TRANSI TI ON METAL COMPOUND , LI GAND SYSTEM . , CATALYST

SYSTEM AND PROCESS FOR PREPA RI NG POLYOLEFI NS
wOeswsriigdsi on The present invention relates to PCT/EP2005/005947

organonetal lic transition nmetal conpounds of the

for mul 1), . Z 2 I e ' ' '
ronsi A oG M UL el En AT o o
I'ch coordinates di rectly to Mand which bears at
| east one fused-on saturated or unsaturated C2-C30
ring systemcontaining at | east one heteroatom
Deseliptieh ed from the group consisting of the elenents B
A, G, In, Si, G, Sn, OLS, Se, Te, N, P, As and Sb
in the ring, where the heteroatomis bound directly to
5  The peesertritysntioatrelaies fo argrnogiptelip ransiion et BEPROANTH 9ide formula (0
cegtra: group and the heteroatom may al so bear
radi cal s which are not ¢g ptuents of the ring, Ais
a dival ent bridge betmegﬁﬂéﬁghbrodgs Z1 and 22? Z2 is
a coordinating group having the sane neaning as Z1 or
whe$e @ group conprising an open pentadienyl, a
10 cycl opent adi enyl -cont ai ni ng group or a heterocyclic,
o- or 6-menbered group contain- 0 ing six p electrons,
Z s coogdinpting grpup Whicl cmrn&w-e@ptr@}@gﬁalgpu& ’whgh gporginates di-
re&tf t? P}I%n?@fh{cﬁ @b@rg _gﬂbés? ﬁrﬁ-’é‘ fu&d&l;%nb_s:a@ﬁ?(éﬂ & UBBatinated T, ;AT RYstem
of .t he | ant hani des radi cal s .
ey et na e eact eakd B i e SR o Berhis B, . ca
InySidBe &h, Ovd.t3e, Tevd, Pati andssbda the riRgathees the heigroalsmes peyng directly to
15 a tRbdNCFbrh Bf tAE Bix- ARG -conthiriry dBntral g@lp dnd BB HetdfoatoBRfy also bear

o oA B SRS arply 2o s 2 22 and A bears

A is a divalent bridge between the groups Z' and 7%,

Z? is a coordinating group having the same meaning as Z' or is a group comprising an open pen-

tadienyl, a cyclopentadienyl-containing group or a heterocyclic, 5- or 6-membered group contain-
20 ing six & electrons,

n=zeroor1,

M is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or is an element of the

lanthanides,

the radicals X are identical or different and are each an organic or inorganic radical, with two radi-
25 cals X also being able to be joined to one another,

mis0,1or2,

and at least one of the three molecule fragments Z', Z% and A bears a monovalent organic radical

which contains at least one olefinic C=C double bond and has from 2 to 40 carbon atoms.

30 [n addition, the present invention relates to ligand systems having such a substitution pattern,
catalyst systems comprising at least one of the transition metal compounds of the invention, a
process for preparing polyolefins by polymerization or copolymerization of at least one olefin in
the presence of one of the catalyst systems of the invention and the use of the ligand systems of

the invention for preparing organometallic transition metal compounds.

35
Research and development on the use of organometallic transition metal compounds, in particular
metallocenes, as catalyst components for the polymerization and copolymerization of olefins with
the objective of preparing tailored polyolefins has been pursued intensively in universities and in
industry over the past 15 years.
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whi ch contains at |east one ol efinic C=C double bond

and has from2 to 40 carbon atons. 0 in addition, the
wonesansgesinvention relates to |igand systens hagTmg2005/005947

such a substitution pattern, Zatal yst systens

conprising at |east one of the transition netal

conpounds of the invention, a process for preparing

I%oét el fbé&a% é)kag/fﬂg@%lre:dﬂ)g'n%ngsf n‘r‘émlgl:éﬂg%{aﬁ/?{ éyﬁ@m@fnow repre-

ast presence of one 0
Se@*a@ ﬁ\{”ﬁ‘@tca@%?"éﬁ%méfkei%?@mﬁﬁventl on and the use of the
i gand systens of the invention for preparing

Vé”agcﬁ\gpq %tsﬁ&tﬁtﬁloﬁ E&{éﬁ}q&{ tﬂQ Ilégﬁg @ystéﬁ%rm %é%&fenés B%S@s" tﬁ@sterlc

cqnﬁnﬁmam%ﬁ fweelca\fe W8 ﬁbfbaiﬁm'ss elercﬁorﬁ%ﬁ?f?%%ﬁn}fé z}fh's way, itis possible, for

emtp@l ageaas thasowidriadtips bemnp«smmm;fsoconsmeents and ultimately also

thgg £Fg54 Fid \P%wnfe%d & QR NIBI A oAb an Rk 94 éé &%rawcﬁhb chain

re aring tallor elns
lepgie pr rmla@n@a an%ﬁ@ﬁgwmwh? RagRTCoRE ma? 4 r%t}?&leﬁ R these polymers.

|ndustry over the past 15 years. OThe et hyl ene-based

InQ éJmeefrllzar%%n Bf &AL qlq %’Ycuﬁg? ww&,fne ntﬁé @étglgﬁ %2&%& %EL Méj'ally com-

repre
p@e@l ﬁ*é"?ﬂSt OWQ@PV‘@W"'Q\W@SIW@” W%?QF‘TWF%W%‘E@@?WSWWWM such as
an AlGAINEkaHY, S RidRg Déwisedidbd &Gmn@b@‘nﬁ%ﬁ alsb®e siseY ih €upported form in

ondi ti ons aro e site and also its
O@F@%?W%%#?Oa{ C%B?Qq“ % is way, it is possible, for

exanple, to influence the pol ynmeri zati on behavi or of
JouRed &airgér%ﬁtetami@ @F\bmtsh‘? B4 (1@99& Ulot isn@dselinesatiyené-bedged fluorenyl-

B o B R TEl e g Hen AR F TR Ui e o hotoroce-

nenas satalist smesemtwwyofttheeohmw@@ efset- Wﬁ@?@'ﬂaﬁﬂn
properties of these polyners In the pol ynerization of

o8, A B B DL - IS BB o opreer
ing hgaomiyetesd ¢f|pmpenah@4m|wmu$é@ aggresorfgoaiatinind a
cocat al yst conmponent such as an aluninoxane a strong

Lewi s acid
3G pap G r B REr Soele® BPAU! o eaRpeer e Fls e toppouncs
whidlecangmatsed as dabalysh apnstittiery gfa;nialryettsaistbm@focﬂ@rﬁoymeyza@goof ethylene.
Tﬁ%&%%}hyleﬂre bRpd e b(]l %Qrﬁé c?@r%mesﬁlblﬂb ﬁé\;% dHid rd@@ldr mass a narrow molecular

uoreny I N 625% & g net a P ng

SRR 1oy S8 A D SRR TR 58 PGP gane 1 aadton
for reasons of economics, the metallocenes to be found should be easy to synthesxze and have a
high activity in order to minimize catalyst costs and catalyst residues in the finished polymer.

We have accordingly found the organometailic transition metal compounds of the formula (1) men-

tioned at the outset.

