the
conmponent s to he dggg%g@urfacg£ o %F%%fd*w lﬁgactlgg grgU6§Y*The or der
in which t sHBbBPB'conpdﬁ@ﬁf*ﬁWtYé@#EQhéHm:A) and;igtthyisdamingonponent

C) are conblnddmaayybelﬁhoﬁ@m fdﬁﬂﬁﬁideThedlﬁ@ﬂﬁﬁﬂﬁﬂﬁﬁ%#@mfﬂﬁi O ieRn be
added |ndepen§ ¥a o . Si.mul t aneo slg in g? ed formto B) "After
the 30 indi vi proce QUL epQtChHF Qﬁﬂd Hed™ni t [§€SSHiAT abl e

i nert solventghégchdas aldipttatyile lomianomtdid oxhyr ocandonsrimecaypref erred
enbodi ment, tBeumIPRACKEHO ny. 0 X A i,nto

cont act w@%h the cation- fgﬁﬁé?yé% éhe;%F§ ﬂpAg pg%}%gg %gglvgnf usual |y
gi ving a sol ubf8 P%EEtPSnﬁ&H&d@@P %&ﬁyéédUEﬂ”bra%FohﬁbﬁLﬁ%ﬁ Theo ppepar at i on
obtained in thesdway is then 29 MAR 1004 - 48 brought into contact with
the support B) which may have been pretreated if appropriate, and the

solvent is conpletely or partly renoved. This preferably gives a
When a metal compound E) is wused, it is preferably

present in the catalyst system in such an amount that

15 the molar ratio of M® from formula ({F-XX)} o transition
metal from the monocyclopentadienyl compound A) is from
2000:1 to 0.1:1, preferably from B800:1 to 0.2:1 and
particularly preferably from 100:1 to 1:1.

20 To produce the catalyst systiems of the present

invention, preference is given to fixing at least one
component A) together with C) to the support B) by
physisorption or by chemical reaction, i.e. covalent
bonding of the components to the support surface by

25 means of reactive groups. The order in which the
support compcnent B), component A) and, if wused,
component C) are ccmbined may be chosen freely. The
components A) and C) can be added independently or
simultaneously or in premixed form to B). After the

30 individual process steps, the solid can be washed with
suitable inert solvents such as aliphatic or aromatic
hydrocarbons. ‘

In & preferred embodiment, the monocyclopentadienyl
35 complex A) is brought into contact with the catien-
forming compound C) in a suitable solvent, usually
giving a soluble reacticn 'product, an adduct or a

mixture. The preparation obtaired in this way is then



solidinthe T orr , o a reen 2
i npl ementation of the above process are described in WO 96/00243, WO
98/ 40419 or WD 00/05277. A further preferred enbodi ment conprises firstly
applying the cation-form ng conpound C) to the support B) and 79 MAR 2004
subsequently bringing this supported cation-formng 10 conpound into
contact with the nonocycl opent adi enyl _cggmplex A). The conponent D) can
| i kewi se be reacted in any order wth the component A) and, if desired, B)
, O and E). mﬁoLl%_rre:fenenoe dCSIt@Ic\temi@qfl-hgﬂqutgfdrﬁgl B9, D)leI&thO kant act

h t

wi th conmponent, ( L eed| g _as _descrjbed above w
conponents A) Yy aBC% }errp:eots‘m 5157 lfr%urapl‘%?p&)’“alceln°%ﬂof’ﬁ%r58i%?%rrr3eﬂ

embodi ment, a CHRAISLSELY sof | Hatrsipr epapeddf r Gmisheredrpenayt s;il)es B) and O

as 20 descri bed, abpwe, and t#,$ ice Rreyght shnto_contact WIEh_...llhe conponent
E) during, .at the bel i nni ng of o Shortly ~before’ fﬁg pol yierizati't O{]rp

Pref erencei s givel LbSt’i‘Jlar-sHTSP]t?ﬂeﬁg}laﬁdoE) dinttdrec s W@(hessheure

al pha-ol efin  dexdye beel wmrwoz%/@rodqsvbw@qgsmbyw @déli ngothe, /68 al yst 25
solid formed fg the oneﬁ § oy % ? %} escr bed above. The
nonocycl opent ad;l A cDorﬁ;Fp ) “CERBE®BF ot Gh r?‘ﬁ?% bBﬁE t2RR R e

- conponent (s) G)hean@ﬂbxorﬁ))f@mm c3pbefdr €) ortcaftlesr btippsrbr @yghind nto
contact W th thg QglnRg | tobtgein%%)gne%g[gd Eégggf_ ?at&o?lge‘(u%ﬂﬁ&‘ one

or nore conponents C) prior to Xing wt in and SQddi tion
of the samd o FHHd c&ﬁ‘ﬁSneﬁ?’G%‘?C‘C) "&ﬁd“/orthB) BPReEYBE PR hed gy mi xture
35 into cont actompltex t8he ol efin is also possible. Preactivation :s
general ly carried out at 10-100C, preferably 20-80C. 19 MAR 2004 49 It
is also possible firstly to polymerize the catalyst systemwth a-olefins,
preferably | i 7&%r TPGreRt D) can likewise be reacted in any order

with the component A) and, if desired, B), C) and E).
15 Preference is given to firstly bringing D) into contact
with component C) and then proceeding as described

above with <the components A) and B) and possibly
further C). In znother preferred embodiment, a catalyst
solid is prepared from the compornents A), B) and C) as

20 described above and this is brought intc contact with
the component E) during, at the beginning of or shortly
before the polymerization. Preference is 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 is brought intoc contact with the
olefins to be polymerized. Preactivation by means of
one or more ccmponents () prior to mixing with the
olefin and further addition of the same or other
component (s) C) and/ocr D) after bringing this mixture

35 into contact with the olefin is also possible.
Preactivation .s generally carried out at 10-100°C,
preferably 20-80°C.
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resulting pLepol ynierized catalyst solid 5 in the actual polynerization.
The mass ratic of catalyst solid used in the prepoiymerization to nononer
pol ynerized onto it is usually in the range from1:0.1 to 1:10003 MAR 200
preferably from1:1 to 1:200. 10 Furthernore, a small arlount of an ol efin,
preferably an a-olefin, for exanple viny cycl ohexane, styrene or

phenyl di et hyl vi nyl si | ane, as nodi fyi ng conponent, an antistatic or a

sui tabl e i nertrconposnso speds Bs1@ MBxXs: DF ©b | pSapnde; added, as, addi 4 ve

during or after the 15,{)repar§t op. of the catalyst system The nolar ratio

of additives 1% 1ThnsTiibn HetHf: Popourke B* 48 usuki 82T f reanCo~ 4000 to

1000: 1, pref eralignds oand: 5nt p@fkikculle eatwlersd systvp\afentehe pi@sent

i nvention are, | t for . th | yoeri zation. of olefins_and ..

especial Iy forFﬁe%;Boll%%eﬁhfatﬁec?ﬁﬁgg?’g- I EFTR ',“foé?d ‘ﬁ‘i‘/bl‘fg\é%% botrst havi ng

term nal déublig bowes. But4abl epohroieras iginso iTﬂi@! udee fsuncta wral i zled

ol ef i ni cal | y _aufisalysnalsed se0uReUNds, SHEhoa88¢UAL LD, £51 oo OfoAllidle 25

derivatives of acr li.c or nethacrylic acid, for exanple acrylates,

met hacryl at es Bt YA VIZ5Ri (P, Tort itiHa 1 1os tidy P& grang@anpi @ vi i 1

acetate. Prefererncalltd,gprefiertblystngr nbnpadarl :do@f.i n conpounds, which

i nclude aryl- substituted a-olefins. Particularly preferred a-ol efins 30

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

C2- C10- 1- aPkerde¥ tFdfox§  ehyMa@he, 2pPBpY| ehedn alefiieneprdfomttlenen

1-hexene, 1-heptdeinl- ocloane exakpdecenenol che aosdesh £2- GO, dead kenes such

as 4-nmet hyl - 36}%%3}.,%;11%@ %grlljvgga ed, and noncon%él%at ed di enes such as 35

