2 9 MAR 2004 - 1 Monocycl opentadi enyl conpl exes containing a fused X
het erocycl e The present invention relates to nonocycl opentadi enyl 5 MAR 2004

conpl exes in which the cycl opentadi enyl system conprises at |east one fused
het erocycl e and at | east one uncharged donor and to a catal yst system
conprising at |east one of the nonocyclopentadi enyl conplexes. 10 In
addition, the invention relates to the use of the catalyst systemfor the

pol yneri zat i ofy Qo RO yiELd Zad PN Honliedids ardnir@imipipocess fodused
preparing pol yol efi'ns by pol ynerization or copolynerization of olefins in
t he presence éfetaeas-k&tal yst system and to polymers obtained in this
way. Organotransition netal conpounds such as netall ocene conpl exes are of
great interest as catalysts for olefin

_ pol ymeri zati on_because, t ke it
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I di strjbuti d

uni f or m conon&REIPL ke eAt. &5 ??%mféﬁgg@c;}g?ﬁ%%??g%}%hép)g ca:)lﬁn{)ggﬁgg, 25
use is also ﬁ%#%(ﬁnEHQﬂééaaagﬁd;gaﬁﬂetty%ifﬂuﬂbgst_sﬂkms? acppusaahpy
titaniumco exes in the ox tion stat cont.ai
cyclopentadrg@ﬂ %ﬁ%ﬁ%n?nﬁh?tthg @8ﬂﬁ§¥?§8pﬁpgagﬁﬁgkggggggxéﬁgﬁhionic
amde which is |ikewi se bound to the titaniumcenter. 30 WD 98/ 22486
descri be i s(cycl apent.adi enyl I ' Lch,.an t

scr i bes, i s gggﬁwn&coﬁ?g comRLexes, rliybiohogne ol Lde ofslhee

cycl opentadi e i n-one "or nore fused-on heterocycles. 35 WO
98/ 37106 di scleseslgat al yssysysmens fonpristhg treasynesazaétal conffFexes

28\62“9 gt _l easéol%lfymgi(%lzgg‘fgﬁadb%nylolleifq%%d GO aiyh ngz a fusedsen 202 MAR
preparing polyclefins 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
polymerization because they make it possible to

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

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

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

contain cne or more fused-on heterocycles.

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

cyclopentadienyl ligand  containing a fused-on



het erocycl e and a further cycl opentadienyl |igand or an anionic donor

J. Org. Chem 1996, 61, 7230-7231, Fu et al. 5 describe ferrocene ZQFMRZW4
conpl exes in which one of the cycl opentadi enyl rings contains a fused-on
pyridine ring. It is an object of the present invention to find 10
transition metal conpl exes based on cyclopentadi enyl |igands containing a
fused-on heterocycle which are suitable for the polynerization of ol efins.

Ve have found yhat,Jjslobikstai suaehibevedchypantaarenydydigpandt adt ey
conpl ex which conprises the follow ng structural feature of the fornula
(HOp) Yr, M wisrieonife 4RI %abl es have the fol l owing neanings: HCp is a

cycl opent adi enyl system containing at |east 20 one fused heterocycle 25
30 Y is a substituent mhlch i.s bound an | east _one
unchar ged dond/™ coht ai%i%g "t o;ﬁr%#é)gro %%f&n:géé ‘the Pefg?od?g
Table, Mig ad@ishied QHét&b@ené 50m§le2958 i8 omhii®hof onée $Eriddec
Table, and nis 1, 2 or 3. Fu er nor e, catalyst s npLi, St he
monocycl opent ﬂwe%ﬁ%@% of *¥%h@ |%%%?}%Sn yé%%gn %’? tié%?%gtgg yst
system for thejgojynerization or copolynerlzation of ol efins and a process
for preparing 35 polyolefins by polynerization or copolynerization of

olefins in the presence of the catalyst systemand also polynmers
obtalnable|111ﬂnsumayuhawﬁubﬁﬂn fodundhe2” prpRNROO4nvedtiphe to find

nnnocyclogﬁ i%jéﬁ%}ﬁcggphﬁ%? ofc éﬁ’ %§eg seh”vﬁﬂt'@Pcf@ﬁ@ﬁt§@1éH9@)X'

as struct wier & ave the above neani ngs
Further i ganl:lsgamﬁrst heoref aorret he tﬁourfdlStGd‘tOrlﬂe heterogy6hem WhAeh 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 formula (HCp)YnM,

where the variables have the following meanings:

HCp is a cyclopentadienyl system containing at least

20 one fused heterocycle,

Y is a substituent which is bound to HCp and
comprises at least one uncharged donor containing

an atom of group 15 or 16 of the Periodic Table,

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

monocyclopentadienyl complexes of the invention, the
use of the catalyst system for the polymerization or
copolymerization of olefins and a process for preparing
35 polyolefins by polymerization or copolymerization of
olefins in the presence of the catalyst system and also

polymers obtainable in this way have been found.



5 nunber of further |igands depends, for exanple, on the oxidation state

of the metal atom Possible further 1igands do not include further 29 MAR 2004
cycl opent adi enyl systens. Suitable |igands are nonoani oni ¢ and di ani onic

| i gands as are described, for exanple, for X. In 10 addition, Lew s bases
such as am nes, ethers, ketones, aldehydes,. esters, sulfides or phosphines
can al so be bound to the netal center M HCp is a cycl opentadi enyl system

containing at g]éq%astmoﬁéc neq ggggd@g;jﬁrlocyégneplé}fbg hecffol 11Qyd ngpr&yehopent a

dientyl is a C5 ring systemhaving 6 el ectrons, where one of_the carbon
atons may al sérhentapitacedoByT ARt r dGER ) IrMphéSphdituI STt et br aBl §nent -

phosphorus.  Preferepge i$a 8] ¥80e50 HiSI0tAeChlbd Ry sishamqu t hpuktR8r
repl acenent by a heteroatom At |east one heterocycle contajni nlg aLsth east
hi

one atom of grid@Rds grarietBereherepaei HAVSITAN £1% TR oht® Basi c

cycl opent agi enylskel ¢ 0ryrkRetrhe RyAsent aepaheyt . forusedngileveans that the
het erocycl e and the 25 cyclopentadiengl skel et on shar% t WO gﬁo ther
preferably carHcH diWhs S ePéncklEs Biveh &F Wrcl S0EFCR ieeH?Pr sySt ems
HCp of the formyands-1)ddR 7AJRA RBAIB4A 30ruhenhert hecyal bpbhesdhanglt he
foll owi ng neanings: 7 9 MAR 6804 El A_E5A are each carbon 19 agigﬁ§gngge E1A
to E5A is ph M oPUhFEPoGen I9RT §R§§QMQ§Qﬁﬁﬂﬁo?h%e%eﬂden y of “one
another, 5 hydrqgaens Gls C2ixal kyéscEPp€20- afkenybxatpleC2ofaryl X.al kyl aryl
havi ng from J. .10 carbon. ataons in e al kyl .part - 20 at ons
in the ar%y)P pa?rcié,)ltSJr%AS, SWhEr €T of (g}ﬁi gs EnifUE, A0¢hozED §eLBARs?
aldehydes, esters, sulfides or phosphines can also be

bound tc the metal center M,

HCp is a cyclopentadienyl system containing at least
15 one fused heterocycle. In the following, cyclopenta-
dientyl is a Cs; ring system having 6 = electrons, where
one of the carbon atoms may alsc be replaced by
nitrogen or phosphorus, preferably phosphorus.
Preference is given to using a Cs ring system without
20 replacement by a hetercatom. At least one heterocycle

containing at least one atom of group 15 or 16 of the

Periodic Table is fused onto this basic
cyclopentadienyl skeleton. In the present context,
fused-on means that the heterocycle and the

2% cyclopentadienyl skeleton share two atoms, preferably
carbon atoms. Preference is given to cyclopentadienyl

systems HCp of the formula (F-I)

\ (F-1)
E

30
where the variables have the following meanings:



radi cal s RLA-R5A may al so be substituted by 10 hal ogens and two vi ci

radi cal s RIA-R5A may also be joined to fo?/m a flve?] or six- rrenbergdnqaf:ﬂhﬂﬁmé
with the proviso that at least two vicinal radicals RLA-R5A are joined to

forma heterocycle which contains at |east one atom 15 fromgroup 15 or 16
of the Periodic Table, and RbA are each,. pndependently of one another

hydr ogen, C1-C20-al kyl, C2-C20-al kenyl, C6-C20- aryl, alkylaryl havi nig from
1 to 10 car bog;ﬂ%ﬁtorgré neralggg1 a&ég_yg,?]{ agdicalt andsh- 26ncamddntcatbifs im the

aryl radical wo gem nal radicals R6A may al so be

joined to forma
five- or six-nenbered phogph@nisg rplpr@@?‘?‘é@‘cycl opent adi enyl systens HCp,
all ElA to ESA are carbon. At least tw vicinal radicals RIA-R5A forma

het er ocycl e Whl ch cont ains at | east one atomfrom group_ 15 or
30
Peri odi ¢ Tabl & *pR¥f eraitf y MaFbgen iNEREEHRGISY og geﬁ AR/ of or]q‘('%%]fP the

particul arky preferabliy MLgoegen C?.r@/ Oélﬁ if ur Cc,PCef-erlemoeyli,s
het erocycl es having a r| ngém ze of 0 yl’l ng 2t o?cs Eg H gftar@oto
% ﬁour nltrogen

nenbered ring heterocy&¥ek; ]'E‘)HLW c&ﬁ"%%f di"on
atons and/or a sulfur ofoRXYdan tHeonxlRglr ipag tmearber §-20 adachbtqronatméar bon

atons, are furan, thiophene, rr.ol e I, SOX ke, 3-
oxazol e, thi azol e, | m%i%zot}l?ee 13?/ &adgé (gl:’é ﬁhégbmqgég orBéﬁf‘éO' =
1, 2, 5- oxadi azol e, 1, 3, ﬂa@x@glgzokg‘ Ri‘“ 2,18y riakod e lmend SUbSL AteEfdzoPE.

Exarrpl es of 6-menbered heteroaryl  groups, f
four nitréfen atons am@fggeasp rug ¥ §2#82r2P¥%$?§%§I&9 LA Ofgyt O

Ehosphabenzene pyri dazise, bpymldnrcehma;o pfewri pe five3, @ t $1 azPpBoered
2,4-triazine and 1,2 3- r| aékgﬁ gg % ed H4g @ﬂjd ﬁeggﬂbeted ring
ubs ute qh

het er ocycl es nay al sorlloe 5 -al kyl, Cfi -
vicinal radicals R are  joined to qgé&m a

heterocycle which contains at least one atom
15 from group 15 or 16 of the Periodic Table, and

RO are each, independently of one another,
hydrogen, Ci;~Cop—alkyl, C,-Cop—alkenyl, Ce—Cap-
aryl, alkylaryl having from 1 to 10 carbon

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.

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 135 or 16 of
30 the Periodic Table, preferably nitrogen, phosphorus,
oxygen and/or sulfur, particularly preferably nitrogen
and/or sulfur. Preference is given TO heterocycles
having a ring size of 5 or 6 ring atoms. Examples cf 5-
membered ring heterocycles, which may contain from one
35 to four nitrogen atoms and/cr a sulfur or oxygen atom
as ring members in addition to carbon atoms, are furan,
thiophene, pyrrole, isoxazole, 3-isothiazole, pyrazole,

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



al kyl aryl having from1 to 10 carbon atons in the alkyl 10 part and 6-10

carbon atoms in the aryl part, trialkylsilyl or halogens such as f i
chlorine or bromne or be fused with one or nore aromatics or 1 o%URIzE

het er oaronati cs. Exanples of benzo-fused 5-nmembered heteroaryl groups are
jndole, i ndazol e, benzofuran, 15 benzot+hipphene, benzothiazole, benzoxazole
and benzi m dazol e. Exanpl es of benzo-fused 6-nenbered heteroaryl groups

SL?ngggFrﬁge,13@950@3$ﬁyLag§§é98Iﬂﬂe,4—bﬁ@ddbﬁ@ﬂbﬂe,1c2naetkmezoﬂbth@m®zine,

, ui noxal i ne, 1, 10-phenanthroline an | 4
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e heterocycle |ikew.se enables,the, pol rizatioR sbehavi.qr, t
sol ubility of1tﬁ¢SWEﬁﬁéygfgbeniaarén§?l§éq§§np é%eg'gf%tﬁéh%?gggﬂt P
i nvention to BenierideterdedingThendurererdrrirey pe iofs shbseregefils sal Pdws t he

access of the.olefins to_h rized. to the ne tomMiq, -

I nfl uenced. Iﬁ}ﬁﬁﬁs &5&, FHgsgg%¥g?9y a% ;% gé?ié?¥¥§bf t%%tggtgfyéf I n
respect of varildwys 3% nownens, frempar tpcdlacalRy aFRfhets, teanh yl
m)d'f'edmﬁ' nee [Lhe §H85t'6§]—“ﬁ5‘tsc8§ﬂoﬁ' sox{ dths uenge tge rafy10f part,
term nation reactions of the grow ng polymer chain, they also allow the
mol ecul ar wei ghtiadfkstlsiyD wARN2DOgenseSuEH| Aers Yk t P bR AP ePEd.

The chemi cal %txfdﬁﬁtrdw e 0;0f phesgubat i § vent SoflAd0 RbAecaarbhardiar eobe
varied within a wde range in order to achlevg}the d sirg results_and

obtain a t ai | YR LR EITYEE L S st eFRCRRARPI €5 S BT % ga?B@SP anrc
ZUgSt i tuents RIAFRABE gidufR0-abkylinddTh, neyndezbiagar benzbfanehed,
15 benzothiophene, benzothiazole, benzoxazole and
benzimidzazole. Examples  of benzo-fused e-membered
hetercaryl groups are chromane, benzopyran, guinoline,
isoqguinoline, cinnoline, phthalazine, guinazoline,
guinoxaline, 1,10-phenanthroline and guinolizine.
50 Nomenclature and numbering of the heterocycles has been
taken from Lettau, Chemie der Heterocyclen, 1st
edition, VEB, Weinheim 1879. The heterocycles are fused
to the basic cyclopentadienyl skeleton via a C-C double
pond of the heterocycle. Heterocycles containing one

25 heteroatom are preferably 2,3- or h-fused.

Variation of the substituents R!®-R®® which do not form
the heterocycle likewise enables the polymerization
behavior and the sclubility of the monocyclopentadienyl
30 complexes of the present invention to be influenced.
The number and type of substituents allows the access
of the olefins to be polymerized to the metal atom M to
be  influenced. In this way, the activity and
selectivity of the catalyst in respect of various
35 monomers, in particular bulky monomers, can be
modified. Since the substituents can also influence the
rate of termination reactions of the growing polymer
chain, they also allow the molecular weight of the



met hyl , ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tent-butyl, 2 G MAR 2004
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl: gﬂ-tg
7-menbered 10 cycl oal kyl which nmay in turn bear a C6-Cl o-aryl group as
substituent, e.g. cyclopropane, cyclobutane, cyclo- pentane, cycl ohexane,
cycl ohept ane, cycl ooctane, cyclo- nonane @r-cycl ododecane, C2-C20-al kenyl

which may be |linear, cyclic or branched and can have an internal or 15
term nal doubg 99@% € Grmdd nxb P akl Ybred: a|"ﬂhy$ chémathyl s thutcenyde,
pent enyl, hex cyclopentenyl, gyclohexgnyl, cl ooct en

y
cyclooctadlenyﬁ tIGs- EﬁbshipPeﬂﬁﬁcﬁ nay ©b&ar FéPt L IRAC #Suﬁ?IIEd

substltuents,wgtgl phgnxhxkpapggggl@jblgbgaylJxQOaamuhmanytheodesmred
p- met hyl phenyl

2,4-, 2,5- di. met 3, 4
2,3,6-, 2,4 bresults @nchobEains. %r?%%%?%h‘éﬁg%wfj? §P’€|té“ky c:%
bear LU{Lh§r ?Ekil &gQ%@§eﬁSF§EB%b&©®$EKS @umszgemegts & —Rﬁ, are:
p- net hyl benzy - or et phen ere .t.wo t
joined to for feaCe- aéfkyﬁl-né‘ﬁ)&&fb ¥“ soi néj an(}ltnﬁé1 organl C radﬁ}: 's RI A— R5A
gay aLfo be ﬁ@@ﬁ Vit ut &€eh yih?Lpg?pgl(axpoﬁﬂmmytpen bhk&ﬂnp&:ﬁii?ﬁkwwpe
ossi bl e organ05| icon substituen r al s ch are
PO hed "35°Rdve foPA%?%?ﬁSA kY héﬁgi'g Sk

the same as t A& wher Wwo R6A may al so be
joined to fOHﬂﬁb 1,0r - ﬂenbérewnwr@,dedgCYﬂHrnﬁﬁyl§PIyW “membered

triethylsj t I traldad i 1
tri phenyl (#I yI &ﬁ%lﬂ@ﬁ:y‘f ]heny és}(l 'IL{I pHIIS g%%ed rCangdala)s{EI R1A R%Iff as
hydr ogen, netmﬂbsﬁmﬂgdnt35 a- @ropVVClDEépPép9h ﬁygiﬁﬁHtaW%ﬂﬂnﬁ¥@,°_

tert-butyl, n hBp@ah¥l, ., idd ﬁﬁd@; cybEozyl
phenyl , ort hoRt &Pqﬁﬁx% g%% %aﬂ?bh g¥ho dy oc

ro- substl t ed.phe trlal | - or
trichl oro- subs*tqrtaneedoz QCWQOQOG*&Cﬁ“?rphEh 29 ﬁrgﬁﬁtyﬁyl p’\é g’heWyV a%%
anthranyl . Parjcularly,.usefgk g&@@@%@dléﬁ&l§M@Shateemnsxnmfrnal or

trialk |SI| I roups aV|n fromlto 10 carbon ato he
Y y té&mlégl double bond, fsaifyi 2L §Yiyl

3-allyl, Dbutenyl, pentenyl, hexenyl, cyclopentenyl,
cyclohexenyl, cyclooctenyl or cyclooctadienyl,
Ce-Coo-aryl which may bear further alkyl grcups as
substituents, e.qg. phenyl, naphthyl, biphenyl,
20 anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or
2, 6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,
2,4,6- or 3,4,5-trimethylphenyl, or arylalkyl which may
bear further alkyl groups as substituents, €.g. benzyl,
o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, where two
55 R™ to R may also be joined to form a 5- or 6-membered
ring and the organic radicals R™-R®® may also be
substituted by halogens, e.g. fluorine, chlorine or
bromine. Possible organosilicon substituents SiRrR®®; can
bear radicals R® which are the same as those described
30 above for R¥-R®™, where two R® may also be joiped to
form a 5- or 6-membered ring, €.9. trimethylsilyl,
triethylsilyl, butyldimethylsilyl, tributylsilyl,
triallylsilyl, <triphenylsilyl or dimethylphenylsilyl.
Preferred radicals R™-R®® are hydrogen, methyl, ethyl,
35 n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl,
benzyl, phenyl, ortho-dialkyl- or ortho-dichloro-
substituted phenyls, trialkyl- or trichloro-substituted



radical, in particular trinmethylsilyl groups. 5 Preference is al

conpounds in which two vicinal radicals REA—RSA forma fused riag g&iﬁg%&ﬁ4
i . e . together with the E1A E5A skeleton, preferably C5-cyclo-

pent adi enyl skeleton, form for exanple, an wunsubstituted or substituted

i ndenyl, benzindenyl or 10 tetrahydroiadenyl system Exanples of

cycl opent adi enyl systens HCp containing a fused heterocycle are

t hi apent al ene Ayl nt bR |
2-i sopr opyl t hi g% pénghﬁgﬂ%bf? @iﬁﬁ@nyz ehly labhirapentlal eperticularly

pent al ene, 2- t\lﬂﬁf&tkyl@f@%@@ﬁh}@%ﬁ@& éHESt’z‘%ieigtE%;?Ietnerﬁra? &gﬂ:{%fg}%swyf
2- napht hylthl %%%%eﬁgvﬁ methyl t i @o pEMt akepen atoms in the alkyl

4- - phenyl - 2% hi opent al_en
4- phenyl - 2 6- cnaem@ﬁlA -th.l@pentafﬂéﬁécu aghenytrbmgthyasilyl groups.

dllsopropy -1 e en 20.6- )
4- pheny! - 3% trlnef%§|2%| éiBB giv n6-¢€k - edmpodnds  ti opentalenep

ent al epe t al
2- et hyl azapemlélléﬁe‘- Qa@%ﬁﬁlis & p%nt gr&éﬁba P?§%§f%§$jln % een? B efies
2-n-butyl - azafppd‘g@{@pem@ht&h@etﬂ%wsfrnl ﬁ]@i@mﬁ,al pnefeﬁabhgnﬂs Qsclo—

azapental ene, 2- naph Iazapen ne, p
di net hyl - | - az &8t %ﬁﬁ& éﬁ§| TB dle? I-aza- pentgﬁeﬁ% =n
1- phenyl - 2, 5(ﬂnéhﬁﬁﬁjﬁuﬁe@zapensﬂhsuatuted 1ndenyl benzindenyl or

O B st talg el ghene, L onery

&nt af 8ne, "1-tert- butyl-2,5 30
glnﬁthy:-l-azapentﬁlfne oxapentalene phospha- pental ene,
pheny t - -
L phenyl -2, 5. GUEPH ST “BnospPagiet arnery . gRetans, BCp containine 3
gl n- butyl-I-phmxﬂlapélretcalr@rwclpph@nw-zwem teykene,  2-methylthia-
utyl -1 -phosp e, 1-pheny | 35 -
si | vl -1 - phospHARLRT & f%g%e 1 %E%ﬁ%yf%ﬁi leritd ety 2-isopropylthia

1-tert- buﬁ§|-ZPﬁnﬁﬁhéDﬁyl-|2p%o§5hé tBéﬁpg%%g Lﬁg: phgsgha%egE%&%Q%ua_
; gg: opent g% 1p@1]1‘E£'1Qﬁ?eng[—%rﬁhez:rx%fll‘éﬁﬁﬂﬁﬂﬁape&ta:ly@h@peﬁt—@dleeln'ésthara“
P ggrége?[ 4]2— %y(iultc}'Pye_ant aida!peenn dlene, 3-methylthio-
pentalene, 4—phenyl-2,6—d1methyl-1—thiopenta1ene,
4—phenyl—2,6-diethyl—l—thiopentalene, 4-phenyl-2, 6-

20 diisopropyl-l-thiopentalene, 4-phenyl-2, 6~-di-n-butyl-1-
thiopentalene, 4-phenyl-2, 6-di-trimethylsilyl-1-thio-
pentalene, azapentalene, 2-methylazapentalene, 2-ethyl-
azapentalene, 2-isopropylazapentalene, 2-n-butyl-
azapentalene, 2-trimethylsilylazapentalene, 2-phenyl-

25 azapentalene, 2-naphthylazapentalene, 1-phenyl-2, 5-
dimethyl-l-azapentalene, 1-phenyl-2,5-diethyl-l-aza-
pentalene, 1—phenyl—2,S-di-n—butyl—1-azapentalene,
1-pheny1-2,5—di—tert~butyl—1-azapentalene, 1-phenyl-
2,5-di-trimethylsilyl-l-azapentalene, l1-tert-butyl-2,5-

30 dimethyl-li-azapentalene, oxapentalene, phospha-
pentalene, l—phenyl-z,5—dimethyl-1—phosphapentalene,
1-phenyl—2,5—diethy1—1~phosphapentalene, l1-phenyl-2,5-
di-n-butyl-1-phosphapentalene, l1-phenyl-2,5-di-tert-
butyl-1l-phosphapentalene, 1-phenyl-2, 5-di-trimethyl-

35 silyl-l-phosphapentalene, 1-methyl-2,5-dimethyl-1-
phosphapentalene, i-tert-butyl-2, 5-dimethyl-1-phospha-
pentalene, 7—cyclopenta[1,2]thiophene[3,4]-



In further preferred cycl opentadi enyl systens HCp, four 5 of the radicals
RAR5A i . e. tw pairs of vicinal radicals, formtwo heterocyclquwﬂ?gm4
heterocyclic systens are as described in nore detail above. Exanples o
cycl opent adi enyl systens HCp containing two fused heterocycles are

7-cycl opent adi t hi ophene, 7-cyclopenta- 10gdipyrrole or

7-cycl opent adi phosphol e. The synthesis of such cycl opent adi enyl systens HCp

s descri bed, o exanpliendd the,abovenpytieper: D, 90/p3adaa e (1 41 -

"met al or gani cha atysts for synthesis 15 anhd pol ynerisation”, Springer

Verlag 1999, Ewenopengkdied&seri be, on pages 150 ff., further syntheses of
cycl opent adi enyl systens HCp. As in the case of netall ocenes, the
nonocycl openta- 20 di enyl conpl exes of  the gggsent I nventian n t%euc;li ral .