Z'is a coordinating group, in particular a singly negatively charged group comprising a six-group
n-electron central group, in particular a cyclopentadienyl group, which coordinates directly to M
and bears at least one fused-on saturated or unsaturated C»-Cs ring system containing at least
one heteroatom selected from the group consisting of the elements B, Al, Ga, In, Si, Ge, Sn, 0, S,
Se, Te, N, P, As and Sb, in particular O, S, Se, Te, N and P, preferably S and N, particularly pref-
erably S, in the ring, where the heteroatom is bound directly to a carbon atom of the six-n-
electron-containing central group and the heteroatom may also bear radicals which are not con-
stituents of the ring. Examples of such radicals are organic radicals having from 1 to 40 carbon
atoms, e.g. a cyclic, branched or unbranched C4-Czo-, preferably C4-Cyp-alkyl radical, @ C5-Cao~,
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neous catal yst systens as a result of the phenonenon

of self-immobilization. WO 01/47939 descri bes
waebwriogspel i ¢ net al | ocenes whi ch can advant age®asiEP20(06/005947

used for preparing honopol yme¥s of propene having a

reduced degree of crystallinity. It was an object of

the present invention to find new organonetallic

préfb2B ict, IcORIKBRA AbicR0APaYR §IKMQ}/ICJF afyRikyR8ditks B&ViRSrom 1 to 10, pref-

catalySt constituents of cat st ‘systens for the
erciy R forb MM BEMBINIDT R P TS 1581 § Ay BEirepoly g lgfO. carbon
atdyys imgtaensyl @hrt.timvidushaadiod atqﬂrvés)rf'aydTbgirquwln%m’, faresanplaa CH or CH,
gr{)}ﬂzynqmé IBAS HeAdon¥@ indPhisSlhe teplabdH dydaterdiibrds Sh b8AN, O or S. In

In structure dependi ng on t%$ nDIec%Iar wej ght. In,
delaalinTo g, TP 51 SHDER S0P THAS HER-ER et Ao B BE Gies g SV
tetnpthb eind eaulituohs shibel big-nkecearsgentral geouptaneesdt zeurdadd have a

high activity in order to mnimze catal yst costs and
catal yst residues in the finished polynmer. W have
A secietfnhiyidging gipHe Peteer g SioHPRA AP o234 AL SATRSRE. bgdton to the
ater P Rasatorhs tvhieh Baranduad @itectiy oeint tvoigedipa?’ ariieZ’ dutisetadicals as
&%&mk§kg coordi nating group, in particular a singly
negati vely charged group conprising a siXx-group
Examples©f ASFF: central group, in particular a
cycl opent adi enyl group, which coordinates directly to
M and bearsg=at | east Rine fRsed-on s&furat orRe
unsaturated C2-C30 ring syiten1contj?ning at Ikast one
het eroatomsel ect ed fipamt fe_group gansisyi-ng pf—the
el ements B, Al &, IE, Si1 Ce, Sn,lcz S, | Se, Fe, N,
P1As and Sh, in particular!Q S, Se,l Te, and P
preferablyRS and N, particBlarly pré&f era®ly K in the
ring, where the heteroatomis bound directly to a
carbon atomof the sipe-p- @bectron-gentaimi ng reentral
group and ﬂhe heteroaron1 y al so bear raficalls which
are not con stituents'of the ring. anpl gs_of ,such
radi cal S arfe organi ¢ fadicals having from1l to 40 '’
carbon atons, e.g. a yclii, branched ornLnbra ched
Cl-C20O , peeferably @ Cl@sal kyl radicalRr a G- C20-
, preferably C2-C8-al kenye radical,Ran arRyl or
al kyl aryl or aryl al kyl rjadi cal having frilom1 to 10,
pref erably from1ldaq 4,,carbon_atgns ip-the alkyl
part and from6 to 22, preferably fromg to 10, carbon
atons in the aryl part. |l ndividual | carban atons or
hydrocarbon units, for é&Xanple a OrRt or B2 group, in
the radicals nentioned nay al so be replaced by
-mﬁt)'e, t&ﬂkm: &“,{Rf)-’ @'v %-, -Sm)-,@(%)-,SN(Ha)q, mﬁr'mmj_ Dg—P((hﬁ?a)-,
nunber of carbon atons in the fused-on
het er oat om cont ai ni ng C2-C30 ring sys

preferably e . . e
| | N
—_M— C , C C ’
| | |
= Rb Rb Rb
where

M’ is silicon, germanium or tin, preferably silicon or germanium, particularly preferably silicon, and

R® R°and R® are identical or different and are each a hydrogen atom, a halogen atom, a tri-

methylsilyl group, @ C4—C4o—, preferably C4-Cs-alkyl group, a C1—Cs—fluoroalkyl group, a Ce—C1o—
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tem the ring carbons of the six-p-electron centra
group are not counted. Ais a divalent bridging group

woebosaessst he groups Z1 and Z2 and nay conpri SePCTEP2005/005947

addition to the atomor the t%w atons which is/are
bound directly to the two groups Z1 and Z2, further
radi cal s as substituents. Exanples of A are: Ra Ra Ra

C%ﬁhu%a% M]S l\@ %u& BiCREICI:? Isb%?erahy BQCRQKB@’/ QRQ] cé Cr-Cis-

aIky@rylox_yg(c@o a Cz—§10 é()afe abl yl\(l‘(g]g( ﬂkenyl g @)a C7— F’(“T!g/' l’kyI@Foup, a Cg—

Cm-F%(r@)l((dRyl)groumef(B%@@-lay(ylaa{I dRaupRa t\RaaMce%aRbalﬂogRber with the atoms
ﬁrlﬁg Mem! 1Srmod 541GRd o&%&%téme hadz.ﬁgnrmnm &f ﬁarc%mox atoms.

con or gernmani.um par pr ef er abl ilicon,
Amefﬁia?'yﬁesa ftugd sfylens ‘éﬁt‘ﬁrééFbSEﬁ“}/e&@Fffy@P%ﬁf°” nd are

each a hydrogen atom a halogen atom a trinethylsilyl

Zz%é Qa&r%ﬁ?tﬁg gguagﬁvmg R S5 rﬁ@ér&gszc a'ﬁhé\%%yzlz dQés%Phav@ to be iden-

’uc&}tegp or g greyp C@ﬁ]@”lsg}g)ﬂn rogé'lrbqﬁgtadgn@la cye@eentadlﬂl;gcgog%%mgﬁroup such
adll mGibsabskioed @pOlsbs1ET orThSubstl fey Icqueomyne@n dngjenyl ar fluorenyl

g’g?ter’oﬁﬁme fSegrabbllngm%océ é-zz-éﬁﬁﬂgrll I gr@upcguch as a substituted

eny group or a
OFGPSU*@JRBEQIPMWA{%}WOF@?WUH berr'”afWO‘éde acent radicals
together with the atons connecting themforma

n %@%% o@t1 e\?lhgﬁ %%%ﬂ)t %E%F@q @ﬂ: t%glltlﬂ‘gmgtjé%n OltJnQi é?nbndged When

n§rioths oggangmgtgbbgtr@rtsﬁlpré@]\e@{mpewéj |§ prdqgﬁli tPLllfefgrenc?é isgiven to n being 1.

