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WO 2004/ 056482 PCT/ EP2003/ 014447 NMNonocycl opent adi enyl
conpl exes The present invention relates to

wonmaoyaBopent adi enyl conpl exes in which the PCT/EP2003/014447

cycl opent adi enyl system bears at | east one
unsubstituted, substituted or fused, heteroaromatic
ring systen1bound 5 via a specific bridge and to a

MeroayoepentadietybepmP¥PY i Si ng at | east one of the

monocycl opent adi enyl  conpl exes, and al so to processes

g {%{p&%&ﬁteﬁght{éﬂ é(tel%}g% ogﬁgn?h/é:log ar}tgc‘.ﬁeqwglt co%%le{;,shﬁ fM‘lEN ?\Etcyé?&entadlenyl

gyeteyroeans z2hledsh anepynsu mp@ﬁdymﬁtiltlztg@ prdp,se@f heigregrpmaticAing sysgm bound

Wa PERERS §ncfg@ %n@fo%%félﬁgsyﬂt@h)t@hﬁflélr\bsat RstRk YRE headdy@pentadienyl
or 10 corgw%/rrerl zatio in the presence of

OPIER @ﬁ%@ﬁ%ﬁ&pﬁeﬁarﬁglrﬂ?ﬂ{%}e& obt ai nabl e in
this way. Many of the catalysts which are used for the
IR %é‘ {B%thé b J@n FBéat% tQ:‘tl'féfdsE‘ of tHé @atg?s'i §§§té?rﬂfo#ﬁ€‘39l&%ér¥z@ﬁbn or

om um oxi or exa KiTk g
woeﬂwarnzaﬁwcﬁf aioBF 208 7 rarawSSr@nﬁﬁa?rwg;Po'yO'ié\gfy polymgerization or
Adpblyrh&rizatidn.of d18fs.in {hia @eeerge nEtha katylys isysere tim/to @nigmers obtainable in
tﬂ@%ﬁm ymers and copol ymers havi ng hi gh nol ecul ar

[ but are relatively insensitive to hydrogen
and thus do not allow the nol ecular weight to be
Mmarytor bl edtalysts waicls larrémsed fontha eolymézatidnef otoleéns drahaked oh gnmobilized

‘?’o%@% gg S( g%{lgs(%g%g Seawn%r “En%’ytré}%ﬂ%} Edhical Technology®, 1981,

Yo11.38.f0) 43)- éﬁﬁ‘?‘ﬁ% aERPTGIN SPJYH gisng NODSPAHSREYS G GORCIY TS haying ish

rﬂ&@dunaed/etgms a:ﬁht 48 @él&ﬂ@ly hser@Xiveliothysiapgrodard tiesalblnesalibi éhe molecular

Y \%%gw? g;ﬁ cgatro e gta s;‘?anp ma%%p ﬁwtl% %hérﬁwgrad tr%leQ gf bls(cyclopentadlenyl)-
,¢Wqﬂm1w'gé#§ 3,788,353, oiséindenyishemiun @rdqlséf}upmyliogrogy@@ @.}{%4 015,059) which

MQ%E&\ ép‘bhecﬂ@\% ﬂllor?g@m@ o&@l@rsgbbofrt@na@elléﬁ’ tﬁghi]?l’éblbm@bd ht of polyethylene to
cat a| ste avin ue efi ne active
'i‘,ee%’f“él Waﬁ%f‘@)e%s% %q%&'gngrgiy PY<ts. The activity and
copol yneri zati on behavi or of the catal yst and the

/Qét'] i? B‘lﬁrctaéee§f Z%fglet' Ngttepé%flsﬁém% rtﬁer@ RtRived a&ﬁ@kﬁ%rbhe%ﬁ:m based catalyst
snou

%Ygt,e@épg\ﬂﬂgvaa\mlcélﬂyéiﬁ lrbafj ?Ch\ée qemjéﬁa ply 8@@&&% c&al*ﬁs lﬁe pegivity and
@pFdBerddontiehivins otbasatelpst aetihg evpeties of drraslymessobisined therewith

%Ioﬁgg@gﬁe anbetd'ltéfréé ifd QRpE rn%Hﬁbr@ teget&PRAkoh &f BE §R8 Sramework.
or preparing them (via netal getraanldes) and a
process for preparing a polyolefin in the presence of

e FERCGT 48 048 teimsRahytragted zedrnainy cexplaydsed elaments ot tragsitiasrgroup 6, a
H‘%Sf c#r&%@?fo\?’ Eref:érﬂm &lamfétr%&ﬁld@sﬂ aRdk Qﬁbé‘ssd&rﬂ)%parmg a

| opent adj en
ot PISOE o B5ch GRS ARSI R STHBURA BNES 4. The fiand
fesetior ke marisea za laoigaic Sor{of whiel i dinked to a cyclopentadienyl radical.
butyl am do) di met hyl si lyl'](t et ramet hyl cycl opent adl enyI )
chrom um chl ori de conpl ex for the ol .ynmeri z3
SRS 960 SR SR00b FTEptRd o b abSH F abond® 1@
R ihahied)@imeGointy@sRIrsthgiagdvpata@ény ek mairacdoride tomplex for the

%a{ygr% d?é? bALASs n?%g%ﬁB@Q Eel rk{}})pgol}?r‘r:er@&l PRIk Z@éﬁnon&hbé such as

vant age can be over cone of structurally
REXPRY HP n%ty@‘sp@ﬁ@tedmwsm@ee 3O 1@@195“188@” i bes
rmnocycl opent adi enyl chrom um conpounds whi ch are

a?éé&éﬂt;%@ Y béjg%%’orrlel bg%géj?f str@rglﬂalgrysll%?r B Wcﬁ 197 10815

droes rr@nw@memt@d@ﬂﬁwormgm&ﬁramh@dw'@ﬁh?r@ébbst'fvﬁ‘é by §pe¥ ligands
én‘éi H?Gr\é@ﬁ's SfQVHIABrdpEee, @cn%mrma eayhlsd besbiywieized. THRInar is from
8&3%%?\' &%5% donor l%ﬁdmh %%p%?tgé‘égyl rln92V|aa (ZRy), fragment,
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where R is hydrogen, alkyl or aryl, Z is an atom of
group 14 and n>_1. In DE 196 30 580, Z=carbon in

w@eoios@Bl on"with an am ne don@ is specifical PGI/EP2003/014447

cl ai med. WD 96/ 13529 descri bes reduced transition

nmetal conpl exes of nmetals of groups 4 to 6 of the 5
Periodic Table with ydent at e nonoani oni ¢ |i gands.
Wiees B i hydiogere atsyloF @wgﬁn%@u 2y P groupald e d nedp BENPHEC 280,
2080bn heBmbinSdn withen exnieRbes isdpecificely diigked to
titani um conpounds. There are also ligand systens in

whi ch the donor group is linked rigidly to the

\BADCI6¢3628 drelribay tedugeddiacsifion Sl lnohplepen @f woteis ohgrownsd to 6 of the

E’QEBIE Tgfﬁé i Maghtg?é%n@eﬁrﬁ?nwms' #ede Piuad @Vclcﬁéﬁﬁémalnﬂ Jligands

Si'e
%OD@@U)G @0@ functien. Theexagy, FEHG%*”C"?‘#C’ pm %@P"“'ﬁig%)
129, 459-463, M Enders et al. describe

frhegeuérg sy lgﬁ%h’ Q%‘iénlié% Wﬂlcﬁ ldgﬁcﬁyo@g hOR¥dd rgg’m%a@% c?tﬂ&jpentadlenyl

e and zirconiumitrich

AP %@gggang_s]zth 3nddhRi r@%@ﬁfﬂg@p)@ﬁﬁe{ SUTHRATERA DY for example P. Jutzi
Afdi L& IShe@telile inl J0 OfiEni Onani. (R9a) 400, VB 8h aSscheen IruGtesth. Byr. (1996),

?ﬂfg a46§1l\9‘][irf%§ g%’?@;g,%lg@ ﬁ?\%ﬁpgﬁgtﬂute JQP%?%I hgar}ds and thelr

e Highlorits apgFigpenigpuglogdaseampleaes. 8;Fd<r Flergdiadiriyititanium
iﬁ@rbmlﬁldskﬁ@rr@fnaﬁﬂlnwm/@ Rds H@EO LS b4V Bads, 1. hmdﬁghf &dReusch in
apl e y
B BB BT e A By
Y is an elenent of group 14 of the Periodic Tabl e of

W@e()'lﬁzgmiﬁoﬁasw‘d:y@lhpm eﬁhyl@aﬁiblbmbaélembﬁy\foﬁgr&@s @%.of @ Periodic

Jﬁbéenci tl'tenEé % glw%éc&?pqely)gn%\éggt Y2 rou(g)ols Eoun? (t)o tﬁ% %ﬁ:gzpentaqlenyl system,
WiegaM dbsantedanantiofgrdnpi1d gétie Berngic Rﬁhie@ﬁtha ﬁé?"@ﬂtst“é'mh é’eﬁré particular
tdhes mebyneri zation of olefins. A further object of

the invention is to find an advant ageous process for

“preparing such conpl exes. 25 We have found that this

bisjae objettof the niventie tiind iwthecteobitgrenetaldiomnigkescangsl amaggopentadienyl

l\(@gcp a9|9g5ArQ Bh@%d dbiR whlch detsUfle hand I)‘fmé?fzattoh &t SIS Rrther

G R nisah e 20 e e ie P B RPN To-G grsieS
30 Zis a bridge between A and Cp of the fornula, RI1B
Wi ﬁave?fgu lthm ob¥&?i’é %chléve@b\‘f‘!:n@n&?&&ben{aﬂgﬁﬁ enHS el Whih comprise

one ano or silicon (ﬁre er

W50 Gstiiasl s PETHRSUF DUAMY IR BS VHiEbles have e Dloving
©2artge- al kyl , C2- C2D- al kenyl, C6-C20-aryl, al kyl aryl
havi ng from1 to 10 carbon

Cp is a cyclopentadienyl system,

V4 is a bridge between A and Cp of the formula,

where
L8 are éach, independently of one another, carbon or silicon preferably carbon,



10

15

20

25

30

35

40

©am nes,

atons in the al kyl part and 6-20 carbon atons in the
aryl part or SiR3B3i where the organic radical RB

worey4@b@e2 be substituted by haldgens and R B apdI/BP200my14447

also be joined to forma five- or six-nmenbered ring, 5

, R2B i s hydrogen, C, -C2D- al kyl,, C2-C20-al kenyl,

CG C20- %ryl al kylaryl having from1l to 10 carb

atons Rh t heis Sk-Rytallyh Co-Cartkegy!per- %ﬁﬁ(bﬁ'kﬁ?%'ﬁ@“ﬁﬁﬂ?rﬂém10‘33”30”

aryl part oratorsd iR¥fe3alkyl M\é}ﬁé’rﬁ et dvesafiod ati i e laﬁja[!)artm BiR;, where

may al so be ubstltut ed hal o y

al so be j oinl 80&98”'? fﬂdﬁf’“ff F\%alsg SSUbitq%%%‘E\ihal%?eP? andr@ and A
and R3B ar enaaaldv, bei joideste fieterst ivg- afsixarrembgrastriver ,

hydr ogen, C, -C20-al kyl, C2-C20- al kenyl, C6-C20-aryl

o o G Bareg, LBl A0 PN Ll ek g om0

and two radi tedatboRaBrrsdly thalatkyl pdag ang 820 eatboéroatbros imtize aryl part or
five- or sixg lﬂﬁn%éf(}qh%&?&uc Adics R MNPSOS dubtgch bﬁl halogens and

substltuted f'us eroaromatic _rin stem
is a metal éB‘iéGjab’lal%Pﬂ?é‘eﬁrt%fﬁﬂ" EBY?SPE?"F %‘5”‘8?“30' ring
titani umin the oxidation state 3, vanadi um

chrom'%m nol ybdenum and tungsten and mis 1,2 or 3.

25 W have al so found a catal yst system conprising the
nmonocycl opent adi enyl conpl exes of the present

I nvent R8N, teh@ewemaépehmtlymmemétwewamdéremwczo-alkyl C-Coo-
conpl exes Oralk gréa{: Yy?gr a%é(l!sé My n%rfrfoh'\h\e\o 10 carbon ac}oms in the alkyl

pol ynmeri zati on merrzation

process for W@péﬁr&@ga@en glomefrn the appartgag Wﬁ?'iaé% Romay also be
or copol ynerjbiaéd toesimaf five! &fsixasenierddidgpr esence of the
nonocycl opent adi enyl conpl ex or the catal yst system-

and have al so found pol yners obtainable therefrom 30

Fhe noRECyCiubEtdaditstiyied colvpte ResroaPmMElRINSISEE Tt

i nvention conprise the structural el enent of t he

formul a [) ere.the vari e a '
ot |'nel 2aisia e G T e oy ARTS s, PR ¥ 2 BeBp e
t 0 t hevamediarh, chtaprarimdifpgemumirertungstenand her | i gands
depends, for exanplé, on the oxidation state of the
metal atom Possible |ligands do not include further
Bycl op@ﬁt%ﬁﬁ%nyl 35 systens. Suitable Iigands include
nmonoani oni ¢ and di anionic |igands as described, for

QAR Bso fow{?jr étﬁ(y': Pws!'éﬁ{mpﬁmnd-tﬁ@%n&&a@p%n{%ﬁ%h)ﬂ §§mplexes of the

ers, Ketones esters

Biesenb MU Hisgise awh%m@aowowt?ﬁﬁnﬁ o Herergt P Cei gietem for the
polyrEpization ar aypolyopézatiaddf elfits aﬂylstpecmesmc;tremyg balyadefias iy
g&ﬁﬁé'rf%gtloﬁ lépéo%blgHHz%Porpﬁueﬁﬁsr]n ﬁ'@%é%@nééeof fh‘é%%fl\ocﬁgpé(ﬂtéo*bnyl '

hat i c, eteroct)éc I C

PRIPRISX A 5Pl Bt Sy§ipRp @nd aﬂew@ Toupd golymerg\ePioEkl? 6@6‘-‘28@ 4

‘PCT/ EP2003/ 014447 substituents, preferably 1

%ﬁ@ﬁ&oﬁ:ﬁc@%&ntamaypﬁﬂé{@eg&cﬂﬁ%reénﬁﬂvéﬁ% QARG the structural element of

R ATIECR 2ol 01 SR8 5P AHFIRS Tha® BYTMEdaPouy e JS e my

trapsfard BObdaad to the metal atom M. The number of further ligands depends, for example, on
the oxidation state of the metal atom. Possible ligands do not include further cyclopentadienyl
systems. Suitable ligands include monoanionic and dianionic ligands as described, for example,
for X. Furthermore, Lewis bases such as amines, ethers, ketones, aldehydes, esters, sulfides or

phosphines can also be bound to the metal center M.

Cp is a cyclopentadieny! system which may have any desired substitution paitern and/or be fused

with one or more aromatic, aliphatic, heterocyclic or heteroaromatic rings, with 1, 2 or 3
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repl aced by nitrogen or phosphorus, preferably
phosphorus. Preference is given to using C5 ring

WO 3yogtsqas2 Wi t hout repl acenent Ry a het er oat om PAI/EP2003/014447
het eroaromati ¢ whi ch contains at |east one atom 5.
. fromthe group consisting of N, P, 0 and S or an
aromatic can, for exanpl.e, be fused onto this J
wpeiitespisnprefiabhiy substisieas BRING 1A IoHR Zp%eTé‘éﬁﬁs'%B\ﬁPe%a ienyl skeleton
lfsléﬁ B4 @mﬁ@sﬁﬁmvﬁwbeh didt@odbaih @hiole yred o thearacboh harrisaﬁay@lso be
rgé B IRGEY b Sr TS, SRR Shobiin FRsc L &R ding C ring
. wghc@preglﬁcmmt Hyor pai¢raatem| /) hq;g"ommaggawhlqza coElfms atleast one atom
fﬁ%‘lﬁhe fohﬁ }onsﬁﬁ@ deR, b, &Fdnd E8 aRRdnatib a4k enbrapie, teeed onto this

varil a

| e ES

i B S*ﬁgfonnlaﬁ%e Prb GRENEIAS) oL iR R neterooyce
phaspsicegopenBicR) AkdRE#n sheee twaelomsi preisjsohigemen gloms. Rigference is

t.h C20- al kenyl ,
%%&grc pé}?(meqﬂesgstgﬁlcgﬁg@?%m%l? oﬁzl to 10 car bon
atons in the alkyl part, and 6-20 carbon atons in the
aryl part, NR6A2, N( SRE?§A3)2i ORSA, OSi RSN3, Si RSA3 ,
BR6A2 where the organi ¢,y adi cal¥ R1IA-RSA may al so be
substituted by hal ogens w® 25 vicinal radicals
RLA-RSA may al so he j oi g \form a five- orq
si x-nmenbered rindy amd/& p\yd ci nal radicals RLA-RSA
are joined to forma het er ,cfygl\e whi ch contai ns at
| east one atomfromthe gyEoup cofsi st | ng of N, P, O
and S, with 1,.2 or 3 stituents R1A-RSA preferably
one substituent R1A- RS "being a -Z-A group and 30 R6A

8 B3 PR gl ZpoLier, hyorogen;

havi ng froml to 10 carbon atons in the al kyl part and

5428 carpoBachlcatn bihot Meredkiatl onp &t to &Tds pNa3plRe, nal
- radicals R6A may also be joined to forma five- or

‘'si x-menbered ring. 35 In preferred cycl opentadi enyl -
BYR*ens aBpeach] ihddpendenty E#Sae anahes.dwiroaen. Prdznalel, ﬁapzo-a'ke“Y‘

tf ﬁd' cal Scefféﬁaﬁ%ﬁﬁf}gl%hﬁg 1|‘r<Whtl o ’(Chfférﬂ:e]v%tcrnﬁ%tﬂé%ﬂ(&ll pad and

em may_ form a hetergcycle £ 6h i 8
het er oarSHEEFN a@&?ﬁ'% 63%%{% N%eé?ﬁéﬁ %'a m?S'R S " BR™
group cossresthé nigamt radicals &YeR’ maylatss ph evhsttuted oy felpgeapdnd two

S u: ]t ur, \ﬁ’d'ﬂ'{a‘ r‘aGHél?Ri"YRSB H%tl SIs8B4 Jinkd 1 B@EAMIR0EY M membered rmg,
sul T ur W

or het er%\g@b%twc&-nakﬁa@fsg:? gbl(?R Brglj%rbecjé%F%'B ﬁ%g{;:&o%cle wIY&w contains at
Pr ef er eneast ore ajorw éomWE Q@@iﬁmmﬂﬁgf % POTNESR OR1. (21 3 47bstituents

to het erg@_‘k@ﬁl pﬁéfef%ﬂg oh@gﬂsﬁ%r@ﬁmR%%eH@W PO\ @odddhg Si ze
of 5 or 6 atons. Exanples of 5-nenbered

R% are each, independently of one another, hydrogen, Cs-Czo-alkyl, Cz-Cao-alkenyl,
Cs-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part and two geminal radicals R® may also be joined

to form a five- or six-membered ring.
In preferred cyclopentadienyl systems Cp, all E* to E** are carbon.

Two vicinal radicals R"-R* together with the E'* -E** bearing them may form a heterocycle,
preferably a heteroaromatic, containing at least one atom from the group consisting of nitrogen,
phosphorus, oxygen and sulfur, particularly preferably nitrogen and/or sulfur, with the E**-E™

present in the heterocycle or heteroaromatic preferably being carbon atoms. Preference is given
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het er ocycl es which may have from one to four nitrogen
atons and/or a sul fur or oxygen atomin addition to

W@ 200b05648L ONs as ring atons aresl, 2-di hydr of ur BET/EP2003/014447

furan, thiophene, pyrrole, isoxazole, 3-isothiazole,
pyrazol e, oxazole, thiazole, imdazole,

1, 2, 4- oxadi azol e, 1, 2,5-oxadi azole, 5

b, I®{efocyaieschnd helemardhaBcBhaving aziop eizanich & SAtong _Ekampdﬂse)f 5-membered
ﬁé‘t@%Wc%§ fn ﬁ'uagﬁmq{o&dm@% BLOANen Qtrofﬁ‘é %ﬁd/or‘%‘éﬁfl} d"8¥gen atom in

contal n om 0 our nit ro%en atons and
YOO IFARON#1oTH 28 BI BIPFT @2 MR BERABRRNENe, pyrrole, isoxazole,
PYsotrikadie razgly, rdxazoda Meazolpyimiak e 1,214-Sabiakdlé, a7, Fexadiazole,

%3% o[zr%é :gzo% Jhg.?-tr le ] g 1 § 4 tﬂéz%res%?a%néale-ls_%% ?nem%ngg F\%grogrgpgroups

OC cl es ha
@hictomey ednfejn fron'ome@o épur atrggen agameEngiey @ Phrgohates dterd mepytrdjne
gt%sgwbb&rén@tpmzm@ ARidAk lwrazmarﬁ 3,806zi8e, O £aEhRNand 1,2,3-trazine.

O b S AL e PBL Lo L B XL&SEFR%QSA%Q%G'W CeCio

- alykglkdarylbavingloom 1 th Wroawniatbols Iralhk elkyl pett aad 61 @ xgrbaratdyes in the aryl

mﬁglkwsltyrbr%@géae s[rma% RbHEBEH TR e{rbrbr%@ T Rty R0l &Rylarylamido,

het |
Pl aiel BenAs et o mRbered el croar v Jieikgsromatics
Emmz:dﬁsmf beneb-bisebenreobazd heteway! dyeursian lda‘d@hreiazca denxougan,

%nz&ﬁ’@ﬁl‘%ng U RebthiSo REPRE 585010 84 LG Yoz E. @.ﬁpl@g §f benzo-fused
chroman, benzopyran, quinoline, isoquinol

@'i”ﬁﬁl??r eHEEteTBW ?WﬁlaEPz‘?hf%“a“qEﬁ”ﬁ%%’Eﬁ“r ﬁ‘ém“% ‘%?85’6%1‘?“[’?1@‘””0“”9
dhttilezjrke et diing |quinexading 1010tphehdnitirsiiee aidpuminwdizien tlaming and

AhReRd &%hcﬂetetr gclékeﬁa%rb‘égé/&ké?ffé w &ﬁ??% E@%?Hé{emé‘g:ien 1st editioﬁ,

Lettau en e teraoc e t1on

VB Wiiei 6978, Trprhsterrey SF G PRHISE SRS ERB fused Wiine basio

prepataidny skelstetlvisaidaC dheidiamt of the yietbopeieratireanyhatic.

ﬁéﬁs ogc%glh%[t'eﬁﬁr%pgtlc% h%gﬂgl)r?e ﬁ%}gat% aFel'bgeferably 2,3- or b-fused.

heterocyc
Het er ocycl es/ het eroaromati cs havi ng one heter oatom are

Eia@‘fp%@bd:yyiloé’er%dleﬂpl hstéiis ef haidy Fendnattetdeycle are thiapentalene,

%X}% h?lﬁ%} aleenwep}){xhsl%jogmsaleﬁ? Zl'ligoprngyglthl%pﬁHE%Fﬂ (ﬁnn b\{t)é?xaﬂentalene n
%ieéttwivmﬂl?ﬁeaﬁ@n@ ZHemethyisiyltienspis|eps. tZrnr@pxétmaaepréﬁ@e 2-naphthylthiapen-
f3fehe, Q%é&ﬂwﬂthﬁb@e{h%ﬁn@ £B|eeny| 223- ale]ethylbxumMb&ﬂﬁél@c@empaér@mea-d.emyx 1-thia-

| ;ﬁanﬁaée Bt é}{e{\ﬁ ﬁOPr&%yPi-ﬂﬁéa%@%é‘ﬁg% % ﬁ%n%ﬂ g%ldqﬁ-iytélaq t‘ﬁlapéntalene
' %pm@l@@ delrr@ﬂ'thWéﬂ {iydpettatehg, @p@walegne?—methylazapentalene 2-ethylaza-
ﬂe‘niﬂﬂ#\@)ﬂ—s@pr@:y@hﬁiehhé‘ehé i—rﬁlblﬁylgz%p@rﬁélér@ @M@nethylsilylazapentalene, 2-phe-

! %ﬁpeﬁlﬁlenﬁ 26na(§>}'| hP{]la am—:@t%lleie 1#?\3%%? al iéy‘le’l-azapentalene, 1-phenyl-2,5-
dietptid regbpeptateneli ttphiempiPydiortiugyl-1- ﬁquhntalpemﬂ edhemy-2,5-di-tert-butyl-1-aza-
metﬁ&r@nﬁa Qd:tﬁﬁu%fﬁylls@?—@-@%%ﬁbl@ﬁlﬁ 1-t&1-8ithel A& Aethyl-1-azapentalene,

|
R s Ehe SRR L P58 P ROV PR ARBEREaR dipbeni 25
@hph@hoawwa;ampemﬂawenﬁ -2, 2dimdpiyt-hpheszbarent@harieghenyl-2,5-di-tert-butyl-
F%I R ﬁ{%leﬁtglerﬁe qﬂpﬂ@'tyhy bahtrirAZRARSN @8 Sshap drtddHRN Y ety o2, 5-dimethyl-1-

az
ﬁ«int ][%'185? %ﬁ%?yﬂ)g,gﬂlmejhyé% QB%%RP%ICIBEW@”E 7-cyclopenta[1,2]thienc[3,4]-
drelpbetagien? i Ueyctopedtalh@ipyireld[3 dlcpci@@nipeinteal ene,
1- phenyl - 2, 5- dltrlnethyIS|IyI 1- azapent al ene,

rt-but 2 5-di et h azapental ene, .. ..
|8%§@ﬁﬂ"§?"@%@§yc W%ﬁaﬂ@%&}t%{p%g% four of the radicals R"-R*, i.e. two pairs of
Mrmhed[;tbls 2orbrtdo hetefogyolds; ip hasphapertoatoatatics. The heterocyclic systems
: %Q%la %thgseddescrﬁotggm T&iggﬁgg%ﬂg eﬁg%]r?tglggﬁf'ecyclopentadienyl systems Cp
-phenyl 2,5-di-tert-butyl- 1- phosphapentaiene,
-phenyl-2,5-ditrinethylsiIyI-1-phosphapentaIene,
-met hyl - 2, 5-di net hyl - 1- phosphapent al ene,
-tert-butyl -2, 5-di net hyl -1 - phosphapent al ene,
-cyclopental 1, 2]t hi eno[ 3, 4] 35 cycl opent adi ene and
-cyclopenta[l 2]pyrro|o[3 4]cyc|opentad |ene In

b\I\H—\Hl—\l—\HQP
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are the sane as those described in nore detail above.
Exanpl es of cycl opentadi enyl systens Cp 40 WO

wQo4NE62182 6 PCT/ EP2003/ 014447 havi ng two fPRCEHPIIN3G/014447

het erocycl es are 7-cycl opent adi t hi ophene,
7-cycl opent adi pyrrol e and 7-cycl opent adi phosphol e.
The synthesis of such cycl opentadi enyl systens havi ng

pavingsedfus-dneicer@gyied @e F/symiwiadlbmmlfaaF-CytEOpemadimrr@Ie and

tioned WO 98/22486. In "netal organic
#@vﬁﬁggts %gggynthe3|s and polynerisation”, Spring

Verlag 1999, p. 150 if, Ewen et al. descrlbe further
$h€§yhﬁ§§§of@ﬁchtd9@§;§éntaﬁbéﬁ§'l@Mﬁiﬂdﬂvﬁgﬂfuﬁy ®h Ga.rocycle is described, for

the,.su i kew .
R R R A S
plyredrisation’t Sibring yYepiee1ss. p. Tﬁbﬁ a%\ien iet 3. C@Fscrtbﬁéurtble@?ynwgse(s@f these
Q@bpghynﬁwggggngo gain access to the netal atom M can

be 1 nfl uenced by the nunber and type of substituents.
This makes it possible to nodify the activity and
Y@laliot i tietsybsifuctta & 'CBY @by Eewisn exessqpdeiuente andhe pRiygnerization

5@@9?@{ the rrte@al %ﬁléﬁé's”ﬁ% abiby okfe Hf@ﬂ%rf@ b& polyﬁhéﬂi@d fol¥@in access to the
substi tuen

FEPTAHN 5 oo FRLSCF OGS FUTATE 2B B TG TR EHE RS | ossivle
tbaify e astivity and sedsctVity obthe cétalygh @l rymp@ofﬁ/anqmemooqneralusmﬁrtlcular

gﬁg]rﬁonellnter@rﬁﬁce the éd%%tﬁué’r‘@/can TRe hg\réeam lﬁf@lenétcfnl{ﬁ:é r‘él’eeof %f'mlnatlon

substituents R A can Z be var
PR RO A G BENGRET PP RO S5 P B/ RS 7 can lso be
slesadlin thisavag. The chérvieal atrociire oﬁtﬁ@s@aﬁt@r@sﬁmﬁy@"em therefore be varied

Wﬁgé ]ga%? Akt %hfé@é' th Q%%@F hes l&uak?@ kd §|Hae£‘fa§or5€i c%'teﬁ%?system

-@a%ﬁéﬁ@%}ble @rkﬁ)org}?@tcmstltugﬁtﬁé -R af?rtB‘Toi‘?YOW'”gs Gp p@@)qyl which may

e Iigénydr brah@ﬁbﬁg/lmetﬁyerémylbm—bmbyl lmppcmyl; y-lbutyl isolgyt iér-butyl, n-pentyl, =

NhQ&PE)ALﬁ%)g{heg&Jx yr, nongl EQF& V\%’ nr!:ﬁgﬁggyls 817 éﬁe (—.eoc%l;loalléﬂ which may- in
OB ket G Go-agh @revp sus gD, ﬁ@e‘FYP‘OPféP!Q Cye'%i’fld;fweimﬂﬂfw cyclohexyl, -

,@y)é@h@ﬂ}ﬂtc)/cilooc@y 6y Wt cycl6duk e ©¥,o-alkengweiddheitoelinear, cyclic or

Q%Cclggé) dyln Blhl l¥§1|e L?Dqé/ !Jon%rcaxgn: ¥& fn%ﬂ%ﬂ&%éﬁﬁnng% ﬁgagyl a v\%ﬁ!?lt%gllyl

3-Biby!, é@tawl @elniewdi hemybeycion@réwbpvwe%eévlnvmapcteré/l g .cyclooctadienyl,

.(‘Zé—djg\éjaryl WhigH rlnw beaquﬂhér)éikyl grodpabd Ybstithert BY| pheP@ENIRAYI, biphenyl,

t
e L R Rk ST R A
atkyRAgr ms-g@weg‘]ytp@tamyﬂ @eqhgrglalkygl Wjich pmﬁquar furthepalloh groups as
QbR e.g %@n@,‘ﬂtoh rn@-nb( h‘ueth?lbenzm‘r 1- QBQ%B\tyleér@h SR¥le twradicals R' to
ésAénaé a?sb 153% owe%go forin ilggor% éon%) A%gfng rahcﬁ,é\{a ﬁyqamﬁééaSclals Re;: E may
alsqybeaiukstitutadiydiaiogens, beaffuofings etfiesine af irgimingy Ryipermpes, R™-R™* can also
%‘Qﬁlhé {)rﬁ%@(@?ﬁ for @x&npl@@ﬂé%blam@o N-B?Trohdinyﬂ%dayﬂyb aazivky, ethoxy or
or -e
SrrstreBe. N brien och SPevneas SR oos S Re MobPBat T FrT AR fge voer
oe genilaned aqu:aﬁganl%b&w@@pﬁ aral itip abe p@;b@tfprttwp eadichly R*tobe

' Bﬁb%%}% a 82 oflg-rletiereli RRg, s6 mapéﬂa%leg bf fUtAHRE BR™, substituents are

tpawle%héil E,glleg\ylauﬁ HB{"%WP?HVEW? iR uyfﬁw —t%ﬁ%?snﬁ n%lMé?yﬁiﬁphenylsnyl

areltdiraetlyylphet iy Trese SRSt padiatsxyay alsa be bganuids tHei qydppentadienyl

, s%érégn 'vtal“'a% %&\ﬁgaﬁ'oﬁ@ﬁ?’den RS kP kLarf Ao S8Ih§isi  Afichylsifoxy, butyl-

T SF e e RO B e Vi ehbP Erre? kgl R e varosen
REWAyIL chyih @-propi, mepfom rf-tmtwnlsa)b&yl tert-bGtyime byl ecthexyh gshemy, n-octyl,

{mtallﬁ)%%@l %ﬁ?n‘% oﬁ% 5%@)! eor WI&#%@HH&HE Bf‘gf\YF tﬁalkyl or trichloro-

I met
wbﬁtﬁw?djp@mﬂymapmw* WF&PTVJ Bruﬂtawfg@nyws O'EQFP%ﬁ'“P?ﬂ %bﬁwenfs particular
triphenylsilyl .35 and di net hyl phenyl silyl. These
Si R6A3 radi cal s may also be bound to the
cycl opent adi enyl
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.skel eton via an oxygen or nitrogen atom for exanple
trimethylsilyloxy, triethylsilyloxy, butyl-
walzomeboBsi | yl oxy, tributylsilyl oxy or PCT/EP2003/014447
tri-tert-butylsilyloxy. Preferred radicals R A-RSA are
hydrogen, nethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl,
prefespte/i given todrisydylsily! griongd haviag Frgrh 1 th éheayhbon gidresip the alkyl radical, in
= dLalky ortho-di chl oro-substituted phenyls,
%?%gﬁkﬁhthg¥kF¥?%ﬁloro 40 substituted phenyls,
napht hyl , bi phenyl and anthranyl. As organosilicon
Extthlds bieih syclopaitddiciyl F5teMONBORARDEAR2 ZA, which is preferably in the
CILER200 44 ' LM - :
DR Pryh o rafedLgl 3050 de il S somepyospapaeny.
* Pertenyicutiopghtadienyd, digikylcygdprepagieny gl9atetreiipndapyl. £4-gimethylcyclo-
SHnEdREY oFXAERlIESe@buigdEdbpeyations MHaadicpmpkntayisiys &R, 2,3,5-trimethyl-
SRS SR b D k5 B LS .
- 3-ethyl cycl opent adi enyl, 3-isopropyl cycl opent adi enyl, -
Br-etegn%e ftglétsﬁbi‘ié’rﬁ!o‘égr%ﬁ&lﬂa@é mwgg_tm alﬁ@kﬁtﬁlswm%?&g@wblfc fused
e.qg. tetr r oi nyl .. 2.4-sdi yl cycl o-  pentadi en
GioSusio iy POSEP e T e By R e = bR By
skelelh Kiping yoo Exspente; aulbesvpstituted g, substigieg-indenyiehengindenyl, phenanthrenyl,
oYl IQPRBLAGIHRYhy syRReh, bR kA dirbdryIC-arenkrdhg Mdthyindenyl,

- il e ehu BT B e SR RIS e n ¢ o

vicinal -radicals R A-R5A forma cyclic fused ring

ﬁ%%%s%@rig# sﬁ?n* C@%egffuﬁ%rmggohﬁw&%g ;%, (lg-égoléﬁ(énﬁ bl%h;?s]te BLLCp-ary!

preferably 5-'cYcl oPent adi en el eton, for or
ERRTAEYIarA AoURRSTRYSS Tt 1e T FErRNEeTY la#@da?*i%eé‘rﬁ?g]ﬁ-” carbon atoms
ibetezirn dert R, P EIRER L, NORTYDOSIR™S bR € plg. 4methylindenyl, 4-ethylindenyl,
. ) i ! X LAY HeMlindenyl, 2-methyl-4-
RS 5B, B et el By M hwery 2ty
sheppinsiyi S deapnthyliedaRYi ndenyl or 2- net hyl benzi ndenyl .
15 The fused ring system may bear further C,-C20-al kyl
r - =@l keny. £6- - ) ' .
SRR s S Sa i & Ry 8 20t ol g XilBliPareooroanic
supaitegnisyand Bigroerbaprgame supsitesomid Bisa fuser ingeysipry in particular their
Préfetred M¥AiInRnis. N( Si R6A9) 2. ORI A, OSI R6A3 or S| R6A3,
e.g. 4-nethylindenyl, 4-ethylindenyl,
4-1i sopropyl i ndenyl , 51nethJgpden¥I,_4-pheny|indeny|,,
B-caRbhiI2el 3pisehyd ar Adedigals R 2Rmearhiyd-24in #15 GReAA 9 3denypdicals
ingAor&aRNihByd dah 86 MehticaPsrefferdnt Brefatrak id dhesntts ofy éneRf e radicals
-Z-A are the above-descri bed

i_gh do not, for
%2‘ o%?%%%@%“néag;tituents and t he carboorganic
substituents which forma fused ring system in
DR rhétﬁlwcafes,Fth@inbnoc?él@feﬂfaﬁi@ﬁiyl EshNskeBBNhS pre@dnt Mv&AiBn &8 be chiral.