Thus, one of &he fsaBdrEn RHREEIR9E REXCHPPERE2ThERY ¢ é}’éF&B‘éntHa%%‘enyq
skel eton can Bavergpe 9rgHBEEs CRITa™centess, twot hes tyxl opentwidiieral

system HCp can itself be_enantiotopic so that, chirality i,sJ 25 only
when it is boliAGicelthe tFRHEI t FYR nete eI DTIES helrbgr msﬂelesens g\nplltz)cged

for the chir aIS'E,tser‘fs G Qrs peatagissy! isonpoendst adde aRowdal thsrarehl e Them
Rev. 92, (1992) , 965- 994

) .,.30 IS _a_substjtue I i n diCp
and conpri sesOfatCY%égPeﬁﬁ@d&ﬁEIﬁ'lr gR¥° HRor |c%tog\§ﬁr%tlgﬁqr? agggt gfnq[%
group 15 or 1feefe Jfesd oglie TableloPbetsdbshivpbeney TearyBECHRIURN t 0
t he basic cycl gpent adi enyl skel eton or_ .t erocycle. Y is preferably
bound to tthe FaSYE™85 Tyd o%eﬁ‘%%er\%a%ﬂg?%%@?\&fé is very particularly
preferably bound to the cycl opentadi enyl skeleton in a position next to

t he fused-on teroc . Thys, Lf_th I |8,J1Ss Eysedmon Hop the 2,3
position of t 2“92 ?)y%/ﬁé?g%&%-sf 9£u%]§l/cl%(\)/§re1% %éllqceé)r?gegllgell etgn, thenc?() IS
preferably | octsertitiant he lobr 4epdBPifen ofMt he L&l ot Hell el Yk&Y et on.

The donor in Y, fag bs popnd rintepapl gl @Rty Qatalysts for synthesis
15 and polymerisation”, Springer Verlag 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 ©0r more
chiral centers, or the cyclopentadienyl system HCp can
itself be enantiotopic so that chirality is induced

25 only when it is bound to the transition metal M (for
the formalisms employed for the chirality of cyclo-
pentadienyl compounds, see R. Halterman, Chem. Rev. 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 Taple. The substituent Y
can be bound to the basic cyclopentadienyl skeleton or
o the heterocycle. Y is preferably bound to the basic

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

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



intranol ecularly to the netal M The donor in Y is 5 preferably bound
intranolecularly to M The donor can’ be an uncharged functional QFZOQJMAR 7004
contai ning an el ement of group 15 or 16 of the Periodic Table, e.g. amne,
i m ne, carboxam de, carboxylic ester, ketone (oxo), ether, thioketone
phosphi ne, phosphite, phosphine 10 oxide,s sul fonyl, sulfonanide or an ’
unsubstituted, substituted or fused, heterocyclic ring system The

bi ndi ng of Y 5f%1§§%899d9§n€argwﬁ%t%$ f19&n exanpl eprdyer apl hodscanaldogous

to those descr Enders et al. 1996 9,
or P. Jutzi ahd ‘ELBEU SFer‘?EIHOr?g\tierr}J Ob%tcyaaﬁ?“ﬁéé%j‘e) %%ef?éSiBQ.GBM
Is a netal OfTHéougoﬁor 1 & Gad, ¥k orbdénef ihEerﬂeﬂeodﬂarI@bI@r

preferably of group 3, 4 5 or 6 of the Perio abl anpl
scandi um yttlmtlﬁ?mgéeﬁ}l@éﬁlld’mt% ridthi Bt 2Haf rurﬁ-Iil ’511 I-um m 2 nggenum

tantal um cchropigpyap1tu an. iMirs B
or chronm Sm ghe 1Lungsien. i Miramee §tuﬂlali’tLIyCLﬂ(arMy Tireef doably daart ani um

met al X t I h
can be obtai neél 2n U:P@T?ﬁ%gngHHEFlBQQireg(,rﬂﬁﬁgr?cth%@%%ﬁgg‘pgﬁd%%wﬁgﬁgls 25
salts, e.g. ngtalg rqﬂjr_orlgie@r Wi & hotfhetHe gaedladuon THele. byJda @rocedure
anal ogous to the exa ﬁ% DE 18 yi) - Q%rt he | o+ X0,
PERBS %G et VAN Tor el

monocycl opent &t Bfiy| |nVe tion, preference is
given to onese@hethe ftmmllt@ttﬁrlr@) Yiikcspitieree t hehoaphabtes HaGSRHES

fol | ow ngwf Hgggllagteros(@]t S cyclsgg%g[;gﬂlg@yl SYst gl CUHRHY NG @ted 35

| east on Isa su I'tuent which is bound to H and
conpri ses at beastmrmeelalncbargédsddnorhe‘gem%@b@@ -TINT Rt EFR ng atom

of group 14 o f t Peri c of:

of the 5 Perﬁéalc%? gﬁeY 6t iodi e Table, cLsracAebak , Off Of QUurdlel, yor 6
methods analogous to those described by M. Enders et
al. in Chem. Ber. (1996), 129, 459-463 or P. Jutzi and

15 U. Siemeling in J. Orgmet. Chem. (1995), 500, 175-185.

M is a metal of group 3, 4, 5, 6, 7, 8, 9 or 10 of the
Periodic Table, preferably of group 3, 4, 5 or 6 of the
Periodic Table, for example scandium, yttrium,

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

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

Among the monocyclopentadienyl complexes of the present
30 invention, preference is given Lo Ones of the formula
(HCp) YMXx, where the variables have the following

meanings:

HCp is a cyclopentadienyl system containing at
35 jeast one fused heteroccycle,

Y is a substituent which is bound to HCp and

comprises at least one uncharged donor



X are each, independently of one another, fluorine, chlorine, bromne

i odi ne, hydrogen, C, -G 0-alkyl, C2-Cl10-al kenyl, C6-C20-aryl, alkyﬂfhﬁﬁ%ﬂwﬁ

having 1-10 carbon atons in the al kyl part and 6-20 carbon atons in the

aryl part, NRIR2, ORl1l, SR1, SO3R1, OC (O R1l, CN, SCN, f -diketonate, CO

BFQ-, PF6- or bul ky noncoordi nati ng anion$, -15 R1-R2 are each,

1 ndependently of one another, hydrogen, C, -C20-al kyl, C2-CPO-al kenyl,

C6- C20- aryl, al kyl ar ybnhavimigd rem Lo 10:caybornp adonsri At hefalthd part

and 6-20 carbon atons_in the aryl part, SiR33, where the organic 20

radical s Rl-R2 may al $61B8%hddthfired by hal ogens and two radicals Rl-R2

may also be joined to forma five- or six-nenbered ring, R3 are each

i ndependently of one another, . 25 hydrogen, Cl:C2Q-al kyl ,...C2 al yl,

C6- C20 aryl, Hlkyl aryP*°hafi n’ﬁef'iaim %Pt o&lﬁu%aradonq'at l(t;)rnsc‘lrn ?%Q%I ké;f\éqpart

and 6-20 garbon atons pariddie aradlgart and two radicals R3 may also be

joined to forma five- or six-nenbered ring, 30 and k is 1, 2 or 3. The

above-descri bed enbodi nents and preferred 35 enbodinments for HCp and Y

al so apply toxthese preferredchypnoiyudeppeneatilgnyl cEonpekes.aM@ihe% net al

of group 3, 4, 5 or 6 af the Peripdic. Tabl r ef er ro ; ©®r 6 of

the Periodic 29 MAR 26042 F- T(éﬁ?g?lP%f eb>e<fzfrrp Igé'ti?gﬁlxﬁ%' gﬁ%ro%iém

haf ni um  vanadi um mal,ybgerainy X anCat Gro-adhednyilum 6~ Gongsén. al\)@fu]y

parti cul ar. preference Jj.s -given A bei L1 ani O U1 Sodahe

| i gands ioare determ r?er},l fhoargﬁeé(gn*fé 26 Egr%%g Qgﬁ%cghosh{ he (L:%E: r%’éggndi ng

starting netal conpoursdsl €-20 carbon atoms 1n the aryl part, N .
OR', SR!, SOs;R!, OC(O)R!, CN, SCN, pB-diketonate,

Co, BF,, PFs or bulky noncoordinating anions,

15 R-R? are each, independently of one another,
hydrogen, C1-Cop-alkyl, Cz-Cso-alkenyl, CeCzo-
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part, SiR3%;, where the organic

20 radicals R!*-R* may also be substituted by
halogens and two radicals R}-R? may also be

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

R> are each, independently cf cne another,

25 hydrogen, C;-Cop-alkyl, Cy-Cop-alkenyl, Ceg—Cao0-
aryl, alkylaryl having from i1 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 empodiments and preferred

35 embodiments for HCp and Y also apply to these preferred
monocyclopentadienyl complexes.
M is a metal of group 3, 4, 5 or 6 of the Periodic

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



used for the synthesis of the nonocycl opentadi enyl conplexes, but can al so
be changed subsequently. 10 Possible ligands X are, in particular, theMaR 1Ny
hal ogens fluorine, chlorine, bromne or iodine, in particular chlorine.

Al kyl radicals such as nethyl, ethyl, propyl, butyl, vinyl, allyl, phenyl
and benzyl are also advantageous |igandgsiX- Further |igands X which may be
15 nentioned by way of exanple and do not constitute an exhaustive listing

are trifluoropgetate, MH4-, cRERp1and t@w@lw&akl m&aazrrchlmﬂtl NGadhium,
noncoor di nati ng ani ons ( cf ., for exanpl e 1993,

00050, 6ao)y Sr e SRamA L BASRE) 6 3GPAGLITs SPFORTHBS ChuPERSEED

carboxyl ates @nd, Badikelonat @y eFee cpyel il @1 Yo usef Ml bkiggnds ténivvar yi ng
the radicals Rl and R2 enabl es, for exanple, fine adjustnments to be nade

to physical pPBper¥PB3U@uch 25 as sol ubility. Exanples of possible
carboorgani c substituents RL-R2 are the follomnng Cl - C20- al kyl which may
be |inear or branched

met hyl . I ropy! yl,

i sobutyl, tertb %utjy}ganﬁ Speht yi* rd q?e m”h@% @Cf)l‘y e}‘:oacrgtlp%le,o bryom;tlt?‘Het
n-decyl 30 Ofcﬁoﬂ@decdi thre tOoTrHepbadedgcystaatkyg wm&tﬂﬂrngpmpvuﬂdﬂ
bear a C6- Cl0-ar roup,as substituent, g WA ane,
cycl opent ane, uE?%Ioﬁ@%an i §¥P%h85%5ne°%cygpoocﬁgﬁg cyc?ﬁﬁ%ﬁg%e :

cycl o- dodecapempl2x€20- all:kLHnyI cawni chlsmy Hee | mbangedyclaum@qwtﬂﬁanched

and have .an |Ptern§EFeny ghgal douhl e QHHS?ar€18V1¥£”ylthé-fﬂéDﬂ gens

2-allyl, pentenyl ‘hexenyl,  cycl opent enyl, cyclohexenyl,
cycl o- octenylflooraylel,ooclnh@lrenql HOETGaTe ayl  WAPEREmayl hedra 2t IFURR 2004

- 12 further l._aro S ,SUpstdyt OmeP | etHl pht 1,
bi phenyl , antﬁ$g§¥ ngo %H%y% p- netd%ékggih,gs Tg h§g¥46t ﬂbﬂpy

2, 6- di met hy| phetyl, 2\@%&1 2, ®8LEv1, 2p9@9y1 0,and. beonzhy s,re " also
3,4,5-trimet hyhpheRklye s ligands X. Further llgands X which may be
15 mentioned by way of example and do net constitute an

exhaustive listing are trifluoroacetate, BF,, PFs and
also weakly coordinating or noncoordinating anions
(cf., for example, S. Strauss in Chem. Rev. 1983, 93,
927-942), for example B(Cg¢Fs}s

20
Amides, alkoxides, sulfonates, carboxylates and
B-diketonates are particularly useful ligands X.
Varying the radicals R! and R® enables, for example,
fine adjustments to be made to physical properties such

25 as solubility. Examples of possible carboorganic
substituents R:-R?’ are the following: C;-Cao-alkyl which
may be linear or branched, e.g. methyl, ethyl,
n-propyl, iscpropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl

30 or n-dodecyl, 5- to 7-membered cycloalkyl which may in
turn bear a C¢Cio-aryl group as substituent, e.g.
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane cr cyclo-
dodecane, C;~Cpp-z2lkenyl which may be linear, cyclic or

35 branched and have an internal or terminal double bond,
e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl,
pentenyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclo-

octenyl or cyclooctadienyl, Ce-Cso—aryl which may bear



5 aryl al kyl which may bear further al kyl groups as substituents,

benzyl, o-, m, p-nethylbenzyl, f- or 2-ethylphenyl, where Rl may aIngoMﬂﬁamm
joined to R2 to forma 5- or 6-nenbered ring and the organic radicals

R -R 2 nmay also be substituted by hal ogens such as 10 fluorine, chlorine or
br om ne. Possi ble radicals R3 in an orgaposilicon substituent Si R33 can be
the sanme radicals as described in nore detail above for RL-R2, where two

R3 may al so bf b{oﬂrjglfd g$ ??r%i‘-oé psOr 26- gﬁﬂb@ﬁ@dehrtrsg, e.g. phenyl

trimethylsily I et hyls 15" but yl di net hyl si | trib I I

triallylsilyl naphthpﬂaen%lﬁh%ﬂylor %IPF%FE?V heﬁ"gﬂ'sﬂ?{w PF‘?E&‘ &sﬁlg ‘ given

to using Cl-CJlOsal kgl 4such as r{ﬁti‘wje @i;ﬁ@thylph@ﬁgpyl 2,05 but,yIZ,,B 5

tert-butyl, n-pentyl] n’hexyl, %ptyl n- 0Gt and

benzyl and 202pRefyl a3 fadi calg A €and Ok, 3‘(/2 é p&rY 3%1 :\Lrp gﬁérence i s

given to usi nQr%@H’@k of t heigubstidwt ased  gafdstitersi ad:(kyﬂheygrmlrpsbe as

obt ai ned from cheap and readil val | abl e startin fﬂ;é

particul arly 5}9?@‘#%%6%%0%1%13 gbt T nedn\/\/de:":]rD g Pﬁﬁ 2 am de,

Fr)na'; gl())tjlaggsuﬂ gggltzg%tgﬁ?@{@@qxl d@hepbeﬁbxmdg alJ’;Ba:pHﬁdﬂOXDdB?dt rick 1Rft &0
cetate cet acetonate T Kk

| i gands X dep&R¥® éh %ﬁe%xﬁtci)'é”tel"g?]e %%) Erhfe 95K }tﬂgt ?gﬁgﬁél onlcgr%%%ﬁSM The

(r;)lilnggil (I;nca[l E;hem?e; @({aﬁ; NGildee Qeversass tal geret alb)y dppl o= e s¥GlyurdS The

states o e transition_net
conpl exest%re ﬁrﬁ?trllﬁ?ekno o " ?h8§g%§km%1nl\4 '@ofﬁlﬁié{t s lr(:)cér%%ﬁmwem
mol ybdenum andn35otryagetsdd iare venyp siridhasity sridsentcan t% ot ¥lat I B

state +3. Howev IS aI le t e X o] oxitdat )
state does nott (gi&rcraéspond C%Q%sé f?hglogétl%%g%%tfaﬁégtﬂm ﬁgr ?orr% Jeggs

c?n thenblbe 2 wheMeR 2004 R’ may 5adser ope i ACdiNeSG elficddP Bt Bxidi z€d by means
of suitable . hered ring, e.g. trimethylsilyl, triethylsilyl,

15 butyldimethylsilyl, tributylsilyl, triallylsilyl,
triphenylsilyl or dimethylphenylsilyl. Preference is
given to wusing Ci;-Cyo-alkyl such as methyl, ethyl,
n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, and alsc vinyl, allyl, benzyl and

20 phenyl as radicals R* and R?. Very particular preference
is given to using some of the substituted ligands X
since they can be obtained from cheap and readily
available starting materials. Thus, a particularly
preferred embodiment 1is obtained when X 1is dimethyl-

25 amide, methoxide, ethoxide, isopropoxide, phenoxide,
naphthoxide, trifiate, p-toluenesulfonate, acetate or

acetylacetonate.

The number k of the ligands X depends on the oxidation
30 state of the transition metal M. The number k can
therefore not be given as a generally applicable
figure. The oxidation states of the transition metals M
in catalytically active complexes are mostly known to
those skilled in the art. Chromium, molybdenum and
35 tungsten are very probably present in the oxidation
state +3. However, it is also possible to use complexes
whose oxidation state does not correspond to that of

the active catalyst. Such complexes can then be



activators. Preference is given to using chrom um conplexes in the 79 MAR 2004
oxi dation state +3 and titanium conplexes in the oxidation state 3 or

In particularly preferred nonocycl opent adi enyl conplexes, Y is a
substituent of the fornmula -ZmA, where the variables have the foll ow ng
meanings: 10 Z is a divalent bridge betwaen-A and HCp, 15 A is NR4R5,

PRARS, OR4, SR4 or an unsubstituted, substituted or fused, heterocyclic

ring system R r : Cq]g@é}@nggnbwdqf gneraneebes, ofhysd.r:.o:@ﬂ,e
Cl1- C20- al kyl éfggg%l%t%gﬁh réCG C20- aryl, azlek ay? havi n fromm]h}rg 10
car bon atorrsalcmlt\rlaeioa?lSkyl Pp%?rﬂe%% 23050a9b’6‘% tBﬁ"B UsHhe AM™par ¢ |

Si R62, where the ar. C ;20 r@agh cabsi gt apd Reraay aksSo kewdsubstidnitwd by
hal ogen and two Fa |cals R4 and R5 may al so be _j oi nfd to forma five- or
si x- nerber ed ciomgp,l eRE sarid ddeh, 0% anot her, 25 hydrogen,

C1- C20- al kyl C2- C20- al kenyl , C6-C20 30 35 aryI aI kyI aryl havi ng from1l to
10 carbon "atons in the alk art and ar bon atom; part,
and two radicdirs RGWJaCF%%a j oi Héa?FﬁrF rm a3Ver % 1éﬂ;e|1§(@§d%1¥¥l
ring, and misg 11w, prefesabl Ythbsﬁlitlnfayital sb bEnd Woemuls i sZemP.
unsubstituted, substituted or fus r m A may, for
exanpl e t oget M&YE LA tHhHridige 2 5 %’%n nf%%ﬂ)%%%érﬂg?ﬁﬁ ftgher or

phosphi ne. A can, however, also be an unsubstituted, substituted or fused,
2 9 MAR 21084 ~ 14 hetiesr ocy é:HacIerpr %F{é‘géyb@@&géf?aﬁogﬁh' ficphing system

-3 is NR'R’, PRR®’, OR‘, SR* or an unsubstituted,

substituted or fused, heterocyclic ring system,

15 R*-R° are each, independently o©f one another,
hydrogen, Ci1-Cao-alkyl, C,-Cop-alkenyl, Ce—Czo-
aryl, alkylaryl having from 1 toc 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryi part, SirR®;, where the organic

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

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

R® are each, independently of one another,

25 hydrogen, C;-Cso—alkyl, Cy~Csp~alkenyl, Ce=Cao-
aryl, alkylaryl having from 1 to 10 carbon

atoms in the alkyl part and 6-20 carbon atoms

in the aryl part, and two radicals R® may also

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

30 and

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



whi ch can contain heteroatons selected fromthe group consisting of

~oxygen, sulfur, nitrogen and phosphorus in addition to the carbon ri%%“MR2%4
menbers. Exanples of 5 5 nmenbered ring heteroaryl groups which contain from
one to four nitrogen atons or fromone to three nitrogen atons and/or a

sul fur or oxygen atomas ring menbers inisaddition to carbon atons are
2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl,

3-isothiazoly i hi _ . N
>- oxazol Y1 4ﬂ}%§%28?§;r:§9rc,l azQleylrablpyr azekyoa rdmayiazol wind- mysazal y |

: , b-oxazolyl, 2-thi |yl 4- t.hi -1 hi

2-i i dazol yl , wAiFhi defol gPNLasD edaezfcﬂégﬂloa%“zsi g?ﬁ%%ﬁtﬁli I écfo"l-‘ %JPI}F? gt o V!
1,2, 4- oxadi azphpz 8tYhg loB, 4x9%adi,azolt fuy) ontkodedr t andzghddpHorus
Exanpl es of 6-nmenbered "hetero %I roups whi ch can gong, ;'aﬂ Lemgnes 1o
four nitrogeni8t G ididort @ ?% o§gﬁgpﬁsﬁﬁﬁﬂn@ﬁﬁa%Epyrlglnﬁp, ©
g-BC?ZEPﬁgfnZQ%m%eggﬁ!%ﬂﬂ@a%éﬂ?koagypyg&wh@BnWhidhpgohnﬁdhniwpm one

- | , , -triazin-2-yl and 1,2,4-trjazjn-3-yl , A-fur
azin-5-yl or 192 1RY% H%itﬁ-‘)@-e?l A9 50T 4 @ néh%efteé/d tp%ﬁé #e%%%%%‘%ﬂ
%;\?:ng ][ray allg?oﬁﬁ,o%lmﬁ/tdbﬁLae@l;h&uerr(}mygékyhto@Saela-mgy' ImemleaA aky|
_ rom o,. carbon ato in_t al past 6-1 t
in the aryl BQPPFlPP!aﬁﬁﬁlsFF§EBBr gp%ﬁ%n§¥%%chEa£agglflug%fﬁ%, c ?b??ﬁe,
E;ggkre or bgztp@@dfmhﬂg ohei woxa ol el ar bnasPEs zod Yiet vyt d £ty L,

_ es o nzo- .fused .5;menbe roaryl re 2-4yeo)
7-|ndoly”fI2-20&ﬁ§?&ﬁfﬁfﬂ?ﬂvogga gg?Psﬁg}fhi%n% %?H?%£%9|,§L¢ 1,
;-thanapgtheran&xﬂndazolyHrOXaEndaimlyl,53@XQ2%éﬁ%irﬁck%iﬁ%ﬂa%ﬁﬁﬁl'

- benzi ni dazol,yl, 4. es af_ -Jused ey et

2-qui nol yl, gﬂqﬁp&gﬁ%ﬁghg-c?iﬁﬁﬁy|, QﬁaLn%gﬁyl 1f{¥%{kﬂiffﬁ%dé?@lﬁups e
2- qui nazol yl , S4dequiideeesoiyd, 8-lg fﬁfQ%ﬂﬂ%ﬂ%o%ﬁ%ﬂN%nxaﬂyL'é&%&ﬁ?ﬂ@??lp

1- phenant hri dyl_.gnd 351}3p@egggalazagnggy1hesarhetanqanonmﬁiazsysﬁeyt,

particul ar preférence 1's ' - '
and 8-quih@PyEﬁ%@Hiquz b}ggéé£é¥g)tlﬁé¥é¥%§¥§H LH?%ﬁgé'tHﬁfghz Qgﬂ'dy

contain from one to four nitrogen atoms and/or a
phosphorus atom are Z2-pyridinyl, 2-phosphabenzclyl, 3-
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl,
1,3,5-triazin-2-yl and 1,2,4-triazin-3-yl, 1,2,4-tri-
20 azin-5-yl or 1,2,4-triazin-6-yl. The 5- and 6-membered
ring heteroaryl groups may also be substituted by
C;~Cig~alkyl, Cg-Cip-aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-10 carbon atoms in
the aryl part, trialkylsilyl or halogens such as
25 fluorine, chlorine, bromine or be fused with o©ne or
more aromatics or heteroaromatics. Examples of benzo-
fused bS-membered heteroaryl groups are 2-indolyl,
7-indolyl, 2-coumaronyl, 7-coumaronyl, 2-thianaph-
thenyl, 7-thianaphthenyl, 3-indazolyl, 7-indazolyl,
30 Z2-benzimidazolyl and 7-benzimidazolyl. Examples of
benzo-fused 6-membered heterocaryl groups are
2-guinolyl, 8-guinolyl, 3-cinnolyl, g8-cinneclyl,
1-phthalazlyl, 2-quinazolyl, 4-quinazoeolyl, 8~guin-
azolyl, 5-guinoxalyl, 4-acridyl, l-phenanthridyl &nd
35 1-phenazyl. Among these heteroarcmatic systems,
particular preference 1is given to substituted and

unsubstituted 2-pyridyl and 8-guinolyl.