1, 3-but adi ene,” I, CRexadr éné I I 62 %di Ee BrIViIY §PBRABPFEt corffbunds

such as styrerfitgrsTaiist iqutedsustapbmeindtt | sompsngosschl est @ palwyneri ze

mNA>F<Qt ur es of \arigus 2=@l &fd Nsaqk eher eNEs tiiS I MEN 4P PP YRLLZiNg 50 19
15 preparation c¢f 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 hraving 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, fcr example vinyl acetate. Preference is given
to using nonpolar olefin compounds, which include aryl-
substituted a-olefins. Particularly preferred oa-olefins
30 are linear or branched C;-C),-l-alkenes, in particular
linear C;-Cyjo-l-alkenes such as ethylene, propylene,
l-butene, 1l-pentene, 1l-hexene, l-heptene, l-octene,
l~decene or branched C,-Cjo-l-alkenes such.as 4-methyl-
l-pentene, conjugated and nonconjucated dienes such as
35 1,3-butadiene, 1,5-hexadiene, 1,7-octadiene or vinyl-
aromatic compounds such as styrene or substituted
styrene. It is also possible to polymerize mixtures of

various o-olefins. Preference is given to polymerizing
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1- butene, 1-pentene, 1l-hexene, 1-heptene, 1-octene and 1l-decene. 5 Further
suitable ol efins include ones in which the double bond is part of a cyclic
structure which nmay conprise one or nore ring systens. Exanples aQ%hMRZM
cycl opent ene, cycl ohexene, norbornene or tetracycl o- dodecene, and 4
met hyl nor bor nene and di enes such as 10_ 55¢thyl i dene-2-rorbornene,
nor bor nadi ene or ethyl- norbornadiene. Mxtures of two or nore clefins can
al so be pol yneyizegse |oheodléast L0 SONE; known KON ABEL coBaL L st 4%,

conpl exes, the nocycl opent adi enyl conpl exes of the present |nvention

di splay a good”ggl at iFHITPEAEYi vilt W EFBA” i nlTRENERRR: of 1 A GHERe:

a-ol efins, so lttapteneei L-suitkaki bhtylfoeceopol yneri zati on may be

particul arly enphasized. In particular, the 20 nonocycl opent adi enyl

conpl exes of the present invention can be used for the polynerization or
copol yneri 2at i'oH thefr eBhykahéeorolrioid eAeclagecormomdms Whiebhyitene

pol ynmeri zat i oldouy1ef epenge ilsS K MeNcEO0 USENG L3 S8r(&eQLef S chi Mhay
particul ar 1-butene, 1-pentene, 1-hexene, 25 and/or 1-octene. Preféerence is
given to usi ng WHOME TSkt tles BUt ai MMy atYiedst: sOEHIRAST 1l ene.
Preferred cononarnerentrenehe pptyokekemdj omaaibornepyl ene easerstyyilsene

and/ or butene.qoiloHhe POLYERY bzahi o acal, begariied oul,dn 8 fhown mnner
in bulk, in suspension, in_the ga pﬁase OF 'Tn a supercrititca "medi um i n

t he cust orflry ¥e¢dévdisesmplopegboraenehe pguinprEmiagdtinen obrol efimsi- It can
be carried ouwotmirehwisaeqr preferably continuously in one or nore 35
stages. High-pressure polynerization processes in tube reactors or

aut ocl aves, solution processes, suspension processes, stirred gas-phase
processes or dhHsstptrgse ¢fui diwzed-ded processdefane posasi bl els29 MR 2004

pelymerized. In contrast to some known iron and cobalt

15 complexes, the monocyclopentadienyl complexes of the
present invention display a good poclymerization
activity even in the case of higher a-olefins, so that

their suitability for copclymerization may be

particularly emphasized. In particulear, the
20 monocyclopentadienyl complexes of the present invention
can be used for the polymerizatiorn or copolymerization
cf ethylene or propylene. As comonomers in ethylene
polymerization, preference is given to using C3-Cg-a-
olefins, 1in particular 1l-butene, 1l-pentene, 1l-hexene
25 and/or 1l-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.

30 The polymerization can be carried out in a known manner
in bulk, in suspension, in the gas phase or in a
supercritical medium in the customary reactors employed
for the polymerization of clefins. It can be carried
out batchwise or preferably continucusly in one or more

35 stages. High-pressure polymerization processes in tube
reactors or autoclaves, solution processes, suspension
processes, stirred gas-phase prccesses or geas-phase

fluidized-bed processes are possible.
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350C under pressures of fromO0.5 to 4000 bar at nean residence tunes of
fromO0.5 to 5 hours, preferably from0.5 to 3 hours. The advant ageous
pressure and 5 tenperature ranges fcr carrying out the polynerizatiZohMAR 2004
depend greatly on the polynerization nethod. n high- pressure
pol yneri zation processes, which are usuad{y carried out at pressures of
from 1000 to 4000 bar, in particular from 2000 to 3500 bar, high
pol yneri zati onrrld geenpeiatraendr e rgensnatly akse; seto,Adyant ageous,
tenperature r%gge§ h@& th%se h')?h_ ressure " polynerization processes are
from 200 to 320C, *PR ©padedul Bre 3702201 t 67950 - 3 ntehed Whsdaatr dtow
pressure pol ymerdrz atd omigprec asses, oift frsmugual tbos5srbuas 5ot epesmtyr e
which is at |egst, agfew dggr .hel ow_t he _ sof t.eni ng tenperature of the
pol ymer. In parti tular) g?errggfoajt}%r'eslé? far%vrﬁ’%(f%eé’%ﬁog?eﬁﬂfﬁr abtY from
70 to 120&, dredrsatetiur et Hew 9sol §ater¢ ety ioy prucessespol pmet heattiase of
suspensi on polgupRireza i NSy y PohY BRI ZRlAR 205k SoHSHakhyacars egh out in a
suspensi on medi um referably. in an inért hydrocarbon such as i sobutane,
or else in thé i rsp?igﬂﬁg’r%?.o“rhgrﬁﬁﬁﬁ%isiza'tfrllcﬁ%‘- PEfpeyBtakes are
general |y in tdee mangeoftr oay - 2Oetourdd56F dndmt heopr essurmd Lgeneral ly in
the range from25 ;L .42,109, har e.sol4 tent. of the suspension is
generally_in {Bh?rlicrlfle “f r%rmé)?OQ'?g&%éo 'Iégjl%ycré%?i'za g q]n p%ghm%re THr¥9ed out
ei t her bat@hwit§@Pegaguries stdne i raeneri@ldel avdsso orsiont | Adoarstagemisy. in
tube reactors,tenpeaternally i ndmep reactqyrs. lampadti cu}g%h_gf'@ss”{pre
pol ymeri zati o rried out by the Philli sa(JS%F process, as descri bed

‘Eh éJpG

an he ¢
Tn US A 3 242 PEGMSTGTE0SOR SPDUEARS FRE ghED PymetpyGe i P | <
general |y carmagdisutdaim €hemr &d¥fe teo@BU Q.0 185G h&85 casengot helow-
pol yneri zat i onpRsQ6ReS @S 17BRY 00€don processes, it is usual to set a

15 temperature which is at least a few degrees below the

softening temperature of the polymer. Ir particular,

temperatures of from 530 to 180°C, preferably from 70 tc

120°C, are set in these polymerization processes. In
the case of suspension polymerizations, polymerization
20 is usually «cerried ocut in a suspension medium,
' preferably in an inert hydrocarbon such as isobutane,
or else in the monomers themselves. The polymerization
temperatures are g¢enerally in the range from -20 to
115°C, and the pressure is cenerally 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
cen be carried out either batchwise, e.g. in stirring
autoclaves, or continuously, e.g. in 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 3 248 175. The gas-phase poclymerization is
generally carried oct ‘in the range from 30 to 125°C.

