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may be bound to the netal center M The
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able to be replaced by nitrogen or phosphorus,
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substituents, Cl1-C22-al kyl. C2-C22-al kenyl, hal ogens or
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R®.R" are each, independently of one another, hydrogen, Cy-Cao-alkyl, Co-Cap-alkenyl, Cs-Cao-
35 aryl, alkylaryl having from 1 to 10 carbon atoms in the alky! part and 6-20 carbon atoms

in the aryl part or SIR'™;, where the organic radicals R*-R'" may also be substituted
by halogens and two geminal or vicinal radicals R**-R"* may also be joined to form a
five- or six-membered ring and

40




o

C20- al kenyl ; C6-C20-aryl or alkylaryl having from1 to
10 carbon atons in the alkyl part and 6-20 carbon

a ' e aryl part. C, -Clo-al koxy or C6- - ar vl
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where two Rsr, may also be joined to forma 5- or
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nmet hod anal ogous to that of 00/ 35928. Ais

preferably a group selected from anong - OR73A-,

-8R13A-, -NR 13AR14A-, -PR 13AR14A-, -C=NR13A- and
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amﬁgﬁv&# m, p-nethyl phenyl, -2, 3-, 4P CT"&ZO‘%X’“”‘;
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20 NY&E9~ R19A (IVa) ~ E6, N, El R21A (IVb) P RP P.
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hyEr oger%11 (ﬁtg,r-aclo- al kyl, C2-Clo-al kenyl, C6-C20-aryl,

al kyl aryl "having 1-10 carbon atons in the al kyl part

and 6-20 carbon atoms in the aryl part, NR23AR24A,
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in catalytically active conplexes is usually known to
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which comprises:
a) reacting an (A-(CR*®*R*™ Y™~ anion with a cyclopentanedione or a silyl ether of an enclised
40 cyciopentanedicne.
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for A, R* R™ and m in these anions are the same as those described above for the cyclopen-
40 tadiene system (VI). The cation associated with the (A-(CR®®*R*M )™ anion is generally a metal
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or giaamug 1 pedkf thelPsrid@R GARIRF 1 Eldhentayhict rsay bber figthbrsigartds tPexicular

by plaleAGaNGives UhiAS sddut: bi&siu BABR whith May BEOEEaNGichatddd
sil.icon. sub e ra

or%%nss eLolaf Sk L HeNt s Si. R72A3 th r.madlcals 2A.d
carr-Be tne-STNE" ¥ SHPR AT SN AT HEHD BUEHILL Y Mo v o omide
d e catipy iwhichyRen Jisevissrbepigiherpahagediigends. t wo radi cal s RS2A
smay al so be joined to forma 5- or 6-nmenbered ring,

e. i ' yd [ j l.si}

Cr VRS e ) b b4 s b o b FLAPCRRG Pdioc o
nef‘ﬂ?ff’%%?fﬁvé‘i HaS}'F”.'arPﬂe{rPEF?éFEﬁ/’B‘r‘féFChRQGtAm RPIEedd al so be

-am no NR32A2 or N(Si R2A3) 2, al koxy or aryl 20 oxy

‘ORI ahidh is QX RMRIbRindd BEthdiy hadhe SechdgPHALRlob&h Wi kan alkyl metal

icolinyl, met , £thoxy or |sppropoxy., Preference
1 Sy ot e SR OB BT R0 &Y e SO B on
m:_\fnﬁw of grgqqﬂyqr 2, impqﬂcglgwmiunn mpgresiym monogharidgeftragnesium monobromide
N- paidisy ParticOlakyensyrll akp meePdoyhbountds 24; fof bxampld ithjtm éh(yls,bﬁ'gﬁéé}um
as ! ' =il cal s
AT AR e el B Hhod Mo HHBRIL b ah A
nep%x}llitllunb{l‘ ngarﬁa_nﬁ P(-ﬁﬂv r?eiqllgqgwplipp‘ ’to A-halagen i Hi‘?"y,"‘ the range from
1M- peénto/100: 1 rprdferatyy in the fdmetpiroyd 0.9k 0@:11 ild, paiticuiguigptefegably &pm 0.95:1 to
hy 6lf 98 Bmpiest JRE reb@lohddé Ges@ibad s, ihibSai® FEhRIWaRal. in Tet. Lett. 28
en‘ﬁgJ ) e s are t he sane as descfi bed further ~above.
Substi‘tutéd and unsubstituted 1, 2-cycl opent adi ones and
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if such an atomis present iniK. The A" anion is
usual Iy obt ai ned by netal - hal ogen exchange of A-hal ogen
with an al kyl metal 10 conpound contai ni ng
Cliofhpaligzlabiat], srylatioR ofhadride dtitak orftefth@dykiydehtendnb GihicA & then dwhad ater
ang%uta&fsﬂuoﬁ%{p%k defidig Mmetal of group 1 or 2, in .
I cul ar | um gnesi um nonochl ori de or nmagnesi um
m)nobr om de <cations. Particularly useful alkyl netal
C ORmeiBtencss given to 4 moceesdampdperning kyclobénttalead d¢ytbas offeder@sla DB},
sal kyl's, al kyl magnesl um hal i des or m xtures thereof, in
particular n-butyllithisgmand tert- butyllithium The
mol ar ratio of alkyl tal conpoungd/to A-hal ogen is
usually in ther Afrogml5 0,471 to 100:1, preferably
.in the range from Q. 9: 1t/6 E1 and particularly
preferably fro : A 1.1 1. Exanpl es 0flbsuch
reacti ons are de cr|| be %y ie'®r alia, Furukawa at al.
n Tat. Lett. 28\ R3997), e@ﬁs SHIY (A- CR30AR3' A) -
anion is usually obtai ne(giaA y deprotonation of
A- CR30AR31AH. Strong baBes ~20 such as lithium al kyl s,
sodi um hydri de, sodi um am des, sodi um al koxi des, sodi um
al ¥ Sue 939[51?% hatd GLHe fouwﬂ dGingOt assi um am des,
pot assi um a fassi dm al kyl s, magnesi um
15al kyl s, al- kyl rmgne5| um hal ides or m xtures thereof :
caRbE®us ec charcathhi, sitiplooadiseent EMME *frivtnaing  @bjigatad fdiehasyetem and
to A CRIQARZ Akl Esuﬁd'tl&(nailﬁe’érmsaﬁgf%@n from0.4:1 to
100: 1, preferably in the rande from to 10:1 and
partlcul arly preferably from0.95:1 to 1.1:1. Exanples
of REuRH' defsreathoingarpsiartly gf ene deoti@6 hygeqopt €6 Cionalkyl, Co-Cao-alkenyl, Co-

,Br andsma, chrp %lk?.&ryi\hé\ur@()ﬂcﬁ\ M ©10gamemREra ih ine alkyf) BaH i 6320 darbon

pp 133- 14%toms -ml% a@l %?PQI B \ﬁem%?h q:a‘ tﬁ\cgls R‘@"‘ @mn%ﬂagé‘& sub-

for exanpl e Yy reacti g corres
ing hali dé“tﬁﬁemﬁﬁmFﬂ’ CW‘F”RB@%E‘S &eWaW'i%PeﬂPéFSWWE‘a
magnesi umfvessmasixpheeseed rinardogon sicinal eancatls RISR** e joitecd form a
al so ref erhét@r@cy(:l@ wﬁéh r@wﬂaﬂ?ﬁﬁé@st%ﬁ@&&rﬁ PP the Gl c@ﬁé&ﬁg} 8RIp, 0 or
for exanple, in 0 gani k editron,

25p. 499. Thé" I reactl on condl ti ons for these reactl ons are
descri bed bel ow. The reaction product forned.in the
r eRELRYN \afetdct, @epeytehtn REde agkiten aydrd'gerstepzaawj 5-C3-alkenyl, Ce-

cycl opent % a%# aﬁlgﬂ-ﬁ hg?% fffé%”iﬂé’tﬁlgrb%ét&% 19@@ MﬂFg‘QP]Ui?bon

in an aque us 'me he correspon w2l Co
or can, f@& ”‘éii‘é'?ﬁﬁ“eparﬁésﬁea?c‘t’@tf‘W@P'Cé@icﬂ?g c%noﬂ“’lylaﬁﬂge
st © form t lsebstivied eysplograts agy! {'Aor KERBOARBY e begaitssittd fot afite- or
cycl opent gRRAverddi@gr €acti on product formed by reaction
with a sily( ether of an enolized cycl opentadi'one in
step,a) is a cycl gpentenoxide silyl ether. Agqueous

woRk- up ) fje e &1 e eE. ledpespiineiare antediiEReRy Frgpalkyl Cx
i kew se [Cgzatienyt, @B-Ctaelryteky!aﬂpamdtfrmw (A0 BRI OARBA Walkyl part

none. The afu!lé bd&Fooh eerﬁs ih &R alyPpaht AR Y GdrRSRbiaSH ©MEnay also be

35
ystem (VI carr customary- | ash WO
2005/ 0589 rErﬁéJéﬂ‘bz?/ S i
Aryl" is Cg-Cap-aryl, for example phenyl, naphthyl, biphenyl, anthracenyl ar phenanthrenyl,

which may alsc be substituted by N-, P-, O- ar S~-containing substituents, Cy-Ca-

40



ion by alkylation, arylation or hydride addition onto

the cyclopentenone, which is then fornmed after aqueous
dematering Preference is given 8%?

process or prepari ng cyclopentadlene syste P2Dl4Q14226

formula (M b), 5 26A R Aryl A2®4R30A E7 E13A A C E16A

(Vib) \ E14A 10 R31A m E1sA' R27A R28A where the

vari abl es have the followi ng nmeanings: 15 E12A- E16A

are each caybOAC,,-whdn, Halsns actjaReiRyM or Faiefyishb@Ay -0 88 aBms

conj ugat edy,di ene system and the remaining E12A-E 1A

additionally bearing a hydrogen, R26A- R26A are each

i ndependent|y of one another, hydrogen, Cl-C2o0-alkyl,

C2MC20- al keherl1, C6- 20 C2o-aryl, al kylaryl having from

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

adical s roRP BB Houle i bl d .

hal ogens and two VICJna| radi cal s R27A-R21A may al so be
- owhightcomprideer ma  five- or six-nmenbered ring,- and/ or
two vicinal radicals R2Z7A-R21A are- joined to forma

etero &b contains at | east one atomfromthe
10 BT TR SRt iy e ognengse feiae oo (1
each i ndependent|y of one another, hydrogen, ‘
Cl - C20441, C2-C20- al ket G C2o-aryl, alkylaryl
having from1 to 10 carbpn aton® in the al kyl part and
6-20 carbon atons in the-s part or Si R32A3 where
the organic radﬁgals R3@A- R3IVA may al so be g@] _
1substituted byRhalsg and R31A or R3I A an R may - al so
be joined to forma five> arenbered ring, R32A-
the radi cal s R32A are each, |nd£§endently of one
anot her, hydrogen, Cl-g26-alkyl, C2- C2o-al kenyl,
C6- C20-aryl, .al kyl aryl having fron11 to 10 carbon at ons
in the alkyl part 35 and 6-20 carbon atons in the aryl
goParvheeerik \avigbleg @re a9 abfinecabbeato SorfRa 2y lopefenahessd the @rmyipivare d
to forma five- or six-nmenbered ring, ArylAis
C6- C22-aryl, for exanple phenyl naphthyl, biphenyl,
ant hracenyl: or phenant hr enyl R ch may al so be
substituted by N-,R¥%, O- or g coht ai ni ng substituents,
B4/ 014226 20

25 m Vi)

30 , .
where the variables are as defined above. Furthermore, we have found intermediates of the for-
mula (VIll} and cyclopentadienyl systems of the formula (VI).
Possible carboorganic substituents R**-R*™ are, for example, the following: C4-Cap-alky! which
35 may be Jinear or branched, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-buty!, n-

pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered cycloalkyl which
may in turn bear a Cg-Cyg-aryl group as substituent, e.g. cyclopropyl, cyclobutyl, cyclopentyl,
cyciohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, Co-Cop-alkenyl which may be lin-
ear, cyclic or branched and in which the double bond may be internat or terminal, e.g. vinyl, 1-
allyl, 2-allyl, 3-allyl, butenyl, penteny), hexenyl, cyclopentenyl, cyciohexenyl, cyclooctenyl or



al kyl, C2-C22-al kenyl, hal ogens or hal oal kyl s or
hal oaryl s having 1-10 carbon atons and mis O or 1, 5

Al ubstituted, substituted or fused,
hé‘@“@f'z‘}ﬁgﬁiti c ring system which conpri sespﬁ%mﬁf"“m“m
reacting an (A (CR30ARSIA)m) ahion with a

cycl opent enone systemof the formula (VII) R26A O 15
R32A3Si O (VI1) R27A R 28A 20 , where the variables are
as CyridopteristylaBetsearyitwhich ornbesuisyioteod petthe nakyegradps kdddr N- or O-

f orcBtdidng(riflidals) e.g. BRAYIRES AR, bBhend %ﬂ%%yi%-,rﬂl-,( é!h%th%%\erﬁ?l/s\, 2,4-,

R2 re . the r | e re as_defined a .
Pt PR 4 S 2o o ity €S AT TS el >
muETERYPREnY. ZNY-ciettvisminrhani eagialkyybicemey tfsubdtiste by imtHeaalkyl
g VigloupsPag deivlyEo-Ciar, BaRINBMER 15H DSihbieAR wheRRAniZB i Rldhed to
:n‘;rRzzém i hg’" T&J(}gr% j{i%glrt]ogﬂ“gcgfog gs.'- gh%rtn%m e?édéiﬁ#@qmﬁeccfpganig fadicals
n- %} o‘§y| may a9 SpRHituted ofigogans Sick alvede, chiodierar bigmipe. In or-
peenpsiicomsubetiyants SiR*He pleyddicalnr Bty be thesanenydicaisas eeibkd Rither
n- @Q@g&y %A oA ?J@erg @\H‘rﬁé‘aﬁ% ﬁ‘é" lﬁ%célssgg%%bé%dl t%yérﬁ tg 5- cgg)/nehgered ring,
15 88 T S hm SR Bl PV Pttt o cmety.
cy ehepely Greferepseds gvrots/ising bydeigenand ¢i-C oalky padh@sl melby yethy!, n-pro-
gZ-pﬂ;ZQ}uqu, letibydyl, vpéri niRBYy, b-ﬂeﬂtyié,) A-nct@E radﬁé’lth;’Qo Rrﬂ’t‘. Particularly use-
r : m 0 i nt er pa
or "1 et €l K B hobd i €5ty HERSs Ay o B G
bulSCRYP ™ iYL MR . e geicuBE R .
1Zycl ohexenyl, cycl ooctenyl _or WO 2005/ 058928
A A2 AR A BN by By
[ . . .
N Yo IR P B et St b Sl gt
bi PHeASH oF halprltyis ahiAfoaryls havingy! - 18 careantwiams Herpxemplo-3a-, p- _
2, &ethylphzni-2,3-,Qr4-,2,56 062 6By idBeN Y B 4-, 2335, 4:3,6-, 243, 24,6- 0r 34,5-
2%, %i’n@fhylpr%nﬁ’og’,'m-, ;;dil%etﬁi!anﬂ{ppl‘%nﬁ’o-s, '&»,rﬂrﬁ@ﬁ&whgﬂf‘?gy ||n-', p»%ﬁorophenyl,
0-, m-, p-chlorophenyl, o-, m-, p-triflucromethyiphenyl, 2,3+, 2,4-, 2,5- or 2,6-difluarophenyl, 2,3-,
2,4-, 2,5- or 2,6-dichicrophenyl ar 2,3-, 2,4, 2,5- or 2 6-di(trifluoromethyf)phenyl.