- 15 Appropriate choice of the radicals R4 to RS |ikew se enables
‘influence to be exerted on the activity of the catalyst and on the ?rg MAR 2004
nol ecul ar wei ght of the polymer formed. Possible substituents R4 to RS are
the sanme 5 radicals described for RI-R2, where two vicinal radicals R4 and
R5 may also be joined to forma 5- or 6-mgnbered ring and nay be
substituted by hal ogens such as fluorine, chlorine or bromne. Preferred

radicals R4 g@ﬁtg’?r%%ehy&@g@@ oret fivd I%Td])dalsn aFomol R?LOlh&@p:ri@@yl

n-butyl, tert ent n- hexyl
benzyl, phenygnab aﬁhﬁﬁyllngilﬂ)ﬁ%ﬁ%l tan&’earﬁ}h'?gﬁ%//‘f] OBr %ﬂgeﬁﬁﬁw?ﬁyl i eW| se

gi ven 1o Struchur g5kl 4l SN Rond Rgai fer walghttbe bererpvdvurs
beari ng them

orma heferocycle 15 such as rr.ol i di i p
Possi bl e or gah@rmga} c%‘ﬁs%b%%?l t Gpent $)y P]Sarw c[h%a $r tgﬁ%(yl ser‘r‘ yl
groups hay ngrgaszmaist @e%@:q@relaprfoat @ISR p wheral kyb vnadnadl radicals
particular tripethylsil gﬁbzo The r|d Z between the . nered
cycl opent adi eﬁyla%%sﬁe Flbpa afd*Enhe Fanét i oongforgnr] oup A | s an organi ¢
lcl:a:lglfllhca:c fcogrp?g;sl lag,dcambaqn gmi/bczrumﬂlnmecdmlbg ahdlheenﬁg &ucthaiaf
o] ro 0 n_be bound
g]ltlﬁélﬁgt'eﬁﬁ?ﬁéne%o? |bg:%ml eéerag?%%e(\r)f% OpgggggbqulR

skel eton or t S pre bound to the
cycl opent adi eayd skrf et care Changirugdrhe | eegthy lof ti?ethﬂlnkagé“*d%ft%éln t he

chc!oment ol eotbgBesar ang bl S sgriamder Msoatyes Lhemety Ly o
0 L1B _ R2B REBhRpByR28 RhsoRRBIR3BWinyiB - erdgicL _begzyl, phenyl,
naphthyl, biphenyl and anthranyl. Preference is
likewise given to structures in which R? and R° together
with the heteroatom bearing them form a heterocycle
15 such as pyrrolidine or piperidine. Possible organo-
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 HCp
and the functicnal group A 1is an organic diradical
comprising carbon and/or silicon units and having a
chain length of from 1 to 5. Z can be bound to the
basic cyclopentadienyl skeleton or tc the heterocycle.

25 2 is preferably bound to the cyclopentadienyl skeleton.

Changing +the length of the linkage between the
cyclopentadienyl system and the hetercatom doncr A
enables the activity of the catalyst to be influenced.

30 Preferred 72 are



R1B R3B | |

‘where =CO, =PRIGor =P (0) RB, Ris RBBR5B IIB lis I1B --L L L 12 ®E33m4
16B RRR-Sn-, -0-, -S, =SO, =S02, R B-R6B are each, independentl
one anot her,

al kyl aryl having from1 to 10 carbon 10 atoss in the alkyl part and 6-20

carbon atons

L 1B- 1B- L R2B Rae =BR 'B, =BNRIBR2B, =A1R B, -Ge-, =NR B, 5

hydr ogen, Cl-C20-al kyl, C2-C2n-al kenyl, CF-C,n- aryl,
in the aryl part, SIiR B3, where the organic radicals R B-R6B

ependent |y

may al so be substitu eﬂ by halﬂgens and_f{swo gadical s B Bnaﬁmalso be

joined to forma f|v or SIX gg nber ed rﬁng, 5 R7/B arejeach, in
of one anot her, hyd ogen 0- ‘ hg

al kyl, 0- al kenyl C6- aryl

al kyl aryl havrﬁgofrohTi—to 1e—can0n —atdﬁs-lmmthe akkyL—ﬁaTu—an —6-20

carbon atons

to forma five- or Si x- nenber ed rlng, and LIB is carbongs Si
ger mani um pref erabl §° 25 car boR®or si | i88n. Adssible sbbsti

20 in tqe aryl parq and twoiradicals R e y al e joined
d'BCO 60T

uents RBto

R6B are the sane radicals as described for R-R2, where two gem nal or

vicinal radical ®" Rt o gERPray*®al so be joined to forma 5- or 30
6- menbered ring qnd|nay a|sq be|subst|tuted by hal ogens

10

15

20

25

30

—C=C—1—C=C—L% .,

Lo

R

-BR'®, =BNR!?R?®, =aAlR'®, -Ge-, -Sn-, -O-, -8-, =50, =802,
=NR!®, =C0, =PR'® or =P(O)R'?,

where

R1B_RS®  are each, independently co¢f one another,
hydrogen, C;-Cap-alkyl, C»—Csp—alkenyl, Ce=Con-
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part, SiR’®;, where the organic
radicals R!®-R®® may also be substituted by

lB_RGB

halogens and two radicals R may aiso be

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

R'® are each, independently cf one ancther,
hydrogen, C,1-Cop-alkyl, C,-Cro—alkenyl, Ce=C20—
aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the aryl part and two radicals R’® may also
be joined to form a five- or six-membered ring,

and

18 is carbon, silicon or germanium, preferably

carbcocn cor silicon.

Possible substituents R® to R®® are the same radicals
as described for R!-R?, where two geminal or vicinal
radicals R!® to R® may alsc be joined to form a 5- or

6-membered ring and may also be substituted by halogens



Z 9 MAR 2004 - 17 such as fluorine, chlorine or bromne. Preferred

radi cals R1IB to R6B are hydrogen, nethyl, ethyl, n-propyl, isopro # 2004
n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, N&
benzyl, 5 phenyl, naphthyl, biphenyl and anthranyl. Possible organosilicon
substituents are, in particular, trialkylsidyl groups having from1l to 10
carbon atons in the alkyl radical, especially trinethylsilyl groups. 10

Anong t hese @%%ycl%engagbagxg COY 18¢eSe Pakti chlramingr.ef erenter 1sd gi ven
c

to ones in whi NRARS, PR$R5 OR4 or SR4, preferably is NR4 5 or
PR4R5 and Z i ¢aalidialdl erk britdye Rcondidt i nyy SFOSH" Rleﬁf% R3B - N] ~Zs

R2B R2B R4B S%J%? fromihergseup RhBHRBB1IRSBtlert -bu@yQ,C ﬁéﬁbﬁ@iﬂF@B
where L 2B are h, i ndep enden ly of aon another cargﬁn Llcon
R1B- R6B are emeﬁﬂdepeﬂd}éﬁPFy of  Sh@ARdrher I W tr 0§ &POn o

C2- C20- alkgnylhégyj:KL ggy%hyajkybapybnpaV|agdfrmmthﬁanﬁllcaF@wmlﬁbeatonB

in the alkyl part and 6- car bo in the aryl Rart wher e
the organi ¢ r &HCHIS RIEW®B nﬁyg§F§6u881§ubst?%%ﬁed b% haﬁ%ggkgxgﬁ%rfmo

gem nal or V'%ﬂﬁﬁlHﬁﬂBi&&B groups having from 1 to 10 carbon atoms
in the alkyl radical, especially trimethylsilyl groups.

10 Among these monocyclopentadienyl complexes, particular

preference is given to ones in which
m is 1,

15 A is NR°R®, PR'R®, OR' or SR!, preferably is NRIR®
or PR'R® and

7 is a divalent bridge selected from the group

consisting of

20
1B 3B 5B
R
A
_LE? .*Lailﬁﬁ T ? T
| l I
2B 2B 4B
R, R R , st R4B Res
where
1L.%® are each, independently of one another, carbon
25 or silicon,

RIB_R®® are each, independently of one another,
hydrogen, Ci-Czp-alkyl, Cs-Csp—alkenyl, Ce¢—Coo-
aryl, alkylaryl having from 1 to 10 carbon

30 atoms in the alkyl part and 6-20 carbon atoms
in the aryl part or SiR’®;, where the organic
radicals R*®-R® may also be substituted by
halogens and two geminal or vicinal radicals
RB-R® may also be joined to form a five- oOr

35 six-membered ring and



R B-R51B may al so be joined to forma five- or 35 six-nenbered ring and 2
9 MAR 2004 - 18 R B are each, independently of one anot her, hydroqquAR 004
Cl1- C20- al kyl , C2-C20-al kenyl, C6-C20- aryl or alkylaryl having from1 to Z_LB
carbon atonms in the alkyl part and 6-20 carbon atons 5 in the aryl part
and two radicals R B may also be joinedigo-forma five- or six-nenbered
ring. The abovenenti oned enbodi nents and preferred enbodinents for RIB-R B

al so apply topthese preterrgd-A0 nonegyséepent adi enyf cams exesiot@simng to
the ease with which they can be prepared, preference._i I yen _the
conmbi nation of Z = CH2YydGOREDy Qﬁgcﬁzb’raﬁ?&ﬂpheﬁ’ﬁ eah\%egHYA :tC%R;?SS or
PRARS. 15 A further ppekarred enhediargit hsvangoracyc| dpernt aiOdiazmydon
conplex in which Ais an unsubstjtut substjtuted or-,fu
het eroaromatic ring sP$CER aHy Ebez aaqull %%r{- Em% 2% 2@38%9?0\%&%%%_38
are each, g ndependent iy, ofhongrabotlaer, &odbonc 2&dircaslid i B6nMaRIBIRAB ar e
each, independently of one .anofher,. hydrogen, Cl-C20-¢ -
C2- C20- al kenyl, C6- C26% é‘r‘%}ln,eé\:{l&lfaorﬁ havi g %Iorcr%lx ?rb)g%%egg{?bgﬁn%() at oms
in the alkyl radical and 6-20 carbon atonms in the aryl radical or SiR753i
where the Or%%glc r%%E%@ﬁ%d@E&ﬁ? nﬁ%ﬁ%ég{ﬂg%ggﬂﬁﬂlgﬁged preferred
cembodiments for RY™-R™® also apply to these preferred
10 monocyclopentadienyl complexes. Owing to the ease with
which they can be prepared, preference is given to the
combination of Z = CHp, 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,

hetercaromatic ring system and

20
1B
I
N
|ZB

Z is '

where

1.%® are each, independently of one another, carbon

25 or silicon,

R®2-R?® are each, independently of one eanother,
hydrogen, Cl-ng-alkyl, Cg*Cgo—alkenyl, CG—C20-
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 RB-R?® may also be substituted
by halogens and two radicals R!®-R?® may also be

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



by hal ogens and two radicals RIB-R2H nmay also be joined to forma f,ve- ?r
si x-nmenbered ring and 2 9 MAR 1004 - 19 R 7B are each, independent |2y@/§AR 004
one anot her, hydrogen, Cl-C20-al kyl, C2-C20-al kenyl, C6-C20- aryl or

al kyl aryl having from1 to 10 carbon atons in the alkyl radical and 6-20
carbon 5 atons in the aryl radical and-tw® radicals R B may al so be joined
to forma five- or six- nenbered ring, and mis 0 or 1. 10 The

above- descri bgt enbodiwent seapd, pr ef prepdndenbodi neofs fare R BrRXB&nd R s

al so apply to these referred nonogycl opent adi enyl ¢ l.exes. _l-n_1 hese
preferred enbodi rrentsﬁyﬂriogeé{h urfﬁslﬁ%?'i?ﬁf%%: gﬁlbé%“i gtrljrtQ(‘a3 ygll ft]j:geeg,m

heteroaromatic ring swyshamor Prafkgrencd isagiugn fmomsi iplte sy 8t edmrdii ch
are readily available _and cheap_and a el ec rom the, foh1 ow ng.,
group: 20 2-pyridyl REEORFOCEr etggqu?igyil Egéﬁgaiflndge%%nd%n%)y %\% one
. Ng
anot her, hydrogen, ClzG2gr=al iyl the2amrlylradikylaeyld Hawe ngadi 6ABSi & t he
al kyl part C2-C20-al kenyl -C20- fraoam1l,t@ 10 b -6-20 caypon
éﬁ:%f%? ng'IOlne]q QotVs&ahLban fg%

atons in the aryl par @ ere the organic radicals R c_R1OC may
al so be substituted byertaragensirand anve vi ci nal radicals R G RLOC nay 30
also be joined to forma five- or six-nmenbered
m is 0 or 1.
10
The above-described embodiments and preferred
embodiments for R¥-R® and R® alsc apply to these

preferred monocyclopentadienyl complexes.

15 In these preferred embodiments, A 1is an unsubstituted,
substituted or fused, hetercaromatic ring system.
Preference is given to simple systems which are readily
available and cheap and are selected from the following
group:

20

2-pyndyl 8-quinolyl

RI€-RYC are each, independently of one another,
hydrogen, C1-Czo-alkyl, Co-Csp—alkenyl, Ce—Con-

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

in the aryl part or SiR!!“;, where the organic

radicals RY¥-R® may =also be substituted by

1C_RI0C may

halogens and two vicinal radicals R
30 alsc be joined to form a five- or six-membered

ring and



ring and 2 9 MAR 2004 - 21 polynerization. Furthernore, we have fo

catal yst systemfor olefin polynerization conprising A) at |east o&éJMARﬂm4
nonocycl opent adi enyl conplex 5 according to the present invention, 10 B)
optionally an organic or inorganic support, C) optionally one or nore
cation-form ng conpounds, D) optionally ®he-or nore catal ysts suitable for
ol efin polynerization and E) optionally one or nore netal conpounds of
group 1, 15ﬁbxyméﬁieétibﬂ.PéMnnﬁezﬁB&de w&husgvernfeuhbara onetefl yshe
nonocycl opent adi conpl exes_of the.present inventi.on can sinmultaneously
be brought |rﬁ¥FE%%t58f aﬁ?ﬁlPhBOEV@FFﬁZS 18PeP°W§ﬁ%§%B§ be pol ymeri zed.
This has the advantage that it enables a wide range of polynmers to be
produced. For exa dal roducts o t hi To
enabl e t he ocygg%penta rgg‘nyl c%%plexe Y%¥%§g€§?H é%f |ﬁ§eﬁ?¥gn to
be used i & pol ynerazabtrdnnpr boesbesprasehe gayemha$e1or in suspension, it
is often advantageous for the netall ocenes to be used in the formof a
solid, i . e . for themto be applied to a solid support B). Furthernore,

t he supported®nonocBoienel bpeanadirgnph ccomplioxeyadiisplsapre i gh
productivity. The nmonocycl opentadi enyl conplexes of the present invention
can therefore also optionally be inmmbilized on an organic or inorganic
support B) arfdd be @eBe#onallyupper pEdmPErmCRE ioe foaTimer ISAMABMNASThis is a
35 custoppry nethod of avoiding deposits in the reactor and of controlling
t he pol yner norphol ogy. As_support materials, preference is %lven to using

silica gel, MMagneSPtaPeAldYi deNeal ki NORT6xi HBT2M¥SSFor 44 EAP3 EMARCF004 -
22 olefin polymerization and
E) optionally one or mcre metal compounds of group 1,
15 2 or 13 of the Periodic Table.
Thus, more than one of the monocyclopentadienyl

complexes of the present invention can simultaneously
be brought into contact with the clefin 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 monocyclopentadienyl complexes of the
25 present invention to  be used in polymerization
processes in the gas phase or in suspension, it 1is
often advantageous for the metallocenes to be used in
the form of a solid, i.e. for them to be applied to a
solid support B). Furthermore, the supported mono-
30 cyclopentadienyl complexes display a high productivity.
The monocyclopentadienyl complexes of the present
invention can therefore also optionally be immcbilized
on an organic or inorganic support B) and be used in
supported form in the polymerization. This 1is a
35 customary method of avoiding deposits 1in the reactor
and of controlling the polymer morphology. As support
materials, preference is given to using silica gel,

magnesium chloride, aluminum oxide, mesopcrous



materials, alum nosilicates, hydrotalcites and organic polynmers such as
-pol yet hyl ene, pol ypropylene or polystyrene. 5 As solid support nat2QiMiRS0
B) for catalysts for olefin polynerization, preference is given to using
silica gels since particles whose size and structure nmake them suitable
as supports for olefin polynerization tcah2be produced fromthis material.
Spray-dried silica gels, 10 which are spherical agglonerates of smaller
granul ar parhi€etesal know was rurdinergatpart | bydspthave theemrfdundgans che

particularly useful. The silic el n ried Lar. ined before
use. 15 Li kevﬁ’%ﬁwﬁ?ﬁ?er r%lﬂc}%up%osrgt sgﬁﬁ?/aefﬁg%r%yé\redt al %i%gé@rg ?lcéé{a% ci ned
hydrot al ci t espolpstuypnenal ogy, hydrotalcite is a natural mneral which has
the ideal formula My6Al 2 (OH) 16003. 4H20 20 and whose structure is derived

fromthat of brucite M(OH) 2. Brucite crystallizes in a layer structure in
whi ch thesnmetats boisdarsidpoeat eukier bel ahBdr florhatatsal bt sweenrt wa eifdyer s of

cl ose- packed hydroxyl Lot W ever Y, 5860nd 4 aygy; =8 ;

oct ahedr al hoﬁ)%gy%%%ﬁﬁagg%gﬂpiégégéﬁgﬁé%ro%/gl cite, sgcnde na&r?cegsi um il(():r?s are
repl aced by ayebsnsimcenpantitch esherhsste ofiiQy@nd ShEWEERFAgMA KGodilEMve
charge. This [s. nsaf e [ | £h; 1 ogeh R&le A (Wi ef28f b
crystallizati %ﬁlgggﬁg3%aﬁ[ oglé?%ar?% ?%Z _ﬁ%%?%r%d%at ﬁ?aryezr s..l _Suchal ayéer
structures arpréduaddnodiraml yhia theaisel of SPRAYNESEERt af i Rimae s,

hydroxi deg, by ggNerAl | g fiosad hebydraxi ges dyavinar a grayen
structurg‘%ang‘%ﬁgﬁ 5%516% o%rgm%gmdéﬁl )3%&%( Iel I ?23;(}%? 4AX+4- /r?ln . Zar 029
MAR 2004 - 23paihéFeeRy| KNaWE % RRHFBAEY nd@altl rad W PRENCTOWEE  Co,

Mh, Ca and/ orEepangMelilch) ard ya dgdfal entheres 2l i csugbl ascah, bee dr@ed M,
La, Ce and/or Cr, Xx'is a_nurrb%r
and/or calcined before use.

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

a natural mineral which has the ideal formula

Mgghl, {(OH) 16C03- 4HZ0
20
and whose structure is derived from that of brucite
Mg (OH),. Brucite crystallizes in a layer structure in
which the metal ions are located in octahedral holes
between two layers of close-packed hydroxyl ions, with
25 only every second layer of the octahedral holes being
occupied. In hydrotalcite, some magnesium lons are
replaced by aluminum ions, with the set of layers
acguiring a positive charge. This is compensated by
anions which together with water of crystallization are

30 located in the intermediate layers.

Such layer structures are found not only in the case of
magnesium-aluminum hydroxides, but generally in mixed
metal hydroxides having a layer structure and the

35 formula

M(II) 22 M(ITII) 22" (OH) gpea-Bosm” -2 H20



fromO0.5 to 10 in steps of 0.5, Ais an interstitial 5 anion and n_is the
charge on the interstitial anion, which may be from1l to 8, usuaIQQJMAbﬂMﬂ
to 4, and z is an integer froml to 6, in particular from2 to 4.

Possible interstitial anions are organic anions such as al koxi de ani ons,

al kyl ether sulfates, aryl ether 10 sulf &3es or glycol ether sulfates,

i norgani c anions such as, in particular, carbonate, hydrogencarbonate,
nitrate, chlowhdee sUIfIgt & ora B{ﬂﬁ]ﬂé‘n@rm@béyozocmaal Mganinms Csw,crNJ'a,s

Mb70246- or V10 ur pl.yr i ons may
al so be preseﬁp %@jﬁcgg Wé{%F g% §5§HQL}§§H i3 %% OXI aJ?gg a

| ayer structusechr es edgr ded, ahahwwmpthapitesaﬁd#othér pu¢p05e5 mﬁmbmm
present invention. IC|t n b opvert ed. by _c i ian,_4.e.
heating, int ofc?glr“m% |_%ydr ot ajr%l %ePSM|i§h8e§ébIAesPS %Ht gﬂaéﬁa%%aei
desired hydr oxyliogr campd contient the behamsst . Ohntéddl@npﬁrSthéi@ﬂysa@ﬁon,
structure al sg,changes, pche g epagaton, ot Galgi ned dwglr ol df tes used
25 accordi ng t0 the present invention {s usualfy carrie ove
180C. Prefererce istggeen fimpmalcitrat bon i1 opaiitdmd ao 2400 stat 4rom
250C to 1000Cpds s A il Al {1.0m M0foh Z00Co Sl SRR Yo passd g

air or inert gas over the nater|a bei ng cined”or 30 application of
vacuum i s al sé@lpexdids e. af@niﬂh%at i bkl heehaﬁﬁr albudf ad@dvhetd iy hy dF o ®T ci t es

firstly giye Qihh AR ol Cq1JEXNNOeOREHT Sou Pafdls] helnoheahl 80, aklienact ual
cal cinati on process, the ne al 35 hydr oxi des el i m nat'e hydr ox g# g gs and

interstitial Sasibondsto #bor RRAELEN1E% de2TRPRATBH g itia
ani ons such a%l(t%rati@at@h%ti&ebelslfhgf%b.'ee oif osb@HMES@ﬂt orlytd&% Qﬁémhed

hydrotalcites. A measure 2 9 VAR 2004 - GIS is the | oss
i gnition. Thi STHONHSYE ght NPy eﬁa*er‘{:éﬂeaed by HEL Gl & \Mﬁ’t"ﬁlﬁ% Phat ed
in two a plurality of such anicns may alsc be present.

15

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

purposes of the present invention.

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

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

30 application of vacuum is also possible.

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

to be present in the calcined hydrotalcites. A measure



steps, firstly for 30 mnutes at 200C in a drying oven and then fo hour
at 950C in a nmuffle furnace. 5 The cal cined hydrotalcites used as c W@‘
B) are thus nm xed oxides of divalent and trivalent nmetals MIIl) and
MI11), with the nolar ratio of MII) to MIII) generally being in the
range from0.5 to 10, 10 preferably froen2d.75 to 8 and in particular from1
to 4. Furthernore, normal |evels of inpurities, for exanple Si, Fe, Na, Ca

OrI Ti agdhcgl@fi l(ﬂejisanﬂs shlef al @ss rmy Adpsbtbenpr %erd . 145 tPreef veight

cal cined hydrotalcites B) are njxed oxides_ in ich MJL),] agnesi.um and

MIILl) is al Lﬂn‘?%ﬁme@ﬁéﬁenéﬁetﬂﬁnhﬁmanaaﬁggﬁﬁmwrﬁliﬁc,‘g% gxsl d}é%g%%é G a?ﬁgbl e

Lr o][n Condea ﬂrlqme Ehbel 1 Hafibur §0 widert etshett r2de’ harme a Purgiog Myen20
reference is_als iven_ t i ned drot al ¢i [ ' he structural

transf or mat | G sgag?rpf%fe%ﬁgh\%i g?ugs yEcg?prfcaeiﬂgl.%f&gl cf;Mr%lélt%lQéatrf, i.e. a

transformation of the structure, can be established, for exanple, by 25

means of X-r diffractio tierns. . h t it n
hydr ot al ci t_egly%? sczlﬁlicclar’e&ge ?dhr?g%ﬁacrl-egégsenéggﬁl ilégnp 0 e@%@f?ﬂel ?rgi vi ded
powder s havi nghas meaixqar taxidedi afet eivadensf Bpem Sriyadgnzoomgiels
preferably from1p tod S8 Rirpargiey! anly meneher ablyof rom 510 108 pm
and in particualar'from?2 £0°70 pm and usually have pore volunes_of from
0.1 to 10 cn8l§lIpr efearesi il r bAL092 1® Shensrgngand i Peclt Pc tutface

areas of 16r0%99f%8a13990 %49, opref epgbly fimem 8 38k #0i 890a AR/rand1i n
particular froml to” 600 nk/g. The nonacycl.opentadi enyl caonpl exes of the
present inved®ibn arerpherBeapt y PG kd 4 %Jm'};h ofn amPUAE R £RE

concentrati one Qfmppaocyel opert adingny! ceonpiexesi i naZd9 VARC20A4s25ahke

fini shed catal yst systemis from1l
sglfatgs, may & SOH%@OPE%S%%%.anI,

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
Ccndea Chemie GmbH, Hamburg, under the trade name
Puralox Mg.