35 Among the polymerization processes mentioned,
particular prefierence is given To gas-phase
polymerization, in particular in gas-phese fluicdized-

bed reactors, solution polymerization and suspension



particular prererer Ot e cealammnviva i camp .
i n gas-phase fluidized- bed reactors, solution polynerization and
suspension 2 9 MAR 2004 52 polynerization, in particular in |oop reactors
and stirred tank reactors. The gas-phase pol ynerization can alsg be
carried out in the condensed or supercondensed node, in which pattd ¥R ¥He
circulating gas is cooled to 5 bel ow thegdew point and returned as a

t wo- phase m xture to the reactor. The various pol ynerization processes,

or else identigahypetypeeizati om PRGRSSESarCamal S8bp ifel8Siedanhe
connected in series sng tpus forma polynerization cascade. Furthernore,
mol ar nmass 10 PEYOFaFor 87 f bF2exanDl e Hy dHoyei® 36r PeddMErdRar i °0adarPi ves
such as anti stalbsesbearaleienplcayedni nhieheonpehygedr iczatsu@r.r ctiheepsegess of
the present Inygnliof,epabLes,poLyIRTS,e 15 Of, @leling Lo be prepared. The
term pol yneri zati 6h as - .used hefe fof describing thd% nvéntidn-enéonpasses
both pol yreri 28t ponthaddey i goimt i A i it utnesl asl iagdnerphane mpskyer s

havi ng mol ar nmagseheM seaddbit.NeThangeri b aRAYher262t 003 PR QQQecan be
produced by this process, 20 ng to their godod mechani cal properties, the

olefin polynmePE FréfarEfUsiGiy (AR VI ARt o8y R TS Ghe CPP eS&Rp
i nvention are e$petsalded,subtaldomnfeat ebhein peediuetsi amdf thuknsfodn bers and

nol di ngs. 25 Tpglgﬁgpiﬁi{%éﬁste%g%é%dé:he 9%%%%%%mb@¥?nti%Blg%Splang very

hi gh productivity 1nt merization of ol efins, "offer a yan?ages in
the wor k- U of Fe@ielaporymer $O4f t efxaMRl ol YiverPEari on @hd l2dad tionadd
significantly hewetipeoblseen ids respestadfcscatahype dr@sidliers im the

pol ymer. The pol¥ners.§[epared using the catalyst systemof the present
i nvention are PorYymerization.

The prccess of the present invention enables polymers
15 of olefins to be prepared. The term polymerization as
vsed here for describing the invention encompasses both

polymerization and cligomerization, i.e. oligomers and

poclymers having molar masses M. in the range from abcut
56 to 3 000 000 can be produced by this process.

20
Owing to their c¢ood mechanical properties, the clefin
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 efter the polymerization and lead to
30 significantly fewer problems in respect of <catalyst
residues in the polymer. The polymers prepared using
the catalyst system of the present invention are
advantageous for applications which reguire 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 ratic cf the aluminoxane to

organotransition metal compound.
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advant ageous ] B T e e A s
addition, the catalyst systens of 35 the present invention also display a
very good activity at a relatively low nolar ratio of the aluninpgrm@¥mp
organotransition nmetal conpound. 2 9 MAR 2004 3 J Exanples Exanple (2C
1 by Ji:_ i~"ZCvaratl ion of 1-E-1y rdlulr:VvV-G (2, J-Ul~: ICtJJylL. 1~EnU
5 (3'",2":3,4]cyclopental 1, 2- bj t hi ophen- 7sy1) et hane- di chl orochrom urn N
CrClz S s 10 a) Preparation of the |ligand system 1-pyrrolidino-2-

(2, 5-di met hyl -FArigiieano[ 3' , 2' : 4, 5] cycl opent a(b] - thi ophenyl)ethane A
solution of 0.95 g (4.5 muol) of 2,5-dinethyl-7H 15
thieno[3',2':3,4)cycl cpental 1, 2-b]thiophene in 50 mM of diethyl ether was
cooled to -78Campladi xed at this tenperature with 2. 8 Ml (4 . 5 mmctl)

of a 1. 6 Msaldgion; of n-butyldithiumin hexane. .The resulting

suspensi on mggjg%?omé' to ﬁggnlgl&W‘L%gguﬁéﬁnftéﬁbér tUF e ahtt ' Was® 20
subsequent Py 5&3\7@éd3bdﬂCdﬁé?ﬁéﬁta51ngnﬁi%h#QﬂhQRNﬂnylvempemaPure. The
reacti on m xt Wiehyasddrermgoal ed back down to -78C and a solution of 0.6 g
(4.5 mmcl) of 1-chloro-2-(1-pyrrolyl)ethane in 20 mMl of diethyl ether was
added dropwi se at this tenperature. The resulting 25 reaction m xture was
subsequently allowed to warm slowy to room erature and was stirred
for another 12 hours at room:.enperature. i 8 ﬁ1 of a 1.6 M solution of

n-butyllithiumin hexane W
CrCl,
S S
10 a) Preparation of the ligand system l-pyrrolidino-2-

(2,5-dimethyl-7H-thieno[3',2':4,5)¢cyclopenta(b]-
thiophenyl)ethane

A solution of 0.95 g (4.5 mmol) of 2,5-dimethyl-7H-
15 thieno[3',2':3,4)cyclepenta(l,2-blthiophene in 50 ml of
diethyl ether was cooled to ~-7B°C and admixed at this
temperature with 2.8 mi (4.5 mmcl) of a 1.6 M solution
of n-butyllithium in hexane. The resulting suspension
was allowed to warm slowly to rocom temperature and was
20 subsequently stirred for another 45 minutes at room
temperature. The reaction mixture was then cocled back
down to -78°C and a solution of 0.6 g (4.5 mmol) of
l-chloro-2-(1l-pyrrolyl)ethane in 20 ml of diethyl ether
was edded dropwise at this temperature. The resulting
25 reaction mixture was subsequenrntly allowed to warm
slowly to room temperature and was stirred for another
12 hours at room temperature.
2.8 m1 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 ¢f a precipitate. The

precipitate was separated off and washed twice wit



30 (corresponds to 4. -

tenperature to the suspension obtained in this way, which resulted in
formation of a precipitate. The precipitate was separated off and washed
twice with 2 9 MAR 2004 - 54 hexane. It can either be reacted aﬂﬂwmumy

with the chromumtrichloride or can be hydrolyzed to give the Iigand.
For this purpose, the precipitate was adjgxed wth 30 nml of aqueous
aitwtioniumchloride solution, 50 rill 5 of diethyl ether were added to

this mixture andkdlee Ddrgamic phaserwase sepacatad @ilfecc'ﬁf}ﬁ agugouspphase
bhases vere caiBan™ Trie Tafbiafed “or G B pHAOE NAE Hathed WA 150 nT of
wat er, dried HOgwver neghetshim sulpate, amﬂeSLmsaeq@arttalt)e fudd exedixddir ough a

short colum qfi s l3ccai08)s Remenal afohbg;, en 1y ying dn a high
vacuum gav 1. 114t ?9%1(84}% |eI d) \c?% ﬁjw %Il Sﬂg}é a&?edglg ! rown(pc{ . NMR

data for pyrorfol Fhyd- €sh Srdl fﬁ@"t%y?d tIJS this mixture and the
t hi eno[ 3', 2' : 4rjacyiel qpeantealud fﬁé}:&ﬁmkéld) Qiﬂfane"hJeHal\J!\/J%c( =e25§%s 6):