M is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or an element of the
lanthanides, for example titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum or tungsten, preferably titanium, zirconium, hafnium, particularly preferably zirco-
nium and hafnium, and especially preferably zirconium.

The radicals X are identical or different, preferably identical, and are each an organic or inorganic
radical, with two radicals X also being able to be joined to one another. In particular, X is halogen,
for example fluorine, chlorine, bromine, iodine, preferably chlorine, hydrogen, C4-Cx-, preferably
C4-Cy-alkyl, Co-Coo-, preferably Co-Cy-alkenyl, C-Coo-, preferably Ce-Ciq-aryl, an alkylaryl or ary-
lalkyl group having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6
to 22, preferably from 6 to 10, carbon atoms in the aryl part, -OR? or -NR'R®, preferably ~OR",
with two radicals X also being able to be joined to one another, preferably two radicals —OR®
which are each, in particular, a substituted or unsubstituted 1,1°-bi-2-phenoxide radical. Two radi-
cals X can also form a substituted or unsubstituted diene ligand, in particular a 1,3-diene ligand.
The radicals R® and R® are each C;-Cyo-, preferably C-C4-alkyl, Cs-C1s-, preferably Ce-Cio-aryl,
alkylaryl, arylalkyl, fluoroalkyl or fluoroaryl each having from 1 to 10, preferably from 1 to 4, carbon
atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part.

Very particular preference is given to X being chlorine or methyl.

The index m is 0, 1 or 2, with m+2 usually corresponding to the oxidation number of M, and m is
usually preferably 2 in the case of the elements of group 4 of the Periodic Table of the Elements.
When M is chromium, m is preferably 0 or 1, in particular 0.

At least one of the three molecule fragments Z' Z? and A bears a monovalent organic radical
which contains at least one olefinic C=C double bond and has from 2 to 40 carbon atoms. This
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Z2 is a coordinating group having the sanme neani ng as

Z1, although Z2 does not have to be iden tical to Z1,
WOR0@E/1g8a3Wp conpri sing an open pentadi enyl, a PCT/EP2005/005947

cycl opent adi enyl - cont ai ni ng g oup such as a

nonosubstituted or pol ysubstituted or unsubstituted

cycl opent adi enyl, indenyl or fluorenyl group, or a

rag\ggl ‘85 a(i%/ CJoh&ln h%teré’e[torﬁs r%ﬁp?sdm 15, 16 and 17 of th%Perlodlc Tatale of the

ng- group’ such as
Elgnentn §am&'¢% difueh wfilﬁahagﬂ 2 lIngaIs PEANERRA CaarpRIpRFRRlYEr Croalkeny
ra@iEHCs-Cho-l Srefefibly @FC, ;cyc\bhﬁawynradSalZ&ECQCmtdﬁenylaryl or arylalkenyl radi-

wﬂafé%ergagéig faﬁgg@@éanﬁ iiPlhe afﬁ?frme r%@émaqaﬂg +e?erga§>|a¢tgg§t9ms se-

transit
le@erhfrauAEonoshheiPReRs 51 1h9 Pt EMEBITOS! gt Gerlah Gnges fgpadticutar Si
N bhd 8, farex@pieRIt ,-Cf-algéryidpkisilyiradibalpa CECafalkehexyPaditad ol &Co-Coo-
al enb, ldgf Ia El ements or an el enent of the

T ANt hani for exanple titanium zirconiu haf ni um
Pre@rra@wmpleﬁ iobwich Fdicelsrredliying-belRP-dry. Graexefp]- y'n%'é?faw 'r3'
cyblUﬁ@@ﬁ-@fyl 2né|@fde:ﬁeamllsyy1)etﬁyam4(anymmwtrryxsmaaymmthm af(Ricymapentenyl)but-1-

{;} é)(g{:eg}llﬁl me%\ylg oxy g%ﬁ%&l §|h§)é%'§lgx in IH%gmog@rrﬁlllﬁ r‘%<(3arﬁlﬁgnyl Ypyrid-2-
yl,l w@mxa@lamyl dr(Sdierengbrienyl apg &fleedamioanaént i cal , and are
Pr%fé?éﬁc@@ gﬂ/@@ ﬂi’Brﬁar@Fnetalh@ krgiitiof ric@l t&ﬁouncw dshjets(stb!}bed above wherein the

to one

org%mggqlhc trPrhsath mekt)%u? oung(cor%prﬁgi thé g&ﬁlqﬁl (I)Ir exanpl e
fluorine, chlorine, bromne, |od|ne preferably

chl orine, hydrogen, Cl1 preferably G -C 4-al kyl,
C2- C20-, preferably C2 enyl, C6-C22-, preferably
C6- C10-aryl, an al kyl aryr—atraryl al kyl group havi ng
from1l to 10, preferablm]Z to 4, carbon atons in
the alkyl part and frgmgto 22, preferably from6 to
he a yP\part -ORd or -NR dRe,
th tvid radj,gal s X al§g bei ng abl e
anot her , pre?erably wo radicals
in partlcular a substituted or
eno*yde radi cal. Two radi
ituted or unsubstituted
di ene ligand, in partiec a 1,3-diene ligand. The
radicals Rd and Re are,£ach Ql ClO- , preferably Cr
C4-al kyl, C6-Cl15-, pr%ferably C6- C10-aryl, al kylaryl,
arylalkyl, quoroaIkyI orfluoroaryl each having from1
to 10, preferably from1l to 4, carbon atons in the

al kyl part and from6 to 22, preferably from6 to 10,
wbaebon atons in the aryl part. Very particul ar
preference is given to X being chlorine or nethyl.

10, carbon atons in
preferably -OR d,

to be joined to d%
-OR d which are eac
unsubstituted 1,1'-b
cals X can also forma

M is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or an ele-

ment of the lanthanides,

the radicals

X are identical or different and are each an organic or inorganic radical, with two radi-
cals X also being able to be joined to one another to form a divalent radical,