20
Preference is alsoc given to calcined hydrotalcites in
which the structural transformation i1s 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 hydrotalcites or silica
gels used are generally employed as finely divided
powders having a mean particle diameter dso of from 5 to
30 200 pm, preferably from 10 to 150 um, particularly
preferably from 15 to 100 pm, and in particular from 20
to 70 pm, and usually have pore volumes of from 0.1 to
10 em®/g, preferably from 0.2 to 5 cm’/g, and specific
surface areas of from 30 to 1000 m?’/g, preferably from
35 50 to 800 m’/g and in particular from 100 to 6CO0 m?/q.
The monocyclopentadienyl complexes o©f the present
invention are preferably applied in such an amount that

the concentration of monocyclopentadienyl complexes in



preferably from20 to 100 pnol and particularly preferably from25 to 70
prol, per g of support B). 5 Some of the nonocycl opentadi enyl conpl 23e4Ar0M0¢
the present invention have only a | ow polynerization activity and are

t herefore brought into contact with an activator, viz. the conponent C),
in order to be able to display a good-pdaynerization activity. The

catal yst 10 systemtherefore optionally further conprises, as conponent

C, onefor rTDItelecafi@DsdIﬁ@§lmdtg:a(iqfﬂlouﬁﬂgtemp][ieﬁef.f&b}ny a ltggsz%@qanhol,h
cation-formng c 0 O, Suit e catiaqn-fornmng conpounds ! ich are
able to 15 rgéf'&%\?ﬁaﬁ]rﬁ hef ifocyd opEft adlirbegn>Hmcl‘,30rrpf"BSZ1 A)p%lbt%%)w}?it
into a cationipeefemeund fardn FOrt@xXamimel, abeni oxANESppEEE0RY . unchar ged
Lewi s acids, ionic conpounds having a Lew s-acid cation or ionic conpounds
having a Bronsted acid as cation. 20 25 As al um noxanes, it is possible to

use, for exangleme tdfe cumpoundiscdestopbrdatneMP1003ARIRxRar taul eidy
useful conpounds a%’% open-chai n_or cli cral um noxane conpounds of.t he

o
formul ae (F XPI6F S X R 17 4- BEVR ' Prbab BB 110K &° YRSTizaion (F
X) (F X1) wherpetRWDIRARrat ea eactheraflependeatbitofinape camatarer ,with an
Cl- C6- al kyl gr. -Rrefer y t t.hy butyl or 1ispbutyl group,
and 1 is 2 9 @&EHEGI&?@’ 2‘?%'- g}ﬁg?ré%{éjé)rnef%}ton#h’tgtnmfrcgﬁ%f Paﬁ/ey %?Jgem
to display a good polymerization activity. The catalyst
10  system therefore optionally further comprises, as
component C), one or more cation~forming compounds,

preferably at least one cation-forming compound C).

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

having a Bronsted acid as cation.

20
As aluminoxanes, it 1is possible to use, for example,
the compounds déscribed in WO 00/31080. Particularly
useful compounds are open-chain or cyclic zluminoxane
compounds of the formulae (F X) or (F XI)
25
RD
™~ ST
AI—[-O— Al—]— R (F X)
R2D/ l 1
RBD
L[O—-AI}. — (F X))
I
where R'-R*"  are each, independently of one another,

a C;-Cg-alkyl group, preferably a methyl,
30 ethyl, butyl or isobutyl group, and 1l is



5to 25. Aparticularly useful alum noxane conpound is 5

met hyl al um noxane. These oligoneric al um noxane conpounds are cust o&e&MAMUM
prepared by controlled reaction of a solution of trialkylalumnumwth

wat er. The ol igoneric al um noxane 10 conpounds obtained in this way are
generally in the formof mxtures of bothglinear and cyclic chain

nol ecul es of various lengths, so that 1 is to be regarded as a nean. The

al um noxane conpounds can al sgn bgtpHegeRt-cinn 12dH XIQr epy@f@rg}gp?rfgg;nal
al kyl's, 15 usually al um num al] kyl s, _Al um noxane preparations suitable as

conponent C) are comrerci al | y5a Qi ?abl e. Furthernore, nodified al um noxanes
in which sonme of the hydrocarbon radicals in the formulae (F X) or (F Xl)
20 are replaced by hydrogen atons or _al koxy, aryloxy, siloxy or am de
groups can be%hseop"i’ tb?‘gg@rgV t hBSe4Pdm noXaTE e ndsc?ﬁg?‘ﬁ%dforﬁﬁl a (F
X) or (F Xb) asthambmeitcne?25 It has been found to be advantageous to
use the nonocycl opentadi enyl conplex A) and the al um noxane conpounds in
such anounts that the atomc ratio of alumnumfromthe al um noxane
conpounds, i ndheliengcahygomalrum reimnalriopdarst | tbmpoesent arte0 thet bmansiyi on

metal 30 fromgt cygcl,op i C lex A) isin the .range from
10:1 to 1000: fgggjrég%?abl% f(re'gh?%:??gbo gggﬁifog%d Oﬁ‘:n paart?%Julfgi’g?ro 30:1
to 400: 1. As dtmiengkylimbbmiged wehhswateds, Theefadrigmreiss g Veningsahe

gg”ﬁguc\ﬁ; gf NEJE)J%}:ICQH% a opfe s MPRXHRZPX3R (Fo 2L | )ge%egra!% 2004 ¢ne? o
form of mixtures of both linear and cyclic chain
molecules of wvariocus 1lengths, so that 1 is to be
regarded as a mean. The aluminoxane compocunds can also
be present 1in admixture with other metal alkyls,

15 usually aluminum alkyls. Aluminoxane preparations

suitable as component C) are commercially available.

Furthermore, modified aluminoxanes in which scome of the
hydrocarbon radicals in the formulae (F X} or (F XI)
20 are replaced by hydrogen atoms or alkoxy, aryloxy,
siloxy or amide groups can be used in place cf the
aluminoxane compounds 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
aluminum from the aluminoxane compounds, including any
aluminum alkyl still present, to the transition metal

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

As strong, uncharged Lewis acids, preference is given
35 to compounds of the formula (F XII}

2D 10y 2Dy 3D (F XII)




R ——————..

is an elenent of group 13 of the Periodic Table of the Elenents, in
particular B, Al or Ga, preferably B, X1D, X2D and X3D are each hydrogen,

Cl- C10-al kyl, C6-C15- aryl, alkylaryl, arylalkyl, haloal kyl or hal oaf JIMAR 2004
each having from1 to 10 carbon atons in the alkyl radical and from®6 to

20 carbon atons in the aryl radical or_ fhuarine, chlorine, brom ne or
iodine, in particular haloaryls, preferably pentafl uorophenyl. Further
exanpl es of s{/hremg, uncharged Lewis acids are nentioned in WO 00/31090.
Particul arly useful conpounds as conponent C) are 20 boranes and boroxins,
e.g. trialkylborane, triaryl borane or trimethylboroxin. Particular
preference isM®@iven to usingsboranese Wahsht beak atgllcg_ﬁ,)st {80 ¢

perfluorinated aryl radicals. Partjicular preference is 8

iven to C(;Cr}ﬁ?ounds
of the formula (F XI1) in whifER1REBE 25730 an@Ix3bid e Fhementa,, in

preferabl ¥ tris(penta- fluorephenyh)ker @qe.glstdror@g,um% Wy s acids
which are suitable as cation-fornm ng conpounds C) al'so include the
reaction 30 products fromthe reaction of a boronic acid with two

equival ents of'"a P syl ai’umireune oeht heydeagdh on ¢, peoguatis, f r om Lhg -
reaction of a trialkylalumnumwth t%eclui val ents of an "acidic
fluorinated, in particular Séﬁw uGriared L c 4t Jc)&ﬁ%ouﬂal%&ll‘iyés ox

pent af | uoro- 35 phenol or bi sépeatrgill earcdphanyindoftdh cl acbdl 022 aMABN2004 -

28 Suitable ioni d i Lewi s-aci ti i n¢l ud lt-1ik
corrpoﬂlndg’éofe It(r)IQI gatciogﬁog]p f gg}ﬁ:‘sgrqﬁuﬁc\ge?f%%ﬁ )cra%éj?cnésj( N‘lf”%gagf%fzg to IQ ]ed+

(F XI11) where MD 20 carbon atoms in the aryl radical or
fluorine, chlorine, bromine or iodine,
in particular haloaryls, preferably
pentafluorophenyl.

15

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

Particularly wuseful compounds as component C) are

20 boranes and boroxins, e.g. trialkylborane, triaryl-
borane or trimethylboroxin. Particular preference is
given to wusing 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 tris(penta-
fluorcphenyl)borane.

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

35 phenol or bis(pentafluorophenyl)borinic acid.



is an elenent of groups 1 to 16 of the 10 Periodic Table of the El enents,

15 20 QL to QZ are singly negatively charged groups such as Ci- CZB- F%% 1
C6- C15-aryl, alkyl- aryl, arylalkyl, haloal kyl, haloaryl each having Hw
6 to 20 carbon atons in the aryl radical and from1l to 28 carbon atons in
the al kyl radical, C3-C o- cycloal kyl whizgh -may bear Cl-C o-al kyl groups
as substituents, hal ogen, Cl-C28- al koxy, C6-Cl5-aryloxy, silyl or nerc-
aptyl groups,saitsbae intedes fdampdudds 6 RAUing5 Zelwssaacint eqertfarem 0 to
5 dis the difference a .but dis eater than or qual to 1. 30
Particul arly ﬁgﬁiﬁ eCatedhs & céFN&W%ﬁﬁ%ai?%n the x 6hi &ﬁPcaﬂ§M1 th&d

sul f oni um cat fonsuaad (&l ¥a@Idationic transition et al conpl exes. Particul ar
mention may be made of the triphenylnethyl cation, the silver cation and
the 1,1'-dimethylferrocenyl catlon They preferably 35 have noncoordi nati ng
counterions, in particular bdriai*®cBipelinds. ad¥are al so nentFoXedIin WO

91/ 09882, preferably t et raki s(pent af | uorophenyl )borate. 2 9 MAR 2004 - 29
The salts containing noncoordi nati ng ani ons can al so be prepared by
conbi ni ng a beheneor al um num conpound, e.g. an aluminumalkyl, with a
second conmpound which can react with the boron or alum num conpound so as
to 5 1link two )f nore boron or alum num atons to one another, e.g. water,
and a third cipound which fdsnen aplevanti og |€om1é:p%oﬂrp¢lmd1w o tihe bor on

or alum ngm conpound, e.g. tiRReAH eloromet hane pldhaddition, a fourth
conpound whi ch |ikew se reacts with the boron or

D to Qg are singly negatively charged groups
such as Ci-Czg—alkyl, Cg-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, C:=Cio-
cycloalkyl which may bear C;-Cig-alkyl
groups as substituents, halogen, C;-Cag-

20 alkoxy, Cg¢-Cis-aryloxy, silyl or merc-
aptyl groups,

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

greater than or egual to 1.

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

35 have noncoordinating counterions, in particular boron
compounds as are also menticned in WO 91/09882,

preferably tetrakis{pentafluorophenyl}borate.



10 al um num conpound, e.g. pentafl uorophenol, can be added. lonic
.conpounds havi ng Bronsted acids as cations preferably |ikew se hawngMRz
noncoordi nati ng counterions. 15 As Bronsted acid, particular preference i@4
given to protonated amne or aniline derivatives. Preferred cations are
N, N-di et hyl ani I i ni um N, N-di et hyl cyclkozghexyl ammoni um and
N, N- di net hyl benzyl ammoni um and al so derivatives of the latter two. 20
Conpounds contaknisAg tanicytite homn telesoeyniesing antondeseni Bedoi BeVO
9736937 are al so suitabl e as conmponent C% in particul.ar
di ot hyl ani | | REGRBERE: aBén HERLh Y { /i  JPBEPat AbervalEdI IS CHMEPY Fad
i oni ¢ conpoundsgC) @onbaumibamateskyhj chikeara aecoeastcompoped f Widchnat ed
aryl radicals. Particular. _.preference is _given.to N Ndinethylani_linium
tetrakis- (pefflf FEGCTpRENYY ) bBT aP8T8Rd OFn dar ti el ar W N8y ¢ &% ©
ﬂig?ghyICﬁblgmenylaﬁwaniumltabma kibstpant afl ualoplienyl ) atlhorsat &0  cone

) i met hyl benzyl amoni um t et raki s(penta- _fluqra or or. i_tyl
tetrakis(pentﬁPP%bF5! 6%é%yIYB%F5te?“§g m5£6anﬁgg%%%#gfewg%?%ngoégﬁ élso
be linked to ene icaniotiher, iasicn cdomgotinghiwit €8¢, EEr 2B- CEF4-1BMiGEFS) 2]

2-, or the bar ion_can . V] i 0 i simg: a; .sui table
functi onal grgag&t%g%t%he %Ugbo&?l%%%}clgﬂﬁ%%%ﬁm53041 u?%%g'r e
suitabl e cati 6pufshnmicogresmsbuitisIC)l revldstedactn WEDOLBE09@I oTheanpunt
of ST ong.g UNChARIRd L el sBshsle, |8NGLE SIAMAUMIDIRAIAY, Leuhs- abid

cations or ionic compoun g Bronsted acids as cations is preferably
from0.1 to 20deduivalents, nore preferably from1l to 10 equival ents,

based on t he nonocycl opent adi enyl conplex A).

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 heterccycles as are
described in WO 9736937 are also suitable as component
C), in particular dimethylaniliniumboratabenzenes or
tritylboratabenzenes.

25

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

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

35 Two or more bhorate anions can also be linked to one
another, as in the dianion [(C5F5}gB—CﬁFq—B(C6F5)2]”, or
the borate anion can be bound via a bridge comprising a

suitable functional group to the support surface.



10 Further suitable cation-form ng conpounds C) are boron- alum num
.conmpounds such as di[bi s(pentafl uorophenyl - boroxy)] nethyl al ane. 79 004
Bor on- al um num conpounds of this type are described, for exanple, 7 MW
99/05914. 15 It is also possible to use m xtures of all the abovenentioned
cation-form ng conpounds C). Preferred- gioxtures conprise al um noxanes, in
particular nethyl- alum noxane, and an ionic conpound, in particular one 20
containing theutehea kustpenteafdatoraphring)hpresepanhas, C)aRdorn a&&id ong
uncharged Lewi s @él 8 53 Bﬂrti cular tris(pentafluorophenyl)borane.
Preference islﬁi n Pé gi g both the 25 nonocycl opentadi enyl conpl exes A)
and the cation form ng conpounds C) in a solvent, with preference being
given to arongfijc m{grocarbons havi ng from6 to, 20 carbon .atons,, i

n
particul ar xyl eRess ol tiend: pentitre, HEXHHE S hegtRie® orf TG ur €M fer eof .
30 A likewi secbnpadngsodiacti repebew Lisn zahd akse ibesohdai hedi cbycrgewifcd he

nonocycl opent adi I e ). 0f. the . present inventi i n_conbjnation
with at | eastﬁ%{r]lglqéff %%?ﬁgl}:%)éat%éﬁfsst aS) hcvﬁﬁlc '3 slgquggFéaggP] Eﬁé’”@ng)‘q
pol ymeri zat i ohcof 2681 ekgpg vallernits,t hewefeor e possidb eyt of rame Gnetaer nore

catal ysts whi i t.abl et i i ti_onal
conponent D) %ﬁuﬁ;gl%f;’%gr yﬁ%sfeg/s(?lbamfth Og&%%&%%@%@gggf%?)()’irt)n&oagel,e% n
particular, 25D- MAR 2004 - 31 classical Ziegler-Natta catal ysts based on
titaniumand classical Phillips catal ysts based on chrom um oxi des.

Possi bl e conponents D) in principle include all conpounds of transition

metal s of groupstBe¥ o ¥2t8P1ENE2S iparitodnt MRt @R Ui%R Fanehanbeaenahi ch
contai n or gand Tumgfigrpscefgopneter abkty fosm gath ¥spenvhirehodb@naghiie in

olefin pOIynfgé%g§§9?mgzﬁ§£aﬁgggtiO oggébaigginum compounds o¢©f this
type are described, for example, in WO 29/06414.
15
It is also possible to use mixtures of all the
abovementioned cation-forming compcunds C). Preferred
mixtures comprise aluminoxanes, in particular methyl-
aluminoxane, and an ionic compound, in particular one
20 containing the tetrakis(pentafluorophenyl)borate anion,
and/or a strong uncharged Lewis acid, in particular

tris(pentafluorophenyl)borane.

Preference is given to using both the

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

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

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

system. Possible catalysts D) include, in particular,



conponents C) in the presence of A) and optionally B) and/or E). These are
usual Iy conpounds in which a 10 nonodentate or pol ydentate ligand is_ bound
to the central atomvia a signa or pi bond. Suitable |igands i ncl ud® MAR 704
t hose containing cycl opentadi enyl radicals and those which are free of

cycl opent adi enyl radicals. Chem Rev.-20Q0- Vol. 100, No. 4, describes
many such 15 conpounds B) which are suitable for olefin polynerization.

Mul ti nucl ear €ygkgopent adijemle CRERIEX QS ¢ ANEs 1B S0 Sl t 8R! %iiggui‘a}ne%h@

pol ymeri zati on, Furthir Bartpcularly wel | -suited conponents D) are 20

t hose cont ai @S atCPéasfidndPey CPERN S Siped wre AN EPARE™ \ehi ede ar e
general ly refessedbie a&dﬁﬁ@ﬂéﬂmﬁnen)comﬂEMF§in8§§u@HHfH&yb&éefth

met al | ocene conpl exes are those of the farmula (F XIV)_(F XI'V) MEXEl 25
Z' where the SUBRPPRAENPS AXETEAGHODs ehvet & R FHTTERF ng theani Agstiiso M E
is titani 6m ReértodiunTazbakniodmthevanadintni déobinitht aphak UM celeaiicum
nol ybdenum or_ t ungst en, roup of the

Por ) odi ¢ Tabl% ANt REIS TFE PEAPRLE, TEM 48" 96V ¥E*  FhdfPne EnPREANE
bromine, iodiie, ohgdiogemmolGinddizatiyh, E€2t€ko- aldeemylon GvOib- atyk,
BRSO phad L ROMLL K9 A0 EREPRIIDIR (0P A oA Ln 2Nty YoM 6
and/or E}. These are usually compounds in which a
10 monodentate or polydentate ligand 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 clefin
polymerization. Multinuclear cyclopentadienyl complexes

are &lso suitable for olefin polymerization.

Further particularly well-suited components D) are

20 those containing at least one cyclopentadienyl-type
ligand, which are generally referred toc as metallocene
complexes. Particularly wuseful metallocene complexes
are those of the formula (F XIV)

(F XIV)
M1EXE1
25
where the substituents and indices have the following
meanings:
30 M'E is titanium, zirconium, hafnium,

vanadium, niobkium, tantalum, chromium,

molybdenum or tungsten, or an element of



part, -ORGE or

unsubsti t ut ed

Cl- d o- al kyl ,

-NR6ER7E, or two radicals XE forma substituted or
in particular a 1,3-diene |igand, an
cod MR

di ene |igand,
2 or 3 and, depending on the
conpl ex of the formula

C6- C15-aryl,

(F XI'V)

val ence of MLE, is such that the net

al kyl aryl, aryfalkyl, fluoroal kyl or

fluoroaryl each having from1l to 10 carbon atons in the al kyl radical

25 from6 to 20 carbon atons gﬂo@be:ﬁryk e cal-iand ct heapadi cale XhE are
identical or different and ma h0|ned to one another, 30 35 RIE to

are each hydrogen,

cycl oal kenyl

C2- C22- al kenyl,,g

radi cal s may

5 10 cycli B groups having frohydr®geﬁ4 campﬂno al byb,

Cl- C22- al k ?“ %a

19857- menber ed cycl oal kyl or

i s uncharged, where RG6E and R E are each

and

RSE

which may in turn bear Cl-Cl0- aIkyI groups as substituents,

C6- C22- aryl,
so together

al kyl a or
P18 ety SRYRRLEY L et ReBohEs

may be identical or dlfferent a 1 €ac Cl Cl aIk '
kyl, ©06-CI5- ary? Lo KEDS |’5§< and®BRr F.

C3-d o-cycl oal

10

15

20

25

30

35

where

R®® and R7F

10 carbon atoms in the alkyl part and
from & to 20 carbon atoms in the aryl
part, -OR®® or -NR®®R™, or two radicals
X® form a substituted or unsubstituted
diene ligand, in particular a 1, 3-diene

ligand, and

is 1, 2 or 3 and, depending on the
valence of M¥, is such that the
metallocene complex o©of the formula
(F XIV) 1is uncharcged,

are each Ci-Cio-alkyl, Cg-Cis—aryl,
alkylaryl, arylalkyl, flucroalkyl ©or
fluorocaryl each having from 1 to 10
carbon atoms in the alkyl radical and
from 6 to 20 carbon atoms in the aryl

radical and

the radicals XF are identical or different and may be

joined to one another,

RlE‘. to RSE

are each hydrogen, C;-Cz-alkyl, 5- to
7-membered cycloalkyl or cyclcalkenyl
which may in turn bear C;-Cjp-alkyl
groups as substituents, C;-Cz;-alkenyl,
Ce-Caz-aryl, alkylaryl or arylalkyl,
where two adjacent radicals may also

together form saturated or unsaturated

Ia K where two adj acent

- 33
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is as defined for XE or is Rl 3E Z1E RI2E 9E R 1E RI10E where the
radicals ROE to RI3E are each hydrogen, Cl-C22-alkyl, 5- to 15 7-nkSivaR &ah;
cycl oal kyl or cycl oal kenyl 20 25 which may in turn bear Cl-Cl10-al kyl

groups as substituents, C2-C22-al kenyl, C6-C22-aryl, alkylaryl or
aryl al kyl, where two adjacent radicals Bdy-al so together form saturated
or unsaturated «cyclic groups having from4 to 44 carbon atons, or S
(S19s) 3 where are identical corldicf beremnts and iare Ragh 4 GloClo- akkpbn

C3- Clo-cycl oal kyl , C6-Cl15- aryl, Cl-Cg-alkexy or C6-Cl0-aryl oxy, 819E or
the radicals R4E and Z1E togg¥ﬁ@F'f8Fn§&A§-ﬁfSE@ﬁﬂﬁE- group, where 2 9 MAR

2004 - 34 R16E R16E RI6E | R1 SE ME - . -M2E_ ME _f | R17E R17E R1l7E
R16E R16E C -_ax O- MZ | | Rl.7E R16E R1GE RL6E G Ee a4
R May be  Identlical or different and may
5 each be C;-Cyp-alkyl, C3-Cyip-cycloalkyl,
Cg-Cis—aryl, Cj~C4-alkony or Cg—Cig-aryloxy
and
Z1g is as defined for xF or is
R19E
R”E R‘IDE
10 r
where the radicals
R to RUIE are each hydrogen, Ci-Cs-alkyl, 5- to
15 7-membered cycloalkyl or cycloalkenyl
which may in turn bear C;-Cjp-alkyl
groups as substituents, C;-Csy—-alkenyl,
Ce—Caz—aryl, alkylaryl or arylalkyl,
where two adjacent radicals may alsc
20 together form saturated or unsaturated
cyclic groups having from 4 to 44 carbon
atoms, or Si(S'%); where
R*EE are identical or different and are each
25 Ci-Cip-alkyl, C3-Cyp-cycloalkyl, Ce~Cis-

aryl, C;-Cg~alkoxy or Ce¢-Cip-aryloxy,

or the radicals R** and 2! together form an -R¥¥E,-AE-

group, where



R 17E R16E RI6E | | R17E RL7E RL6E RI6E RI6GE C 1 | C 1| I2E I2E C 817E R17E
'R R 17E 817E 817E M M 2E 817E =BRI16E, =BNRL6ERL7E, =AIR'', - Ge-7 3-MMR-200¢
-0-, -5-, =SO =S02, =NR16E, =CO =PR16E or =P (0) R16E, 5 where RL16E RL7E
and R28E are identical or different and are each a hydrogen atom a
hal ogen atom a trinethylsilyl group,-a3€l1-Cl4-al kyl 10 group, a
Cl-d o-fluoroal kyl group, a C6 15 20 C10-fluoroaryl group, a C6-d o--aryl
group, a Cl-d o-al koxy group, a,C7-Cl15- ﬁékyh&ryloxy group, a
C2- C10- al kenyl group, a C 7-CA@-aryl al k§lI™ grdup, a C6- - aryl al kenyl
group or a CV-Cgo-alkylaryl group, or t adiacent radﬂcals together wth
the atons con ting themfor 2®_sat ur gieed Qqpxeunsat ur ag=d rihge havi n

e g M @ _sat ur ghed Qfzeun _%__ﬁgﬂ g

from4 to 15 carbon atons, and MRE is silicon, gernaniur1or , preferably
silicon, 2 9 MAR 2004 - 35 5 10 15 ! -

R17E R17E R1TE RWE

R16E RE R16E R'6E

| i |

__-ﬁ — —0— MR- — ¢ —c —.

Rﬂ'E Rt?E R‘l?E R17E

R16E R165 R16E R?GE R1ESE R1!5E

] e e |

O P P U A

R‘t?E R17E RﬂE R‘l?E R17E R‘ITE

=BR'®¥, =BNR'®**R!’®, =aIR'®®*, -Ge-, -Sn-, -0-, -S-, =50,

=S0,, =NR'%® =C0, =PR'®f or =P (0)R!%E,

5 where

16E 7
R Rl E RIBE

and are i1dentical or different and are

each a hydrogen atom, a halogen atom, a
trimethylsilyl group, a Cy1-Cyp-alkyl
10 group, a Ci-Cjp-fluorocalkyl group, a Ce-
Cip—-flucroaryl group, a Cg-Cip—aryl group,
a Ci-Cip—alkoxy group, a Cy=Cis-
alkylaryloxy group, a Cp-Cip—alkenyl
group, a C3-Cyp~arylalkyl group, a Cg-Cao-
15 arylalkenyl group or a C;-Cg-2lkylaryl
group, or two adjacent radiczals together
with the atoms connecting them form a
saturated or unsaturated ring having

from 4 to 15 carbon atoms, and

20

M2E is silicon, germanium or tin, preferably

silicon,



Al E RI9E R2CE v or the radicals R4 and R12E together form an -RL15E
.group. is -0." ,-S .-, NRI9E PRI9E. -0o__ R19E -NR19E -PR 92 or an 2 9 MAR 2004
unsubstituted, substituted or fused, bietexrocyclic ring system where are
each, independently of oene another, Cl-Cl10-alkyl, C6-Cl5-aryl,

C3' C10-cyclo- al kyl, C7-CiB-al kylaryl or 38i -(R20E) 3, is hydrogen,

Cl1-Cl0-al kyl, C6-Cl5-aryl which may in turn bear Cl-C4-al kyl groups as
substituents prr C3-Cl0-cycl oal kyl ,, is_1.or ™ t.ké~case of Al:E bekng an
unsubstitut ed’ substituted or°f usgd, '-hgt e'rrac%l i.e ﬁgn'g éyg%e'm—ggnzal so be
O, 20 The radicals XE in the fornula (F XIV) are preferably identical and
are preferably fluorine, chl-@i'i®, obram nens@bstitaldd, esubataltkyled in
particular chlorine, nethyl_ or.benzyl.. 25 Such.conplexes can be .

synt hesi zed by met hods knowt per'>%¥, Iberteﬁfle?(é%(r‘i/l‘b;/TP?Jéch"?)h':]élf rhgre
appropriately substituted, cyclic hydrocarbon anions with halides of

e R a2k, SHAM (Eha 0 FaMPhgs S AL LEMACLY
useful cofpounds D) i nclude: “~bi s(cycl open Iényl’) zi rconi um di chi ori de,
bi s(pent a- met hyl cycl opent adiCen§loy2ilkyéni unfdr €hi-érivde, bls=Cio-cyclo-

(et hyl cycl opent adi enyl ) zi r criym di-chforide., 1i,Sr1 gi (RZ%E
(et hyl cycl opent adi enyl ) zi rco(r%i u#}mdi cﬁl oF | e, ybll 31%35 or Si ak
(n-butyl cycl opent adi enyl ) zirconium dichioride, bis(1-n-

but yl - 3- met hydawycl opent adi enyls) zi @fl&%hgi chd,oci desy kPl s(i rdepyl-hzinconi um
dichloride, bis(tetrahydro 2 9 MAR 2004 - 36 indenyl)zirconiumdichloride
and bis(ﬂpinﬁthylsilyl- which may in turn bear C;-Cs~alkyl groups

as substituents or C3;-Cip-cycloalkyl,

v is 1 or in the case of A' being an
unsubstituted, substituted or fused,

15 heterocyclic ring system can also be O,
or the radicals R and R' together form an -RYE-

group.