6.76 (q, 2H, t , 6H),

2.10 Eg, 2t|)|) e?“tgrgéﬁ E5 ]tzkt?%)ce 2‘6”%3 g@e’bf;) E?F‘Bn %’ 3yr4lcﬂ‘i didn ‘}S*le,f K

2-(2,5-di net h)ﬁln-d thheno@@darziC4 Blacgesl opent a[dz:]munr@phenTEieyl ()(}m.:)*nec.

et hanechr om ugdiz¢hl-origes 25,251 a, ut [ butylljthium
= b Msifla audef MoSal e)g Wghely 5 1dd

i n hexane_, were added at -78C to a uti on of
1-pyrrol i dPno 2252, SRR - 7RKE AP BROI 3092 bﬂ&quem‘ f—l‘-ered
cycl cpent a[ b] tthircalyen- - yhy et haveuind 2F ndiofcd OJJéJBneRemEWQlF%&"U'ﬂHé’IQ

reaction m xt lé(r?q YA s&}pdsegy?p%y al | 0V, d 30 to war m sl owl r?p@r ;ﬁj&e. The

tenperature and was stirre anot her T O g%Sm‘té
reaction yield) of the ligand as a reddish brown oil.

NMR data for l-pyrrolidino-2-(2, 5-dimethyl-7H-
15 thieno[B‘,2':4,5]cyclopenta[b]thiophenyl)ethane
'H-NMR (CDCl;, 25°C, &): 6.76 (q, 2E), 23.95 (t, 1H),

2.68 {m, 2Ky, 2.62 (m, 4H),
2.55 (s, 6H), 2.10 (g, 2H),
1.83 (m, 4H).

20
b) Preparetion of 2-pyrrolidino-1-{2-(2,5-dimethyl-
thieno([3',2':4,5])cyclopenta[b]lthiophen-7-yl)}-
ethanechromium cichloride

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

30 to warm slowly tc 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 acdded. The resulting

reaction mixture was allowed to warm slowly to room
35 temperature, and was stirred fcr another hour at room
temperature and then fcr a further hour at 50°C. The
solution was filtered to remcve insoluble constituents

and the solvent was removed until a volume of 10 ml




m xture was thén cool ed Tt ‘
Cr C13x3THF was added. The resulting reaction mxture vvas al | ovved to warm
slowy to room 35 tenperature, and was stirred for another hour at room
tenperature and then for a further hour at 50C. The solution wa MAthIﬁ[ed
to renove insoluble constituents and the solvent was renoved un
volunme of 10 M 2 9 MAR 2004 - 55 renmgined. The concentrated soI ution
obtained in this way was cooled to -30C, the precipitate forned was
filtered of f afdreriremre daye \Aﬂaﬁlh@dt\ﬂbt@dCQde uttQ|OlF|’en@btaaﬂQadjr th £k H1 g of
Liie chrom um X aI e .isol ated Preparation
of 6-(8-cui nol p%{m‘ﬁg rrgt ﬁ)t/)l phgngl’- t[hceycP’éf)(én?aT%ﬁ h|f85f’?8ﬂyl 4%hroni um
di chl ori de 10 R INe@eg 20fS leera)onléremratwamneﬂ whenl |cgaardd toluene
6 (8-qui nol yl ors S ligretdd 3 plienyld 4 ﬂh M%O%%Lblt bhenel s ~
solution of 1.16 g of 8- bronDCU|no I ne . was
cool ed to 280&%andd@kefed with 3.5 m of alée M sol ution of
n-butyllithiumin hexane (5.6 nmol). The resulting reaction m xture was 20
subsequently stirr d at -80C for another 20 mnutes, and a solution of
1.35 g of 4, 5 h§/D ro-2, 5-di net hyl - 2- phenyl (cyclopenta [ b]
t hi ophen- 6- oné’)re(Pa5at60F“nrm<P ) ifr 8-duinefl yTHEZ wasdihenh abidedeherhe -

resul ting reagtdyn ofeXtUn8) t WRASpALH PG 1O MBI Mi$HAWY 40 room tenperature
and was Z?Ostl rred for another 10 hours at room tenperature. The

a) Preparation of the 1ligand 6-(8~qguinclyl)-2,5-
dimethyl-3-phenyl[4-H-cyclopental[b]thiophene]

A solution of 1.16 g of 8-bromoguinoline (5.6 mmol) in
15 ml of THF was cooled to -80°C and admixed with
3.5 ml of a 1.6 M solution of n-butyllithium in hexane
(5.6 mmol) . The resulting reaction mixture was
20 subsequently stirred at -80°C for another 20 minutes,
and a soluticon of 1.35 ¢ of 4,5-cdihydro-2,5-dimethyl-2-
phenyl (cyclopenta[blthiophen~6-one) (5.6 mmol) in 5 ml
of THF was then added. The resulting reaction mixture
was zllowed tc warm slowly to rocom temperature anc was
25 stirred for another 10 hours at room temperature. The
mixture obtained in this way was pourec into ice water,
the acueous phase was extracted with 30 ml cf methylene

chleorice, dried over magnesium sulfzte and the solvent



m xture obtal ned 1n ] .
was extracted with 30 mM of nethylene <chloride, dried over nagnesium
sulfate and the solvent 2 9 MAR 2004 56 was subsequently renoved. This
gave 1.1 g of a brown oil (an alcohol). The oil was adm xed mﬁthzqug %mﬂf
iodine and 50 mM of benzene and the m xture obtained in Lh-,s way %3
refluxed for 0.5 hours. After Cvolit:y &g S roomtenperature, the mxture
was washed with sodium carbonate solution, dried over magnesi um sul fate
and the sol veat wadskemevedy Tendye@ducthyascPyEi fii @dgbyet col B¥Bwn
chr omat ogr aphy . usi a ] Xt u of ..tol uene/ethyl acetat s_elyant and
silica gel asgig éggki%%é%@g%ﬁaségeTﬁFg'g%%é 6§§6xé°oﬁ”ﬁﬁb ﬁigdﬁd°?48@6
yi el d based oho8lh¢ odddubhoni nej . bertdivR FreDCI3) nafxtidre Idbgarideddif3 (m
1H); .26 (M upl1E) wal Wd Med)wed’ 8L (15 4H) ;. 7. 6 )35 £450; 15 7.30
(m 6H); 3. 48 Ss, 2H); 2.50 (esll_&x?'fl-(il)1'8\;2LL lglf)(}g%uleﬁ-l).§£§%réb%rélt?oﬁuof
6- ( B- qui nal yl § 29N 5 XEREERGIELEE  pHIFy | PEYEV BDenBE| b«]at%he@phéhgm] SpeéRnum
dichloride 20agbdnateofscduti®nM sofidd oBver meignddihi s §4: £i @byl et her
wer e added atkﬁgogot%e%tsqlution of %.7ﬁpg %2“1 mmﬂ%ﬂ(ﬁ i
6- (8- qui nol yl J72, 5odiVSEEhy13%3- PRBRYTT 4- S c\PECERSHt 4135 t REEpAERS] 2¥n 20
of diethyl ethetumThe cirewwtdgmppheact beangi xtare Was subsaquent | gzal | owed
to 25 “ﬁr”‘5'9&4Ue$9/é€ﬁ§ﬂtﬁﬂﬂﬁﬁﬁkﬂr%sanglﬁ@§%5téﬁéfﬁgﬁyﬁka a%%Ehet hour at
was o -