2 or i. €. 2 ok 3. radic A -7- A
i ind ot Bt R o o e B Bpeerfer iR BER il one o
nbreshirat agntdse of elemithe crdlopsptadieiyf eistemt Cp @ndipaf karnantjoippic so that
Qi'ir‘élﬁﬁisﬁrpusgghl‘{ _\A}Egreit Rfboliftero trRdiaalich mdtaiA RrAndimiismeZcofcerning
i ke

m=1). ke netall ocenes,, the
BT T aRE L TR Fob B o R s B, 2. (1992), 865-264).
invention can be chiral. Thus, one of the
£ Ubsdi e ER ER?HyRRA on the basic cycl opentadi enyl
skel eton” can have one or nore chiral centers, or else
the cycl opent adi enyl system Cp can itself be
Reraitei catboprhanicaubtthants RFHRFadn theylinks? drey forsgampik jheviplieningtCz-Coo-
LIyt QRiUﬁ]gﬂ [0 I‘nﬁgrrc;r Fa?ajﬂéllnetd', of e’ﬁ?y%ﬂlprcMyl fsgyﬁoglsyjﬂ?gruﬂ{l), ﬁgﬂlstﬁn@rt-butyl,

concernin

(
ARV RN T
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35 Z is preferably a CR BR2B group. Possible
carboorgani c substituents R B-R2B on the link Z are,

wo ecoo4e3@8pl e the foll owi ng: C2-4£20- al kyl whi cPCTYER2008014447

i near or branched, e.g. ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, tert-butyl, 40 n-pentyl, n-hexyl,
n- heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5-
tvbic mapimiven bekar e;aa#:omrkl)glr oup@s 20E:4LEB6 48R cBslopropyl, cyclobutyl,

%U 209(’:31{3 %'Z'Ohé;&v ZU%M" bybléngﬁwort@é%d@ecyl Cz-C21 -alkenyl which

gr ou
ermmal e.g.

tituents,
BRE P%Bl?@wchc Weanefp%é’rﬂng? in W%?ﬁ%ﬁ%&?&ﬂ Oﬁ%s‘my E&”?"OCX
leﬂ ‘Qzﬂl&]lﬁ y—lal,lyl csyauw ommy!l paditengly edxe ol dgciytentein - (@RORexbriye: mydlooctenyl

?hcgglaoct%%éylbo% 020 A Rx/hlchch%J Be%r faf’(hé?ra@(?g?ﬁgs Q{Q.lb'sﬂléé/r‘@ gla phenyl,
Y., biphegyl gnthraryl, gt Imy| p- msthalpww 2,BuBényiS opRAdETRYIPhenyl,

b@)@erzyd 5-, £y 6l ppenbarybs 3 ¢B-@r’irﬁ)dmﬁjm6w or BiyRlk@paeicdmey bBar further

8'%%39?/%&5? %ﬁ%gg%\”f”%u%% Pzd A ﬁ pa al y mV\{ﬂylgﬁizﬂa‘?’ oP%: %{hélhﬁ‘c—}rq%l §here R®

briap Blem iy metayiphlnmm)gpn arayi.the mgampcad@glﬁﬂ p%eﬁ'}ﬁb/ alsp | gsubshtuted by

‘galége’ns %@fluonﬁé cho@TeCHrBEHBéI phggydrany.2, 3, 4-, 2,3, 5-

6- or 3,4,5- tri'm ethyl phenyl or
arylalkyl mhlch nay bear further .2l kyl groups as
Bodsile redieatt R*® ineorganobiinon piipstivents HiR™s prertbe sameyarigsfs whigh have been

. .Qé'scgbe%t maﬁbl@%{éygbovw Re BeBwo MRdcaR! @Bma?alwﬁ@j}ﬁne@fa form a 5- or

b%{eeg {l& SB%‘%@‘%{?&%Q I@fgwéaabqees@stsﬂﬁn&% gz’%éare g}yf ﬁyé QB?thylsnyl

| bwtymm‘iamylsﬂyr trinbitigigily|, ori-teaubylylsilyRdrdy Sl e trip ety s il gndRI&gethyhohenylsHyl

organosilicon substituents Si R383 are the 'sane

radi cal s i ch,have been described.in ngre det

5%&?@0%1%?%@2@ R*4vay Wﬂf*%?f&a‘feée“ﬁe%@f?fﬁvea? %e“&a% FAST seing
tiferboty su taath2° ia chiGt ceateher ed ring, so that exanples of ,
sui table substltuents Si R383 are trlnethyIS|IyI,
triethylsily 15 butyl di net hyl s I silyl, ’
Prefereg f%dlcshaﬁfi e Py, “"PFPP\&I 'Wf@wlr WUW& 'F?bp'Hé r‘f-ﬂ -RytylyrPegiyly n-hexyl,
mhﬁﬁylhybmﬂi’éyiyﬁ iphatlyl, orthbR@alky tbir orH osdidRidBb-aurbitRB B pinayls Fealkyl- or

hﬁl‘@gr% @stntu?eg pg%r(é/ n?eprﬂ hg E{:l?efn I %?%ﬁh}aﬁyl %lﬁlgrﬁ{ 40 aﬁﬂr@sé?’ﬁ@tome

center.
qufaeepemetéﬂ in Bfficuler Sydragen of & Patiarly Pfﬁ-f?f?téb?rCH(CsHs group.
i sopropyl, n-butyl, |sobutyl tert-butyl, n-pentyl,

B S KB g o e

beridds Rfyﬂetabbraterfmﬂatﬁmym@u% @tﬁfﬁr@wm ed/kphemdics) wheipihthey-alkenyl -
RidRBe 2 t&ﬂﬂwaﬂﬂﬁyh Bl IPrefaiid|raiidBRER P B tigié et birBeniBretagiaten-1-yl, -

B%/{ﬁﬁ% Q%E'%J,FP&?"_EW gr a%oFenp‘lgyrl t'ﬂa(él'lzjeldgrf%%}gy c%g%bd l%@% %thylene

earotymerisapioreteadtionsto crsiieEwith ST FORRIFMEIGHEn the sthylene

HoSeHolrls@fltheeshddve anyis! hon%&FcﬁirﬁérBatIoh@ doubl e bond

is preferably a term nal vinyl group, preferably a o
-al kenyl radical, wherein the wal kenyl radical wth

Aihe lridge A aktweemipe cmqparpadl@w@yéherré@ and dhechetesograrpatic i§ AR grganic,
Mlymtenﬁh%gét&ﬁmsﬁ@'sgeﬂyélly s@ustith@& @8rbdn rid/or silicon units. Z can be

2o %

PRUa T PTR PRFARIE ™ BB FhsF PG BT BRTYHRg o sibon tng
cidpotygivesrsadiinylsysieti Dk erefaraticluhdio tibagisicyeprantagigay! skeleton. The
S&tnw (ﬁ% c3R1yBBR B IR ES tbynché a%n ﬁ@@éhdﬁﬁof@ﬁé’l%k 8&@een the

t
S LT Eﬁ?@ﬁ“'%(g(g”?f Pn e Br Gab e seshop beteroovl
arrfusmdgmmrarnatlc pnaeth érectiabiy cgopeatagietyl rbmewye [Gbevpeteérséyalg or aromatic is
RE&S %nqﬁ rt?é 3Sg§1%5,a &f%ee.gy r@éa%n?rgﬂél&!an ik br‘éfépabW]bJaﬁad ithe 1 or

can c cycl opent adi enyl sKel et on

Po%té)”@B@ﬁéycﬂ%eTtﬁ%eWéﬁkéF@@ycI e or the fused-on ring 35
of the cycl opentadi enyl system Z is preferably bound
to the basic cycl opentadi enyl skeleton. The
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activity of the catalyst can be influenced by the
change in the length of the |ink between the

weyatopast adi enyl systemand Ag Z i s particul aPCEP2003/014447

preferably bound both to the fused-on heterocycle or
fused-on aromatic and to the basic cyl opentadi enyl
framework. If the heterocycle or aromatic is fused on
AiBat biesuBstiBitgapsibktitoad of fugddeeteyaramdn tiapsyeieyl whidtetae contain hetero-

a%onmss'fro'%r tﬁg gtro%&%s;!stﬂ\g%? 5‘)&8#&] sHRS ngtroeén ff@ p‘ﬂ\o%ﬁ%‘u& infAdRbn to the ring

RO ERFIRSOL Fanmbersd heSERY A TRT ég Saaibedtpon atage, conain
1@k dnk $eRuRicgeR@brag B ftotn Grieng theaestiterembionk asdior csuiftrair nxygen

agqi |t ?%r?ng tn?s?ageg% h.l g}%tnlswg ; p;f"_’}:g P@g@%‘o%z{ggg 5- %fox%%g N nsrothlazolyl
Srisatigazolyh rl ippragely! Breymyb ks 5-oyragHenteray, ﬁ@@équjaﬁ—%azolyl 2-thiazolyl,

&Plgin@@ r?éﬂ?iogw 2L1H|d§§:{®rl téﬂ-lﬁ)lmaﬁ&yl @lﬁﬁlﬁﬂolﬂt TIB-oxHIbIE-, 1,2,4-0xa-
diazel el %\P)@H’EZ%H&') %ﬂ,d gdlafnﬁ%?’yégx g/les of%é'? r{xberéome?e?oaryl groups

whldhg:alatmtm faameord-tb tnwhri;ro@ntamn@rwﬁlor Qp@ggpmqgm%ﬁtom are 2-pyridinyl,
it E%goMl&pyﬁddzﬁ@lX%QW idinyl, &'ﬁyﬁﬁhﬁdﬂyﬁ@@}'ﬁéﬁmyl, 1,3, 5-tng|zm-2-yl and
| S az
152, zb—;glg%l@-pw 1 2&46%%% d ?é 4&?%@%’ ﬂw% %ﬁm%er%clp Xr?dasz mer¥oéred
hétetdainagrolipe may@iofheazbﬁtlsultqd b 16 ckelityh Iy HCrc-at Yl mm beyjg, from 1 to

1 CEFEBH'Q%F&L ?ﬁl the égy?peﬂ‘f %?1 Oac,?a%on %onrls,m t:lae Ay &ralkylsnlyl or halogens

Loz onaat azol tX omatics
smc'zaszn‘wtomea%rm%Owrommah% féiedd\" enﬁﬁfrFB%rFéE?”}"f‘é‘f Y- Bap(ppromatics.
FXB@PIPS of bahiosthsegi@mmeanistrai retdroapyhgmups ¢re 2fimsiely!, diindolyg @rgoumaronyl,

7ao08 ﬂ¥~, dfbtm'an%]hﬁ'{g%g pﬁtﬂfaH%ph%ﬂym ﬁx'ﬁ@az%l‘ypyf HdgiJW |2’-be119m|dazolyl and

azin I'I m
74bep§dfn|| @yl @qamp s gf)p‘eaéq fH§,qd 6- r]]ergbeseq rlx %{gzilry{ _gﬁau\éf argﬁoqumolyl
glquihofit, Gfdnaalyln&-ﬁnr)tllyl 1Iphihathzy)r d-aitizael: 4buigazdiyl, 8-guinazolyl,

: d and 6-nenbered
%dewﬁé’%% fcr'd o1u%%nﬁrghrﬁglla%d E SU@StItUt ed by ‘

C1-C, o- aIkyI C6- Clo-aryl, alkylaryl having from,| to
AR the a{e@m éltﬂertlﬁl&nﬁlekmbrlymi[ntraraﬁlémﬁiafliOﬂ\ s@rdteably bound

ar.t ria .
@@gﬁ?egglarﬂyl tﬂ&, ‘?lﬁ%syn@ﬁ %Pf tﬁee co(_r)r}plo%rl}o”;’ lr1n wnich Qlis tg)%h? gaetﬂécyclogﬁntadlenyl
rppearobe crpied ogi etamp, by MRBeds HaHI? @gse of 3. Exggip Bl in Chem.
é%.fr b@@f@zé US&ds ParieTogsiedd Detieneme i J. Qr@rkasCiRine (1995), 500,
2-indo , 7-indolyl, 2-coumaronyl, 7-coumaronyl,
'55ﬂﬁ§anaphthenyl 7-thi anapht henyl , 3-indazol yl,
7-indazolyl, 2- benzinidazolyl and 7- benzinidazolyl

We@é h&gro%ﬁ'\éﬁ% dyseed p@nﬁﬁﬂhﬁéf@r@n&ﬂi GiErAD Yihs BEIRULES substituted
a_['d/ﬁﬁfuﬁ Garzr\§r|11¥er?d ﬁ?rﬁ%{graﬁg% hé\ﬂngqﬁlznp gf|c1¥ l5 mtr%ge | Q&% Mlthe hetero-

dBergaticmaity tp which B-igkdundXmparliculad 2-apidyldy 1; qumolyl A is therefore preferably -
%%gmgg%@qgﬁngm)and 1-phenazyl. 20 A can bind to the
tal Meither internolecularly or intranolecularly. A
is preferably Eound intranolecularly to M The
synt hesi s ofﬁﬁ e conmpound in which Ais bound to the
cycl opent adi ¢ ring can be carried out, for
exanplg, bx:gﬁﬁh%ds #nal ogous to those of M Enders et
al. in —Ra096), 129  459-463 and P. Jutzi
and U. s| errel i ng in 3. orget (llthem (1995), 500, 25
175- 185r/ALp ng. fese heteroatomatic syst ens,
parti culrar phbfereﬁ% is given to unsubstituted,
substituted and/or fused 6-nmenbered heteroaromatics
Wwaydng 1, 2, 3, 4 o0or 5 nitrogen atons in the hetero-
EQuat i C [ h Zis bound, in particular
g 3 rfﬁ% Cg%xnéﬁﬁgﬁgﬁ Ais therefore preferably 30
a group of the fornula (I1'1) rR2C
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1c R~ 1 c,E2: 3R3C EIl EP 35 (111) 4C N Rp where
Eli - E4c are each carbon or nitrogen, 40 WO

wWQo4AH8E82182 "10 PCT/ EP2003/ 0144@7 R1C- RAC ar ePE€HEP2003/014447

i ndependent|y of one anot her ydr ogen, Cl-C20-al kyl,
C2- C20- al kenyl, C6-C20 aryl, alkylaryl having from1

- to 10 carbon atons.in the aI kyl part and 6-20 carbon

ptoos arleréaérhﬁnd M&enﬂgabfton@%n&hé?&(s}arog&mecx@mtm@l @, gafulienyl, Cs-Coo-

g?dk::?l?rzlgg%y e hffl mafﬁ)gf %11 Oéwsog%sgt 8 utiﬂ%al Q)éart and| E4FLFoon atoms
C2- C20indllekayiphrt. g‘rSJIRFﬁg; whée tl@z@gmcy\‘adlgalng Otﬁgs map iRy beagupktituted by

gr OUpShJF@g\éhQ& mtro%ﬂoér ilrhed®,- @Z%Iamgrgr@ﬁpef@ O, falkdif g%dgx' Cg-Cavaryl

part and n atons In % art or
and t mﬂfown%?'%arvl BP0 o, 1A 40 G109 0T eIyl e
al so be2) edrbechtdngs if ferana pht oreSiR Gy arslitwe misind eadidisrA ' 1*C or R'C and

c1- coo? S re tBRESRTATA Iy & spRenEhey aryf‘ygﬁ"ge” |

al kyl aryl haV| ng from|l to 10 carbon atons in the
aPkyl  gakhcraRdefend@dhtif odae BnothdrOYErdgen, IhHe . Adiyl, Cpahdali@ng, Co-Cao- |

Ec,:N;) Lg%@cal Igylallr%ﬁawré%%oanl\ ‘??o R)ec Va%ln %%%f ﬁE%%rk?pSpgrttaha/ §20 Brbon

‘and i satemgvndire EY’@EEA'@' tM@ r%%ﬁ‘abd?l may glsp pe giRed fodemad g"‘300’

or 1 Eg,gmgﬁgerb@m{ggneogen and the others are carbon. A
is particularly preferably a 2-pyridyl,

6- met hyl - 2pyr|d 4- et hyl - 2-pyridyl,

B- net higlo whep G r@% Is nit®gen #nglis 2w Eﬁ;ﬁx J is gargordi et hy!|
2-pyridyl, 3-pyri dazyl 4-pyrim dyI

3 ngf:ﬂéﬂ O5r E%f lﬁ§/7|tr0982n5£nﬁél?qil P%iérs c?rab%r? Aj 'f particularly preferably a |
3—pymiyh9—Imeﬂwypgfp)a12ylwtngthg-2enth1 -Sometpyl-@zy g, 5 ethyl-z -pyridyl, 4,6-dimethyl-

?na@%g rp&lr%?hmﬁl pygmBW @Heﬁ\yll-ci- yn%ﬂiy?Z%WeﬁﬁJ«l}’d methyl-2-pyrazinyl,
2 G aTOL L 5ol WL B0RL M ros aresi,
2-qaitbi oxabyill-2-dumolpl, efesthyeziquineig, croktbyeruadive Baglinoxalyl or 3-methyl-

?ggm XES, t he cycl opent adi enyl system Cp and -Z-A
rma’ ligand (Cp-Z-A) of the formula IV: . 25 Rl 2A

"R E A EzA A Z ES 3A\ E4A R3A

in preferred monocyclopentadienyl complexes, the cyclopentadienyl system Cp and -Z-A form a
ligand (Cp-Z-A) of the formula IV: ' '

/ | ‘
5 V)
A—Z7—F @ .

where the variables A, Z, E' to E** and R® are as defined above and their preferred

embodiments are also preferred here and

RA-R are each, independently of one another, hydrogen, C4-Cyg-alkyl, Co-Coo-alkenyl,
Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part, NR®,, N(SIR™3),, OR®, OSIR™;, SiR*3, BR™,
where the organic radicals R*-R* may also be substituted by halogens and two

vicinal radicals R*-R* may also be joined to form a five- or six-membered ring,
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30 RAA" where the variables A Z, E1A to ESA and R6A
are as defined above and their preferred enbodinents

waew4iab@e2 preferred here and 3 thA— RAA are earIT/EP2003/014447

i ndependently of one another, hydrogen, Cl-C20-al kyl,

C2- C20- al kenyl, C6-C20-aryl, alkylaryl having from1

to 10 carbon atons in the alkyl part and 6-20 carbon ‘

at ons i nnbRemdnitinaRaditals RIRGAZare Mirnsd RE6B ahetaa'cycle which contains at

Ron pan ey S et o Gl Pttt ey her Batt St o

vicinal radicals RLA-R4A may al so- be jOIned to forma

 H4oBinedl XadBORRLELidaniAR B 20 ARAAE A o e 2R

CT/ EP2003/ 014447 and/or two vicinal radicals
%?@“F%PW@d to forma heterocycle which contains at
Ieast one atom fromthe group consisting of N, P, O

%ergﬁefegoveéj% Hﬁ@%ﬁlszs gﬁ garﬁrfﬂr?r'e'fe? ecs %Eﬁ@%é of the formula V:

descrlbed here. Anong these preferred | i gands
(Cp-2Z-A), particular n%@ference S given to those of
the formula V: RIA R2A\ 10 A X (V) R3A R4A 15
where the variables A aRd R6A are as defined above
and their preferred enb ts are also Pyerred
here and R AARAA-ZAre—efq \dependent | y of

anot her, hydrogen, Cl-C2Q=3 362- C20- alkenyl, 20
CB- C20-aryl, alkylaryl having fFom 1 to 10 carbon

-atons in the al kyl part d 6-20 carbon atoms in the

aryl part NRBA2i N(Si A3)2i ORGA, OSi R6A3i Si RGA3

v RGA%e {reﬁaglas ﬁy{] ﬂgq%g g%lsa% \%gove an%ﬁ‘rﬁgﬁ'r%feg%x gran}aéaqmgn%s are also
RefprRb&raag al so be JOIned to forma five- or: :
si x-menbered ring, and/or two V|C|nal radi cal s

JMAare ed to forma
DA e fchan Ratnde Ryl o Siever SHIEHR G Tgioh CeCarakenyl,
consi st iGaadryINIkyRryl Ga\dmgfreB) 1 1PHE cerbbmdﬂorrremtse alky part and

preferr begsa 6A % BR,
Pt he %@Wgﬁbg@ggﬁhgggpﬁén RR %Wﬂ b, lope %rF@QPéM BR |

ul ar,
monocy c IO reLPYR RdERHE] & EBh ?&Sﬁgﬁféutrrc ava*r?éogens and two.
( Cp- Z- Avicoh! radienls R'FRT may Mscove joived t fdrine five dr siwinmegnbered ring,
preferr ecg:id/gmgqrcrﬂg%drca% k8RR ofed td BrmPARdtbr5EYcRwhich contains at

- CH( C6H5
léast one atom from the group consisting of N, P, O and S.

The embodiments and preferred embodiments described above likewise apply to the R'A-R*

described here.

‘In particular, the monocyclopentadieny! complex contains the ligand (Cp-Z2-A) of the formula IV or

V in the following preferred embodiment:

Z is -CHR®-, in particular -CH(CgHs)- ,
A is
2C
Ffp
1C
2C
Rp\ 1c E\\ 3C_ ;C

11
P S
N R4
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35 Ais RRC is 2c sc ROmMECGE\~E ~RP | (Ill)
C 40 E4 4C N Rp WD 2004/ 056482 12 PCT/ EP2003/ 014447

wobenesESZ- E4c are each carbon,gr nitrogen, R BEREE20a5/@14447

each, independently of one another hydr ogen,

Cl1- CYO- al kyl, C2-C20-al kenyl, 5 CB- C20- aryl,

al kyl aryl having froml to 10 carbon atons in t he

ahdeyl part and 6-20 carbon atons in the aryl part or
cRRE3I radicals R c-R4AC may al so

Egﬁgubstmggtﬁﬁégsnﬁ ﬁgeﬁs or further C, -C20-al kyl

groups, C2-C20- alkenyl groups, C6-C20-aryl groups,

t EWF lalr( Yare Gédhul%ep'éﬁ'dénﬂ;goffdh@ Hh&hdr%y&n%g@rﬂbb-@&-éﬁlyp E‘é—CEofblkenyl
e al ky

o Retorahant abGydiRgs b ] iR A e Sl naf gt

and Z mefr2@astonistonisoi tredni parf orSiR G fiherg hecarganic racicals R*R' may
Si X- rrenbﬁgoe& ubdiited @a%a&seﬁmheﬂdld%gﬁlk‘ﬁ ﬁhbycgt:zooan@nyx groups,

anot her, dr oge

OB Co0. e e A AQYPHE B AT 1p 80 SOPRAEBHn he ey

at oms i npartead &42R phrbpraztbmaindhGar@ibad ar BB s andiwe vicinaltrhdicals R'°-R* |
aryl parg, R’C“né]lwdt,z\’\‘ﬂ;?a)Jr A4 Ee%ﬁeﬁé%rﬁ%%véd & QixPfenitRlAGH,, t 0

forma 15 five- or six-nmenbered ring and pis O

E' c-E4C is nitrogen and is 1 when E c-E4c is carbon M

RE a nmetat esb| ieddpectishtioohoné endirap Uy dogers CsChorrtkyd £2-Cao-alkenyl,
titani urr@: L&) - %H/Eor%?ﬁ g@FHa@ﬂ #bAUSGo :1')’@ céf@d'haa%n"r%r tr%%lkyl part and

chrom ugé( m and %gst en, prefe t1 tani um
" the CXPUSRTOORaSTSR Bo BVARRI SHBHiedioRS REAT R 248 Bpdoined to form a
pr ef er entve- drSnxgmeanremm@bﬁdJm umin the oxidation

states 2, 3 and 4, in particular 3. The netal

conpl exes, in particular the chrom npl exes, can

be obt ai 'ﬁéwhem'ggfs‘“f iFrpitregereandds 1 wien $§§%t1$ FRPIhe

<correspond| ng netal salts, e.g. netal chlorides, wth

0, lsga n%\ gﬁs@%et@%&é’q&% gf%’é’f%(s'ﬁégﬂimmglﬂ%%g(%hgn stgtcpg vanadlum
mwm@qﬂ@ﬁm@uwﬁwgs@armefesaélg tl@ﬂlumhreths ddatien state 3 and chromium.

PAWRRE pieferenbé @fgﬁ'élefd)%rdnﬁurﬂln\/cﬁé?oﬁdétlort Q6L Qfantj lein particular 3. The

LTl el e B b U080 G KR BREER s Bmanner o
rediod iheentespandngated spise¢.ermeld chierides anth: thegiand awien (e.g. by
BaRYs anBgeRe RAROE M pRE iiPDE 1@nedsher , fluorine,

chl orine, brom ne, iodine, hydrogen,

Among the monocyclopentadienyl complexes of the present invention, preference is given to
those of the formula (Cp)(~Z-A)mMXy (VI), where the variables Cp, Z, A, m and M are as defined

above and their preferred embodiments are also preferred here and:

X are each, indebendently of one another, fluorine, chlorine, bromine, iodine, hydrogen,
C-Cyo-alkyl, Co-Cyg-alkenyl, Cs-Cog-aryl, alkylary! having 1-10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryl part, NR'R?, OR', SR', SO;R’, OC(O)R’, CN,
SCN, B-diketonate, CO, BF4, PFg or a bulky noncoordinatihg anion,

R'-R?  are each, independently of one another, hydrogen, C4-Cyg-alkyl, Co-Cag-alkenyl, Cs-Cao-
aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms
in the aryl part or SiR%;, where the organic radicals R'-R? rﬁay also be substituted by
halogens or nitrogen- and oxygen-containing groups and two radicals R'-R? may also be
joined to form a five- or six-membered ring,
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Cl1- C10- al kyl, C2-C10-al kenyl, C6-C20-aryl, alkyl aryl
havi ng 1-10 carbon atons,in the alkyl part and 6-20

w@areoss482 ons i n the aryl part, s NRIR 2, OR, SRCT/EP2003/014447

SBR, OC(O R, CN, SCN, R-diketonate, CO BF4 , PF6
or a bul ky noncoordinating anion, .35 R -R2 are each,
i ndependently of one another, hydr ogen, Cl- C20- al kyl

R2- Q%rébmanepeﬁ&n@?&-onﬁéwdtheraHyHry)bétf Zh-Chaaiyh §,-CroaiRetyl, Ce-Cao-
;? orlrg qué?iiy%@/?é vi gfr ﬁ elo%gx]ﬁgégt&%m}? tﬁé’]QFﬁg%pan%%rﬁo&rbon atoms
radi cabh ¢heRty %tamywaradtﬁalbéi 5@ s beijoisgd Womh%f‘@g@fr% rpembered
nitro -2n@nd oxygen-contai ni ng groups and two -

radicals RI-R2 may also be joined to forma five- or

si x-nmenbered ring, 40 WO 2004/ 056482 13

PCT/ ER200B3603.4447 R3 are each, independently of one

anot her, hydr ogen, Cl-C20-al kyl, C2-C20-al kenyl

-C6-C20 aryl, al k%//el aryl havi ng from to 10 ca

1
'g}ecﬁ@oplﬁwef\qq@n%prﬁ rre%gpteodmt%ofétﬁ &4y B'tﬁﬁ'd M %ﬁ?gnbegﬁbqvtq@lso apply
iadiyitugiasid iabshiivetion @dhesa lpsfdR@d mayoatispenticnyicnmpletes.
forma five- or six-nmenbered ring and 5 k isl 2, or3
The enbodi nents and preferred enbodi pents of
FHediGEn ORI RSS 7 PBUE clBREm B %Y B EIoiFe of HePRATRRIAI Tﬁ‘%lﬁtim'“g com-
ﬂ)d’ﬂlnMH Rl the Ginthdistdh @@ endabgfce perealiiampiromplekesplaut tardélemniy altered

a%%%’anfsx Sg%subileqﬁﬂbg )J érg %P;S%% %E?rhglog%%wﬂ &qgorlrfe fhlorme bromine or

ropriate
e A1 Wgtlcel@mh'qwa ik et fuh ot ﬁ‘@thglyﬁf\iﬁ el B‘Fty‘t Yiay, allyl; phenyl
MB@;Q'}/QE QRE Bé\afagdtyk hg:—smrmk EP@tBer lifads Xedne, pliely Hyevay of example’

b Bl P Rl fiRioobap S P 3PP Eaw @pfainalel or oncoorainatig

anicowi(aiefopexamipisd rférauwn Eaerm %QXI 19939, B77-942), . R{feFs)s™
radi cal s such as nmethyl, ethyl, propyl, butyl, vinyl,

?mlaé% a@gﬁ gyﬁyp%q%éegrﬁal%éﬁ%tgs ardj}r @kesfona?g\é?en%s%gpa%%ﬁla?}y useful ligands

Xexnarigtos of ik rauipals Rbenth’ enahlas Bne aﬁ@stme{ntSfﬂP u@.freé@mré@ @hisical proper-

{BE4uch £ Fs%lu@xﬁ? 1oRAKd e, E)%@'fp@s%ﬁﬁds@@eQérbB&Qé}Muﬁétﬁ@nterg R?are the
ani ons

St
Teyang 9302@5(7' V&fﬁyﬂaygegneag(a@g@gy R meLv %F‘hd&?’&%’é isopropyl
»‘sudltﬂom% teretauiyt) oxpehigt ebexyh d-heplli, kettpnatey!, a-rdecyaprg'edodecyl 5-to

EH'D&BJ:{ @;rc|o¥lkH%fonn thﬂng)@grdascs- EQ-ari gry@}f dsdubiLeRe e! hé%/clopropyl cy-

PR NS Y G R S

fyewhieldeay kexiem] eslicodr bposisdang inoehidhdor drubiedond may be in internal or -
t&ﬁpﬁi'etd@ﬂ%% Jia:iﬂyr R2 iy raEal 1hﬁ1terfypbérﬁz¥\4yﬂ9exe§%| &&Qpéhkéﬁyﬂ cyclohexenyl,
cl nearl Co-r 2 anch % g’ﬁg f rrJEar %)p r %d?or N-or
HEBPLY € o oy depsTagiEY Co-Cro Bt Wich mayds ek fiptner iy B °Ba~°t
O-cpeahiyy radmalbexydbstxtuedmeptgybhenyl eEehipil, b|phenyd,rgn|thranyl- deoy| p-me-
t?b?}%ngoggcyldﬁcﬁé orto%- dl%efﬁ@?ﬁﬁlmegg 9,58’8'3??:2':%% WRisCH 4idor 3,4, 5-tri-
@9%vla*ﬁﬂﬂp%rmethe>gw@@yb?Mrgmethv@woafg%*m i aﬂéﬁ)&%' e
foptiedr alrg @;t”cy.xb$ aCyObtERtsy &.g. iyl mnomy p-methylogrelio thax @&jHyiphenyt,
ﬁer&%om 5?0 b&ﬂglh V%YB Fﬁlaa (Em/ doﬁ%:SIe rs}ared‘%%ﬁ Iagcﬁ:tl'\@rorganlc radicals R'-R?

anche
ey dsRe su@ﬂntutqcbpyﬁa}qgﬁns syclyas f{HoW chlqrmgpr ming. %qspt?lp radicals R® in
Srg@lokiidon sbistitiByts SIRBEAE erysbme ReoaR sk hawyheko p&mtll&miyrh more detail
Xgn d Lo 15 Y$hnQOE basl e KL red trimethyl-
%S%BQ R lWhEre t\‘ﬂ‘(%;lg A %)?Oné/ej?lp t& %ﬁi f’éj S rg. gr}]g )eg rimethy
Myl @pthyls:ly butyldimethylsilyl, tributyisilyl, trlallylsnyl trlphenylss yl or methylphenylsnlyl
Preference is given to using C4-Cqe-alkyl such as methyl, ethyl, n-propyl, n-butyl, tert-butyl,

n-pentyl, n-hexyl, n-heptyl, n-octyl and also vinyl, allyl, benzyl and pheny! as radicals R' and R%.

Some of these substituted ligands X are very particularly prgferably used since they are obtai-
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O containing radicals as substituents, e.g. phenyl,
napht hyl , bi phenyl, anthranyl, o-, m, p-nme 30
wao bookjobasyl , 2,3-, 2,4-, 2,5- &r 2, 6- di net hyl pPeTYgP2003/014447
2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-tri-
met hyl phenyl , 2- nethoxyphenyl
2- N, N- di net hyl am nophenyl , and aryl al kyl which may

r@@l@rfromfcﬂééphﬁﬁ réhf&ydva%@lﬂtﬁtlrﬂﬁ?nﬂ@rb&t Apatintisly peefared embodiment is

t%gﬁé orgﬁ mn\%w:hgi 8 gm%gyr%‘d%erge%om etthg%c?ezlsﬁérgéﬂg%g O;méhomde
r@pinteoxiver wikte, iprguenesuliohaie, cejalsiof agsiiticeitngeR1- R2 may

al so be substituted by hal ogens such as fluorine,

chl orine or brom pe. Possi r

P HMBE T B8HEb S oFeaien ob he e on Bt g Lt e A I
raihbbrekv/ean feestord estteigived ini generelr terme Tt dxidatidncpiate fidhe transition metals

I\gﬂn ﬁéﬂtl%ggtﬁwé X@nd@e%%s@g annoQﬁ'\ b FPm'oglae&nIE@mftﬁ’J éﬁ @h@mnﬁr’i

ere . yl
qudpwnh@}dﬁwgg’qep We vefyrgr%pgwpgqsprg}pn thf: qu%qtlprg, P@ él vanac}/ urh in the
dxldettinetyd €3 drrk. Igwetlene shaysophestiyd wiusy bompl@eeﬁvecvwrweatlos state

cﬁ:e%/ﬁo ctor(r)eslﬂgndqg h of%'e Welgc% a)lyéygnchac%ngﬁ&wéan tlpre'hrﬂa)élaf)proprlately

rﬁdtlt?ébewa'd'Zﬁd bscwablgmwapwrﬁeme is gIVEYyfo US’Be R MILg}gmPplexes in
tR&MEkiorASatk a8 biBttSnilrd cabilexB® in tHdoxSiien afte Bhese
substituted ligands X are very particularly preferably
used since they are obtai WO 2004/ 056482 14
FRET#ERPROGS have4ant a presbsof RreRArieh e&ioPefiefignubiyptpy anions of the
fg,yr@,qald@h))l e st artil_-{mg materials. A particularly preferred
iment is t ereforeaz’bne in-which Xis
di met hyl amigd®e. , x{ de, et hoxi de i sopr opoxi de,
phenoxi de, |napht triflate, M puenesul f onat e,
acet at a-er-Gaee pnate. 5 The nu k of the -
i gands X dlegend e_gxi dation state of the
transition Riet al The Rnunber k can therefore not be
given in general g#rns. The oxidation state of the
j I tically active conpl exes
%?{]@%té% fgglegﬁo\/\%}%tfgl%’*gsﬁgﬁwl ed in the art.
Chrom um nol ybdenum and tungsten are very probabl y
predent aireneatch ndzperttiehilyori osd artothes Bydroganadi-Omalkyl, Ehezo-alkenyl,
oxi dat i i lealﬂ')%nﬂ havidy frd?p’fv?ovﬁroertﬂoﬁ a{o%s"ﬂ ﬁﬁ@ aﬂﬂ%&"t Bhe

. to use c ose oxI dat]on st t
corresp anDOf‘ RigMSH the gRY! Ay NGe2 é“é?g y)étOR S 3, SIR™; where
conpl ex &lSe 6rgamid r’eaeelsba“‘&ﬁ’bmapalscabeeéuyostutmtedjbx,clmibgens and two vicinal
oxi di Zeqa@% ISRtk 8ol e, g %5 by 3Rl & fonﬁ'{ ShR! @rr%éxﬁbéaéov% and/or two

to using chrom um GO exes 1 n € OXI
‘and tit a/pﬁlqghﬁagléﬁijﬁg‘%s arqjop%toég(mﬁqtedwyg gggh gon?ams at?t’aast one

Fur t her nawre fromehehigarg cbexistitg of NoiPoOess Sf or prepari ng
cycl opent adi enyl system anions of the 15 formula

B\%II) RIA Re RABAC _ (VII) R4B R3A l
ere t Ifge Gaeni IBdsIPERICAENAS o1t FST YT eRy" ﬁe‘aw.aﬂ@gmze—alkeny
R1IA- RAA @LE,-885 Akyldrachapenment ko/10ofarbon etoarsot the mikyl part and

hydr 099;]? 2 arb%% atoﬁlsm( hi &?pa%aqwcarcgg that radgél's%om%r Mo be joined

al kyl ar avin n atons I n
al kyl péPfOffaﬁ*ch%@f §xIBMPaeBARY - at oms in the ar yI part
NRS5A2, N(Si R6A3) 2, OR6A, OSi R6A3, Si R6A3 where the

&a?gg'e‘;sf gﬂg&gk ,m%dAsubsf\Jtmr Al DG SRS hl LREDY

R*® are each, independently of one another, hydrogen, C4-Cao-alkyl, C-Cao-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 or SiR*%;, where the organic radicals R*® may also
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radicals RIA-R4A may al so be joined to forma five- or
si x-nmenbered ring, and/or two vicinal radicals

woRkok4BIASEr € | 0oi ned to forma Qheterocycl e whi cPCT/EP2003/014447

contains at |least one atomfromthe group consisting

of NN P, 0 and S, 30 R6A are each, independently of

one anot her, hydrogen, C, -C20-al kyl, C2-C20-al kenyl,

C6- C20- aﬁdéubstﬂlt@d&yﬂfa}dgerkbaéhhlmo ddr@Ral r iemal Rdieak BEFrmay also be
atons in 20. car bon atons in the

aryl parJP'“S‘ﬁH??FWZ?fagn?rﬁgfm?%bﬁfegaﬂng A may al so be

joined to forma five- or six-nenbered ring, 35 Ais

‘A® unsubgt kit fﬁeﬁepeﬁ&m; bftdflé sﬁot&rr rfyH.%g@h ChQ%oeaﬂl@ﬂbSl@%tdll&nyl

ring system are each |neene
anot her , %%@@/{;@ﬁlkwévl O HPRy! ¢ 19;%@%;%{1‘%@#% alkyl part and
C6- C20- afB-y(b cariadnleydnae iy thelaay partarfdri@oraliichie Rie()na)ealé;nma joined to form a
atons i he Irl%h’ and 40 6-20 carbon atons in ‘
the ary nf teartsg(o %é@g' where the organic radicals
YED Wf*éﬁﬁéhﬁv@@@oa) 058%82 15 PCT/ EP2003/ 014447 be
B ukpta), o taeshidnyis Ratieg@itsa alvend wwaheggfemualviliay vi ci nal
radi cal s RA8my also be joined to forma five- or
si x- menber ed\ri ng ar,iuﬁA R3B are each, independently of
one angther, hydrogen, Cl-C20- al kyI C2- C20- al kenyl
al kyl aryl havi 89 §om 1 to 10 carbon
at ons i ' d part and 6-20 carbon atons in the
aryl pé adi,cals R38 may al so be joined to
forma. five- or sixBnenbered ri ng, which conprises
&he step a) (:F(4Aa ), where, in step a), an A- anion is
| vene of _& afo nula (Villa) 10 RlA
RS8R Trand e els SRR TECO P RaA [ n stop o),
¥F ganieawted! bi QL‘OUDdrF;D@@ﬁ’die Rﬁmle\m&ﬁéﬁlmnm&s a net aI
of group 1 or 2 of. the Periodic Table of the

X7 om Fbesa0CsRiemoh AFOR S THE 14 1t S At andlor

f r om f6ont ®to20 oe@otnehmaurdhsanyrpaﬁh@fﬁiarwd part, or R2B and
bis O when MBis a netal of group 1 of the Periodic

Tabl e of the Elenments and is
Ryr oup's 8 Wien Vhis aetel Ghiereurr B e B 00 a@%ﬁ@fﬁ?@fﬂepﬁ ands 1 when

MBaetnedalwi dgrbupee SfuhevemiedioTaliidef theoElambms, (Vi | | b): 25 RIA

iR re2BteB4 B 2 Tuivene of the formula (Vilib):
1A

R2A

4B .
— (VilIb)

A RSA

R4A
where the other variables are in each case as defined above.

The variables and their preferred embodiments have been described above.