m 50,1 o0r2,



The index mis 0, 1 or 2, with mt2 usually
corresponding to the oxidation nunber of M and mis
waaligespr ef erably 2 in the case of the el eneRCE/E®L005/005947
group 4 of the Periodic Tabl & of the El ements. Wen M
is chromum mis preferably O or 1, in particular O.
At | east one of the three nDIecuIe fragnments Z1, Z2
and A bears a nonoval ent radi cal which
contains at |east one ole HZB—C doubl e bond and has
from2 to 40 carbon atons**Thl adi cal can al so
contai n heteroatons fron1gr %ﬁtg 16 and 17 of
the Periodic Table of the E enen anpl es of such a
radi cal are a |inear or branched C2- C20-, preferably
C2- C10- al kenyl radicaR, a C5-C20- , Rpreferably
C5- C10- cycl oal kenyl radical, a C8-C40- alkgnylaryl or
aryl al kenyl radiH ere ¢rne rpadi Rhay al so
contai n one or noreihetgeroatons, ph rably
het er oatons se | ect'®d ffom anong tthe &l enents of the
group consisting of Si, Ge, NN P, Oand S, in
particular Si, Nand O for exanple a
C4- C20- al kenyl di al kyl silyl radical, a C2-C20-al kenoxy
R adi calis Qfardyefrér défgart rléﬁﬁ‘éfhﬁmgiﬁ)rﬁ gl @&Jarboﬁ’%&)ﬁ%f red
exanples of such radicals are allyl, 3-buten-1-yl,
5- hexen-1-yl, 7-octen-1-yl, 3- cyclohexen 1-yl,
R?2- (al | yi$ bbi'dr@hw @i drgdm)ce’aﬂiyehl having from 1 to 40 carbon atoms,
1- (al I yl di met hyl si | oxy) net hyl ,
4- (2-cycl opentenyl ) but-1- yl,
Or4- (3- but enyl di net hyl si | oxy) phenyl, 5-hexenyl oxy,
di met hyl - 7-octenyl silyl, 6-(3-butenyl)pyrid-2- yl,
enyl ) phenyl and
Ria?;?gﬁggﬁﬁﬁyﬁgﬁﬁﬂééggﬁgference is given to
organonetal lic transition netgl conmpounds as descri bed
above wherein the organonet al transition netal
conpound conprises the for Ia I/ where Mis an
el ement of group 3, 4, 5 on 6 ®f the Periodic Tabl e of
the Elenments or an ele nent ©of the |anthanides, the
radicals X are identical or different and are each an
wi&g@nic or inorganic radical, with two radi cals X
al so being able to be joined to one another to forma
divalent radical,.mis 0, 1 or 2,is a divalent group

R? R \ ,f
\\ / K . E or E. = R13,

Rm RH R14 R14
R® is hydrogen or an organic radical having from 1 to 40 carbon atoms,
R* is hydrogen or an organic radical having from 1 to 40 carbon atoms,

or R® and R* together form a divalent group
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Rl is hydrogen or an organic radical having from1l to
40 carbon atons, R2 is hydrogen or an organic radica

woaavisngsdéssom 1 to 40 carbon atons, or R and R POQEPR®S/005947

forma divalent group which i R is hydrogen or an
organi c radical having from1 to 40 carbon atons, R4
i s hydrogen or an organic radical having from1l to 40
carbon atons, or R3 and R4,Togpt her forma divalent
groupwhich is R6 is hydrogen or \an organi c radica
having from1 to 40 carbon*atonyg, R6 is hydrogen or an
organi c radical having from1l*to 40 carbon atons, or
R5 and R6 together forma divalent group T which is
R7, R8 are identical or different and are each
hydrogen or an organic radical having from1 to 40
carbon atons or R7 and R8 together with the atons
Wﬁ&ﬂpecting them form a nonocyclic or polycyclic ring
systemwhich may in turn be substituted, R9, R10 , R11
and R12 are idq@tical or different and are each
hydrogen or ar organic radjeal haging from1 to

carbon at®ons gr two,adj acent™radjpcals R9, RO, or
R12 to get i.LhARt he atons /Gonnectin the}-‘_n rma,
nmonocyclic jor pfl ycyclic rinng sys emwhi ch</may ‘&n _tdrn
be substifute 3”8R14 are idqﬁiical or diff renﬁ and

are each hydregenFor an organic radical having from1
to 40 carbon atons or R13 and R14 together with the
atons connecting them form a nonocyclic or polycyclic
Rting syishedrogsiasian prggnie radicalmavipeiram A de £ careen atgmss |
R16 , R17 and R18 are identical or different and are

gach hydrogen or an or.gani ¢ .radigcal ' r to
R40 Carb@ﬁWQ?%ﬂgrgpogﬁggg*rgg@wﬁgﬁ%aﬂ?@%%aﬁﬂﬁﬁﬁgké, R17
or RI8 to
or R® and R® together form a divalent group

C.0

which is

o o \ /
N/ RE-n F o BN,
R22 R23 st st

R, R® are identical or different and are each hydrogen or an organic radical having from 1
to 40 carbon atoms or R and R® together with the atoms connecting them form a

monocyclic or polycyclic ring system which may in turn be substituted,

R, R™, R and R are identical or different and are each hydrogen or an organic radical
having from 1 to 40 carbon atoms or two adjacent radicals R®, R', R"" or R™ to-
gether with the atoms connecting them form a monocyclic or polycyclic ring system

which may in turn be substituted,
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gether with the atons connecting themforma

nmonocyclic or polycyclic ring systemwhich may in turn
woeomsubsissikt ut ed, R19, R20 are identical or difPerTar200s/005947

and are each hydrogen or an &rganic radical having

from1l to 40 carbon atons or R19 and R20 together with

the atonms connecting them forma nonocyclic or

pol ycyclic ring systemwhich may in turn be

Substituted, R2 1, R22, R23 and R24 are identi ﬁ,al O o from 1
RGNt er &t deitigal o Effergrtend pie G VIEIo°R A" Jt Y ap iselingype from

havi ng t6 #@eardontatordDordd} dairR "Atogetseravith theoatend§ emendting them form a

radi calng, 52 or%%@%ycﬁgrﬁﬂg%stﬁgﬂ/htcg 29648 BY dubsthigy,

atons connecting themforma nonocyclic or polycyclic

ring systemwhich may in turn be substituted, R25, R26
R'AME, i derit arcic'® ove idkinfi¢ad oratifferanh ancbare eachdiydivgelr ogparorganicaadical

or gani g'na&g%*rgrﬂl*l etc?@fy &aﬂ&?nfeﬁ&?ﬁ@hér thPadikeRBEHEs REORE T or R to-

R25 an to her wth the atons connecting them

f or m a WHRBUYLINE &lopys cpleginpdngTEiorT ﬂgmgg}f‘syf'&ﬁrwﬁ‘ww“%w system
I N tur rwhsd nsayls turt bt @dstitdied,i s a bridgi ng structural

el enent between the two substituted cycl opent adi enyl
ligands and may conprise, in addition to the atom or

RTHE t woraidentisahin FERenand 2ee 15t Afrefen cagn Praripradical haypa from |
subst i tiwteearsyrcatope ot Rt ey tdgktyand, thd atomb eonneetihy dreshsform a
as substjt dj. ; ' Lgal
or i reyrBHERE S pob B Eh e Bl AR Pl R S RORNEET
Si (R27)2, Ge(R27)2, Sn(R27)2, O S, Se, Te, NR27,

R@,Fﬂ?zf,i kszPﬁﬂd wa ahfhfical whétreerit Bed sradbcraiyairdgar orameorgath@adical
tica r.di r ) anpor I 24
Fad cal KRG 170 e bRt Bl HMARERCAE R PRIER T
one of gether wilitiihe atosseenaestinAize fED FARPRGCXCHCr PRl PYST i system
of the JHidrdghyng wsh belStbdfitated,el ement A° i s a nonoval ent
ol efinically unsaturated organic radical having from 2
to 40 carbon atons. Mis an elenent of group 3, 4, 5

RBrR% of are ientekarfferentratsl ae erch MiEOgENEKaR Pgapie ragfral having from 1
el ementi,ab chB6n atoms or R and R* together with the atoms connecting them form a

monocyclic or polycyclic ring system which may in turn be substituted,

A’ is a bridging structural element between the two substituted cyclopentadienyl ligands
and may comprise, in addition to the atom or the two atoms which is/are bound di-
rectly to the two substituted cyclopentadienyl ligands, further radicals as substituents,

the divalent groups

E are identical or different and are each BR?, AIR?, GaR?, InR%, Si(R¥ )2, Ge(R™)z,
Sn(R¥),, O, S, Se, Te, NR?, PR¥, AsR” or SbR*, where the radicals R* are iden-
tical or different and are each hydrogen or an organic radical having from 1 to 40
carbon atoms,

and

at least one of the radicals R" to R¥ including the radicals of the bridging structural element A*is a
monovalent olefinically unsaturated organic radical having from 2 to 40 carbon atoms.