roomtenperature. The reaction mxture en cooled tc and 0. 86 g
(2.3 mci)? of STEF EARKBIHENAAS - adbéd. 9PNE eAf G Rf reaet LoseRd xtGPE was

al l owed to wapiesd owd yed con 0O dt@REriIAUAA:)WaS stirred 30 at room
tenperature for another 6 hours and 50 mMl of nethylene chloride were then

added. The solution was filtered to renove insoluble constituents and the.
sol vent was réimdV8d (RPFixla 9Bl Ghe ofind: remid néd, 2THe cbneent'mat ed

sol ution obtaiped hnoghig wayywass.81 (m, 1H); 7.65 (m, 1H); 7.50-
15 7.20 (m, 6H); 3.48 (s, 2H); 2.50 (s, 3H); 2.17 (s, 3H).

b) Preparation of 6-(B-guinolyl)-2,5-dimethyl-3-
phenyl [cyclopenta[b)thicphenyl]chroemium dichloride

20 1.4 m¥ of a 1.6 M solution of methyllithium in diethyl
ether were added at -30°C to a solution of 0.73 g
{2.1 mmol) of 6-(8-guinolyl)-2,5-dimethyl-3-phenyl(4-H-
cyclopenta{b]thiophene]l in 20 ml cf diethyl ether. The
resulting reaction mixture was subsequently allowed to
25 warm slowly to rcom temperature &and was stirred for
ancther hour at rcom temperature. The reaction mixture
was then cooled to -70°C and 0.86 g (2.3 mmcl) cof
CrCl;x3THF was added. The resulting reaction mixture was
allowed to warm slowly to room temperature, was stirred
30 at room temperature for another 6 hours and 50 ml of
methylene chlcride were then added. The solution was
filtered to remove iInsoluble constituents and the
sclvent was removed until a volume of 3 ml remained.

The concentrated solution obtained in this way was

W
(2}

cooled to -30°C, the resulting precipitate was filtered
of{ after one day, washed with cold diethyl ether and
dried. 0.22 g ocf the chromium complex {21%) were able
to be isclated.




35 cool ed to = -

day, washed with col d diethyl ether and dried. 0.22 g of the chromi-um
conplex (219 were able to be isolated. . 2 9 MAR 2004 - 57 Exanple 3
Preparation of 4-(6-quinolyl)-2,5-dinethyl-I-phenyl- -2 9 MAR 200
[cyclopenta[b]pyrrolyl]chron1un1d|chlor|de CClz NS5 a) Preparatlon of the
| i gand system 4-(8-quinolyl)-

2,5-di methyl -7-H 1- phenyl[cyclopenta[b]pyrrole] 10 R solution of 10.4 g of
8- bronnauinolgpamp1503nnnl) in. 100 mM of THE was cooled to -80C and

adm xed with 20 m of a 2.5.M sol tion.o but thiumin hexane (50
nmmol ). The reEEFP?ﬁﬁtr88ctl%% Mkt r@u&ﬁgly?éu s% fﬁ%%ﬂ%ﬂ'ﬁﬂh&?y f -80C
for another. 185yniopéepsalb]pndral widldiricorivef dith3og: 6é

5, 6-di hydro-2,..5-di nethyl -1- phenyl (cyclopenta ;b)pyrrol-4-one). (50.
mmol) "in .30 mM Hof THF was then added.- The,. resulting reaction m xture
was allowed . to warm slowy. to roop xture . and was subsequently
refluxed for another 3 hours. The m xt 40 obttained in this way was
cooled to roomtenperature and then athged.wth ice and they,
hydrochloric acid to bring the pHto ab » The organi c phase was
separated off, the aqueous phase was admy ammoni a solution to
bring the pH to about 9, extracted 25— et hyl ether and the conbi ned
organi ¢ phases were dried over ul fate and the sol vent was
subsequently renoved. The produc ned in this way was adm xed with
hydrochloric acid to bring the pHto|0 2 9 MAR 2004 - 58 and the m xture
was refluxed for 2 hours.

=,
9]

a) Preparation of the ligand system 4-(8-quinolyl)-
2,5~-dimethyl-7-H-1l-phenyl [cyclcpenta|[b)pyrrole]

10 A solution of 10.4 g of 8-bromoguinolire (50 mmol) in’
100 ml of THF was cooled to -80°C ‘and admixed with _
20 ml of a 2.5 M sclution of n-butyllithium in hexane
- {50 mmel). - The resulting reaction mixtdre mﬂwas 
_ ' sﬁbseQUently'.stirred at -B0°C for another. 15'mihutés
15 and a solution of 11.3 g of 5,6-dihydro-2,5-dimethyl-1-
' 'Tphenyl(cyciopenta{b’pyrrdl'4 -one). (50 mmol) in .30 ml of ,
THF was then'added The resultlng reactlon 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
brirg the pH to =about 1. The organic phase was
separated off, <the aquecus 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




-~ resi due was

Neut ral'1Tzati on and WOT K- g 2 n

4- (8-quinolyi)-2,5-dinethyl-1- 5 phenyl[cyclopenta[b]pyrrclyl]chrom uum

dichloride 1.0 g (3 nmol) of 4-(8-quinclyl)-2,5-dinmethyl-7-H 1-

phenyl [cycl openta[b] pyrrol e] was added to a soI ution of 0.13 g Z(%MAR 1Mol )

of potassiumhydride in 60 mM of THF. 10 The resulting m xture was

subsequently stirred at room tenperaturs for another one hour and 1.12 g

(3 mr.ol) of CrCLl3x3THF were then added. The resulting m xture was

stirred at roqnd errpe}ﬁ@turﬁlf{@ﬁr@not hee 15 Reypseand RO m of, pthyl ene

chloride were Ihg ‘33 g The_ 15 so% ution was freed of the_solvent, the
ot add Zeh 18P CANGr BREF AR S 3t ke Soiadt it dBEANRed in this

way was filtered to renove insoluble constituents. Renoval of the sol vent
gave 0.84 g of,thep Q complex (61Y% 4_a)_Pretreatnent of
t he support 1od g o fr%%§ %g% séfr?ay gr |/()§dq§|9fl|§>ég e? g il belosfl el d,
were heat edl at 130@’*@@#16%6@?@9@?1@{9&?’?)'% CﬂTr@sf&mlﬂedll@)ilAppﬁﬁcatl on of
the conplex to the support 30 35 ng of the conplex fromexanple 1 (82.1
mmol ) were m xed th4 2 m, of 4.75 M solution of MAQ in toluene
from Al benar | g h@ t he Wl e Mas &tiErAdaneayl) Ié AT ﬂh‘f‘%%hy%b‘*}‘és'ul ting
sol uti on was @d@@ld@@nlapenper[bbﬂynfoﬂé)] aritasddd.t 2 @ 951 dthieors waport
material 35 E I e g( e ir or

.anot her 60 m ?ut?%s>é 'I‘t?gq]cg%gw ztgﬁgl&ﬂ h)g& t lm fﬁelrrp(gefregliHuE:e at

10- 3 nbar 192 Fhepresu4 1ng9 mlE‘)&a’rﬁ?I RS Mwﬁnzém Gt 1480 Mt gfodmsobulane
arid 2 nl of aednpeira@prenyolr ahgfhehUdhe hour and 1.12 g (3 mmol) of

CrCl;x3THF were then added. The resulting mixture was
stirred at room temperature for another 15 hours and

50 ml of methylene chloride were then added. The

15 solution was freed of the solvent, the residue was
taken up in dichloromethene and the solution obtained
T in this way was filtered to remove ins'ol_uble-
" constituents. Removal of the solvent gave 0.84 g of thé
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
admixecd 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 E5 70 X from example 4a) anc the mixture was stirred
for another 60 minutes. The catalyst was then dried at
room temperature at 107’ mbar.