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

methyl cor benzyl.

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

titanium, zirconium, hafnium or chromium.

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

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

bis{indenyl)zirconium dichloride, bis(tetrahydro-



cycl opent adi enyl) zirconiumdichloride and al so the corresponding 7g MAR 7004
-di met hyl zi rconi um conpounds. 5 As conponent D), preference is also given QO
bri dged bisindenyl conplexes in the racem c or pseudoracemic form where
pseudoracem c refers to conplexes in which the two indenyl ligands are in
the racemic arrangenent relative to one3anether when all other
substituents of 10 the conplex are disregarded. Further exanples of
particularly iuseéublraiatystemD) diichdloudele and bis(trimethylsilyl-

di met hyl si |l anedi yl bi s(cycl o ‘r? t adi en¥I E%zidr,cgni um, 15 dichl ori de,

di et hyl si | ancl JPEFRt ANUBRYE) 24 GOHL R S CAPSLde,

di et hyl si | aredd yabss(teer abydespndaihyl) €imertgnizumodindhinorddderounds .

et hyl enebi s(cycl opent adi enyl ) - zi rconi um di chl ori de,

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

et hyl enebbs( t7t r aloyghoaiemdeny) ) zipredmnemc20 idschdlord dgiven to bridged

t et ranet hyl et -9-f| V. | gpenta- dienyl zircani um di,chloride,

di et hyl si | ankgyl @F ?@yi(g’q{ng{rhté%éluﬁcyﬁ%%% h%acé;% locper?tradFé'r?lVP?fiaFE@ﬁiFum

di chl oride, diewthykbekangdiepddyrsy(Bitiar trebatyl £5- etdndlexeecl bperhadhenyl )
zi rconi um di ride, :di ylsi 2 i ylLbis (2- yl i | [.cconi um
di chioride.  ditet E‘;’? gl edil;s/ﬁdoélls&%s-?r’r%?h%f’- 3 r?et%]&[ﬁécrg%% o%ggg%éS%’é‘%&Q:’t) i

zi rconi um di ciebriHes Hemerisy laidtdradi yhen sg3lethylers-substituents of

i sopropyhgyclapent adhi epykyezik cophypydichl oride, _
di met hyl si | anedi yl bi's(2-et hylindenyl)zirconium 30 dichl oride,

di rnet hyl si | anedi yl bi s(2- et hyl -4, 5-benz- indenyl) zirconiumdichloride,

di met hyl si | ar@eh 4h & S-ex2tdy | of, Sobenzinoenyl) Zidean up=¢i-oRjd dey
met hyl - phenyl si ] anedi yl bi s(2- net hyl - 4, 5- benzi ndenyl ) zi rconi um di chl ori de,
met hyl pheny! siT&HF yI bi s( 2- et hyl - 4, 5-benz 35 i ndenyl ) zi rconi um di chl ori de,
di phenyl si | anethigt oy 5si(2ne®i hybi 4 (Oybeopendeanykhziln eqricemidinchl ori de,

G ot oL 5k) nECh g et Y IS eI )5, 21 2R LEDLELL 8
dichloride, dimethylsilanediylbis(tetrahydroindenyl) -
zirconium dichloride, ethylenebis (cyclopentadienyl) -
zirconium dichloeoride, ethylenebis{indenyl)zirconium
dichlozride, ethylenebis(tetrahydroindenyl) zirconium

20 dichloride, tetramethylethylene-9-fluorenylcyclopenta-
dienylzirconium dichloride, dimethylsilanediylbis-
(3-tert-butyl-5-methylcyclopentadienyl)zirconium
dichloride, dimethylsilanediylbis (3-tert-butyl-5-ethyl-
cyclopentadienyl)zirconium dichloride, dimethylsilane-

25 diylbis(Z2-methylindenyl)zirconium dichloride, dimethyl-
silanediylbis(3-methyl-5-methylcyclopentadienyl) -
zirconium dichloride, dimethylsilanediylbis{3-ethyl-5-
iscopropylcyclopentadienyl)zirconium dichloride,
dimethylsilanediylbis(2-ethylindenyl)zirconium

30 dichloride, dimethylsilanediylbis(2-methyl-4, 5-benz-
indenyl)zirconium dichloride, dimethylsilanediylbis-
{2-ethyl-4, 5-benzindenyl)zirconium dichloride, methyl-
phenylsilanediylbis(2-methyl-4, 5~benzindenyl)zirconium
dichioride, methylphenylsilanediylbis{2-ethyl-4,5-benz-

35 indenyl)zirconium dichloride, diphenylsilanediylbis-
{2-methyl-4, S5-benzindenyl)zircenium dichloride,
dimethylsilanediylbis (2-methyl-4-phenylindenyl}) -
zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-



phenyl i ndenyl ) zirconiumdichloride, dinethylsilanediyl-
‘bi s(2-nmet hyl - 4- (1- napht hyl )i ndenyl ) zirconium di chl ori de,
di met hyl si | anedi yl bi s(2-ethyl -4- (1-naphthyl)indenyl)zirconi um di chlomzER
di met hyi - 5 sil anediyl bi s(2-propyl -4-(1-napht hyl)indenyl)zirconi um
di chl ori de and di net hyl si | anedi yl bi s(2-i shutyl - 4- (1-naphthyl )i ndenyl)
zirconiumdichloride, where these conplexes are preferably used in the
raceni c formpHénkXanpkay10ft iappndipn ad Ecied hoglks, OHiﬁEQEQQ@tiil%&e@rig‘yg -

[

1

described, far.e I n Jaur nal_. of anonetallic Chemstry, 3

(1989), 359- 08 (EUREEEY 5#63ng§8’1‘3&&&%&%@§‘>&% e Yhe® i n which the 15
radi cal s RAE andhZiaFitieget her form andilkShyAsElageduploWker-aAthiis 4~0-,
-S-, -NRA" - s, preferably tit articul arly

and -EFI!‘E-,,.MdEi pr _a,_nium, ularly
preferably titant R *1¥-t RECGRYdAETST et +4°1 Par Pt teFar | y UgESY 120
conpl exes 5D) of 1ahediyypesdLepdiopylhyl-sill-avzgditHy]) indenyl) zirconium
(tetramet hyl cycl opent adi enyl enzyl,am Ltanium dichlari.de, o
di et hyl si | an%ﬁ?@?ffé??anet k%ﬂ(dgycl o%le%?ggglgilsé%???&é’ﬁhﬁd?ylla%uﬁg)]i iani um
di chl oride, dihenaghthyl}indenyl)zirconium dichloride, where these

silanediyl (te C o] L | ) ti.t 25 § di chl ori de
and di net hyl s%#lgﬁg%i?%(%%ge%lg%gtqér%?v %&%&?gﬁ%ﬂﬁ%ﬁ il{taanl ulzn%Sdlf chloride. When
Als is -0-R19E, -NR 9E2, -PR19E2 or an unsubstituted, substituted or

fused, heperogyghheeor Bet eéﬁ?i@f@&%@e_ BRe&hB_assyé&eﬁbng rlat iRkl enabl y
titaniumor chromum where titaniumis particularl referably in the
oxi dati on st #®SF31bpd+4 & EHEEHLEM | dnpréperadl y 4fy Orpareriedatilds state

+3. 35 In a prieérisedyenbedi neoBo) Al Esigs 3am unsubstituted, substituted or
fused, heteroaromatic ring systemand MIE is chromum Very particul ar-

preference is given to ALB being an unsubstituted or substituted, e.g.
al kyl 2 9 VARF2O0Her 3 efeihisid tedmsongut solpyl eosndnekn iparkhcghakhei N the

8 position, €,9..8-quipelyl . 8f nggeé{'ﬁelegu%é]g}nygf Bree_pre_ group.

When A'Y™ is =-0-, -8-, -NR**®- and -PR*®-, M¥ is
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 (tetramethylcyclopentadienyl) (adamantyl)titan
25 ium dichloride and dimethylsilanediyl{indenyl) (tert-

butylamino)titanium dichloride.

When A'™ is -0-R'¥, -NR?®%,, -PR'E, or an unsubstituted,
substituted or fused, heterocyclic or heterocarcmatic

30 ring system, M?¥ is preferably titanium or chromium,
where titanium 1s particularly preferably in the
oxidation state +3 or +4 and chromium is preferably in
the oxidation state +3.

35 In a preferred embodiment, A'® is an unsubstituted,
substituted or fused, heteroaromatic ring system and M'F
is chromium. Very particular preference is given to A'

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



(2,3,4-trinethquuinolyl) 8-(2,3,4,5,6, 7-hexanet hyl - quinolyl, v being O
-and M' being chromum Preferred 5 catalysts D) of this type are

1- (8- qui nol yl') - 2- et hyl - 4- et hyl cycl opent adi enyl chromi unm(111) di chlZo8 MAR 2004
1- (8- qui nol yl')-3-isopropyl -5-nmet hyl cycl opent adi enyl chromi un(111) _

di chloride, 1-(8-quinolyl)-3-tert-butyl-3%-aethylcyclopentadienyl chrom um
(1l1l1) dichloride, 10 1-(B-quinolyl)-2,3,4,5-tetrarnethylcycl opentadi enyl

chromi un(111)swhehd it de, hﬁﬁn@yynolyémnaet r@ﬁyd;sé)rtwgﬁgyl chegm wRE! 1)
di chl oride, 1:(8- qwnolyl d%n Ichromurr(lll% chlorid

1- (8- qui nol yl BRSYhERhy | |encPeny cRMS RO 1§ ~d cﬁ?éhi}’éI@UlI’o(la’-ldw n8ryl) 15

2-isopropyl i ndxa,n?y,l £—htﬁim&lﬂlﬁj71d;1)11db5fﬂlprl de,8-1¢t183, 4,5, 6, 7-hexamethyl-
qui nol yl ) - 2- et hyl i ndeny| chr om unt dj ghl.ori de p
1- ( 8- qui nol yI3* é"?ﬂ{ bdt ﬁ?%nﬁi CaniJurr(LI"EI”rW GO ie, Frefersed

1- (8- qui nbl yIQabmﬂzysfndenXbl)Clmrfognhu’d I Eyﬁnehdlr@hll}rlid&%ubnoﬁil) 3 methyl-

1- (8- qui nol yl rom.u i chl ori de

1- E8 ?gl Rgt Ky qui HoY P%( nzé!ﬂ%?eﬂ%n Pﬁ@fﬂwldg)g{[tttgnt adi eny@%ﬁ}f‘%ﬁﬁ]ﬂfrl 1)
di chloride, I- -(EB—c(QLmlM)q%Imd)}yh)pyE 3-Mebhytyaiopentadienyl-

met hyl cycl ppcei{}]tlacﬁ;é Li‘:ﬁ”? %@%%&%Cm {or 8d umol(yal (23 rrt\:eém/ QU{ n9| yl))

t et rahydr ei ndeny 1 ori de, .
1-8--(2- et hﬁﬁmwmqua@mw@m@mummmm di€hl ori de, dichloride,

1- (8- (2- 1t hyl t r.i_de,

I -E8- ( ( Zi@rret Ey—ﬂqu—:lﬁr}ﬂoﬂrﬁgf}'{@l 2%‘%%&{%{“ bﬁ[‘g}q&g %’%%nggghgﬁ“l oride,
1- (8- (2- net HALREHS L 2- eflhg ﬂﬁééﬁﬂchrdm(L&r(qum)olaol)dmhr@wdeo—
L- (8- (2- met hylrqudsnol ol ddm 2k e 11 put Y1 - ailesyyd by om undd {4 o d iﬁ@igiide
1- (8- (2- et hyl ui 2‘1%/@% benzmden l'chromum'(111) dic |de

(2- met hyl qui ndl %ﬁc}) ¥ nderfA ORI/ 111) di%‘rﬂl&n@ble*s?The

prepar ati on memﬁmlmmmlmmaﬂﬂ@nwncﬁégamds dn-a?L K own for

an re 2 9
ﬁmkoggozige fkyééﬁg%py 1n é%ﬁféﬁf%%fgm PI{Pese %g E%@Hg% '9 g

guinolyl)~2-ethylindenylchromium(III) dichloride,
-{8-guinolyl}-2-tert-butylindenylchromium (III)

dichloride, 1-({8-guinolyl)benzindenylchromium(III)

dichloride, 1-(8-guinolyl)-2~methylbenzindenyl-

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

25 dichloride, 1-8-(2-methylquinolyl))indenylchromium(III)
dichloride, 1-(8-(2-methylquinolyl))-2-methylindenyl-
chromium{(III} dichloride, 1I-(8-(Z2-methylguinolyl})-2-
isopropyiindenylchromium(III) dichloride, 1-(8~(2~
methylguinolyl))-2-ethylindenylchromium (III)

30 dichloride, 1-(8-(2-methylquinolyl))-2-tert-butyl-
indenylchromium(III) dichloride, 1-(8-{2-methyl~
quinolyl))benzindenylchromium(III) dichloride or 1-(B-
(2-methylquinolyl))-2-methylbenzindenylchromium (III)
dichloride.

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

synthetic routes to these complexing ligands are



- 39 described, for exanple, by M Enders et al. in Chem Ber. (1996),
0129, 459-463 or P. Jutzi and U. Sieneling in J. Ognet. Chem (1995), 500,
175-185. 5 The netal conplexes, in particular the chrom um conplexef,g%ﬁq
be obtained in a sinple manner by reacting the appropriate netal sa @ ) 004
e.g. netal chlorides, with the |igand-agigon (e.g. using a procedure

‘anal ogous to the exanples in DE-A-19710615). 10 Further suitable catal ysts
D) itng! udeI rrecﬁ@ﬁbf@b@w lfc(opt @&gh@geﬁlt kb}ga&t.fgﬁ@delﬂsga@ﬂ Iaqr.neﬂnlblth'érrﬁ%’ﬁ' ?h
pent adi-enyl or heterqcycl opent adi epy nd a fused-on eterocycl e, w e
het er ocyci es %?Efeﬂ&%ﬁ?ﬁbei 154§§6ﬁﬁ i Ofarft cBHtat nPRY Hi-t S4§8F Land or

sul fur. Such igogpoopdsear ectescriieds)f orexanpi®e,ig3 WO 98/ 22486. These
are, in particular, dinmethylsilanediyl(2-nethyl-4-

phenyl i ndenyl ) (2, 5-di net hyl - N- phenyl - 4- azapent al ene) zirconi um di chl ori de,
di met hyl sBl aneldé y| lres(@- metbypiéxed) phanyl pdrbhydntazul ertyd ) ziche@niwm

di chl ori de and digethgl- b . . .

si | anedi yl bi s Rt RYFZa- phighyl P%- - REGASREG eADl ) Fi r ESAPIS  ARONMSH i &

Sui tabl e cat atgstsibdy akde | neppdectrddechmenadm 28 tconpoends | mewhilch

chr om um bear : uctyr.al, fe re, .at |eas i m_do group. These
conpounds andgh%ﬁﬁfégéfepgﬁg#}ongége &ég%¥ﬁ ed%nfgﬁ e%ﬁ%%?e, ?§1n9[)a
01/09148. 30 Fuechevrsupnabbgousnponshes eBpnipdeisudes tDEarfsi kS B0 et al

conpl exegpcontaining a tridentate macrocyclic ligand, in particular

substituted and unsubstituted 1,3,5- triazacycl ohexanes and

1, 4, 7-tri azackerorhanéyditpRlet hixuadystst car al y8esudpr et@taridedenes
likew se giverod©0a39iddie £hrondaun coiml exsisafy efeympe cafal wst $f Jhi s
type are [I|,3,5-tripet -1,3,5-triazacycl ohexane] - chromum tri chl ori de,
[1,3,5-triet rﬂ/?ﬂtff%l,%wfi - RS IHSGRATESHiIY r g oF dduged-on,
S5-trioctyl 2 =0ARZEHIMe, with the heterocycles preferably being

15 earomatic and containing nitrogen and/or sulfur. Such
compounds are described, for example, 1in WO 98/22486.
These are, in particular, dimethylsilanediyl(2~methyl-4-
phenylindenyl} (2, 5-dimethyl-N-phenyl-4-azapentalene) -
zirconium dichloride, dimethylsilanediylbis(2-methyl-4-

20 phenyl-4-hydroazulenyl)zirconium dichloride and dimethyl-
silanediylbis (2-ethyl-4-phenyl-4-hydroazulenyl)zirconium

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

feature, at least cne imide group. These compounds and
thelr preparation are described, for example, in
WO 01/09148.

30 Further suitable components D) include transition metal
cemplexes containing a tridentate macrocyclic ligand,
in particular substituted and unsubstituted 1,3,5-
triazacyclohexanes and l1,4,7-triazacyclononanes. In
this type of catalysts, preference is likewise given to
35 the chromium complexes. Preferred catalysts of this
type are {1,3,5-trimethyl-1,3,5-triazacyclohexane] -
chromium trichloride, [(1,3,5-triethyl-1,3,5-triaza-

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



- 40 - 1,3,5-triazacycl ohexane] chromumtrichloride, [1, 3, 5-

‘tridodecyl -1, 3,5-triazacycl ohexane]chromumtrichloride and
[1,3,5-tribenzyl-1,3,5-triazacycl ohexane] chromium trichioride. 5 E&&MﬂRQW4
of further suitable catalysts D) are transition nmetal conplexes containing
at least one ligand of the formulae F-Xypto F XIX, RIF R2F J E RsF E R 9F
R4F F-XV RaF (CR27F)r '--'EF R 16F R 17F R 18F 10 F-XVI | R 14F F-XVI

ISF H F-XVI 1) 3 02Fr 22893 onEsdh) Yﬁ’ﬂ%ﬁlhh ttrﬁfa{&rdﬁ{\yoém a'[;: S, gg' ect ed
fromammgthe, ments_TiL, Zr ey’ :
Pd, Pt and elent ‘P‘g ¥ f%e3rérErééﬁﬁﬁyﬁéﬁh%ani%Chﬁf@fﬂéﬁlmnc‘erlshheredgl ven

to conpounds #igyi ng [NI,KE~tribenzyl-1,3,5-triazacyclohexane]chromium

Trichloride.
5
Examples of further suitable catalysts D) are
transition metal complexes containing at least one
ligand of the formulae F XV to F XIX,
R RHF RwF
R L |
IE R —FEF
R¥F \EF (R™"); —fF
[
R"F R13F I
R'MF
F-xv F-XVI
aF
R R'I5F
- 74
EF "
~ 0 )
(CR{}, ' RSF —EF
F
o E R‘I?F EF
R —
41 ]
R _{— H
R‘JBF
10 F-XVI F-XViil F—-X1X

where the transition metal is selected from among the
elements Ti, Zr, Hf, Sc¢, V, Nb, Ta, Cr, Mo, W, Fe, Co,
Ni, Pd, Pt and elements of the rare earth metals.