M is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or an element of the

lanthanides, for example titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
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| ant hani des, for exanple titanium zirconium hafnium
vanadi um ni obium tantalum chrom um nol ybdenum or
woungstgs4 preferably titanium zirconium haf RCUMP2005/005947
particularly preferably zirco®niumand hafnium and
especially preferably zirconium The radicals X are
identical or different, preferably identical, and are

m@l@&!@n@rﬂ oP{uggc’{PénC p@?erémﬁm %rn‘;’oﬂ@h{: ﬂ.lafnlurﬁI EJhrJuYéﬂy preferably zirco-

radi ca e foined to one
”"a\rH@PﬁB?f”'”'i“narﬁ’aersP‘?%Ygrre?er?ﬁ??yzém‘i’{ﬁf’%]gen for exanpl e

fluorine, chlorine, bromne, iodine, preferably

T%‘r‘a%%él@%ar&)@rﬁr@é] SFifrdrant %Qerableé Weﬁtf &l @P& Xre géch% &bd¥ or inorganic

efica \%rfhtwpyrad@a‘%lﬂsoa%wg ablgrio B¢ regﬂreﬁmneanotgpryrnanagrpwar X is halogen,
fogemrrrple‘f&r‘rbnrmg cHiormm Hrorhioe, I@inepprefeeabiianiprifia, bpairdgdno CACo-, preferably

?Q}n 20-1‘ pref@rau}%z-@i léh!’(len)ﬁ) ‘”ﬁetczz- r]:gefgrraQIV‘CG Ctm-ar;lzarl alkylaryl or ary-

la égrg[roup h@qag from 1 kg1 G g@fer?p[lyeff%q é[ﬂ %, car@@ g)tomwntthe glg\)& part and from 6
torzzdprefatadlyXroal &0 10aiartgnaltve it thelaey pat, FER' droNBFR?, preferably ~OR?,

wﬂnﬁighg&calﬁ QE@B@\QJ éﬁlet W’Be Lo"ﬂ'%g Q@J)l% an%erd {)r’eﬂér% Wo@acﬁ(%%h—lOR

unsubs
wmcuars@acrzrrpq@warer & EUriiisgr UrepE ] T kP ShSORER raiceh Two rad
cdIOX Barbalsaast b bukdseidteor Uzabdligdd didredigaideingakticgamd],34diene ligand.

i a i
Tlpearréagrg%é" %ﬁoa\%e]laég’ eﬂ:‘h%?)éqr e{g ng Ehc?;—a?g (? atl.) B%fegﬁﬁi/ (BeCm-aryl
alpyiarylerrdpky. f@er_o@ﬂj oaﬂ%roar)&pﬁ%ﬁ haiipg frorg 1y giq') errably from 1 to 4, carbon
afbrnumrtaabrlky lpa®add etk © 822l preedblyiiav a1 mrmmoh dtamslif the ary! part.
4t t the al kyl part
VERGFEA Al bR ol SRR AR R ERT 070 2 pon
atons in the aryl part. Very partlcular preference 'S
T M@k rh @ 0X1lEeR m@thedwlzorswmgz c@rresﬁ@rdmyglto th& lidatiod exmber g M)and m is

usuaﬁ;a Ffera\My J] efscH‘ﬁ lé(errge%s oefé%gg e%rr(gc{rkeTabbe] of thf Elements.

pretera
VWﬁnﬁheC@ﬁ@@Wbﬁﬂﬁﬁe@éwaEﬁﬂsmé@meﬂ@ﬁb 4 of the Perlodlc
Tabl e of the Elenents When Mis chromum mis

Tﬁ?rﬁirgagﬁ @/ hygrolqen or'a r%e%%rrg rcalrj{waa\)lr:'ng(?r‘om-rﬂf% 46%9%89&0% F@S!s prefera-

org
bl(varom@n Rrarshed OFFQ]Jb'ia!QCh?Fj &h€ra NRTgrably Sy Eb-pikyl rasticeh @lted2orpreferably
Q—élﬂ&@hr%@rcgﬁa alkyl ﬂard%ﬁﬂ{aarh ﬁo@ﬁ@ﬂﬁp%f&‘rﬁl&ly fréd1@&] cartidn atoms
in ng tgtgf %\é ) C%%r éj’t\é|1 %ona s In thearvl artoraC-C
?/?‘f??fl T a‘?frﬁ%aryé)m 8 ré‘?era'b 1% Pom? e
hdtettogromat@radioal, withoarefeired ltdt@omrkﬁlbel@a\tto §rﬁmdfpr braagiculgr 0 and S.
E%a?mplé)sr &f Qﬁlahér fréfé’r‘lﬁgdff'adr(Eérls.l@1 ar& RYdR&Yan aﬁangs dtlﬂrl 'htiﬁop@f Mbpropyl, n-
roar.onma a‘ | )
L oS o ARSI Sl el Lt oo
ppanytethyl) théemylCuerh meﬁryltrﬁerarhwdesetmﬂfurpbrntnadlgular mgthqdr%méarroe@ppropyl

radicals R1L are hydrogen nmet hyl , ethyl, n-propyl,

I sopropyl , nbut
The ra%rcalpF%/ is hydrogex of an organic radical having from 1 to 40 carbon atoms. R?is prefera-

bly hydrogen, a cyclic, branched or unbranched C4-Ca-, preferably C-Cg-alkyl radical, a Co-Cgo-,
preferably C,-Cg-alkenyl radical, an arylalkyl radical having from 1 to 10, preferably from 1 to 4,
carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl
part. Examples of particularly preferred radicals R? are hydrogen, methyl, ethyl, n-propyl, isopro-
pyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl,
benzyl and 2-phenylethyl, in particular hydrogen, methyl, ethyl and isopropyl. R?is especially
preferably hydrogen.
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i -butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl,

n- hexyl, cycl ohexyl, n-heptyl, n-octyl, benzyl, 2-
wohersyligishy| | thlenyl furyl, nethylthlenyl an#CT/EP2005/005947

met hyl furyl, in partlcular né@hyl ethyl and

i sopropyl. The radical R2 is hydrogen or an organic

radi cal having from1 to 40 carbon atons. R2 is

Th%{ﬁ%%[ﬁs i ln%’drgg/eqr Pr? Qr&a %gﬁél hgvmgpirrcﬂﬁ‘ ¢ l&?&b @rbdr‘rrh@d'cng\{‘ &PE Prefera-

radi c 2
blyshverogem sl cyc'ezbrescha Rréwwan'frﬁs |Cc ;920 : ?{éféP'y Paﬁﬁ\ky'raa‘ma&ﬁrcrcm'
préfendbln §.-Cr-amerdyl iadicdiDan Ppyiake raalbiyhaking fror 1tto 16, preferabipiiom 1 to 4,
cafbtog gﬁ)glsnn ﬁw?%lk@lé}g}’t an&)ﬁl&% 6%‘& hlre%b%/ frd?n 8?0 1@5&%@?[5“1%% the aryl

par t
pagor p &Gr-Ci-BetPipIopage @F@?'r‘fé‘ﬂ‘ m%faff%eéewo“a% R '?%/’dr%gse?ﬁ‘d P, in particu-
lalEhitys$. Ex@ﬂhbl&éb of parteulepydrefeiranpdicalpR? are hydrogen), meihylbethy n-propyl,