‘Fulvenes have been known for a long time and can be prepared, for example, as described by

Freiesleben, Angew. Chem. 75 (1963), p. 576. Preference is given to one of the substituents R*®
in fulvene (Vllla) being as defined for R'® and the other being as defined for R? or both R*® in
fulvene (Vllla) being as defined for R%. R*® in fulvene (VIlIb) is preferably as defined for R*, in

particular hydrogen.
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(M1lib) A R3A 30 RAA where the other variables are in
each case as defi ned above. The variables and their

wee@iosqer enbodi nents have be B descri bed aboRET/EBH03/014447

Ful venes have been known for a long-tinme and can be
prepared, for exanple, as described by Freiesleben,
Angew. Chem 75 (1963), p. 576. Preference is given to

‘Pﬁhec lEpetnbﬂueﬁyl Rydidrh élr(ﬂdsﬁ (S’llﬂf’a% thd datibrbMRNE abivh bt I MEREXAGS

aGrigol i Reeray SRS i) e ST pgimens
Woich R2BheaRMBhertigdnds. \Fartoul(amrEﬂet@pca is gyseretfoérgham yodigm or potassium

debhnedrf Rty SR2Bear Jﬁcha‘?%éydth}ggws%[lcméécﬂ'n?r%r&ﬁ etfhErs VRY - magnesnum
SO beaaty e e et

4447 The c ent
R ATLRPBRSIERP[om! @Fa‘?“?rﬁéf"ql‘%tm%ﬁ %’f'settf‘%‘r AP‘ %HP%WQBF ¥93“d5 in
pdrtidVBRABXBmammesico dhibrelecat mapnesiin gomge gaioes.al |y a
net al of group 1 or 2 of the Periodic Table of the
El gments, ... cbear further |igands. Particul ,
BERerenRe 1§ ereﬁgr% T SUPh $9RIRGHA s&%%?fmwedwa'%@t/%@%'? fifi Flukaaldrich
cradah B8 Sbtwheds for BRYnpRd, Borebetal tnermhasfpgecdng R aaltdie with tHe raetal M°.

@g & Callons se 'bea
it e1e8P- uncharged |igands, in particul ar I|th|um
magnesi um chl ori de and nmagnesi um bromi de cations. Ir

'N]B% %b Is uﬁlaﬁgootg‘ P@%ﬁﬁn%t&%'a%&%% ﬁﬁwgg ﬂl tﬁe? FEB&H»H %?A gglﬁe with a

rom
obﬂaba%@mppmd ceRianipp @ mea) of @alrsi Ty 2t IR ea@wafé@wah Eegpsium
mcad@aﬂ thalPediirh BrobriR déiﬁﬁr?' E)&(B}plei&l‘ skuﬁé’(ﬂé metal Ayl compounds are lithium
ven t.0 I.f NI a

S S’Qﬁ%%}": ?'agorafjgnef Hm FG%W h%megror %ir %éere k55 molar ratio of metall

%ﬂl&%‘?‘ %Fer%h%gg ef?[oq t}{m Qlﬁ%lﬁqﬂn@ ); é[)zo-hlg@gﬂbﬂg in partlcular a Cy-Cs-

ajkytbemﬂpowmtoa\mamm iAusUally ingheabmge fiolt G i ool 08, preferably in the range

&t ab-hak@9sh @H&bl@ﬂg&eﬁe%bﬁy'ﬁ@mrmc‘lt @M VExdM df d€ch reactions

vt e %% 1 e o B £t B PR Lo 2o o

chl oride or magnesi um brom de catlons Exanpl es. of ‘
@é&i\@ms or ﬂ?etr@otloﬁllltké/ !)os%gﬂ'@@ﬁgécgﬂ Erro@c $dntehis Lﬁmpar%dféf'aﬁphatlc and

mal%nem um al | magnesi Um al

PR B Feh TR R Sl Sbigigjpheptane, decaiin

‘EongeUintiets ethylhedzetkeorixglenserateys sunh ehdiethd ethper, Hibotyh ether, tetra-

)%d%‘f&?ﬁn g W{Je%xgethaﬁé Srf cﬁétl%pérbé g'ly@%ltdnﬁetl{y@&g@r anf ﬁ%r@s t%erloft the

articu {)re era

B USSP OH 3 B 1081+ SRR ¢ BRSO 2GR 108 400 gt mpera-

‘tapca apdve 401y pletbretcawagiveh talising anonfagic or dliphatic sﬁlSer(té.@BGl’) do not contain

atﬁwg%ﬁ'ler,%pfcﬁ%u?ﬂ WA Fé?.)rortlgngf dufefed, 'aQQolvénf i s possible

use all aprotic S0l vent , 1n particular aliphatic
and aromatic hydrocarbons such as n-pentane,
Thehexasttytet S0 bt fused) epteaaematis oleyytame is dedellnedabove. The

JB@Eﬁ? aa& ﬂhaua%P%e %T‘e!?é’r g%ﬂﬁ:@ﬂﬁerﬂg H%Qélllﬁébﬁseorgeeﬁﬁggcﬁﬁed above. The
Wa%fcmraﬁon F REPhANY BETRERY *oﬁa’ﬂ%oetawwbeﬁ &f 4yPgiggant to a heteroatom

- aliamat fayiculat M eitrogen Gitam Kbreriepretdneine0fA” isPder2By p-@ayt 3-bienyl, 2-pyrro-

a@ stazF 2:5 ‘lsggaz&w %%{gthfagcg)g]é-@gt?a{ogl ép?/pacz\ol%ll' 8 8yraquyl 5- ényrazolyl
@@zolﬁr%p@‘z@ﬂc%oxagolgi 2ribigzely, ﬁ@ia‘q@yln?@fﬁgolyl@ -typidazolyl, 4 imidazolyl,
Slmigal) €2 8ekadirbis3- W, T -ogiida6its-g,0nd, &bxediazol-2-yl or 1,2,4-triazol-3-yl,

2-pyridinyl, 2-phosphabenzenyl, 3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-tri-
azin-2-yl, 1,2,4-triazin-3-yl, 1,2,4-triazin-5-yl, 1,2,4-triazin-6-yl, 2-indolyl, 7-indolyl, 2-coumaronyl,
7-coumaronyl, 2-thionaphthenyl, 7-thionaphthenyl, 3-indazolyl, 7-indazolyl, 2-benzimidazoly! or
7-benzimidazolyl, 2-quinolyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinazolyl,
4-quinazolyl, 8-guinazolyl, 5-quinoxalyl, 4-acridyl, 1-phenanthridyl or 1-phenazyl.
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any ether, or contain only a small proportion of
ethers, as solvent. The unsubstituted, substituted or

wo rznme/ai564bet er oar omatic ring system A is as defP(ETHEP2003/014447

above. The 30 radicals R B and R2B and their

preferred enbodi ments have |ikew se been descri bed

above. The negative charge on the anion A" is
prehenrhlspréeeay 8drRp oRtheRIBEA(IN) A" adj acent to a
heteroatom of A-, in particular a nitrogen atomif
one is DFESERIZCIH K. A7 is preferably 2-furyl,
2.th|en¥ 1Byrro- lyl, 3-isoxazolyl, 5- |soxazolyl,
3-i sotkiazol Elzc 5-is¢¥ hi azol yl, 1-pyr azol yl,

3- pyr azﬁ‘l\ S &EXQ%BFI yl, 2- oxazol yl , 4-oxazolyl,

5- oxazol yI I az 4- thl(zmg)yl 5-thi azol yl,
2-im dazolk 4 Cm dazol yl, 35 5-i'm dazol yl,

1, 2, 4- oxadi 4c 1, 2, 4. - oxadi azol - 5- yl,

1,3, 4- oxadlazol or 1,2,4-triazol-3-yl,

phesy Hegrpgpies hﬂ?ﬂﬂ%i"ﬁ%ﬁﬂa’ﬁ%@‘ﬁgﬁ 3-pyri dazi nyl,
2-pyrimdinyl, 4pyr|md|nyl 2- pyrazi nyl , 135-tri-
Zi Ne I n3y| l,2,4-triazin-5- I,

3 2"?4- r?\éeSCzh]"ﬁ?“é’ﬁ f S yl . 7-indol yl, d
2-coumaronyl, 7- counaronyl 2. t hi onapht henyl ,

RILARAC oararéb&mmawendamy acctaé@hmher Fhrdicaelia 20040yd-alkyl, Co-Cao-alkenyl, Cs-Cao-

2- benz| m %E‘y%a\gyl%:avm flrom 1 %%anmoﬁ%f%JSXAlme éﬁ(ﬂ; ,@Q;l\c?/é-zo carbon atoms

8- qui norlyy
2- qui niazs 3yl parior SquulV\fhlaf;?d'P%/‘PfSa%l ragl'Fﬂ%i oty [ may Yisé be substituted by

5- qui n@zﬂéﬁeﬁi or rfkrod6 brditkher @1—01'3%0@1 dupé, Cbélczgélkenyl groups Cs-ng-aryI

ool G s, T A o

Rp 1C R@QEQIEGFEatRﬁG Etr@ e(ryllparayrsl “rengdvomeing rqdf?@lsR 1 may also be -

vari abjoRsd Rave 4 fiR- bblevwhig@ed®ghi ngs: 10 E' C-EAC are
each carbon or nitrogen, R CR4C are each,

i ndependently of one another, hydrogen, G - C20- al kyI

gZ- C20aralekcimylldepﬁerﬁlﬁOf-onalaybthﬂa'h)idwgam - %@K%@zﬂmﬁﬁeﬂyl CG'CZO'

to 10 Q@l@?%fﬂyl%%mé Rorh RS & debonR@rts iRt 2 ﬁkﬁl%@rt%ﬁcﬁ 890 carbon

i caP GRIIRAY e A MEGETITRE Y Eb BRIy Ko & Me-or

hal ogesig-memberet! riagan or further - Cl- C20- al kyI gr.oups,

C2- C20- al kenyl -groups, C6- C20- aryI groups, "al kyl aryl
. groups_having,frem1 to 10 carbon in the al kyl
5 R

Bart ald giedE Car botiogenad i§ hhEREs [PPMor Si R5C3
and two vicinal radicals Ric-R4AC may al so be joined

?F t—tfez[xlg? 8 of 4 ? pe: E“% nﬁﬂoﬁer{@m&r c?cﬁierg ér@gzarbgrq) Iﬂglf_’cﬁzul dﬁprg’@ﬁ@ A

epen ent one anot her 0 g g % |
@Ei@cﬁf%l?w pl 3esr'de§0¥* 2RI, éﬂwﬁ’ 'PW Wé%ﬁ"l%(b B
3-cinBolfi02- qmmdzoml cAt@olaiolyl.t he al kyl part and 6-20 carbon
atons. in the aryl part and two radicals R5C nay al so
be joined to forma five- si x- menber-ed r|r%b§r%q4%§cted

phe & apiopframetaitsr mets- h%oswmer%@@% FAGe ig'ated\ph BT

ivBhauafuRes isolaBorpaitit the tlvarie (VOlapAs kol ntdF4Che &urthertreamtjemn it is possible
%rlgetah] gprgtgcrk%rvgntg,rir? péff?crugs)gliphatﬁz%rnE iar%\’”a% ll'n%rtﬂgr%gﬁsr Ju@ﬁas%l-pentane,
n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene, foluene, ethylbenzene or xylene
or ethers such as diethy! ether, dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene

glycol dimethy! ether and mixtures thereof. The deprotonation can be carried out at from -100 to

+160°C, preferably from -80 to 100°C and particularly preferably from 0 to 60°C. At temperatures
above 40°C, preference is given to using aromatic or aliphatic solvents which contain no ether, or

only a small proportion of ethers, as solvent.
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systens are 2-pyridnyl, 3-pyridazinyl, 2-pyrimdinyl,
4-pyri mdinyl, 2-pyrazinyl, 2-quinolyl, 3-cinnolyl,

wQ@z2@uiopaspl yl or 4-quinazolyl. 480 The A" ani onP¢ DEPBA3/014447

after netal - hal'ogen exchange can be isolated or

preferably be reacted w thout further isolation with

the fulvene (Villa). As solvents for the further :
Ir@@@t:ibpﬁmadiehyl |s§ist@ﬁ)§ﬁibrb(\ﬁi ofitainadde thad wayaspn tieh be sabtee furtber with the
S otge e e Refichfe YL SRR ICLRGAERARSSH ove e
tourehrqatiag mon@mdmantﬁdlebﬂ ﬁQFéFPi%X (-0l uene, et hyl benzene or

xyl ene 35 or ethers such as dlethyl et her, dibutyl

et her, tetrahydrofuran, yet hane or dige

EA P EETorG RS EHY PO HEREER 5" ok (L T RBPEaT SRae o e frmu

(leipy,ot-onati on caf be carried out at from-100 to

+160C, prefera from - to 100C and particularly
pr ef er abl y,2Br om O-420 6 At tenperatures above 40C,
preference is g| en Tt usi ng aromatic or aliphatic
sol ve%s i ch emt ain no ether, or Mg a small
propo of e rs Ea/s sol vent . 40 WO 2004/ 056482 18
PCT/ EP2003 2614447 gThe CygPopent adi enyl system ani on
(M) obtatned |n/th|s way can then be reacted further
wWth the appropR “Qte transition metal conpound, e.g.
L8 Ehd s Bl AL folihd Sk fkganydrofuran) 1o gf ve
correspon I ng nono ent adi enyl complex (A). 5
Furt hernore, we have found ‘a process for preparing -

EYH"Bpeniradh@nRrbdH Siiemsin @échtdage foor ajHcant ESCEA fadm a Rbugated diene’

A ROBAES LA 10 (Vlah ol OO FIA A0 REE,

e vari ave t'h
foll owi ng neani ngs: 15 ESA-E10A are each carbon, where

5” F@“aCh £288cH PHEPeAGIrAE 6the Eﬁﬁwdﬁﬂggrg\b@f D, & oMY, lﬂ:g-ﬂtggmenyl
i ene’ a ere i,n - i .
bears a ﬁiﬁsﬂ“ Sg'léﬁh](g]?'g avigd K0 ga rﬁﬂ/&o car%oé?c tOG% 'ﬁl %aﬁ%ﬂ '

of one a®dR brebon ayroy b derary! G, ARG 2aNRA" 5)z, OR™, GSR 3 SIR 3 Where
C2- C20- aghk eRyhic rad@@ls QQ’QR'arrdéJb als8bK ¥l t\d{ed B@Hélb@éné B&Bwd vicinal

to 10 carhon at.o

car bon aPBES %n '{Kﬁg‘aéﬂ?‘? bep'g'f“?a/! I\&@A@ﬁvei\ﬁrsc’i'xﬁgﬁseﬁed fing, andfor two
ORBA, OSiidRGARdicSs REARY" avdjeines tofdme adretrarryee whigh certains at least one
R A-RAA M'froﬁﬂlt}%)grg@p &HQ&%EPN@O@M@' ogens and two

vi ci nal radical s RLA- R4A hay al so be10|nedtoforma
five- or six-nenbered r| ng, and/or two vicinal
R¥di cal sarReadR4Indgreadéntly nisule toothiess ndegbe CetCacaikl, € Rbi-atkenyl,

cont ai nsg aézo- %@%‘kylgﬂgﬁhavﬁb QO 1O M LMo PHEIn GRNNY SIakREd
of N, P,
-20 carbon atoms in the aryl part and two geminal radicals R® may also be joined

to form a five- or six- membered ring,
A is an unsubstituted, substituted or fused, heteroaromatic ring system,

R? are each, independently of one another, hydrogen, C4-Cao-alkyl, C;-Cao-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 or SIiR*;, where the organic radicals R?® may also
be substituted by halogens and R*® and A may also be joined to form a five- or

six-membered ring,

R are each, independently of one another, hydrogen, C4-Cag-alkyl, Co-Ca-alkenyl,
Ce-Coo-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20
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R6A are each, independently of one another, hydrogen,
Cl- C20-al kyl, C2-C20-al kenyl, C6-C20-aryl, alkylaryl

whanouiss4Bz om 1 to 10 carbon atgys in the al kyl POHEP20a5I04447

6-20 carbon atons in the aryl part and two gem na

radi cal s R6A may also be joined to forma five- or

si x-nmenbered ring, 30 Ais an unsubstituted,

substit hLbbﬂbdn gtlbmfs isRel arlyfmt@nd) avcomrtitdlc R imey aisy bt gined RO a five-
are eac in en y of one anot her, hydrogen,

C1- C20- é*?x”m”%ﬁ %ﬂ@galkenyl C6- C20- aer- a?kylaryl

havi ng fron11 to 10 carbon atons in the alkyl part and

ﬁ@%ﬁ§§9n§§mﬁgaﬁ@hgg§pin t he aryl paht or Si R3B3i where
icr 2
N

dystem-of the formulg{IXenbered ring, R3B are each
independeqﬁky of one anot her, hydrogen, Cl-C20-al kyl,
C2- C20- al kenyl 40 266- C20-aryl or al kyl aryl having
from1l to atons in the al kyl part and 6-20
PCT/ EP2003/ 014447 carbon atons in
H two radicals R3B) may al so be joi ned
or si x-menbered ring, which conprises
t he follomn Q= .F§Aa") reacti on of an A- CR2BR2s-
anion, in pafticular an A-CR BR2B-anion, with.a

cycl opentenpffe systemof the formula (1X) RIA R2A 10
(IX) R3A R4A where the variables are as defined
witsory e varieBleT e a3 sleings|aéveand t heir preferred

enbodi nents have been descri bed above and al so apply

i’l’}n? \}a%b%ifgﬁg‘gﬁ%rsefen%d %Fn%écﬁxﬂ%ﬁs hﬁ/e%%é(r?&s&%eigs?vegggal% apply in this

prscege fAreferdndeds girenee opgR Wéthéé‘tq'%rﬁ ofa“Pﬁé” th@ézé@wa (Wia) being
AR dasR e N particul ar the A-CR BR?B" ani on, '
is-generally a metal of group 1 or 2 of the Periodic
Tabl e of the Elements, which may bear further |igands,
P daliguf the A-PRERE asico@ni § ReTtivelpr ttl%A’rC’rFi {ﬁ UATIO (R eiffaty a metal of

@9& aﬁﬁ'sﬂm&qie'n&ﬂ@Tm &hhé@é’méﬂ@ Whi@ﬁ&fay ves athgedands. Particular

R WF%‘ézg{gﬁtOM§$§$ﬂ" g{ salgm cg ons hlc\e\ﬂwgi ﬁggbear uncharged
Iigakdsvuusreas’cmanea‘an iethkesrand mbmsggdcmlqnggﬁruisma@gsmm @romlde cations which
s usug?ﬁeaamrggp unkRarG ighsad! ar the A-CR BR?B" ani on,

tal ned” by "deprotonati on of

The A-CR?®R*: anion, in particular the A-CR'™R?" anion, is usually obtained by deprotonation of
A-CRZR?H, in particular A-CR'®R?H. This can be achieved using strong bases such as lithium
alkyls, sodium hydride, sodium amides, sodium alkoxides, sodium alkyls, potassium hydride,
potassium amides, potassium alkoxides, potassium alkyls, magnesium alkyls, magnesium (alkyl)
halides, or mixtures thereof. The molar ratio of base to A-CR**R*H is usually in the range from
0.4:1 to 100:1, preferably in the range from 0.9:1 to 10:1 andbarticularly preferably from 0.95:1 to
1.1:1. Examples of such deprotonations are described in L. Brandsma, Preparative polar

organometallic chemistry 2, pp.133-142.

As solvents in the deprotonation step, it is possible to use all aprotic solvents, in particular
aliphatic and aromatic hydrocarbons such as n-pentane, n-hexane, isohexane, n-heptane,
isoheptane, decalin, benzene, toluene, ethylbenzene or xylene or ethers such as diethyl ether,
dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene glycol dimethy! ether and mixtures
thereof. The deprotonation can be carried out at from -100 to +160°C, in particular from -80 to
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-unsubst 't ut

-have |i kewi se been

A- CR2BR2BH, in particular A-CR BR2BH. This can be
achi eved using strong bases such as lithium alkyls,

WG o648y dr i de, sodi um am des,__sodi um al koxi dEGT/EP2003/014447

sodi um al kyl s, potassi um hydr| 8e pot assi um ani des,
pot assi um al Koxi des, potassium al kyl' s, magnesi um
al kyl s, magnesi um (aI kyl) 30 halides, or mxtures

HWbeﬁ&f‘cemﬁEﬁﬁé@ékﬁQe ﬁ@’b‘ &e%ﬁen@@%‘%nv%n@td%sﬁg%m ?r' a?iphﬁtlc solvents

usua e range fro , prefe
WHich FRE rawgeéhqfr%ﬁp aig only £ §MEHPrEPLI P aercas savey-
preferably fromO0.95:1 to 1.1:1. Exanples of such

gﬁé:)ungbt%qf’a{edo{ﬂj%ftﬁ‘u & 8’%&5 l'%‘teego {%Jmc rlﬁ%%{l@%isis defined abové and

b@a%@R RB" qa@pmg pgapbu@m%R = "It BouB e cadiasistR oAndR @ pnd their

bileferigd @rﬂ&ﬁiﬁrmn% HaQe M&G/ls@'bEerast@{UeG aS@ﬁeVﬁm §rou;ﬂ i preferably located in
r.ocar

, ch
Elar hho RS 8?]@%’“\6@ tﬁ ﬁaé tqn}'g{%gpﬁgxculﬁy %lélg?ggﬂ é%m if one IS presentin A.

A§¢ﬂ1 eﬁa?Hﬂﬁ @lefatetn?-methylbuam dAaimatiifuanc-ctbyitizh s diesthylpyrole,
|33nﬁet99’lpyﬁbla e, @dﬁé%lpﬁ%z&é qtoyihetB}iRfdazole,di ck?s‘é{rl}él-methyllmldazole

P I TR I ST T

Eléfimrdrhexr?adt Huiinec 2/6-IWigine &, 3-tyetbhenienoayridine ofrethllOmetaylpyridine,

7 18Q6Hidihd) 3P ﬁf‘i’c!la@fnefn{ _RBhyiBRindidhe, 48- thWﬂﬁQ%@@%etggpyrazme

PCT/ EP2003/ Q1 ATt enpet at ur es,

prey! 8¥r%’ﬂ}?e2 it Taze AT ﬂ@egrgwa%m% 2g79 'fa‘?"%‘?v}’éﬁzfné 2,3-diethyl-

pohrentegahydioqwtoxelel @irametoylgtdzee, quitaldiren?, didimetirylqpinaline, 2,6-dime-

{

t?’lvau }xohpé Qpiqflrhétgﬂq sOtml%t Et%e hyk@ﬁxfoﬁésméé’ @rﬁhdérpge:cﬁg%l?rg(rarlg}elo& neocuprom

ring systemA is as defined above and 5 bears a

CREBIRCBHs gartdusrly iprefdpauny & grol@er tise TORUBREBY gr oup. The

radicals R B and Rt e,.and their preferred enbodi nents
FE@SCH bed .above. This group is

preferably | ocated n the ortho position relative to

a heteroatom E\AQE ﬁyk “ular a nitrogen atomif

one is pr esent CROBR28H i s( ) ef erably

2- et hyl f( 25 d| hYl furan, 2-et’hYIlfuran,

1, 2-di et &-trlmsthylpyrrole

1, 3-di net hyl/p’y azol e, 1 2-Rli net hyl i m dazol e,

1- decyl - 2- htet h&gg m dazol e, 10

1- met hyl - 2- undecyl i m dazol e, 2-picoline,

whege g Varigbles have thexfofavdngyheapingsli ne, 2- benzyl pyri di ne,

2, 6-1utidine, 2 4-1utidine, 2,5-1utidine,

' 3aLy.Cl oh pt r.i di ne, 5-ethyl-2-nethyl pyridine,
B S o

R8Py | pyri dazi ne,
4- et hyl pyr| m d| ne, 4,6-dinmethylpyrindine,
RCIret rﬁr‘é&%ﬁaﬁdéﬁ)@ndengy Stohy laxm(rrea megen C1-Cao-alkyl, Co-Cogalkenyl, Ce-Cao-
2, 6-di pyr.az
2. 3-di 't BX E}gﬁré)fn t’o Oa?rgerh ¥m )}flnea?kyﬁgartandszo carbons in the
t et r atlepd Pt sﬂ@iawhare thet erpaniomedite)d R rRI% mapalso be substituted by

qui hal@icgéns o?nﬂrbé’énr@tﬂ.n%!er%l-cﬂ%lkﬁ roups, €L ke groups, Ce-Cag-aryl
t hyl qui nol i

2" ot Ry G DRLES 2050 MR SR g part and

neoc ugri garbon AlGRIBREBH pxt &IR°T@ot brd yeinst efiieala Bl YR*E or R and

group fof mfaf'ﬁsg OF BERio(thikd PAveForal-mdnbel& g, RPM E, E~ E

RPC 2B (lilb) I'"C R ~C Nom RPc

R*¢ are each, independently of one another, hydrogen, C;-Cao-alkyl, Co-Cag-alkenyl, Ce-Cao-
aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon
atoms in the aryl part and two radicals R*® may also be joined to form a five- or
six-membered ring,
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wOR204/R8438ar e each, |ndependent

B, - C20'S QRSP Egrfou[SSItogen #igs 4

H 12B 25 where the vari ables have the foll ow ng
meani ngs: E C-E4C are each carbon or nitrogen,
Y of one anot hePCT/EP2003/014447
hydr ogen, Cl-C20-al kyl , C26- al kenyl, C6- C20- 30
aryl, al kylaryl having froml to 10 carbon atonms in
the al kyl part and 6-20 carbons in the aryl part or
Si R5C3i where the organic radicals R CGR4C may al so be

substituted by ,al ogens or. ni ‘é%%ﬁ%g@ﬁﬁff SAQne

C6- C20-aryl groups, alkylaryl groups having from1l to
& car Qgréaﬁt ﬁ’\ﬂ@pe &n&l?@f cﬁlelﬁé&hé}wroﬁerq CG'O%OaH%?‘ CQ@”O alkenyl, Ce-Cao-

atons I1nt and two vic
Fadi CaPE! HOBRIBIS IR & oai9FaTas oI g alky! o1t B'éd?%@??é‘eP” aioms
to formig dril et orBiREI, whemrniesrgshid radicgls RS Grag a0 @aststituted by

inde peﬁaqulr(%é Xr‘dq{mé%e& %@? EIQ? Fe JORX&’Fo‘k%Qr%{‘a fi vg' ernl#@(éd’ ring, with

C2- C20 ['ary Ravin
1 to 10nedir g@ﬁf@tymglaﬁdﬁﬁi@dﬁlfﬁyﬁ- part and 6- 20 carbon
atons in the aryI part and two radicals R5C may al so

e _|.0i,ne ama.five
S ehRelsh s R ket anohe i 4 PR R e
ASRITR Trogpsiema ek 3-icdingwResthyipyadie) 6- nr%ﬂy@arrdcb’@nZ“ﬁﬁf&leﬂ gine, 2,6-luti-
aih& 22AGHYinel @S’-ﬁﬂ@ﬂé’Q@&y&floﬁépt@ﬂ@yrﬂlﬁ@tﬁ&ﬁyl-Zhlyéilﬁmﬁmme 2,4,6-collidine,

gﬂ?ﬁ'&?&ﬁlaz'ﬁ%\é. nlf;(]:eghy yaw%Te Agg i@e@}pgﬂmldlg% 2- mé/tlwy npy{eﬁme 2-ethyl-
pirkaine, pardimedhythy®zing 2cadiethyintrazine, 2JSmlmﬁ@lFa{ra}InEp%Hlefbvipyrazme

Sugf%?l%qm\"}@@fr% &ﬂﬁn&ﬁ;@%ﬁézﬁwer @m%éz @%éﬂ@)ﬁuiﬁbﬁiﬂ @@—dlmethyl-
Rt g S Al it Pk aPe R regrypron.

- R2B preferably being as defined for RIB. 10 In

PRd A 'CQB'HR@C anidh, Wpaﬂhcwﬁ!arct gﬂ(%ﬁ@?‘”‘ 'aFnBF? g@rﬂ'ne@@ﬁeﬂd@&o@ﬁﬁ%ﬁ 8an be_

reeS S ebieph s st WW%&WB?W‘P@ S5 o e ar LS 1 R

2ohlzetsZottip/fuitidr reactiod, ibis lpodsible tdiuseall &ratic Isolt(end:h imeparticular aliphatic and

) %roﬁ)a{#ﬁyld%l:é}goq%%i)gﬁ a%yn%e%%BtrﬁU&Bé/J Iis% ne, n- heptane |soheptane decalin,

geq;gqqﬁghﬁw ety ?rﬁrérge gfrl >&Jgfuh9q eéhﬁsf 'T‘HCE ?ﬁglletﬂyl ether, dibutyl ether

eirat€drbiured, Bitepiskyiehané bedietRAaneiglypdl pimeani etoer adld ethlyés thereof. The

%%ét%ﬁ 'vﬂﬁ rﬁ%yc(?o %hﬂgﬁ&d&%@){% Hed %u@a’t %HEHE)){& Pgefoaé 'p'?&ﬁerably from

razi ne yrazi ne
Eete aeféraﬁrtwww preierebly ol iy FREFATes sbove 40°C, preference
Buiveatodisig arotatlc 6H gy beentadtiohesontain o dihee bhydntain only a small
gr%fég}gAni&gh r% a7S sgva?f'Et hyI gui nol-i ne, 2-net hyl qui noxal i ne,

, 3-dI rre% ﬁy1 guinoxa |ine or neocuproin. The
A- CR2BR2B anion, in particular the A-CR BR2B ani on,
ey d’VEIdpe&lﬁdneflddijMeﬂtbQ Médctieof GRM-ORZRZ a@dnammdhmyciopentenone (IX) is

?%13 egraPJm\(edﬁflorr tg%glli EF&%% tﬂg%érb r&fTe F(Qﬁygl §%Lxr%g Lﬂ by\"mtegns of small

ven
arn@ttrﬁﬁeqf aﬁléé@t&%@nple HE! Pfsbyp@é‘é‘?%l“@“i‘@ Eg%mfgrmedaa& Ptzied in this way,

ﬁ@'aVc@ﬂb;Santehél IB&HHsb@.léhﬂV de%!/dlr@théﬂt"ﬁh% lmn carriedMBitiwgth addition of catalytic
h%ﬁun?s[ a aCI such a or rP-tolugrlee%BI |c acfa or %é%g eDeh d??ﬁb%’&éﬁ‘ﬁe carried out at

ne,
@‘Pfhy’loﬁ@ntfé)n% P(ﬁferﬁ@)!' o 060 1Q9f’(ﬁ éP%P%TLF@ﬁ”YiBfe@F@iVHW 20 t0 80°C. As

&il\}éﬂfs, it ﬁlpbéétblél to Q&) @7 examﬁlé?tabr@hé’ﬁl\@ﬁtl@flﬁlﬁartlcular ahphatic and aromatic
ene co

gﬁ’&" Cﬁli- ? %tggg{]ﬁg%g%%l *Sf-’f‘-%”e leog | or{\ heptaﬂe l?{%eptane gecahn benzene,
tolreho sthmibentenor(xyix)e oatheesuch s fietyl gther, dibutyr eshar-teioydrefuran,

& %@@&ye@\%ﬁé @rrdﬁzmy)éng Q83 a%eﬂ'@petlﬁé? a%@g%u@&qh&%ft Tdhith@Bhd/heptane

rrez){a ip@?{kéxseful Wat%réeparGa?oCr:s are often erx]? eursgcti yor ghy%ra‘t)ve 40G,
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is given to using aromatic or aliphatic solvents which
contain no ether, or contain only a small proportion

woboehhass, as sol vent. The cy&%opentenoxide f PCTYEP2003/014447
reaction of the A-CR2BR28-

n wth the
cycl opentenone' (I1X) is 30 usually protonated prior
to dehydration. This can, for exanple, be carried out

J@ly is @@ﬂ%of‘bﬁep@%l the cﬁﬂﬁé&ﬁécﬁen‘éfszéi&hg VIIEQE pEHAMERY %d\)dgl'ageous since it

aqueous wor k-"u he in

ysh=,§ §mw§ystartlr\gl rsiatergls(gye 9%?)%9&08 ﬁﬂ?fds rtﬁqg bg @%}98&% meg dehydratlon in the
eleppditiat) esh alsbiesepaatefd bEm acsahple &dhiouby medris ofitid furthenteadttions to

E\@%lné’cé/blgpenfa?@mtcg‘mﬁgx dgf‘gc% E&Ic gl ne(ﬂérbe t%ﬁ VIla) obtained T)this way can

nesu acl |On can
tt\am P$ eRprafenatedtby costasmAny m@thpféﬁ ﬁqemp‘%%flwaef RPtaspigimhydride or
ﬁ-@ut}-lﬁ)cﬂlﬁ}nam r@a’tfédﬁ@t%ﬁ%k%h@éﬁfr@fmébl than§iticdmme24) corapBAE.e.gAShromium

t3 ghlgrg'!le\{r% t{a’hédr?furan oosvseI ég’or egpoli’%ﬁ; rrLoR cyglé ld%h)(l) corpplex (A). The

I Cul ar IC an
hy@rp@t@ﬁrd@onéuréemh alasof rhheee Frealines. ﬁvﬂh@mﬁfethe cedrentadienyl system

. N‘HE)QF&B ARG be te20BE &Fe%fﬂyewﬂﬂj €f akdrible, BEBARARaMIddsQb @A Ehe monocyclo-
3

TR G BRIPY P LT e g] PRSP Qi et oct iFERK 7.2 0ds.

dlnethoxyethane or diethyl ene glycol di met hyl et her

ﬂﬁ@néﬂo&;{d&@rﬁa&é’h@f&ﬁﬁlexé@&flt\'%"}ﬁes@ﬂﬂn\}'éﬂﬁﬂnéb@ﬁ be 8¢e® alone or together with
ar | arators.ar

By P EpSem b SRS 080 DR 35 FeV< Rurfibfire founs
RCIYSER2ROB/Q Dbl polyriférizatiomsthird gompriser epar i ng t he
cycl opent adi ene systems (Vila) is part|cularly
advant$%§ous since it uses si

Ahd g? ‘ﬁ’& g&pn%yglpa@tad-mél CB(/“ plg? B%ﬁrgrté 2 %éegeargt (lanrven ion,

" (dehydration in the exo position) can also be

5EPar kIOl okl Ao P& L% on by means of the

urt her reactions e nmonocycl opent adi enyl
conpl ex. The cycl opent adi ene system (Vila) obtained in
thi s smiynatiponeorivenadieatide psrogannad ed by customary

nmet hods, for exanple by neans of potassium hydride or
n- butylllthlun1 and reacted further with the
Bbpr offipraileone MO FAY SRR IR BRYRIMe Y MR iR Fldoni um

trichloride tris(tetrahydrofuran), to give the

orre c T.
@y pr%ogg&ﬂg Qrgao% EHE 82@3@5?&5 %gx%@xm %gglleﬁ;%‘fgj%ug 1 Egr 13 of the
Fur t hegriedie dable.he cyclopentadlenyl system (Vila) can

al so be reacted dlrectly with, for exanple, chrom um

'?%s drgére tth%nfo(n)er gf]the 2 1gono 5(19(%7%%]39 e%@cc{?‘nﬁﬂ%@g Eﬁ@&rg&egmve%ﬁon can

.EPUW“‘?%E‘Y@AGFOUQ*H@tWW?\U'F"db%ﬁ'?fHUW@WPS te SApPiWR@EeHThis has the

édvant@geasmtw.dm@gudf QByaes c&ﬁbdlﬁrecfbcadi BAgs VAy. Fe.g@@f hele, bimodal
urther ¢ onent.s as catal yst systems for

WP&EEcang 9%@?@§gﬁm%ﬁ '™ have, furthermore, found

catalyst systens for olefin polynerization which

F&'ﬂwmtﬁ@cﬂe@p@atacﬁényl @&\%texw tH’éQiﬂéBéMﬁh@ﬁmtt@dé g5 1o be used in
pog\{rnp rlzéllop ﬁrog%s%%{] g éq,c]al géas ﬁas%ro?%esﬂg elnglgne IS o eh a%\?n eous for the

I Oha r 1norga
peiagenssityboyred brtherorre obredlig; aﬁ fﬁgth@m ﬁqﬁﬁﬁmged top sohd support B).

mthb@rrbaé kne s@&s%rtea m%@cl@ﬁw&ﬁhéﬁ)tl Sorfplblealhbe 4 Qgh gb&fctiviy. The
%8?%&1‘%8@8 F %cin}ﬂ?eﬁ(ag g'(%ﬁ%?rgﬁengp\yeéf%ﬁnihen%ors Ipptio\?alﬂy be immobilized
¢rhan or@dhicRe iriotdiic srmbit 8) afthhesisedriprseprdnianh foonén toé pelyreerization. This
ARG Y-eLARE Rl ALY ko £RIIRIeE5RS inFhe feB&omnE X htrol the polymer

I nventi on can
morphology. As support materials, preference is given to using silica gel, magnesium chloride,

aluminum oxide, mesoporous materials, aluminosilicates, hydrotalcites and organic polymers
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si mul t aneously be brought into contact with the olefin
or olefins to be polynerized. This has the advantage

WO bait/0s6482 de range of pol yners,gan be producedPCTEPIN0S014447

way. For exanple, binmpdal 30 products can be prepared

in this fashion. For the nonocycl opent adi enyl

conpl exes of the present invention to be able to be

BB chs ipnlyetipddrig nelypaayieren pplytwerss paytetrafitidrectgenem ager fanctionalized

h@}/@#ﬁ BRASE Qhhol a/"rtg dot eﬂ%ﬁﬁe\plt\ﬁ%\lﬂggé’l&@ ﬁ)lefl[‘p&‘ v gleacetate

ocenes e use orm o a soli
for themto be applied to a solid support B). 35
Euﬂt;&m&rpraaér@cetsrwea PP Cuthipd sysenowlich apefited Rondcyclopentadieny!
ﬁ% o%:xea)é %%lgqaﬁ/o }aeapégsl, gp mPen?dnga(\:ntglsaY%%é/tioH% chlyaétgxg rc;,?mpound C) and further ;
PWI&PS @wpéthmn@ftare optionally be inmmobilized on
an organic or inorganic support B) and be used in ‘

orted formin rizatio
E%E@‘F'BF%C ar%P”éB?%F&}géS" g¥%¥“g‘3%? ‘H‘S&"é’ﬁgg‘? ?a%a'XSﬁS%nﬁe@ Gen'o® reacted with
£ e corprientd).dom ordef intwish et spneart comppenbBL e moageyclopentadienyl
é&m@M BB ig takr@ pr&@ﬁtf.weﬁ%eanu SheGctRiind ébn#;bébﬁ&gc Srd Edidbined is in
or i

S
eI R el L TRagPP PR E e AP BY &) § Bt e GG ATE the
pail stime IcemMON@ 0D (e GAB2biBd PETPERR0ID 81 Ok 4udifier s gigtultangously. After
fh@llﬁé@gdﬂﬁﬂl pRdt€ss %Q%Hé oY EN6e wzpéﬂley Wity § BB inert solvents such as aliphatic
%/t et rafl uor oet hyl ene or polar functionalized
°r|zﬁ5 ERNSis copol ymers of ethene with acryl ic
esters, acr oI ein or vinyl acetate. Particul ar

Waﬁ%@f&ﬁ%nérﬁ oth¢/ érguoﬂ o?ﬁ’m(e @Lé’p%ﬁeosé/a% ny%%))é@mc bt leé t one of the

rses nonoc I ex accor

PEnqoeoRsPiadian oq %PdeF-‘ %rﬁaansqué%'@ DESHEt AR Pt Vi =t least one

| . £QiINGEDY BeBun@OYin BEutdber solvestpefeSely giving LEpbE reeliggneditt, an.