5 sol UETOR TH 5 nuEC Ao

were placed in a 1 1 autoclave which "had been 'nade inert with argon, and

13.6 ng of the catalyst solid obtained in exanple 4b) were then. added.

Pol yneri zati on was carried out at 70C and an et hyl ene 10 pressur e%)gag bar
ThyiT

. for 60 mnutes. The polynerization was stopped by releasing the

and the product was discharged throughsthe bottom valve. 72 g of

pol yet hyl ene were obtai ned. Productivity: 520 g of PE/g of catal yst solid.
6 0 - 2 9 MRRODA 5W claim 1. A nonocycl opent adi enyl conpl ex whi ch-

conpri ses the % Iélc)w%ntgl rﬁlructural feature of the formula 5 (HCp) YnM

where.t he varl AT e have' The fol | owi ng neanings: HCp is a cycl opentadi enyl

system contai ning at |east one fused heterocycle, 10 Y is a substituent

whi ch is boungyg antiCgrandopGPRRET 8RS 8t nheast one UNCha98d Aok um
containin an atom of group 14 or 15 of the Peri od| o TabI e and has the

formul a - Zn ASCHREI@" t AR D&PLaBfed CARTESPARILME FOI 8wWrBg he&ditd§s™ Z is a

. - dival ent bridgeebel yeehi furgndwEicp, p&alc%dNRéer5a PRARSz u R4 2 o4 whii cBn
. un-substi tut eﬁ 0 substl t ut, end Qr 1‘°‘r§ he%er oc I |1% LI n% s¥}§t em
R4-R5 are eac F&NenbRAt | v °SF Sond HhofREPD T ogén, arkyl ,

C2- C20- al kenytatalf}y* Cﬁ@llQSOIatrq/JlnecaIﬂ(ylaaTMPIIea\AMQ erm‘@mtbemo ai@egar bon

atons in the ?Ef%ef’f‘{étﬁm @agocgafp&@ SLOMEt hphethgnar yh ré%mfyae§bR6 -
. where the. organic radical 4 and RS may al so be substituted by hal ogen

and two riddi cBF%S’F&r%meR§ W%I §or bé%@ﬁ‘bf—‘ﬁ%d Faef RIYRELLFeI 18P
Si X- nenbered Waﬁgstopped by releasing the pressure and the product

was dlscharged through the bottom - valve. 72 g of
polyethylene were obtained.
Productivity: 520 g of PE/g of catalyst solid.




' are each, 1 ndepen oy , - y iy A

C2- C20- al kenyl, C6-C20- aryl, alkylaryl having from1l to 10 carbon 35 atons
in the al kyl part and 6-20 carbon atons in the aryl part, and two radicals
R6 may also be joined to forma five- or six-nenbered ring, ang 9 MAR
2004 61 mis 1, or may also be 0 whengd is an unsubstituted oMAR it ed
or fused, heterocyclic ring system 5 Mis a nmetal of group 3, 4, 5 or 6
of the Periqdic Table, and nis 1, 2 or 3. 10 2. A nonocycl opentadi enyl
conpl ex as cl lﬁﬁf%% claim1, wherein the donor in Y is bound

- .intranolecularly to M 15 3. A nonocycl opentadi enyl conplex as clained in

oL Ty oo o2 ML Bpsol i L TRR LAEPLARK Miey! ecoatiatlce have

t he follomnng meani ng |eny yst em
| east one fused hefe¥bWde, ?tmcéumﬂbstfeaémev\hpéh i shehouhormel HCp and

conpri ses sat Ieastuﬁt_flx?numzchaw}g@x% d@Hé’erQQEBﬂ.Qénﬁhav@n SHOMO{1 QL QP 14 or
15 of the Periodic ble 25 and has the formula -Zn,-A, where the

vari abl es have- t HEEFOYPHWi ng nmeanings: Z is a dival ent bridge between A
and HCp, 30 A is NRSR5, PRAR5, OR4, SR4 or an unsubstituted, substituted

or fused, heteroc curin R4-.R5 are _ea i nd endentl of one
anot her, 35 hydrodén %20§%€£§égn aalﬁ%%y?m n%f A

least one fused heterocycle,
10
Y is a substituent which is bound te KCp and
comprises at least one uncharged donor contaiﬁiﬁg
an atom of group 14 or 15 of the Periodic Table
and has the formula -2,-A, where the variables have

15 the following meanings:
z is a divalent bridge between A and HCp,

A "is NRR®, PR'R®, OR*, SR® or an unsubstltuted
20 substituted or fused, heterqcycllc rlngu
' system,

. R*-R® are each, indépendently ‘of one énOtﬁgr,
' hydrogen, C;-Czo-alkyl, Cg-Czq-aikenyl;_*Cg¥C2yf
25 _ aryi, alkylaryl having from 1 to'10“_éarb9h;ﬂ
- atoms in the alkyl part and 6-20 carbon atoms:
in the aryl part, SiRﬁu where _the. organlc; .
radicals R® and R® may also be substituted by
halogen and two radicals R‘ and R® may also be

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

RS are each, independently of one another,
hydrogen, C;-Cy~alkyl, Co-Cag-alkenyl, Cg-Czo-
aryl, alkylaryl having from 1 to 10 carbon

35 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, and




aryl, alkylaryl having fromZI to I . :

6-20 carbon atonms in the aryl part, SiR63, where the organic radicals R9
and R5 may also be substituted by 2 9 MAR 2004 - 62 hal ogen anzlgtMngm
radicals R4 and R5 may also be joined to forma five- or six-nenbered

ring, R6 are each, independently of ongianother, 5 hydrogen, d -C20-al kyl,
C2- C20- al kenyl, C6-C20- aryl, al kylaryl. having from 1 to 10 carbon atons
in the al kyl part and 6-20 carbon atons in the aryI part, and two radicals
R6 may also be jojned to form f|v I‘SIX 10r|n and mis
1, or may al so beor%) V\/nengA 1|Os aozrj:r Q'ub Sut &8 sub%”’?’eput &d 8 't fided,

het erocyclic ring syst MS@NQ@@ met aISU(h‘stgmthpd3 4or5 or fésefl, t he

Periodic Table, X are Q?é;thard ﬂgﬂ(}ggbl % gt;elqne anot her, fluorine,
chl ori ne, br om ne, i odine, hydr ogen, 1 C10- al kyl , 02 C10- al kenyl , C6

C20--ary| al kyl aryl havi ng 1 10 carbon atons in the alkyl part and 6-20
carbon atoms in. ghe ayl parﬁétalNRJ;EZ g:%lp $R1,4, SE3RY; OCd0) tRe, CN,
SCN, P-di ket onate. 4 - bul ky noncoor di nat i ng anions,
R1-R? are each, |ndepenc1ee’?1lt‘?%1 &3 aﬁijher hydr ogen, Cl- C20-al kyl , _
C2- C20- al kenyl, C6- 30 C20-aryl, alkylaryl havi ng from1l to 10 carbon atons

in the alkyl part and 6;20 czarot_)(org_atorrs in the aryl part,. SiR33, where
t he orgaqloc radi cals RI-RZ may al so

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

intramolecularly to M.