'SO%%OE)M ﬁlbut | rtlﬁwl vl Iout>{}1 tJBGtglt H- %entﬁy&ggmw heéﬂ Ry, n-heptyl, n-

ocy. pﬁ@yy p-@hﬁwlethw ﬁwrwy fup@lrlrpe{g}yltqafwll eth%fmw parrgpﬁwnethyl ethyl
andMdpiop@pPropyl . R2 is especially preferably

hydrogen. The radi cal R3 is hydrogen or an organic

radi cal ,having from1l to 40 carbon atonms. R3 is
Trprr@(fu@} B B |hydrpgq3prq§gg Argagjc ad@pl, r@vmg)frgrnéﬁréﬂo @rbm?r‘a%@hgd)refera-
blfHydfeden, & cyﬂfc%r@ﬁéhl@h ysr UnBEHnErR)d, C, = 20rEi2Rbly C. i efkgiradiday, a Co-Coo-,

prg2 rg% fazl—tdg [l%nyl raad%]a %rP/IgIQ¥I %’d{éaﬁrja%%g j{rj’o%df t86}b rﬁ?@f}ér‘ag from 1 to 4,

catlton atsimeyin theatyl rmﬁt@nﬂ fr@rmﬁeso 23 ppgerably i9re ﬁérbl' %/ crﬂnbewtemf 6‘ the aryl
pahr a ©HPBterSafIMRatit FadicBIewH r}’rbfe@éﬁ fiet€@batdms being N, O, S and P, in particu-

Iarﬁé?% %;‘:—?SWE%B 8f) Q,nl’a’tt charlB)rei!gPrgd l’é)dl\,\glg E ere%&?r{)é& fnethyl eth¥1 J\ -propyl,

is@ropiyk atpplyk sbwil, &pbu’f!‘r t@utyhmpyntwr @F@P‘?réld rhaxyle@icoheal, giheptyl, n-
odiw %Qﬂf? 'QophEWIeth thiglyl Yryl, retiitRiBY and SBYIRBY,lin patidut ylethyl, ethyl
s-butyl, t- butyl n- pentyl, cycl opentyl,
'ﬂ@%éw cycl ohexyl, n- heptyl noctyl benzyl ,
2- phenyl et hyl , th|enyI furyl, nethylthienyl and
THELAYAS 1Y Mo R4An BRS §dg§tHer36rrr{@§|Wént glpy!l and

I sopropyl. The radical R4 i ¥ rogen or an organic
radi cal having from1l to 4 on atoms. R4 is

prefera bly hydrogen, a cyelic, branched or unbranched
Cl-C20- , preferably C C8-al radi cal, a C2-C20-,
preferably C2-C8-al kenyl radical, an aryl al kyl radica
having from1l to 10, preferably from1l to 4, carbon
atonms in the al kyl part andwiichosn 6 to 22, preferably
from6 to 10, carbon atons in the aryl part or a

CA- C8- het eroarprati c rad|caj mrth preferred
heteroatqms bging N, O SR d P, ROV particu | ar A8 and
S. Exanpl par gitcul arly rred radicg R4 are
hydr ogen, ~“ethyl, n- BropyE or Hf

* *

The radical R® is hydrogen or an organic radical having from 1 to 40 carbon atoms. R® is prefera-
bly hydrogen, a cyclic, branched or unbranched C4-Czo-, preferably C4-Cg-alkyl radical, a Co-Cop~,
preferably C,-Cg-alkenyl radical, an arylalky! radical having from 1 to 10, preferably from 1 to 4,
carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl
part or a C4-Cg-heteroaromatic radical, with preferred heteroatoms being N, O, S and P, in particu-
lar O and S. Examples of particularly preferred radicals R® are hydrogen, methyl, ethyl, n-propyi,
isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-
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i sopropyl, n-butyl, i-butyl, s-butyl, t-butyl,
n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl,

waaatsyligesbenzyl , 2-phenyl et hyl, thienyl, furyl PCT/EP2005/005947

met hyl t hi enyl and met hyl furyl!] in particular methyl,
ethyl and isopropyl. The radicals R3 and R4 can al so
together forma divalent group which is The radical R5

LS . h . [ L j ,
ol AT S5 g DSBSy aRRHLR LA AT i, oo
angrigaRes¥d or unbranched C - C20-, preferably CrCs-al kyl

radi cal, a C2-C20- , preferably C2-C8-al kenyl radical,

an_arylbLa i.cal i . , [ -
SRR L S BB B e
bly bydpmen, s @/Flisy liBnghed PHYRPERNEREAI®:Coral'd swbgftfor%ﬂlw regjgal, @ C2-Caor,
pr@fe}y‘éfblymﬁldé-aﬁénﬁreﬁﬂzta@n Bi9faRyI0adi@NBdving floadi 10ab, priafetably from 1 to 4,

referred. hetero n i .

TSF S TIPS £y o
parkatiaaiGe-RISTaaramay tadisgleith preferigd heterpigms bping NoPy$ and P, in particu-
lab 8 @RE SHlamples BEWarticulatly Préfeyttd ralichI8 RY bre HydMdgény Imethyl, ethyl, n-propyl,

i) o R PSRy SRRV cocR¥aT ek, oRoRER] Hhrept, o
oqm,tuezym,ﬁr;@nwetmﬂ»dhw,rﬁtywrnetgylthienﬁ apmethylfindrin partigyiar methyl, ethyl
atibpropind i sopropyl. The radical R6 is hydrogen or an

organi ¢ radical having from1 to 40 carbon atons. R6

is prefera bly hydrogen, a cyclic, branched or
Thenbdicaie Reahd®C-car also togptheffemabtivelent grual kyl radical , a

C2- C20- , preferably C2-C8-al kenyl radical, an

aryl al kyl radical having fsom 1xto 10, preferably from

1to 4, carbon atons in twgiélky part and from®6 to

22, preferably from6 to 1Q_garbon atonms in the aryl

part or a C4-C8-heteroaromatic radical, with preferred

het eroatons being N, O, S and P, in particu lar O and
which Exanpl es of particularly preferred radicals R6 are

hydrogen, nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i -butyl, s-butyl, t-butyl, n-pentyl, cycl opentyl,

n- hexyl, "cycl ahexyl, n-heptyf, ngctyl, benzyl™

2- phenyl et hyl , thi&@yl, furyl hyl t hi enyl qﬁd

net fyl particul a hyl.LE et hydr and E 25
i sopropyl . radi cal sS"R5 an can al so togetfrer R
forma R% al en Rgr oup which i sst s

R’, R® are identical or different and are each hydrogen or an organic radical having from 1 to 40
carbon atoms or R” and R® together with the atoms connecting them form a monocyclic or poly-
cyclic ring system which may in turn be substituted.