Qduot 0903&%!9 nI'h? gfelaar%tlo?hu&)?a%etdqrgth&.%?llsytﬁén rﬁ%é& \ﬁfﬂ{ché Q&ydrated or .

un temcan b
B@E'E@P‘i SUPBPFHORETR tE 50“’??1@5 srmpeed 24l thhiee HindHEPRATSH Eﬂof’DCYC'O'
sEIRN@RbmBEx cdtdNet SRRATY ehéme Bhsuel BayEl or md) oE BRIt Bremoved
\a om % %o%g &gtge LgaporP l efcénert]t The s\fx?&trge&) Qatggsq lﬁtol'%‘ta’am%e talfc.\fﬁrgé ﬂcgmng

mvéierr@ﬁmsg}%ﬂ qip“@mdaatrlémyple@@rﬁiiwéﬁ thy a’aﬁvewf?éeﬁraé%é%?”bed in ;
W@V@MOQW vamge/idagg aolvouRlosIL . AaurpeLtefefdd é)ﬁwbdbnﬁant comprises firstly
B G s SRR C) s R e gt o G d sePsepisgly b tis
supeorénglcoaPetaA intrecopteshwth th mhmmm@bﬂaédenxhecrmpl@m \BegRraing to the
Srd€dht ASendbr. phatl c or aromatic hydrocarbons. 15 1n a
preferred . variant of the preparation of the supported

catal yst system at |east one of the

Aospeyt taprenerd 8], erefdrense idiver dsusifg finkle djyided eypports which may be any
brayrﬁ@&rhrwﬁgdn@ sbxrdomqﬁh.cmart %e%@ﬁ&ﬁ%&mg&ﬁeh’c mtca.h S@§bor@ﬂ]‘sesupport such

o G B e O PSR ety BHoth kTl b gy ey aivices
radhahoss poweder ée.griepbivelefin SFaepolar, é&palicarized paprer.ned in this
vvay IS then m xed with the dehydrated or 20 passwat ed

or t vent re

b P WA IEYor S Be Rt BRg P Cofppagom 101
ta@th‘nilgsta psgesdobeumneursthel range from Odris Gregehdie meekh paticlersizs of ébm 1 to
56@)%@ @lréf@rgﬁce lssgl\ye%qpyfpgortg Haqg}; ?eo?@rsﬁﬁac@faréah@thg YR %bm 50 to

up orted cat i's obtained
EBist: Paiien B S P SEUSBAS BB REY F Aeds Rl Sz i he range
ﬂrcmpB enEntuat Padicutdr ptdteererh Gvgvep tosepsrisaraeing @ spediflsedrfaca area in the

or eefgfﬁ{ 8%43 rr%d’?/;ﬁ%/ :c‘i%g%o%n%rng %ﬁg %I%/r 3?6%75 tgé Cf rHl/qt Jh@ mean particle

St'??éJfé'Wﬂ%&b:@%bnponent C) to the, support conponent
B) and subsequently bringing this
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supported conpound into contact with the
nmonocycl opent adi enyl conplex A) according to the

W@e@denids: nvention. As support,gconponent B), pPET/RPENE14447
is given to using finely d|V|ded supports which may be
any 30 organic or inorganic solid. In particular, the
support conponent B) can be a porous support such as
talc, a sheet silicate such as montnorillonite or

%méqaﬁgéhgo%& arlb%ﬁ iy%ﬁaggg ﬁooaq thermal Q?&lt%erq éh l%mop%@égﬁéd water.
$roh prieing. reFireniss pareraly nﬁtl%mhéﬁtsfrqcrswo @Q‘éf?en” glsraplviael 08 to
f@@‘%?'mfnth 9ry§1§'éf1‘?&r¢1®rt§§0d 8 pm@rans@eg@g cfarrrﬁlalaﬂoi;QJrfd@r r38ucdd P@Ssure

e 3 R et 15 EPb S o R P g o om 200
tPr @bercamoeer s sefj ifamprdpoats thedesired stangiunryof shesyobidgrfdias the desired OH
A‘C%H{efnﬂg’c%n 3h @% §uﬁacteh'ﬁner s%E&ﬁt cfaﬁ %Eb %Q trE:Qed Z}'Q% GingRuSHhEry

fromO
desieeants Séc%?szféEtP'r?'kﬁ"ﬁeDr?fﬁﬁa'é a'“ffvrb'm %ky y C*é‘%asaﬂﬁ?ﬁs br S or eise
ehfidlghd:ane. Pbpbetaticaatrhat gietheds dre desepipii os eXranpienig VéO 00/31090.
specific surface area in the range fron1200 to 550
n2/g, a pore volunme in the range fromO0.5 q/ o
HednoacamssHPRYE MR IeEcan 450 SF Eléer@gany PeAifiad FPrdaxi@ Ble [ nv%t of silica
DR 0988 3r der RGFINERNRQ A b4dsld fludﬂmetlunrmﬁtl'\gamca:gel surface, while
t{se(%Pnfj)e%:L[%f <fidd! %ekl)sewi%l%gbr?e% gﬂalklﬂgﬂltrﬁ&%r rJnE I SR %ntalﬁn@groups

ry| ng treatnent 1S
Ig@m@qrneymélﬂ@lv Bgditrd siige 98588 t o 300C, preferably
from 100 to 200C, MAth dryi ng at from 100 to 200C

@rrﬁgvug%u%go%@bel a@?su hne?yt M éed% gglref il ;?0%81%3 ﬁ rp%ﬁlétwﬂ@%é polypro- -

ryieoe gepdlystysuplpen tlse &a ugRs afldlsm efatabw'kﬁwlm frepgyofpdhering
rQQQG}el HRATESdUeS oS&her lmﬁurlﬁéﬂymdnabﬁpptobﬁat@i psificaidn and drying

Hﬁ Lhﬁg}( ?O‘Sﬁ%t lgﬁ afsﬁ {813%??% tg 888 fu‘tixl?}longlzeé %o?%m ﬂDpOFS e, gbfumt,ona
Ite@aiped”tscﬂmem gedolyptytese, rp@lyemslemmylypraexéﬁtr@cwf@sg tw:ﬁloagl groups;

%X@Pﬂ ok oRumidr ﬁ%ﬁé)?%lrdﬁpglay bR 8 tke/E=Balyst components can be
chl orosi | anes or or else nethyl al unoxane.
ImFIPHESEi at e treat ment methods are described, for

exanpl e, in WO 00/31090. 10 The inorganic support
%@ttaﬁg I ngaﬁn@?xné’éssag sQﬁpoﬁQgﬂb&QH i@%fﬂbdﬁg -amgﬁ?g the ¥aaa! o@elements
reat ne

F IS(RYPS sk r?g 1%1dén1t5§“fjg§8§th? gerfq o ra}:lﬁé){ %8 E%gfen{shr—éxamples of oxides
sefeirebasg@bpsty ifcaide siliash dlogide talueditumeoridecind siiteid oaidesedfdhe elements

é@lﬁﬁLPn %luhw%%s&%mrﬁé EQLQm B} ﬁstérﬂgﬁ BAd aidd éé%é»d’&:ﬁdl 6X|de mixtures.
sul T

r-contarnin eads to ¢ e§£ % %:¥ tioned
THEAPT iPsgRns qxrdeawgém Ca e ool NS RIPI Vﬂﬁ" ft goovementione
prefeesd alidc sigpditsase, fdr Bednyplal iMgiod 660 PP .o Zed.i TiOp Gabkear snixtures
§8c% polyethylene, polypro- pylene or-polystyrene)
can al so be used and shoul d preferably |ikew se be

- freed of adhering noisture, solvent residues or other

Amwn kdppes mayeriare 8ndr eftalapoopstingablempiiialidni, p@ferage &rgiven to using
serX gFlg snn? | anrtgﬁ es%ﬁs?s@{eoe[nﬁ sHE&ure hlakd ﬁeﬁlsﬁi@abféoa%%hpdoﬁs ?dP olef in

unc I ze Mer - supports, . functiona
quzr@:ﬁﬂxz@@ps@} Bespreive fr%thﬁdpygrtay SETfY- dr’ﬁ%?'%ﬂﬁ§|cgﬂgls@p spherlcal
miowwf:ﬁ&ydf eMBller @r&énM&Cp'éﬂlc[Esmétprmaﬁ patficzaimye béaprfound to be
Fﬁﬁt crr%rl e'fUTq'lpne ﬁgp@a quc]a c}ég Le éﬁedg%\g}cﬂpéalcwgetd teRfASiseOne of

yst co zed. Suitable
|norgan|c oxi des as support conponent B) may be found

BAIFPBGt R OXbASE 1Y hraly8FBIitSs and calcined hydrotalcites. In mineralogy,
hydrotalcite is a natural mineral having the ideal formula
M95A|2(OH)15003 "4 Hzo
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15

20

25 of groups 2, 3, 4, 5, 13, 14, 15 and 16 of the
Periodi c Table of the Elenents. Exanples of oxides

w@e@ioesqerl as supports include silicon di oxi dePCT/EP2003/014447

al uni num oxi de and mi xed oxi dé€ of the el ements
cal cium alum num silicon, magnesiumor titanium and
al so correspondi ng oxi de m xtures. Further inorganic

Q% bsdassudive G uehady Ren M%@I b@b@m@g OH),| @m@@r&ys&ﬂ&ésqna%éehstmcture

e abo msnt i oned referred oxi
B R et o ATPER PO s of SBB et bt B win
80y eveeyr obnd |Aer sithe octaeppbrdesieing cE@ipsd B) hﬁctmstalc:te some magnesium
At QAeV@&Ia%ech By alﬁ’ljnﬁ[n'nnon@ Ol %@MI%@RHIQWEM?E%@?& S gelﬁs a gosmve

glven using . silica gels since [ SI
hRfess P'a @tceween%aneé by fenists YRE e é?gatgsh I9getPeravith gyater of crystallization
olted leyers jpdkyweed.i zati on can be produced fromthis
rrat erial. Spray-dried silica gels conprising spherical

aggl onerates of smaller granular particles, i.e.
EF‘?“ ?%ﬁ S]Eﬁ%ﬁ“ﬂ?%ﬂ“éio““ﬁaﬁaﬁ@”’l’z&é’é‘ﬂa%ﬁh@ AUHirgEn hyﬁéﬂxldﬁ% QPfeﬁlSIO}@enera"y
MSﬁiddﬂmetgfﬁ@drsmdlds(bathgﬁirﬁulﬁan be dried and/or cal cined

bef ore use. Furt R &r d s pRor.t B) are
%dr otalcites an'\z&l%é ééﬁ o al m'?eos In
1

ipfehayk ggpeet styaiiroand it th@h Mél) & divalerdmetsl svsh a$ Maadn Ao, Ni, Co,

Mhecd sk & afidMhB Ot VR EARR(CHICE BEBB Fe Ao d R l\_/épCe and/or Cr, xis from
PCT/ EPZO 3/ 01444 stru

gg?d'vogrggd'sz%%sthtnS %’} mtﬁps t&l rgow(da_ﬁm@e C r%%f;r{ e mterstltlal anion which
eanybstiigm 1§ te susupllydroshielets, sidraie emintegendrah? torfe inrpattialilan fms2 to 4.

’ Pé‘ss@(‘etlrﬂ&@ﬂfapémcmg |a%50r§)a$ﬁc%%ﬂs Luem ok @M@fl& é?:fong | éﬂ@?éﬂ%@tﬁ%@s aryl

every second

A R A T L e g
ysicpgedathonate oritsatea cielonidepéiéfate dr BPHA amiolyoxn ineaianioas swh as Mo;Og™
&Qﬁ&dzﬁ elbwidd GhmilkdlR: 9?8 Glekdity @F sdcﬁ)é%% QRIS e pRRSHI I ve

.charge. This is conpensated by the anions which are
Iocated together with water of crystallization in the
A@yeingly] ail sbett mmechmeSUU/broSlb&eﬂavmg Bsbdal sEstuae eholidue degaaded as

i des, but al so

Igghogarldzla@? EP&EBE?{H%H g’lfmgka ggﬂw%%gﬁdes of the formula 10
M | I)2x2+|\/(| I1)23+( OH) 4x+4 Y ~Awn" z H20 whi ch’ have a

t  Gdighedd hgtmotakites @n a8 @rapareuion hydvbtbiclesi by calciation) i@nkeali®], 8) means of

. 25

30

.35

40

WP?@esWQd hy%%xxlgv‘oug'}!bnterﬁg?n be #{t} In %‘dl\f&ﬂ%ggry% s@l’%{”e 2lso

qhgnaegel Ngigraratien of the galcined ayﬁrot@lc@st%edlqpcprﬁmg ttcetbg pr@qsent invention is
Busly cAries odat ﬂeﬁﬁ)@déﬁxfdstaba}e 1B0I Preddienoa id @vdnh@ cékhlwtl@refoﬂfﬁom 3to

2t4h1%u s% ﬁc?rﬁtzbé tﬁt% 1 6@6 enmggjt &par fr&%rllog‘% tg Vel } Oplosﬁlble fgr air or inert

usual I nteger

e t%%ﬁﬁﬁsé%ﬂl oypT the eafir gudng calcmat@npognsa W@umﬁ@ é@ apnlied- al

ani ons are organi c anions such as al koxi de ani ons,

| @r# llféé mge E—{@%r u?zH H si%ﬂa‘lgf c hﬁd%lalmtgst A?Sfy gﬁ/lé loFf%v ?e? 1 dr%na/ é:cgll,lrs On

ftb%’i@f h‘%ﬁm%\ﬁhe %ﬁabfcﬁbataéon tﬂﬁm%@l&ﬁ@@eﬁéméverﬁﬁﬁ intcb@metal oxides by
dlifvinationc® hydseuyf g‘c'lblﬁas@hd BlRtid ambnd) OHYRHPs BERstifdl BAG such as

c%rt%ﬂat a%??% resentl n %% calcm!e_c'{i) gydrqgalc’;ltes )é%sldlt%%ls iS the loss on

SUC ani on
'M@@rﬁi'ﬁw@ [ weight 'owermnmymmplewwﬁh@@ ihbpiskegs,dirstly for

Bheritessdt LOCTUR & d§hguleh bR Heagardrdr A9507Yil e HudleGirhRS.
for the purposes of the present invention. 'Calcined

hydrotal cites can be prepared from hydrotal cites by
ToalcelFinest hydrefalditee used@atomppnettyB) aedhis roiked axfties bf thévdivalent and triva-

Igﬁﬁiefa%d\/l h)/Q'TdCM(W VBT O LR MEB o RAIRberalybeing in the range from
a5d B on, E ? stal structure al so
0.5to 10, preferabply rom 75 to 8 and in particular from 1 to 4. Furthermore, normal amounts of

impurities, for example Si, Fe, Na, Ca or Ti and also chlorides and sulfates, can also be present.
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25 changes. The preparation of the calcined
hydrotal cites used according to the present invention

WO 30041054482 | y carried out at t epper at ur es. aboveC1/8P1003/014447

Preference is given to calcination for from3 to 24
hours at from 250C to 1 000C, in particular from 400C
to 700C. It is possible for air or inert .gas to be

Fﬂ@ﬁ%ﬁ@djca%(rféﬁ ht/J}Staﬁmésl 23] adamlkétgomls i wetadhi M) iemamasivan and M(Il) is

é%#ﬁg}t#%h ﬁlﬂ.}@pﬁ& afp%qln?%%m %d ﬁ@és é?gbbtg Ffol%nlr'bfﬂdeg Ehemie GmbH
(dpy Sagp! Boauie)s Ha@urg,fuuderh@rtraqiéa@mﬁ ﬁuratohé/igact ual

‘calcination, the metal hydroxides are converted into

h | oxides b f | -
e L

mmpmtESorszmthywemple’@r Dariadties, i.edrenafoguation pfthe ﬁ@cwreewrhe confirmed,

'1’0 efaFvgleClﬂJ rﬁégﬁggf i‘-)’éé:rd%é!:ln&l $B8msA measure of this is

Ss ‘on gnitiron. This is the weight |oss
experlenced by a sanpl e which is heated in two steps,
T gtloidier, caGnaithytiotaltdtesor aticP@iCmployad dreydeneralbywsed amfihely
1&]?&1 Joglger% hg\ﬁﬁ r%angpégtfc?le' dhnetdidffor ﬁ'orf'l lértcpﬁfﬂq.lm -EFbﬁerably from 10 to

es used as conp

fAOwistl PaRiSRSY P@rfer@%efrw $aIPAaP DRS¢ RAeuley fé%ﬁ'ﬁ 9?1’&7 B, and usually
vk bre@Bidmb4 bilflojn, 0. Wiot 1o ctrfg, mexk@bly fratioc tofs cvCAg) gndtspecific surface

%a% of)fror%%B(?c¥ ﬁabé)oy r{ﬁg? g&geré@ ﬁ'JP]‘?SJ /%96 rrfzfg%mj mQ:vaﬁncEle frgegw 100 to

In particular, from ? di
00 F i ThempRsceclonsbiRAENY aqmmﬁ%,ofd*ﬁe DrESSTHBYRTYIn &8 Pref%?b y applied in
ﬁ)&ﬁlﬂpbrﬂo@lt thaFiBe lc:tNéent@ﬂor%f mbino@bidpertsiengitboplieghssn tandnished -
S
St IS b Bn 2 oRd R E b S B AR ey greraoy
frome 2o @ dimok peFexsofiskppaiiBéh M(11) is nmagnesi um and
MIl1) is alumnum Such al um num magnesi um m xed

e Y TEmoB PR R S D O pliPmerizator

Ajjvity®n Ererfosmend ersi teeraireughigintg epntach wita pie piigior, viz. the component C) to
Méjd'lé)tt) @isﬁl‘a% ESod dBlyW@hfa'ﬂoﬁ hevist Ffd#@ﬁléitreaéont maﬁﬁémt%&&éwﬁptlonally '

e or virt
R CPOP R PO RO BROTE e g PRl el PRgby Bt oastone
tatipn-xainpbenpdoyd Beans -of X-ray diffraction patterns.
The hydrotaIC|tes cal ci ned hydrotaIC|tes or silica

are genera

S5iahie PSPV Wiricain Sa Ve BTUPE e ep e I i
taow@0i0intor capyeitaly atiivy, dr mom @olve, compEdBi0d pigy foperemipleutesplynds such
QJ %ﬁﬁrﬁmxﬁné ra%'f?bﬂgsu Rar&éb%% Rladard IBmB@(BrF\;deIHJi Rdvirlgr0RwRGicid

and usua ore volunes of fromO0.1
s%loner %‘d@'l‘@m”&roéffde‘?"ééf”;ﬁgfar%?{fsﬁ?dfc'ldc?s%at@HB/ g, and

specific surface areas of from30 to 1 000 n®/g,

Q%%Lr%{n@%lgll,s it é)mséglett&ué%r é@ﬂﬂgleatﬂg cérﬂpd@ﬁéé de%bﬂb@& infW©@mb/31090.
the rmonocy enta ofqt{\e formula
Perécyrs seafy! aiUﬁ\V@ﬁ?ffE@ AERPED ﬁ?aé'f Errcgﬂw ?'EoCnFW n%%

syehp@n anobunt that the concentration of
nonocyclopen#@dlenyl conplexes in the finished

cat al yst syste frg O pnnl preferahly from
20 to 100 pnol ”é" t|c arI preferably fr 25 to
70 pnol, perg® of support B) Sone of the.
nnnocyclopentadlenyl cony*®exes of the present
invention have little polynerization 20 activity on

their own and ar t into contact with an
activator, viz. the conponent| C), to be abl e ggn
di spl ay good poly Tzaui on activity. 'For thi

reason, the catal yst s sten1opt|onally further

conpri ses, as conponenk'™™C), one or nore activating
conmpounds, preferably at |east one cation-formng
conpound C). 25- Suitable conpounds C) which are able
to react with the nonocycl opent adi enyl conplex A) to
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convert it into a catalytically active, or nore
active, conpound are, for exanple, conpounds such as

w@nooalosgBnoxane, a strong unchgzged Lewi s aci dPCEHREP2003/014447

ioni c compound having a Lewis“acid cation or an ionic
conmpound containing a Bronsted acid as cation. 30 As
al um noxanes, it is possible to use, for exanple, the

m&ewnﬁ@ Q@%@EH %gpéneewop&{e?e%&%& a cRal- gnqq 8HRAp | p¥eferably a methyl,

al um noxanes n aqr
%Wnl?%siﬁﬁ@uwb%% Ao g0 *Fﬁgerfframtpgo F(f%/éfraB'e/ fremiSyo £8.p
Al +0 --- Al --- - R4(X) 35 RR k3D O- Al]J1 - -
03/014447
e e S e e R o Yone anot her
a G -C6-al kyl group, preferably a rret hyl, ethyl,
oy loligaimetis albwinytang Eotigbunéddle Lisualy gropdred t@g@htrdnéw maanoh @fa

g’ﬁutuoﬁ%ﬁtlﬁw&xnm ertﬂ \%atgr @%He@aﬁggﬁéq%%lrlg Iln¥nn§ efﬁléompounds

oxan

ehtrigeshie Fhl%wwlwmfamof@mﬁwea picpethdineanast aydiy chaingprigaalgs of

' 'WlOG@I@h@"ﬂﬁH ketat @a6 b %a@f@d 8sa fn@larmﬂh@ Eluﬁhfnoxane compounds can also be

Bresenéln aldm gyuge]? 0 m%l\é\%gt éa\fvalgﬁgp 8 Srglﬁlplglaﬂ(éla /ﬁ\;@l{n?ﬁage M@aratlons
téblf-‘ As edmeponet ) @rfecnmmemeéxsa\@ﬁatﬁﬁot h |inear and cyclic
chain nol ecules of various lengths, so that isto

e ar de an. uni ngxane, conp an
DB T R LeBnle s el st Be A E R Gk w?&sfﬂs Fiae beer
whlgdddy hu@rggf-tnl ajoragd errakaxmramloky sipxy ot amidigwadigale can also be used as
BInRRAEAL) Aface thé SinRoRSe e&ﬁmﬂa‘cﬁ& tr@fo;wﬁa (x)0r (XD
commerciall'y avail able. Furthernore, nodif
al um noxanes in which sone of the hydrocar bon radi cal s ‘
hbasehbebe Ennd todpladcamthgbyushy dsedye moedopeiepeotadiahk coryplexes A) and the

Qﬁr)ﬂln&?é)ﬂe c&ﬁﬁo@?@’s |95udﬂ%§nt§ ?1‘3{ tﬁ@gt%m‘ka’gtloadf%Bnﬁ%ﬂ*ﬁ;ﬁﬁh@ﬁummoxane

onponent | um noxane conpo

SPROHE s e am(ekym'avm el gt Froence ”tf-‘éé"ﬁs'?*?ﬂfﬂ%fa'tf@mﬁﬁe monocyclo-
mmmhﬁgempm A)ds Insies rahge fraanac yec! agoen badkirabyftont Pl GBES and in
ék“c@pgplmttgberangy%m NPX@ANG.¢onpounds in such ampunts that

e atomc ratio of alumnumfromthe al un noxane
conmpounds includi ng any al um num al kyl still present

A athdreiass afnsitdbleoattivatih@itonigonentd Oearebytseky gllifindkhnes. These can be

BP0 SORP oAt 4 B1d 2L ABAGE B brbrdikrom 0o o

b%\?%q“@iﬂnsirof W?lte'b ﬁ%r qaiMelent f Armingm o anpligyminumpeqripeynifeln particular

: tﬁilsét&@/lahfmlﬁlmh ta@lblv@ermsdrdtiras, uBghilg W@@D@Bﬁclﬁbrﬁbﬁws and their use in

Jfé(fﬂ p%@ %H&J‘aﬁé Q%E%g%edogy?égm%]%nmgﬁ? o&?{%@r'ﬁ% atorﬁ £ ra%no of a#ummum
i @P hvdﬁ%ﬁ@m@weﬁar@w@d ip theramaijon miabiepu hamenecigpentadieny
ab@ripii A) Resu=Ag Wi tvalaggd fraih 1:akdimdony Bﬁeteﬁbb@rfroa{ Y1 @ls0MaAE R particular

ﬁ%ﬂggpﬁgqmml 2318~ B "l Clyrle%Ben%e ling%%P t%tgg lﬁ‘mno aesnttaéj}z]eay\’metal dialky!

tures, usua]l corrp un
‘%OH@PV”dlfée in

As strong, uncharged Lewis acids, preference is given to compounds of the formula (XIl)
M2DX1DXZDX3D (x”)
where

M* is an element of group 13 of the Periodic Table of the Elements, in particular B,
Al or Ga, preferably B,
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ol efin polynerization are described, for exanple, in
WO 00/ 24787. The atomc ratio of alum num fromthe

whyenozaat um noxane conpound togthe transiti onPOEERI003/014447

fromthe nonocycl opent adi enyl conpl ex A is usuall y

in the range from1:1 to 100:1, preferably from 10:

to 50:1 and in particular 30 in the range from 20:1 to

A0, X2 dnd ofeare nash Hy&rogewenctomluystg15aawl alkylaryl arylalkyl, haloalkyl or
Q?Pgﬁé?l Sﬁgﬁélgd'%%g lha%& ?r!)mg &' (ﬂgrs;on acfo smlrhe a@gy{/radAé%I and from 6 to
conpounds of0 @aﬁi@onfmmmméh%aml ra)dlcsBorm@ﬂe, dhipPmXBOMiNeE arjodine, in

where M2D i parfduihQBRNE, phdfer8bip péhtdidoRbhdn le Perl odi ¢ -
Tabl e of the El emsn?fﬂ in partly?u | ar % 9 or QGa,

.preferably B, WO 2004/ 056482 28 PCT/ EP2003/ 014447

Xarther XEDREIOf ¥®Dy,amehasgrch-eNip dcidg ane, given inGY0-0AI3k 940,
C6- C15-aryl, al kylaryl, arylal kyl, hal oal kyl or

RSN ERLE LRI E 06—

anopl astriatkybarana itrisfhlhovanierve jimethly bpiorie., Pditicolat prefecance io divareto using
'b&an&avgl'ﬁdh%é!araé't lelaf\lt@@Eé(rh@nRﬁ&?&% Q@ia)(s Pa?loular Ipreference is given to

pent af | uor op }/ r es
EEH AP DR 4L g WBPe o1 2R K S Be7taa orerbly
Co(ppowihceopbényt)bdranet ype which are particul arly usef ul
as conponent C) are boranes and boroxins such as .
trial kyl borane, triaryl borane or trinethyl boroxin.
ﬁ%ﬂPPI%&W&?Uﬂﬁ% & aip erefesallsPreRayRPYTBRAGRT PRl UMiTHNheTbaFRE $Ompounds of
Wmfccrmulaem) with w8 silcohod) pReiof dediodtives tridphaddy Herfvaglies &l iline deriva-

*f\%rst\lnﬁ bg 'Ee%faﬁa mﬁnce%ﬁhyigf%lux% %x%ﬂ%%@é@n&%gﬂn of gFrticular

[FrReFt@ca PEep Pfst(aﬁ@w@%)f ysqivh eptrerRAs pEOReatRauCreRlienelL), Ebis(penta-

' mmﬁwyﬂ}meﬁ)ancﬂiéﬁ PrpRfr@yale y 3 Lp38e- rbyafrue@sxohagl @kamples of

Qc!n%{;gaﬂ&{p of Fort %Eocﬂ q? %ngorﬁxgﬁgfl% dVétP I:IB\r/% sgg gglgs R <HJ r, trimethyl- .
@léminwaipﬁvéf@omphqwi Itrmmhy@éamlw1 tns(\pe@taﬂumqpherryam@ﬁgmmmbthyl-

andinespegiak)-y 2 per ilauos |6rbaﬁcﬂ%ﬂ@r&%;&h)ﬁ tﬁaﬁblﬁhﬁﬁlﬂ%/ﬁentaﬂuoro-

' é?aep?'gaeuFf&éﬁﬁ‘g}weﬂgwaﬁn’%a‘%ﬁmﬁwﬁw SRS ghbigroo-

22 ﬁ&)ﬁé(@)@maﬂuw¢mﬁmxbhmw¢) met hanol and
4- hydroxy-2,2',3,3 ,4,4',5,5',6,6' -nonafluoroblphenyl

anpl es_ of . conbi nati ons ds of _the,formla

I S T o SR bb) aognpmdo e PR 2 O Grou
Exampiss lof conOuras whihisuydepenbadicaids @ne harinjc acids, in particular borinic acids
%Jvlnﬂ%&r'ﬂyérﬁhﬂégbfwﬁélgal?'fo?(eml@( H9sephenyl ) met hanol ,

ri methyl -
al um nuni 4- hydroxy-2,2',3,3",4,4',5,5 ,6,6" -nonafl uoro
Birqpbengharget et hwsastuuaﬁlmamdqumgiédmmmds @latsoddcluga the reaction
]Sr&ﬂdc%‘bb!a%b{rloﬁ!: Al WHM%EB %lérﬁ'@éf%ﬂ Eﬁx%unﬁﬂgkyl or the reaction products of

triet
35 i el Gl ieat P s HeRgiechy dpsidar podfuprigated
fiydrocéreon sunpoais siciabsipenteinoragtendor bis(peafuotspbianyhoritibecid.
formula (XI1), R1D|s an OH group. Exanples of
ounds of this are boronic acids and borin

%tgﬁg lonpﬁorﬁac?@p%lﬂﬂvg&g Lﬁms-iaﬁlp &atiops ppglud eh%ﬁytrhh@compounds of the cation of
thefofrhuadiinat ed aryl radicals, for exanple (C6F5)2BCH.
Strong uncharged Lewi s acids suitable as activating

ds C i nclude th ti
conmpounds [((RA@‘")‘Q&?Q;,?&J” e the reaction Xl

where
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-contalnlng Br'ons

30 products of a boronic acid vvith two equival ents of
an alum numtrial kyl or the reaction products of an

wa@bkaiomus2z tri al kyl with two eqy%val ents of an BCT/@P03/014447

fluorinated, in particular pertfluorinated,

hydr ocar bon conpound such as pentafl uorophenol or

bi s(pent af | uor ophenyl )borini¢ acid. Suitable ionic
wBNpounds ifaykiBg@en:@NBuRCl td 16 8t the Reriddiedlatid@f hiaElerehise
conpounds of the catlon of 35 the formula (XlII1)
L((MBD)a+) QL Q... Q d+ ) where 40 WO

QOI04Y 0564 8P siggPETAERY ar;g@qgmupﬁ SURBE ¢sCalkel @nfemerybplkylaryl,

gr OUIOS | tyihy), %uoéllaﬁ hB%iypéHcﬁhM@lfﬁmoé totzio&,a&ﬁeamtswhe aryl

1. Con-al et et B catoan Hp ) P Sl sHRRF o5ty Bt whie

hal oal kyl metyadeam1y¢1oemlrq;rdmavam@bstﬁmmt%halcgezocﬁ%-bbwy,
atons int om1 to 28 carbon
atons int %15 %’ikxy’srsgyg@crg?&a g&%ul% cycl oal kyl whi ch
may bear Cl C10- aI kyl groups as substituents, hal ogen,
£1- C28- al koxryinteg&iGragl btodrandoxy, silyl or ner captyl
groups, ais an integer froml to 6 and 10 z is an
integer fromO to 5, d corresponds to the difference
B-z, but dSPsingeRHstOan or equal to 1. 15

Partl cularly useful cations are carboniumcations,
xoni um c [ C I

Gationic tPESERp e VR RRL B ol L WA b Govelo 1.
mention may be nmade of the triphenyl nethyl cation,

lbékﬁtuﬁai'li' Veful EibhDdre aadomdnﬁ cdtiods, oktinied EufibAseand@aitamitim cations and also
ca Onljﬁ rans;gh e%etlglrc%gwgf’ea C UFM&Y% meﬂ%ll\%? b%'nq%:[elo?&e trlphergllme(_t)hyl

eri oron
wém, itherséver paﬁlom@wd Be/l oggswzthyliﬁfreﬁ@wla?étlgn They preferably have

fRESAdih B PEUhRFibrdOh GRABMN bbRAIc3ifoundasSat bRo raviiidhgd in WO

R P B r e CrRT RIS pound. ¢ 0. an

al um num al kyI W th a second conpound which can react

‘Ehs Ihbyg ﬁoﬂ&:oﬂﬁnaﬂ% EnioRQEQBIsObe @Ebﬁ%ﬁmoﬁ{bﬁlﬁ a Bdrddh-or aluminum

water, and a. th

GHeEw. ErBGUIMT OIS T6PER BPPA TSP GRS SUG o o more

g oralumpriveTeiérod eqr watet, hadethird conppundwiith fprras @BoMizigionic

b AR Yh AR cg%r%ﬁnum 50‘1&9% QQQFlﬁ‘leﬂylE}%rQrﬁ&ﬁanef & optionally a
exanpl e an am ne, i ne geﬂvatlve or an

[
base @{%@9@}’ an Orpﬁm%laa?gle'n é;ﬁntaxamg et ] @gmg&ﬁqdaimm érhaml%e derivative
driakndtigsrehateragytis. miatititidrhe fdudh commrnd whicinfikewise casris aith the boron or
Sufinur? SoHhFLhy & goﬁél-gﬁ%vopﬁé?ﬁl b& raddegs, | oni c conmpounds

aci ds as cations preferably
| i kewi se have noncoordi nating 30 counterions. As
IBrie ns b edndsciodtzinpg Brénsted aridpasdagorapreeraily Giewdse hage noncoordinating

ﬁuﬁ{e%@t@s%r%é&ea&%r Qﬂiullajr Br% ordRE IsVRkeh YRSt otoRited SRREE aniline

-cations are

.U
q&@ﬂ@tﬂ@%faﬁﬁﬂe@y@t’%ﬁém émhym I%“Tra N,N-dimethylcyclohexylammonium and
NN thgteny i drenanira ambaisudarienidesadf @ later twoat | ves of t he
| atter two.
Compounds containing anionic boron heterocycles as are described in WO 97/36937 are aiso

suitable as component C), in particular dimethylanilinium boratabenzene or trityl boratabenzene.

'Preferred ionic compounds C) contain borates which bear at least two perfluorinated aryl radicals.

Particular preference is given to N,N-dimethylanilinium tetrakis(pentafluorophenyljborate and in
particular N,N-dimethylcyclohexylammonium tetrakis(pentafluorophenyljborate, N,N-dimethyl-

benzylammonium tetrakis(pentafiuorophenyl)borate or trityl tetrakispentafiuorophenylborate.
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Conmpounds cont ai ni ng ani oni ¢ boron heterocycles as are
described in WD 97/ 36937 are also 35 suitable as

waeomposasr C), in particular d|3§et hyl ani | i ni unPCT/EP2003/014447
e

bor at abenzene or trityl borat nzene. Preferred
Ioni c compounds C) contain borates which bear at | east
two perfluorinated aryl radicals. Particular
RILAILS RBESe fop i of Bfdrd xsz;r&ﬂe %hl@’ds%B)&Vi)&}éHés't@bélﬁhed to one another ora
kﬁ:trakls ent.af | uoro ora Fp ub.ar

REERNQB JEIg}%:l %ﬁé’)‘?% amafu@@ a(ae 5 ZB CsF4-B( CGFs )s]”, the anion
KCs{speeiNat(Ceralo phiaa pbreteamah ean B Déudd toethdydppdsurface via a bridge

- BenzyLapmpiis angé@%lﬁ s(pent af | uor ophenyl ) borate or

trityl tet ra I'spent af'l uor ophenyl borate. WO 2004/ 056482
30 PCT/ EP2003/014447 It is also possible for two or

Fodrer Boesie ectivating BSmpRUAEOC) 410 liddeis W ode1geoi ned to one

anot her or a borate anion to be joined to a borane,
as in the dianion [(C6F5)2B- C5F4-B(C6F5)3]2', the
ahg anounf ¢fehrEE) IRhameRLEEFE)d3] onic gpmagyedEviag bewipagin cations or

(baﬁ cbﬁp&@ﬁm&nbﬁlﬁg@?l&w&@m SRS phekeRably Hn 618 20 equivalents,
un

BB BV 1 MR s e & PPiency b fmygpmex A1
00/31090 The amount of strong, uncharged Lew s acids,
EGiftbe a@ﬂlé‘ﬂ@%ﬂﬁ»omg icNEisé-AWlLide REdrdalGihbR BSmSYunds deRkE

g&? %ﬂlﬁcﬁ/éﬁ?‘ %IOQY?W%L%;%: X%I%Sﬁ{ gUSC %%)In %EJF'&num compounds are
@’pﬁm@@bﬁ‘%ﬂnw(@ﬁi’/%‘tw 10 equival ents, based on the

rmnocycl opent adi enyl| corrpl ex A). Sui tabl e activating

‘ al so 1 nc u ron- m conpound
B B2 bR it PP Gamang T Hot VR e CHOP S Preferred
kg cespide audimxbogsin -patticuidrmeth yEburpoxatks asd @ iotibiosepound, in
ﬁr@&‘a@ér@coh@m‘!ﬁ?t@é%ﬁ&p %répﬁueﬁﬁ?b&gé%nf&ﬂsﬁh}%} §sﬁéﬁg uncharged

use %n%{]t ur es Boverent oned acti var) ng
H‘soa@f“'arﬁP%P%V?ﬂéHOPhrﬁ“ﬂbﬁ?aé% conpri se

aI um noxanes, in particular nethylal um noxane, and an

: |
ithgF rh%wfbg\?gg Fgﬁdléﬁyl cBﬁlye;({s)%h %ﬁda g%gﬁlgo adonnﬁé}%dg la‘gare preferably
4er sl eh ar el eiiraati srdfocarmen paing e @ifo 20 carbon atoms, in
particsepeminas, kaloshe pledtayie,)Hagdna Niteptad @ oBDiniXturd1Bereof.