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

HCp is a cyclopentadienyl system contaiﬁing
20 at least one fused heterocycle,

Y is a substituent which is bound to HCp and

°  comprises at least one uncharged donor contalnlng?
_ an atom ‘of group 14 or ‘15 of- the Perlodlc Table
25 and has the formula -Zm -A, where: the varlables have

- the follow;ng meanlngs

" Z "is a divalent bridge between A and HCp,

30 A is NR'R®, PR‘R°, OR', SR* or an unsubstituted,

' substituted oY fused, heterocyclic ring
system,

R‘-R® are 'each, independently of one another,

35 hydrogen, C;-Cpo-alkyl, Ca-Cyo-alkenyl, Cg-Cao-

aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part, SiR%, where the organic
radicals R? and R® may also be substituted by




be substituted by hal ogens and Two 35 radicals R-1Z oy o toermerrom—
form a five- or six-nenbered ring, R3 are each, independently of one

anot her, hydrogen, Cl-C20-al kyl, C2-C20-al kenyl, C6 2 9 MAR 2004 ) 32
C20-aryl, alkylaryl having from1 to 10 carbon atons in the al kyI2 Jﬁﬁﬁ Uuénd
6-20 carbon atons in the aryl part anckzwo radicals R3 nay also be joined
to forma 5 five- or six-nenbered ring, and k is 1, 2 or 3. 4. A

nonocycl opent adi enyl c@aﬂlo@mnaandl awtredadncany r‘1@naf RE | mdyre Usd 0393

wherein 1iCp and Y for 1.0 of the fornmula_l] RlA
\E,=E2ARY ____ ESAs ‘ﬁE RE% {QZA ’?Wneroé (& VEFREF 88 iR the

foll ow ng neani ngs: ElI A E5A are each carbon or at nbst one E1A to E5A is
phosphorus .or nitrrsgen ;fr ef Iy 2Q, ¢RI Al

i ndependent |y of éﬁe ar?glt%hereeer&ﬁydro en, lr%%b’ a?’kf I%r%g C20- ﬁgnyl
CB-C20-aryl,  al kyl aryPYRZPERE- frcdnplo‘ta& l’é cathbgﬂO“étléfﬁﬁylln tGseC2etl kyl part
and 6-20 carbon atons iarytihe ﬂﬂWla&@ﬂt haw&rlf@Aaxomhar etd he oor@amian radi cal s

Rl A- RAA may al so 25 be ti.tu | ogeps_and_t i nal radlcals
R1A- RSA may al so be jOIaﬁé %to ft(%r% %‘ ? g 4. ?re%@e?ae%% "W th the

provi so that at | east imwshei eknal paad: oat@; TRZLOQ\ RMicale Rdimmd also form a

het erocycl e which cont @Jensgéiné&a?tfo OR&yrm 3@ akoprfr @ gL b dRdeql6 of the
Peri odi ¢ TabI e.

ring, and

m is 1, or may also be 0 when A is an
unsubstituted, substituted or fused,
heterocyclic ring system.

15 _
M is a metal of group 3, 4, 5 or 6 of the
Periodic Table,
X are each, independently of one another,
fluorine, chlorine, bromine, iodine,
20 . hydrogen, C;-Cyp-alkyl, Ci-Cipo-alkenyl, Ce-
' Cso-aryl, alkylaryl. having 1-10 carbon
atoms in the alkyl part and 6-20 carbon
atoms in. the aryl part, NR%?,-ORI, SR?,
. SOsR'!, OC(O)R!, CN, SCN, .B-diketonate,
25 o CO, BF., PFs or Dbulky noncoordinating
anions,

_RI-R2 are each, independently of one another,

hydrogen, C;-Cag-alkyl, Cy-Coo-alkenyl, Ce-

30 Cio-axryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-20

carbon atoms in the aryl part, . SiR%;,

where the organic radicals R'-R? may also

be substituted by halogens and two

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

a five- or six-membered ring,

R’ are each, independently of one another,
hydrogen, Ci1-Cpp-alkyl, C;-Cyo-alkenyl, Ce-



4. 5. A nonocycl opentadr enyl CoO €X as .
wherein 2 9 MAR 1004 64 Mis 1, Ais NRR5, PR R5, OR4 or SR4 and 5 Zis a

di val ent bridge selected fromthe group consisting of RL6 Rls \E{@e R,.e R38
RSB -Lze 1l2e CL' CCC IRB Rie Roe 129 146 i 6e R R R 10 dnefAl 2&%15
are each, independently of one another,g; carbon or silicon, RIB-R6H are
each, independently of one another. ' 15 hydrogen, Cl-C20-al kyl,

C2- C20- al kenyl, '  C6- C20- ary-arghikyl a1 d1aMi NgaFIam frdmt @ & T@rbon
atons in the al kyl part and 6-%0 Qgrbon.. at%lrérs ilﬁ%rt he ar%laggré-zoor.
SiR7a3 , where the organic FAAPRaFSOTRI BN RES 2N RS be
substituted by"hal ogens- and<ewbogerdtrals. : in aheviarylal paytr aohccat o
RIB--:R6--.B nay al so"=. be _LQk tesf | Wes 4S5 X- ring
and 25 R78 are each, indeperrljdég%te?ssofg‘ orfr?l%naé’rjlllogt ek??_ %ﬁ%ﬁ%@%"?d&o- al kyl ,
C2- C20- . afkenyl, CB-C20- ar $EVEr ark§iarperprugshgiMmomand o 10 carbon
atons in the alkyl part-and 6-20 carbon atons in the aryl part and two 30
radical s R73 nay al so be joi.nei t? forma five- or six-nenbered ring. 6. A
'cfa

nonocycl opent adi erfyl conpl ex®a Phed in any of claims 1 to 4, wherein
4, A monocyclopentadienyl complex as claimed in any
10 of claims 1 to 3, wherein HCp, and Y form a ligand

(BCp-Y) of the foxrmula II
—dO)]
AN EL

15 where the vaiables have the following meanings:

EM_E® are each carbon or at most one E¥ to E®* is
phosphorus or nitrogen, preferably phosphorus,

20 R¥™-R* are each, independently of one another,
' hydrogen, C;-Czo-alkyl, Cz-Cpo-alkenyl, Cg-Cao~-aryl,
alkylaryl having from 1 te 10 carbon atoms in the

alkyl part and 6-20 carbon atoms in the aryl part,

SiR®",, where the organic radicals R™-R** may also

25 be substituted by halogens and two vicinal
radicals R*»-R** may also be joined to form a five-

or six-membered ring, with the proviso that at

least two vicinal radicals R™-R** are joined to

form a heterocycle which contains at least one

30 atom from group 15 or 16 of the Periodic Table.