A s an unsubstituted, substituted or fused heteroaromatic ring system which may contain het-
25  eroatoms from the group consisting of oxygen, sulfur, nitrogen ‘and phosphorus in addition to car-
bon ring atoms. Examples of 5-membered hetercaryl groups, which may contain from one to four
nitrogen atoms or from one to three nitrogen atoms and/or one sulfur or oxyden atom as ring at- |
oms in addition to carbon atoms are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxézolyl, 5-isoxazolyl, 3- |
isothiazolyl, S-isothiazolyl, 1-pyrazolyl, 3-pyrazoly), 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl,
30 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-imidazoly), 4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-3-yl,
1,2,4-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl or 1,2 4-triazol-3-yl. Examples of B-membered heteroaryl
groups which may contain from one to four nitrogen atoms and/or a phosphorus atom are
2-pyridinyl, 2-phosphaphenyl, 3-pyridazinyl, 2-pyrimidiny!, 4-pyrimidinyl, 2-pyrazinyl, 1,3,5-triazin-
' t-yl and 1,2 4-triazin-3-y}, 1,2,4-triazin-5-yl or 1,2,4-triazin-6-yl. The 5-membered and
35  B-membered hete"roary-'l groups may also be substituted by C,-Cg-alkyl, C¢-Cyo-aryl, alkylaryi hav-
ing from 1 to 10 carbon atoms in the alkyl part and 6-10 carbon atoms in the aryl part, trialkylsityl
or halogens such as fluorine, chiorine or bromine or be fused with one or more aromatics or het-

eroarematics. Examples of benzo-fused 5-membered heteroaryl groups are 2-indolyl, 7-indolyl,
2-coumaronyl, 7-coumaronyl, 2-thlanaphthenyl, 7-thianaphthenyl, 3-indazolyl, 7-indazolyl,
40 2-benzimidazolyl and 7-benzimidazolyl. Examples of benzo-fused 6-membered heteroaryl groups




met hoxyphenyl, 2-N, N-di net hyl am nophenyl or aryl al kyl
whi ch may be substituted by further al kyl 5 groups,

n, met hyl benzyl, 1- or
Z%wpﬁ?%%nyl vvhere ICI$27A m);y al sg be joi ned" ¢ TGEP2PYBK226
and/ or R30A nay be joined to BB1A to forma 5- or
6- menbered ring and the organic radicals R2eA-R31A nay
al so be substituted by hal ogens such as fluorine,
¢ hbre iquisolyh 18-gbinalyti Fsnnolns-arinolylg BaHG ak i, QQInGA66 b-glintea} S
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6 miendepvised editiey, Vel Ghegie, Weinhept 1997.si |yl , triethylsilyl,
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t r }-\r%hs %Lesﬂalte\(clarcﬁnra dcdslarstems % r?artl%lilc\r EEX 8regﬁekwlveg Ej:etiqu.rﬁzgtﬂuted substi-
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~N- fEgandagimaticpahtax yariicular SUBHtLED andun@iktbie EBpyF iyl i2Gah Syl B2 inoly.
t 0 RinBRord RErbraith &bbpor e & radi cal s R30A to R31A
mare hydrocr)g@n ang %{)%’ g’?gﬁm&%'\guch as nethyl, ethyl,
n-propyl, p-butyl, tert-butyl n- penty1lmE n- hexyl
n- heptyll?noctyl in particular hydr ogen. YAr y 1A Qs
C6- (R2- arNI for exanpl e phenyl , qﬁphthyl, p?phenyA

antRr ageml hEnanthrenyI DL Y BERD
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2 6- dlnethylphenyl 2 3,4-, 2,3,5-, 2,3,6-, 2,4,5-,
2,4,6-"or 3,4,5 20 trlnethylphenyl o-, m,
p- qhg%thylanlnophenyl- o-, m, p- nethoxyphenyl o-, m,
p-fluorophenyl, o-, m, p-chlorophenyl o-, m,
20P- trlfluoronethylphenyl 2,3-, 2,4-, 2, 5- or
2, B281"t precrepheanyidenty ofione anghen carban ok aitragen,
2 R’ Clale@bMPRGIDYEAdetly oPond-anothdr, 4yd.roggn T5-CQTatkyl, Co-Cap-alkenyl, Cs-Cap-
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2- [ all Oltrbélradic§l's REOXAZ hylhde é1| mﬁ@én\élhfr ﬁ’ydrogen Cy-Coo- airy] C,-

30l sot hi azo I.SO azo razo
5- pyr azéray'ﬂf et Bzt gna'kwa& brips &p it o cas?arzfa?@%y i Tig g pa

2-t hi azenda-20 carbpiplameinyte aybrartiidiwo tagicals B2 maydise b¢ jphed to form
4-i m daa@leybrsindribe@azgy ath, 1, 2, 4- oxadi azol - 3-yl,
- 1, 2, 4- oxadi azol - 5-yl., 1 3, 4- oxadiazol 2-yl or :
1,2,4-triazol nmpl es of GBpQgpered het er oar yl
e

gr’bups i oD ctﬁrﬁ't“ﬁ?eﬁ af“?'&ﬁwWB"‘ﬁ'éE to fOWP R t r ogen
¥atons and/or a phosphorus atom are 2-pyridinyl,

2- pbasdalaapbenytie @mﬁkyrﬁti'ogﬁzdnm)ﬁls rem@nBe carBdnclh E}blaﬁtlcularly preferably 2-
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1 BTGy, L by gﬁﬁvw@!wdv' SRS SBVETRY! STl kTR G methyl
he% y:azmja}sryﬁhygz@ﬂwwhaythﬂmysa@mb6 SAs ethy-e-pwekidyy 2-quinolyl, 4-
40¢, - c10- al kyl, C6-Cl0-aryl, alkylaryl hav- ing from1lto
10 carbon atoms in the aIkyI part and 6-10 carbon atons
in the aryl part, trialkylsilyl or hal ogens such as
fluorine, chlorine or bromne or be fused wth one or
nore aromatics or het- eroaromatics. Exanpl es of
benzo-fused 5-nenbered heteroaryl groups are 2-indolyl,
7-indolyl, 2-coumaronyl, 7-coumaronyl,

2-t hi anapht henyl , 7-thi anapht henyl, 3-indazolyl,
7-indazolyl, 40 2-benzi m dazolyl and 7-benzi m dazol yl.
Exanpl es of benzo-fused 6-nenbered heteroaryl groups




WO 2005/ 058928 PCT/ EP2004/ 014226 22 are 2-qui nol yl,
B- qui nolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl,

2+ |, 4-quinazolyl, 8-quinazolyl;
5y§ﬁ%ﬁ@§§#§|, 4-acridyl, 1-phenanthridyl and’ ¢ T/EP2004/014226
1- phenazyl . Naning and number #hg of the heterocycles

has been taken fromL. Fieser and M Fieser, Lehrbuch

der or-gani schen Che- me, 3rtl revised edition, Verlag
Chesathg-2-aVibaiyh Semathy ED&holy b 7-Aeby g-quihes,e-quabxatlyd ametmiziqinoxaiyl or
syshen). A« particular preference is given to
unsubstituted, substi- tuted and/or fused six-nenbered
heteroaronatlcs having 1, 2, 3, 4 or 5 nitrogen atons

i nMtier 1He pasticolar oried Wien b\és' & donprref pafotriutafVar and isgisthiet Atsedionor
sanef thetambativiut ed 2- pyridyl, 2-quinolyl or B-quinolyl.
Ais therefore preferably a group of the formula (1V)
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k)y'] angep 'WO‘E@\Y Ré&wiA of giopn 16 05‘1*‘?/!’&”0911’ kaplezf {pp Elpments
15h awlnmgna‘yrbeamﬂ:thermgsih@s Eahd:m(mnpraftereme id giveb fodithiuhk ytdiupar potaasiahn -
6 gagoﬁ%bﬁ)ﬂayaél%aﬂ uﬂchtaﬁgd RGNS SM%L amlﬁ’ers oﬁztﬁ@gﬁﬁ ttgarn%pélum
o oo Bl P s 5 e ks by e e
an@aNEZA the radicals R22A are each; i ndependently of
one anot her, hydrogen, Cl-C2o-al kyl, C2- 30

OCZﬂ.qu.J %ang’éhargpén t%&lcﬁrﬁy #s p%fe I@Q@J cwa JQ@X‘%Q ;Idi 955& l:!a athgteroa-

carbon at
at @Fh?f P P%“'ﬁ‘rif‘?mﬁ%ﬁ ?tor‘éﬁﬂ}/ t?’%\lﬁ H?Eﬁ”é’" R2B A Wﬁfﬁ""‘%h' %B"Y' 2
bethjewil. Aeurdh 3fisprarplylas-Eoxamlyl, isobiaxolynéridothiaealyl.ipygzah d-pprazolyl,
| S5 eré(tﬁl?lnz 5@@9@1_14 oxA¥olyiS5- Euaﬁcflﬁ’gf’:‘lﬂaz@lﬁdﬂ, l'h@zo'lyl Wiriddol Bﬁmﬁamlyﬂb

ni r{n? Bt?% m%az IIy]l ‘Pr eﬁ%altdnﬁzg %6‘{:‘15[, oxad|az/c_a\| ?g 1% ﬁ?xlarg%zl'g\aﬂryﬁom 2,4-
gsprlgf@ 3aﬂ|2ypy2dmyl 2-phosphabenzolyl, 3-pyridazinyl, 2- pyrimldmyi 4-pyrimidinyl, 2- pyrazmyl
1,3,5-triazin-2-yi, 1,2,4-triazin-3-yl, 1,2,4-triazin-5-yl,1,2,4-triazin-6-yl, 2-indolyi, 7-indalyl, 2-
coumaronyl, 7-coumaronyl, 2-thianaphthenyl, 7-thianaphthenyl, 3-indazolyi, 7-indazolyl, 2-

benzimidazolyl or 7-benzimidazolyl, 2-quinolyl, alquinolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-
quinazolyl, 4-quinazolyl, 8-quinazolyl, 5-quinoxalyl, 4-acridyl, 1-phenanthridyl or 1-phenazyl.

30
In the (A-CR”AR“A)_- anion, the —QRZS"‘R':’DA— group bears the negative charge. This group is
preferably located in the ortho position relative to a heteroatom of A, in particular a nitrogen atom
if such an atomn is presentin A, .

35  The (A-(CR™*R¥))™- anion is preferably a group of the formula {IXa) (m=1} or of the formula
(IXb) (m=0);




pyridyl, 6-nethyl-2-pyridyl, 4-methyl-2-pyridyl,

5-net hyl - 2-pyridyl, 5-ethyl-2-pyridyl, 4,6-dinethyl-

p pyrldazyl 4-pyrimdyl,

W{%ﬂ#qsw oyrimdyl . 2-pyrazinyl PCT/EP2004/014226
6- nethyl 2-pyraziriyl, 5-methyt- 2-pyrazinyl,

3- net hyl - 2- pyr azi nyl 3-ethy|pyraziny|,

3,5,6-trinethyl -2-pyrazinyl, 2-quinolyl, 4 40 WO

2005/ 058928 #EP2004/ 014226 23 nepﬁyl-ZHQU|nolyl
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30  The inorganic support can be subjected -to a thermal treatment, e.g. to remove adsorbed water.
Such a drying treatment is generally carried out at from 80 to 800°C, preferably from 100 to
300°C, with drying at from 100 to 200°C preferably being carried out under reduced pressure
andlor under a blanket of inert gas (e.g. nitrogen), or the inorganic support can be calcined at
from 200 to 1 000°C to produce the desired structure of the solid and/er set the desired OH con-

35 centration on the surface. The support can also be treated chemically using customary desiccants
such as metal alkyl, preferably aluminum atkyls, chiorosilanes or SICl,, or else methylaluminox-
ane. Appropriate treatiment methods are described, for example, in WO 00/31090.

The inorganic support material can also be chemically modified. For example, treatment of silica
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1931 umi num magnesn um m xed oOXi des ar e obt ai nable from-
Colh trse@Hewridéo I@rrdrantageronto Sersibd m@lhewviopsniadieiraug;es i dreiithe
t hﬁurﬁ;ﬁ@@l@e dORPBnELR a.lcﬁémMBts !h%ﬁthé: £t@rf11€ F@OGRlummihud kSR 8 iaYifRoxane

drot.al.cit
¢ eehBpan St S pentiBhr ot e A g oo
CaFVé'PPF’&FP'éW’ complex A iy i efr Wﬁﬁqm Bhtodf009: heprafarabiydtomre:. tacff 1 and
15bein@ariduiar v rafge from eotawRb®1. by nmeans of X-ray
diffraction patterns. 40 WD 2005/ 058928 )
PCT/ EP2004/ 014226 32 The hydrotal cites, cal cined
hy 8l fugbea klessto suitalrle SiiNatigaogginentebizrayedxyaliRinganel Blekd/can be

Ulsﬁgpa?e% fol J}%Me ¥add¥|bp§§*’0r99\§%e{§eqn§¥érﬁ%é ?’?} g&;@gﬁr%ﬂ@to
oIRGB Bl oy Bt Py GRS g e
i ntrlp@nutyia@mnam 4t oy ni@ratures, 2QugtnipelanIC. Bycradompountisand thep pse in
VOblMﬁ&Slyr@énzﬁtbﬁHﬂeQes];nBe@ f&r@x«'ﬁrrﬁy g WPk ea7atteVatoicaBoQt durbifum

oo@mné? dﬁoqg:l L?rﬁ)r%%b &r?p%b“d t%g r%s@{y%ﬁeiﬁéﬁgm {he%\gho%ygclotpgnta]dteny!
P a?O(']P@{IgVH§ uguallydp t_hl_@@nqeéro@dd tmod prafprably from 10:1 to 50:1 and in particular
noin deyaige fian e@mioemyl Pra@enst BXretbis cfse binan ipusrpe@mionbdysiesehiadenyl
25ar getAluRfk@rcaRboingp! i €d in  such an anount that the
concentration of transition nmetal conplexes in the
- finished catal yst sys- temis from5 to 200 prol ,
pr’é‘%‘%’P@mP@Ph@rﬁﬁ%e‘Q'@ agids, IrEforennaisl ivamts cpraRcuUndsef e fognula (X1l
preferably. from25 to 70 nol per g of support B). 10
Some of the nprgeyefopent adi enyl conpl exes of the_(x”i)
qgpresent invention have little polynerization activity
on their own and are then brought into contact with an
acthe®tor, viz. the conponent C), to be able to
- display good pol ynmerization activity. ‘For this reason,

thgecat al yst  sysi ey Qb 888hd % of b bLRSE TGHR fh'e%%ﬁxent?% par-
component 'O), g, @i, B g Adaigly g conpounds,
S

preferably at |ea one on- form ng corrpound C)

Sujqtapl e cenpounds C% which are able to react wt

R N e e R A

catal ytical |y actl&aos eﬁ?ﬁP@”“&é’?T\?é’ T0SBRPORINTER Ml alky geical

exanpl e, Conpoun@g frgrg@kpzo carbon atoms in the aryl radical or fluorine, chioring,
bromine or lodine, in particular haloaryls, preferably pentafluorophenyt,

35

40 Furiher examples of streng, uncharged Lewis aclds are given in WO 00/31080.




20 as an al um noxane, a strong uncharged Lewi s acid, an

i oni ¢ conpound having a Lewis-acid cation or an ionic
cwm%mq SPNt aining a Bronsted acid as cati mﬁ% 1014226
al'uni'noxdnes, it is possible to use, for exa Ruits
conpounds described in WO 00131090. Parti cul arI y

useful al um noxanes are open-chain or cyclic

al- um noxane conpounds of the for- 25 mula (X) or (X)

Ric Al-[-0- Al ~- RAC(X) RzZ Rac 30 O- A]J1 (X)
8100rﬁi5»urvﬂb efteis RpOwEICardfaRic R Dseful ﬁﬁiﬁﬁ%ﬂﬂm b bBrEine8 AR boroxins

f
F%tgall@lbﬁ%n&ﬁwa@'bg%ke c?{r&lé{ﬂhbd%x% rtlculalbs/ore%rencﬁ {s g}(l%ﬁ to using

ngs w’achskwaf 3hleast éranperﬂmnyawdra@ﬂﬁanals@ Pmmapprpfarrenqemwan foy
5use1ﬁnpbuna¢ oftherfaman €xig DaRE, X*Sangathyd iddnicd, pereany. 40
vp,,g(ggp@ﬂg)é&gg@ nGalh EP2004/ 014226 33 These ol i goneric
al um noxane c rzrpounds are usual ly prepared by
controll ed reaction of a solu- tion of trial kydal um num
Wi Slhitablmtompoundn Cpean prefalably prageredlby goacte ofGiluadinu mioniB@tempounds of
CO(H%HﬁWaS(x@Q\In%HQQaIEJho;S tohi Io‘é@&én@g Qmiﬂerﬁ)nﬁ%n a%e@onogmlmefdenva

I hear aln ITD ecul es
1o o P U peRgRARY o el et PP is PR o gorteuer
metwortaTére Exaimpies piprdindsrg owefiowwmdsindsane gdndudophgoesent in
adpr pfemahw@hwmrhetmna%d nﬁ,rd@ky 29 K Sy 5 y%tsahénxm@loumeﬂw MBxam-

I
a ﬁgs o?t:o&ﬁ 38 cﬁﬂg q?ﬁ {%r r}?lgﬁ.ﬁlﬁéér%ﬁ rdtaﬁg?%ﬁrépamcular
rmtﬂmﬁthsé%rlnawm#ﬁen@%@m%enpwrmmy@wwwwﬁ -bistpentalotapipnyimeineih

. 15r amimetawsunhm harry-1,2:3,3,46,6% s0yonBeioagRAY AliHYRIUAI-
}ﬁ.g'?f ntaﬂfo%lp%){l'ana;lnls Jafbin Qw?aﬂpﬁ%&%ll ?nd(fr?eﬂ'l l@llur%‘HurP!? 4'-
usé s dxa

as com
AHOGRSE O A N8 STESITRPIRY P11 ) . 10 11 has been
found to be advantageous to use the

mmwgls%sﬁ@mmnﬁmm SRTR) %sef)uéeafeﬂmtafeﬂn yad lym 6%@&? Ex-

co% unds 1 n suc unt s

HOHOPR1RPs ?féh‘sa‘VRfrﬁerPBS?a‘ﬁéc'dséBﬁ%‘ﬂ'ﬁ8%“5 'HB?rEFﬂflahE?"“a’ﬁ?F‘ds
al bavinmpatiuatineled agt redlitalspioesxengle {CaskBeH.t r ansi ti on net al
fromthe nmono- cycl opentadi enyl conplex A) is in the
range from1l:1.to 1 000:1, preferably from10:1. to
508019 eiistiaraerd ey agidsrsuitabla papclivating dempouataf® afsp ivptdeOhelrection
40frodlicts A¢ o barchid @Eid @itHaes edufvalsiid df abaiemimGh il brivg: reactlon products of

25cOmARGR #Rﬁ? %. vﬂ{h‘ﬁmch%ﬁgl(/ﬂ%&é%lf %(';Ecﬂ@ﬁ@oﬂﬁ ed .Igsrﬁcgu ageé?ﬂu fhatga, hy-

on o

DD PRPEHTOE i PSRBT SR e eRboris i

Suitable ionic compounds having Lewis acid cations include salt-like compounds of the cation of
the formula (X1I)