.rmnocycl opent adi enyl conpl exes A) and the activating

ounds C) are preferably wused in a solvent,

'~/ﬁ>fuét %rrpaﬁ'tgﬂlha'ﬁ (RsErPREP R aPREROBeRS 61 wﬁ&b CArSIMHiERRe st e 2giployed

aadubestt B SUth ,systérm Fabbiabd, & eX3rhid) @8m %Q{d@ﬂﬁ,omde by treatment with

?r%&ilﬂﬂ glkoﬂz%xa%ggvb glpetn%}?on%tloﬁ fgrr] égar%FlS bg {n% gf car%on teanchlonde

0SSl
e Rmﬂatqﬂore:@fﬁ@ %ﬂeﬂﬁﬂﬁe@a@'lbyd tes eé@fpwlwéwo & 1§%|Cppor t

B). Such systems are obtained, for exanpl e, froman

Al ﬂ%(lv%%%soéd g?gld &s e%/ gFrJrrnﬁzgnﬁ ?ﬁ%cﬁwle %otr byeu)?a %Hé@@k&%‘d%ﬁyl
HPIRSEE A) @If Wa@mSémtll@éntfonvh@ﬂ]@méw'rvah a%ifong ticthergatatyslray) which is

duRafkeBEhk b@l?’merfz@f onff alﬁﬁﬂsel,t isitierafde Q&ésﬁﬂeg@@se otk cﬁ\more catalysts
SUftgtﬁ%go?aef% d:o )yrqep za(t)orE 3s ongnaffct:c{ngogﬂgr] B)(ln%h 3atad¥sY Eeny Posseble
adsit) armmeqaftic@ﬁr FiassicehdiediritNatimcatklysts kased emttanignend classical

pHilidshetlysabadish cRbmMAl Slieks  suitable for the |
pol yneri zation of olefins. It is therefore possible to

use one or nore catalysts suitable for olefin
Ruskiyimeeinpaents @) are inpincplea! coopgpodresi trafition metdieof groups 3 to 12 of

e@batR trasy 8t B8anfRAS84Lch contain organic groups and preferably form active
catalysts for olefin polymerization after reaction with the components C) in the presence of A) and

optionally B) and/or E). These are usually compounds in which at least one monodentate or
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.R3E RAE MLE X

catalysts D) are, in particular, classical
Ziegler-Natta catal ysts based on titanium and

webagmss@at 35 Phillips catal ysgﬁ based on chr OPECT/EP2003/014447

oxi des. Possi bl e conmponents Dy are in principle all
‘conmpounds of transition netals of groups 3 to 12 of
the Periodic Table or the | ant hani des which contain

M)@éxﬁtht@ ligHna w%uam 1R &hesiakdny vk @rsﬂgma@t bi\tend. (Paés'i’dlé/lﬁaﬁds include
f|n r za%lonater [.ea

s el B BHapnEeie SlaRlut e s BB et pLapreptaciens
Bpurantifacge nEDnberﬁﬁ esd campounsgslB) $ujtalde fop olefrdelimerivdiion breafescribed in
t5as Re@ P80 dr%\oﬂ)%nﬁl@tﬁﬁg{hemrgQ\Qﬂ{ngééﬁggclo%@ntadlenyl complexes are also
PCT/ EP2003/ 014447 “pol ydentate ligand is bound to the

ARG 197 O drivipeszaioni grm or pi bond. Possi bl e |i gands

. include both |igands contai ning cyclopentadlenyl

}gé;rgc{tjgﬁ).' @Q%ukté%ﬂﬂﬁ n%‘mr 19)2? S uc%ﬁ'\ﬁ&ngé h&/ﬁ@ aggggﬁtoﬂgkﬁ[&ééntadlenyl

'196?0‘ mh@*ﬁ B8 gﬁweﬂmfﬁrz%&tp i WP&OC&@%WPA@&S iFgrticeipdyyseigyetallocene

coRHpRxesvend thodeDS theNormudk (XRYr t hernore, rmul ti nucl ear

cycl opent adi enyl conpl exes are also 5 suitable for

ol efin pol ygerization. Particularly well-suited

conmponent s i ncl ug€e conpounds having at |east one

cycl opent adi egi§l__.i gand, which are generally referred

to as netall conpl exes. Par larly usef ul

met al | qeBng:’e \exes arethoseMthefornula(Xl\/)

10 RIE RZE \14 WE EE\ (XIV) EaE 15\ E4E

% hE O where the substituents and

ol owi ng neanings: ME is titanium

zi rconi um hBf ni ur 15/ adi um ni obium tantal um

chrom um rml% or tungsten, or an el enment of

group 3 of thg " Peri Odl c Table and the .l anthani des,

25 XE is fluorine, chlorine, brom ne, iodine,

hydr ogen, Cl1-Clo-al kyl, C2-C10-al kenyl, C6-Cl5-aryl,

vefleketh@supktithents ang ifdicearhdvettioe followirrrhernings:ons i n t he

al kyI part and from6 to 20 carbon atons in the aryl
-ORBS. or -NRSER E;. or two radi cals XE forma

'@u bst i t (&R ZU‘??@lh’B’sf‘?ff”H‘Pe‘@”a‘?“éPré"q UG g talymh chromium,

parti Culnmfybaenbn‘ﬁafdjr@ﬁen lor gragiemerdintigrodpes of the Periodic Table and the
Janthamdes,

i ndi ces have éwe

xE is fluorine, chiorine, bromine, iodine, hydrogen, C1-C1o-alkyl, C,-Cyo-alkenyl,
Cg-Cys-aryl, alkylaryl having from -1 to 10 carbon atoms in the alkyl part and from 6 to
20 carbon atoms in the aryl part, -OR® or -NR®**R, or two radicals X form a
substituted or unsubstituted diene ligand, in particular a 1,3-diene ligand, and the
radicals XF are identical or different and may be joined to one another,

5 . .
E'E-E® are each carbon or not more than one E'® to E¥ is phosphorus or nitrogen,

preferably carbon,

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

complex of the formula (XIV) is uncharged,

where
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30 radicals XE are identical or different and may be
joined to one another, ELE-ESE are each carbon or not

woreoog/0sdaan one E1E to ESE is plggsphor us or nit POOEBP2003/014447

preferably carbon, 35t is 1 or 3 and is such that,
dependi ng on the val ence of MLE, the netall ocene
conplex of the formula (XIV) is uncharged, where 40

RO 2064 06 6&8\2: 3:20- /OERZQQW Qﬂ-ﬂélfﬁkrylﬁﬁfﬁ ﬂandau&? Er fab®aryl, eacn
each Cl1-Cl10-

fluoroalwvmggpmﬂta 8§PV]ao@%@ﬁm%%@xﬁgm¥ﬁgﬁﬁT¥62 %Q%amonamnm
car bon aindmsarylmdidabaed kyl radical and from6 to 20
carbon atons in the aryl radical, and 5 RIE to RSE

£ each, independently of one another

81 t@:ﬁz a?rﬁ)?PCh @deqeadeptly@frﬁg\grag%thercvg o(gsn 187%6270? l%'?% to 7-membered

cycl oal keyiphikyvoi eybloairgnyi whithumay i e bedi CELQ-adidykgrdups as substituents,

groups aﬁz-ﬁ ﬁéh ldf'r@}t alryl g@la@%a\ﬁnm to ‘l@@a@%gaﬁﬁﬁélm the alkyl

aryl al ky car bon o o
al kyl paﬂanéﬁe? @a@szn é@F’édh’fh%F@{h%a“r HRthé“ %ﬁypz,ggyt. OSIR™,, SIR™,,

NRBE2, NySirRBE3I)gnic RSis FOBRRGES), alsBi brBERditutastve helogdms and/or two
or gani ¢ F @Qa%ahsﬁ?s&' F&%ﬁ%la‘?@l&n%s&% E Q&I Eetjb”ngtzdto%f'fn a five-, six-

hal ogens or 't Wo Qparticul a

Vi Ci na| pragvRAngNbeied ing| ang/p vy \@ﬁlqﬁzé@dlp@s Rorﬁ‘n gay p@)@lned to form a

Si X- or HRVeR- mmfﬁﬁnﬂdré@etméléﬁmbmw&n&l an&dast one atom from the
radi cal s hER forma five-, six-
or sevengé%rﬁ?n&gmgﬁgygfé%éyﬁgqnﬁlch cont ai ns at. | east
one atomfromthe group consisting of N, P, 0 and S,

M%Leci 5cdRYE ideticaD6r diffdet hibdre @éclth fo‘@%?ntglagngcyallbakyl CG-C15-aryl
eac cl oal ky ary

Cl- C4- a|§%§y§%%y8€1§%63 ? Y%i& and Z'E is as defined

for XEor is ROE 20\ R 10E Ese E7TE / 10 RI13E E

3G \ BE EQERLIReq 2PxFAE wWhere the radicals ROE to RI3E

are each, independently jof one another, hydrogen,

Cl-C22-al kyl, 5- to 7- Renpered cych@alkyl or
cycl oal kenyl which may in urn deR Cl1- C10- al kyl

groups as substituents, {£722- al kenyl ,

C6- C22-aryl, aryl al kyl ha% on11 to 16 carbon
atons in the alk “ﬁaLL_@ﬁa carbon atoms in the
aryl part, NRL4E N( Si R14 4E OSi R 4E31

Si R14E3i where the or ganic E%ﬂlcal$(ﬁ§E-R13E may al so
be substituted by hangquE/

R

where the radicals

R% to R™  are each, independently of one another, hydrogen, C4-Cap-alkyl, 5- to 7-membered
cycloalky! or cycloalkenyl which may in turn bear C4-Cyo-alkyl groups as substituents,
C2-Cyp-alkenyl, Ce-Cop-aryl, arylalkyl having from 1 to 16 carbon atoms in the alkyl
part and 6-21 carbon atoms in the aryl part, NR™%;, N(SiR"%),, OR™, OSIR™5,,

9E_R13E

SiR"E;, where the organic radicals R may also be substituted by halogens

and/or two radicals R®-R"*®

, in particular vicinal radicals, may also be joined to form
a five-, six- or seven-membered ring, and/or two vicinal radicals R%-R"*F may be
joined to form a five-, six- or seven-membered heterocycle which contains at least

one atom from the group consisting of N, P, O and S, where

RME are identical or different and are each C4-Csg-alkyl, C3-Cyo-cycloalkyl, Cg-Cys-aryl,

C4-C4-alkoxy or Cg-Cyg-aryloxy,



and/ or two radicals ROE-R13E, in particular vicinal
radicals, may also be joined to form a five-, six- or
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ROE- R13E may be 35 joined to forma five-, six- or
seven- nenbered heterocycl e which contains at | east

one atom fromthe group consisting of N, P, 0 and S,
pRer® RlfgEeah %aﬂbdr%\'tri'oﬁmbrecilﬁan(ﬁné =&t " &npthospherue aciitrogen,
C1- C10- al ‘%I Bl 10 cycl oal kyl, C6-Cl5-aryl,

Cl- c4- al¥ ESP L C10- aryl oxy, 40 WD 2004/ 056482 - 33

" PCT/ EP2003/ 014447 E6E E1OE are each carbon or not

weera&@éf@w%ﬁd FOR, deeFormd 4EH'S, - RAOSBAOR Whickr ni trogen,
preferably carbon,” or the radi cals RAE and Z'E

together forman -R15E, A E- group in which 5 RIS5E is
RIBE IRL6E E RL 6E B --_ ME-Lte ME CR216E 10
(I T T E RL7E %ﬁ& %7E R16E RI6E R16E R16E |
-C -O ME. - C 15 1| ER17ER1ER17ER16E
R16E R16E_F R R16E 5% 26| 1 2 E IME_20cK 1w C _C .M M
-M 11 17E JL7/E 817E 817E, =BRL6E"
-BNRlGERl?El AI R16E Sn-, -0-, 18—, =S0,. =S02i
=NR16E =CO, ,#2R16E or mP( 1&16E 25 where RI6E, RL7E
and R18E arg i dentical o fferent and are each a
hydr ogen ato a hal ogen atsem a trienethyl silyl

group, a ClR%liO al kyl gro?p, a Cl- %O f Fuor oal kyl
group,” a ods C10-fl uoroaryl_ group, C6- lClO- aryl

group, a-€leCio-al kexy —gr¥iip-. a 38 CC~=Ct5-—al kyl aryl oxy
group, a C2{Cl10-al kenyl g oup a C7’ 40- Iaryl al kyl
group, a - CAD aryl al ke group ‘or a

C7- C40- al kyiRéFryI gr oup OI‘R¥% adj acdfit R38i cal s
together with the atonms connecting themforma
saturated or sat_ yr at rlng havi fr 4.0 15
carbon atons Rq%nd?g% is silico I?&gle:f]l#rgrgn ﬁ%n or tin,

preferably S||I|co|n E is S -, N =0 =S,
: E
=NR | SE, ——e=—|€z1——%;~—~ : | |
| FL‘!?E FLWE Rms . R17E Rm—: R‘l?E 4‘
=BR'®, =BNR'"*R'™®, =AIR", -Ge-, -Sn-, -o- -5-, =80, =80, —NR““E =CO, =PR"* or
=P(O)R"*,
where

trimethylsilyl group, a C4-C4g-alkyl group, @ C4-C+o-fluoroalky! group, a
Ce-Cyo-fluoroaryl group, a Ce-Cqo-aryl group, a C4-Cqo-alkoxy group, a

.RwE, R'E and R are identical or different and are each a hydrogen atom, a halogen atom, a

C,-Cys-alkylaryloxy group, a C,-Cyc-alkenyl group, a Cs-Cyo-arylalkyl group, a

Ce-Cao-arylalkeny! group or a C7-Ca-alkylaryl group or two adjacent radicals
together with the atoms connecting them form a saturated or unsaturated ring

having from 4 to 15 carbon atoms, and

M= is silicon, germanium or tin, preferably silicon,
AT 5 —o0——5—, “NR™, > PR =0, =5, =NR'
B —~ —

-NR™E, _PR, or an unsubstituted, substituted or fused, heterocyclic ring

system, where

— 00—

19E
R™,
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-NR 19E2, -PRI19E.2 or an unsubstituted, substituted or
fused, heterocyclic ring 40 system where WO

\VQ@@MM@@6482 34- PCT/EP2003/014§§7 R19E ar e eartI/EP2003/014447

i ndependent |y of one anot her,. Cl-Cl10-al kyl,
C6- Cl5-aryl, C3-Cl10- cycloalkyl Cr- C18- alkylaryl or
Si (R20E) 3i R20E i s hydrogen, Cl-ClO-aIkyI,.CB-ClS-ary

RFfi ch may drdedchrinddpemieniflof e andihdr, @raawpakyl, G-Gasaryl,

P Dl O, O Yo A

heterocyclic ring system may also be 0, 10 or the

ki cal s R4fq gn I&l,zﬁo 5;m@stmg.ar&nﬁﬁehaﬁhy-xmE&eagcpopalkyl groups
AlE t oget her E can, for exanpl e,

forman aff® ﬁébSt'@?WéPrCEt(fﬁ”Sgcﬁ% “or phosphi ne.

However, ALlE may al so be an unsubstituted, substituted

or fused, hetarRape lgsn aﬁ&a&m&j blteuted Yelussn, Watkiokychdiihg system
contain heteroatons fromthe group conS|st|ng of

oxygen, sd??hﬁ“’ﬁltrogen and 15 phosphorus in addition

to carbon atons in the ring. Exanples of five-nenbered
DetELAaLY k=gh PHPS 0q i GhnfRN RO from one to four
nitrogen atons and’or a sulfur or oxygen atom as ring

atons in addition to carbon atons are

AE tdgembr, wid tﬂid’brﬁ@waE 2npior example, foiw ias ez odthydr, thioether or phosphine.

I%ovbe%gxﬂz%%laisg %e 208 QF\J?JFQIFLRLA% |subs’ut%t’eh %Pfugéoaﬁéua%!:ychc aromatic ring

pyra yrazol oxazol
sysieRavi y:pn ccgﬁqyklaezgp@tpms ﬁorf\ H]eegi%p)ppnmstlﬂg PIPXYEESI %)/.ﬂfur nitrogen and
&m&;BHan;GH %d;‘uoﬁtol daibdAazRmglin thd rihdriEdanpés/df fiveemembetad dtgrbaryl groups

\%‘n é‘f %n %Xﬁ?{ ﬁér% lo[\%to)f{)ur n&roierbat%n%gnd%gqm 8 ox'égul atori] as ring atoms in

sxadr azol I azol - 3-

‘aﬁdltlgn ipegthen elgmy @[ee}iya/} grthle@lﬂ gtpdgolylv\}ﬂseﬁzelgns-@a)fﬁzglylnii -isothiazolyl,

§-16aedng, Lsyrdzenr 3Jayrb£m€5npyadzewﬁzamibm 4axa&bp$ahma“zum 2-thiazolyl, -

| @E‘nﬁ%}lylg‘g@faﬁéylpy cgi;?lylrﬁ H‘n %ﬁfblylsg m‘%gaeznﬁf & 4’cixad|azol -3-yl, 1,2,4-.

Saginrahziyh §.B,4-ckadazel-2-ylrar az;4ntnazoy13—ylaﬁ>¢ﬁmples of 6-membered heteroaryl

o s4wﬁ|c5H @h 'cHﬁté‘in ﬁ'bm oﬁe % féurtnft Alords é(r{dlcs';l@@hosphorus atom are

| B\tfiglﬂés'a% 9“055?8&55% y&grspygcfaggy P [ggcg?y"ﬁtrlbﬁyéraldwl”? 1 &y, 1, 3,5-

16042iIrC2-9-ambl K2 4-ri@6+- 1101, 2 yttigzined-K \ehe @ 14-tdEinkfayli Thg Skmermpered and
8- %eﬂﬁgerG@HQQrBarﬂtg‘Pcmés kh éii@o@éu’é%kut&ﬂf}&&ﬂﬁim ](Q &,2ER0Bikylaryl

art al 0]
G T T doraHRD A e bR i (=Pt e JoBt T e
tdalkyl<iiy! on‘oaﬂ@enaswmt flasinerchivdteerdemunratribe susetwiinpiesss msfe
Qgﬂétﬁ?;s fo“ﬁé%goaﬁorﬁﬁ@ Qirxgrq IQ?BﬁfeﬁfH M!sedgf rﬂé‘l’ﬁ@eré’d’ l@eteroaryl groups are

o oo O U e, o
Wmdambafz albghzimidaoyhandii-ckaziolidazolgnickamplee p&bemzqmlg@j @Anembered

l Sroups arg%rﬁ{lﬁxofjp§%gm9yl@gﬁrﬂﬁ@ -thohet %Hl‘ﬁ@lﬁwl 2-quinazolyl,
%fou are 2-

qenFFAkH WU*nazokthﬂawnw' 4qézr'%y8.1rP§§mnf'dﬂ apd éaﬁ?{?i& Npming and
Bmntherimad tHeyHeterdrycles redYoabrylakendiraacl. iFtbgkr, and Vo Reaernk dirbudly ter
(ﬁrggw iskh e GNARY b g r&%gedrlﬁltl@ e EReE Weiteint 1857,

terocycl es 'has been ta en fromL. Fieser and M
Fi eser, Lehrbuch der organi schen Chen1e 3rd revised
leﬁlptelf@re,d tAée the aglidalzodfiiethe Weinnla €XIN) 4r8 &iéntic36 preferabdy fluorine, chorine,

RL&hE cﬁge ﬁ%—atﬂgfotr aFah(g e?p%t;ti&@i‘lars %ﬁné,?ﬂe‘iﬂ}gﬂfbgﬁfggl a (Xv)

are | uorlne, ori brom nhe,

.C1l-Cr-al kyl or aralkyl in particular chlorine, nethyl

™e sl?ﬁftﬁéé@ of sJ&hQ:oﬁMlék&hﬁfah $>e @érrléd»l@h b MEPbEXesws a&r daepreferably by

by. f
rleg%lt%P Ie He(z) %épr?%xatggﬁa?sgé a%y y]%gu Bgrﬁor} Qr{xo% Wtﬁl%lfée?é{f titanium,
figorige.debeim erehomiinmi t h hal i des of titani um
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titanium: v&madi

40 zirconium hafniumor chrom um WO 2004/056482 35
PCT/ EP2003/ 014447 Anong the netal | ocene conpl exes of

wo b@4fosmsul a (XIV), prefer encesgs gi ven to RSEPQI/EP2083/014447

RAER2E (XIV a), R3E 1E E M Xt+1 10 R5E RLE RAE R2E
3E R 813E MLEXEt (XIVb), 15 12E R R R11E R1OE 20 R5E
|E RRE 3E 25 R R13E MLEXEt (XIVC), ROE -Rl11E R10E 30
Robng thdetaftitbne stimpliix&FofftheVibimtiet (X{\X| plekkrence3b gikén toANDNG

t he compounds of the fornula (Xl Va), particular
preference is given to those in which ME is

or chromum 40 XE is chlorine,
phepyl , al koxy or aryl oxy, WD 2004/056482
4447 t is 1 or 2 and RIE to RSE are
Cl-6- al kyl orxmnmg),adj acent radicals
Rubstituted or unsubstituted benzo

Cl- C4- al kyl,
36 PCT/ EP200
each hydro
RLE to RSB fo

-group. 5 Am)ng%atEh conpounds of the fornula (X Vb),

preference is I venMt' hose in which WE is titanium
.zirconium vanadi um hafniumor chromum XE is
fluorine, chlorine, Cl-C4-alkyl or benzyl, or two

radi cal s XFRsfsor Nk & substituted or

(XiVb),
(XIVe),
RSE ’ R‘IE
RZE
. 3E .
SR
E
A

Among the compounds of the formula (XIVa), particﬁlar preference is given to those in which

M is titanium, vanadium or chromium,

XE is chlorine, C4-C4-alkyl, phenyl, alkoxy or aryloxy,
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unsubstituted butadiene ligand, t is O in the case of
chromum otherwse | or 2, preferably 2, 10 RIE to

wdi4as@seach hydrogen, Cl-C8-akkyl, C6-C8-ar yPCT/RROER(14447

OSi RGE3 or Si(R8E)3 and RO9E to RI3E are each

hydr ogen, C1-C8-al kyl or C6-C6-aryl, NR 14E2, OSi Rl 4E
3 or SI(RI4E)3 or tw radicals RIE to RSE and/ or ROE
to RL3E ksdgethed with the CS ring forman indenyl or

RSB LSS, SISim S T EamBE .

ornul a \ ) h the’c renyl radicals
ar e i denbybetited prunsustituied hpraciNeUisef ul . Exanpl es of
particul arly useful conpounds D) of the formula (Xl Vb)

B R BT L BB LR AT Tl e R

MO bi s ( misttitepiuty gicopient adadiyiy. Dpfnjurcershiomidit.chl or i de,
RFs( et hyisem&lne,&%ra;hﬁéalic@@%n(fior SR UP b ElalcAE XEBrm a substituted or
bi s(n- but%lt_‘c .gl %E@Ft adi enyl ) zi rconi umdi chl ori de,
bi s(1-n-B El%{'-”?i e &%F'opent adi enyl ) -- zi fconi um
ti chl or i @@,in b séserdemyiimi stoewisarhodRahtferbldé,
ST hf_t L@?ﬁ@fﬁ%ﬁ%ﬁ@{ |c|)‘13Uéﬁi¥4;tt Ltggtﬁ;(n qm:!zaéz{r,:1 Sﬁwﬁaaﬁnémﬁ)a and
beS 3k Sl yl)z | 4By
B ReE ML HVEeE oy PhETEra R 2 OSRME; or SR,
di twe rdwidalsiR" clo M Uandéon RP oo RS tog@BePeithtthe Q4 rngl fgrmuadddghy! or

g@m@@@%e@,{s)fsgﬁfor mula (XIVc) are those in which Rl
SEis R1 6E°RI6E RI6E 30 Si or -C- C | | RI7E R17E
RL7E 35 or =BR16E or =BNRLG6ERL7E, .MLE is titanium

The coompountds of thia &dfrnule (XIVb)rin waict the uydupeatadienyhiadiogls aneddentkigl are

« i ical or different and are each chl ori ne,
Bl i

enzyl, phenyl or C7-C15-al kyl aryl oxy.
40 Particul arly useful conpounds of the fornmula (Xl Vc)
Bendids @ partidulatii @sefid eomipandXh)\ée the FMRURQRVLDIbEAR2 - 37

' 5%%@89§én%}§r%éﬁum @%ﬁoﬁge, 55(per@ﬁet@lgclaent&%ﬁ)zh@ghium dichloride,

,bis(methy?ci/clopentadienyl)zirconium dichioride, bis(ethylcyclopentadienyl)zirconium dichloride,

bis(n-butylcyclopentadienyl)zirconium dichloride, bis(1-n-butyl-3-methylcyclopentadienyl)-
zirconium dichloride, bis(indenyl)zirconium dichloride, bis(tetrahydroindenyl)zirconium dichloride
and bis(trimethylsilylcyclopentadienyl)zirconium dichloride and also the corresponding

dimethylzirconium compounds.

. Particularly useful compounds of the formula (XIVc) are those in which

15E
R

is R16E RISE  RI6E
S I
— 8 /™ or - C — C —
| L
RITE R7E RIE

or =BR"€ or =BNR'"R'"E,

ME is titanium, zirconium or hafnium, in particular zirconium, and
XE are identical or different and are each chlorine, C4-Cy4-alkyl, benzyl, phenyl or

Cs-Cys-alkylaryloxy.

Particularly useful compounds of the formula (XIVc) are those of the formula (XIVc')
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I0R R TI13E .R 15 R RSE where the radicals R
are identical or different and are each hydrogen,

w@ie0@hs48t kyl or C3- Cl0- cycloa% yI pr ef er abl pCTYEPIVYS/)14447

et hyl, isopropyl or cycl ohexy CB C20- aryl ,
preferably phenyl, naphthyl or nES|tyI
C7- A0- aryl al kyl, C7-C40-al kyl aryl, preferably
4-tert-butyl phenyl or 3,5-di-tert-butyl phenyl, 20 or
C8- C40-aryl al kenyl, RSE and RI13E are identical or
different and are €% drogen, C1-C6-al kyl,
preferably nethyl, LBopropyl, n-propyl,
n- butyl, n-hexyksa utyl, and the rings Sand T
may be identical or e and sat ur at ed,
unsaturated or parti/gllyl 25 saturated. The indenyl or
t et rahydroi ndenyl 1/ dan® of the netall ocenes of the
formula (XIVc') arfe-greferably substituted in the 2
position, the 2, dspogitions, the 4,7 positions, the
2,4,7 positions, theuwR, 6, positions, the 2,4,6
positions, the-2,5 6 |positions, the 2,4,5, &wesitions
or the 2,4,5,6,7 posijtions, 30 in particular in the
2,4 positions, w th\tjhe follow ng nunbering applying
to the site of sufstNtution: 4302 6C 7 1 /Rls
35 Furthernorg ghence is given to using bridged
bi s-i ndenyl conp :‘:;p gfe rac or pseudo-rac form
as conponent f P erm "pseudo-rac form' refers to
conpl exes in Whi cH t he two indenyl ligands are in the
rac arrangement r& ati Ve to one another when all other
Hﬁstltuents of the conplex are disregarded. 40 WD
Y0¥3/ 056482 38 PCT/ EP2003/ 014447 Further exanpl es’ of

'marradlaalﬁlf%aateydamsa o diffeagrd bydsare e@Bh hyEsRN) Cald-alkd Wés” 1o-cycloalky|

F‘et‘é%b%ethyl ethyl, lsopropyl or cyclohexyl Ce- gzo—aryl preferably phenyl ‘naphthyl or

b:‘&

t | t

AR SIS R AT T R e
o @l e aiydixenyl,
d|nethyIS|Ianedlylbls(tetrahydr0|ndenyl)2|rcon|un1‘ '

hl'otide, ethyleneb | t adi
BIEiH S G aateR) PN PHIB G P PO ﬁﬁé'ﬁ%f?n?%?rﬁéémemw

ethinyikenngigi, 8-propyl, n-butyl, n-hexyl or tert-butyl,
and the rings S and T may be identical or different and saturated, unsaturated or partially

saturated.

The indenyl or tetrahydroindenyl ligands of the metallocenes of the formula (XIVc') are preferably
substituted in the 2 position, the 2,4 positions, the 4,7 positions, the 2,4,7 positions, the 2,6,
positions, the 2,4,6 pbsitions, the 2,5,6 positions, the 2,4,5,6 positions or the 2,4,5,8,7 positions,
in particular in the 2,4 positions, with the following numbering applying to the site of substitution:

4 3
]
2
&
7 1
/R15

Furthermore, preference is given to using bridged bis-indeny! complexes in the rac or pseudo-rac
form as component D). The term “pseudo-rac form” refers to complexes in which the two indenyl
ligands are in the rac arrangement relative to one another when all other substituents of the

complex are disregarded.
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5 (tetrahydroi ndenyl)zirconi um di chl ori de,
t et ranet hyl et hyl ene-9-f | uor enyl cycl opent adi enyl zi r coni

waino4asait ori de, - PCT/EP2003/014447

di met hyl si | anedi yl bi s(3-tert- 8uty| 5- met hyl cycl opent.ad
i enyl ) zi rconi um di chl ori de,
di net hyl si | anedi yl bi s( 3- tert but yl - 5- et hyl cycl opent adi

Bimhk) @@mfsl@@bﬂﬂaﬁamgﬂm L@éiud@talﬁtsrmt hwl:)saddame/dp wtlade:
%f”ﬁé‘{’ F]I J;quséwélgsp%}lt%dz eg\ @zlrc%ngurrr\ glcl%‘l%u gti’h Isrlaned Oylblsdmdenyl

mcgrmmriqch{gnde dlmethylsnanedlylbls(tetrahydromdenyl znrconlum d|chlor|de ethylenebis-
m?aehwléayh ﬁf&@ﬁwldtahn@&ee Emyn&némwdelnmieeahhu}rzaxémae Wiylenebis-

8 éﬂ%pﬂ)&@wm% &Eo&ﬁ? S%{%‘eg'}y%myﬁge -9-fluorenyicyclopentadienylzirconium

dichierdh)dirséthysiiatidiy Ibis( Sie8-brigtfrykthBeyrsphytedgul)igenitradiciinyde,

{jj)nethgl lraﬁ&mlﬂéﬁ %rt ﬁg'egn?lc clopentadlenyl znrcomum dlchlorlde dlmethylsnanedlyl-
| ane | b s

Pi%zmﬂfywﬁPUﬁ'f@P@ﬁ'I digh opiied g|n¥ethylsnane8ﬁlblspzylsc§:py opyhn%enyﬁ zwconlum
dictaidbydirséthyéstandidly bl SteR-betyinde nyhdiernyiunzdiahodde, diethylsilanediylbis-

%Lrﬁ%}bgﬁndzeﬂﬁ lrgénrl e& E}Xkﬁxk'cﬂrﬂ%ﬁﬁ :apédﬁﬁd%(mmﬁll -5-methylcyclopentadienyl)-

rconi u
arcrar@‘@rﬁywpmdan%mpwﬁlag?dzwté% (PrpihYIzB-iSoRsRRY Y HeReRPFIPRYIZEEGRIE dichlo-
fide, Gimefalisiahétiyibis(2-ethylindenyl)zirconium dichloride, dimethylsilanediylbis(2-methyl-

yethy) A%gr%@% }c%h L@%ﬂ%{h%@fgﬂn@aﬁhaé 2R eRgIngR Ml W donium -

%gfgwpmtwféanww@(y@i gy, ShaneingsmbrigNy? Airdeideumtthy-
sHepPbiRnddilinis(Zlepersbenzihaagiinbdiirs Gizniomishyibhenylsilanediylbis(2-methyl-
65%ﬁ€znen %w%%ﬁéa% CFB onl Hnb%lyfﬁmixgéillggﬁ ethﬁ/ ,5- ngzmdenyazucomum
mhlqﬁd@ m:mpm)@@anedlylbls(z methyhndenyl)hafmum dlchlorlde dlme hylsilanediylbis(2-me-
fﬂylplh&EWhﬁdiénﬂWQéthanB@r(l&TdEBdnrthyliﬂa@éthb)sm@rfetlﬁylwnﬁhenyl|ndenyl)21rconlum

| ?ﬂwr idg, Jﬁﬂ%%ﬁ%%&g% ?@Ftﬁggﬁ( )@wp nyl).arcomum dichloride, dimethyl-

silarmwfwd(%eﬂmﬂdwnymmy@(nQereft)hlycbnMlm glebinyds ﬁld@ﬂwylﬁ)aﬂﬁq*nd@ﬁ?@ropyl-"r-
{'ﬂ-nagl‘ltﬁ Ilin‘aéhygﬁrcomum dichloride, dlmethylsnanedlylbls 2- butyl-4 1-naphthyl indenyl)-

|rreth)éIS|Ian >1d
ichloride,

FBRHT U TG GF R YT %ﬁ%%‘ Phe”a%fy%g“ﬁz'mﬂ“

. gimbthpsdhsdijhiis?-thetity Rrlsogtogylindeayatréopiur dichionge,)dimetaytaianediylbis-

% ﬁﬁ%&h}blg%o)pmp enf}?&\)ﬁ}cbﬁﬂrﬁ @chlH?desQl%efpl&ﬁﬁ?s)ﬁ‘adlﬂlbls(z methyl-4,6- dnsopro.-

Zlrconi um
G Wi S B G S By P e A GRATS Ttgpinden)-
zircaniure dinhlorive ddicbingsiladediyibis(2-methyl-4-[3’,5'-dimethylphenyljindenyl)zirconium -

%ﬁ@?ﬁj@ydurﬁéthﬁsg%d?ﬂb@(zs&n@ﬂnﬂr4°[@&ﬂeﬁ ButliBhPPRRRAN i nkinT G de,

Zlrconl um

WP AT RGNy Se R RRAY IS Y BPBT FiRtG: dafipsianediv

Bis(Rathyld-@hie abigiphergljinaxniiydirsoriamdichigridbj dimethylsilanediylbis(2-propyi-4-[4'-
%a-'bz ﬂh%ﬁgﬁ Fé/elnél%lrb?ﬁ'bw ?H}fcl)rldg %@rﬁé&h)lélbﬁé‘oﬂm é@fﬂsgbrem-@f 4 48 butyl-

Wnyl éM)FI)‘CEPIP@ h[ﬁ)ﬁgiqjldmﬂ*d}s %dlylbls (2-n- but;ﬁ-df -tert-butylphenyl]mdenyl)
gicomibrh vicslbrica neichieyl bilag ¢ Ryl p-hptyi-4{4p+ertetityl the nydime ety Eipph@wm

é(!:lJlérfa ét y’lsuléﬁ d cﬁg »th r%'fﬁ/lﬂ@ ny(2-methyl-4- phenyhndenyl)zurconlum
?lpl}lﬂj@ﬁ ei)}it;tixlqﬂeé?yﬁ%i%%aﬁ%é? p%@thyiédenyl 20:1ethyl 4)(1 Eap%thylgmdenyl

ﬂlucfmamrhyicmbdncan@ﬁhewlbnaaécﬁyl(ﬂ&idp;dpqume-rttmwphbnm Tinderdysayrhdthyl-4-[4'~

gﬂ%ﬁﬂ%lﬂgr@b Fmé:e(?)gl Z%P%n%ré(‘ Qtl%r lmeth)tlsil,aned gl (2- lskc)aar l-4rg4 -te (ﬁ;utylphenyl]-
ﬁ@%ﬁ&éfﬂi%‘bﬁnﬁemﬁ“mPbﬁlYB'ﬂij%B/z'ré?rh@P H»ym'@nqea%@ y/lis”ane lyl(2-isopropyl-
b{zls(ea b@{ytbﬁényﬁm{ié'\yl')(b&ﬁdth)}wi{a’ b Fﬂ”@lfébtlb].l‘dymd@d’y}}lhblﬁytmﬁlubhmnchlonde

? @F{p\ylg[ﬂ\?ﬂe yrs(ﬁ ésr? {’M"@{g -ter%?uetqpyen Y:H?f ﬁ'f%%lyl-cfl [9 L#aphth%ﬁndenyl)-

dncmmwmyic@omdaraed evwlbn@% Boprgmﬁ)ﬂtbb%rt mﬁ)[lwenllb“rd?nwm*wthyl-"f {4'-tert-
phenyl ] i ndenyl ) zi rconi um di chl ori de,

di met hyl si | anedi yl bi s(2-n-butyl-4-[4"'-tert-butyl phenyl

]i ndenyl)- zirconium dichl ori de,

di met hyl si | anedi yl bi s(2-hexyl -4-[4'-tert-butyl phenyl]i
ndenyl ) zi rconi um dichl ori de,

.l YN N
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care dinethylsila edlyl(tetranethy

WD 2004/ 056482 39 PCT/ EP2003/ 014447
but yl phenyl j i ndenyl ) zi rconi um di chl ori de, and al so the

waormmsq@endi ng di met hyl zi rconi ygm  zi rconi um PCT/EP2003/014447

nmonochl ori de nono(al kyl aryl.oxide) and zirconi um
di (al kyl aryl oxi de) conpounds. The conpl exes are
preferably used in the rac form 5 Such conpl exes can

8y ISHERfIMasH B R oRYm BIRhDACS ak @ th edrreS gandipy efnestrgrtzdraonkuyn,
g 5{35%&‘05% O R e S P ) dopounc, The

mpleser arerprefesgblyi usag in theaadirum  ni obi um tantal um or

chrom um Exanpl es of appropriate preparat|ve nmet hods

are described, inter alia, in Journ

¥ AFBRIRIES PP S DRBRR L) mesy® (GRIBGFT Loy Bstegahly byygaction o tre
Rardpriately arbdsttutes,efyclic hydnpohmdsioo$ wnm@llﬁ@miaalumxzwqr)lum hafnium,

\ﬁarngdl&rﬂ Q'ﬁo%lu'rrp ia%'llﬁhor cwoﬁudn? Etxéxlhﬂgé M@b%pr@t{:&@ﬁ‘éré’t% mefhods are
tIt Ium

doecrRaTE F. 1 R SR B RS 080 BBt

unsubstituted . butadiene |ligand, 15 RIL5E is RL6E R16E

kDl eend 1t B OB ARG 20,07

Ms | @Fmﬂum§¥@F@WH@IWPQWG#HEEP@mR§E and R5E are each

Xfy dr oig eReringlc GLoriah snphenyporaive raalehly Xnfednhy bybstituted or unsubstituted

&adC]hgl@ gl oal kyl, C6-Cl5-aryl, NRBE2 or Si(Rs)3i or
Cent radicals forma cycllc group having from

4 to .30 12 carbon atonms, with particul ar preference

ocH ngisgi ven to aqu*SERlE to R3E andy'R6E dred ng net hyl .

Particul arly usefjul conpl exes D) Ff thE formul a (Xl Vd)

cycl

pentad|enyl)(béﬁiylan1n@Dtltanrud$drthCorrde '

di met hyl si | anedi )1I (tetranet hyl cyc! open adi enyl ) (tert-

35 butylam no)tit'ani um di chl ori de

d|nethyIS|Ianed|&1?tetranethylcyBiopeﬁiadlenyl)(adanan

tyl) titaniumdichloride and

di met hybgisk gneqprésgiradenyl ) (tert-butyl am no)titani um

di chl ori de. Another group of conmpounds of the fornula

(XI'vd) which.are particularly useful are™bhose in

whi chis MLE i s—ti Dapi-ym  vanadiSwa-qfy chroni WRE

preferably in the oxidation state |11, ane”40 WD

2004/ 056482 40 'PCT/ EP2003/ 014447 XE is chl ori ne,

Cl- C4-al kyl or phenyl or two radicals XE forma

subst istiuwt ehraerabipaubst i t ut ed  but adi ene i gand,

R'E to R* and R are each hydrogen, C1-Cyo-alkyl, preferably methyl, Cs-Cyo-cycloalkyl,
Cs-Cys-aryl, NR®, or Si(R®)s, or two adjacent radicals form a cyclic group having from 4 to
12 carbon atoms, with particular preference being given to all R'® to R* and R* being

methyl.

"Particularly useful complexes D) of the formula (XIVd) are dimethylsilanediyi(tetramethyicycio- '

pentadienyl)(benzylamino)titanium dichloride, dimethylsilanediyl(tetramethylcyclopentadienyl)(tert-
butylamino)titanium dichloride, dimethylsilanediyl(tetramethylcyclopentadienyl)(adamantyl)—
titanium dichloride and dimethylsilanediyl(indenyl)(tert-butylamino)titanium dichloride.