4. 5. A monocyclopentadienyl complex as claimed in

any of claims 1 to 4, wherein




29 VAR 20 TS an unsubstl , T —

het eroaromatic ring systemand RIB Zi s -L- Rte 5 where L.32 are each,

i ndependent|ly of one another, carbon or silicon, R]B-R2B are eag @ﬂAﬁgW
a

i ndependent|ly of one another, 10 hydrogen, Cl-C20-al kyl, - C20- -
C6- C20-aryl, alkylaryl having from1l togZz0. carbon atons in the al kyl
radi cal and 6-20 carbon atons in the aryl radical or Si R/B3,. where the

organi ¢ radicals RI12R211 nay al so 15 be substituted by hal ogens and two
radi cal s Rl B-R2B Ry al.so .be joined to form a five- or six-nenbered ring
and R7B are each, -|ndepen&éntly of one another, 20 hydrogen, Cil-C20-al kyl,
C2- - C20- al kenyl  C6- C20-aryl or al kylaryl haV|ng froml ..to 10 carbon
atons in the al kyl, radi.cal d ®20 ko in the aryl radical and
two radicals R ng§ alggggggF0|#gg-to r ﬁ ?gve- or six-menbered ring,
and, mi®0or 1. 7. A nnnocyclopentadlenyl conplex as claimed in any 30

of claims 1 to 4 o 6s Wheseivallnts ﬂlﬁd%?CsBe\@cu%& R2emRfihe Rgfoux N -
R c RRya 2- pyrldylonsfg{l onI 66 2 9 MAR 2004 -

1B 5B

L S N
_|]_2_B "ll_:i%@ C C C
RS RER® lea Flz“s 'IQGB
10 where
LB are each, independently of one another,

carbon or silicon,

R*®-R®®  are each. independently of one another.
15 _ hydrogen, C1-Czo-alkyl, C2-Cazo- alkéﬁyl
Cg-Cao-aryl, alkylaryl having from 1 to 10ff
carbon atoms - 1n the alkyl part ‘and 6 2Qf'
acarbon atoms in. the Laryl-: part or SlR I
| _ where the organlc radlcals ‘RB- REB may alsoi f"7
'20 : ~ be substltuted by halooens -and- two gemlnalf:h*f
' ' .'Qr v%c;nalg :;dlcals RlBJfB may ‘also be 

joined to  form a five-' or 51x.membered

ring and
25 R’® are each, independently of one another;
hydrogen, C1-Cao-alkyl, - Ca-Cyp-alkenyl,

Ce-Czo-aryl ox alkylaryl having from 1 ‘to

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

carbon atoms. in the aryl . part ahd pwés
30 radicals R™ may also be joined to form a

five- or six-membered ring.

6. A monocyclopentadienyl complex as claimed in any
. of claims 1 to 4, wherein
35




C1- C20- al kyI C2- C20- al kenyl, C6- C20-aryl, alkylaryl having from1 to 10
carbon atons in the alkyl part and 6-20 <carbon atons in the aryl part or
SiR 1c3, where the organic radicals Rc-Roc nay 10 al so be subgty Mg pg by
hal ogens and two vicinal radicals RcgBl oc may also be joined to forma
five- or six-nmenbered ring and 15 Rilc are each, independently of one :
anot her, hydrogen, ClI- CZDsahkyhnsﬁsﬁm:@éd(emdbs%t@Ocﬁ—r%usgrd al kyl aryl -
havi ng from1l to 10 car bg, th art _and 6-20 carbon atoms

in the aryl part and two 20 r&%@ Qslcmﬁll%gnéysgﬁgo B8 joined to form a
five- or six-nmenbered ring.. 8 A catalyst systemfor . olefin

pol ymeri zation; conpri si ng ZSRM at | east one nonocycl . opent adi enyl

conpl ex as cl ai mzd in any o giaai ne i to 7, B) optionally an organic or

I norgani ¢ support; 30 O %ptl nal ly one or nore cation-formng conpounds,
D) optionally one or nore cat aR§/Bsts suitable for 35 olefin polynerization
and E) optionally one or nore netal conpounds of group 1, 2 or 13 of the
Peri odi ¢ Tabl e. 2WBeRMAR 2004

: | .
L2 are each, independently of one another,

carbon or silicon,

R'®-R?® are each, independently of one another,

10 hydrogen, C1-Cyp~-alkyl, C2-Cyp-alkenyl,
Ce¢-Cao-aryl, alkylaryl having from 1 to 10

carbon atoms in the alkyl radical and 6-20

carbon atoms in the aryl radical or'SiRm3;

where the organic¢ radicals R!P-r?® may alsb'

15 be substituted -bv halogens and two
radicals R'-R?® may also be joined to foxrm

a five- or six-membered ring and

_ R® are each, independently of one another,"
200 . “hydrogen, C1-Czp-alkyl, C;—Cm—élkenyl}'
Ce-Czo-aryl or alkylaryl having from 1 to
10 carbon atoms in the alkyl raaiCél‘énd‘

6-20 carbon atoms in the aryl radlcal and;’

two radicals R’® may also be joined to form

25 ' a five- or six-membered ring, and
. m is 0 or 1.
7. A monocyclopentadienyl complex as claimed in any
30 of claims 1 to 4 or 6, wherein 2 is

2-pyndyl 8-quinolyl




I
HRTI

8 and pdiyﬁészé" 

0 g. A . ST T O T T O e
S henes |h o ratio of from1:0.1 to 1:1000, 5 base? ?gléhebfagaigft
eram 0.2 Hasﬁse of a catalyst systemas cl ai med |8 gla N o g r
et o yreri S'on or copolynerization . of olefins. 1 LA oﬁﬁ?#ﬁ@ -
e po!ynerlfa :efins by polynerizat+ oge or cppolynerlzg Lon ot
PLZpS;gggngg g? a catalyst systemas clained in claim :

v

where

RIC_RI0C are each, independently of one another,
5 hydrogen, Ci1-Cap-alkyl, Cz—Cm—alkenyl, Cg-
Cao-aryl, alkylaryl having from 1 te 10
carbon atoms in the alkyil part and 6-29
carbon atoms in the aryl part or gir:lS,,
where the organie radicals RIC_gloc may
10 also be substituteq by halogens ang two
vicinal radicals RIC_gloc may also be
joined to form a five- 0r six-membered
ring and

15 R1€ are each, independently of ope another,
hydrogen, C1-Cyp~alkyl, Co-Cyo-alkenyl, Cs-
Co~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 -

20 _ ) radicals:RHQ.may also!be_jpined’tb foim

a five;'or_six—mgmbered'ringf._y”

8. A catalyst system for . olefin: polymerization;
S comprising o R S ' T
25 o o | | ,
. A) at least one mondcyélopentadienyl complex as
claimed in any of claims 1 to 7,
B) optionally an organic or inorganic support,
30
C) Optionally one oY more cation—forming
compounds,
D) optionally one Or more catalysts suitable for
35 olefin polymerization and
E) optionally one Or more metal compounds of

group 1, 2 or 13 of the Periodic Table.



10

10.

11.
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A  prepolymerized catalyst system comprising a

- Catalyst system asg claimed in claim 8 and

polymerized onto it one or more linear C€;-Cyq-1-
alkenes in a mass ratio of from 1:0.1 to 1:1000,
based on the catalyst system.

The use of a catalyst system as claimed in claim &g

or 9 for the polymerization or Copolymerization of
olefins.

A Process tor preparing polyoclefins by
polymerization or copolyme:ization of olefins in
the presence of g catalyst system as claimed in
claim 8 or 9.