30
(M) Qz...Qef" | ' (i)
where
33 M is an element of groups 1 to 16 of the Periodic Table of the Elements,
itoQ, : are singly negativaly charged groups such as C1—Cgg—alkyl, Ce—Cs—aryl,

alkylaryl, aryialkyl, haloalkyl, haloaryl each having from 6 to 20 carbon at-
oms In the aryl radical and from 1 to 28 carben atoms in the alkyl radical,
40 Cs-Cio—cycloalkyl which may bear C—Cqe—alkyl groups as substituents,
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1.2 equival ents of water, per equivalent of alumnumto
an al kyl al um num conpound, in particular 20
tgdd alum num at | ow tenperatures, usually bel ow
Ogdéﬁgznﬁg%énpounds and their use in ol efin FCTE 2003514326
pol yneri zati on are descri bed, ¥or exanple, in W
00/ 24787. The atomc ratio of alum num fromthe
hydr oxyal um-noxane conpound to the transition netal
from t he nonocyolhepgnt @oteamby. GORLEKxy Ayl $ mes n
the range.rom1l:1 to 1002%, g)rcéfer algl yyA% gom 10 WI%MUPLS
50:,l and in partigcul t.h nge from20:1 to 40: 1.
Preaflerence isint |'r§£gg%1#§°gl tf’\g/g?‘ﬁiato using a
nmonocycl opent adi enyl 25 netal dial kyl conmpound A). As
st rzong, unchar ged dnénéger fmiods s, preference is given to
compounds of the formula (XI1) M cxrex2cx3c (XII) 30
wheye Mc is an elenent of group 13 of the Periodic
Tabl e of the El efEEReMs N4 ere‘chéulzd%““BS gigpterghancgequal to 1.
preferably B, 35 X ¢, X2c and Xac are each hydrogen,
C1-Rettigiasly kspful catiens @res:adhpnin catibrieydxeniy catigos phaaduligrium cations and also
hal cethic tréagkionatietd) adrardxyd. P@rﬁdﬁﬁr rh@‘%nn&yfbﬁ MU of ke tﬁ!‘:ﬂerﬁlﬁﬁa*ﬂﬁ n

9
t c&%n 'k sql\%?ca%!)rk%/nd tr[eald1| glfnet ospfa rcheng {n gGThghFrsrfgfaﬁféLave noncoordi-

atons in
br SAY"E EUBET ISR P?é“cuiﬁrrpowammmndaﬁs ﬁ%\alfmw@ed [priéd e1/eagsay pret
peretaal ketraiistyehiefuptophendifborater t her exanpl es of strong,
uncharged Lewis acids are given in W 00/31090. WD

58928 PCT/ EP2004/ 014226 34 Conpounds. of this
1% y%@ YRACRa IR ANE PRIRNIS &R 350(R8 BRpATedY cRphpsrAcivron @) alugpinm
borcamregndaad abeluminiim sikyl syt B sexsndtaonadukey Wi cam &act to link two or more
t I ibgroly hrRRMA0R ansidd. WQEhXAdQQﬁrQ’é&rﬁbourPﬁhﬁch%WH n |omz|ng ionic com-

ferenc ven
e 2T R !’°H rrtsprRaT 8%"ng’@| o BHBHR OSSPt Lpsmaly o bao
pr éﬁéﬁf@ﬁ@@ﬂ@@@ltmew toptabing basp du pxksplefan eihipe,fao mmiie derfvive dr a
2‘% N nitbg el ReterdHcle Xn?gddﬂiﬂrd aXoulih ébfr@odnﬂ‘ RRtH ik&ise rRScRNVRR ﬁ@lbyron or alu-
r 'nﬁnu&%ﬁrﬂfgoﬂ 4 ppr Rtg%%al)legg can be %dx:le.-dsul table conpoun S C)

are prefera epare reaction of al um num or
bor on corrpounds of the forrrul a (Xll) with water,
al ¢oleobregourpl eortdinideBrne@t hokgs cmhismmawllukeﬁiweihu@tniowc@&duﬁa'ﬁng

an 'cédnﬁﬁong Asipkfis tec]'Qc ot at elgr ﬁ?%fé Q}]QF 39 g%ﬁ:qat%lne ar amlme 6-

espec uor |
2®a|“ a\ %eal é fefFeﬁﬁ’t’}Pt‘%?{EE “GReE Ny N. N&JP%*“V&W*%FWW@@MW

c o pbeimeltylbanzylapeatierh badoriso Peraatioes, of the biter two.

bi s(pent af | uor ophenyl ) met hanol and

hen
T A A AN R ﬁfﬂ o
( qullt)ablws[qqmgyn@ﬁg) erupag@pia'gilrrgglmiamllnwmﬂ)aqatabq@er@ror trityl boratabenzene.
adg ri met hyl al um nuni pent afl uor ophenol

tr | nmet hyl al um nuni 1-bi s gent af | uor ophenlyl ) met hanol 15

tri et fﬁi‘f’%ﬁ SOMPPHIAT GL9q)taIP Borglesphih begr 8t ieag! two pesfiugrinaged gryLrprdicals.
naPetivveobeipiaeaeyd giveh to Nek-dirletalianifinium tetraliggeentatdorapbengio arahd in
anﬁarﬁdula# ﬁnlamewa}cm,@u%m R RERRNSEREnyB Rate, .

hl% cm{éﬂybg%lgmgmlgum toetr?ls(pgnt%ﬂuo %riea{ F %F SrkgmgIj]eérﬁvfpentaﬂuoro-
ﬁqya egylprate.

It is also possible for two or more borate anions and/or boranes to be joined to one another or for

a borate anion to be joined to a borane, as in the dianion [(CeFs)aB-CaF4-B(CsFs)s)* or the anion

[{CsF5)aB-CN-B{C;F3)aT, or the borate anfon can be bound via a bridge bearing a suitable func-
40 tional group to the support surface.
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In further suitable alum num and boron conpounds of the
formula (XI1), X c is an OH group. Ex- 20 anples of

c of this type are boronic acids and rin
a@ggﬁg%gﬁ”barticular borinic acids having beliRbofiiins
perfluorinated aryl radicals,3f or exanple ( C6F5) 2BCH
Strong uncharged Lewi s acids suitable as activating
compounds C) al so include the reaction products of a
boronic acid with two equival ents of an al um num

t r Falhbnsbitaple aéth@ing @apbindC redWe hsvodo/3189. an al um num
trialkyl with two equivalents of an acidic fluorinated,
in partlcular perfluorinated, hy- drocarbon conpound
such aggwﬁ ahstrena) %q%ﬁ &8 acigp, ionic compounds having Lewis-acid cations or
5bi Bbipemipadrdsiainaipihg Byphstdiciinasaias i prefStably adoh €1 toiequivalents,
COFBRYBRARLH HYh 1% 110%\ﬁ\6|\§aleﬁl§ | bqse%a b %ndcfk%mieﬁsmmbd@ ke
conmpounds of the cation of ormu (XI11) 3
(((Mc)a4)Q &B...Q)" (XIII) where 35 MC is an

-el Evitebie acyfatigy cmnnp@.md_s ¢)@lsd Belgfe bblaealfPainimoabmpoufidgddueh &f  t he

El g @E?zﬂgor@heﬁg rleﬁén"é%xﬁ %gbggdgl:/ gc%r% éﬁ]ﬁ(uglﬁ:grppciunds are
& Whriae L

haloaryl each having from6 to 20
carbon at- ons in the aryl radical and from1l to 28
cankeio gésOIBE to uBe iRreabiey the BB brfdttioned i aBrdGoRpaiva @ FHrifathed

 20BEP Rl Slur st b R R5ark 455 bHEGboundh
- aP¥sxlgr onegangzining Wtr@&lyﬁpengﬂqogﬂphqut berate @@Eﬁ ?‘l‘dk@ P 838 unchagged

19 S L@ dcldt ie geticulbir todpehtafi@rophadyitlorbnez 1S an i nteger fromO
to 5, d corresponds to the . difference a - z, but dis

greater than or equ to 1.  Particularl I

L Brb e P BT RO TN AP C TR B ety

S ulifed i apgivera tpiefaneblyzen dropksdydrda@rberditaiiogram & te fedriton giams, in par-

e ti@dar SRR BXER; peRdhd, h&dhe heptROdaGikui@erbe. made of the
2&lrlphenylnethyl cation, the silver cation and the

1 dlnethylferrocenyl cation. They preferably have
noAdeber@Pssibiitsi toese o astvating eameoun f) Wah e EiEneg YR emploved
C O RPQUAPHSB). BhicHedyQerdd HOotEet | ferRethpienfroM@nSHbiA9I8 B&e bp trésfment with

er qpcr(])%unﬁ g!ltorxﬂg Ergi(sgfs@aﬁf'nt cngﬁngf?olﬂ efs\')ékgn&%rbg('rgansjo&aﬁ%h teRachioride.

e prepared by
coﬁm‘- HFH@&“%{‘ %mcwstsws élda‘iﬂ“ﬁ& ﬁ?f eEFRSOUNG 8 1F0 an

2al um num al kyl, with a second conpound which can react
toal hké'\}.}fsetb?ﬁ’@d Bﬁdumﬁ&trurp%n%@ a@'f evéd Hl}merﬁf'{ﬁb AHoRI¥polopEntaliieny: com-

A e e A KOS Bl PR e
e. guitable fOpihemNrr@mamrmﬁeleﬂmarhtes theggfore pashitinialupg/ong Obragre catalysts suit-

pr ebie foaaéfM Ak AiBNACopttinkilcOERNert DY b LGt dy6iere, Pobille catalysts
Eb”Qre in E‘ﬁ]{uc@ar clas'smr-]\"ilgleg&}cfr-ldahad%ta &L I'Ja}éQJ dn\{%nﬁ& aﬁd gggsrcai Pralhps cata-

n|t ogen a fourt conpoun
whieh PﬁeRé'W\‘/?héc@"%‘a‘@?% with the boron or al u- m num
conpound e.g. pentafl uorophenol, can be added. lonic

;%‘))gﬁbjbg%ﬁg)gq%?l&%b&n%%g ﬂ%{\?'@lg ﬁl&%%(g%l%gsd ;d nsmon metacl)s osf graups 3 to 12 of

the Periodic Table or the lanthanides which contain organic groups and preferably form active

% catalysts for olefin polymerization after reaction with the compenents C) in the presence of A) and
optionally B) andfor E). These are usually compounds in which at least one monodentate or
polydentate ligand is bound to the central atom via a sigma or pi bond. Possible ligands include
both ligands containing cyclopentadienyl groups and ligands which are free of cyclopentadieny!

a0 groups. A large number of such compounds B) suitable for olefin polymerization are described in




counterions. As Bronsted acid, particular preference is

given to protonated am ne or aniline de- 25 rivatives.
ations are N, N-di et hyl anilinium

N&&-@Hﬁg@ SP/I cycl ohexyl ammoni um axd PCTIEP2004/014226

N, N- di et hyl benzyl anmoni um an#f al so derivatives of the

latter two, Conpounds contai ni ng ani oni ¢ boron

het erocycl es as are described in WD 9736937 are al so

sSuChenbRey. aenocwrp(m 86t4. Kdtherinbre Pt hoel odlopentadienyl complexes are

di H?JJ?&E bR olehd %%Q%Eﬁ% abenzene or trityl

bor at abenzene. erred ionic conmpounds C) contain
borates which bear at |east two perfluorinated aryl
r aBartralagy weillaitet! conposants i) efledcememunds hgiing@hledsoone cyclopentadienyl

sN, Nald, WREa %bﬂaity%fhﬂ'@dﬁ@a}s%lo&é%&@ﬁ@&gi35@%{%%{%%99&5}!&%%
tefom%f‘%s(aﬁe th?sﬁf’{tﬁe m’fﬁk@ﬂ VI )borate, N, N-dinethyl

benzyl anmani um t et r aki s( pent af | uor ophenyl ) bor at e’ or
Arityl Rt r aki speptafluoro- 35 phenylborate. It is also
possi bl e Yor twRor nore borate anions and/or boranes
to be Joljpedﬂ;@ one another or for a borate anion to

be j.pi ne @ borane, as inxihe di anion

& §F4-B( C6F5) 3] z' grl\{)he ani on
[(CGFS)SB B )3y, or the borate anion can be
bound via & bki dge bearing-a suitable func- 40 tional
group t Rfhe sgo Lt surface. WO 2005/058928

PCT/ EP2004/ 01 Xt36 Further suitable activating
1£onmpounds'®y” are listed in WO 00/ 31090. The ampunt of
strong, uncharged Lew s acids, ionic conpounds having
Lewi s-acid cations or 5 ionic conpounds containing

Br ohms¢ thel substitebsts asd indites bavs the Sliprigfrereigsy from 0.1 to 20
eqw val ents, nore preferabl y from 1 to 10 equi vaI ent S,

&donth nonocycl opent ad

bagel on LS RACRELPRINAL S SRR S oyl 501
C onpounds S b tergsten, or an element of group 3 of the Periodic Table and the lantha-
di [ bi s(-pentréd, uor ophenyl ) bor oxy] net hyl al ane. Exanpl es
of such boron-al um num conpounds are 10 those
di sgl osed in WO 99/06414. |t | so possi bl E;

5 ur os. ofs MRe GRS SR UG HEESS Pt oh & E ST GEC e
C) Pr ef er reet] akylrgt haying §ore & tyd P icarbonaktomsintosxaityensrt andfrom 6 to 20

2¢)art| cul ar camtdbidnalinkid Qg)égfne and an ionic compound, in

particul ar 815]56 C?I%"?llmn %c%ls X8 form asubsntuted or, }lnsubstttuted diene
tetrakls(pentaluoro he on

strong uncﬁaqneé@jpart@gar@e‘w)-/%ena&qaad anq,{hebraqiqulsdh |a§rldentacal or different
t ri s( pent afehtiogophary todnesmtrer, Bot h t he
nonocycl opent adi enyl conpl exes A) and the act i vati ng

2§ 0 fds C e preferabl usedmnpl N_sa._S 5
EEP o y An Tt POoHDRR BEE Gy s A PR g

car bon at oregblyicgibgyar - ti cul ar xyl enes, tol uene,

pentane, hexane, heptane or a mxture thereof. 20 A

fugther poss| 9' H dnd id sﬁchttﬁ%:t l&%p%n% cﬁ%lvxnaﬁce 136" AREHALNGE R
whi ch can SI as support B).

LSuch syst ef8™& ?x° E‘Bf"gﬂ‘%%(é \‘Sc‘ir%aer arrpl e, froman

I norgani c oxide by treatment with zirconi um al koxi de
anahebsequent chlorination, for exanple by neans of
carbon tetrachloride. The preparation of such systens

's Rdﬁea%g F{hb ea(rjc-z eacr?(E 13(-3{1}) Ca-Cﬁ-.aryl mlaryi]' aryllﬂ(%y% QIuoroalkyl or fluarcaryl each

having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon at-

40 oms in the aryl radical and




It

25 A |likew se broad product spectrum can be achi eved by
use of the nonocycl opentadi enyl com plexes A) of the
p ention in conmbination with at le
f&‘&’tsﬁﬁ@?"sé?gﬁl alyst D) which is suitable for 3’??@“‘3%%‘”"“‘”“
pol yneri zation of olefins. It3%s therefore possible to
use one or nore catalysts suit- able for olefin
pogorreri zation as optional conponent D) in the catal yst
Sly goR™ lPoz_sa' dat:re irﬂéﬁe&de;lt@toﬁonBl@ndE)er, a(-em-éclmyh Bat t7LéMbfed cyclo-
cl assi cal «Zjy . - ; sed [ an
cl assi cal @?&%@é\%&{l&ﬂ tﬁs/ﬁrbg%ae?g’ gﬁ’ C 'rggéﬁ%%%sldggt@en >
oxi des. Pos€TBra*e¥niso apyatig having irop it 15 G3rban aipms in the al-
conpounds &f! pert amidiomi6dn2 reeber atompfin tge avipsart, NR*G, N(QIRYE),, OR™,
o he Peri Odiosiﬁabéigwmafrme %rgdmcgama@l ﬁs’-ﬁmrin%és%‘w%@:sﬂ%t%d by
organi c gr n ef er ¥ fOrmactive cata
for ol efi n%%‘ggenrgr%r}di'drzr)é{vtoirag'ﬁg a t'er"\nggr&ufabﬂc'%ﬁfﬂcaﬁ%r@ayj“%e
conponent s 1AMed faforpadiveysigss pryen-pembayed sl andé tioisiap Iradicly R*-
and/or E). Seoeoired wSeralaliiye- GRNG 04186l BerhBeratithe boi@le which con-
| east one RRACHERLS BelioR romRR ¥AE BdndLifig Eﬂngé,”&ﬁ%a% Rg%-ﬂé]d
1[?_0 the central atomvia a sigma or pi bond. ossi bl'e
i gands include both Iigands containing
. cy® opent adiedpridalsgy onapie idgntical dr giEerers andrircncal CHhtatg, Qf-C o
cycl opent adjsawl, 40c,GeRLDSC-AkdRbdR-0lLEBYy 8 such
conpounds B) suitable for olefin polynmerization are
descri bed in WO 20051058928 PCT/ EP2004/ 014226 37 Chem
Rev. 2000, Vol, 100, No. 4. Furthernore, nultinuclear
1ty &lPopent adidefined asorfleexes are al so suitable' for
ol efin polynerization. Particularly well-suited
conponents D) include conpgends having at | east-one
cycl opentadi enyl 5 i gand; ‘\whi ch argeoogener ally
referred to as netal |l ocene gempl exes. Particularly
useful netall ocene conplexe &t hose of the fornula
2{XIV) Rio Rzo EL0 E2Dsd( | @\ (XIV) 6D E4D.R3D
RAD MoXD t 15 ZtD where up%tituents and indices
have the fol |l owi ng neani ngs:h\é@ [ s\thﬁﬂni um zirconi um
haf ni um vanadi um .ni obi um 12tDé\nt alum chrom um
nol ybde- 20 num or tungste® ~or an el enent of group 3
of the Periodic Table and the I antha- nides, X is
fluorine, chlorine, bromne, |odine, hydrogen,
2%, weere e [@dlcals c2- ¢, 6- al kenyl, CS- C15-
R* 0 R™® " are each, independently of ane another, hydrogen, Cy~Caralkyl, 5— to 7—
' membered cycloalkyl or cycloalkenyl which may in turn bear Cy—Cyg—alkyl groups
as substituents, Cx-Cyp-alkenyl, C—Cy—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""y),,