Another group of compounds of the formula (XIVd) which are particularly useful are those in which
M'E is titanium, vanadium or chromium, preferably in the oxidation state lii, and
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RISEis RLBERI&E RIGE 51 | I -Si or -ICGC1 | |
R17E R17E R17E 10 R16E R16E R17E C 117E 15, or

WeBR1AE481 =BNRL6ERL7E, A E is , ;O R19E, - NRI9E2PCPREDER014447

or an unsubstituted, substrtut%d or fused,
het erocyclic, in partrcular heteroaronatrc, ring
system 20 v is | or when ALE is an unsubstituted,

RUDSt {sHbLRR, @{ CJE@%@& ph@ B 106 Yadidale XEifdHe 2Sa0BHRMR B s Betituted
and S5E are each hydrogen,

@fa‘{ﬁrﬁ“gﬁyl €3- C10- cycl oal kyl, C6-Cl5-aryl or

Si(RBE)3r or two adjacent radicals forma cyclic
greup;havi ng froR'% to 12 carbon RFfFONR™5 In a
preferred enbodi nent, AlE is an uhsubstituted,
substituted or_f fused heteroaronqgrc ang system and
ME is chromum Very p&fti cular ‘preference is given
to AlE being an gnsubstltuted or ‘subsgltuted e.g.

al kyl - substi t ut ed,,gui nol yl or pyﬁ7gyl gund in
position 8 or 2,Re. g. 8-quinolyl]

“(2-met hyl quinolyl), 8-(2,3,4- trlnethylduinolyl),

8-(2,3,4,5,6, 7- geranet hylgesih IyI) v being 0 and 30

MLE bei ng chr om um Pref rngd catalysts D) of this

type are 1- (8_g§]nolyl) thyI 4- et hyl cycl o-

pent adi enyl chr o un{ | FF)‘dlEﬁIorlde

1-(8-quinolyl)- ﬁﬁgsopropyl 5- met hyl cycl opent adi enyl chr

o- miun(l11) diBhloride,

1-(8-quinolyl)-3-tert-butyl-5-methyl cycl opentadi enyl ch

rom umdr EBWSW&BNRFBFP@I@

1 (8- qU|nonI) 2,3,4,5-tetranet hyl cycl opent adi enyl chro
un(1 1) drchlorrde 1-(8-quinolyl)tetra-

h&?dr 0i iR e{?;»ﬁyt' F et ?ﬁﬁP&r’Fﬂ drlap udsubbiitded, gebstituted or fused, heterocyclic, in

1-(8 unokuadapdameohiaiun(l | 1) dichl ori de

(8- qui nol yl) -nethy ‘ndenyl chrom un(I11)
di chl ori de, :
- ( 8- gt nDWi}dn)A“_?rs a8 opmxbgtydrtedq de!rsyﬂueld pofusedrpétedoyyclic ring system may
di chl épﬁﬂ 1- (8- qui nol yl)-2-et hyli ndenyl chr omi un(|I |
) dichloride,
1-(-8-quinolyl)-2-tert-butylindenyl.chrom un(l 11).
RiFehRErhdRS" ate ¢8h fydrominyt ) bealkyinClety-bydtatgi, 0HC|siahy) or s|(R"E )a, ©

di chl Qt(!vh_%? iacie)?'rf %? C %ﬂ}‘?gé@rc groUF EMAg%F}FA tgqg 'aé{r]bon atoms.

chrom u
1- (8- (2-net hyl qui nol yl')) - 2-net hyl - 4- et hyl cycl opent ad
i@ rydrefbrreamambadilmkbht) A'F i anhineubstteted, substituted or fused, heteroaromatic ring

elyst(eg'wl a@ré 'MTE;E Qén(r_%rq“ﬂr 9%% ghrtrgula% &?‘eféidcg 6§ g‘ﬁv’@rttg] XiECb\éﬁrlg %R%Hstu@gtrtuted or

I'en romu
WSt(“Qeqr@tgh?WdrE‘r’tﬁ@PS?F’ RyingY! EPKFEY SPYIAMPISERP 8197 ZrR(g- Erapinoly, &-

dircdihyefuindll), 812 G B-tfidetiagunyd)us-(2od 4,5 B 7 ihegenathylddolyl), v being 0 and
@Q%%{ g%t@ér%%mélgre}g %é 5?319&5’6%‘% the &rEﬁ‘ié“quH&yd i-)nethy|-4 methylcyclo-
mentagieppehmstivpillg dichisriga, 1 4&-guinabiyiFeRieRshS meHw SyA Qpaptpgienyichro-
rﬁluﬁrhll)&l’dhdﬂde 1=(§-Buificly!)-3-tert-butyl-5- methylcyclopentadrenylch;olmrum 11y dichloride,

o) ro 0
L{no&bj 3& 4!%/[ %%m%&yl%egﬁerﬁ%kenﬁgﬁg%g Iag) cﬂ:{hﬁaﬂie 1 G()S quinolyl)tetra-

Wro@ﬁpr@ﬂﬁhmﬁfdn{r 1 dighlerifleot- Bd@molyl rndeny chromium([ll) dichloride, 1-(8-quinolyl)-
ﬂ-m@&ylh@ed’yﬁhﬁdbﬂrmlll)ﬂ@bmd)r)db thcﬁrrnbwmiréblproﬁﬂﬂBefdyf‘chfoﬂmm{l‘lm bichloride,
t—;?) OC"?OL:@ Zhe))]ygl?ewiﬁrwn} )JI‘B%H ZdlrcHl rédne |1 é&?,}clgumolydf%- el'tlbjrtylrndenylchromrum(lH)
dihdnide ri( aeurorlylmeomc(ezylrrmrhlymdldrdrrblquiE) J<(&qyieqitly3-methylbenzindenyl-
chromium(lll) dichloride, 1-(8-(2-methylquinolyl))-2-methyl-4-methylcyclopentadienylchromium(lil)
dichloride, 1-(8-(2-methylquinolyl)-2,3,4,5-tetramethylicyclopentadienylchromium(lll) dichloride, 1-
(8-(2-methylquinolyl))tetrahydroindenylchromium(l!l) dichloride, 1-(8-(2-methylquinolyl))indenyl-
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5 benzi ndenyl chrom un(111) dichloride. Furthernore,
owing to the ease of. preparation, preference is given

Wo eoogos@Esunds i n which RISE is,, CH=CH or 1, 2- phenyPEng014447

and AlE is NR19E2, and conpounds in whi ch RI5E is CH2,
C(CH3)2 or Si(CH3)2 and ALE is unsubstituted or
substituted 8-quinolyl or unsubstituted or substituted

r&rQruﬂMﬂ |dii:‘ﬁ|orrdeT|ﬁ‘-f€8 @trﬁ&ﬁﬁ@lmcﬂw @-f’neﬂ’iym’(dieﬁylﬂhr&tnhrmﬁ(al) dichloride, 1- (8 (2-

CURUABRL L o I A IEER Mol fhaine
_ hylgraomdsml) dicolerder 1-tie@;mdtaiquineiyinp?-tert- bgylquenmrgm@ dichloride, 1-

l 1Cl m me -
anhefthyg'ﬂfﬁw Eéﬂ’zmdén]y%ﬁr%)mugn?(ﬁrgd m&%e%a{s gg S%ihqulrurorjl) }-2-methyl

TVEmi%BMhWﬁ%mK@?%*‘%HﬁDIexes in particular
t he- chrom um conpl exes, can be obtained in a sinple “
%@ﬁorﬁ %Vrmﬁ ‘g@tﬂé Lag DEB%RQ%H oﬁ’rﬁfeﬂ;nge g%tv@rlr toXBhpSunds B vehich R is

i gand ani on g Y

FBFRDES! &ﬁ%ﬂ%‘@@%@*% rereR ex AR PRRPOHRASTHEY R\C R97Efé%%5‘?; CH), or

Qr@or@ydhh &i* is istBdiitueedanbasyistes 8Buinolyodr udg:bstiuted brovksiiged 2-
Q%Png at |least one ligand which is formed from a

8§ opent adi enyl or heterocycl opent adi enyl and a

fused-on heterocycle, with the heterocycles,

Wlﬁ@;ﬁr@ﬁa@éﬁoy oh@bﬂﬂ@lnﬁbﬂémydldpeatader@@ﬁgaadsmas@em krioerg ém 2 long time.

EhEr P e BIEL RATBRM B R LE, ol o . s

di iméihay| @errr (é%dn?? (429148319 P- Wizb Py Sigrepdings J. Orgmet. Chem. (1995),
B, J{21ds; di net hyl - N- phenyl - 4- azapent al ene) 2| rconi um

- dichloride, dinethylsilanediylbis(2-nethyl-

phenyl - 4- hydroazulenyl)zrrconrunrdrchlorrde

“dhempethlydogiplesaseidippitibila (tize: @rdminm Jolelrs) o caqbﬁyatla@a%@ a simple manner

bﬁé)é&t% He%%BﬂoﬁﬁBtéjﬂnétEi Bltd, @&, metal chlorides, with the ligand anion (e.g. using
me@%%so qaglgcl;{grto e exan[:r)gfes rxlDE-A—?QZ]Em&%E al ene) zirconi um

(i ndenyl) (2, 5-di met hyl - N- phenyl - 4- azapent al ene) zi r coni
Bt SRbQE bﬁﬁystsgi% rr'rzdi'lfd‘eWtall%é@n%@pé\/ﬁrg%@feaét)bﬁé ﬁga@bj wﬁiﬁ:@ is formed from

systens In a neta

onh
' WCY‘-'PPPE?%?‘E”Y@Q( gﬁﬁ[ OQYCI%HHGHISWE %f?l g% carg'\ e\’ﬁﬁcfcggl H\gtg nrb q'éeﬁerocycles
' brl’e&ﬁbs,/cbemgtal'bnmtm eradou ringrighadivop erearalivd s@ivh Segueampoynds are described,

?3'? Cpﬁﬁarn%’@ 9&@51}8%)('%'5@& SrelY pdFERIR%S drﬁ‘rfethg@ﬁéﬂedﬂyl (2- methyl-4 -phenylinde-
etra

orid reparatlon of

g nﬂ)é%)é‘(’ji”l?g@“ Np@ﬁnyb&%ﬁge@a enelZingey e F'&’l?ff’@ cY @gt%% ﬁgedrylbrs (2-methyl-4-

phidnlyiadohyarozadiedylaicsnibd) dichiofidedéimeihy/lsimoddiydis (ihglehpeayidsydroazu-
‘eﬂ{ ﬁmo‘r“\mrr] J\{h%é’ 'E]s?f#ﬁﬁreﬁrtyl N Sﬁ’e?ﬁtM %ﬁedté@r@%rr%rmﬂﬁ) digfloride or

ese’ conmpaunds $
A S B WLt R
01/ 09148. Furt her surtable conmponents D) |nclude
%B;%?E&t%@@ cﬁ%gé IP) @ﬁ%sin Whitha ﬁreraﬁlédéﬁ@&ﬁﬁ;ﬁ)und rs combmed with, for

Macrocyc \%1 particular su Stltlé d b "
@xﬁgnqujasﬁrr ingrearic gxrq;s quhag?g@yt&qa@ql&tgﬁE%ongﬁbalkoxr & Snd U sequently
dnidrindtetiy oekamPObR AREANH 6482n ¥RadRCTIdEPRO HBH&UbA4LT such systems is

GUElOnORPES Y A8, 6R58 of this type of catalyst,

refrerence kew se given to chrom um conpl exes.
Preferred catalysts of this type are
blhe’ﬁs@bablé beﬁtﬁf?&tiﬂw helddedmBothrbraizacyopanexiamé]ch cotomum bears at least

d dth aration are described, for
P s o B ety s e RS R R PR R

exdreftd, sYWaeé/0p1as3, 5-

trr(octyl) 1,3, 5-triazacycl ohexane] chrom um

h : d d clic
%vrlériceé ﬁ@{?é\ﬁ 8?@%10918%% @Hn% Lr 2 ngr?%/n d)wet%l cgm%fe%slvﬂl%aa t§dentate macrocycli
figang, i6 particu(ey eurh_symed En®umb$ﬂité@a1c§ré~rr@h@xﬁﬂ@réfrﬁ5@ﬁﬂ (yh7-triaza-
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trichloride. Further suitable catalysts D) are, for
exanple, transition netal conplexes with at |east one

Wo c@amnssssnf the fornmulae XV to,XIX 10 RIF R PEI/EPDOF014447

2F | R /EF R12F EF R3F \EF (R12P)x EF R 4F R13F 15
R14F XV XVI R8F R1I5F RIOF H R22F 20 EF O R21F R23F
1sF EF (CR2 )y R\F ROF | F R24F R17F F E RsF -E F

EylclonénanedRIAé EasEoRB R fype l8s fatdst, IBtdirenc¥ Vel ikeWist dikerdb ¥hromium

e A R R
oM, ridplgridept 1, Bt~ 163, &ifepacycletexarieishrcayien Bighlerde, [1,3,5-
PRIcAN S ;3 FHi8IRY FIMELank BB B trit1HoridE, [§.0BRRHARESyIBY B hza-

Pelronp e et 5o er PR bor SR e TabT R O P

Ecorigiat s, preferably Nor- P, with particular

preference being given to N The two or three atons EF

in a mpl ecul e can be identical _or different. 35 The )
Fythershitediegatalysts Ryae for grarpale. FagsIiza MRl ARTRIGES Yih at least one ligand
olitfid flermautte XM tbXiX) a | i gand system XV to XI X, are as
follows: RIF and R4F are each, independently of one

anot her, hydrocarbon radi calseror substituted 40

hydr ocar bonRi‘adi cal s, pr@& erfabl y hydrocarbon radical s

i n whi cR*{ hgrcar bon gkom We-2004/ 056482 43
PCT/ EP20§V§14447 ad] ac

t tothe elenent EF i s bound

to at keastgwo car b8 at lF
. ! 13F '
R* R _RMWF
v Xvi
R8F R1 .
" OF .
- .
~F 0 .
(CR2")y R ) E
ONF ‘
- ' © RVF __EF
.0 .
RSF H
R'IBF
XVil xvi XIX

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

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

EF is an element of group 15 of the Periodic Table of the Elements, preferably N or P, with
particular preference being given fo N. The fwo or three atoms ET in a molecule can be identical

or different.

The radicals R™" to R**F, which may be identical or different within a figand system XV to XIX, are

as follows:

R' and R¥ are each, independently of one another, hydrocarbon radicals or substituted

hydrocarbon radicals, preferably hydrocarbon radicals in which the carbon atom
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R2F and R3F are each, independently of one another,
hydr ogen, a hydrocarbon radical or a substituted

wogenos@sbon radi cal, where R2Gzand R3F toget hBCT/ER3003/014447

also forma ring 5 systemin mhlch one or nore

het eroatons may be present, RIF and R8F are each,

i ndependent |y of one another, hydrocarbon radlcals or

subst i t ukdgtent thrdreRERRDETS bt todt Ssastli@o BaboreatomBOF ar e

each, independently of one another, hydrogen, a

hydrocarbon radical or a substltuted hydr ocar bon ‘
Adind &, arqvroheindRipEndently FReRe afotRBIMYieenRe hysragrrion gestiqaker @

aI so for £Ub§tltutledﬂ§yo$6{:‘éﬁb6madi&5l Whdre FF%nG@\éhogether may also form a ring
i ndependen e anot car bon

d
r adi cal ﬂ@ '”§&ﬁ§?”??ﬁ?%ﬁﬂ?ﬂ?%§3 %Hgéﬂﬁﬁ%% rovvhere

two RIF may together also forma ring system RL1OF
ﬁﬁ%nw ar@E&hQMendeﬂﬁlﬁB%ﬂg§MAe\‘ HYfroeA}SorfraALt RS substituted
rocarbon radi cal s or substitutéd 20 hydrocarbon
radlcaJs hydeepaeoEdieals Rl 2" and RI3F are -each,
|ndependently of one anot her, hydrogen, a hydrocarbon

,ﬁmgng /bF DL o 2nS H‘IR%E ettt ohy Qﬁo‘%e? hg%gérﬁg 'h%rﬂ!acar%‘ﬂ fddcal or a

two or or” vi ci nal di Ca
R12A' andSLlﬁitQ&equcéﬁ’ét‘ féicdf orm a ring system 25 R15F
and R1L I F are each, independently of one another,

i QG4 t ut ed
e SO s o SRR pBeh Ay Tl S
|ndependently of one anot her, hydrogen, a hydrocarbon
R&dI cal @& eéch, BleRubsHly biltne dndtyelr lgeaigbgm hyadtasisdn, radRiDer a

and CZRgSZf@ttﬁutgéﬁﬁwga@ggp%ragtev’ottrwl PhEy Rghdelisosoma i

vin from
to 10 caﬂﬁ@ﬁvatons in the al kyl part and 6- 20 carbon

at ons in the aryI part,, where the organic radi cal s
b hal
Roce .45 &0 BArERIOT R RN G H gy puostited

hydr ogenhyd®taogradickly| , C2- C20- aIkenyI, C6- C20- aryI
al kyl aryl havi ng fron11 to 10 carbon atons in the

e 5 20 L B T Lol Moty o

aI so be mdbgpr & sttstiutey hibagen sadicatl whewe twd @imag geminal or vicinal
radi cal s RRAFRRRAFANRY gl 59485y t V\%&etﬂuéﬂ‘dﬁrﬁ@ rthgs By a

five- or six-nmenmbered ring and 2004/ 056482 44 ‘

PCT/ EP2003/ 014447 R26F are each, independently of one
RiDEAUER"™" any elrob gedepe Rt oad krydther @24rG24 alhkdzonarhon radical or a
C6- C20- ag ykiin@kg @)dlga@a@wtadlgglw ng from1l to 10 carbon

atons in the alkyl part and 6-20Q carbon atons in the

aryl part and tmo radi cal s R26F may al so be joined to

RET andeR {7 areeadh, iodepshdentiestioes edbtirer, mydrogeri, 8 hgdrogartibp radidaher a

the ConpaﬁémﬁgdBﬁﬁx%%%ﬁ%h%m(XV|) bei ng negatively
char ged

R and R*" are each, independently of one another, Cz-Czo-alkenyI,' Ce-Cao-aryl, alkylaryl having
from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part,
where the organic radicals R'® and R®" may also be substituted by halogens,

R%F. R*F are each, independently of one another, hydrogen, Cs-Cye-alkyl, C,-Cog-alkenyl,

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

6-20 carbon atoms in the aryl part or SiR*5, where the organic radicals R2FR¥F

20F R24F

may also be substituted by halogens and two vicinal radicals R may also be

joined to form a five- or six-membered ring and
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and 10 y is an integer from1l to 4, preferably 2 or 3.
Particularly useful transition netal conplexes are

wo begwsdasri ng Fe, Co, Ni, Pd of Pt as central POPERI003/014447
and contai ning |igands of the'#ornula (XV). Particular
preference is given to . diimne conplexes of NI or Pd,
e.g.: 15
d|(2 6- di - propylphenyl) 2, 3- dlnethyldlazabutadlenepa

&adlun1d|chlor|de 0 hen
U ot hy P 2R RTTIERUAT CRAATOHRL Y PR C-Car i, CrCaralkenyl,
di (2, 6- dis-O.cpyi@pykpdrgimalihgireret o1 Wiasralatiredi thaelky! part and 6-20
di met hyl d two radicals R® Iso be joined to form a five-
i (2, o dororh B R e et g o e B e AR R e 2 e

nethylnﬁ%ﬁeﬂm”@P@Q”GS
di met hyl phenyl ) -2, 3- d|nethyldiazabutadienepalIadium
dlchlorl : . ' =0
d| et hy |'Sg(|?%rz1 ag/ﬁ%thglcgrhgg%% Q@'Pu)ée{j(%(gﬁibglgiggegatwely charged when x = 0,
di (2, 6- @Pﬁethylphenyl) 2, 3-di net hyl di azabut adi ene-
dlnethylpalladlum
di (2, 6- dlneth ) yl di azabut adi enedi et
W‘Iyl ni cheF |nt8¥e(r 4| preféraglg/geoFQ
phenyl ) -2, 3- d|nethyldlazabutadlenepalIadlum

Fﬁialrt%ma@f us‘éﬁxl tréﬂsﬁ@n Hskmbhﬁﬁﬁé‘aydré théseshalingeehys, dlii &&ar Pt as central
ﬁla{tl%g%trgc? wfﬁlj v]d )O?gﬁ g‘?fm“ﬁéx‘ﬁyﬁ’%“ﬂ%'}ag refeéeyce is ven to[ %un]me

@hvlpadea,qfri\h or Pd, e.g.:
di (2- met hyl phenyl) - 2, 3- d|nethyldiazabutadienedinethyln

c{i‘%g%b%{mygp&\erb% me glmeguylgg agler?ezp%t?a%tlu%ﬁ %c‘f‘hloride, di(di-i-propylphenyl)-2,3-

dingthdigdab@a@ereniviet b:ylhlmdazda@lﬁtc&dpreméwheow)eﬂimeﬂmydmzelputaﬁéenE-

&Eﬁ&m%a‘@n 32 @'dﬂﬁﬁrwﬁb%@%nf’%@ﬂhﬁ&h@ﬁbﬂ%&@b(édﬂﬁétlhy@rﬁhkbllmn (2,6-

. qmtbvl@eawh%% HWBH@I%? ue%éﬁ?&ﬁgﬂ%ﬁ g@ﬂ%ﬁfﬁ e pheny)-22-
dithethyidizabl@tadieticqi2kdb didihionie hgif2 Bremythipteayipp destiyidiaa g kasliene-

- kel, di(2-methyl-
aﬂ"n%@%ﬂ%ﬂﬁﬂﬁh dhmetlyrl%het%yl 23ﬂPﬁterl%lgialzarlr)éJtadlei\edlrlnethylnlc el, di(2-methy
P02 BB HgF NPT SR s B TR HERUa TRV P et ymethyidisza-
blitabiiendriigryr diahyoripe ld|( 2 eHethiobkrg b Brdirdethyldiazabutadienedimethylpalladium,

% }netr@ipﬂgﬁ)}l)%.y:{ {”ngﬁglplﬁgai Eh ?ﬁed et%ﬁ-ﬁ’okellglphenég ,3- dlmlet{n dldlazabuta
céqrﬁp@“)adlwm died pndepalpfewé ﬁwtwg@f-aﬂu 2IsRRURKR afiiphenyl-2,3-
@h&ﬂyldlmbmefﬁertehmwhnaammanlehezhesazm-unbedqyldmzabutamnecﬁmanylmckel

dﬁgégj 'méi@dhegméiﬂ%g@gmj*}%gg’ﬁEEthﬂd g{%-dl%ﬁwlphgf?mﬁh hthene- “

rigkel deblogie, éﬁ%ﬂswylphemwa%#@n?ﬂ*f@?téw%lﬁfé)urﬁ%(ﬁ@rd'meqhylPhenyl)-
Dandphighedinkitiinaryl 1, 1adyRedaYddiunddichietide, 11 3ipyridyinickel dichioride,

hyl. n 1 ;3 di met hyl phenyl ,
{Tﬁ{bgﬁﬁ'@%@ﬁ%mﬂa"ad""’m ﬁl b'%%%lm%yl glElﬁchl or o-
6- et hyl phenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2, 4,6-
rticBlafly Ssetul bcrmp%hmél XBd @I@cy|ncludieﬂth§§efvthldhtdr@ﬁe52rlb3zd iff. Am. Chem. Soc.

'1?28] %%b{ﬁ) ﬁég@ﬁ% . 89(%3Ir%°%9 p¥és1%h§4'r%£r§ WOg8RT124, EF is preferably
etrdggh ancb‘hergnld R¥Adn §H0 ageam'gfeqaplm erRanq{@ij_)@pery} anthranyl, o-, m-, p-
Rét I&\reﬁ)h'zﬁ hy 8lr 98412 eImh e pheﬂi’rlhhﬁchlorfdplﬁgn@w Ldibromophenyl, 2-chloro-

qlwrsngtgggf?ﬁ%yl %3% ? t5yI 412% t436 anf ??r henW?rf%’arﬂcuiar 2,3-or
h-direteinhay!, msmmvhenyRﬁbﬁlomderRE@ Fdlgrp@ome@yl@,ng Bihp-trimethyl-

;mé } %% apd 55%2@: g H“F%f'eeﬂrég a}é_sll_?%ngO&ezﬂethﬂEét In-propyl, isopropyl,

rpHJéwﬁrt by bar e mwwe%tw B aEs '%Pagl%}‘af vgigeen of

aahpl X esd ecF3F tfeerdfergain tgirogeXavd R i Ipeeferam;am@rqgemmnethyr ethyl or
netals Fe, Co or NI, in particular Fe.. Particular
preference is given to 2, 6-di acetyl -

pyri di nebi s(2, 4-di net hyl phenyl i m ne)iron dichloride,

2, 6-di acetyl pyridi nebis(2,4,6-trimethyl phenyl -

|n1ne)|ron dlchlorlde

- 4o~ o P T B T T )
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phenylim ne)iron dichloride,
2, 6- pyri di nedi car boxal dehydebi s( 2, 6-di i sopropyl phenyl i

worzove)psasen  di chl ori de, PCT/EP2003/014447

2, 6-di acetyl pyridi nebi s(2, 4- dlﬁethylphenyI|n1ne)cobaIt
dlchlorlde 2, 6-di acetyl pyridine- bis(2,4,6-trimethyl
phenyI|n1ne)cobaIt di chl ori de,

ﬁhe@ﬁ%ldg ?Qr%&?@r mﬁﬁrb% n@@?&\%e YRR & SrmpRiEYdRaRYAds XIX with the

pansitigh medls\epye pidiire prrEger G diaiCHigr B FIspRR S give o detstyt
ﬁ}rtdmélblqb Kaitrhedl®/iphdylimine)iron dichloride, 2,6-diacetylpyridinebis(2,4,6-trimethylphenyl-

fdnad?cgkyée[’%g a% %‘?@Wﬁ%b@g?%@-&%h@ﬁy gﬁ%'y?irﬁﬁkéiﬁc)n"oﬁ’éﬁ?dnhe 2, 6-di-

_nwéqyrl@roezls@%mlnsgmppwvywﬁ@wwon Fichierobidiacetylpidisebiete 8-dichioro-

lﬁEnVlﬂtﬁJ:ﬁE?lFUB\)GfoH@n&@ Rl H@GedRamb oIy dedisies@disasrosaihahyising)iron

E\%lploré ,:41%9 g ert]ysp}ygﬁp%buszgg %trnuet%g@kee@&ﬁﬁlﬁg)ﬁg% It%fch orzageo Q%edga’cetylpyrldme-
Q:a«h@t@%ﬂﬁ;edﬂsmm@bplt iipharige h-fiaeetylpyliginglis(Bralrierp-Eunatylphenyl-

ﬁ%dbglg&&ﬂbn@é M&Mﬂyﬁ&ﬁ% B8- Mllsaﬂbﬁ},%g?]@mﬁiobélmhlonde
B R L e

bysiebit@betisreylpheaitine)cdralt diplyendel yl ani on or the
phosphol yl ani on, can aI so be used as catalysts D).

Further co Xes Sui t t

e BT FUTRD 6" BLA R o7 FRIGIRalE (B8 AL aTH fgPioces an
bé grapeied, fdr axaﬁmmm frbnngawaﬂt;liedfoonnseh%tquﬂcbgallca{mlc@hms and primary amines,
Tn%ﬁkul%@ubﬁltu eldrl}f gﬁjsuBchttﬁéH Hfed Fl’ré?ig’clg'iemetgl%ﬁ]bie%}, vith pi ligands

an_am eroaronmati c %
A3NIdnR 8T masg EFFQE?BWBESH&Y‘? B, RoTRORE M Oﬁafaabfﬁﬁeﬂs igand, the
galyl enjonfoo the@kesphblg,anlohadalso pe oshdes Satalysth®).pre- par ed
or -conononers to be generated in S|tu Pref erence |s
gl ven to usi ng% at | east one nono- ycl opent adi eny

BT @xPlgyes syitgiagiaidsidy 'r&fudathF%\é{%'Fh RrAY& bidgpia) E;Péi”dmtate
enestiogmRaydst BrsutliRapd, jor BRIMpEAS etherdfincidreif lim@d andh dnfine or amide

FE3leh Sk S5 QfindlBLS, ALbYARLAL.COMMGHARS O - Fer e,

conbinations A and D), one
nor e actlvatl ng conpounds C) may be advant ageous. The

B@&h}bﬁmbmmhé &rc\:oﬁl%r%lnbésﬁt) sndp) snable) fokexainpie, 1ol pectsad be pre-
Pﬂ'ed Of comPnomeﬁs to%}e anerateéim sgﬁj%lréfergrqce l?%ve%n(% ugﬁggtrlea@ﬂ c;nla mono-

h eserit
cisiopentFriRDYIcPoplenfbid |tféw¢seaw Qféwp@%ﬁn%ataésﬁam Wétomary for'the poly-
RRIO®T df éﬁﬁds@hd Gabated Sdne oPinofeaRtivaenAdRi poetista) g—&tr&] @Eepdn@ding on
%8 ggu’(glg?q corp p\ad &I Jn{i I) orngnt Sa%? Pa?ﬁé?onﬁ%ouiwds Cf‘)I n?ag%e%gvantageous

'‘es of variou
Comprivmerizatip) CataTYﬁéE Dragh dievisgtbie GURFOAHASORE Ibé peath siayliapgausly or in

Qw&#mtﬁ\e tc&nﬂ@;l b()rﬂﬂHezpﬁ’ésleﬁ’crhv@ﬁ‘ttom Blc?%xﬁ)plé , $helfichdbyclopédiadieny
re

(e S e BATPEaI A PP el PR Ao by or e

@5t sPhecris &.dil iy sito pyssiblerte hegymikiyres hé\fﬁﬂ@@rﬁ@fﬁ%@ as ggmponent D). The

Addi ﬁah@&%on@@@'@ 51 &z)com leﬂﬁ oIS?r(ﬁQﬂ&Qh’cﬂﬁca@ysi es usually in the
%ra

R 5300 BB B &?@3288% ShatiE oy oo ot :1 o

1¢:1. Na, K, Be, My, Ca, Sr, Ba, boron, alum num
gallium indium thalllum zinc, in particular Li,

JPI% cali(a'lysp/glstem mayr}urt %lr gorywprgllélén ag raddztlo’na! component E), a metal compound of the

_formula (XX),

MER') e R™) e R)6 (XX)
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5 RIG i s hydrogen, C1-C10-al kyl, C6-Cl5-aryl,
al kyl aryl or aryl al kyl each having from1l to 10

we 2000056482 ons i n the al kyl parygand from 6 to POI/ERPI00D0M4447

atons in the aryl part, R2G and R3G are each hydrogen
hal ogen, C1-C10-al kyl, C6-Cl5-aryl, alkylaryl,
aryl al kyl or al koxy 10 each having from1 to 20
eagrbon atons in the al kyl radical and from6 to 20
carbon atons in the aryl radical, or alkoxy with
CJ;. C13-al kyl or C6-C15-aryl rGis an integer from1l
3 155 And23GBands.@ ﬁ?é 2 herBg Rk minEmoFAllig™; idigm, Yy, zine, in
the sum pedictlaSG Na, KEvig Wores plomiungr ze, t he val ence of
MG 20 where the conponent E) is not identical to the
conponent Q). It is also possible to use m xtures of
Rari ous Ay ‘Pgeﬂcﬁl}:@uﬁﬂjﬁ &fCe-ael, plsyianil o afyleikyl eapmayvipotiies 1 to 10
met al  cogHA REbensGh the _féﬁ%mﬁﬁ Bhd fRorh X9 20 IR APNCR teSryl part,
given to those in whic MG Js lithium magnesium
boron or alum numand 25 R 1G is Cl-C20-al kyl .
RErand &1 are kgchpwerbeen; belogrst Gi-Coslityotn@s-ant, atkileryt envialsyizr alkoxy

(XX) ar eeaaﬁhmrlgl f+ohh1 %0 8By hioink thmnkyn del%'dtéhh |fﬂofnr€| t88D carbon
br.om

et hy! e gHAST Qe G e o Y oS GP G0,

but yl magnesi um chl ori de, di nmet hyl magnesi um

@i et hyl nagnesl Mo Piod but yl magnesi um

n-butyl - n-octyl magnesi um n-butyl -n-heptyl magnesi um
in particular n-butyl- n-octyl magnesi um
&¢md - n- hexyl al um num triisobutyl al um num
tri- n butyl al um num triethyl- alum num
di. met hyl al um num chl ori de, di nethylal gm num fl uori de
?re‘%”ﬁ&l al TRANFRGRS APEH 18R W the s hy'l Sl*UnPefTRFPonding to the Valence of
sesqui chM%ri de, diethyl al um num chl oride and
trimethylalum numand m xtures thereof. The parti al
h drolysis products of  alum num al kyls with al cohol s
e HF semprieqida i nogidenijgalio Eﬂeﬁemaqnee*cﬁ?pléﬁﬁ&orEPSﬁ'bé,e tayéedm'xmfes of
vdrlohﬁnﬁélezﬁﬁbﬁhﬂyofnh@ﬁs&ﬁma ixx).t he catal yst systemin
such an anmount that the nolar ratio of MG from
formula (XX) to transition netal from nonocycl opent a-
ﬂm@q}g}he velalremreundy of tge farpwe PXC0oeferenes ipgiyemto those in which
neef e ﬂthiubh Enég}ms.amb&owaﬂmanuh ald particularly

‘preef er; b [pm 100: 1 to 1:1. 40 WO 2004/ 056482 47
"PCT/ EPZ00,

4447 In general, the catalyst solid
toget her with the further metal conpound E) of the

ﬁé?fdmalrl@pr(e%}ﬁ\;d met&mmom ob@e etirinfig e tard mewyikithiem rmmy'ﬂithium

s ﬁ%ﬁﬂc gr'hametgsﬁmg%‘esnam chlo |deu%\e9\5lma%noeﬁ%frpq erR% ttl}yp agnes:um chlaride,

@tbxlraﬁgreslursywedﬁ bl@tvlmta@r@spmlcyhécﬁa ﬁlatetfmma@neswm diethylmagnesium,
&mhwgmgmraaw batylmtbc@fmé@h@sﬁdnmsm bukyl- nh@ptﬁh&@»e@mﬁmnt@bﬁcmar n-butyl-
By eateP e g CoRararc = v By PR Dbl Bef:
#lomihym tdiregthydadurpinirs ehloride, didethylalominuo flvwéeoa@tbwgﬂmum dichloride,

,%@ﬂhw@lummmﬁ s@srquﬂmweaeaswabmmgm GRIBRRUAE Frinteth WMNirGikLrR&RI mixtures

’therecrn]ft Jl'he partlaPhy%rolysmfprodugts of alurn?lrmn?glst w&h a\{cot}*nol %an also be used.

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

‘amount that the molar ratio of M® from formula (XX) to transition metal from monocyclopenta-

dienyl compound A) is from 2 000:1 to 0.1:1, preferably from 800:1 to 0.2:1 and particularly
preferably from 100:1 to 1:1.
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conmpounds C) present. in the catalyst solid. To
prepare the catal yst systens of the present invention,

Woe@ies@szre i s given to inmobilbzing at 10 | eRGT/EPI0E3/014447

of the conponents A) and/or C) on the support B) by

physi sorption or by neans of a chenical reaction,

i .e. coval ent binding of the conponents, with reactive
grgengsl, HE cithigst Solidpcether with tha Gether Tetal @trdgdunt B) shhecBmireXX),

@HE’IP%E& ba{:ocf N ?ror% thBe) téllgg S&HH 8P§oﬁpo@ds@gﬁ%qx the preparation of the

@ﬁi@‘rﬁé?@ﬁt% SRy aan@hsm)leré aﬁa b%alﬁéi axsten intiep eeleerizeijonsk cepglymeriza-

%h?if BiefinsOH .s%lsaybésw uYarl? fwhémthB rs@cawet@a.dfo%msteor@m any

B S R ST S R QO DR B P aon to B bareet
edlifl Fiha i ore mctaamubmpomd %wlawrbamsientﬁqal ta opdifiérentifrent any activating

SRR didER bres B8 inROSENE!: opgnt adi enyl conplex A) is
br ought IE{O cbnnt act )\%\nltth the activating conmpound Q)

in a suitable solvent, usually giving a soluble . .

Tepreparotne pateldﬂsystemfamlachjﬁent ioventonppretetanes is fiven to immobilizing at

RLEBAL értmeoaaﬁgmeﬂtsnasqna/& & mn%hé/@,sparﬁa)tdygays@o%smg agreﬁe%ns of a

contact wt he SUB I)P
ﬁ}egf‘%alefﬁffélan L 8FQVRIHE PIBGNS, Eiribe GEPORARAR éft”éieﬁdw? 9fP4PY pfyne support

sefaosy &de ordériiswiticrethe s@dpbiy corgpanenst B, tsotdntbohent handf =0 eorefonent C)
&e fc{Srﬁlﬁanl |9‘ﬁ4n{595n89\w{£ompgﬁ )ea%d @ cérn?e dde%ﬁ}ﬁ&gdeﬁ&enﬂy of one
ove e

Vgp enment at1 on of process are descri

hSEPIRUS oy Idn ATgRXGd B OBIT STV igNe RipgeRB FePs, the solid
fuhek enkied vetotibletridt senems bR 3s biiphatid of ampiatiyhyiigockiens.
cation-form ng conpound C)' to the support B) and
subsequently bringing this supported cation-formnng

8 GrReITRY SRPYMER e BenoRl AdRe Rt ECOTRIRS &Y @lb@wh&@ap@ﬁw with the

‘mmh@aow&)oundﬂh)en @@melaeerwe@)usa@w alvink aWolaﬁe L‘lﬁchcﬁ@ﬁéo@dt an adduct

cg 2 n‘?\%}/reo{'hg pﬁpar on ? ?e réecdol ancl)snv(veaS/tlss eArq ?rou% into congctﬂltﬁ%e support B),
wnmgmywamb@n@mmeaf@ﬂ anf tie sgtyﬁiﬁaﬁrmmple@)y oamartlv Frewpved. This preferably

 glealaisBe iMkHeNorkn i 2 GRENENEN S, ERIHDIR)of BiRGhRBYalfitpiEREHtation of the

d bed
RS Rrienere ARy 9@@?@3%"9 it i bt @ e
refameshrenrogimat coBlprises drstt) apmtyingdesseatiohBamiad ovepcandiC thithe support
)%nB gmg&uenﬂwnﬁg@@msasgbpme& BatbAer@PIBERSILhd Flo dbrfEN N the

ramwiom%w!&o%sﬁéﬁe?énie°.r2,' iven to B firstly

bei ng brought into contact wth the a-olefin to be .
ﬂ@lcmscsdeaﬁ@; cBRfkelRRE bE ?éa%{eﬁ%tan? falrdedwﬁmﬂ@ Earﬁ;sdagms RAPand, if desired,

G oL Bl e o g ddn o ) T G O SATBRIB)jend ther

@eimlveth thE) covaonets A)rodiBhandiany turtberrtl) as tieswribdd abhee. In another
QfB?PémﬁxﬁHoﬁlﬁ*)entq CQQ(}& solfdfis Q}:pﬁé&fﬂﬁr\' thQ%&%o%eﬁ’cE A?th 8hd C) as

Cf? o P e Pl et vl I Saesset tang' Gt the beginning of
QIehm‘ﬂ)m@ﬁrsthél)mlpnemtﬂnoPnfe{emg iswiivieh td E)dirsdly eéingnbranght into contact

e mxture been brought i nt
e oA %bﬁvﬁwa??ée@iy@ﬁﬂﬁ afidedy| so possi bl e.