15 Preference is here given to compounds having nickel,
iron, cobalt or palladium as central metal.

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

20 particularly preferred. The two or three atoms Ef in a
molecule can be identical or different.




iron, cobalt or palladiumas central netal. EF is an el enent of group 15 of
-the Periodic Table of the Elenents, preferably N or P, with N being 20
particularly preferred. The two or three atons EF in a nolecule c%n be
identical or different. 2 9 MAR 2004 - 41 The radicals RIF to R25E,

may be identical or different within a j{gand systemF-XV to F-XI X, are
the follow ng groups: 5 RLF and R4F are each, independently of one

anot her, 10 mgor@dhwlqcambbn trbadRE:faI o&h§g]lqstrhat)ut% Q)ﬁgb(ﬁﬁ@atﬁon

radi cal , pre{dre?rga%léé rocarbon radical in which car

adj acent to 18 Bo haanﬂosdﬁtlegaﬁ‘&\&/\d%a?ﬁ&%at@)m thRe2 F
and R3F are eadh.oWitdepgnsiepsty of one another, hydrogen, a hydrocar bon

radical or a substituted hydrocarbon radical, where R2F and R3F nay al so
together forma ring systemin which one or nore heteroatons nay be

present, REFRahdami RY¥re eacdyei @a@nenqmép/erg;fem apet hgfe aﬁogyggocar bon
radi cal or substituted hydroca% {3 radbcal R5F and ROF are each

i ndependent |y of one another?® RYIFBGRAPCE hydFdcadborP% adt st bEuBed 25
substituted hydrocarbon radlfqaﬂrod‘l\ﬂiﬁ@n R6F raxad JAF, or Bgef@&@bﬁgf may al so
together forma ring system %3) F are eac i ndepe of one

anot her, hydrogen, a hydrocar O%C?Ié%‘i’%aFagﬁcﬁ sﬁbs‘f’ﬁf’ﬁ e& drde3PBon
radical, where two R 7F neatat sadiagenhetof abhm &rdmeht EF is bound

10 to at least two carbon atoms,

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

15 R?F and R may also together form a ring
system in which one or more heterocatoms
may be present,

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

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

where R® and R’F or R¥ and R®F may also together form a
ring system,

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

substituted hydrocarbon radical, where

two R'F may also together form a ring
system,
35
R!®F and R are each, independently of one another,
a hydrocarbon radical or substituted
hydrocarbon radical,



R ————————————.

system 35 RLOF and Rad4F are each, independently of one another, a

hydr ocarbon radi cal or substituted hydrocarbon radical, 2 9 MAR 2004 - 42
5 R21F R12e R12F' and RI13F are each, independently of one another,
hydrogen, a hydrocarbon radical or a substituted hydrocarbon radiZ&MAR 2004
where two or nore gem nal or vicinal radjijeals R'", R12A, R12A' and R13A may
al so together forma ring system 10 15 5 25 30 R15F and R1BF are each,

et Tut ot T bonyban i c2i 8 B oR ke e RO RRehPey of

substituted hydr ocar bon radi cal, R16F and are e
one another, hydrogen, a hyéﬂ@@éﬁﬁ@n hyaldicgsin,ora ahyémarbuhedahﬂydamcar bon

di cal R19F d R25F eaeh, zin o]
ES E;g alkenylanCB C20- Zi;l 6glk?/ a??FEBﬂSQF%§ f§389§ ggg%g cargoﬁaéfons in

the alkyl part and 6-20 car BBRLEt oFEOI rO¥ hénCLf ylgegeutal wieer eviikéneidgani ¢

radi cal s SRI9F and R25F may ahgechesswbst i tweed oygr hal pgens,  ROOE, [R24F 35

R26F are each, |ndependently of one anot her,
together form a ring system,

R¥?F ang RF are each, independently of one another,
hydrogen, a hydrocarbon radical o¢r a
10 substituted hydrocarbon radical,

RY®F ang RYF are each, independently of one another,
hydrogen, a hydrocarbon radiczl or a
substituted_hydrocarbon radical,

15

RY*F and R?F are each, independently of one another,
C2~Cyo-alkenyl, Cg~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

RJQF R25E‘

and may also be substituted by

halogens,

R4VF_R24F are each, independently of one another,
25 hydrogen, Cy-Czo-alkyl, Cz2-Coo-~alkenyl,
Ce-Czo-aryl, alkylaryl having from 1 to

10 carbon atoms in the alkyl part and 6-

20 carbon atoms in the aryl part or

SiR**f;, where the organic radicals R2°F-

30 R**F may also be substituted by halogens

and two vicinal radicals R2ZOF-R24F

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

membered ring and

35  R%F are each, independently of one another,
hydrogen, C1-Cgp~alkyl, Cz2-Cyo-aikenyl,
Ce-Cop-aryl or alkylaryl having from 1 to
10 carbon atoms in the alkyl part and 6-




hydrogen, Cl-C20--al kyl, C2-C20-al kenyl, C6-C20-aryl, alkylaryl having
froml1l to 10 carbon atons in the alkyl part and 6- 20 carbon atons in the
axyl part or SiR26F3i where the organic radicals R20F_ R24F mayezlaigﬁ Qﬁ“
substituted by hal ogens and two vicinal radicals RZOF-R29F may 'E)
joined to forma five- or six-- nenbered4kisg and are each, independently
of one another, hydrogen, Cl1-C20-alkyl, C2-C20-al kenyl, Cb6-C20-aryl or

al kylaryl having from1 to 40 carben atems iR the alkyl hart 2948 6,2 9 MAR
2004 - 43 - 20 carbon atons in_ fhe aréLSFpart and two radicals R26F may al so
be joined to forma five- orf¥FXEHETbBr ed Mg L 3%i 880 IGAPED i ¢ hfFrXVI

bei ng negatively charged when &ive- Oor apfix-yesbapetnkeggr, from1l to 4,
preferably 2 or 3. 10 Transition nmetal conplexes having Fe, Co, N, Pd or Pt
as central metal and containing Iigands of the formula F-XV are

particul a¥lyxuseful. Particulsar Oproe;}‘ eienmﬁ)tihz 194}5@11 bﬁifllhg! nﬁ]é\%ait;:gg@Lgxes of
Ni or Pd, e.g.: 15D (2,6-di-j,-pro enyl): 2, 3-di net hyl di azabut adi ene- -
pal | adi um di chl ori de, di (di -“f%ﬁ%%ﬁ@h%%y’l{)%%,@t ?rqs

di met hyl di azabut adi eneni ckel dichloride, di(2,6-di-i-

i (2 65 ai -1 - Yor opyl pheny )~ 2.5 i met Ry Edi a2 autl ad e aPRSTRT okef
di (2, 6- - di net hyl phenyl ) -2, 3-® et hyl - 20di azabut adi enepal | adi um di chl ori de,
di (2, 6-digret hyl - phenyl) -2, 3-di net hyl di azabut adi eneni ckel dichloride,
Transition metal complexes having Fe, Co, Ni, Pd or Pt
as central metal and containing ligands of the formula
F-XV are particularly useful. Particular preference is
given to diimine complexes of Ni or Pd, e.qg.:

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

20 di(2,6-di-i-propylphenyl)-2,3-dimethyldiazabutadiene-
dimethyinickel, di(2, é-dimethylphenyl)-2, 3-dimethyl-
diazabutadienepalladium dichleride, di{2,6-dimethyl-
phenyl) -2, 3-dimethyldiazabutadienenickel dichloride,
di (2, 6-dimethylphenyl} -2, 3-dimethyldiazabutadiene-

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

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

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

di (2, 6-dimethylphenyl)azanaphthenedimethylpalladium,




di (2, 6-di met hyl phenyl ) - 2, 3-di met hyl di azabut adi ene- 25di et hyl pal | adi um

-di (2, 6-di net hyl phenyl) 2, 3 di nmet hyl - - di azabut adi enedi net hyl ni ckel ,

di (2- et hyl phenyl ) -2, 3- d|nethyldlazabutadlenepalIadlun1d|chlor|de25hMm2mm
met hyl phenyl ) - 2, 3- d|nethyldlazabutadlenenlckel di chl ori de,

di (2- nethylphenyl) 2, 3-di et hyl di aza- 30put.adi enedi net hyl pal | adi um

di ( 2- net hyl phenyl) - 2, 3- dlnethyldlazabutadlenedlnethylnlckel di phenyl - 2, 3-

di met hyl di az@btha(U-Qﬁ%@dH Jdlc)cﬂé)ﬁaﬂ‘?t eﬁ@f’rﬂ%{{:hygnlckel

3- d|nethyldlazabutadlenenlckel hl ori
2, 3-di net hyl &v&zéﬁﬁt%%cﬁ%%%l@%@ﬁmm%henyl - 1,1’ -bipyridyl-

2, 8- di met hy| di:asahuicadianadiaet hy! ni gkel -pdiph216ry RAHLE DL PIEM dn,
azanaphthenepalIadlun1d|c oride,
di (2, 6- di net Hy [ phemAYEs5] H el k%68 Bi chi ori de, di (2, 6-di net hyl phenyl )
azanaphth@nedlnethylpalladlun1 2 9 MAR 2004 - 44 dl(é 6h?|neghylphenyl)
azanapht hened ni keI L' -Dbi pyridyl pal | adi um di chl gri de
1,1' - bi pyri dyF éﬁ% (Hﬁ?#?ﬁeFOTE?ungﬁprﬁéyid?%%?h%@ﬁéﬂ@%ﬂﬁhﬁse
1, 1' - bi pyri d;dbducmtbmd mrr:kte.l Arb. Raﬁémcus@tlylgsef . @@mmomds frodg¥ al so
i ncl ude thos |bed gn J. ng Chem Soc. 120, 9§049Fg (1998), J.
Chem Soc., @he gﬁ 08, 848Mand CRAEER/ 271 % R19F 4hd in
F-XI X are pr 8Pel8ll2y 124 . phéﬁyﬁ arapht ®37F | bnpﬂeryﬁx ammﬁﬂéu%feﬁﬁrabﬂg] I
p- met hyl en 13-, et y --di chl or opheny
or -di brlgjqrmp eny%l ﬁl% héﬁlﬁethbll%h%hg' 351’3 5572, 356,
2,4,5-, 2,4,8 m@ﬁlh}’ép@e@-}ftlm oty p:hehyJ 2;& part |2Cl£ﬁl-ahm’é(‘1t)$}%r1(p:rhe21r\;ﬁ 1|5 .
dlnethylphenyh, hdioirSRmeeRM! phenyl 4 bﬁ% enyl 154 9&9 nyl an
2,4,6-trineth lghenylgméﬂ} sane l?%e E&S&Qﬁ §2% are préfe %'i
hydrogen E?PY 2 ,4—, 2:3,5-, 2 5T 2,4, 6- Or

3 4,5-trimethylphenyl, in partlcular 2,3- or 2,6-

15 dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or
-dibromophenyl and 2,4,6-trimethylphenyl. At the same
time, R** and R**¥ are preferably hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl,

RZ]F and R23F

20 in particular hydrogen or methyl. are
preferably hydrogen and R**' is preferably hydrogen,
methyl, ethyl or phenyl, in @particular hydrogen.
Preference is given to complexes of the ligands F-XIX
with the transition metals Fe, Co or Ni, in particular

25 Fe. Particular preference is given to 2,6-diacetyl-
pyridinebis (2, 4-dimethylphenylimine)iron dichloride,
2,6-diacetylpyridinebis (2,4, 6-trimethylphenylimine)iron
dichloride, 2,6-diacetylpyridinebis(Z2-chloro-6é-methyl-
phenyl) iron dichloride, 2,6-diacetylpyridinebis(2, 6~

30 diiscpropylphenylimine)iron dichloride,
2,6-diacetylpyridinebis (2, 6-dichlorophenylimine)iron
dichloride, 2, 6-pyridinedicarboxaldehydebis (2, 6-diiso~
propylphenylimine)iron dichloride, 2,6-diacetyl~
pyridinebis{2, 4-dimethylphenylimine)ccbalt dichloride,

35 2,6-diacetylpyridinebis(2,4,6-trimethylphenylimine)-
cobalt dichloride, 2,6-diacetylpyridinebis(2-chloro-6-
methylphenyl)cobalt dichloride, 2,6-diacetyl-
pyridinebis (2, 6-diisopropylphenylimine)cobalt




ethyl, n-propyl, isopropyl, n-butyl, tert-butyl, n-pentyl, n-hexyl,

n- heptyl, n-octyl, benzyl or phenyl, 20 in partlcular hydrogen or nethyl.
R21F and R23F are preferably hydrogen and R22F is preferably hydrdb&ﬂMR2W4
met hyl, ethyl or phenyl, in particular hydrogen. Preference is given to
conplexes of the Ilgands F-XIX with thejstransition nmetals Fe, Co or Ni, in
particular 25 Fe. Particular preference is given to 2, 6-diacetyl -

pyrldlnebls(ZdléhﬂbﬁE&@y|Qbe@yﬁiﬁﬁ ﬁ%j%ﬂlgiﬁg$9§k€e6 dic loﬁPgPFBgl*

2, 6- dlacetylp¥r|d|neb|s£ -trimet enyl 1mne)iron
6- di acet yl pyri 8 hebFeP2 Ehlopécélﬁéﬂ ﬁﬁéﬁyl)?r@npﬁttdnoeddearbox—

2, 6- dlacetylpyld@%ymﬁ%§é22663@ dib QB RYhRRSAY ki ¥ di chl ori de,
2, 6- dlacetqugrldlnebls(Z 6- dléh|0§0p gn%lln?ne ﬁrgg%k%;qﬁlorlde 2,

6- pyri di nedi cat 5Ox3f Hehydebi s(2, 6-di i so- propyl phenylinine) iron
di chl ori dé, 2, 6-diacetyl - pyrldlnebls(z 4- di net hyl phenyl i m ne) cobal t

di chl ori de, 2..6-di acet di nepjs(2,4,6-trinethyl phenylimne)- cobalt
di chl ori de, %5 tl}ﬁ%oetﬁ{)@f%ﬁ%ﬁebi 5&2 cHPOFB- 6- CaABt hygﬁhenyﬁﬁ dcobare

di chl ori de, Z,rﬁklmmebcyﬂcxd@yrtdnpbékééZ if- diheopeopy! ppenylihatRe) eghal t 2
9 MAR 2004 - #ﬁgh legﬁefééeﬁb Cetéﬁ%é?%dln%bbm é%bstfggpégrgghenyl_

|n1ne)cobalt ori
aIdehydebis(@ﬂﬁuﬁﬁtxﬁmt$®IphdnpyhahﬂﬁhyﬂﬁﬂtadchmﬂmaEy Grhwdderin

catalyst§oD)ﬁ@}ﬁgbéfgkbesggggé@ﬁfodlnlgop 1téﬂ§§??§?g Qﬂige case of

which the |ligands are prepare r exanple ron1su
unsubstitute ﬁﬁﬂﬁkﬁﬂ%ﬂdeﬁvﬂé@-an@ompiﬁaﬁy ararEssinimd0 partlmu@ands

substit ut ed Qrodﬂhslmcjtléh%d c&"’fﬂn@%n%ete;éé‘{‘ﬁ%é' 9 negal pcio,?ﬁ %(grrsm

containing pi_ligands ~containing one or teroat ons in System
for exanpl e tifF bSrEHbchz eite | iRparak aherez &ye r ol igandni orher pher@hpépholy

ani on, can alssaode ysedtlas phospholyl anion, can also be used as
15 catalysts D).

Such combinaticons of components A) and D) make it
possible, for example, to produce bimodal preducts or
to generate comonomers in situ. Preference is given to
20 using at least one monocyclopentadienyl complex A} in
the presence of at 1least 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 Dbe
supported and can be used simultaneously or in any
order with the complex A) of the present invention.
Mixtures of various catalysts can also be used as
30 component D).

In addition, the catalyst system may further comprise,
as additicnal component E), & metal compound of the
formula (F-XX)

35

M® (R'®} ;6 (R?®) (¢ (R%®) \c (F-%X)

where




15 catal ysts D). Such conbi nati ons of conponents A) and D) nake it
-possi bl e, for exanple, to produce binobdal products or to generate
conononmers in situ. Preference is given to 20 using at |east one

nonocycl opent adi enyl conplex A) in the presence of at |east one cZagl anm
D) which is customary for the polynerizgtion of olefins and, if desired,
one or nore cation-form ng conpounds C). Depending on the catalyst
conbi nati ons M%) and D), one 25 re gatiqQn- m nds, may_be
advant ageous. The pol yneri zati%%’ (r:qaa?él §ét|§%D) Mrétra{y (1QL:'|g'kgé\/)\llln’z:)gﬁ}I e PLEPRort ed
and can be used si mul t aneous?yBFNER, agyllbweer infdihmt he tbepléximd) of the
present invention. M xtures of various catalysts can al so be used as 30
conponent D) _.tn addition, the catal yst systemmay further conprise, as
addi ti onal cénponent E), a nktal "¥8hPBEAd ofithe~lidniul a (OO0 a8l MG
(R'G rGIR2G sG (R3G tG (drramper 8r2 & MR 130045 A6 j i, Na, K,
Be, My, Ca, Sr, Ba, boron, I%ﬁ?rﬁ%h gal I'i um i%gépﬁﬁgﬁ t%¥%4§L$i9m, R
i s hydrogen, Cl-Clo-al kyl, é-@S-l rFaTEon| RyPESY|itor tApylediMill ach
having from J. to 10 carborerad of&omn & he @l kyl PaFbon and fom; § ttﬂn 0
carbon atons in the aryl part,. 10 R2G and R3G are each hydrogen, hal ogen,
Cl- C10-al kyl, C6-Cl5-aryl, H IQﬁEﬁz aryl al kyl or al koxy each havi ng
from1l to 10 carbon atons in the alkyl radical and from6 to 20 carbon

atoms inghegasylfagecal , ..o . op hydrogen, halogen, C;-Cjp~alkyl,
Ce-Cis—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
x© is an integer from 1 to 3
and
20 s° and t°© are integers in the range frem 0 to 2,
where the sum r®+s®+t® corresponds to the
valence of M,
where the component E) is not identical to the
25 component C). It is also possible to use mixtures of
various metal compounds of the formula (F-XX).
Ameng  the metal compounds of the formula (F-XX),
preference is given to those in which
30
G . . .
M is lithium, magnesium or aluminum and
R*® ang RrR® are each C;-Cgo-alkyl.

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

ethylmagnesium chloride, ethylmagnesium bromide,




15 rGand is an integer from1l to 3 20 SG and tG are integers in the range
-fromO to 2, where the sumrG+sG+H G corresponds to the valence of M5

where the conmponent E) is not identical to the 25 conponent C). lggi@lRij@O
possi ble to use m xtures of various netal conpounds of the formula”“('F* .

Anong the netal conmpounds of the formul a7(E-XX), preference is given to
‘those in which 30 MGis |lithium nagnesium or alum num and R2G and R3G are

each Cl1- C20-mhkyl heBaihi crardys dar ef nds .of..t.he fornul a
(F-XX) are mnet hyllinﬁghieum .ethyl| irt hi um et#’ﬁ%t?%@%%ﬁﬁ%QHhet H;‘?Ier??al1 gesi um
chloride, nmetRYFHagHBsi ur BY b BRINCEL U nelgnRYT VifT BhP6EVdmageelsiiimagnesi um

bromi de, 2 9n-NAR: 2004-nef¥ylhEbibrRARSSI UM ChiQnitde,,1dj,met Ryl magnesi um
di ethyl - magnesi um di but yl magnesi.um n-butyl -n-octyl magnesi um
n-butyl - n- - heptYHHEBHES Uity in pdrtiiculary By eh- oct yritraghasior,
trl-n-hedyl ad lawhiveiny tri i SEDLYHuby BE WHnDHE, t 1T - e 2 DUt YL aLYGRUm,

di met hyl al um num Tl uori de,

triethylal unmnu | met hyl al umi num chl ori de, . .

net hyl al um %%“%%%f%ﬁ%%%m ﬁ?f%d:ﬁ nunt $BSHUY L atuméprae, fdrethgeal um num
chl ori de andnethyks hyhinahum airhane idiext ur ege ther£0fmi Fhe pacbial: -

hydrol ysi s ts of. allum num al kyl s wi.th al cohols can al so'be wused.
When a net alllg%i;ér;r%%%%ﬂ E)inegt%ria&mﬁutmf p%léﬂ%dey BPesentriReth¥lcat al yst
systemin _SLﬁ:]riJIaiﬂ@mD@md thiaxtdbes he heolearf .r alhe @fa VB 1 oy Eeemykas( F- XX)
to tranghti godmial bLrorarfit MBNOSYR!PReNRY elosorpound A, 1§ from

used.

When a metal compound E) is used, it is preferably
present in the catalyst system in such an amount that

15 the molar ratio of M® from formula (F-XX) to transition
metal from the monocyclopentadienyl compound A) is from
2000:1 to 0.1:1, preferably from 800:1 to 0.2:1 and
particularly preferably from 100:1 to 1:1.

20 To produce the catalyst systems 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 qroups. The order in which the
support component B), component A) and, if used,
component C) are combined may be chosen freely. The
components A) and C) can be added independently or
simultanecusly 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 a preferred embodiment, the monocyclopentadienyl
35 complex A) 1is brought into contact with the cation-
forming compound C) in a suitable solvent, wusually
giving a soluble reaction product, an adduct or a

mixture. The preparation obtazined in this way is then




2000:1 to 0.1:1, preferably from800:1 to 0.2:1 and particularly
preferably from100:1 to 1:1. 20 To produce the catal yst systens of the
present invention, preference is given to fixing at |east one cdripMiRIiN;
A) together with C) to the support B) by physisorption or by chem cal
reaction, i.e. covalent bonding of the gonmponents to the support surface
by 25 nmeans of reactive groups. The order in which the support conponent

B), conponenbrAj , iht cuseshta &0 t+Qk @L’Lpl d - en
freely. The corrpg%nmejnt s%!ﬁ% and O gg\%&gg gddegéli?pnﬁepen%zﬁt lrrs)%?% CTPC%?
si mul t aneous™? V6T HSF it WetP $9F ni £ 02 BPYOPAL BEE, t BEA3G hiendiad WrRtl 1% ocess
steps, the scbipleariye washpedtwiyt hremedéabl qhii@errgrépéygg%i %':l%sasa

al i phatic or _%nor&at;iﬁc ..hydrocarbons. _In a_preferred enbodi nent, the

monocycl openfdireny™ B8 ol % A7 £ 5B ShGHE TBnPEYESHT-adi* aWRIES hef cat i on
f ormi ng conpbbed iQ)dustmisli iapl emsotuenbn WFualhy al%vlen@x%g%%lb%ﬁe .
reaction pro : u l Xture. e _preparation obtained in this
way is then gggkxi&&%%%% %40 ggé/a%qgj{éhtkgn?gpﬂ%ggc?rmwpn %M Silppork B),
whi clh ma?/ hvetbeen g@cree&erxe:aetcéobhrwo@hp?@pri:aﬁqpr_iéég tths&lq!y\é%pli}ﬁin% f
conpl etely oy par . [ er [ referahly .gives a solid i'n the Tormo
a free-fl owi %ngo%/\%yelrér?g%%%%g ocf%n%otur?e ia u§:t%ri1é1]i]ei MOIRARE aBi o7t t he
above procesSuBFequgasdyi bért iinyINQ 96¢1002435uPBo98L404 LR taroMB QRHiQR277. A
further qpref odi ment rises.tirs applving. the cat.ion-formng
corrpoundmC) tegﬁ?%g%ggpggﬂé Bfggn Cltsu%s%féclaluet%h%y E‘BPﬁ&V%&%ﬂst%ﬁﬁw& ed
cati on-f or m figPBde&ofipound into contact with the nonocycl opent adi enyl
conplex A). The conponent D) can |likew se be reacted in any order wth the
component A)_and, if desired, B), C. and E). 15 Preference is given to
firstly bringing BfPGEStcott aBen Viltheveidifoonenteertadd theanpr coeedi ng as
described with the component A) and, if desired, B), C) and EJ.

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 another preferred embodiment, a catalyst
solid is prepared from the compenents A), B) and C) as

20 described above and this is brought into contact with
the component E) during, at the beginning of cr 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 &), B} and C), as
described above.

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

3C before or after it is brought into contact with the
olefins to be polymerized. Preactivation by means of
cne or more components C} prior to mixing with the
clefin and further addition of the same or other
component (s) C) and/or D) after bringing this mixture

35 into contact with the olefin 1is also possible,
Preactivation is generally carried out at 10-100°C,
preferably 20-80°C.




above with the conponents A) and B) and possibly further C. In another
-preferred embodiment, a catalyst solid is prepared fromthe corrpznrﬁents A,
B) and C) as 20 descri bed above and this is brought into contact MR 2te
conponent E) during, at the beginning of or shortly before the

pol ymeri zation. Preference is given ta fdrstly bringing E) into contact
with the al pha-olefin to be polynmerized and subsequently addi ng the

catal yst 25 ol i1k forsedpamibe comoneits AbiyRk-30d Ghe 35 gepct | bed
above. The non(r)?é)gl opent ad| enyl. caonpl ex A ca br ought

with the conSedr®( s) €}l anr &l ed)ineirt hé?r%ﬁeb@?b)’e éﬂnafatrer Gzt-qls-brought

into COﬂtaCtamﬁéhééﬁhnﬁ|Qﬁinéa&61E%1@QJY@@E%Z§ﬁe %ﬁ?ag%bég g by.jggans of
one or nore conponents C) prior to mxing W further

addition of tH&ETsdE b€ ot rIe%Bﬁbbﬂ%nPE@Pueyfl‘éﬁd/ZGP D)dta’ﬂﬂt}e?rt b¥¢higé ng

this mxturei3s itHe coptagl WpbhyiReiokefidn.is Bhso pessibleris of
Preactivation | eneral.ly, car rcﬁ)ed out at 10-100C,  preferably 20-80C. 2 9

MAR 2004 - 4§3RLYSE aﬁoéo‘dpd%%‘? | &7 1 FR8t PyePelgBryieaition e mananet
system wi t h pxlotefiired preferabl ysl Iulse@rllﬁﬁ iZl0cHe abkeBesrad 140.1

particul ar e yle r o yl.en n.to .us he resulting
prepol yner i ztég ca’[igllogl)sﬁt S(ﬁ%e Yna{'ﬁﬁé“ e‘haﬁ‘ p]01 eri zation. The mass
ratio of catalyst solid used in the prepol ynerization to nononer

ol ymeriyzed It I n o]
Bre?erabllztg f?g%%fetfmoc% gH}Ial]bl énbﬁegn%fegﬁaggnaﬁp a%&d%erﬁ%q# Blefin,
preferably aft—cdedlishi nfOfl‘or i@l e vwhyytygetbheranaoe, st prtemener or

phenyi di net h)zsh\éhwld%kde%lﬁ%nlvﬁ%y‘mufaﬂé"g sggﬁﬁ&'&i‘f%ﬁa Og,&%&%tc o, &

suitabl e inert conmpound Such as wax or can as addi t1ve
during or af EBLiHETES Rlepar étulléﬁbéﬁ tiHeat aPyBeusfstserah The molvax ratio

of additivesrtmiragsitimy gBbad cooPadadtBlel Savstb! vr after the
15 preparation of the catalyst system. The molar ratio of
additives to transition metal compound B) is usually

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

The catalyst systems of the present invention are
20 suitable for the polymerization of olefins and
especially for the polymerization of a-olefins, i.e.
hydrocarbons having terminal double bonds. Suitable
monomers  also include  functionalized olefinically
unsaturated compounds such as acrolein, ester or amide
25 derivatives of acrylic or methacrylic acid, for example
acrylates, methacrylates or acrylonitrile, or vinyl
esters, for example vinyl acetate. Preference is given
to using nonpolar olefin compounds, which include aryl-
substituted a-olefins. Particularly preferred o-olefins
30 are linear or branched C;-Cy;-l-alkenes, in particular
linear C;~-Cyp-l-alkenes such as ethylene, propylene,
l1-butene, l-pentene, l-hexene, l-heptene, l-octene,
l-decene or branched C;-Cjp-l-alkenes such as 4-methyl-
i-pentene, conjugated and nonconjugated 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 a-clefins. Preference is given to polymerizing




from1:1000 to 1000: 1, preferably from1:5 to 20:1. The catal yst systens of
-the present invention are 20 suitable for the polynerization of olefins
and especially for the polynerization of a-olefins, i.e. hydrocar b(irysMAR 2004
havi ng term nal doubl e bonds. Suitable nononers also include
functionalized olefinically wunsaturatedganmpounds such as acrolein, ester
‘or ami de 25 derivatives of acrylic or nmethacrylic acid, for exanple

acryl ates, mathacrydateseoplachyl Qutddd Ly PFoNi DY ;ﬁ»%ﬂ;g Seon & < £
vinyl acetate. Pref erence is given to using nonpola i n conmpounds

whi ch i ncl ud@far AL ifyst i RIfERENec- ol ePRASNEPar tli-egindrene .pr ef grexghe,

a-ol efins 301aheptienrgr 10oddachath G2-4d2sds al kenes, in particular Iinear
C2- C10- 1- al kenes such as et hyl ene, propylene, 1- butene 1- pent ene,

1- hexene, 1-heptene, 1l-octene, 1-decene or branched C2-Cl0-1-al kenes such

as 4-nethyl - Fhrpertreneuicanlegabedrand noReeniegabgdsdi epes,sush as, 35
1, 3- but adi en exadiene, 1,7-0 I’Ieadl ene or vinyl- aromatic conpounds

such as styrgﬁg%&e BRYi 5t eB3T 5t yoend TYCHC alfdd Y5o3Ei%! Bhienpdlaprer i ze
m xt ures of cmmplmls:e a-artef i 08. Roeker eniagy | SsPvenst o [ggﬂa)hlifﬁl‘elsﬂ 29 MAR

2& - 50 at (?g;t Qne ol efin sé%lqﬁjcted fromthe roup consisting of ethene,
propene, 1-buten&P -5 rens? 1-Yct &rfd ity EUecene.