< ORM® 0SiR™P;, SR, where the organic radicals R™°-R'*° may also be substi-

tuted by halogens and/or two radicals R*°-R*™°

, in particuiar vicinal radicals, may
also be joined to form a five-, six- or seven-membered ring, and/or two vicinal radi-
cals R™-R"*" 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 §, where

35
R0 the radicats R"*® are identical or different and are sach C,—C;g-atkyl, Cs—Cyo—
cycloalkyl, Cg—Cs—~aryl, C1—C,—atkoxy or Cg-Cqg—aryloxy,
go0.g1° are each carbon or not more than ane E™ to E'° is phosphorus or nitrogen, pref-

40 erably carbon,
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aryl, alkylaryl having from1l to 10 carbon atons in the
al kyl part and from6 to 20 25 carbon atons in the

I -ORD or -NR6OR7D, or two radical r
2{13%)52?(%%'{9%% or unsubstituted diene I|igand, %Fﬁmfp%"m'?m
particular a 1,3-diene ligand3® and the radicals X are
identical or different and may be joined to one
anot her, 30 E10 E50 are each carbon or not nore than
one E7TD to E5D is phosphorus or nitrogen, pref- erably
ca i 8D wS Uedh t hat pendi ng on
thgh\eg?%%aése?ogndl\% 899 rﬁr maf’aﬁl éc%enému%g'r‘f"alch of the
formula (XIV) is uncharged 35 where R6D and R7D are
eaBl’C -C O al kyl, C6-C 5-aryl, alkylaryl, arylalkyl,
«f | uor oal kyl or fluoroaryl each having from1l to 10
carbon atoms in,khe al kyI qﬁadl &gl and fraom®p R;,gb 20

carbon at- 40 in the radl cal andt WO

2005/ 058928 PClLEP2004/.01 30’38 Ri to 3?9 le each,
i ndependent |y Ef{‘ one anotg‘e MC -22-aTk 0 1o
7-menbered cycllgm al kyl opseyghoal kenyl foC

Ry 1 n
turn bear C, -Cl0-al kyl grOupsas substituent :
2- c22- al kenyl’,  C6-C22-aryl, arylalkyl havi ng from1 to

16 carbon ato I'n the al Riy part and ROMRE™t 0 21
‘carbon atons in the aryl d%t, NR8DZ, N(S‘ol RBEb )2, OR8 5
0Si R803, SIRDC—wher e—t'IT “or§ami ¢ r adiT: R6D nay
al so be subst|t|%ed by l.ggens and/ or thup rqgjl cal s
RID-R5D, in pafticul ar vi cﬁ nal radicals, Rmay Ral'so be
140ined to forma five- six- or seven- merrbered ring,
and/or two vicinal radicals R/D- R5D may be joined to
forma five-, RI®R-RrEP s&Ven- nenber¥d REPer#ycl e which
con- tains at Iieasd on¢ atom from|the|groyp consisting
of N, P, 0-ardCS—0here—1+6- R8B-theZtamfeaM$®RBD can be
i dentical or di ffer]ent and are ea¢h CJ- Clcb al kyl,
2@6- C, ,- cycl oaRf<yI R“EBREC6-aryl, R'CCR™AI RERy or

C 0O-aryloxy and 15 Z1D is def| ned -as for X or, ROD

Rlog. w80, EAQ-20 Rlgo . ECE (E RIID RI2D

BNR —Ge—, ~Sn—, -0—, —5—, = 80, = 80, = NR'"®" = CO, = PR"™ or
= P(QR'™,.
25 where
R16C_R%0 are identical or different and are each a hydrogen atom, a halogen atom, a
trimethylsilyl group, a C4—C,g~atkyl group, a C—C,p-fluoroalkyl group, a Cs—
C,o—fiuaroaryl group, a Ce~Cyo—aryl group, a Ci—Cyo—alkoxy group, a C;-Cy5
30 . alkylaryloxy group, a C2-C,g—alkenyl group, a C;—Cye—arylalkyl group, a Cg—
Cso—arylalkenyl group'or a Cy~Cap—alkylaryl group or two adjacent radicals to-
-gether with the atoms connecting them form a saturated or unsaiurated ring
having from 4 to 15 carbon atoms, and '
as M0 - are each silicon, germanium or tin, preferably silicon,
A'° s — O —,— S, \NR“",\PR?“, =0, =8, =NR¥®, — 0 - R™°
- -
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25 where the radicals R8D to RLD are each,

i ndependently of one another, hydrogen, C, -C22-al kyl,

5- - nbered cycl oal kyl or cycl oal kenyl i.ch

[ hvotzﬁ?%s’g’g'gr C, - Cl0-al kyl groups as substi tpg%gnwmyzﬁ
Cz- C22- al kenyl , C6-C22-aryl, &8Pylalkyl having from1l to

16 carbon atons in the alkyl part and 6-21 carbon
atons in the aryl part, NR14D2, N(Si R1403)21 30 OR14,

OSi R14D3, Si RL4p3™, vmfme o oh& lﬂ&ﬂ%t&i guagi.mealoﬁu@%t&%c

may al so he substl tut e

hal ogens and/ o

radi cal s ROD- Rf%0® ' pgletl cuI ar vi ci nal radl caI s, may
al so be joined to forma five-, six- or seven-nenbered

ri ®§° and/ or th\wamciale R B4re raa%ﬁliunde@aaeatimaxeah&ﬁ)errmyc@amyn, Co—

goined to forgm - d.

het er odycl e V\,haa con%ﬁ‘fbhélky' e M@Egﬁ@ﬁﬁﬁﬁ, fromthe
gro up consisting of N, P, O and 5 where 35 R140 the
radiCal s RL14Disdydroged.dhtd ealkyl G-Caki-irfl @hienthain thrretresr Gra@balky!

£, - C10- al kyl, gl%s@%@ﬂbsﬂib’éﬁis‘aﬁ’éskaﬁh—cyc@%kﬁ; s-aryl,
C, --al koxy or C6-C, - ary oxy, E60-E10 are each car bon

or
"%i t'r ogen, prefs-! oaghesrg

not nmore than one E6D to E10D i s phosphorus or
B 97 WraubBied, INBIRIRD DS BEgdpigrocyclic ring

PCTI EP2004/ 014%m mayQs66e ¢,he radi cal s R4AD and Z10
together forman -R15Dv AID- group in which R16D 5
R16D R16D R18 R16J) 8180 MO MPo M3D MeD C_ 117D 117D
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phosphorus in addition to carbon atoms in the ring. Examples of five-membered heteroary! groups
which can contain from one to four nitrogen atoms and/or a sulfur or oxygen atom as ring atoms in
addition to carbon atoms are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl, 3-Isothiazolyl,
5-isothiazolyl, 1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 1,2 4-oxadiazol-3-yl, 1,2,4-
oxadiazol-5-yl, 1,3 4-oxadiazol-2-y! or 1,2,4-triazol-3-yl. Examples of 6-membered heteroaryl

.groups, which can contain from one to four nitrogen atoms andfor a phosphorus atom, are

2-pyridinyl, 2-phosphapheny!, 3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1.3.5'-_triazin-
2-yl and 1,2, 4-triazin-3-yl, 1,2,4-triazin-5-yl and 1,2,4-triazin-6-yl. The 5-membered and
6-membered heteroaryl groups can also be substituted by C-Cyg-alkyl, Ce-Cp-aryl, atkylaryl hav-
ing from 1 to 10 carbon atoms in the alkyl part and 6-10 carbon atoms in the ary! pan, trialkylsily!
or halogens such as fluorine, chlorine or bromine or be fused with one or more aromatics or het-
eroaromatics. Examples of benzo-fused 5-membered heteroaryl groups are 2-indolyl, 7-indolyl,
2-coumaronyl, 7-coumaronyl, 2-thianaphthenyl, 7-thianaphthenyl, 3-indazalyl, 7-indazolyl, '
2-benzimidazolyl and 7-benzimidazolyl. Examples of benzo-fused 6-membered heteroary! groups
are 2-guinolyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinazolyl, 4-quinazolyl,
8-quinazolyl, 5-quinoxalyi, 4-acridyl, 1-phenanthridy! and 1-phenazyl. Naming and numbering of
the heterocycles has been taken from L. Fieser and M. Fieser, Lehrbuch der organischen Che-
mie, 3rd revised edition, Verlag Chemie, Weinheim 1957.

it is preferred that the radicals X® in the formula (XIV) are identical, preferably fluorine, chiorine,
bromine, C4-Cy-alkyl or aralkyl, in particular chlorine, methyl or benzyl.




8160- R21D are identical or different and are each a
hydrogen atom a halogen atom a trinethylsilyl group,
a kyl group, a Cl-Cl10-fl uoroal kyl -
C?%a?§%5? aryl group, a C6-ClD aryl group, g&ﬁﬂﬁﬂmﬂmgﬁﬁ
Cl- Gt o- al koxy group, a C7-Cl1548B0 al kyl aryl oxy group, a
C2-C, o-al kenyl group, a C7-C4o-aryl al kyl group, a C6-
CAD-aryl al kenyl group or a C7-C40-al kyl aryl group or
t WoheagpthesB ot suttogbnpiakes cintbe cgﬂéduarby\hiethbdstkhaurateom preferably by
co f

a\%@ﬁﬁﬁ f?l% rﬁp&@ﬁﬁa{egémggtrlt c%&&gc,aggn g&f&%%ﬁ%gbﬁl aﬂgm erCO
ealy™ E”W@&ﬁcnﬁgﬁhanlun1or tin, preferably silicon, A7D
is - 0-,- S, NR22D 'PR22D =0, =S, =NRZ2D _ O Rz2D

540 MD 2005/058928 PCT/ EP2004/ 014226 40 NR 22D 2, -
unsubstituted, s tituted or fused
B AR A LA

are each, independently of one another, Cl-Clo-alkyl,
.C6- 5 C15-aryl, B*Clo- cwdfoal kyl , Cr-Cle-al kyl aryl or
Si (R23D)3, R230 is dr ggen, Cl1-Clo-al kyl, Ce-Cl15- aryI
which may in turn be 1- C4-al kyl groups as
Substituents or @8- bwal kyl , 1@XW.85 1 or when
AlD is an unsubgtltut sUbstituted or fused
heterocyclic ring sysy:emymyp al so be 0, or the

radi cal s R4AD and R72D't oget e% form a - R150- group. 15
AlD together with the bridge R15D can, for exanple, '
forman am ne, ethg®, thigéther or phosphlne However ,
15A1 may al so be an unSubstituted, substituted or fused
het er ocyclic aromati g sys- tem which can contain
het er oat ons fronkthe Bnsisting of oxygen,

sul fur, nitrogen and orus in addition to carbon
atons in the ring. Exapff es of1 bve- nme d het er oar yl
groups which can contgtR frofh 6ne to nltrogen
tons and/or a sul fur @r gxygen atom as r|ng atons in
0 addition to gdff R%@re 2-furyl, 2-thienyl,
2-pyrrolyl, 3-isoxazd { 5-isoxazol yl, 3-isothiazo|y|,
5-isothiazolyl, 1-pyrea yl, 3-pyrazolyl; 5-pyrazolyl,
2-oxazol yl, 4-oxardlPyl, Sg¥%azolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyt, 2-imdazolyl, 4-imdazolyl,
5-im dazolyl, 1,2, 4- oxadlazq$-3 yl, 1,2, 4-
2pxadi azol - 5- yI 1, 3RRoxadirizol - 2- yI or

1,2,4-triazol - 3 yl . EXx es of 6-nenbered heteroaryl
groups, which can cont fromone to four nitrogen
atonms and/ or a phosp are 25 2-pyridinyl,
2-phosphaphenyl , 3-pyrid |, 2-pyrlmdinyl,

4- pyrim di nyl, o yra2|ﬁ?w? 1,@fexﬁr|a2|pevg yI and

agk, 2, 4-triazin-3-y 1, 2,A-1ri&zin-5-yl and
1,2,4-triazin-6-yl. red and 6-nenbered
het er oaryl groups can 8 substituted by

Cl1- C10- al kyl, C6-Clo-a al kyl aryl hav- Ing from1l to
10 carbon atons in thg/al Ryl part and 6-10 carbon atons
in the aryl part, tRlaIkyléﬁlyI or hal ogens such as
3%Luorine, chlorine or bromne or be fused with one or

re aromatics or het
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30 eroaromati cs. Exanpl es of benzo-fused 5-nenbered
het eroaryl groups are 2-indolyl, 7-indolyl,

“&Hﬂgﬁggﬁ¥hen7 coumaronyl , 2-thianapht henylp ., pp 01426

3- |ndazonI, 7-indazol yl,

2-benzi m dazol yl and 7-benzi nfdazol yl . Exanpl es of
benzo-fused 6-nmenbered heteroaryl groups are
2-qul nelyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl,

1- phthalazyl 2- qui
8- qui nazolyl, 5-quino

onIR“ﬂ qU|nazonI
I 4-acridyl, 1-phenanthri dyl

and 1-phenazy|. Nam ng nunberi ng of 35 the

het er ocycl es has bee
Fi eser, Lehrbuch d

g#¥om L. Fieser and M
chen Che- me, 3rd revised

sedition, Verl 3@5 em e, i nh é%cg preferred
that the radicals inthe f ()0\0 Y i denti cal,
preferably fluorine, hI%Lkﬁ§T brom ne, Cl1-C7-al kyl or
aral kyl, in particular &ilorine, nmethyl or benzyl. 40

MO 20051058928 PCT/ EP2004/ 014225 41 The synthesis of
such caonpl exes can be carded out by nethods known

s e AmphadheeRppupdsR) the fampia (XEYa). Baﬂmtﬂwéreé%w%ﬁ Bivantafhgse in hich
Syumstituted, oyiehire, viyedioooambboimani ons with hal i des of

tikanium zi rQQﬁlormbl('ﬂqutb@@InﬁhHm emoﬁhrrmxg/)m 5 Anong the
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, preference
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Among the compounds of the farmula (XiVb), preference is given to those in which

M‘Dl *is titanium, zirconium, vanadium, hafnium or chromium,

xP is fiuoring, chiorine, C~Cy-alkyl or benzyl, or two radicals X form a substi-
tuted or unsubstituted butadiene ligand, '

f is 0 in the case of chromium, otherwise 1 or 2, preferably 2,

R to R® are each hydrogen, C;-Cg-alkyl, Ce-Cg-aryl, NR®®;, OSIR™; or Si{R*); and

R% 1o R™ are each hydrogen, C-Cg-alkyl or Ce-Ce-aryl, NR™*?,, OSIR™P, or Si(RF),

or two radicals R'? to R* and/or R* to R** together with the Cs ring form an indenyi, fluorenyl or -
substituted indenyl or fluoreny! system.

The compounds of the formula (XIVL) in which the cyclopentadienyl radicals are identica!l are
particularly useful.

Examples of particularly useful compounds D) of the formuta (XIVb) include:

bis(cyclopentadienyl)chromium, bis(indenyijtitanium dichioride, bis(fluorenyftitanium dichloride,

bis(tetrahydroindenyl)titanium dichioride, bis{pentamethyleyclopentadienyljtitanium dichloride,

- bis(trimethylsilylcyclopentadienyljtitanium dichloride, bis(trimethoxysilylcyclopentadienyljtitanium

dichioride, bis(isobutylcyclopentadienyl}titanium dichloride, bis(B-Lj:utenylcyciopenladienyl)ﬁtanium
dichloride, bis{methylcyciopentadienyititanium dichioride, bis(1-,3-di-tert-
butylcyclopentadieny1)titanium dichloride, bis(trifluoromethylcyclopentadienylititanium dichloride,
bis(tert-butylcyclopentadienyhtitanium dichioride, bis(n-butylcyclopentadienyljtitanium dichloride,
bis{phenylcyclopentadienyl)titanium dichloride, bis(N,N-dimethylaminomethyleyclopentadienyl)-
titanium dichloride, bis(1,3-dimethylcyclopentadienyljtitanium dichloride, bis{1-methyl-3-n-butyl-
cyclopentadienylititanium dichloride, {cyclopentadienyl){methyleyclopentadienyijtitanium dichlo-
ride, (cyclopentadienyl)(n-butylcyclopentadienyltitanium dichloride, (methylcyciopentadienyl}(n-
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f Va), particular preference is gi
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is chlorine, C -C4-alkyl, phetyl, alkoxy or aryloxy, t
is |l or 2 and RRD to R5D are each hydrogen, C, -CB-al kyl
or two adjacent radicals Rl to RGD forma sub- stituted
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di &M ori de, bisdifaivmmedrtppium 3t hainbin; ip fparticular zirconium, and
b the radicals X° are identical or different and are each chlorine, C;—C,-alkyl,
30 benzyl, phenyi or Cy-Cys-alkylaryloxy.