Preactlvatl on is generally carried out at 10-100C,

%0%5<§§/Qlloyenga%1e§9%3mm%) &ﬁ’b@%@‘@% m‘%ogc&%g ﬁﬁ?tﬁé’@énﬁ’q’oﬂérﬂ C) and/

is also e cat i rst
@> aﬁvéb%qf‘gfﬁewﬁfé%ﬁ'w hreHoat iplo&PTiAg Wlﬂp) F‘éf"éf%qo)be PP RS- Preacts
VeZonCikBg bnablrdte sSoragtients Cppicr toarhikiag wigt thy biefear@r further addition of the

sBFnrQ, Q)ﬂiﬁ(%gnt C?rﬂg%')temt zgr%%rtdt) Egerrﬂ(eerg QHKJyerH?a Ibé&dbro@ lﬁ!o c%%tact with

thelefirds glsq ms;stbled?re@céyqiwpgy§tgeg@pl|y@aqﬂ|§@gut|ah10 1 39aC, preferably 20-80°C.
prepol yneri zation to nononer polynerized onto it is
usually in the range from1:0.1 to

\L %HrtﬁJ@BIeﬁ'qg'bE b??‘n@rfzeﬁ% thé%ys@gollgICBI’E%S%EQ]‘I&%QM@ B) and
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WO 00405&BD| e~ V|nylcyclohexane

5 1:1 000, preferably from1:1 to 1:200. Furthernore,

a small anmount of an olefin, preferably an a-ol efin,

4 styrene or PCT/EP2003/014447
phenyl di met hyl vi nyl si | ane, %Ddlfylng conmponent, an
antistatic .or a suitable inert conmpound such as a wax

or oil can be added as additive during or after the

IP%%E@E%sﬁbmor%e Lgysl Qe ﬁ?flstwst& b@ Mr%b%enﬂﬁnm SEfirs Arkferably

Itives to tranS|t|o g g
’W§i‘f&f’?2fc§ﬁ° 1-2leRes fnq_m@g@cglg q_ y%e oipro;ﬁyr%feezin Bh%/e?tﬁt%piapglymenze
¢amaR0sdlid thEh @ teaised yidtie syst prpnenizatioh.€Thp messe retio phaagalst tid used in
tﬁé re@&gﬁ@&étﬁ)nﬁo%%&o%r p&ke&%a 6&th h%rhsgéllyg'i & Fhge ﬁ‘&ﬁl'l :0.1 to

rization of efins, I.e
hi/@@%@i?f%@h'sﬁﬁam g %Qﬁ’rm nal doubl e bonds. 15
Sui tabl e nononers include functionalized olefinically

i g{r/'lg{reaégd o?n%)ugy cﬂ’ 1P otenl, tbr&%rﬁag L l: Bl fcﬁ%&ﬁ’?pl@ Clnyq'é%lgﬁexane

["I'c or’
6ycarl’fm¢re3hawfdwEéiwé@ylsﬂ%’?h@dﬁ%ﬂlfﬂﬂ%@ownefééﬂﬁ”%ﬁtlcr°F p guitaple inert
c\,’dn{b%hnoesilﬁl%ssa w§>@c§r o@&éﬁ"lﬂi éiidb!dj Byddaicetiaing or Hteethe pepatiorsof the

on ol ar ol f|n und [
gﬂl%;)fs?g Eg]t ?t@x{}fugﬁ' ratl 8?? v§s toE; n??on Sal coﬁlnglalh'\g Bn% uaually from
a4oo®bﬂﬁ©0armakmwe&pm1dH02Bﬁanched C2 Cl2-1- alkenes
in particular |inear C2-Cl0-1-al kenes such as ethene

eo%{e neﬁssyglima 8€tgt éggernt By%ﬁg%%ra s&%ﬁ?ﬁﬁene eeﬁlgaEBE ‘Sﬂﬁ fins and
espedaliydr thel polympeastiend, a-geing, ugaltyéwca’hWSdﬁwom}eugla@lé’aub'e bonds.

8hi8PE PR Mfdls Reiude f%n&:Hﬁé}igéer&mcaI@ Unsdiers_dicemsoudlis such as acrolein,
1, 7-octadi ene or vin aro suc

StgrerEBHSeR RGP STOABI A (o %a"é?'%%“g%t%% 1gfrgerviates or
&apyiquithily e vingd estm:sxﬂaueﬂm pfvinyaceaies P@fapdnsk isrgiven to nonpolar olefinic

Ec{nﬁ{o@ﬁo@nﬁﬁudl %%mtu%d apd?éfMWa'rt%thrﬂl ﬁ&feﬂr@@@&leﬁ?ﬁ%re linear or

I'n selecte

romt he @ COﬂSlStlnE
ARANRAS A e R LR e h L B e A
,ﬂ—bmérﬁeﬁ—‘ﬂl@er&&da 1-hdeaenmehepBik ! Abdtenepl -gdédens ordirgwhedhCl- Cretd-alkenes

ﬁ%s 4 'pne%} \;\ﬁpen'#ﬁg é%ﬂ]ldﬁgtgd Mc&rﬁudﬁ%ﬁtdleﬂés arheLhe. butadlene

ructue nmore . ring syste

’ ,Eﬁ‘&ﬁ’ﬁﬁd@e o e7-egedip enY YR OMBF CPHRRKER sich 13 SBisR e bstiuted

Etﬁ’eﬁ@ﬁ)(&%léb%@@lﬂ@t?ﬁ)o@ﬁﬁni@rhhml'éé@f BoibneneefindP dfesmesis given to
%cifmﬁnzm? 2relhyd e o‘ﬂa? sﬁ%ct?ooﬁm{hgg%%%g’rglsﬁr%&%ﬂ%ﬁg FdpEnOH-butene,

Bofnad re ol ef s
bawﬂQWSbhﬁ@nﬁdHVﬁ§ﬁ$ﬂé@m“Pﬁmébﬁ?gﬁét to some known

iron and cobalt conpl exes, the nonocycl opent adi enyl
g%%lﬁgﬁfr} 50 drthcrl]ugi(e:t%rrwgsslﬁ%lch ﬂu\é%mﬂ%) Eon‘él'léﬂr?éf F%Iyl(gnggf#ucture which can
beveioa$ PrTagre geg Stynfamtlf?@mleg aietcuppraniepe fyFlonsene, Rorbormens,

i%%’c@ll:l}émredze%@fah@ﬂeﬂﬂﬁ&b&rﬂ&e&ﬁhﬂleeﬁéﬂ Aith esrpbtglidene-R-norbornene,
ticular clopentadlenyl conpl exes of the

@F@gﬁﬁwmeﬁbﬁh%W%%”% I¥'%e used for the pol ymerization

or copolynerization of ethene or propene. As
RSIRPRYT RS oSor fdrd dGinP @by AR lbezpﬁ)‘lylrrﬁﬂzéﬂf ln&:bﬂil&ﬁf:‘tp spmekeswenoe and

E)Q}F? Ii:%/%ﬁr‘]e&ﬁteg fhedﬁ?’g’ﬁ@%i%%myp%omﬂle%g :}3%&9{ IH\?eﬂﬁcan chgblay a good
rlelmetreat@n actRitedven értbecéss ofjhighan atotefi Oﬁs |S<P1 @ah*bﬁbﬁvétﬁbl“ty for

P %HE%U%Q’\/&H AgkicAlar érﬁ&‘%&ls =Ty pﬁfﬁéu%r Qhe l@lbvﬁ&?@@pentadlenyl
re

erred 40 conpbnoners

R e e e A S ot o Tl

‘ Bﬁé'deE#’B@:@é’deOMdoﬂﬂonoFﬁhs imthk papneizatidnah ebane, beefasece jsegven to using

5-& Bleﬁ‘nsl%? ANBo BN BMakiduBU-KotereN §é’r§é?1%n§-h%ne bid/driectene.

ase_ or 1n a supercritical
g@éqrmww@msaxgén%g@af Wsﬁuf%swa“fﬁa'mfﬁ@?%%g% P giptene. Prefered
edrefriomsrs inl the p@ymerketicnalr piopdereute Ea¢rerani/sebuene.
preferably continuously in one or nore stages.
Hi gh- pressure
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ﬁP%P%PH%’?Bf%S'%

. hRsMgRONSS Res@bengh ipghd e HVO&GH%?&P”GFO

pol yneri zati on processes in tube reactors or
aut ocl aves, solution processes, suspension 5

w@r@ansEes, stirred gas-phase ocesses or gasPEhEB®O03/014447

fluidi zed- bed processes are all possible. The

pol yneri zations are usually carried out at from-60 to

350C under pressures of fromO0.5 to 4 000 bar at nean
T@%o@&ﬁﬁ@tn&n d‘éﬁfbe Qhrriéd eumirDa Enotve nanherurr sylk, prseb@Enaibh,yin the gas phase

?r é%%urpg{crltr[cgl rllué% g%?e cust%magdr Mr?%ﬂ Lf'(ﬁr t@ﬁ%’?i?ati@ﬁgf olefins. It can

eodayried routztatdwns onpsefataply Cq@nwféﬁ@ww@r?r {19ee stages. High-pressure

Mn&@?‘%ﬂbﬁ BlobRBed TR 1RO teactofs drAgtosiase, sfutith ;@‘Bcd@ﬁ&S%b@wsnon
Irocesses, [ri

AT IR R T R L e P
partlcular from2 000 to 3 500 bar, high

ﬁﬁr eliZAblsQR IRIMLAREbOSt 68 aﬁa @S@UUMdé}'pﬁéés&@i of from 0.5 to
a eous t egyer at ur

Sireeios BT B o DRSS EITTRTE A B 5B bos The
aRBEageons ragstitecint &rmp‘erabma r2@26s focaP 9D Coutitire pomegzatiensofsually

%ﬁ%@ﬂﬁgnetﬁé g&ﬁ;@Q%%We't%@t th & o‘%Eé’@f@ﬁﬁep?ess@\fe b@l%@ﬁz@ﬁdﬁr;ﬁocesses

em1de rees

‘W@?Fp@? H$4ghecagied pHigt E@F%of e d ltoa‘f’ p(&p t?étln paﬁxi:élgégomg 000 to

pacbcwﬁe miigh ably@8rizatidncters s stuas ergueeérelyedidoset Advanegeaustieraperature
E@é?ﬂ?r(?hetsg héﬁggxd?é g&ﬁﬁé’?%%n FRBILD arteq’romlz%@% 3dofe i rhﬁertncular from

marlz tion, %n‘e“z({l ﬂh at
229 tg3905F1 1y thespes R pORIES R P&'Yﬂ?ﬂ?&@% %rPEﬁT‘S‘?Fe erature which s
Pt b @dwadilgyeed Belbwi letsofiriligaerapdiaitre itk palgmérsopareaiiesar Thase

rgl[fe(meng?%oﬁ) Erocél/sgés acrglénté%rr]ac‘dly c%fne‘a loﬁteat 'ermtSB"?o {HR® rH?é'férablbfrom 70to

neri'za eratures are
g@n@rhathpyasemfﬁweqsémg;@lymewlo@@wetgg ymf%tlorhlﬁ ysyaigcarried outin a

MSS&%%FI %eHﬁmQﬁB@fa@ly'aM irleft Hydrecariupgact dsisablitahe or dl@Rtubasf.

ont of th n
teyﬁéoc?rgﬂrgseorﬁ? {%6 n}ogorgﬂ%%’\ glpeefs ﬁl' yélrvgjn%n%q Al 'Ee@rlge?ét%& are
gmeralleid teuendsdoohdd el 156, gnd ihﬁ p@zswep Ismgneaeityardhame frepp 1o
?dbrbtak AHe E'O?lhy @on?engofttﬁé‘susﬁéiﬁi%n fSQRRErANYSH thRF&ge framl 1y td 80%. The -
oop reactors rti refer
eI G ST B P e s CLaL g Gl e Rpppust. o
B: AaBor2ARefaBbly aridbpUiSacters FARUITgeferEhes igaivermtaagwloying the Phillips

PP I:)%B?SE 2 BLdcRkd ikOsiass §LMY8Hahd ¥sPad $488@0 OtHe @t-phdseRbigMerization
ntioned pol ynerization

BﬁS%%@@é@“Q%E?ngUTgﬁ ﬂ¥€ggrence is given to gas-

phase polynerization, in particular in gas-phase

AhbhFhZ %v@rﬁ&tﬁ%%@ﬁ%nzﬁ% H‘B&é%@espgérydr%ﬁ; br%%trén@é] is gMRf to gas-

suspensi on pol yneri zati on,

e e L e
aral s};aﬁmhsnzmbmlmmrleamnah sartituder grded reactee tnd Hirmedhtank reactors. The gas-
?’tﬂa@g g&lﬁ Qﬁon%gnpgg&@ga‘?{b%%@t 19 %S:%ndén@ed W@bﬁ?cdﬁé&ﬁsa@fuhase in

L oot b ealed e b S o e Bl R BV R a v

preae trdture totthd @acbrsibispiepobditge toaisels ewlizengl redcka mewhich two

‘ {)cﬁﬁﬁér%tloh Qo?ﬁégiamungé/&ﬁ of'?é)!a%ﬂ:ﬁef' Lifpthé 961yr§é?rkep§as§éoealtleﬁnﬁtié@(§hrough

0 one anot r an yner IS pasg? tern

ereﬂt] %§¥%¥atnon
ZdaRinsC 8iichad rsactdravdesctibbl goremtmpleliy WY 97201 ©1Th8Sifferent or identical

F&ﬁ%‘zé@ﬁ % fé%%’g?ﬁ%e sgaﬂié)sr ired, %e g@rﬁ%&tb@ﬁ%anés%ro £LXIPh &

erent or identical
pRYyaTERtiop SBSCEYP: i GXEuieeis thediPSiied Procrss: G@aTaid qeacipeamangement
QW@bEﬂoﬂemeﬁﬁal @?dlféﬁbnaﬁro&désésw Ss@pospiblk yFRthbmatd, atlar mass

ﬁ:gplcﬁa e or ng@ﬁ ﬁyg@?e}n L cus tarv)a%lﬁ\/egg%l@lra%%%ﬁ‘s%atlc@can also be used in

genen

md@nWme%Eh®w di fferent processes is also possible.
Furthernore, nolar mass regulators, for exanple
hydr ogen, or custonary additives such as antistatics
can also be used in 40 the polynerizations. WO
2004/ 056482 50 PCT/ EP2003/ 014447
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The nonocycl opent adi enyl conpl exes of the present
invention and the catal yst systens in which they are

w@e@gem4szan al so be prepared nmeans of conbPCEHEPRI0ZD14447

chem stry nethods or their pdl'ynerization activity
can be tested with the aid of these conbi natori al

methods. 5 The process of the present invention allows

PR bﬁHﬁJc?clcSHenl‘ahlngl Eb?nﬂlé%e@@f the @r@@n?QVenTmaﬁg?ﬁmatalyst syfstems in which
i

neri zati on'
fr%é a%rpé%séﬂtt"af‘ ﬁ\?%ﬁ% P%Pf”‘r %%‘&Vdﬁﬁa&%é%""ﬂ’&iai“?’”a’&i? Bt Mstapdsh their
avivmeizetiporaetivity edn bertested with tid aig oftbese camdingtodiay methsds.
havi ng nol ar nasses MW in the range from about 56 to
10 000 000 can be produced by this process. 10 OamM n
{0 PRERS? OB eresrst Ruaitiendlops B‘EJEWF? glsolefipghto b pegrappd. The term
trolyyreezation)lae peddedrells thagietduptionalf e pedsentsvahtMentoripAsses both

B @ﬂ%@{atxog %}48 P g}p%?nz%'&c%r P%r éso%l %gnldﬁow%giswavugé?.{qolapmasses M,, in the

- Eapaliyg ebay 58 terif 089 04%wen be @@éh@edubﬁmwrpws .give a very

hi gh productivity in the pol ymerlzatlon of 15
of f.er dvat

l Ienfg Dipir %ﬁod ér}ecﬁ nica ﬁéaﬁ %?l F in novgl ;%%D&wr?dt using the catalyst

ners
ws@m #fitiicomeseqt ifvenkan apﬁr Eﬂﬂmlﬁﬁy beful @s;ﬁe@fodgﬂloo af fiing gibers and
memingsles in the polynmer. The polymers prepared using
the catal yst system of the present invention are
particularly useful for applications which require a
Hieggetaisbeialets of thy presant mdehition give a véng higlhprebyaivitysly the eotgmerization of

8Eirks r@fepéc%ﬁagesl.mms Q/BHKQJB o@"zhﬁ r,sb@mera aﬁ&rtb/e pclPRA-Ah bvd 1EXd to

o ERarbi i Reblr Eukarstn Cobe ki Bdre sPhiFey dRe paymers preparec

{isgadnBiataigss sydteiref therpeebentrinaoioradaprriEulary isefBOr ad&ations which

: r-EElﬁreqaeﬁ@{ }macﬂﬁﬁ\ht? Mn Qédltfon EihéTPelt st Eﬁ%ﬁms% ﬁ’ﬁe Pe@.&‘r‘itl @ﬁloﬁﬁgﬁqay a very

M deri ved ere
%&g aEtﬁ’l‘W ?"@8 ab%fe'%yeW@‘éiﬁ?‘%fa“ﬂ “T‘B?ﬁi‘é? ESt"ﬁf‘%“%‘éFeta' compound.
per meati on chromat ography using a nethod based on DI N
7p% under ‘the follow ng conditions: solvent:
4 trich] orobenzene, flow 1 nm/mn, tenperature:
E@G@”S'UéQJ/FrB Wes erieriien in aseordaneA itk (RO 118Bbr evi ati ons i n
the table below. 30 cat. catalyst t(poly)

Wll fﬁgt% 'optﬂe Ho[yra'mfa&% éf%ﬁor%rl\%ly me n?efan leljé@.ﬁr Nf %R{Tﬁ /M, derived

avera aver aye

th%fgif,ore yaﬂ%afﬁ@qdwg ByoDsARe ff fugéhfémpsraf,sfefﬂfl pepmeame £hrpmgipgrgphy using a
rhétBocCidsed §rSDINI 536 TR @deftbd Wm@&ﬁmmoboﬁ@m meRktridhforobenzene, flow:

y o . 4 our 40 WO
SR s M e BS R e A S il e 11 1
Preparation of [2-(1 Hinden-3-yl)nmethyl]pyridine
Abbreviations in the table below:
cat. catalyst

t(poly) polymerization time

polymer amount of polymer formed

My weight average molar mass

Mn number average molar mass

density polymer density

prod. productivity of the ca?alyst in g of polymer obtained per mmol of catalys‘t (chromium

complex) used per hour
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A mxture of 29.5 m (0.3 nol) of al pha-picoline with
140 mM of tetrahydrofuran was cooled to -20C and

wa w4562 of n-butyllithium (156Min hexane, OPGI/BB10)3/014447

wer e subsequently added while 5 stirring. The m xture
was allowed to warmto roomtenperature while stirring
and a solution of 39.6 g (0.3 nol) of 1-indanone in 35
Atantfie 1 et r ahydrof uran was then added over a period of.

nut.es xture was then
i? B3 P B B B X hydr ol yzed wi th
A 00tyre ob9. &l (0B endhyofiplokshpienipe wile 149, mltoﬁ@trafryg@mr@ Wisggeled to
Was SRPaY3teds mBJtylmmdmRh@w FOULOMUS Oﬂmﬂﬁ)@vaé/\@&s&?éﬁrﬁt@%ﬁ@éﬁ while

6, e Dt a8 oS TR S Ve i g = oluton of
258 g &3 mdl) 8 tindemenant3h ml 60etrdhydraturantwasthepfadddd ayerof rariad of-

'qur‘ﬁmgt'ég @ﬂl\ecs];uﬁﬂé‘sﬁé m:%@ré Qa6 PRRLMNRA @nduife s QBM@ Bﬁd MRflyzed with

1 r.idi n nmet
IR HOroPHES ewgyf e alsbels S Ve S%%f%@dl SE Tgpeous phese
d89exerbctenagtch witly disthi/lgitter. T poue lophiase wes tlemnelithizad with agueous .
grgﬁi:m;’scnlﬂ%ﬂ %n@&tr@ctﬁ@ﬁ ﬁrﬁ&a\k i 156'?1@ chSartd d?@hlépo?é];rh‘ Mfe W@%mc phases

ueous

WRBEPRPINFRICHi 1o Va8 S e TSGR i hcen obtaned i
A Wzl alak Ziesbivaq ua@gjsoqohlas e0waisenyh ewteighthyecbeBlotid aniEisand heated for

- Yhdds Jrﬁg)w%rbgfﬂoﬂe b iBRo lfmxg.!m REOL BRI Rfed \Mﬁuéﬁ%g?ri]emg aqueous

‘organic

over macé{ney um sul .
vxﬁﬁ@wa% wtrﬁlagw%h %ﬂ’ﬁeg‘{ﬂ %“H‘@%“%ﬁ?ﬂm% Re Peyralzed qatseps Phaggwas
S@bstens timeswithdiss il ba@dinef of clil@roloeraued th2 camtgnedforganic phases were -

Sl el MEBC A Ay o

Ied %ﬁpul@%& 9 0bp mixtuge ef@t(Ak- P@Bd'naﬁ*hy@mdmmw Al (Er2.3-dihycro-

{HRER) lldgnﬁﬂethyﬂ}_ﬁyndﬂqe k) & raffo 61 0(ctinla total blkld of 956, NNR "HL(CDCI,): 8.61

By 7% dn ]755 %7—%%%1((? 1H}17"Qg)(d 158,277'7 7% @%Eﬁb‘#)m (dd. 1H);

- ®3uln, (ﬂdif 4817 lXH) 2H)13.23 (bPe.&plar at i on of

(1-(2-pyridyl methyl)i ndenyl )chrom um di chI oride A
ove m x re of .2-(1
%’%} 98 3. d| hydro-1 -
Adsolvtide of 32.7/¢ pidenamee jtdreyiZ-dHhrden3- “vimeteayridingene 2-§(F)-2,3-

erd% 1mln§§Q1mdeﬁémétl¢)ﬁ]gﬁﬁMg §rof Mbigfvatic’st 19@% MI%@te&Qnydrofuran

ranes i 1 R Bl 5 s ke Bt Rk g g 428 mob

e (e sewly adfiddatropvise. Altititel ayimtlwawasc@mlea the redgtion mixture was
srtlﬁ@@&t' -9dbe ﬁ‘fa?tala‘lﬁrﬁme?’\@ésmm%é he F’wlx?ﬁre w%@%s&ﬂ%ntﬁ/ d Iélﬁédh@{}varm to room

t
SRPTPLE BBl Sl e AR PERSR ep Hre P e bt 4o g
(uerstepl) & chowrisy trithierids dristeirahmdraigant were @ddedovhilé Siiran dhe mixture
W2 Mokl t@:%l%ﬁn EWQ\L/QI tPboh f\&%‘réﬁﬂé Eﬁd w4y &Béé&@ently stirred for a further

trls%tetra dr of uranlz were ad \‘R}F ﬁ ?ﬁg d
SeBirR o-GUNRER=4E DRSS T SRR T 5 rintdeS
duesqeely tb@edin doonaerpease Tensdiy which hadptediviated was fitdnest off and

v}%hgcp\% hdttetr %mfﬁrgﬁﬁﬁé adiH%es th!%@qJeﬁWésﬂéH mﬁqlé’lﬁﬁ et¥8Sand dried

en re uxe m nut es. an uent
genTBdFee B‘i?ﬁ%‘l"‘atT il @aVﬁ%e‘? %01 (-6 M*P@fﬂﬂ%ﬁﬂﬁ‘dﬁw&%amua‘c Cﬁ%‘mde
@es).filtered off and washed with hot tetrahydrofuran.
The solid was subsequently washed wi th diethyl ether
and dried wunder reduced pressure. This gave 24.9 g of
empZoyri dyl met hyl )i ndenyl ) chroni um di chl ori de 35
4 Bg%parauErxaﬂmJ(m iddeh-Lyl)-Prepgeatipndiad [ 2- (1

A;L aé@%ﬁﬁf?’z%é&o "rﬁf %ﬁg B%% B}ﬁ%'urﬁ ld?‘dé&glg&ﬂrﬁ%aféooled to -60°C

afid é’trhiymfeeqf A& mhafs-utdteem { 1e5M @G@xan@oO edfomel) sric O ef ggthyl ether
28.7 M of n-butyllithium (1.6Min hexane, 0.046 nol)
and 70 m of diethyl ether
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WO 2004/ 056482 52 PCT/ EP2003/ 014447 was subsequently
added while stirring. The m xture was stirred for a

WO ootthssS minutes and a  sol ytion of 7.16 g POI/@ABI03/014447

nol ) of 1-(1-nethylethylidene)-1-indene dissolved in
10 mM of ether was then added. The m xture was
allowed to warmto roomtenperature and was hydrol yzed

Whd Subsddd@ntiylad@dd wHilk Bﬁrﬁnd‘}?ﬁ’d‘ phrowacstiaed fir a UReraBgamites and a

g&‘l’ PB(?{V?%B %ﬁ] 02'% atQB i}t e@ﬁ\b?@thﬁﬁene‘f‘ﬁ d%hg & gsgy)\ygg |n510 ml of ether was
thas agdeds Brpuaiitieyvan eliwed it wareh tairedm tg@g@rgﬁy@ ang Wigp ydaolyzed with

%U it ds @ﬂhtéﬁﬁ}%;ogmy cﬂé&?deﬁhé Qo 5h'a@§aé’!eb£‘raé@ offlthe Bous hase was

f
BB O S STR G PO PER GRS ) SO —
wasofia ktlatioe dnd éxtraetad thraehienes oditir 8D ! ewd tiche of q:Hldr@drrroTTﬁe organic

rgélsfs ‘El_é'g% drgblﬁedd Hri %@r nggIQge/T'um sulfaie gwe mdalgrr%egluml%xlf%te éNaS filtered off and
péal&?rgyvp%ﬁsqypd off hns gave 0.54 g (5°/X [g (1H -inden-3-yl)-1-methylethyl]pyridine.
(3 (2-pyridyl-1-nethyl ethyl)indenyl)chrom um

Clmerg)%rétﬁg _OE @(ﬁp?fﬁé@ﬁmg%ﬁ%d& I)%l&/‘ro@{uﬁpq rlfh{’byg? ((:i |Ongo|2§

20 m of tetrahydrof was cooled to -100C. 1.72 ni
of a.15% strength i thium solution in hexane
(0.0027 nol) were sig added dropwi se. After the
addi ti on was conphet reaction mxture . 20 was
stirred at -100C.#0 a,/ ufther 30 minutes. The mxture
was subsequently allowed to warmto roomtenperature.
After stirring for & ther 1 hour, the solution was
cooled to -60C and 1. (0.0029 m)I of chrom um
Asplotinf D.gé 9 (¢.0628 tnes) méli;(di*ﬁmdaﬁﬁﬂ)) Tvipatieyleliyllieidingin 28 mi of

%Erlaﬁyrdl'd‘ﬂgan WhEcoBked tdLH 8o°cVa R @l dfawsd sﬁr@nQWﬁ-HhtS}lhtﬁWn)éohﬁbn in hexane
{ oqggz er asﬁog\ayeaf%gﬂgrpﬁ\@?e %arﬁ@%%‘dt th¥Hl§£ Icorén;ocei e, 6t'iIne e Q0R mixture
mas<$tlmee awa@o Cligra furtret kmtiutes The oixiire wsaesut:ament%anowed to warm to
?b'él?ﬁ@rqﬁé?é‘th leY Akl Qfrfith B0 LR helRE @&IUtl’oﬂ wag_la@ol&qb LgbCc and 1.1 g

—!v

(R o0t e R B 2 LU Uy e e

gavaio@edtogvanh slo@ty(tropyrterdydratire and was subsequently stirred at room
%e'%gbé frd QVL drtﬂgrelﬂ¥xl301r9 Whg%éém%&m}&ﬁdsqgen(rgfm%d foFXARRLEs and

. aration of 2-isopro
gl&saqqeaw %'?P‘e‘i raorﬁfentpéraiure r}faﬁfgﬂf“% 5%%9%@5}9'%@ WRs fijtgged off
LBshedivito Hiietheitettah yielr dvfed vader waiscecippdsedet This gaR@ T3 grefl (33(2Hyridyl-1-

HOiEth P tlchiokdl 46M7 hexane, 0.2 nol) were
gﬁbg ent WC 8@&“?&1}?%‘ Mst(?rrl ng. The m xture was
aIIovvedto come to roomtenperature, stirred for
grotgees one hour and subsequently cool ed back down to

O‘g‘:f (0.25 nol) of nethyl iodide
3% p%tﬁ*@g\“ﬁ 58@ @j‘pgﬁé&%nofur an vvas t hen added at such
4 5P o ARE Y Il reAlSE PRt UIPETTR T S ST EGETLra e cosled to
FR0XC HificE1 26 ofth-bayMetsiui@1.BRd imheiane; 0.amnd)evepesidbeguently added while

gﬁ l{%[ ?iqe %\9&:‘6%%@\”@0&0 é‘m@ﬁ%cﬁn % egm glxrye%iggr an%é%n@gour and

ani c ase wa ar ate q
pUhEeqHsOBTRsiep h@&iséiowaéo é@aCr Agelalipn of Fﬁ @ 0P oY O\M“F‘ﬁy igglide in 20 ml
i temgdjrgmma@fthedlaeadwt s@hhette thEh the dsngendtare pm_:sm ahvep¥e. The
(o]} | [
gmﬂ?% ?gs %\!,Igg/e# | lq*agﬁﬁ ?%roo%%ﬁét*’rﬁ] ssﬁHén{ @EﬁfudﬁQQ4 ﬁci ti&kolyzed
witif 60 i waleo T @eWa PUE 485 sER3ratRd g EEpg G‘@sﬁﬂsi%&@*?ase weS extractes

three times with 50 ml each time of diethyl ether. The organic phases were combined, dried over
magnesium sulfate, the magnesium sulfate was filtered off and the solvent was distilled off. The
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Msolnihare! gsygxq iSermry) of Frel! HWGFWrY

residue obtained in this way was distilled at
81-84C/ 60 torr. This gave 10.88 g (53% of

WO 2e04m8@8Dpyl pyridine. 3.2. Preparation of 2-[RET/EP2003/014447

H i nden-3-yl)-1-nethylethyl]pyfidine 5 A solution of
10.8 g (0.09 nol) of 2-isopropylpyridine in 47 m of
tetrahydrofuran was cooled to -20C and 62.5 nml of
rfés@w aﬂténhetdm va&a@ méé/ljllsﬂlebl exarE°c/Bo k. Mk Jaa08s g (53%) of

subse le stirring. The m xture was

'%\ISP Vf'éﬂ %orre to roomtenper ature and was stirred

for a further one hour. A solution of 15.84 g (0.12

g?'ﬁreﬁf da&t%n b@ﬁqm%déﬁ]&&l? rﬂetf@fetﬂﬁﬁﬁ1@xh¥ dr of uran. was

He

A etetion €6 1% 9 8, mofrd 2m°£foav'evr\ﬂ}£§ "y% fP'r ngetrﬁwrdr%“r?w@'ﬁwed to
28 handres.5 IRF Abatylidnal gredhexand) 020 Gnalfiweos sutsdquemtly added while

, sl'%v%[ nrgof?%l nq &t‘.n% vﬁg 'agdweﬁ I?oeco%egc@%oin @R@éﬁ’g%d%g afi rﬁetd%jr a further one

once wmt
'ﬁﬂuétAl"F}PI'Ut'@"t ﬁgﬁ 849%1%@?9%@ flisingrngainig s §UB§%‘@1€I@WWW% then added-at
AReH k&b thaele WnipBraa il IRAamed BIEEAC T he Glixtire o/as atittbd V@ & further 12 hours.

B i G 0 SOV o o
weeuwéagma&mr@qtﬁdf@p@wﬂh ﬁ@hﬁﬁ@ﬁémemwe@a Phaseavaggebsequently
rﬁéultrélf%&@@ltmécfue&ﬁcérﬁnH&Ia%lu‘ﬂMnd\m eslirtddl thredltiaéd with TioD snl each time

C{}‘P oil'oimS@%Ma&cw)l)ﬁeﬁyreFeaqu]éme%Xdlneéj?\%r T%gneflum sulfate, the magnesium
fifatp avaafiteved aifanf Zhe(sbivent was distilled off. This gave 16.6 g (77%) of 2- {1~(1H-inden-
i;r}r] |- AR %twjl]r)y(,@n@nyl )nethyl ] pyridine A m xture of 3.23

(0. 05 of 2-benzylpyridine in 15 m of diethyl
et her was cool ed to -20C 20 and 13 m of
Exanpted | it hium (1. 6M in hexane, 0.02 nol) were

M%‘@MGE E\V[?. ?ﬂ-ﬂﬁgenv‘@ﬂll}(ﬁ’\eﬁyl}rﬁerthﬂgyndmghe m xture was

AMSEHE P 5P HBGR T8 a2 SBLRHABAM | HIGDNEHY et BeReood o 20°C
amll 13trhl @hn-bityIR&hiBmd1.610.irORkamm D2 ofol) rerelibsrmpently rdded wriile stirring.

rﬁ%fﬁ Fs all&&]&l% cM@éto?‘W@ﬂM@rQ{ulré/ sﬁ%@%jr a‘ﬁ&héreone hour and

rature. .
A E G 6 AR T AR
h& mﬁ@@ﬂﬁse&rﬁﬂtlbwéwwylk&dalmmlhg 4@ terhpendturei Thetraxt@® was allowed to

\pXr%rt? chb{rpt%h\gergtg e, st rr-gg ?or%q’urlhgr é’\@h&ns myﬂ(oﬁ/géﬂvﬁhatfo%q of dilute

gani ¢ pha separ at ed
msEpchiRgc %é%@hﬁwa@% hwam%%ttﬁe%@é a'tef% %%Of‘-ﬁ“‘étph%ﬁe was
apatatddeif ahlh &e&qu@ﬂﬁ Pha3bage extiaied twienwithediityt adetate dhevequeous phase

Gﬁ%ﬁ&%@euﬁ”@@wﬁ g@e%ﬁs a%&\%dsh %&{ %te}%ﬁaétgygﬁr%e Eu’n@?\ﬁlth 30 ml each

I'ene or |
breyeimenisa seeridreThe s FHERES (o7 STPE, rdnﬁaav?émae?ﬁswm sulfate,
tﬁél Ha@ﬁ@;um $Urgte KRY NIRSIALR Hid feabreass Bistiltze & dReafybtatiradion of the

vent. Sy di.sti,l L QR
N T e e
meBylipyid?g of [2-(1 Hinden-3-yl) ( phenyl ) -
nmet hyl | pyr| dine, 4.2. Preparation of

ARy
prymgthglipyrdingp B85l 0
{eﬁéﬁy@l&lﬂﬂérﬂﬁé&r RBIHRS 160! Atnitda 139 Ckengliln-pitymhiu@ sdiblen in hexane

&Ptﬂr ? n%ig wgresﬁtfw 3(:;dlgag}8§ma$ gﬁ\k\%ttbg ad(%&lpp Q\%)s( %ﬂﬁpla’c& 3?1%) gegctlon mixture
wasstivedrpl -6 farladurthenorte fonr. ramixivee W@/ﬁa%lbgqqperrt% @“%ued to warm to

rognqqgn;gé?eﬁtur% Aﬁé‘? Ethﬁr{g ONLrAY bre AL 1t seludbewHBsoled to -60°C and
subsequent om t enpe

r,a
Aft 8 fC: %1@.w)yoﬁ@*rpfawg”?mﬂr%Emt%ﬁaye{ﬁ%ﬂrﬁn gaeds {HiE siine. The.
nasireead sidwedtoweBTsianiy to GorhFergpef0urd 26d was 9Ub®¢qUGNW(§hﬁrQﬁf9r
trichloride tris(tetrahydrofuran) was added while
stirring. The,
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40 m xture was allowed to warmslowy to room

tenperature and was subsequently stirred for WO
wWQo@u/08&E8282 54 PCT/ EP2003/ 014447 -another 10 hOIEB2083/014447

room tenperature. The reaction m xture was then - »

refluxed for 20 m nutes and subsequently cooled to

roomtenperature. The solid which had precipitated was

riotrb et ekbuf 4t roomespasiuial ThE réacﬁlblhyilxmé tves thameflakel €l 20 minutes and

iﬂgderﬁe{;& F?@%ﬁo ?&%E%Eﬁf;ﬁ%et b@ef %‘rﬁ hlch ﬁ?cg%rgctlpltated was filtered off,

whsobd with digthyl 408 andBiriggandpt redBeg p@ssw dpiargars bh9 ef (3-(2-pyridyl-1-
hkmBRY R GIAnlds [4dbgpe A sol ution of 8.46

I(%g %n714 H%Ienﬂ)c eut hyl pyri E:Il naz in 35 m of

tetrahydrofuran was cooled to -20C and 47 m of .

Exabipteyd | it hi um (15 w. -%in héxane, 0.074 nol) were

.§f%§é§§lgﬁ bdb. ﬁqueq@_x\/gje,l,tgnygwd%l rriong. The m xture was

t d
Aaot bRBG7: HAOCUMEGAGRE il EHE MO coged
28QGndA7 39 bir-bayliteilm 71562-%n HeRar2/d.0TvDd!) wére subsequently added while
& d’P] O n%xtBrLét\faQ%llo d tcél%on@ to ﬁ:fon* ehbabyr ofiban a%ﬁer%h@ Rour and

gd' At suc erature remal ned at
SpoentRoe sactaﬂ@fvwaszoam AoFRIOT 81 G T (P74 GO -ororo-t-butene
ih mef&éttﬂh?droﬁtain MaE‘theﬁ @bded =t buchlzabie bt the derspegatate remained at -20°C.