R’ is preferably hydrogen or a cyclic, branched or unbranched C4-Cyo-, preferably C4-Cqp-alkyl
radical, a Co-Cag-, preferably C,-Ce-alkenyl radical, an arylalkyl radical having from 1 to 10, pref-
erably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, carbon
atoms in the aryl part. Examples of particularly preferred radicals R’ are hydrogen, methyl, ethyl,
n-propyl, isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-
heptyl, n-octyl, benzyl and 2-phenylethyl, in particular hydrogen, methyl, ethyl and isopropy!, very
particularly preferably methyl.

The radical R® is preferably hydrogen or an unsubstituted or alkyl-substituted Cg-C4g-aryl radical
having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, pref-
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R7, R8 are identical or different and are each

hydr ogen or an organic radical having from1l to 40
woanisans@at ons or R7 and R8 together with the aPOmEP2005/005947

connecting themforma nonocy&lic or polycyclic ring

systemwhich may in turn be substituted. R7 is

preferably hydrogen or a cyclic, branched or

%ﬁg Q% (%]r?cga%r?s lnét%fa&ﬁg t th%—ﬁ r'aacé?é 5%’3 bé'lr?gdéb%atb be Ralo-

gepgige. @xwple? afcweef%redﬁawe\‘ﬁff%mdioqea PI'G“V' &r@%y' Aol 4toivt, 2,3-
dirhétoyphkn{i 02, 4d|rr@aiylpmnyatz;5rmmtnymﬁeey|aa tcyiimepigipherah @ 4 dioath@phenyl,
3, § 91m|%31 IgR%n? S%ﬁpeYt bfu{ygﬁﬂeﬁ)élt 94 %Qnm&t I;Q@Hyl a 9H§r|rﬁéﬂhﬁ @n)1|

[ CU ar refterre
1P WeZ-nwhﬂU@ebﬁnaﬁﬁsfyhyrlsopapwmenyw Aot Gy e
p-&ycldbéxylpheriyt dndtpytrimetdylBilytoyiényl.t - but yl , n- pent yl,

Th8¥gé|c9 selgtr%ld 5& Q/H’gﬁé%ﬂ al%oct%@étr%] %Mla' cya,a(?i% ¥¥1s’tenm pr%fétréfnlly form a substi-

and
tUtﬁéPWSUbsétUWI lnaﬁ@cw'%ﬁwﬁwfed v1e3r9ut@da?fter1c‘hﬂ'a'rqngpp
preferably nethyl The radical R8 is preferably

T hyd{%gse&b Blo, @ g %ﬁet.aén%aqg aﬁe@ét'@x& i%%@éﬁ h\ftdvag%g or an organic

di'cal
radigad freving fcpnm t%@rd@m@n atoaﬁ@r o %dl?éerﬁlraa@&ﬂa'%r R a%d a'f*dr miqgether
wﬁthéZ&om@ E&fn@étir\@ Hhérrf fb@rﬂé ﬁmh&:y&l@ or PEYIYEIRE rid ystenh Whithmay in turn be

suﬁg?ﬁgaﬁ %ﬁf%ranceésx%\ﬁ%etcé I{he r Sl?gal?& b?g%ﬂ“%?!:r?%ﬁb P\@ependently of
orhyedptbqehydrcpgqe Ay cyclie, p@p(}hed ogumhﬁqary‘,hed Q-Cols 9qefer@I)3C1 Cm-alkyl radi-
cafl 'a'@td}w &B@féﬂéiy szza-élkGIhWHthl' ah&uNr alkylaryl or arylalkyi radical having from
é 13 %'?{Iﬁé%ﬂ)y}roﬁ-hhﬁ tﬁy4[ c‘,arb.opngt snmt]:éyalllﬁﬂpapt%ntj from 6 to 22, preferably from 6
togossammtamrns.nbtme)am pmbﬁyapmplgs of pgﬂlpql@rﬂ@(q{@,rrqgﬁéﬁg,qls R%, R, R" and
R2 al%a l‘@dlto érn%nﬁ!fl BIRGINY- brop?l é@lﬂfﬁ/hﬁlbutyﬁ ruE, LU, n-pentyl, cyclopentyl,
n-EeQ/ B‘(fﬁ%ple%ﬁ @H{%P yIS o%%@lpeglbq%éleg Yo aﬂ‘ 3Holp/le£ Ko ap Lﬁt:y Ji %Qﬁmgl}menyl 24-
dipethylpmetyh.b-slinrhepitypheny)|2,6- mmethylglaﬁnylaﬁ 4-durethhems 3heimgthyliphenyl,
3 §@meﬁjbﬁﬂl)§h%gﬁti7@é tranftH'ﬂpﬂeW el Sl zﬁtrlhieﬂhglpﬁédﬁlt @ Ma it @r-riﬂ@hfﬁyl phe-

e e A e i R U
trimathylsidi e bedyDand 2RiEngdetHy! R partigutar |hmqh_rpgqnc@pthwr ethyl, isopropyl and
tﬂ}tyfl fvgryedgh,cagfq, REBraBRRrBydr ogen or an organic radical

aving fromZI to 40 carbon atons or two adjacent
radicals RO, R10 , R11 and R12 together with the atons
Tieontieds Rﬁ@nti RErard identical ondiffereytaind erecyacipbydyegpelor an eroprc radical

ha?/}f*@tfr%m Wa'46 IEaW atbﬁlns bHRR ap@Rs%b%WeF \Hﬁlﬁﬂe atBﬁﬁfCSﬁr%Btﬁ@ thefin form a

he radical s

mP'PRfé‘a'é ﬁa%%mys)lcafw B\ﬁlﬁ”h‘ﬁ'?i?'h@?y mﬂX/'EI }‘56 gﬁ Slﬂﬂﬁ?‘gteﬁye WR'S#‘ dsbe they
prafegdbbiferth @substitbied nciredos@lieG2i0 particyiareheutatiliipd CO3-butadiene-1,4-diyl

gr@i‘r&'@i Ml R Qrgippe%rably each hydrogen or a cyclic, branched or unbranched C4-Cao-,
preferably C4-Cyo-alkyl radical, a C,-Cao-, preferably Cz-Ce-alkenyl radical, an aryl or alkylaryl or
arylalky! radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part. Examples of particularly pre-
ferred radicals R and R are hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl, s-butyl,
n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl, phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3-
dimethylphenyl, 2,4-dimethyiphenyl, 2,5-dimethylphenyi, 2,6-dimethylphenyl, 3,4-dimethylphenyl,
3,5-dimethylphenyl, 3,5-di(tert-butyl)phenyl, 2,4,6-trimethylphenyl, 2,3,4-trimethylphenyl, 1-
naphthyl, 2-naphthyl, phenanthryl, p-isopropylphenyl, p-tert-butylphenyl, p-s-butylphenyl, p-
cyclohexylphenyl and p-trimethyisilylphenyl, benzyl and 2-phenylethyl, in particular hydrogen,
methyl, ethyl, isopropyl and t-butyl, very particularly preferably hydrogen.
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a C2-C20, preferably C2-C8-al kenyl radical, an aryl