Particularly useful comp'ounds of the formula (XVIc) are those of the formula (XVIc')
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e

3 . . .
S Furthermore, preference is given to using bridged bis-indenyl complexes in the rac or pseudo-rac

form as component D). The term “pseudo-tac 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 com-
plex are disregarded.
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40  dichloride, diethylsilanediybis{2-methyl—4-[4'-tert-butylphenyl}indenyl)}-zirconium dichloride, di-
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but,adi ene |i gandeﬁvﬁQ l@@énzmbe%ﬁl@d sabtiluted oribsed 'thchycllc
RnD R R 17D.Rl 19D 6D or= BNR BDR 1 ,

31D i s -0-, -5 e m{f‘ﬂél&% eOorPand

R'® to R* and R* are each hydrogen, Cy-Cg-alkyl, C3-Cyg-cycloalkyl, Ce-Cys-aryl or SI(RBD)s,
or two adjacent radicals form a cyclic group having from 4 to 12 carbon
atoms.
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The preparation of such functiona! cyclopentadienyl ligands has been known for a long time. Vari-

30 ous synthetic routes to these complexing ligands are described, for example, by M. Enders et al.
in Chem, Ber. (1996), 129, 459-463, or P. Jutzi and U. Siemeling in J. Orgmet, Chem. (1995),
500, 175-185. '

The metal complexes, In particular the chromium complexes, can be obtained in a simple manner

35 by reacting the appropriate metal sals, e.g. metal chlorides, with the ligand anion {e.g. using

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

Further suitable catalysts D) include metallocenes having at least one figand which Is formed from

a cyclopentadienyl or heterocyclopentadienyl and a fused-on heterocycle, with the heterocycles

40 preferably being aromatic and containing nitrogen andfor suliur, Such compounds are described,
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1- OCBeguitate loathystsd tiRiubie lh*bbdhkdnﬂﬂﬁﬁﬁbdhhdsqmmm&loln)um bears at least

d' grﬁluﬂlﬁé %gup a} str&%raqgéturgl '% s)e rFl]pZolur%d gﬁhytlweq;brre%ma%}«are dle.)»cnbed, for

1 PEmgRi MYPPIHPL B8 net hyl benzi ndeny! chromi un(111)
19i chl ori de,

1 ﬁlﬁ‘fhér%m%ﬁlte l?é/rhﬂHérpsO[IJ)Yr!cMie t%n%ﬁ Mtlarcﬂmﬂ%gwhwtﬁée‘ﬂﬁﬁ%agéyalc
( 8 ]g(a?I W@Fﬂ%aﬁ EHt)ﬁW{?H 3y u?sugetitﬁteé 2 gf"ta%oﬁ%aa?@f’%béﬁt adi e

nytngﬁpxgmqmm(els] ) )he@tas@h»f 1bis typkegf cﬂah(sg pr(a@:ence is likewise given to chromium
mEdﬁble%' :f}@éeeféd)c)a {aRbts affam@walaréqewln@mr@m ge(l11)

Zdj Frigzacyc’ ﬁxfarr ch%mé 2!6:};% d:gey 1gg-trre\t9hy}6 )3)5 tr1azacy¥|ohexane]chrom1um trichlo-

1 (- [( 2 Sridechit I RA- h@ﬂawcmexwlﬁwrﬁw Frierkaskg [ GhE-bitrotas() 1.3, 3 triaza-
di ejaloRuxirdRhromiufn8richRride and [1,3,5-tri(benzyl)-13,5-triazacyclohexanejchromium trichio-
metiyl qui nol yl)) - 2- |sopropyl|ndenylchron]un(lll)

di ¢ oride, 1-(8-(2-nethylquinolyl))-2-

et hyl i ndenyl chrom un(I11) -di chl ori de,

251 € ér?s I&EE'EMQV# Bk fol darfpid, GhrdsbHHherd l:é?r%%ﬁé@vﬁth 08 HHRE lidand

)

1- E’féhe(f%mﬁlé?’ﬁ‘{/}"d&?f nol yl )) benzi ndenyl chr omi un(111)

di chloride, 1-(2- pyridylnethyl)indenylchromun(ill)

di chl oride or 1-(8-(2-nmethylquinolyl))-

2- et hyl benzi ndenyl chromi un(I'11) dichloride.
sf-urthermore, owing to the ease of pr epar at i on, :
preference is given to compounds in which R15D is 25.
CH=CH or 1, 2-phenyl ene and A1D is NR22D2,, and
conpounds in which RI6Dis CH2, C(CH3)2 or Si(CH3)z
and AID is unsubstituted or substituted 2- or ’
B- qui nol yl or unsubstituted or substituted 2- pyridyl.
3The preparation of such functional cycl opentadienyl
?lgands has been known for a long tine. Vari- 30 ous
synthetic routes to these conplexing |ligands are

descri bed, for exanple, by M Enders et al. in Chem
Ber. (1996), 129, 459-463, or P. Jutzi and U Sieneling
inJ. Ognet. Chem (1995), 500, 175-185. The netal
conpl exes, In particular the chrom um conpl exes, can be
4dbtained in a sinple manner 35 by reacting the
appropriate netal salts, e.g. netal chlorides, with the
fgand anion (e.g. using nethods anal ogous to the
exanples In DE-A-19710615). Further suitable catalysts
D) include netal |l ocenes having at |east one |igand
which I's formed from a cycl opentadi enyl or

het er ocycl opent adi enyl and a fused-on heterocycle, with
the heterocycles 40 preferably being aromatic and
containing nitrogen and/or sul fur. Such conmpounds are
descri bed, WD 2005/ 058928 PCT/ EP2004/ 014226 49




for exanple, in WD 98122486. These are in particul ar

di net hyl si | anedi yl (2- et hyl - 4- phenyl -

i nde 5- di met hyl - N- phenyl - 4- azapentalen zi rconi
d%ﬁ%&?‘g’g’? di met hyl si | anedi y! bi s( 2- PCTRER20081014220
met hyl - 4- phenyl - 4- hydroazulen§0)2|rconlun1d|chlor|de

di met hyl si | anedi yl bi s(2- et hyl - 4- phenyl -

hydr oazul enyl ) zi r coni um di chl ori de,

bi s(2, 5- g§*fret hyl - n- phepy! - &'é&zapent al ene) zi r coni um

di chl o- H.ride or R

(i yl )E2, 5-di met eyl -
m di chlfori de. Furt

nyl - 4- azapent al ene) zi rconi u
) itabl e catalysts D) are systens
i n whi a netal | @& Qund i's conbined with, for
sexatipl’e, Ean inorgani ¢ g mhlch has been treated with
zirconlu Al koxi de ang' subﬁfquently chl orinated, for

exanpl e means of carbon 'tetrachloride. The
prepar at ixgn of such syste js 10 described, for
£xanple, in W 01141920. OQ'her suitable catalysts D)

i ncl ude i dochronlunmconpouggs i n which chrom um bears

at | east one i mdo group a§ structural feature. These
onpand§+and their prepa gn are described, for
exanmpl'e, fjn WD 01/09148.315 |Further suitable nponent s

i ncl udé tranS|t|on%net gtonpl exes wipita tkid
nacr@ﬁyﬁflc IlgandR artlcular substi t utgd Apd
unsubst thed 1, 3, 5'F+a ¥slohexanesR2
triazacycigbnonanes. In t rase of this t

igat al yst, ||preference is Q{EEMASG gi ven to ghrom ugf

- conpl 5] Preferred cataly3th of thlngype are
[1,3,5-trijeamethyl ) -1, 3,5 20R™ ri azacycl ohexane) chrom um
trichloride, '
[1,3,5-trpqethyl)-1,3,5- trxivﬁlzacycl ohexanej chrgr)r(i um
trichlo- ride, !

2%1,3,5 tri(octyl)-1,3,5-triazacycl ohexanej chrom um

r wadre D tralgitior] Matd jsTelestéd badaRyd the dersbnfa-Ti, i, A7 8c, V, Nb, Ta, Cr, Mo,

9\!! Qg%%@dcﬂraﬂﬂhg glarggrg ({? he Hre ee.artl?ﬁgﬁis PreferTncF] is gwen to com-

zacycl ohexane
tr.P?fﬁPWWPQ Rekel g, @B?'&%é%“ad&m QSefsrrtré' wlal ysts D) are,
for exanple, transition metal conplexes with at |east

ONg’ kslagadifkbnt &fyr &Twﬂ% SrHeBliAR TIE &t e é'e?ﬂent?’ refe?e'}:bl D PR pa [%

2%2’%2%%?%%9@&%5@% e oy Ao e LR,
R ent.

R25F

The radicals R™ to R, which may be identical or different within a ligand system XV to XIX, are

as follows:
a0

R'F and R are each, independentiy of one another, a hydrocarbon radical or a substituted hy-
drocarbon radical, preferably a hydrocarbon radical in which the carbon atom adja- .
cent to the element E is bound to at least two carbon atoms, )

35 R¥ and R* are each, independently of one another, hydrogen, a hydrocarbon radical or a substi-
tuted hydrocarbon radical, where R¥ and R* may together also form a ring system
in which one or more heteroatoms may also be present,

R¥ and R¥ are each, independantly of one another, a hydrocarbon radical or a substituted hy-

4
0 drocarbon radical,
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XV XVI R F RI5F 10 RsF H R22F F /R 'E R16F EF R21F
R23F 2i yEF R17F -EF RzoF | R24F E F FRsF H RlsFi E
Whibsnssag O 48F RsF XVI | XVIIT1 XX 20 \’merﬁiﬁﬁ%ommzﬁ
tran5|{|‘on netal is selected fromanong the el enénts

Ti, Zr, H, Sc, V, No, Ta, O 5'M, W Fe, Co, Ni, Pd,

Pt and the elenments of the rare earth netals.

Preference Is given to com pounds having nickel, iron,
cobalt or palladiumas central netal. Er is an el enent

of RéFraodJ B” 26 cath, ntrpeidently ottine afketiet, @ydadger, b @yddcementsical or a substi-
preferabl yidh QfioarnofirddRaipar - 25 ticul ar preference

being given to N. The two or three atons EF in a

nol ecul e can _be identical or different. The radicals

sR1 Fhere RR2BERI REhander)” may tdgeiberialse im anngdydtdner ent wi t hi n

a ligand system XV to XIX, are as follows: 30 R F and
R4Ewrare each, .independenptly of one another, a

hydr ocar bgﬁe PASRI ar%?acg. ”g%%eg‘i‘ﬂi”ﬁyu"? & aH?/tperd}ygrS%\ePb%}Hd“’carb"“

+adi cal , PR&TEEe alshbptiatedipdiossten moisalrvagiedwsd R maywlapetter elgndorm a
carbon at afyagjed; cent to the element EF is bound to at

4east two carbon atons, 35 R2F and R3F are each,
ndependept|ly of one another, hydrogen, a hydrocarbon

r alfi c209 For 2% eaghpigdapendently alpragneinec aPidsarberdadial or agppsiiteed hy-
RZF and R3frocamyn adiget her al so forma ring system in

whi ch one or nore heteroatons nay al so be present, R8F

and,,R8E: ange e , i ndependent|y of one another, a )

P B B 3R o i hACheOiRub P e Aty Mvarset gedlpstoen

1T adi cal , W8 R06BK0380R8roREPH ERPREOvhER MR HroreemRBMr dgirall radi-
RIF are eaglRr"" m¥eRendadR Ymftosoh& -RERINS fing SPMEH 00N, @
hydr ocarbon radi cal or a substi--tuted hydrocarbon -
radiﬁfgal, 13)5 where R6F and RSF or RIF and RIF may

t offet #WR "apsadhoindapendeitivi gf ooy arother, hy@Een, A bydragerbendidicaRy | sub-
are each, dindepprdadddndidal one anot her, hydrogen, a

. sfiydrocarbon radical or a substituted hydrocarbon

radiscal , where two RYF may together also forma ring

sy§t emd R’ are each, independently of one another, hydrogen, a hydrocarbon radical or a sub-

stituted hydrocarbon radical,

R'" and R*F are each, independently of one another, C,-Cag-alkenyl, Cs-Cyg-aryl, atkylaryl having
25 from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the ary! part,
where the organic radicals R'"" and R**" may also be substituted by halogens,

. R¥-R*" are each, indepandently of one another, hydrogen, Cy-Cag-alkyl, Co-Cag-alkenyl,

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

30 20F_py24F

carbon atoms in the ary! part or SiR*",, where the organic radicals R
RF_ R

may

also be substituted by halogens and two vicinal radicals may also be joined

to form a five- or six-membered ring and

R26F the radicals R* are each, independently of one ancther, hydrogen, C;-Cag-alkyl,

35 C;-Cap-alkenyl, Cg-Cog-aryl or alkylaryl having from 1 to 10 carbon atoms in the alky!

R?aF

part and 6-20 carbon atoms in the ary! part and two radicals may also be joined

to form a five- or six-membered ring,

X is 0 or 1, with the complex of the formula {XVI) being negatively charged when x is 0,

40 and
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10 R1OF and R14F are each, independently of one
anot her, a hydrocarbon radical or a substituted hy-

ioIn Czﬂﬁs%g@rz]t{ adi cal, R11F, R12F, R12F and Rls)l}&?z@gﬁ@@gm

ependently of one another, hydrogen, a h
radi- 15 cal or a substitutedhydrocarbon radical,
where two or nore gemnal or vicinal radi- cals R 1A,
R12', R12 and R'" may together also forma ring system
R75F and R16F are each, independently of one another,

v ocar b e A g A o e are cach, -
ing?er@:ep‘r ent1J t of one anot her, hydrogen, a hydrocarbon
r bt AP e TN BT R ARG HSH T er GRiNe B o FRasgntal
s antetflabicaalaiing igangs df el Epited¥Wit Particaibr prateerae ;atgherr tp diimine com-
C2p16x€00rdi KiGhayd g.: C6- C20- aryl, al kylaryl having 25 from
1 to 10 carbon atons in the al kyl part and 6-20 carbon
atoms in the aryl part, where the organic radicals
R1DE2.egriiprreypienyird, 3dlmstyyierabutdsiens peladiod diglorival difdjépropylphenyl)-
. R2PEdimBB it Radiasliokel 0Nl RE R i-pogf- one anot her,
1DZY%F@?@F*‘%%%&&?%%%%hvﬁ%ﬁ%ﬁé@%%%ﬂ- P e
paPdederaieRinipickes i@ aimay Rkery g, Sidimeimeizsbyipdiqsgpalaciym dichorde,
Si mfBEf!}itlqtt:M’DBérEl)-E,b-ﬁimmgaﬁﬂamtddadén(wél SictirziBd; g:azm&nawalhaiyw.a-
€ i bthirdidz Adi Haly; LS
A Tt R i
si Rafentim e nickel I methede)¢ Adimetyiiazapdadiesgretagium dickiae.
15 nd@petiadieheny2, 3tirethgdismbtdd@ngnickes) dchingies di(2CShetiGRBeral)-R. 3 |
§5dai§2mﬁ3§amxd@@ﬂwtimetr9§a@ﬁ@ﬁzz+et9,rph§¢yiﬂy.tksar yl -gaviong from
.0 .carbaon at o n the Y r n - 20 car bon
2 OB B Rp iralip o i g “Pimerbidrese e Syl oree
bediphghykrdd-dimethyidigralptadifnenieke! dighlorige dipheswtdeded ring, x is O
Or dgithethididzBbutdaRnEMEHYBNIa®bm, dhRenliQrIBithenydMbhtafeeBigethyinickel,

ne i vel h d n_xi WO 2005/ 058928
2OPC% ?E%%%}pgeﬁg%gnap%%%e aﬁagﬁg%mplﬁrfaggcggg'f roml to 4,
pr ePelhumpgyiisrapgphtyenepighet dichlglidgr 4ig-8usef ul transition netal
C odip biepiehany@ s@andphberedihamyipaiadiue, di@a;dinMthy- Pd or Pt as
ce E@Ezan?phfﬁ%fmé’?igme@\?l% 0N YRk M BanbdidRAd @] 1 10y ik &enio-
(X&. Particul ar e?er’e’nc’g 'S (%_I ven to di'imne com
pl ey @Pyrﬁyl(dg?etk}jg?allaélgua_, 1_,1 -hipyridyl@imethylnickel.
2Di (2, 6-di-i-pr(jpyl phenyl)-2, 3-di met hyl di azabut adi enepa
I2|- ?médd%mﬁ??dg c_@ﬁmbc{#ag:ist(ﬂlgﬂéi’eioﬁc[u%ﬁ’clﬁu gﬁhﬁ?é/bésgmed in J. Am. Chem. Soc.
T . 40 CREM EERhun JoB. 638, 'aSfwo ser7124. EFis pre-
di %)’, %_ 91 {1 é&g ETO oc.,, Bhem ommun. 1998, , 8 p
pheereply ywpgpgtahﬂ/$’§iaa¢ BBUr Bd) eretsferasl iRpananackioy! Gippenyl, anthranyl, o-
Ogi (n%ogﬁyédiy:%gnmmﬁ%ahﬁni 2)6-dmedhyBhat Bighistb@Esyt or -dibromophenyl, 2-
30U 5-59f 1105 A GKEh 3 6. 2 4.5- 2.46. or 3,4,5-trimethylphenyl, in parficulgr
Slesatbidibicteedn Slvki e o i
di g2 8Gintkihyipbemyll Rhrersyhy tinke, B cinarBY haré etetarzbib tiderd ére methil ko]
di 6 Blopy, iidBropydlin(bdeyOreAlb iR nEhtR e In=neptA; n-actyl, benzyl or phenyl, in par-

ticular hydrogen or methyl, R and R™ are preferably hydrogen and R*" is preferably hydro-