- 'E)e/ pn&r%u;éz | tela to rﬁ to%o%ﬁr@&aﬁ?@@hr%ﬁ%% g&rth@h@?ﬁou\’@a%d

fate aqueou extract ed
whrceEed Vifes mhqf watsa The oreauﬁphaﬁwa%fepafa&dmﬁlan%#ﬁéﬂue% ghase was

é?('frgéi&! t‘ﬁre@"ﬂn&%@ $/|ﬂW@f5 Rl &R e etbiethyl ethed Tm/@rgarrm@aeal wane combined;

(?rﬁg og%lm\flgﬂ?w{%% tkw? Hagrgels{uatsﬁl%@ﬁlag ki e‘e%r ﬁf%ng ere 581091(5 was distilled

¥ Theiesidvaagbtaires! lmthﬁwa)'lv@é digtiled gt &%@@i%‘l tor This grvp §-95 g (75%) of

ﬂg\lrﬁetﬁyl-%%egteﬁﬁ)é jaiefl  2- (1- et hyl - 4- pent ehyl ) pyri di ne. '
reparati on

of 2-[ 1- (1H i nden-3-yl) - 1- net hyl - 4- pentenyl]pyrldl ne .

F2.Soépsratiom ol [181&9—5\dgn B-9L-05BE b Pnterfylpyridine -

: sélg’noﬂ‘?ﬁ @yé g ﬁ'@%@%ﬁ%” HYrﬁétﬁiylﬁepeht@ yrm neGd 50 ml of tetrahydrofuran
t et rahydrof ura

35
VRASEPGH 5 DRCLAR CEEN ol ORI B e T TP T e
‘Sibbsmentyrbbad verdd ettring) Themisture waas@lpwé'dwte cAinK taupem fesperature and
\?éo - stit fiho‘; Qﬁfl“tﬂ&%ngﬂ lfroﬁ? g&llﬁt%%‘?f @5 é‘Bﬁl-lﬁMOné’\fﬂ% rﬁtokc & drofuran

ol u
WS eleRG 2 08 e B t?%‘ﬁ?‘&?fﬁﬂfeo’faﬁ‘?'aﬁd 5235 30 g wes sires o
afletret 3aiousual hdreigiee with 850 i ditnperaablonceadide ee ereghicthase was

ge%%ahe@&ffoﬂe éi%%@s Mﬁ§e %)é érﬁirgg?é ﬁ{ce with fefﬂpltalagtéte&hg B4lleSus phase was

ut e hl o
%p@ueq’cwé\ew%ﬁqﬁ v&nthﬁqa%ls REgonia éﬁlatl;ogta@axslais P&raPtﬁg khree times with
SOpdeRdss tinh asdchwacnaixine it @t z0ic peasss tvarestomplned cigedb e magnesium
EJ}Steatﬂé‘ ﬁl%lr:frf_?% Bn@s%ﬁat%\%s SR 3‘%{@ el S¥ivER Wak @ils’llllég gt Wik Brude product

t1on an was extracted reeéﬁgFHf th
Wb?‘ﬁ 1@@ WeF PaieR by FolemBFNremAPATRTY H@P%H@‘t“rﬁ“ﬁ%h%?f&a or the
Shases e sagebi nedhyidieaanopetdimainess mirur86F hexane:CHzCl,=1:2

v u'(eﬁsggﬁ\r}%h%\% g%@?*{ ?JFf]ZZ[H“ ‘Tl—f@ﬂge 2[) E'rnt er—ﬁ?%ng Jyl]@ﬂgne.

(about 10g) was purified by colum chromatography
5IS| F"i@paaatfcb"h %t @1 e pafdybexana-4@daehyyrbedytioomiubedichloride
separation fromstarting
2- (1-nmet hyl - 4-pentenyl ) p
hexane: CH2C12=1:2 was URg :
2-[1 -(1H i nden- 3- - 1-methyl - 4- pent enyl ] pyri di ne.
351, 5.3. Prepara crel

(3-(2-pyridyl-1-nmet hyl 45 pengenyl )i ndenyl ) chronm um
dichloride Cd2

ridg Then, a m xture of




40 WD 2004/ 056482 55 PCT/ EP2003/ 014447 A sol ution of
4.81 g (0.01747 noa) of 2-[1-(1

wokinosass- yl ) - 1- met hyl - 4- pent eslgyl ] pyri di ne i nPEDEP1008014447
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tetrahydrofuran was cooled to™100C. 11.5 m of -a 15%
strength n-butyllithiumsolution in hexane 5 (0.01834

nmol ) were slowly added dropwi se. After the addition

was conplete, the reaction mxture was stirred at

-100C for a further 1 hour. The m xture was

subsequently allowed to warmto room tenperature.

Afsbletionstf #.81 gri@0 f7av mel) bt-11HeH-iRlehayl):1-héteyl-e @t hyApyrdAS in 60 mi of
aahyRbils w&oc%oégijo? é droévpofgjég %b}gth gutglwﬁgm sgmlon in hexane

trlchlorl tris
41874 mg) WS My dpcLaoRyEss. AR éhﬁeﬁﬁidtﬂ@n Was eAmplatakhe reastion mixture

weostiree Ape0@EL tire faﬂﬁr V\/ﬂ@JrSMBWMQ Rak yut%%d;deh@;danaﬁ/ecr 8 Q&km to roorn

\Aﬁ’ﬁfgr%[uﬁe ;\Qer s'dnrrlﬁ ?g flﬁtger% houffsr eg'sgolrug%u\g%fcoo(%g gch g%"lcvan{iﬁ 07 g
e hye) Ofélhf@“rluraﬁ@hlgrﬂdeé@ﬁ(t@mﬁmfumm wers addesswhile etirring. The mixture
Wllﬂ@écﬁﬂoh&aﬁﬁ@b@@ td foBMidgBratirt %ﬁd Wks insdHueRtYEBELBR Rom tempera-

B tor AW EIAD R 150 RIR B uRt Saiiatsnuasysrem et esniee win detny
ﬁh%‘ﬁﬂ@ﬂ”@émégfi%uced Cosaveer Redryadallzrtiomdtos dmikBire of dichloromethane and
Sethfi@ethyigatys. %gﬁﬁ V(b loydayR1- %eﬁyltﬁﬁern%ﬁ rméh?%ﬁ oRRENGiGHBe (35%).
nyl chrom urri | ori de was prepared by e nmethod

of WD 01/92346. Pol ynerization Polynerization was :
arparatide exampiet1 40C under argon in a | | four-neck

§- ! @cﬁifrld? rﬁé"chﬂ]% %Itt-ﬂraﬁ@fh&@ﬁoper%gd éﬁ%mﬁﬂﬁ% @Ehl?rﬁg Wht Errepared by the

heating mantl e and gas In
”fﬁé %&%gp?‘%ﬁg am)unt .of MAO (10% strength sol ution
i n tol uene, = 1: 500) was added to a sol ution of

AdeheRDRBAt |nd| cated.in table 1 of the appropriate
of toluene and the m xture was

l.ex in
S e R 2o L bplveie and e I e v,
thertromelas Siircen wit Tefloh plag@ @izatBg ant arftigyee et Wok eThelagsieshate amount

. df MA&?O"; Elﬁé-gth(s%\'b |§n lln @o&ﬁeﬂ? &%?e 1%B ) vsegﬁagded fo a s?lr.lg/on of the amount

COpO yner t1ons sequen

indiratedip FH‘F&@@W‘?PHEON%Q@ xav 35|0cwbof tatugneoand thgpiture was heated to
4205 4i0a Whthrbath. at nospheri c pressure. The remai ning

anount of hexene (as indicated in table 1 for the

copol yreri sat i ons? was i ntroduced via a dropping

Sﬁ‘ﬂ’ﬁ’h B?fOFG\VB?Od%Ft'B@:P eSylene. Al ofhexgnewereafaced in tmen‘@slt fonig in the case of

thxerr@pﬁlahﬁd;amdmsﬁa&hb&w[bné@ﬁ@ﬁubﬁeq@@rﬂ@bﬁ%d ﬁr&)@'h@ﬁéeﬂagi W flow rate of

_aBaﬁ ﬁg%grﬂgfa‘_@pﬁwg V\&%ure (W%Epr%qﬁalmgg argou(pg?] qeé?ngéas indicated in table 1

f‘H)F"tFrQS’EWfB?r isgtioge) wesi 'WOS@C%V'E@de eReING Ayl aver 2BDiodrbf 1Gfminutes. After
et atere %b%dbﬁﬁéﬁ'@dbﬁ&té{nt@d\?l@ﬁ’e e tHe lyﬁw%ﬁiéltléd ek stopped by

a%ﬁgjf p\% h¥ nglgn ﬁdﬁd of %Xﬁ%@éﬁ%&ch@gc acid in 5|8 mr? of methanol).
2oy @P@@@BP'O@A&MSGC@EWL@@@ ang ¢he@eEiing BRItCPQMCwas filtered off,

washed with methanol and dried at 70°C.
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WG 200RQ3648P2003/ 014447  Pol yner i

COCOCOON EC O CON <cc0:335E E< EO Nz

U X r > WEd LOLO -cu QCOU 40 W 2004/056482

ati on The conpP@REP{003/014447

exanple 1 was used in the polf ri sation of ethyl ene

and in the copolynerisation of ethylene and 1-hexene

as descri bed above for the conplex of exanple 5 (using
3d@mgmgh&m hexene). The ethyl ene honopol yner obtai ned
had a nol ecul ar wei ght My of 354078 nol. The, 5 o
PR o SRBRE TS BRSBTS SIVIROP BRI dpe copolymerisaton

wistiglene b 6hexand ys &B39ED abdvedor.the &bnplel of @@mpRS (u8f 3 &% 9 ml

1010 %%%gﬁg% o eﬁﬁ,ﬁ%tﬁﬁ’%@%ﬁ Qﬁé}éc“ér w%,pght%v@hf@sdfé% oftnol. The

nDnocy
shy'eR aene GP%YW@OW?VB( h@ 3 BPRtH'A we@tﬁow SNy AP (9 g/mol.
where the variables have the foll ow ng neanings: 5 Cp
is a cyclopentadi enyl system Z is a bridge between A
and Cp of the formula,. 10 R1B 1B
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~ f.ol | owi ng

-L- R2B 15 where L1B are each, independently of one
anot her, carbon or silicon, Rs is C2-C20-al kyl,

w@200@2508al kenyl , C6- C20- aryl., ?I kyl aryl havi ngCT/Elazms/dJ4447

to 10 carbon atons in the al ky part and 6-20 carbon

atons in the aryl part 20 or SiR3B3i where the

organic radical RIB may al so be substituted by

Walggens and RIB and A may al so be joined to forma

five- or six-nenbered ring, R26 is hydrogen,

Cl- 2D al kyl , C2-C20- al kenyl, C6-C20-aryl, al kyl aryl

havi ng moﬂ&:yﬁlpmmtaldrehyi cmpleawbdnccatpoa@ thensteubiarahfeRipte qf ghetformula
and 6 B3i

aher o The B B R e X g e e Lt e

by hal ogens and R26 and A nay al so be joined to forma

five-Ccpr siaxynaehadiesy systegy, 30 R3B . are each,

i ndependentl.y of one- anot her, hydrogen, C, - C20-al kyl
C2- C20- al kenyl, C6-C20-aryl or al kylaryl having from
1 to 40 caFBofdgaRseen A I HEP ARy ™Y&rt ~ and 6- 20

~carbon atons in the aryl part and two radicals R3B

may al so be jgjieed to forma five- or six-nenbered
ring, 35 A is’jan unsubstituted, substituted or fused,
het eroaromati ¢ 1Bi ng system Mis a netal selected from
the group congisting of titaniumin the oxidation
state 3, vang@Bum chrom um nolybdenum and tungsten
and 40 mis 1,2 or 3. WD 2004/056482 - 59
PCT/ EP2003/ 014447 .2. A nonocycl opent adi enyl conpl ex
as cl ai ned |n cI a|m1 havi ng the formula (Cp)
(-Z-A ni\/b(k‘:;g where the variabl es have the .

ani argsach iBpenepdentiy pirine pastherdéasieplor sifjieone m
5Zis a brldge bet ween A and Cp of the formula, RL6
B 10 L' R2B 'where L18 are F Qentllr}/ .off" 11
one anot hef, caf farzfkys e Ces e“yicsﬁ P'B glkylaryl having from 1 to
C2- C20- al kyI CR GRtdn atdoeyiy the alk@pad20d @cﬂpbarb@n &yihainyie aryl part

havi ng , from"l §Qir®, where the organic radical R*® may also be substituted by
halogens and R'® and A may also be joined to form a five- or

six-membered ring,

R?® is hydrogen, C4-Cyo-alkyl, C2-Cag-alkenyl, Ce-Coo-aryl, alkylaryl having
from 1 to 10 carbon atoms in the-alkyl part and 6-20 carbon atoms in the
aryl part or SiR*;, where the organic radical R*® may also be substituted
by halogens and R*® and A may also be joined to form a five- or

six-membered ring,

R®  .are each, independently of one another, hydrogen, C4-Cao-alkyl, Ca-Cop-
alkenyl, Ce-Cao-aryl or alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part and two radicals R
may also be joined to form a five- or six-membered ring,

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

M is a metal selected from the group consisting of titanium in the oxidation state 3,

vanadium, chromium, molybdenum and tungsten and

m is1,20r3.
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10 carbon atons in the al kyl part and 6-20 carbon
atons in the aryl part or Si RB3i where the organic

w0 20i+05448R1B ey al so be subst'%g uted by hal ogRPCIFERI003/014447

R18 and A may al so be joined to forma five- or 20
si x-menbered ring, RZB is hydrogen, Cl-C20-alkyl,

C2- C20- al kenyl , C6-C20-aryl, alkylaryl having from1l
A0 101 gBFde p@ﬁt@cﬁ\'&nyl Ebrig Rlcl)hedDRBbimPNRhyH A2 euRQBp)-

i a Rt e Bk Blen BV é&owxaa&newe%ggreﬁ;f’égiﬂ?

and R2B and A may al so be joined to forma five- or

Si x- r@d”rber meach, independently of one
anot her, Hi%?}%&g%wm@é@%@al kyl, C2-C20- al kenyl,’ .
C6- C20- aryl or alkylaryl having from1l to 10 carbon

at onsZ i'n tihrebridde betvkyrl A pad Cp afittle ori2da,car bon atons in
the aryl part and two, radicals R3B nay al so be joi ned
to forma fivesgor six-menbered ring, Ais an
unsubst i t ut ed substituted or fused, heteroaromatic
ring system 33$BM|S a nmetal sel ected fromthe group
consi stingofLtTtaniumin the oxidation state 3,

vanadi um chrosium nol ybdenum and tungsten, m is 1, 2
or 3, 40 WO 2004/056482 60 PCT/ EP2003/ 014447 * X are
each, independently of .one another, fluorine,

chl orine, brom ne, iodine, hydrogen, G -Cl10-alkyl,

C2- C10- al éwmel , C6- C20-aryl, al kylaryl having 1-10
carbon ators izt 4R .@ebyrldem@rdfoﬁé%oﬁmztaar@aﬁa@mc@t ons
in the aryl part, NR R2, OR. SR, OC(OR, -
CN, SCN, 13-diketonate, CO BF4 , PF6 or a bul ky 5

. noncoor di Mt i ngs @u’@zﬁ)ﬁlk)"mz'@oﬂlkaﬂ}'é Ce&edaryli aldiane hakingtfrop 1 to
of one anot her .40y g5088Rs mCt:lJré é‘H & 6—20 carbon atoms m the aryl part

C2- C20- al kenyl , (g C20-a avi n

to 10 carbon aCbhE F"ﬁ”"tef?ethéf"igﬁn'cb‘féfc?] Fﬁna‘%a% %EPB%Hed by
atons in the amhybggrarrmhd 8i° 26HR3Bay aldodredoitdugo tormariive or
radicals R - R2 ¢ L4H,g0 be substituted by hal ogens -
and two radi cals em%z mg?/ also be joined to forma
five- or six-nenbered ring, R3 are each, independently

of one andther js HyddyegenC.lkyCRR-Cal-Kidnyl, Cs-Cog-aryl, alkylaryl having . -
C2- C20- al kenyl omqqo%gi%ry%t&mg’nlfﬁé eﬁl(y)’&)anr%é S?Z%Fbgﬁrht%ms in the

to 10 carbon atons In
carbon atonms i A PRt ASR 3p‘dF‘ire ﬁ’ﬁd’r%ﬂ}@ r?%ﬁ%al”@yﬁﬁoﬁﬁﬁumnmted
al so be j oi nedby aalb@neen@RFiavieA ntdy atiode foerEdes Beh & ifiveg or

and k is 1,2, or,: n‘?b%re% inft Monocycl opent adi enyl

conpl ex as clalme inclarml or 2, wherein the
cycl opent adi enyl system Cp has the fornmula (11):
R are each, independently of one another, hydrogen, Cy-Cap-alkyl, Cz-Cao-

alkenyl, Cg-Coo-aryl or alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the ary! part and two. radicals R
‘may also be joined to form a five- or six-membered ring, -

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

M is a metal selected from the group consisting of titanium in the oxidation state 3,

vanadium, chromium, molybdenum and tungsten,

m is1,2o0r3,
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RIA RZA E AA-E2A 25 RBAE S5 | (I 1) 3A E4AA R3A R4A

30 where the vari abl es have the foll ow ng neani ngs:
WE2RBSASAr e each carbon or notgymore than one BEQIHEPIN03/014447
"E5A is phosphorus, - R A-R5A are each, independently of
one anot her, hydrogen, C,-C20-alkyl, C2-C20- 35

al kenyl , CG- C20-aryl, al kyl aryl havi ng from1l to 10

car box at oam ebéh, InBepesabidl op@fetanamélr oA e, cRbMRNbrahRBEodine,

o8 o St G e R S S 10 caon

'R A RSA magtom iagheiky safb@tduﬁtmc@eb%;atmn@@'eﬁsﬂ paTdNRIRS, OR', SR’

vicinal radbgdl oc@ F@"Bﬁ%@ﬁ)ﬁ-@i&&ma@ecd 8, NP, Bpa bagym a
five- or six- n‘% drlng, and/ or two vicinal

radi cal s 4BPRARIRREIAS APIRj 0i ned to form a heterocycl e
whi ch contains at | east one atom WD 2004/ 056482 61

(F)’CT/ ER?-Q@?’érQ%éM%deﬁé'nQéﬂtlgl'BE%n@ Htﬂeﬁmﬁdﬁéﬁ 6‘9: £|kJ\' Cz-Ogo—alkenyl

S, uent
being a - ZCRCyrRbh AR/ 'mmgém@ 1etaéﬂ°arp‘?1’b9é?f@ﬁ'¢5éi?ﬁal”§¥'ﬁta”d
one anot he6-20 hyrbsrogens in@e 52 Qe bk$iR?;, V@Rrd 326 organic radicals R'-R? may

al kenyl, scg:gt:psu%]%t}futed @J l%%{clg@ﬁsy Indh@y Jggilg RORe %;8% glgt.t;[genjgined to

‘carbon atons In art and car
in the ar yf°”bélf‘(e'8h%ix'f'\%“ @fé?‘rf'%l radi cal s RBA may
al so be joined to forma five- or six-nenbered ring.

4. A ﬂDnocgrgl g&e%%ngﬂ¥ ﬁpo%g'%b&ﬁergﬁyg%g@ﬁ @%éciqgky‘?w C?o—alkenyl

clainms 1. I
system Cp %@vetawéna'kwcywavzlixoméstoﬂ%ar Brarmsin (fhew}kyl Rt&Nd
RaA  E1A -6-B0 2#odibatdindin e byhpakrdii tid fadid2d/R° Wg aRo bBRined to form

vari abl es anings: 20 E A-E5A are
e

each carbon or- no one EAto E5A is
phosphorus, R A-R4A are each, independently of one
anot her, hydroeen, C-Czo-al le C2- C20-

3. A monocyclopentadienyl complex as claimed in claim 1 or 2, wherein the
cyclopentadienyl system Cp has the formula (lI):

E ‘ '
\ - (1

where the variables have the following meanings:
EM™.E™ are each carbon or not more than one E'* to E** is phosphorus,

R'A-R% are each, independently of one another, hydrogen, C4-Cop-alkyl, C2-Cao-
‘alkenyl, Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part, NR®,, N(SiR®;),, OR™,
OSIR®;, SIR®™,, BR®,, where the organic radicals RIARSA may also be
substituted by halogens and two vicinal radicals R"-R* may also be
joined to form a five- or six-membered ring, and/or two vicinal radicals

R™-R* are joined to form a heterocycle which contains at least one atom
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.20 R3B, af

al kenyl, C6-C20-aryl, alkylaryl having from1l to' 10
carbon atons in the 25 al kyl part and 6-20 carbon

wae@awsi4z t he aryl part, NR6A2g4N(Si R6A3) 2, ORBEI/EP2003/014447

OSi R6A3i  Si R6A3i where the organic radicals R A-R4A

may al so be substituted by hal ogens and two vi.cinal
radicals R A-R4A may also be joined to forma five-

or si x- menber edfrdrh thg ,groal]?dbrmistihg\ﬁf mippbraadlj sr\mmﬁbm substituents
-R A-R4A are joL#a o, fo r cle iC

contai ns at Ieaﬂét%Anéeacgtbg'ﬁgégz-?%})%ﬂ%ﬁ% group

consisting of N, P, 0 and S, R6A are each, . ,

i ndepgftdent | y ofre @5 RAB&HR&ntly BYdhe @8&Rer, drogd®-oldsyAikyl, Co-Cog-

C2- C20- al kenyl ,, C6- -aryl, al kyl aryl Vi romf’.
to 10 carbon at PRIV %ﬁgﬂ@r%ﬁkﬂwk%iw)ﬂgﬁgq%jggar%%{‘r%%ﬂs In the
atonms in the arakyl parand®R) devon gemisialhe erytparizng @bgeRinal radicals
6A may al.so be g®inedsh8e foleBt¥olrh ¥ five- 8f siendmbBEPRd -
ring, Ais an unsubStituted, substituted or fused,
heteroaromatic ring system Z is a bridge between A
4and Cp nmohodytiepehtadigoy! apmpléx AARIZOOHNN @BBABRING21 to 3, wherein the
PCT/ ERRROR AR siorReB clBineFR 25 WSSk ar e
each, ‘i ndependen ‘Ty of one anot her, carbon or 'silicon,
R Bis C2-C20-al kyIf C2- C20- al kenyl , C6- C20-aryl,
al kyl aryl havi ng fﬁi% 1 to 10,10 carbon atons in the
al kyl part and-6-20 cgrbon afons in the aryl part or
Si R3B3i where the orB§amegadi cal RIB may al so be
substituted by hal ogg \nd R B and A rrayp@j so be
joined to Am'—m%—ﬁ’ﬁgb sl x-menbered ring, 15 R2B
i s hydrogen, Cl-C20-a /,ESZ- €20- al kenyl , ,
C6- C20-aryl, al kyl aryI,Ehavi ngR from1l to 10 carbon
atons in the al kyl t and 6-20 carbon atons in the
aryl part or SiR3B3i" where the organic radi cal R2B may
al sowize: thelbsiablesihpe thdrgidaagogensgand R2B and A may
al so be joined to forma five- or six-nmenbered ring,
£ each, independently of one anot thr_,
hydr dge®, Cl- CEe gackghrborcornop moreghaeang E, ™ tof- G phagpharus,
or al kylaryl having from1l to 10 carbon atons in the

al kyl .pard and 6-20 carbon, ataqnms in. th ryl papt _an

fwo” i o et Gy Piaraniep ot atbtie) @b, BRbraif oot

OfF si X- menber e‘dallqehyi,g;s-czo—aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part, NR®,, N(SiR®;),, OR®,
OSIR*;, SiR*,, where the organic radicals R".R* may also be

- substituted by halogens and two vicinal radicals R"-R* may also be
joined to form a five- or six-membered ring, and/or two vicinal radicals
‘R™-R* are joined to form a heterocycle which contains at least one atom

from the group consisting of N, P, O and §,

R™ are each, independently of one another, hydrogen, C4-Cyp-alkyl, C2-Cye-
alkenyl, Cg-Cyo-aryl, alkylary! having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part and two geminal radicals
R® may also be joined to form a five- or six-membered ring,

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

Z is a bridge between A and Cp of the formula,



25 5. A nonocycl opent adi enyl conplex as clainmed in any

of-clains | to 4, wherein A has the fornmula (Il1):
woaw4bope4sic 30 Rom1l c., E E 9% R3C I ¢ p (I I1PCT/EPHA3/N4447

Rp 35 where E C-E4C are each arbon or ni trogen, ,

‘R c-R40 are each, independently of one-anot her,

hydr ogen, C1-C20-al kyl, C2-C20- .. al kenyl, C6- CZO aryl,

al kyl aryl havigig from1 to 10 carbon atons in the 40

al kyl part anq 6-20 carbon atons in the aryl part or

Si R5C3i ere ttBe WO 2004/ 056482 63 PCT/ EP2003/ 014447

organi c radl cLls R c-R4C may al so be substituted by

hal ogens or RZIBogen or further C1-C20-al kyl groups,

C2- C20- al kenyl " groups, C6-C20-aryl groups, alkylaryl

groups having from1 to 10 carbon atons in the al kyl

part and \g-eeo.carbon atoms in the aryl part or Si R5C3

and two vic¢inal radicals 5 R c-RAC or R'c and Z may

al so be j o ned -ar® esdy infependanty oimne enytberesaton eusiicon.ng,

R5c are each, |ndependently of one anot her, hydrogen,

G -C20-al k |B,
al kyl aryl avi g © %Hrﬁlk{a 5 5’“‘@3’? b 2&?'@5%@'@?{"”%‘@”9 fjgnto
al kyl part and ®-cabogatobnsiin e ety par anm@%cybonﬁé\wms inthe ary! part

two radicals Raﬁs:m%, @lhe?@thg%rdaﬂicﬁ‘ﬁﬁcat @mfn%msabé bl}‘o%t‘tut@!i by
si Xx-nmenbered ri,n

and is 1 when B g} %@"55 c%ﬂ%%’ﬁ'ay a'i%beﬁlo'”%j % toTort 2 ke

nonocycl opent adidemghbesedmpigex as cl ai med i n any of
claims 1 to 5, vvherein LIBis carbon. 7. A
.honocycl o gtad en conpleékas cl ai ped

clainms 1t %Qeﬁ GGae Mz(%?:glfenyl ggC@-aryA alkylaryl having
cat al yst syst erfroho‘r todDeéribon gtofny imethe k! parhareidair dagtion gtoms in the

A) at | east onear)?‘am&yéfﬂ{@{i @fﬂér@%e’ cﬁgéﬁllc r%&]gg? hwﬁn Is)c; be substituted

clainmed in an cl ai ns opt
organic or i nOdeé"ﬁ'PEer@@Bf)Br ta”dé)m%’pﬁlsiod%‘?é?”ﬂﬁf’ t%f'?émérf ve- or
mor e acti vati ngbeoapoudsg,

R®  are each, independently of one another, hydrogen, C1-Cypalkyl, C2-Cop-
alkenyl, Ce-Co-aryl or alkylaryl having from 1 to 10 carbon atoms in the
- .alkyl part and 6-20 carbon atoms in the aryl part and two radicals R*®
may also be joined to form a five- or six-membered ring.

5. A monocyclopentadienyl complex as claimed in any of claims 1 to 4, wherein A has the
formula (H1):

1C
c

] 'IC (1)
)\NGE“\RSC

where
1C —4C .
E™-E are each carbon or nitrogen,
1C ~4C .
R™-R are each, independently of one another, hydrogen, C4-Cap-alkyl, Cz-Coo-

.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 or SiR*“;, where the
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D) optionally one or nore catal ysts suitable for
ol efin polynerization and 30 E) optionally one or

wOorre/0sEB8al conpounds containiQ% a netal of grPUPER002014447

or 13 of the Periodic Table. A prepol yneri zed
catal yst system conprising a catal yst system as
clainmed in claim8 and 35 one or nore linear

C2- C10- 1- al kenegrghit MaREN Ré’dR‘Gmﬁa@ alsb bb@ub%nma%y habdeRs or nitrogen
of from1:0.1 to

sed o he ca
system 10. The® J%é’%?fgzoéﬂiygq ‘5«/ Lgrgll){pg, GesCpoaRy! groups,
claim8 or 9 foalkyidrg gpoipy h@mnng@m ote 1@rcarbon atoms in the alkyl part and

copol yneri zati O@ZQEar%rﬁétglﬂ&n tl@ar%"@a%gpéh@?gﬁtﬁ%o@ﬁmal radicals
PCT/ EP2003/ 01444, ]43. /—\ cess

or preparin
‘pol yol efins by Borynﬁ?lZQP?Eﬁﬁ%ﬁmeaﬁgVVﬂﬁ?@Qg?fﬁh°kﬁx”m”memd

ol efins in the ripg esence of a catal yst systemas

claimed in claim8 or 9. 12. A process for preparing
cycIoRgptadlenyl system ani ons of the fornula (Vil),

5 R1ARRa R4BRTEGR) indeperdently otprrapothe Ay drRgan, Gutferakyl, Co-Caor
the vari abl es haxeyk b&C{OQJr}}I oraliENIRAMTEST 1 RUAcEbbn abes in the

G0 al kit AT R s R EEIGRAGE anc o racials =
al kyl aryl havi ngay alembelioln tplorees BerpravoHamaereding and

al kyl part and 6-20 carbon atons in the aryl part,

NR6A2, N( Si R6A3

organPc radlcalégﬁfﬂjg Sn qg'ka%gggug ?ltu ﬁcﬁ%on

hal ogens and two vicinal radlcals Rl A- RAA may also be

5.0 nedl moRodyBbgBnedich) @omBlEx &9 cfaifBATRAPEF Idifg1 to SARAER L™ is

t wo V|c$nal radi cal s RLA-R4A are joined to forma

heteroé @1 e which 20 contains at |east one atom from

the group consisting of N, P, 0 and S, RGA are each,

'r ndepg %ﬁéﬁyl:!bfpéﬁfad@ﬂ)ﬂ c@rﬂﬂbh@sr olalrhé(éjlﬁ %Qﬁb‘f clbits R G, ﬁ/hé‘r&h Z is
Q%g¢ -C20-aryl, al kylaryl having from!|

to 10 %%h atons in the aIkyI part and 6-20 carbon

atons in the aryl part and two gem nal radicals RSA

8BY 3k 8RaP8 systen loPbIBRfhdiypheliRdiBh BorfdriéRg Of Si x- menber ed

ring, Ais an unsubstltuted substltu?ed or. fused,

het eroaromatic ring system R4B are each,

| ndep&)ndenatllqasto:fhemo@nbbehﬂd;enmodmplgeas clﬁem&nabf«yﬂhms 1t07,

C2- C20- al kenyl

B) optionally an organic or inorganic support,
-C) optionally one or more activating compoundé,
D) optionally one 6r more catalysts suitable for olefin polymerization and
E) optionally one or more metal compounds containing a metal of group 1, 2 or 13 of

the Periodic Table.

9. A prepolymerized catalyst system comprising a catalyst system as claimed in claim 8 and
one or more linear C,-C,¢-1-alkenes polymerized onto it in 2 mass ratio of from 1:0.1 to
1:1 000, based on the catalyst system.

10. The use of a catalyst system as claimed in claim 8 or 9 for the polymerization or

copolymerization of olefins,
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‘having froasl fo

30 C6-C20-aryl, alkylaryl having from1l to 10 carbon
atons in the alkyl part and 6-20 carbon atons in the

waeyk/opas: or Si R3B3r where thg,organi c radi caPGT/RAB03/014447

may al so be substituted by haI ogens and two geni nal
or vicinal radicals RAB may also be joined to forma
five- or six-nmenbered ring and 35 R38 are each,

indepg B@S&% kot pﬁéfpam'@;q: Bl@fu’ﬂsﬂfy po‘%ﬁdﬂ’ 266 er c@ﬁﬂﬁ?&z@del}jw olefins in the
aving from

1 s B S S ey 4 ' na 6. 5

carbon atons in the aryl part and two radical's R3B may

ﬁi SO Rerok&k %gretpgrmgfé}a%eﬂtafdieﬁﬁ Sys¥m §r'nb<nsr$fﬁ@%rﬁﬂ \?\g/lﬂg,
whi ch conprises the Step a) or a'), where,

2004/ 056482 65 F;\CT/ EP2003/ 014447 "in step a) an AA

anion is-react®d with a_fiul vene of the fornul a

(VIIIa)RJ,BARz VIlla) 5 43 R3A R4A or, in

step a' , Ran org [

MB is tal ¢

t he Ef‘eme S,

p 1 or 2 of theM#riodic Table of
al ogen, C, -C10-al kyl, al koxy

carhkea atons in the al kyl radical
and/or fr 6 to/20 carbon atons in the aryl radical,
or R2B and 15 bR* 0, when MB is a netal of group | of

t he PenomT@ {gﬁ Elenents and is 1 when MB

is a WSS e&?”ag %ﬁ%\’eﬁh% THE P88 ¢ Tabl e of the

El ements, is reacted with a fulvene of the fornula

(VI Riprea l@ eg@n 1rB@pe(n\ﬂarﬂt‘yQ) one%ﬁ\otﬁéﬁhﬂdgegeﬁ\ (ﬂ‘[@‘&lﬁlﬁﬁ &, ,0-alkenyl,

?{felpg)r | ng ]iqﬂ I%;g h)ra)? riﬂsmo carbom atoms umdwe alkyl part and
6-20 carbon atoms in the aryl part, NR™;, N(SiR*3);, OR®, OSiR™, SIR*; .
where the organic radicals R"-R* may also be substituted by halogens and two
vicinal radicals R"-R** may also be joined to form a five- or six-membered ring,
andlor two vicinal radicals R™-R* are joined to form a heterocycle which

contains at least one atom from the group consisting of N, P, O and S,

R¥™  are each, independently of one another, hydrogen, C;-Cxo-alkyl, C,-Cao-alkenyl,
Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms.in the alkyl part and
6-20 carbon atoms in the aryl part and two geminal radicals R% may also be -
joined to form a five- or six-membered ring,

A is an unsubstituted, substituted or fused, heteroaromatic ring system, ‘

R are each, independently of one another, hydrogen, C1-Cao-alkyl, Cz—Czo;aIkenyl,
‘ Cs-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atoms in the aryl part or SiR*%;, where the organic radicals R** may
also be substituted by halogens and two geminal or vicinal radicals R“B may also

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

R*®  are each, independently of one another, hydrogen, C;-Cao-alkyl, C-Cao-alkenyl,
Cs-Cao-aryl or alkylaryl having from 1 to 10 carbon atoms in the alky! 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,

which comprises the step a) or &), where,
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wo own/os@pacent EsA-E oA forma

1 to 10 .carbop atons

RAB R3A RAA 35 where the variables have the foll ow ng

nmeani ngs: EsSA- E1IOA are each carbon, where in each case
qsonj ugated di ePET/ERRDEM4447

and the remai ni ng ESA- EboA addi® i onal | y bears a

- hydrogen atom 40 WO 2004/ 056482 66 PCT/ EP2003/ 014447

R A-R4A are each, independently of one anot her,
hydr ogegiep a@an@?@mé‘rl ig)‘éacte%tﬁ:%%l@éng ek forkBa @Qa aryl,
al kyl aryl hayitng from 1 to 10 carbon atons in t e
al kyl part and 6-20r&arbon atons in the aryl part,

' 312, OR6A, OSi R6A3, Si R6A3, where the
A- RAA nay al Snglﬂg substituted by
vicinal radic | A-R4AA may al so

2% [ae- or six-nmenbered ring,

and/or two vicynal rddicals RIA-R4A are joined to form
a heterocycl erfthi ch contains at | east one atom from
t he group consisting of N, P, 0 and S, RG6A are each,
i ndep@ndent |y of one another, hydrogen, C,-C20-al kyI
C2- C2b-stepledranl organdfeBhic %oahcyR‘fBMéﬂ(qs%aréyl havi ng from
1to ® ca I
car bo%l at oﬁ%qﬁ@%ﬁ%@aﬁr y?rtéqarﬂ?e %léd' ﬁb&eggf%nggm%gﬁl cal s
R6A may al so be joined to forma five- or
Si x% me der edalb@émgc1—€1a-slkamlkmysh&wtgiﬁtoui'ezd,zo wbsﬁ htbié mdhe alkyl
or fuse : - Il 28
each, mde%g'%%gﬁ%r?%g#égon%) C%%S t%%%rﬂ{me %@l 'Cal or R and
C1- C20- al kyl, C2-C20-al kenyl,  C6- C2D aryl aI kyl aryl
having fr OtﬁD]whb@MiQ Lkt g@h@ﬂﬁbf thé Pérﬁt@nc&*akhé'of PaElen2Af and is 1

Che or gani R AT Ra bR o BB ge TR T Ty

hal ogens and R2B and A may aI so be joined to forma

five-is28cen wah X UNRAB 6f t8&lioFhilPeviIB3B are each,

i ndependent|ly of one anot her, hydrogen, C, -C20-al kyl,

C2- C20- al kenyls,  C6-C20-aryl or al kylaryl having from
j2a the al kyl part and 6-20

carbon4BatorrB Na the atyl part and two radicals R3B may
also B dte-125 forma five- or six-nenbered
ring, wWh i ses the fol |l owi fyllbep: a") reaction
of an \ 'on with a cycl opent enone syst em of
the fArmula (1% ~RPA R2A O (I X) R3A 35 R4A 40
R4A
13. A process for preparing cyclopentadiene systems of the formula (Vila)
R1A ’
R2A
R4B
—_ (Vllia)
4B
R R
R4A

where the variables have the following meanings:

6A —10A f . .
E™-E™ are each carbon, where in each case four adjacent E**-E'®* form a conjugated

E10A

diene system and the remaining E**-E'™ additionally bears a hydrogen atom,
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WO 2004/056482

66 PCT/EP2003/014447

R'".R* are each, independently of one another, hydrogen, C;-Cap-alkyl, C,-Cao-alkenyl,

RSA

RZB

RSB

Cs-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and

6-20 carbon atoms in the aryl part, NR™,, N(SiR®3),, OR®, OSIR™;, SiR®,,
where the organic radicals R™*-R** may also be substituted by halogens and two
vicinal radicals R"-R* may also be joined to form a five- or six-membered ring,
and/or two vicinal radicals R"-R** are joined to form a heterocycle which
contains at least one atom from the group consisting of N, P, O and S,

are each, independently of one another, hydrogen, C4-Cyg-alkyl, C,-Cag-alkenyl,
Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and
6-20 carbon atomns in the aryl part and two geminal radicals R* may also be

joined to form a five- or six-membered ring,
is an unsubstituted, substituted or fused, heteroaromatic ring system,

are each, independently of one another, hydrogen, C4-Cyg-alkyl, C,-Cag-alkenyl,
Ce-Coo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and

6-20 carbon atoms in the aryl part or SiR*%;, where the organic radicals R?® may
also be substituted by halogens and R*® and A may also be joined to form a five-

or six-membered ring,

are each, independently of one another, hydrogen, C4~Cag-alkyl, Co-Cao-alkenyl,
Ce-Coo-aryl or alkylaryt 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,

which comprises the following step:
a") reaction of an A-CR**R?®" anion with a cyclopentenone system of the formula (IX)

1A
R 2A

(1X)

3A

R4A