5 Further sufdpdbkenel, ef iarsi i nméﬂd;elmnetsomem@l Chnﬁhedléﬁlé@ e i iss part

of a cygld c st I i_ch nprise on re ring systens.

Exanpl esldar e§ Ezﬁ&gﬁgr#%ng g )hoc{%lexerfe AT Ooﬁp ecﬂ'eteq?%cycq 1yl-
dodecene, andcierhpERAGED®ST nene and di enes such as 10

5- et hyl i dene- 2- nor bor nene, norbornadi ene or ethyl-- norbornadi ene. M xtures
of two or nore olefins can also be polynerized. In contrast to sone known
i ron and cob¥iEtesesonpPExed¥a heOFonde9es opeiteddineny| ceonpl @kes ofbe he

present invepbloRedispelday 1 OO POLY ML Z3Oknown iron and cobalt
15 complexes, the monocyclopentadienyl complexes of the
present invention display a good ©polymerization
activity even in the case of higher w-oclefins, so that
their suitability for copolymerization may be
particularly emphasized. In particular, the
20 monocyclopentadienyl complexes of the present invention
can be used for the polymerization or copolymerization
cf ethylene or propylene. As comonomers in ethylene
polymerization, preference is given to using C3-Cg-o-
olefins, in particular 1l-butene, l-pentene, 1l-hexene
25 and/or l-octene. Preference is given to using monomer
mixtures containing at least 50 mol% of ethylene.
Preferred comonomers in the polymerization of propylene

are ethylene and/or butene.

30 The polymerization can be carried ocut 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 olefins. It can be carried
out batchwise or preferably continuously in one or more

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

fluidized-bed processes are possible.




activity even in the case of higher a-olefins, so that their suitability
-for copolymerization may be particularly enphasized. In particular, the 20
nonocycl opent adi enyl conpl exes of the present invention can be usedZBOMRZM4
the polynerization or copolynerization of ethylene or propylene. As
comonomers in ethylene polynerization, preference is given to using
C3-C8-a- olefins, in particular 1-butene, 1l-pentene, 1-hexene 25 and/or

1-octene. Prefer %Hi%/ﬂéfﬂié’@fbﬁ@ MSL NG IRNONEL ar@létdu out C%:ﬁrqunrég%@n of

| east 50 nol % of _ethylene. Preferred connnoners in th
propyl ene al® efhyI EneHiRY oPrBEEENES 3ﬂfTﬁ€Cpol9n§rﬂzatﬁOGOcaarbeatarr|ed

out in a knoweamBney; dddtdU kned No BUSPEASHOB, +iyN st e gvr}aﬁs)ﬁ Pgbi N a

supercritical, medium.in_the_customary reactors enpl oye
pol ymeri zati §A°8f Brefihe. PtheHAShe b%?r|%QVanﬂ9%@m©¢wws@smmz@reﬁeﬂably

cont|nuouﬁlytemp@&%ﬂmrdﬁwéhéésSfége%aﬂﬂyﬂhdﬂéﬁéuEﬁep? éf?%
processes in_tu reactors or autoclaves, solution suspen5|on

b
processes, PF%& éﬁ??ﬁl%eoﬁniﬂ%sgglﬁwe§&§aﬁﬁ§§eH@@Q@@izé@-&mﬂh—

ol epo2 yicliRa2004 - pBaceIBespol yapehzabiong e Lsual 'y
Processes arprpesam 0T 3500 e bres urgg of from0.5 to 400 bar at

60 350C und S
moan resi denGE Elgs O 1P omPa. S VB Hour B20Br HADCacty £RGR 895 1 oirs
hours. The agaamuagé@ms fres s wld lantb Bsmenhe&atumﬁgma@@q2ﬁ$%}5§€g?ﬂn%_out
the pol yrer i E@hp@&la@%&%%d greatly.Qn ti‘ﬁy Qﬁ%;ﬁ?t'oga%@%ﬁ&ﬂe%s 9

pressure pol yneri zati on processe
pressures of “EMBATEC0TEL 0 40D@n®@§ |nfomartlcmheaefronma@mgﬁﬂbéﬁﬂXEtXN,

hi gh pol yner t: e re ne y 0 set nt ageous
fenperat iro Fondme e or (i PR e e L By 8o Ton Wheeosed ar o
from 200 to B2OELCHA2rpaf £PBuUl 370 f riem 280 °Co 290C. the tdeseasef ofl dvow

pressure pol yreEkaakl @BINMRGASIRS o fprctdaldd ) 10 SBL Bsual to set s

15 temperature which is at least a few degrees below the

softening temperature of the polymer. 1In particular,

temperatures of from 50 to 180°C, preferably from 70 to

120°C, are set in these polymerization processes. In

the case of suspension polymerizations, polymerizaticn

20 is usually carried out in a suspension medium,

preferably in an inert hydrocarbon such as iscbutane,

or else in the monomers themselves. The polymerization

temperatures are generally in the range from -20 to

115°C, and the pressure is generally in the range from

25 1 to 100 bar. The solids content of the suspension is

generally in the range from 10 tc 80%. Polymerization

can 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 3 248 178. The gas-phase polymerization is
generally carried cut in the range from 30 to 125°C.

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

bed reactors, solution polymerization and suspension




15 tenperature which is at |least a few degrees below the softening
-tenperature of the polynmer. In particular, tenperatures of fromb50 to
180C, preferably from70 to 120C, are set in these polynerization
processes. In the case of suspension polynerizations, polynerizatﬁéhM&&ﬂW%
usual ly carried out in a suspension nedigyn_ preferably in an inert

hydr ocar bon such as isobutane, or else in the nononers thensel ves. The

pol yneri zat i 1 ﬁ@pﬁf@{yéﬁs a{§ £f n e t9,4115C,
and the presgﬁ$e§|s generalfy in ?ﬁe rg%ge #ro%?ZSI%Q?o %%8HEOEQ The SO|IdS

content of tH& SUSHEnsPBkA F§aC§@ﬁéraﬂhﬁ|g¢3ﬂﬂ$ﬁﬁﬁmﬁplymﬁﬁlmatDOBO@@H

Pol yneri zati gl s¢ape beagahibiiedh Ut @i tHer cBaehWese o Q?péP 1%3&55@!
aut ocl aves OI’ ont| nuousl e. g. in tube react ors, rererabnly In OOp

reactors. %i ctifa¥ 11t epéétp8¢yﬁﬁﬁlE&ﬁ%ﬂ+qxﬂ#Hngmmr#$ed°@u§ubyUthe

Phillips E’F e lasesshe agedlepel hbedndn r%uén%d%?s D0 Aok A5 An3x248e179.
The gas- phaszﬁg g%nerlzatlon |§QFgenera carried out i'n the range from 30

to 125C. 35 Ehe Pt Yiter | 2861 off prUtesbed YREALZE AT PRPEFEBRAr

preference i owi gepet mcmstm‘asepomgfn}ém‘&lzlatabnorprd:@ezﬁ)ﬁéél CWad &Dso,
gas- phase fl uidi zed- bﬁg gactors sol uti,on neriza |%835$d suspen5|on 2
ri

9 MAR 2004 - ‘& 29€34¢y St | TH R Par £ cuEEF PR 130 of&T8nd?
stirred tankpﬂ&ymerxzaﬂimngase@haseepolyﬁammh&&m@meqan ned 50r be wassi ed

out int super.con n mhlch art
C|rculat?ng ga? I's coo ‘ed ?g)S bg% m%qﬁe deﬁ9589ﬁ9 and® EHLﬁéhiF%@n%}

t wo- phase m x@dfie ives t Recheart oentThtatacsousapobgnegniphdyed pmocelsses,
or else identjLalmdiol y4efd,zati on processes, can also, if desired, be

connected in series and thus forma polynerization cascade. Furthernnre,
nol ar mass 10 regul ators, for exanple hydrogen, or additional additives

such as anti gtal | §80688sb@ renphey geelsBnkhi PO YIBE | 286HARs polymers
15 of olefins to be prepared. The term polymerization as

used here for describing the invention encompasses both
polymerization and oligomerization, i.e. oligomers and

polymers having molar masses M, in the range from about

56 to 3 000 000 can be produced by this process.

20
Owing to their good mechanical properties, the 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 in the work-up of the
polymers after 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 require a high
product purity. In addition, the catalyst systems of
35 the present invention also display a very good activity
at a relatively low molar ratic of the aluminoxane to

organotransition metal compound.
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The process of the present invention enables polyners 15 of olefins to be
-prepared. The term polynerization as used here for describing the Qg\mﬂ'ggg@n
enconpasses both polynerization and oligonerization, i.e. oligonmers an
pol yners having nolar masses M,, in the range fromabout 56 to 3 000 000
can be produced by this process. 20 Ou nggto their good nmechani cal
properties, the olefin polyners prepared using the catal yst system of the
present i nvemikizaihlare especially suitable for the production of filns,
fi bers and nol dings. 25 The catal yst systens of the present invention
display a very high productivity in the polynerization of olefins, offer
advant ages i Extfgiworik-up of the polyners after the pol ynerization and
lead to 30 significantly fewer problens in respect of catalyst residues in
the pol ymer. “TREFFSWEr s pPepar daLUEiERg 1 Gipe at @l std igyestiem oil e
present invenBi'onR 'ark 4 Jad\AripRGROUSL f0rH Bl 518k ONSy Wi €hafgquire a high
product puri 'Eij.C Iln adq]i tian, the catalyst systens of 35 the present
i nvent i on al S8 ISP O™ good activity at a relatively |ow nol ar
ratio of the alum noxane to organotransition nmetal conpound. 2 9 MAR 2004
- 53 Exanples Exanple 1 Preparation of 1-pyrrolidino-2'- (2,
5-dinmethylthieno- 5 [3',2':3,4]cycl opental 1, 2<b]thi ophen-7-yl) et hane-

di chl orochromi um 10 a) Preparation of the L

(2, 5-dinethyl-7Hthieno [3" , 2' : 4 , cyXclopenta [b] -

t hi ophenyl ) et hane A solution of 0.95 g ) of 2,5-dinmethyl-7H 15
thieno[ 3,21 :3,4]cyclopentall, 2--b]thi i rli! 50 m of diethyl ether was

cooled to -78C and admi xed at thi S/

10 &) Preparation of the ligand system 1l-pyrrolidino-2-
(2,5—dimethyl-7HFthieno[3',2‘:4,5]cyclopenta[b]—
thiophenyl)ethane

A solution of 0.%5 g (4.5 mmol) of 2,5~dimethyl-7H-
15 thienoIB',2':3,4]cyclopenta[1,2—b]thiophene in 50 ml of
diethyl ether was cooled to -78°C and admixed at this
temperature with 2.8 mi (4.5 mmol) of a 1.6 M solution
of n-butyllithium in hexane. The resulting suspension
was allowed to warm slowly to room temperature and was
20 subsequently stirred for another 45 minutes at room
temperature. The reaction mixture was then cooled back
down to -78°C and a solutiocn of 0.6 g (4.5 mmol} of
l-chloro-2-(l-pyrrolyl)ethane in 20 ml of diethyl ether
was added dropwise at this temperature. The resulting
25 reacticn mixture was subsequently allowed to warm
slowly to room temperature and was stirred for another

12 hours at room temperature.

2.8 ml of a 1.6 M solution of n-butyilithium in hexane
30 (corresponds to 4.5 mmol of n-butyllithium) was added
at room temperature to the suspension obtained in this
way, which resulted in formation of a precipitate. The

precipitate was separated off and washed twice with



.S

tenperature with 2.8 ml (4.5 mmol) of a 1.6 Msolution of n-butyllithium
i n hexane. The resulting suspension was allowed to warmslowy tQ room
tenperature and was 20 subsequently stirred for another 45 ninuted SaMAR 2im
tenperature. The reaction m xture was then cooled back down to -78C and a
solution of 0.6 g (4.5 mmol) of 1-chlorgr2--(1-pyrrolyl)ethane in 20 m of
di ethyl ether was added dropwi se at this tenperature. The resulting 25

reaction nixhexaneas subseguentdohad | eued Lo paum gsh to,fpgm
tenperature agd was stirred for another fz ﬁours at ?}%{%ﬁ e‘?’r%ggat%hr%. 30

2.8 M of a T 6°RFLB UtF o bPrRIBUCY I1Gathi BEn inydFedatred (tor mésporidse to 4.5
mol of n- bullybbinthi WY Wvasiaddadrp@de F 0OORL! GIREF AT W £ d 0, LRe SYUSPLNSi on
obtained in this -way, which resulted in fornation of a precipitate. The
precipitate \"/\’égnse’b’a?lrg‘[ é‘E# FAFENYS welEHed ¥ E8LRE A2 59 IMAR 2004 0 184
hexane. 1% cafi elidighybe etérat ededer epddad Webh tHes GRKQMEAM LRkCh i de or
can be hydrob¥6§ﬁitop$avse t‘pe Iigand. For tg’li S_purpose, the precipitate
was adm xed “WwPEh 30 ot R4te8GEAMGHI Grhich 01§ deISBPUET BRass0 WAS 5 of
di et hyl etheexteretaddedviae t Rishmisd wle @ncht hemeorgANHE=phase Ay
separ at ed of T qu ase was_ extracted .twice with 50 ml each tine
of di et hyl e% S h?%%d (?%(gg%?ga ca%%%se""se%recom‘?éd. Hie SShiinss
organi ¢ phaserdeasidashieaise e H0wakhefl watten, 5dr imdd 360 overe ARYRESIAEM

sul fat ejgnd sybseq Ay fidter, rough_.a shaort col unmm of silica gel.
Renoval of the sol ve%t Séjhé drfi%ﬂgfaltt% a %Pah vsélgbusu‘?ﬁ‘beﬂgﬁ.l e
yi el d) of thelFPyahd aasshoreddisiumy onh iillidevRyeat a Renroval of the
1-pyrrolidi ngo2vERtS-aHdelbyk ndHinlS: high
thieno[ 3,2 :4, ?écycl o[gent a ,bftahiloph%nyIl)get_h%%%uliﬂ I%I@Ii{e( de% g25(&4%8) :
6.76 (g, 2HY*3185 of tBE) ligapg @f aipcdddsép buewnigil. 2.55 (s, 6H), 2.10
(g, 2H, NMR data for l-pyrrolidino-2-(2, 5-dimethyl-7H-
15 thieno[B‘,2‘:4,5]cyclopenta[b]thiophenyl)ethane
'H-NMR (CDCly, 25°C, &): 6.76 (g, 2H), 3.95 (t, 1H),
2.68 {(m, 2H), 2.62 (m, 4H),
2.55 (s, 6H), 2.10 (g, 2H},

1.83 {m, 4H).

20
b) Preparation of 2-pyrrolidino-1-{2~(2, 5-dimethyl-
thieno[B',Z':4,5]cyclopenta[b]thiophen—?—yl)]—
ethanechromium dichloride

25 2.1 ml of a2 1.6 M solution of n-butyllithium in hexane
were added at -78°C to a solution of 1.0 g (3.3 mmol)
of 1l-pyrrolidino-2-(2,5-dimethyl-7H-thienoc[3',2':4,5]-
cyclopenta[blthiophen-7-yl)ethane in 50 ml of toluene.
The resulting reaction mixture was subseguently allowed

30 to warm slowly to room temperature and was stirred for
another 5 hours at room temperature. The reaction
mixture was then cooled back down to -78°C and 1.3 g
(3.3 mmol) of CrCls;x3THF was added. The resulting
reaction mixture was allowed to warm slowly to room

35 temperature, and was stirred for another hour at room
temperature and then for a further hour at 50°C. The
solution was filtered to remove inscluble constituents

and the solvent was removed until a volume of 10 ml



S
1.83 (m 4H). 20 b) Preparation of 2-pyrrolidino-I-[2-(2,5-dinethyl-
~thieno[3",2":4,5]cycl openta[ b]thiophen-7-yl)]- ethanechrom um di chl ori de 25
2.1 mM of a 1.6 Msolution of n-butyllithiumin hexane were addegg%hR7&§C
to a solution of 1.0 g (3.3 mMmvol) of
“1-pyrrolidino-2-(2,5-dinmethyl--7Hthi eng{s3', 2' : 4, 5] -
cycl opent a[ b] t hi ophen-7-yl)ethane in 50 m of toluene. The resulting

reactlonrnx&@h@ﬂﬁgaSUQEQQW%%¢&h@ié@$§déﬂldﬂl&@r%bﬁd%ﬂéﬁt? FOQiA 5
tenperature and was stirred, for another hours at roomtenperature. The

reaction m XEote"dds 4L obed %%c@ dc‘r’v\he t BTEP3RidRdel. Bogmed3. @ Imol )
of Cr C13x3THE iwae raddeds £ The teasubhit N@ay,eashsRAGNMIXILH ecwag aldnvek to
warmslowy to room35 te nggrature and was stirred for another hour at
room tenper 10 @Rt hen®f 0¥ Lf (nEh i It CEBRL € Thide T§olakticort as
filtered 30 beniveliansal. uble constituents and the solvent was renoved
until a volune of 10 M 2 9 MAR 2004 - 55 remai ned. The concentrat ed
solution obtained in this way was cooled to -30C, the precipitate forned
was filtere8xefmplaft’er one day, washed with cold toluene and dried. 0.61
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Preparation o
[cyclopenta[ﬁFVﬁﬂ@Qﬁ@ﬁ?lFdWhmﬂnhﬁnyhﬂﬂhnqmﬁQMIﬁzghIbrqﬂ@aIion of the
l'igand G- 8--quinolyl)-2,5- dinethyl-3-phenyl [4-H cycl opentalb]thi ophene]
15 A solution of 1.16 ¢ of 8- br onoqui nol j ne ( 6 mmol) in 15 nm of THE was
cooled to -80C and adm xed with 3.5 >
n-butyllithiumin hexane (5.6 nmol). esul ting reaction m xture was

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

15
A solution of 1.16 g of 8-bromoquinoline (5.6 mmol) in
15 ml of THF was cooled to -80°C and admixed with
3.5ml of a 1.6 M solution of n-butyllithium in hexane
(5.6 mmol). The resulting reaction mixture was

20 subseqguently stirred at -80°C for another 20 minutes,
and a solution of 1.35 g of 4,5-dihydro-2,5-dimethyl-2-
phenyl (cyclopenta[b]thiophen-6-one) (5.6 mmol) in 5 ml
of THF was then added. The resulting reaction mixture
was allowed to warm slowly to rcom temperature and was

25 stirred for another 10 hours at room temperature. The
mixture obtained in this way was poured into ice water,
the agueous phase was extracted with 30 ml of methylene

chleoride, dried over magnesium sulfate and the solvent



T S

20 subsequently stirred at -80C for another 20 m nutes, and a solution of
- 1.35 g of 4,5-di hydro-2,5-di net hyl -2- phenyl (cycl opent a[ b] t hi ophen- 6- one)
(5.6 nmol) in5mM of THE was then added. The resulting reaction Q(Mh'ﬁrﬁ][u
was allowed to warmslowy to roomtenperature and was 25 stirred

~another 10 hours at roomtenperature._The -m xture obtained in this way was
poured into ice water, the aqueous phase was extracted with 30 m of

met hyl ene OMQrsdbsedeeeﬁlqvefeﬂBQQ@5| urp s4il fate alnd]ft@e o030l yent-o2n9 NAR
2004 - 56 was, seque tl noved. Th| s gave’l.1 g o brown ol (a

al cohol ) . Thel]g ﬂ%?é ‘Wit 0931g 8RS PsHiinEandith i - dfg b@ﬁzene

and the m xtmdﬂz@@tanﬁeﬁm nl bh!l &evﬁkﬂ&asaﬂcﬁf‘dﬂ{%(%i@lﬁr@ sphaupeq Ahter
cooling to ﬁ_lroomtenperat g he gpxtu re.was washed with sodi um
carbonat e sol'tty ofi®Ydri%d bVert “HiEgn Lurffs%l’ﬁ%%éban& LeRe SHPVERE Bas

r enoved. 5The:qzmmdtt1etnpmtpwe f i edebynicol tem wakr Qﬁ?&@@ﬁaﬁ{mmsfgalémll 1

m xture of th cetate as Iuant and silica gel as stationary
phase. This gave 8 é% SX{)]’fl‘lactlhé" i §an§ (4%‘%5ry|“é‘:|'§ﬂl%%€s% Grliate and

8 br onoqui ndihme;olanNNRdi:ﬁ:D(ﬁb&)vv@fd thehéi gardiuck 0BagmMpuH)fid 26y (m

(s 2I7—|) 9?’ (@5001]"‘(;a 3&6@%5%5%?}1%65& n?’rep‘:’;ﬁrat?6}11501‘7 ggt m 6H% > 48

6- (8- qui nol )tlc)l@fB%/cﬁ’imhylaeetwlenya%cyelmpent apblit ht bpheay! bechr@m um )
dichloride 2Q k-4 Hr Pf pRaleb M f t hy ;J‘IU in diethyl ether
were added at. -30C tro}pa soluti gfn ?)gr %ggg 3.9 Z(J] 4, Itc AEERECR