35 gen, methyl, ethyl or phenyl, in particular hydrogen. Preference is given to complexes of the

ligands F-XIX with the transition metals Fe, Co or Ni, in particular Fe. Particular preference is
given to 2,6-diacetylpyridinebis(2,4-dimethylphenylimine)iron dichloride, 2,6-
diacetypyridinebis(2,4,6-trimethylphenyliming)iron dichloride, 2,8-diacetylpyridinebis(2-chioro-6-
methylphenylimine)iron dichloride, 2,6-diacetylpyridinebis(2,6-diisopropylphenylimine}iron dichlo-

40 ride, 2,6-diacetylpyridinebis(2,8-dichlorophenylimingliran dichloride,




di met hyl di azabut adi enedi net hyl pal | adi um
d|(2 6- di net hyl phenyl ) - 2, 3-di net hyl di aza

g%ﬁ%ﬁg nethylnlckel P20
e phenyl ) - 2, 3- i met hy] di azabut adi RGP RS
dlchlorlde 15 3

di (2- net hyl phenyl) - 2, 3-di net hyl di azabut adi eneni cke
di.chl ori de, di (2-nmethyl phenyl)-2, 3-

di REPIinadicesteraden iebin(@ BisenrpyiPhsarimind]iromgichloride, 2,6-

di @2eatpirtyiiepibieayilmethdipenylimine)cobalt dichloride,
d' E%td@é tsﬁﬂgﬁ&r?egﬂ{gg‘ﬂhtﬁﬁgﬂ gﬁ%&iﬂ?(r!egla%ﬁgikg ide, 4:digcstytpyridinebis(2-
d| 8 % F‘&@Y‘Pheavlwé}ffwaﬂ gichiprig, ?réfﬂﬁgﬁtv&nvm@a?a@vsewewmbw
sdi d@titeguobattelichidiicge eggthceRlpBidinebis(2,6-dichlorophenylimine)cobalt dichloride, and
dlgg n

gl ke e Lo B G LA i e L SN

d|(2 6- dlnethylphenyl)azanaphthenepalIadlun1d|chlor|de
di (r@nghendiidesohylbysh eamdisp bz aadpialagsie) Tledbards offtiese dodhplexes can

d' b&prBparedi fUHXEHﬁ!JIP h@ﬂXu&ﬁﬁW%ﬁ@ﬁ%@iaﬁ&%@%ﬁ@ elnagrlirﬁém amines,

19[ % pa cuﬁjar ?%a{}ﬁ\{t?)da?rlu%sap%m @Fr@%ﬁ" ?I:]Sfﬂ %orln rgtaetgl cgmplexeskwwlh pi ligands

1, j]a\urg pmqr,n‘@sﬁ heterdeisms aithelpl system, |f(d@xarnple the boratabenzene tigand, the
1, pyrrolyi dpish bictiyd AHdbpNBII RYibn, Balalsa6d 1481 as catalysts D).
1,1 blpyrldyl(dlnethyl)nlckel 25 Particularly useful
conpounds (XI'X) also include those which are descri bed
i nFythergampipiee fyitatiggs catalygteD) ipludeyibesg whish have biggyate o ridemiatashe-
1550 Giting ligAnaamin Gomigands, a2 pleBzHbthe ARG fhBédAd 2R4mindmr ahiSe func-

Pr €s5n dr 54 2bkai SFin (XIX) are
pre?%ggtly H ﬂkE Qgﬁ%ﬁ ﬂmﬁgﬁg éﬁg , anthranyl, o-,
m, p- nethylphenyl 2,3-, 2,4-, 2, 5- or

2, Sudicomiideyiéns héwylippnentd Abdmli ﬁr ophie lfp] Exaowple; lndsiipnopdten bé gre-

2 3ekh |c@ﬁd?\or§erg%tt£ ERRRA situ. Prefrdhza is Givent@using4t 18asPane mono-
2% é)}c%B%nta%FE@}l acinwge( |f1 g'ﬁ gﬁ\%ncen? a W%/aglgoa? é%be,r 5?{%#)8@ customarye}or the

- dp@me@ﬁgm migfins@nd ¥ dfisitad one plieargActivaling compounds C). Here, depending
2, 4nHe Eﬂélﬁﬁéoﬁ%ln@thﬁiwﬂ and B orfe bﬂncﬁ@ﬁﬁﬂvéilhgmbmp&%@:c a:rwl b&E@R4inta-
ar %@%?ﬁ]? Eo‘rf\}l)r!eﬁzatn cragﬁgp K[) c%nr'i:3 lEk !Sé be%L;;ePéhed anE] QBé/e]d 'simultane-
n H@MO{/W anhoreﬁfwfr the BRotRiEy e arﬁwwventlon #ﬁa?xamﬁif-* &agimgpo-

2y dyclgetadiany! cavidey ) arfd2kipolgndizaRa3datatyste Dpeapibe Bgrbédytogether to a
hygtﬁp‘agr?ﬂ o@mf#ergﬁggﬁpérﬁ Bh ﬁt%fa?sﬁ ?&k&ﬁe l&gﬁé RixBrs gie\ﬁanougglg}%ls ’as com-

h n rti r
o DT B FEbRies i agareid SOgARLE) (P OHRTRITY P O bvaly
t r &vibd renge rfromréﬂ abh ® 18&1, pEiprably ann 1:10 tn 2@ & pdi peOidarly Prgferably from 1:1
Paldjoqul ar preference is given to
a@, 6- di acetyl pyri di nebi s(2, 4-di met hyl phenyl i m ne)iron
di chl ori de, 2, 6-
di AbeteiAYByPYSem mabkeEpcompsetas FWPWFwwt FIn{ AEty!icprengund of the
di edvhed (xdlp, 2, 6-di acetyl pyri di nebi s(2-chl oro- 6- .
nethylphenylinine)iron di chl ori de, ‘
2, 6- dlacetylpyr|d|neb|s§2 6 di i sopropyl phenylinine)iron
ichl o 40 ride, M®*R™).s(R*)s (R®)e (XX)
, 6-di acetyl pyri di nebi s(2, 6-di chl orophenylim ne)iron
diahh@ride, WD 2005/ 058928 PCT/ EP2004/ 014226 53
2, 6- pyrldlnedlcarboxaldehydebis(Z 6-di i sopropyl phenyl i m
i neyi ron dichloride
i Set yl pyf FdihBdiestie, G Srelorp PN PHivRe PGB Lepum. zine. n
di chl or i departicular Li, Na, K, Mg, boron, aluminum or Zn,
4®, 6- di acetyl pyri di nebi s(2, 4, 6-tri met hyl phenyl i mi ne) coba
It dichloride, 2,6-diacetyl pyridinebis(2-
chl or o- 6- net hyl phenyl i mi ne) cobal t di chl ori de,
2, 6-di acetyl pyridi nebi s(2, 6-diisopropyl phenyl 5
i m ne)cobalt dichloride,
2, 6-di acetyl pyri di nebi s(2, 6-di chl orophenyl i m ne)cobal t
di chl ori de, and
2, 6- pyri di nedi car boxal dehydebi s( 2, 6-di i sopropyl phenylim
i ne)cobalt dichloride.

3
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I m nophenoxi de conpl exes can al so be used as catal ysts
D). The Iigands of these conpl exes can be prepared,

f fromsubstituted or unsubstitut

g{q @yﬁ'qspoﬂghydes and primary amnes, 10 in p%ngtplmé}ﬂWézrm
substituted or unsubstituted 8 ylani nes. Transition
nmetal conplexes with pi |igands having one or nore
heteroatons in the pi system for exanple the

bor at abenzene |igand, the pyrrolyl anion or the

l|C:)h atSGﬁhol ylkis o, C P@.Ela!@ll %QCQ@rylual@@ryﬁ& a%tkgeﬂéﬁtrﬁw from 1 to 10
- Fur er C eS S
SHBHERE T e R Bt B Pien Soms MO g g

t hose whi e
li'gands. In such Ilgands for exanple an et her

5f URCtahOR™ o et Hy@dgdnohaien0l-C\paldf, CRO4RY, Elwmyl ahai} oP4lkoxy

S; ; |a::In| gg ' chI r%ﬂ@%f?ot ﬂo ?O pa?n Etgr% iR Hl%taik@ ra{dlcgl Rju? fS om B tf))zo carbon

enable, @& mé%‘dhﬁﬁﬂéfadlﬁ?'n‘tﬁé'&quﬁ'ﬁﬁdﬁcﬂt@‘ﬂ%cb&sﬁwb par ed
-Or conmononers to be generated in situ. Preference is

gi yen to usigng el RSt §Ne mno- 20 cycl opent adi enyl
conplex A) In t € presence of at |east one further
1katal yst D) customary for the polymerization of ol efins
andndi f desired, one or nore activating conpounds C).
Here, depending on the catalyst. corrbi nati ons A) and

D) .o ctivatir dvant a-
B AT Gl S D R S RS S D
support ed Mind can be used si rrultane- ously or in any
jgorder with the conplex A) of the present invention. For

eX@FE?é & oo zg?éj% BPIGHE t%%%?p%&?&) lt&%EP &élalAzo u@é‘rqlﬁtures of

t he I'on ca é can be ap
to"%‘ouss‘,“LFﬁ?bEH“IP°‘B”f‘SBfrth%f?ff”F P&t supports B) It is aI so
‘possible to use m xtures of various catalysts as com

poﬂﬁmg H@metaTElﬁnpgpAdQEf tll;éafBlJrngia 9{)( Fe‘ﬂeﬂe?ll:é i's 8|Uenrr§theée an\WHﬂ' ex

A) to polynerizatlon I s usual
2 aMge from By, P‘Bg”fﬁﬁ“ i’"‘%’b‘?’@'f“ PUBES from 1; 10 to 20 1
and particularly preferably from1:1 to 10: 1. 30 The
car®l yst systgm, oy further conprise, as additional
conmponent E), a netal conpound of the formula (XX) 35
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In general, the catalyst solid together with the further metal compound E} of the formula (XX);

which may be different from the metal compound or compounds E) used in the preparation of the
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It is also possible for the catalyst system firstly to be prepolymerized with a-olefins, preferably

linear C;-Cyo-1-alkenes and in particular ethylene or propylene, and the resulting prepolymerized
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high activities. Exanples Al syntheses and
¥gpr|zat|ons were carried out under a protective
mE

Aralanphe B‘H‘@Y'é (8- q%”W@”&@ﬁSﬁ”?’? [g/cnB) was
def Elfxmerré d8.7 9 {148 oowbl affeeomanitelieS@! 250838 of (ditbydBitaardias geied to
45 Naess, énldJ?)i el 6@11bu\w&1uﬁlezi €111 Hage, blzﬁlés HQOI%r@HIb%@éHtIFadded while
S CcO ITE I I
o a8 e, SORTEl s SRHAR 15 biftes a s FR iRy ety
deﬁfﬁwfw‘fﬂviomcvfﬂﬁ@nmogm added ieyiestiadhe Bixtugvas aRwedkie warm
DR r@@Qerfpetdtur@ @lle b ringzng stirh@lwdskdoMiMdS@eginher one o€ The reaction
si QQ@”e vt thEn ﬁydwﬁéﬁgﬁln%tar%loy a HﬁMFe%F fbtgetﬁ‘ ick %‘HSOQ{i oftcgﬁcentraied hy-

as_ internal st
2%?’8‘%[;5? ?cﬂraﬂf’ g’& Mo ?P@'”&E)BFW &F%’ei'li"?def%ﬁ opis: KPEI”U‘B’? was
Vaglowesje etot ta ragertempeaat.og wdelstiving andRimmonig aelutiiFas3R88), unilagH of

hi gohrat 8@&'ré&h&2&ﬂ§%§%o§%§§er@s mars%paré’a@d m&aﬁuﬁ@aga% pﬁase and

t heg ?cggﬁ.\% gﬁ:%se WaS extra?%j\{wme \P &‘ﬁ %sle{hg nﬁ{a ('Ehgl Q y%a FF’ ay?ﬁev%erezcgp %Eﬁ!

t i fied gesr iﬂ@ﬂf‘?ﬁﬂ sfpgHeredznd e Pfg}wetrwaﬁ distifeciof. Hrerasidug obtained in
25pothiy wey wabeNssliet yt 110.081°C prides LIC tribui tb Yiveod1. td@3eCEhradl yra %) of 2-
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30 MS (EN), mfe (%): 223 (8) [M']; 195 (32) [M*-2CH,}; 180(100) [M+-2CH,-CHg].

~ 1.3, Preparation of 3-hydroxy-2-methyl-3-phenyl-1-<{B-quinalyfcyclopentene ,
A mixture of 2.4 g (10.75 mmol) of 2-methyl-3-{8-quinolyl)cyclopent-2-enone and 100 ml of tetra-
' hydrofuran was cooled to -90°C, and 7.2 ml of phenyllithium (1.8 M in cyclohexane/diethyl ether,

35  12.9 mmol) were subsequently added while stirring. The mixture was stirred for a further one hour

at this temperature and 1 mi of éthyl acetate was then added. The mixture was then allowed to

warm to room temperature while stirring, refluxed for 10 minutes, cooled to room temperature and

100 mt of water were then added. The aqueous phase was then separated off from the organic
' phase and the agueous phase was extracted twice with diethy! ether. The organic phases were
40 combined, dried over magnesium sulfate, fitered and the solvent was distilied off. The residue
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Exanple | 1.1. Preparation of
2-nmet hyl -3-(trinmethylsilyl oxy)cycl opent-2-enone 37.8 g
( of hexanet hyl di si |l azane were adde
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t hen stilled off and the residue was WD 2005/ 058928
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separated off from the organic phase and the équeous phase was extracted fwice with diethyl
ether, The arganic phases were combined, dried over magnesium sulfate, filtered and the solvent
was distilled off. The residue obtained in this way was distilled at 169-176°C and 2x10 mbar to
40 give 2.09 g (5.9 mmol, 60.2%) of 2-methyi-3-(4-benzotrifluoride)-1-(8-quinolyl)cyciopentadiene.
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phenyl - 1- (8- qui nol yl ) cycl opent adi enyl ) chr om um

dichloride (62%. 5 NMR H (200,13 MHZ, CDCI3): -53.3

(L1 + -16.5 (1 H Hs.7); 11.2 (3H, M)
H%W‘%ﬁ@*(m H3) M (El), me (% :404 (10Eﬁ1j’fpr%ﬁf]4£’“22“
369 (76) [M+-Cl]; 332; (92) [IW-ZHCI); 280 (48)
[M-2HCI -Cr). 10 Exanple 2 2.1. Preparation of

3--hydr oxy- 2- net hyl - 3- (4- benzotri fl uoride)- 1-(8-quinolyl
)cycl opentene A solution of 3.51 g (15.6 nmol) of
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stirring. The m xture was stirred for a further one
houa. Rxepatativreof { Bagyl-a44tiepzoamnsbride) Als- @u‘mo@t hmbpen@&%%%mml -
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1. Preparation of 2-methyl-3-pentyl-1-{8-quinolyljcyclopentadiene

1

A solution of 6.8 g (32 mmol) of 8-bromoquinaline in 90 mi of tetrahydrofuran was cooled to -90°C,

40 and 12.8 ml of n-butyllithium (2.5 M in hexane, 32 mmol) were subsequently added whilg stirring.
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of the anmount indicated in Table 1 of the appropriate
25conmplex in 250 mM of toluene and the m xture was

heated to 40C on a water bath. In the ethylene

honopol yneri zati ons, ethylene was passed through the
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at atnospheric pressure. In the case of the
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3o

35

40




l
zation, 3 m of hexene were placed in the flask shortly
before addition of ethylene and ethylene was

subs ently passed through the mixture at a flow rat
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The remai ni ng amount of hexen& (6 m).was added via
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nmonocycl opent adi enyl conpl ex ggnprising the structural

feature of the forrmula Cp-YmVA (1), where the
vari abl es have the followi ng neanings: 5 Cp is a

cycl opent adi enyl system having an aryl substituent, Y
We ciingubst i tuent which is bound to Cp and contains at
| east one uncharged donor con- taining at |east one

atom of group 15 or 16 of the Periodic Table and Y is

f-or frewnpsyclongntadipayigemalex camariaing His gtrecugeliertyre ui the fomea Cp-YoM*

cyclippest arivanieshsd BEYSHBwiANHeMhdkor ms a
nonocycl opent adi enyl conpl ex conprising the structural

el ement of the fornmula Cp- Zk-A-MA (11), where the
var €pbl ie® chaventabienyl osteomhavingrmani sugstituent,

Y is a substituent which is bound to Cp and contains at least one uncharged donor con-
taining at least one atom of group 15 or 16 of the Periodic Table and Y is formed by
the group ~Z-A- and together with the cyclopentadienyl system Cp and M” forms a
monocyclopentadienyl complex comprising the structural element of the formula Cp-

Z-A-MP (1), where the variables have the following meanings:

Cp-Z-A
1A
R \ R2A
Em 2n
“—*—._.__E
_ 5A
A—2, E\Q/LSA (i
,EM \RSA
R*

Where the variables have the following meanings;
E"™E*  are each carbon,

R'™.R* are each, independently of one another, hydrogen, C-Cap-alkyl, C,-Cy-alkenyl, Ce-
Caz-aryl, arylalkyi having from 1 to 10 carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical, 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-, six- or seven-membered ring, and at least one R'-R** is a C4-Cys-aryl,
where the aryl may also be substituted by N-, P-, O- or S-containing substituents,
C:-Cyz-alkyl, C5-Cyr-atkenyl, halogens or haloalkyls or haloaryls having 1 —10 car-
bon atoms,

z is a divalent bridge between A and Cp selected from the group consisting of
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Cp-zk-A 15 RLA2A R E E2A "A A-Zk E/O0 (II11) 3A 20
E4A RBA R4A VWere the vari abl es have the foll ow ng
nmeani ngs: 25 E A-E5A are each carbon, R A-R4A are each,
I ndependent |y of one another, drydrogen, Ci -C22-al kY1,
C2- C22- al kenYl, C6- C22-aryl, arylalkyl having from1
to 10 carbon atons in the al kyl radical and 6-20
carbon atons in fhe aryl radjcal, where the organic
radi cals R A- R4REAmay al so blééA 38™subst i t ut @tﬁgbyR&r‘l R
hal ogens and twd vicinal raflicals R A-R4A rfay a| so He
joined to fermCa—+fiye-—sig—oC-seven-—fexigeredC Hng;
and at |east on¢ R A-R4A is|a Ch-C22-aryl, | whefe the
aryl may al so br”substitut egffbypit, P-, 0- gt R* R
S-cont ai ni ng substituents, C, -C22-alkyl,

C2- C22- al kenyl , hal ogens or hal oal kyl s or hal oaryl s
having 1 -10 car- 35 boy atons.sZ i a dival entgbridge
bet ween A arRf\Cp sel egRed fronftheRgroup consiBting of
40 67 R6A RGARSA A RSA R10A,I I| Rl R7A RI{R 7A ROA

RI R 7A ROA g}@F@ 6A R7A RS A RBA,R TIA “rHe—

10A

/C=C L-C L-0"7A ROA R{A 10 ng Réé\ R8A R6A R@ R10A
ReA REA RSA RSA RE-A R1 0A
||_1A J.‘IA I|-2A II_1A ||_2A if.!A
FLTA ILTA AQA 'Lm ll__\,QA }L1 1A

-BR®-, -BNR*R™-, —AIR*-, ~8n-, -O-, ~S-, ~80-, ~S0,~, —~NR®~, —CO-,
-PR%- or -P(O)R®,

where
1A | 3A . m .
L™-L are each, independently of one another, silicon or germanium,

R*-R" are each, independently of one another, hydrogen, Cy-Cyo-alkyl, Co-Cp-alkenyl, Ce-
Cag-aryt, arylalkyl having from 1 to 10 carbon atoms in the alkyl part and 6-20 car-
bon atoms in the aryl part or SIR'*;, where the organic radicals R**-R"* may also

1A

be substituted by halogens and two geminal or vicinal radicals R%-R may also

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

R'2A the radicals R'** are each, independently of one another, hydrogen, C,-Cao-alkyl,
C2-Cao-alkenyl, Ce-Cyp-aryi or arylalkyl having from 1 to 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryl part, C1-Cqg—alkoxy or Cs—Co-aryloxy and
two radicals R'** may also be joined to form a five- or six-membered ring, and

A is an uncharged donor group containing one or more atoms of group 15 and/or 16
of the Periodic Table of the Elements or a carbene, preferably 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
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[TA1T1A12A11A12A 13A L- , L-L L-LL 15 RE R7A R R
7A RRA Rl R 7A ROA R 11A BR6A-, -BNR6AR7A-, -Al R6A-,
-Sn-, -0-, -S, -SO, -SX2-, -NR 6A-, -CO, -PR6A- or
-P(O) R6A, where 20 L1A-L3A arg each, independently of
one another, silicon or germanrum R6A-R 1A are each,

i ndependently of one anot her, hydrogen, Cl-C20-al kyl,
C2- C20- al kenyl, C6- C20-aryl, arylal kyl having from1
to 40 caronrateds in the al kyl part and 6-20 car- 25
bon atons in the aryl part or SIRL2A3, where the

organi c radi cals R6A-RL1A may al so be substituted by
hal wgens iand two gem nal or vicinal radicals R6A-R11A
may also be joined to forma five- or six-nmenbered

ring and R12A the radicals RL2A are each, independentl y A
6f BMONAHEPPRIadicRY GPHEENas CaImeDp clgink § havinggoe formula Co-YnM"X
C2- R Blekaimties ol 201 WiNg mesniey! al kyl having from 1
to 10 carbon atons in the alkyl = part and 6-20 carbon
atons in the aryl part, Cl-Clo-al koxy or C6-Clo-aryl oxy
andCp t we arcadopealagiel 2Atamalyaval 20 alyesuypstitteet) to form a
five- or six-nenbered ring, and A is an uncharged donor
group containing one or nore atons of group 15 and/or
16 Y35 ipf stbrbtupRlrhitiicbopas (ol randichetails alieast @negincharged donor con-

;:ar bgnetamm@ ef I@é@@hé’at@a‘ﬂ HEB P d:rﬁH'b?t‘He Pe%ﬁa‘bfe%@q idbormed by
use

het eroar o ys
sel ect ell® PR a# aa? g’@ﬁm‘érgﬂ'i" the ‘%Vﬁ'ap%‘fadtew'éﬁ%t%%,mﬂ? e forms a
oxi dat i mpnesyadpentad nenwamaﬂhxmmpnﬂnfgam mmpturmblyrbdﬁrmumre &ondula Cp-

tungste /@Mﬁ' ggmh(‘ége tn& virfapis RY vel‘heafpl%rvﬂﬂgl eah i‘ng?

m)nocyc open eny conpl'éex as ¢ ai m 1

havi ng the fornul a Cp- YR MAXA" (V) vvhere t he vari abl es
haveptzh@ fol |l owi ng neanings: Cp is a cycl opentadi enyl
system having an aryl substituent, 10 Y is a
substituent which is bougd to Cp and contains at | east
one unchar ged donor comr’ \tal ni ng a%A | east one atom of
group 15 or 16 of the Peritodic TaBl'e and Y is fornmed by
the group -Zk-A- and toge& e-r\wAth the cycl opent adi enyl

system Cp and MA forms a / pogycl opent adi eni./H‘| corrpl ex
conpri sing the At+udtra fen; of the foflhil a

Zk-A-MA (11), where the vémgbﬂ%s\ hﬂve t he fO||OWI ng
meani ngs: 15 Cp-Zk-A
aA

R

Where the variables have the following meanings:

E'™E*  are each carbon,
R'-R*  are each, independently of one another, hydrogen, Ci-Caz-alkyl, Co-Cap-alkenyl, Ce-
Co-aryl, arylalkyt having from 1 to 10 carbon atoms in the alkyl radical and 6-20
carbon atoms in the aryl radical, where the arganic radicals R"-R** may also be
substituted by halogens and two vicinal radicals R"-R** may also be joined to form
a five-, six- or seven-membered ring, and at least one R*A-R* is a C¢-Cyp-aryl,
where the aryl may also be substituted by N-, P-, O- or S-containing substituents,
Ci-Coz-alkyl, C5-Cys-alkenyl, halogens or haloalkyis or haloaryls having 1 -10 car-
bon atoms,

z is a divalent bridge between A and Cp selected from the group consisting of
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RIA RRA E 1A 2n 20 / A Zk E5AO0 3A (I11) EAA R3A R4A
25 Where the vari abl es have the foll ow ng neani ngs:
El A-ES5A are each carbon, 30 Rl A-R4A are each,
i ndependent|y of one anot her, sgydrogen, Cl-C22-al kyl,
C2-C22- al kenyl , C6- C22-aryl, arylal kyl having from1
to 10 carbon atons in the al kyl radical and 6-20
carbon atons in the aryl radical ,, where the _prganic
radi cal s R1A- R4$\éAmay al so h si%Astitut ed 5Qh aaggeﬁém
and two vi cinal |radi cals RIA-RAA may al so he jojned|to
form a five—6ix= pr sevel-ne@bered rngCandcat—C—— |,
| east one RIA-RAA is a O6- d22- avig/l, 35 wherle the aryl
may al so be subRtituted by g, R 0- or SR&ntrini RG™
substituents, C -C22-alkyl, C2-C22-al kenyl, hal ogens
or hal oal kyls or haloaryls having 1 -10 car- bon atons,

Z is a dival ent bridge fetween,sA apesh Cp sel ect from
the group can{sti ng 40 69; R6A R6A RBA RBA
RIOA G CC COGC K/AR R 7A.ROA R7A ROA R 1A 5 sA

7A R 6A RBA E/BQ\—R“ I I'A T T1 £7a R R R7A
10 R6A R 6A RBA R 6A RBA RIOA | L1A|LIA 12A 11 1,2A 13A
-L- -L-L L-LL 15 IR7A IR7A I®A RR' R 7A ROA R R 11A
-BRSA-, -BNRGAR7A-, -AIR6A-, -Sn-, -0-, -S, -SO,
-SR-, -NRBA-, -CO-, -PRBA_ or -P(ORIA where

RGA RGA RBA RBA RSA R10A
lr_1A ’ I||_1A l|_2A ' Il_m ||_2A ||_3A ,
lL?A R7A 'LSA }Lm ILQA !L1 1A

-BR%-, -BNR¥R™-, ~AIR®-, ~Sn~, =0~, -5-, 80—, =80, -NR¥-, —CO~,
PR~ or -P(O)R®,
where

1A | 3A . - .
L-L are each, independently of one another, silicon or germanium,

RAR" are each, independently of one another, hydrogen, C4-Cyg-alkyl, C,-Cp-alkenyl, Ce-
Cao-aryl, arylalkyl having from 1 to 10 carbon atoms in the alkyl part and 6-20 car-
bon atoms in the aryl part or SiR'*;, where the organic radicals R*-R'" may also
be substituted by hatogens and two geminal or vicinal radicals R™-R'"* may also
be joined to form a five- or six-membered ring and

124
R 12A

the radicals R™" are each, independently of one ancther, hydrogen, C;-Cyg-alkyl,
Co-Cyp-atkenyl, Co-Cop-aryl or arylalky! having from 1 to 10 carbon atoms in the alky!
part and-6-20 carbon atoms in the aryl part, C4-C,p—alkoxy or Cg—Csg—aryloxy and

12A

two radicals R™ may also be joined to form a five- or six-membered ring, and

A is an uncharged donor group containing one or more atoms of group 15 and/or 16
of the Periodic Table of the Elements or a carbene, preferably an unsubstituted,

substituted or fused, heteroaromatic ring system,

MA is @ metal selected from the group consisting of titanium in the oxidation state 3,

vanadium, chromium, molybdenum and tungsten and
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20 L1A-L3A are each, independently of one another,
silicon or germani um R6A-R11A are each, independently
of one anot her, hydrogen, Cl-C2o0-al kyl, C2-C20-al kenyl,
C6- C20-aryl, arylal kyl havinggfrom1 to 10 carbon
atons in the al kyl part and 6-20 car- 25 bon atons in
the aryl part or Si R12A3, where the organic radicals
R6A- RL1A may al so be substituted by hal ogens and two
genknal o Owrdi nal radi cals R6A-R11A may al so be
joined to forma five- or six-nenbered ring and R12A
the radicals RL2A are each, independently of one
anofher, Byd®gen, C, -C20-alkyl, 30 C2-C20-al kenyl,
C6- C20- aryl or arylalkyl having from1l to 10 carbon

vk part el Bl BEPCR e ars Pl dberneipine bromine.

r adi Cal s R1iAd\ hyerggen, §er@1NyDCf49Q atkenyfl,a¥0,,gafyl, Wgtalk@maving 1-10

Si x-me nbeéa‘?lsjonrdtcﬂlgs in %dalgl ;J,\a‘?‘t Ea B U3 %Q%Brg%gmg %395 arglrp%Hp%%mRm

cont ai ni ng # o
of the Pe RodlstR abPR ofo@(IQéR Qﬁeﬁ@@. Potikedorgter BEONBF, | PFs or

pr ef er abl yudmoH&sHaskihg Aicd or tm%tﬂgﬁéa'lst%ﬂf% QEubfsMﬁt@GI o unsubstituted
het er oaromatic rjng metal selecied from

IS
the group®®@69p%t f"rPgaf%F‘aEﬁ %Hiea?dlqaﬁdﬁﬁretwﬁ%ﬁiﬁ>énmgxtb<ﬁ1@ned to
3, vanadergmnotblr om um nol ybdenum and tungsten and 40
70 k isOorl, mis 1 and 5 XA the radicals XA are each,
|ndeB§ng§ntly of one another, fluorine, chlorine,
br o nB, " arp @@Frhn@demd&frtﬂgefrpne@nothﬂrohydrd@ym Cy-Coo-alkyl, Co-Cog-alkenyl, Cs-
Cz- O o- al ggam, ery%w%m@ﬁrﬁh 1 t@ﬁwké}b&ﬁ/ﬂtorﬁ@\ﬁ'tﬁ@a@y‘l a8t and 6- 20 car-

carbon atons in &t q& 6- 20 car bon a%gn@A

the aryl PAAL Nm@m PO?Z?;"R“%@Q%’A""”'“S@RQ’SR may also
OC( O) R23Aye ObktitB&Ny iﬁic@lekﬁdir(hﬂt&b@l aﬁ@xy%ﬁcontdﬂﬁ@g g)bups and two

bul ky nongg ggghnahwm%a?%? JOTﬁd(? rmafj grsd< membere(mlng

substi t ut'éd unsubst i ene
particular a 1,3-diene ligand, and the radlcals XA may

be g® nednt %d:cQIQ‘Rz‘;a%Fg&%ﬁ ’lndgg%eﬁ%%o@é&o%?mydro?e&] C1-Cag-alkyl,

i ndepend @ #W'%f one anot her ¥dro
Cz- Cza- al Y ikess Cotapandr gylalky 9\{”&“@1%\%@%@%51“ the alkyl
to 10 carfedranab@gaivon tiomsal thy brypafttanaieb @digdls REF malBiso be

bon ato S5A ere the organic
radi cal gﬁﬂh%,&gﬁw%ﬁ}rgﬁyQE xsrge%] esdurg'giapq\ﬂt ed by hal ogens
or nitrogen- and oxygen-contai ning groups and two

radj cal s R23A,R24A may al so be joined to forma five-

or six-menbered ring, R25A the radicals R25A are each

i ndependently of one anot her, hydrogen, Cl-C20-al kyl,

20 memmeﬁmmhw ciifplER8s mlryibd inahy bfadidkid 1 B inRGichnag §roup of
tot%gmﬁgﬁgﬁ@ 8?5 in the al kyl part and 6-20 carbon
atons i n e a y

part and two radicals R25A may al so
be joined to forma five- or six-nenbered ring and

17A 184, 194
Tp Tp Rp
164 17A
A 18A 8A 9A 20A
R~ o EX 2 Ry R e EX E\E&Rp
P Lo L 0w
- ~ 19A 16}/ ~ < o N L 21A
N Rp Rp N Rp

, where

EE"™ are each, independently of one another, carbon or nitrogen,
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nis 1, 2, or 3. 25 3. A nonocycl opentadi enyl conpl ex

as clained in any of clains 1 or 2 in which Ais a

group of the forrmula (lIVa) or (IVb): 7A 18A 19A p p Rp

30 16A 7A 18A 17A SA |19A 20A Ry, EYyEIE__Rp RP~EgQE E~ERp

1 19A (l1Va) 116A 111A (1Vb) N¥&ER 9A R ETh El ~R21A P P |
P 35 where EB6A-E 1A are each, independently of one

anot her ,..carbon or nitrogen, 40 71 R 6A-R21' are

each, .Rndérﬁe%%afémdr?w@ﬁmwéowﬁerr hydRRagP dgelre-alkyl, Co-Cao-alkenyl, Ce-

ﬁl Czo- ?I I&%Jarylcayrmﬁ)h@,hdgmw 1,to<$6 c5rB6h ékles in ktﬁif éﬂk@biﬁvénde 20 car-
avi ng re he al ky

650 car - BTLAohT i 7 venar QRO e e erBnidndt A are may aso
t he or ganb@swbatﬂut@abs hdRid®As Rzmmgnmyncafbmmr Ch€,sulys Ci-Cutt-aicknyl, Cq-
by hal Ogeps. r g\} i
oo I ER N d}‘;&%%ﬂ@@%ﬂn # 15'&%0%1 %ﬁéﬁé kv bt iicar
to 10 car B@Tﬁt@%wﬁhq 3iYItPRB O Ryfagﬁﬁ&'ﬂ% a@htmr%wmal racigals BGHR
atons in RE€ams ¥ hapPaisd bOkinst 3363 HeOBHRK-REHbd:dMing and

vi cinal radicals RL6A-R2Z1A or R16A and Z may al sO be

joined to forma five- or six-nenbered ring and R22A

t heRFadi cmbsacﬁ%z%/la%fraee mhndapampw\ﬁené hiyotiad, I‘(yﬂtegen C1-Cap-alkyl,

ggogggr ary FX/ ]%%9'&161\? y%aik’y ha%% %Zr[n ié@car cbryar%dms in the alkyl

atoms in Pﬂibarﬁla&%ﬂ car@aratomnrutheaaroparmam wtlioals Rf A mapelso be
aryl partjomagidme) & AL 68diSmERBAedBY AlSO be joined to
forma five- or six-menbered ring and p is 0 when
E6A-E11A is nitrogen and is 1 when EGA-E 1A is carbon.
15 @d. A nedodyc EYpE'tiadiremylane ampliex BYSECY @icamen.i n any

of clains 1 to 3 in which -Z-A and the aryl

substituent are in the 1,3-positions relative to one
4nob Renocysiopentasianll opmples gs elaimefl ranplobsidims péd YimerhichaZifomd the
Conﬁ}Flls%béiﬂJenQé}eMth@ﬁ 3Jpea§5nsm.vmgséﬁbtﬁaent adi enyl

conmpl ex according to clalns to 4. B) optionally an
organi ¢ or inorganic support, 25 C) optionally one or
fror & catelystepdten éor ofpEalymaisization comprising

A}  atleast one monocyclopentadienyl complex according to claims 1 to 4,

B)  optionally an organic or inorganic support,

C)  optionally one or more activating compounds,

D)  optionally further 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.

6. A prepolymerized catalyst system comprising a catalyst system as claimed in claim 5 and

one or more linear C,-C,,-1-alkenes polymerized onto it in a mass ratio of from 1:0.1 to
1:1 000 based on the catalyst system.

7. The use of a catalyst system as claimed in claim 5 or 6 for the polymerization or copolymeri-

zation of olefins.

8. A process for preparing polyolefins by polymerization or copolymerization of olefins in the

presence of a catalyst system as claimed in claim 5 or 6.



10

15

20

25

30

35

40

D) optionally further catalysts suitable for olefin
pol yneri zati on and E) optionally one or nore netal
compounds containing a netal of group 1, 2 or 13 of the
30 Periodic Table. 6. A prepolynerized catal yst system
conprising a catalyst systemas clained in claim5 and
one or nore |linear C2-Cl0-1-al kenes pol ynerized onto it
inamss ratio of from1:0.1 to 1:1 000 based on the
catal yst system 35 7. The use of a catalyst system as
gl ah'ﬁﬁiéeésrforcﬂr@damtglscﬁfopgtté negmenpso(ky \/%2 or
copol yneri- zation of process r
prepari ng polyol efins b polynerlzatlon or
copol yneri zati on of ol é&gs in theQZAO presence of a
catal yst system as cl ai incla Ffm'5 or 6. 72 9. A
process for prep rR?? cyE aﬂlene systens of the
formula (Va), 6] \ A/ 5 OA E12A _ 13A C E16A
(Ma) A JA RISAR98ALE™m R2DA 10 where tHe/2)
variabl es have tlhe| f ol/l owi,n h%t s: 12A 6A 12A 16A E
-E1 are each car 1AW th 2 nt E-E formng a
conj ugat ed di ene syste'Pn29 hd the renaining E12A- E16A
addi tionally bearing a Rydrogen, 15 Rz6A-R21A are each
i ndependently of one another, hydrogen, Cl-Czo-al kY1,
Cz- C20- al kenYl, C6-C20-aryl, arylalkyl having from1l
t 0 Miere e yainbies bres tha fdltveng@inkadingsart and 6-20 car bon
atons in the aryl part, where the organic radicals
AR29A may also be substituted by hal ogens and two
Vi c’? naf r ¢ E%ﬂh§aﬁ26N‘ﬁ2%aﬁiﬂ‘§ﬁ”h‘ﬁsoE befojrgnthe eorjugateg giene system
forma fived tierebnmgerbe @ dddiidigy b%&@@ ahyddolén are
each, independently of one another rogen,
Cl- Gzo-al kYl, C2- C20- al kenyl,  C6- C20- aryl, aryl al kyl
hal® ngRT T cite gachoind€pendantiper oae em;harmytitmeeraldgwgo -giiaft, 1C,-dngklkenyl,
6-20 25 cqrd)0ary la'él?/l%ﬁ(yﬂ tfévu%‘ﬁorﬂﬁ%%@@grt;onoa'ton% iR&&/ A%yl part and 620

where the or%anlc radrc 26 208
carbon atoms in the aryl part, 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,
R*-R*™ are each, independently of one another, hydrogen, Cy-Cop-alkyl, C,-Cy-alkenyt,
Ce-Coo-aryl, arylalkyl having from 1 to 10 carbon atoms in the alkyl part and 6-20
carbon atoms in the aryi part or SIiR™*;, where the organic radicals R**-R*'* may
also be substituted by halogens and R™* or R*"* and A may also be joined to

form a five- or six-membered ring,

R the radicals R*" are each, independently of one another, hydrogen, C,-Cyg-alkyl,
Co-Cac-alkenyl, Cq-Cop-aryl, arylalkyl 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*2* may
also be joined to form a five- or six-membered ring,

m is0, 1o0r2,

A is an uncharged donor group containing one or more atoms of group 15 and/or 16

of the Periodic Table of the Elements or a carbene, preferably an unsubstituted,
substituted or fused, hetercaromatic ring system,

which comprises:




al so be substituted by hal ogens and R30A or R31A and A
may al so be joined to forma five- or six-nenbered
ring, R32A the radicals R32A are each, independently of
one anot her, hydrogen, Cl-C2o0-al kyl, 30

C2- C20- al kenyl , C6-C20-aryl, arylalkyl having from1l to
10 carbon atons in the alkyl part and 6-20 carbon
atons in the aryI part and two gem nal radicals R32A
naya) alegefingean;j(ti %dARt Olnd orRPEWRh ¥ evclopentariedione oiesilgicether of an eno-
ring, meksydbpehtaRédiche. 35 A is an uncharged donor group
containing one or nore atons of group 15 and/or 16 of
the Periodic Table of the Elenents or a carbene,

p0.eh raabdsyfoamepansgbriobértdddhe sysehsbitharbeionid used,

het ercoaromatic ring system 40 which conprises: 73 a)

reacting an (A—(CR29A - anion with a
cycl opent anedi one or 52 s et her OfA an eno- |ised
cycl opent anedi one. \pr OCGSS/f% preparing

cycl opent adi ene y@t e 3/ theformula (VIb), 5 26A R

/Aryl' 4 R30A H12A E 13A A C\ E16A (M b) E14,@“ﬁ)10 031A
\ E15A R27A ¢ thelyariabl es have t

fol | owi ng neani 5 Et\ZAQAEﬁGA are each carbon, with
four adjacent El AREY orEm ng aRconjugated di ene sys-
tem and the renai ning El?gg\ E16A additionally bearing a

hydr ogen, R26A- R26A ar eReach, i ndependent |y of one-

anot her, hydrogen Cl C20- al kYL. Cz- Czo- al kenyl, 20

al k having from1l to 10 carbon at ons
in ‘f%ée @F&?H'ab%ﬁ%@v%tﬁ fofowne MeaMsSn atons in the aryl
part, where the organic radi cals R26A- R28A rray al so be

;;?%?A ?Ae%ﬂ9¥%{% ﬂ%ﬁ I’1:§‘th§ou§j EEcheangﬁA E’]ﬁi fOEI’T{I:IIg%a c%ﬂ;ugated diene sys-

si x- menber é@mrﬁnﬁ@?e leBalRBm PRBT%@Mtenﬂabharmgradwegxegdent ly
of one anot her, hydrogen, Cl-Czo-al kY1, C2-C20-al kenyl,

R*™.-R* are each, independently of one anather, hydrogen, Cy-Cao-alkyl, C,-Cao-alkenyl,

Ce-Cao-aryl, arylalky! 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**-R** may also be
substituted by halogens and two vicinal radicals R¥7*-R*** may also be joined to
form a five- or six-membered ring,
R*™.-R* are each, independently of one another, hydrogen, Cy-Cyg-alkyl, C;-Cye-alkenyl,
Ce-Cac-aryl, arylalkyt having from 1 to 10 carbon atoms in the alkyl part and 6-20
carbon atoms in the aryl part or SIR**;, where the organic radicals R**-R** may
also be substituted by halogens and R*™ or R*" and A may also be joined to
form a five- or six-membered ring,
R34 the radicals R*** are each, independently of one another, hydrogen, C-Cag-alkyl,
Ca-Cao-alkenyl, Cs-Coo-aryl, arylalkyl having from 1 to 10 carbon atoms in the alkyl
part and 8-20 carbon atoms in the aryl part and two geminal radicals R** may
also be joined to form a five- or six-membered ring,

Aryl* is Ce-Cop-aryl, for example phenyl, naphthyl, biphenyl, anthraceny! or phenan-
threnyl, which may also be substituted by N-, P-, O- or S-containing substituents,
C4-Coz-alkyl, Co-Cyp-alkenyl, halogens or haloatkyls or haloaryls having 1-10 car-
bon atoms and
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C6- C20-aryl, arylal kyl having from1 to 10 carbon atons
in the al kyl part and 6-20
part or Si R32A3, where the organic radi cals R30A-R3' A

may
and A may al so be joined to

carbon atons in the aryl

al so be substituted by halsogens and R30A or R3IA
forma five- or

si x-nmenbered ring, 30 R32A the radicals R32A are each,

i ndependent|y of one anot her,
C2- 20- al KEMA' . C6- C20- aryl ,

10 carbon atons in the al kyI
atOHB in the ar¥l

may” al so BE"UBTHhEHuted Sf’tbsrtmegof
35 ArylAis C6-C22-aryl,

ome ghenyl, ant hracenyl

ring,

nap%} gyn%

y

art and t

hydr ogen, Cl-C20-al kyl,
aryl al kyl having from1 to
part and 6-20 carbon

em nal radicals R32A

Uyedd hefprozprativeing Ersdamm.
for exanpl e phenyl,

or phenan- threnyl,

a SO be substltuted by N, P-, 0- or

S-cont ai ni ng substituents,

glacar _(fwbpﬁg‘e)n%h Qﬁlom %%%b&%&{og’é‘ %Lsgé?{ élffl’tﬁEAforimSula (VI

bon atoms and 4077

C2- £22reakth
hawg)ﬁg 1-1
an unsubstituted,
ring system 5 whicR?
(A- (CR30AR31) m - anion
the formula (VI1) R26A )
15 to forma c%/cl opent ey
30A 20 R26A AR*BIAOO-+

cycl opent adi ene 3syst em 0

1.

2BA

R

Cl-

af

C22- al kyl,

substituted or fused heteroaromatic
onpri ses:
v th a cgcl opent enone system of

R32A3SI O (VI1) R27A R28A

a) reacting an

the formul a (Vylll)

R27TA 25 R28A 1

ormula (VIb), 26A
TA

to form a cyclopentenone of the formula (VIIf)

26A

)
clz A
31A
R™ /m (Vi)
R27A

A cyclopentadiene system of the formula (VIb),

26A

R \ ArylA
RSOA 12A __\ 13A
A (': £ \MA (VIb)
i 154 -E ™ L 27A
R/ E R
RZBA

where the variables have the following meanings:

12A =16
p1eA_gTeA

are each carbon, with four adjacent E'**-E'* forming a conjugated diene sys-

tern and the remaining E

12A_ 16A

additionafty bearing a hydrogen,
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R 30 Ary A R30A E12A_ E 13A A C E16A (Vib) ElaA
R31A E15A RR7A m 35 R28A where the variabl es have the
fol |l owi ng nmeani ngs: E12A-E16A are each carbon, wth
four adjacent E12A-E16A form ng a conjugated di ene sys-
40 tem and the remai ni ng E12A- E1I6A additionally bearing
a hydrogen, 75 Rz6A-R2BA are each, independently of
one anot her, hydrogen, Cl-Czo-al kY1, Cz-Czo-al kenY1,
C6- C20-aryl, arylal kyl having from1l to 10 carbon atons

in khegek kyl B8, qnd@ﬁlﬁﬁnd&ﬂ?gf o2 Qtﬂ%z'g\k‘}’@ id} S:kf}ré’ Copcalkenyl

part, where the organlc adi c
5 substit UP@@zw FRa iy Ehaying ramt \vie 10p@rpm¢tomwutmlbyt part and 6-20

R27A- RZn‘SA caryoradt&ds iDehd 291 e where tﬁ@érﬁérﬁc fabi8s R@f‘ th&A may aiso be
si x- menber n nden

one anot heguqDS t&?%gﬁoge&iaégoéﬂcw liad'@f Pczo‘%gl Reh f‘}/belo'”e‘j 1o
C6- C20- ar ylorm affiyd-at kiymemasriedgndrom 1 to 10 car bon at ons

in the alkyl part and 6-20 10 carbon atons in the aryl
part3opr w0l R32A3, where the organic radi cals R30A-R31A
mayRal-8o b%fe%%t”ldﬁ%ﬁ”é%l‘”byfmlaﬁ@téﬁsh@mem;@zmmkm;@m alkenyl,

and A may @l-sQ-2be oy erﬁ?bvhn@ fromrtmmcérba/rﬁator% in the alkyl part and 6-20
s R32A are each

?héezﬁﬁﬁiﬁ%eadeﬁnga?@hawgﬁw R Orash'!frdﬁ oste ine-proenip ragfoR(sIR ™ -R™™ may
15 C2- C20- @bklenyubstit®ss IG2@agend anda Y caRKY bndawiapglsh be minkd to
to 10 carbgp, Q?&]IT% glpmgmg%[@%ﬁnd part and 6 20 carbon

e aryl par

atons in th gem nal radicals R32A
may also be joined to forma five- or six-menmbered

ri nlgStEAhAlr ylthe teﬁ:llc%-R@Z%retaéa% mcfe@éno%ﬁlﬁm%ﬁe Qﬁﬁﬁylh{drogen C+-Cyo-alkyl,
\r,:ﬁlpch )r/my 2 (g%e@én%l%gﬁq Qr@ QXIEX}% ng f%%a?%y 10garbon ato¥ns in the alkyl

S- cont ai ni pagt apd Biceentisms irGhe memtldnykwo geminal radicals R**" may
C2- C22- al Wﬂe;o;ﬂ%& tegcﬁlﬂsa k- A?g’x he%l RE, hal oaryl s

having 1-10 car- bon atons an 1 and 25 Ais
an unsubstituted, substituted or fused heteroaromatl c

ri ngyiSyst epc,- Cé%ryl%l@éﬂn@@@ﬁ@r@ﬂﬁ%t@f bloR&hyf, @RtAMESny! or phenan-

(Vi) 3]'Ahrernyl which may also be substituted by N-, P-, O- or S-containing substituents,
C1-Cr-alkyl, C,-Cyp-alkenyl, halogens or hatoalkyls or haloaryls having 1~10 car-
bon atoms and

m is0or1and

A is an unsubstituted, substituted or fused heteroaromatic ring system.

12. A cyclopentenone of the formula (Vill)

R
R26A I
(|: A
31A
5 R™/m (VI
R??F\
RZBA

where the variables have the following meanings:
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N
R 26A 30 4R30A A m(VIIlI) 35 R27A R28A where the
vari abl es have the foll ow ng neani ngs: 40 76
Rz6A- R2aA are each, independently of one another,
hydrogen, C-Czo-al kY1, C2-C20mal kenyl, C6-C20-aryl,
aryl al kyl having from1l to 10 carbon atons in the al kyl
part and 6-20 carbon atons in the aryl part, where the
organi,c.radi cal s RZ6A- R26A nmay al so be substituted by
hal 8gef’s af@ seolb indeedndantly ohetiecabiyerRydRR.SA-Graglkdl Gl bealkenyl,

j oi ned to cBCEQkMN RAdikyY Savir@irosi %o T8 FREEESkohE Phe alky 2
R30A- R31A a?egoez;{:n%i n%eglen%dgnt If/t of ‘one anot h%&ka yl part and 6-20

h
hydr ogen, E30QRAN0HY RYE andhpargoiess| tReprganic ragigaleB0--Rr ymay also be
aryl al kyl baveiittigd by bardgent endlio RNBIGE@AORE - R hBealgd deybined to
part and 6-O%Qaﬁcqropqn_ at Qe i.n the aryl part or
Si R32A3, wiiar & Whe Br JSmPE P it cal' s RB0A- R31A may 10
al so be substituted by hal ogens and R3OA or R31A and A
may r#h %04 be Qi I LV - o
e R oA et He R Peh BRI oK nftFocBh o TR K cappien.
one anot hebesChpal Ggealky! ringdismdl tryP carbapaterpgindhaingpart and 6-20
C6- SﬁO- a:r ibalsrb@rlasfcbrﬁé ik%vr{e dﬁ)g‘yﬁiélﬁlroﬁfiﬂﬁ%mh@heﬁ'@t;é@rgﬁﬁiﬁ béta&a@tﬂéq’fml S may
in the a r nd. 6- carshon _atons,.in the ar
part and t\é/\/liez’)O téeesrﬁbﬁtgﬁ’te? g%'i’aé%ﬂe@s T—'@%ﬂ\ e alaE%AH@yjaEP H%H%ed to
to form a foiwedivepr sk-membeteeriegl ring, misOorland 20 A
is an unsubstituted, substituted or fused

hetsgzgaromatic ring,system 25 30 35 40

the radicals R**" are each, independently of one another, hydrogen, C,-Cy-alkyl,

Cz-Cao-alkenyl, Ce-Cop-aryl, arylalkyl having from 1 to 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryi part and two geminal radicals R*" may
also be joined to form a five- or six-membered ring,

m isOor1and

A is an unsubstituted, substituted or fused heteroaromatic ring system.