6- (8- qui nol V) RaFerkt ey 83b3@%é<hqu{ﬂ01-ﬂne9/cl opent a[ b] t hi ophene] in 20 m
of diethyl ether. The resulting reaction m xture was subsequently all owed

to 25 warm g room tenperature and was stirred for another hour at
room t enper ab P@i THePT et Pon Tkt bigenfas $Heh dBel et o 8266 afm. 0. 86 g
(2.3 mol) } ;O C188 3T wais) addedl The, regultingy e@ﬁtl Qnyy X4 Ug §_Was

al | oned, {0 “/a% S'O""'é'ﬂtoﬁoé)é“f enpgrAtuLe, was StLrred oo ey

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

200 1.4 ml of a2 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-(B-guinolyl)-2,5-dimethyl-3-phenyl{4-H-
cycleopenta(b]thiophene]l in 20 ml of diethyl ether. The
resulting reaction mixture was subsequently allowed to
25 warm slowly to room temperature and was stirred for
another hour at room temperature. The reaction mixture
was then cooled to =-70°C and 0.86 g (2.3 mmol) of
CrClix3THF 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 chloride were then added. The solution was
filtered to remove inscluble constituents and the
solvent was removed until a volume of 3 ml remained.
The concentrated solution obtained in this way was
35 cooled to -30°C, the resulting precipitate was filtered
off after one day, washed with cold diethyl ether and
dried. 0.22 g of the chromium complex (21%) were able

to be iscolated.
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30 at roomtenperature for another 6 hours and 50 mM of nethylene chloride
were then added. The solution was filtered to renove insol uble
constituents and the solvent was renoved until a volune of 3 m Z8maARMEA.
The concentrated solution obtained in this way was 35 cooled to -30C, the
resulting precipitate was filtered offcafter one day, washed with cold
“diethyl ether and dried. 0.22 g of the chroniunlconplex (2199 were able
to be isolaigﬂamglg MAR 1014 - 57 Exanple 3 Preparation of
4-(8-quino|y|% 5-dinmethyl -1-p heng [cyclogenta[b]pyrrolyl]chronlum
di chl ori de 5 R$PEFapAPAt i oﬂfof #net raganel gy st énpadiBeghyhollyppenyl-
5-di net hyl --7cjvtlopaﬁayl[bqurlr%@gthua]rrawmﬂl Qli cHA A 3@l ution of 10.4 g of
8- br onoqui nol i ne (50 mol of THE was cooled to -80C and adm xed
with 20 mM of a 2.5 M solutlon of n-butyllithiumin hexane (50 mol). The

resulting reaction mxture was subsequent] xtirred at -80C for another 15
m nutes 15 and a solution of 11.3 g of - di hydro-2, 5-di met hyl - | -
D

phenyl (cycl opent a[ b] pyrrol - 4-one) (50
added. The resulting reaction m xture wag
tenperature and was subsequently refl uxpd fony@nother 3 hours. The m xture
20 obtained in this way was cooled to
with ice and then hydrochloric acig ng the pH to about 1. The
organi ¢ phase was separated off, qugous phase was adm xed with
ammoni a solution to bring the pH to gbout 9, extracted 25 wth diethyl

et her and the conbi ned organi c phases were dried over nagnesium sul fate
and the solvent was subsequently refayed. The product obtained in this way
was adm xed wi th hydrochloric aci o@ ng the pHto 0 2 9 MAR 2004

a) Preparation of the ligand system 4-{8-guinolyl)-
2,5-dimethyl-7-E-1-phenyl [cyclopenta[b]pyrrole]

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

was admixed with hydrochloric zacid to bring the pE to 0



- 58 and the m xture was refluxed for 2 hours. Neutralization and work-up
-gave 10.9 g of the ligand. b) Preparation of
4-(8-quinolyl)-2,5-dinethyl-1-- 5 phenyl [cycl opent a( b] pyrrol yl }chzr%MARuﬁﬂM
dichloride 1.0 g (3 nmml) of 4-(8-quinolyl)-2,5-dinethyl-7-H 1-

_phenyl [ cycl opent a[ b] pyrrol e] was added tgg a solution of 0.13 g (3.1 mmol)
of potassiumhydride in 60 m of THF. 10 The resulting m xture was

subsequent |y asid rregnhdt reomtreperaiure f.orey der ho 1999 .12 g
(3 mol) of CrCl3x3THF were then added. The resulti ng(E%%xtutEe was ;'sti rred

at room t enp&ERtded Gt IGTotEt W ol Sael 1508 n¢ of hbehyiemadehl ori de
were then added. The 15 solution was freed of the solvent, the residue was

taken up in dichlqronethane and the solution obtained in this way was
filtered to PénovéSHEFIATHIE codti t uént'§-IRERGVANL Jot2 t5Ted kst Vet - gave

O.B4 g of5 the chipdnym [eomilleper(tlh) pyad Exanptier dnalm PaeER e8LiERt of the
support 100 g of ES 70 X, a spray-dried silica gel from 25 Crosfield, were

heated at 130C for 6 hours under reduced pressure. b) Application of the
conpl ex to theOsgppord rdd135 ngf of 4the-gaapbey 1f ~omsexama e vh (B33 ol )

1T oo XD (432 o0l 415 Mosol iy oD gl PO L Sl ene 7o
sol uti on wasOadded o\vierl anmqier icd pétdds nimuhesride2ig @0 the csupport
anot her 60 m RGeS e ot E S b PGt A LY rSOAT ERpEratit e at
10" 3 nbar. 2t9MRRR22004 L0890 artdvgd eor®e Rokynendzatiléng (3 mmol) of
CrClsx3THF were then added. The resulting mixture was
stirred at room temperature for another 15 hours and
50 ml1 of methylene chloride were then added. The
15 solution was freed of the soclvent, the residue was
taken up in dichloromethazne and the solution obtained
in this way was filtered to remove insoluble
constituents. Removal of the solvent gave 0.84 g of the
chromium complex (61%).
20
Example 4

a) Pretreatment of the support

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

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

300 35 mg of the complex from example 1 (82.1 mmol) were
admixed with 4.32 ml of a 4.75 M solution of MRO in
toluene from Albemarle and the mixture was stirred for
15 minutes. The resulting solution was added over a
period of 10 minutes to 2 g of the support material

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

room temperature at 107° mbar.




400 m of isobutane and 2 ml of a triisoprenylalumnum 5 solution in
hept ane (corresponding to 75 ng of triiso prenylalumnum were placed in a
1 1 autoclave which had been nade inert with argon, and 13.8 ng oé tp@ﬁ
catal yst solid obtained in exanple 4b) were then added. Polyneriz (lgi ZQ/%S
carried out at 70C and an et hyl ene 10-pgessure of 40 bar for 60 m nutes.
The pol yneri zation was stopped by rel easing the pressure and the product
was di schar gethrign®ugh the bottom valve. 72 g of polyethylene were
obt ai ned. PrPocﬂgyctivit :.520 g of PE/g of catalyst solid. - 60 W claim 2
9 MAR 2004 £ °AMonbtyetSpent adi enyl conpl ex which conprises the follow ng
structural feature of the formula 5 (HC)Y,, M where the variabl es have the
follow ng neanings: HCp is a cyclopentadienyl systemcontaining, at |east
one fused hetet d@c?é, lf(?b\'?’Lidél% "’ﬂfgsfi‘f‘t‘]eﬁﬁ vihi th + OB EHY* £ o U lep “8nd
conpri ses atsdlpasiomnénuheparaged tonoregenidl g ngo ard aipnedOf tghowp-14 or
15 of the Perieodig Tabl e ﬁndw haes tgecfgrrr.ul a Z]e - A, t\/\/f];Lre t he. vari abl es
have 15 t h& XD ot WELNWERAi AGES UPSO°FE & hi Fal bt BHTESE B wEBACA i s
NRARS5, PR4RFadRbeeBR4madeani mestubstiitttut edgonsubshdt 0B ang f usedthe
het er ocyclic. ri y + RE e.each, 1 ndepand n nqgt her,
hydr ogen, cL: p- aﬁiygéfg-@ﬁ?%m}ﬁ %%gnfgg% @% g‘%ﬁlé{ gﬁt"ﬁgl §P§F8havi ng
from1l to 1PTamyoni BHtion was carried out at 70°C and an ethylene
10 pressure of 40 bar for 60 minutes. The polymerization

was stopped by releasing the pressure and the product

was discharged through the bottom valve. 72 g of

polyethylene were cbtained.

Productivity: 520 g of PE/g of catalyst solid.




35 atonms in the alkyl part and 6-20 carbon atons in the aryl part, SiR63r

where the organic radicals R4 and R5 may al so be substituted by hal ogen

and two radicals R4 and R5 nay also be joined to forma five- or

si x-nmenbered ring, R6 are each, independently of one another, hy@r%@éﬁﬂﬂm

-Cl- C20- al kyl , C2-C20- al kenyl, C6-C20- aryl, alkylaryl having from1l to 10

car bon ator{;g%ilglthe al kyl part and 6-20 carbon atons in the aryl part,
i'cal

and two rad ®"may also be joined to forma five- or six-nenbered
ring, and 2 9 MAR 2004 - 61 5 10 is 1, or may also be 0 when Ais an

unsubstituted, supstituted.or fused, eterocyclic ring system Mis a
roral of grcib 3% aoBSEYCAOBEERES epul GaTE e ol F o B8S ptle 3. 2.
A monocycl opent adi @hybwingpl exas-wiminedfeatuekai v, wher ei fotheidonor in
Y is boupd intramlecularly.to M_.15 3. A ponocycl opentadi enyl conpl ex as
cl ai ned |§n claim @é%fy’é\ﬁm?’(@ﬁrﬁasﬂﬁeVFEFﬁ'EEES( H&iﬁg(l\/ﬂ%&‘e mﬁ%f%omq%g

vari abl es have t heedwihost ng nmeani ngs: HCp is a cycl opentadi enyl system
containing 20 at |east one fused heterocycle, Y is a substituent which is

bound to HCp and conprises at |east one uncharged donor containing an
atom of group 14 H@p 15i®sf & heyRdopetitedianyd 25yardémhasohbeifhongul &t

-Z,,,-A where the Valr_iicgé)é9301}93\’&5%@3}1&9&8%99‘9fmani ngs: Zis a dival ent

bri dge i)gt ween A and

Y is a substituent which is bound to HCp and
comprises at least one uncharged donor containing
an atom of group 14 or 15 of the Periodic Table

and has the formula -Z,-A, where the variables have

15 the following meanings:
z is a divalent bridge between A and HCp,
A is NR'R®’, PR'R®, OR?, SR? or an unsubstituted,
20 substituted or fused, heterocyclic ring
system,
R'-R®> are each, independently of one another,
hydrogen, C;-Cap-alkyl, C:-Cip-alkenyl, Cg~Cop-
25 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
halogen and two radicals R* and R® may also be

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

R® are each, independently of one another,
hydrogen, C;-Cap-alkyl, Cz-Cyp-alkenyl, Cg-Cao-
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 Jjoined to form a five- or six-membered

ring, and




30 Ais NR4R5, PR4R5, OR4, SR4 or an unsubstituted, substituted or fused,
heterocyclic ring system 35 R4-R5 are each, independently of ong3aMpatgr .

hydr ogen, Cl-C20-al kyl, C2-C20-al kenyl, C6-C20- aryl, al kylaryl havi

ng from

1 to 10 carbon atoms in the al kyl partgand 6-20 carbon atons in the aryl

- part, SiR63, where the organic radicals R4 and RS may al so be subst
by 2 9 MAR 2004 - 62 halogen and two radicals R4 and R5 may al so be
joined to forma five-. or fix-nenbered ring, 5 10 15 20 25 30 35 R a
each, independentty of*®nelanoPher M¥hy@lGden P, -20vagRky|2 1s  an

i tuted

re

C2- C20- al kenyl, C6- C2Ounsulstiahkgdaryl bawstgthirem 1 tpAd0 caglgeg, at ons

in the al kyl part and .6-20 carbon atons
R6 may al so be joi ned"$oSFSr ¥ a1 Fi ¥&P9oFYSt&Mmenbered ring, and m

or may atso be 0 when A is an unsubstituted, substituted or fused,
heterocyclic ring, system Mis _a,netal of groyp 3, 4, 5 or $ of_the
Peri odi ¢ Tabl e, %are Hack MRagpen ntqlﬂpug:f gne YnothePr &1 &dri hBE
chlorine, brom ne, iodbereiodhydraigta, &ndC, 0-al kyl, C2-Cl0-al kenyl,
C20-aryl, alkylaryl having 1-10 carbon

n is 1, 2 or 3.

10

2. A monocyclopentadienyl complex as c¢laimed in
claim 1, wherein the donor in Y is bound
intramolecularly to M.

15 3. A monocyclopentadienyl complex as claimed in claim

1 or 2 which has the formula (HCp)YMXy, where the
variables have the following meanings:
HCp is a cyclopentadienyl system containing

20 at least one fused heterocycle,

Y is a substituent which is bound to HCp and
comprises at least one uncharged donor containing
an atom of group 14 or 15 of the Pericdic Table

25 and has the formula -Z,-A, where the variables have

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

30 A is NR'R°, PR'R°, OR!, sSR! or an unsubstituted,
substituted or fused, heterocyclic ring
system,

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

35 hydrogen, Ci1-Czp-alkyl, C:-Cyp-alkenyl, Cg-Cazo-

aryl, alkylaryl having from 1 to 10 carbon
atoms in the alkyl part and 6-20 carbon atoms
in the arvl part,' SiR®;, where the organic

radicals R® and R® may also be substituted by

in the aryl part, and two radicals

is 1,

Co6-




~atonms in the alkyl part and 6-20 carbon atons in the aryl part, NR R2 ,
ORS, SRS, SM@BRL, OC (0) RS, CN, SCN, f3-diketonate, CO BF4-, 2|:96M RO{
bul Ky noncoordi nating anions, R1-R2 are each, independently of on AR"2004
anot her, hydrogen, CS-C20-al kyl, C2-C2{ al kenyl, C6-- C20-aryl, alkyl aryl
~having from1 to 10 carbon atons in the alkyl part and 6-20 carbon atons

in the aryl part, SiR¥Zlogdrersnd hew®rgad €a1adkcalsy B Rayan & g be
substituted by hal ogens and tvvo r adi cals R3-R2 may al so be joined to form

a five- or six-nember @@, FREWR ddiret e peraariTSeRd ohe@not her
hydr ogen, C,-C2p-al kyI C2- C20- al kenyl C6 2 9 I\/AR 2004 - 63 5 C20- aryI

al kyl aryl havi ng_krom 1 to 10 . carbon ato th Kk part and 6-20

carbon atoms in the afyi® pafiand ﬁﬁlgiepteﬁlglse&i—lqé’ ﬁaygﬁﬁso PG ¥ed to

forma Hive- or six- mﬁimrgaﬂu I‘IGg—Cﬁndlkyﬂ_s 1g,-20¥aBkedyl A Ce-Coo-

nmonocycl opent adi enyl Iex a %I n,any . 10 of clal 1to 3,

wherein HCp and Y form |gggj§yf H&Ee GG h& P8y nhil £9 I{rgzl ANPER |AE

2A SA R4AA E4AA- R 3A E3AcHE vuherthd helknal abhkes hadestbe tablew nrgomani ngs:
in the aryl part, and two radicals R® may also

be joined to form a five- or six-membered

10 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;-Cip-alkyl, C;-Cjp-alkenyl, Cg-
Czo-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl part and 6-20 carbon
atoms in the aryl part, NR'R?, OR!, SR?,
SOsR', OC(O)R', CN, SCN, PB-diketonate,
25 CO, BFs. PF¢ or bulky noncoordinating
anions,

are each, independently of one another,
hydrogen, C;-Czo-alkyl, C3-Cip-alkenyl, Cg-
30 Cop-aryl, alkylaryl having from 1 to 10
carbon atoms in the alkyl part and 6-20
carbon atoms in the aryl part, SiR%,
where the organic radicals R'-R® may also
be substituted by halogens and two
35 radicals R'-R? may also be joined to form

a five- or six-membered ring,

R axe each, independently of one another,
hydrogen, Cl“*Czo—alkyl, Cz—Czo—alkenyl, Cg-




~ElI A-E5A are each carbon or at nost one EIA to E5A is phosphorus or
nitrogen, preferably phosphorus, 20 Rl A-R4A are each, independenglgi ﬁ?]; ne
anot her, hydrogen, Cl-C20-al kyl, C2-C20-al kenyl, C5-C20-aryl, I b{} 20@4
having from1 to 10 carbon atoms in thegsal kyl part and 6-20 carbon atons
in the aryl part, SiR6A3, where the organic radicals RLA-R4AA may al so 25
be substituted by hal ogens @pdatyo, Viaaiialary1adhsak sgRIAJREA My, aj go be
joined to forma five- or six-nmenbered ring, with thé proviso that at

| east two vicinal radical s RRMUACEPES| Pndd'a 02 LBt nPaTke@rbcyti® which
contains at |east one 30 alzamdr oBL@GMEUPIAS tole 18:91 the-tPerihedi g.dabl e.
4. 5. A nonocycl opent adi enyl conplex as claiped jn any of clains 1 to 4,
wherein 2 9 MAR 2004 - 64 ﬁﬁqclscr%ksﬂf’\i IRR S,OPJPﬁRQ,OJGQ@ ¢° SRF™RI 5 10
15 20 2% 30 Z is a dival entfiveonsistd g ridmibeee®lBi 5 3Band LzB _ L2e L2B 2B
12B 148 R 7 bridge selected R1I8 R38 RSB | C C C R2B RAB Rl R 6B

k is 1, 2 or 3.
4. A monocyclopentadienyl complex as claimed in any
10 of claims 1 to 3, wherein HCp and Y form a ligand

(HCp-Y) of the formula II
—O)
N ES

15 where the valables have the following meanings:

EY™_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;-Cso-alkyl, Cz-Czp-alkenyl, Cg-Cap-aryl,
alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part,
Sir®*,, where the organic radicals R™-R** may also

25 be substituted by halogens and two wvicinal
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




fromthe group where L2B are each, independently of one another, carbon or
silicon, RIB_R6B are each, independently of one another, hydrogglg,MARZ
Cl - C20- al kyl, C2-C20-al kenyl, C6-C20-aryl, alkylaryl having from1l to %
carbon atonms in the al kyl part and 6-20g4carbon atonms in the aryl part or
+SIR7B3, where the organic radicals RIB-R6B may al so be substituted by
hal ogens and two gem nal or vicinal radicals RLB-R6B nay al so be joined
to forma five- aor six:mepbered ring and R7B are each, independently of
one another, hydPogen*®CteC20-al kyl, C2-C2D al kenyl, C6-C20-aryl or
al kylaryl having from1l to 10 carbon atons in the alkyl part and 6-20
carbon atons in the aryl ts and,fywo _radicalg R/B may also be joined to
forma five- or ix-n%?rb@ﬁ%ﬁ‘r?’%gg '6.035\4ar?ﬁn(§€30?8€ent adi enyl conpl ex as
claimed 8n any of clains 1 to 4, wherein 35 2 9 MAR 2004 - 65 A is an
unsubstituted, supstituted. .or fused et er oa orraticetr]%%g Sﬁ stemand RIB z
t

s -L3B Rze 5 where L&e ar & ofEnly ng’gﬁ enfFye6ESEn . 9€dFBon or
silicon, 10 15 2Gconsisting of

1B 3B 58
f?m llqm fl?3&3 T: T T
_II_Z_B ...fl_2_5.||_2..5 C C C
R%® ' R2 g8 , ILZB FL"B IIQGB
10 where
L2® are each, independently of one another,

carbon or silicon,

R*®-R®®  are each, independently of one another,

15 hydrogen, C1-Coo-alkyl, Cs:-Csp-alkenyl,
Ce-Cpo-aryl, alkylaryl having from 1 to 10

carbon atoms in the alkyl part and 6-20

carbon atoms in the aryl part or SiR'™%,

where the organic radicals R'™-R®® may also

20 be substituted by halogens and two geminal
or vicinal radicals R'®-R*® may also be

joined to form a five- or six-membered

ring and
25 R’E are each, independently of one another,
hydrogen, C1-Cho-alkyl, C;-Cap-alkenyl,

Ce-Coo-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
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



25 R1B-R2B R7B are each, independently of one another, hydrogen,
Cl- C20- al kyl, C2-C20-al kenyl, C6-C20-aryl, alkylaryl having from1l to 10
carbon atons in the alkyl radical and 6-20 carbon atoms in the ard9 MAR 200
radi cal or Si R7B3, where the organic adicals R B-R2B nay al so be
“substituted by hal ogens and two radicals RTB-R2B nmay al so be joined to
form a five- orasix-nenber eth ningasth @l Ce@ACBubkpdependentd ¥ s pne

anot her, hydrogen, Cl- %-tael I%I, C%—.CZO-.aI kerpll, C6- C20- aryl or dl kyl aryl
having from1l to 10 carbon ACoRE™Mr i heé MKk WYSHH &9 and  6- 20 car bon
atons in the aryl radical and tw radicals R7/7B may al so be joined to form
a five- or six-nenbered ring, s@d mis O or 1. 7. A nonocycl opent adi enyl
conplex as clainmed in any 30 pf clainms 1 to 4 or 6, wherein Ais R2C 3C 4C
2-pyridyl 8-quindlyl - 66s wheke 5 RIC-RIOC 2 9 MAR 2004 are each,

i ndependent|ly of one another, gaydrogen, Cl-C2o-alkyl, C2-C20_al kenyl, Cé6-
C2o-aryl, alkylaryl having from1.to 10 carbon atons in the alkyl part and
6-20 carbon atoggeip the aryl part or SiR11C3 , where the organic

radi cals Rlc- Rlof313

are each, independently of one another,

carbon or silicon,

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

10 hydrogen, C1-Cyp~alkyl, Cz-Cyp-alkenyl,
Ce-Czo-aryl, alkylaryl having from 1 to 10

carbon atoms in the alkyl radical and 6-20

carbon atoms in the aryl radical or SiR’,,

where the organic radicals R!B-r? may also

15 be substituted by halogens and two
radicals R'™-R?® may also be joined to form

a five- or six-membered ring and

RE are each, independently of one another,

20 hydrogen, C1-Cyo—alkyl, Cy-Czo-alkenyl,
Ce-Czo-aryl or alkylaryl having from 1 to

10 carbon atoms in the alkyl radical and

6-20 carbon atoms in the aryl radical and

two radicals R’™® 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
ch R?C RBC
ROART RY R
.
NRE R NTR™

2-pyndyl 8-quinolyl



~al so be substituted by hal ogens may
may al so be joined to forma five- or six-nenbered
dependently of one another, hydrogen, Cl-C2p-al kyl,

20 25 are each, in
C6- C20-aryl or alkylaryl having from1l to 10 car ergdmR){@ in
“the al kyl part and 6-20 carbon atons-igethe aryl part and two radica

20- al kenyl

Rl11lc may al so be joined to form a five-

vicinal ra

system for ol efin polynerization, conprising A) at |east one

nmonocycl opent adi @hglreconpl ex as

cation-formn ng
ol efin Polyneriz

group 15 2 or

prepol ynerized catal yst sy _ _ géigg X (
claim8 and polynerized Oioealrﬁflqneaﬂ{yj@lteﬂ near od Y44 ksnes in a
nmass ratio of from1:0.1 tga%51000 Y

10

15

20

25

30

35

RllC

A catalyst System for
Comprising

A)

B)

C}

D)

t3904L GY¥e AnoRher,
PE6Rpr FsiBg-alkeat akyse
aving from 1 tgo 10
n atoms in the alkyl part and 6-20
carbon atoms in the aryl part or gigrllc,

Q

where the organic radicals RIC_gloc
also be substituted by hal
Vicinal radicals RIC-gl0C

may
ogens and two
may also be

join i
3 ed to form a five- or Six-membered

ring and

ar i
€ each, lndependently of one another

hydrogen, Cl-ng~alkyl,
Cao-aryl or alkylaryl h
carbon atoms in the a

Cz-Cm—alkenyl, Ce-
aving from 1 to 10

1kyl part ang 6
‘ -20
carbon atoms in the aryil part and two

r : lic
ad?cals R may also be joinegd to form
a five- or Six-membered ring.

olefin polymerization,

at leg
. st one monocyclopentadienyl complex ag
claimed in any of claims 1 to 7

ot 3 .
Ptionally an organic or inorganic Support

Optionally one

or more cati i
lon-for
compounds, o

opti
)o! ?nally one or more Catalysts suitable for
olefin polymerization and

Optionally one or more metal]

co
o mpounds of

2 or 13 of the Periodic Table.

ring and 10 15 Rllc

Cc2-C

or six-nenbered ring. 8 A catal yst

claimed in any of clainms 1 to 7, 30 35 B)

Optionally an organic or inorganic support, C) optionally one or nore
cgppqgnds, D) optionally one or nore catal ysts suitable for
Btién and BkeCpahgﬂal&Mdgﬂgn%éﬁnore met al conpounds of

13 of the Peéiadic Tabl e.
4 em as ¢l aimed in




f a catal yst system _
lyst system 10. The use o _ _ S
5 b??:?n?g tgf gaggrythe %olynerizatlon or copol ynerization of ol
in

| | | zation or 79 MAR 204
| yol efins by polyneriza
11. A process_for preparing po o bl vet ovst ekl
copol yneri zation of olefins in the pfeggnge

‘clainmed in claim8 or 9.
9. A  prepolymerized catalyst system comprising a

catalyst system as claimed in claim 8 and

polymerized onto it one or more linear Cy-Cip-1-

alkenes in a mass ratio of from 1:0.1 to 1:1000,
5 based on the Catalyst system.

10

10. The use of a catalyst system asg claimed in claim &g

or 9 for the polymerization or Copolymerization of
olefins.

10 11. A rrocess for Preparing polyolefins by
polymerization or copolymerization of olefins in

the presence of g catalyst system as claimed in
claim 8 or 9.