or alkylaryl or arylalkyl radical having from1 to 10,
wonrefsangishy from 1l to 4, carbon atonms in the aPRYIEPR@SN05947

and from6 to 22, preferably'rom6 to 10, carbon

atons in the aryl part. Exanples of particularly

preferred radicals RO, RI0O , RL 1 and Rl12 are

hydr ogen, nethyl ethyl n- propyl , isopropyl n- butyl ,

i - butyl t
Tl‘@y‘eqi y R ﬁ? h@}ﬁth eenrtp%ﬁcia&,&%%%wgemdy elré e?qsll }}yPr)égen or an organic
radied] Ghyihg fro 1 & 40 qar@n%%otmsrmt\dm}dquernydid,lca]& R, R" R and R" together

wg‘J t@?%tp%% Qﬁﬁ*{é}ftL I%Trr?foprh Hﬁ%ﬂ&y@g%ﬂ%&ycychc ring system which may in turn be

I met byl.ph

su@st@utgﬁi ﬁéﬁfﬁ?“%@ﬁ'ﬁ” to@egaqigads( Ry tR bl,'ﬁ y%/r)d&] eﬁ%ﬂh’bemg, independently of
o, ahotbert, hydnageh yt p iy, lbran2hed, o ubramvbéh@l-Ple niefgrably C4-Cqo-alkyl radi-

ca]' ar@mm rlefer%; é/r@%‘taﬂééh | ra%'}gl M]’E/lryrwk?/laryl or arylalkyl radical having from

E 1|§S;gfgf{e§a]béﬁ@qy1 0 %C%Zv%ﬂe%(}&@lp |trﬁﬁgquart£ﬁ18 from 6 to 22, preferably from 6
topbrdaiﬁbhb}dn&i ih yiepalmeam Exérepiasydf particuldypheferyddetdivdls RPR" R" and

Rp%L I{yﬁr% Pﬂ/‘ %g?lnn p@#lhl@p’ropgi H-Y)Lm ﬁ.ﬁ§ ds‘r}tgwl naﬁlﬂtyl cyclopentyl,
SIS ARG M R s R B IS R
diRERyIpEERI, DB diregeohenyl,@B-amganbitenyias s acahethdpheng, 3,8-dmethylphenyl,

3, % 9 étég bﬁ%{)}&%ﬂ}/laf 49 g'?‘rhrﬁ)é’thyfé%grﬁri% m%e{hg%ﬁérms i n‘%ﬁth‘yl tﬂ"ﬁ%‘xphthyl phe-

nﬁﬂmﬁ@ RsiseRreRRAR I’P'tﬁ'ﬁ?‘lth‘ﬁﬁﬁ“b"npfﬁldwpg@‘yé B@?'PW%Y'%'&F”V'@H" p-
trivdathgiBilyRs Byl tHaeyy | afzeéreha&h%: i pairtisutar ydvsdent meiag, ehyl, isopropyl and t-
ar unsubstituted
b#Y EUPF HEﬁgmfkﬁwgg&&#(g}oup R13 and R14 are
preferably each hydrogen or a cyclic, branched or
Tlﬁmﬂlaéwh@@n@Rm@raQentlcﬂroefjlﬁérama)*id ere 2t halrdgeh of adorgadic radical

‘h%/lm rlolzwo t§’40 I%)PI’? 5% gzla% Rﬂlt%;%wLwﬁhatqég tﬂs c e@{ﬁélt%em form a

rad
mpnasheic abpq}qulmma sxséennwm@uﬁ%ﬁ o bmuhswuwﬁen &’P'I‘ES‘/ passday prefera-
b@fBﬂmfars@B%tﬁltédJor%asubﬁf tehe f‘rﬁ@irﬁbufaf oWBuBstituded] @ ,3-tutddlzas-1,4-diyl group.

%Sggéo a{ﬂ%aﬂ ﬁegﬁ%gyeﬁfgﬁﬁéctf%e grgycﬁc Rt%bcr%%r S G ﬁﬁleﬁ PIE,-, prefera-

bletch@ho-allwl diopy Co-Caopretsstly, Ca-pabqjteyyl raqicah @ yerY] Ofsa”b'l?f yy pr arylalkyl
ré@fCQI%WJ; frofaY G o® %FHfé/rlably fr‘orh x4, ,car%!ﬁ bt@ﬁ]@Wthe aRy! pefbiyd from 6 to 22,

praz eﬁé)ﬁ ﬁ Ejh{hy cér%on@tcmn%@{trﬁ 4ol r%)ﬁxamples of partlcalaf?ﬂ/ preferred radicals
RY e&':dﬂlz rme hydrggee nyéthyl 2464, mmhypmp@hw butyl, i-butyl, s-butyl, n-pentyl,
c%ioéeﬂylﬁr‘t?hé!%ffl g@%kyl n%eétyﬂhﬂaytheﬁheﬂwlyJ 3-tolyl, 4-toly| 2,3-
d@e@y@h%r}yfrﬁélt—qﬂ%%ﬂé%gelny % dm}%{ymgw 2%% 'Hétbﬂ{"'hen% 3,4-dimethylphenyl,
3phutmetimtidireny!, 3,9-di( tsmb-putmlpp}nbrmhép@ﬁ-trm]gtmleh@nybgt3y4 tpmgihlylphenyl 1-
nQph%wlyPQtn%hIHPﬁr}?ﬁleTarHGMcd - efﬁ'ﬂ ﬂaﬁﬁ)ﬁ[ter@-%{ Iphenyl p s butylphenyl p-
wheR 2ng Yotghetyt oty &S EnRRRYh S :
c%hgw&@p@p aﬂfg,ef B%ém/ls ylphenyl, benzyl or phen ethyl;in partl ular hydrogen me

thyl, ethyl, isopropyl and t-butyl, very particularly preferably hydrogen.

The radicals R, R%, R and R* are identical or different and are each hydrogen or an organic
radical having from 1 to 40 carbon atoms or two adjacent radicals R*', R%, R*® and R* together
with the atoms connecting them form a monocyclic or polycyclic ring system which may in turn be
substituted. Preference is given to the radicals R?', R, R* and R** each being, independently of
one another, hydrogen or a cyclic, branched or unbranched C4-Cao-, preferably C4-Cyo-alky! radi-
cal, a C,-Coo-, preferably Co-Cg-alkenyl radical, an aryl or alkylary! or arylalkyl radical having from
1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6
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nmet hyl , ethyl, isopropyl and t-butyl, very
particularly preferably hydrogen. The radi cals R15, R16
WO 2Rb718a3¢d R18 are identical or different and ac®Eeam8005947
hydrogen or an organic radicdt having from1 to 40
carbon atons or two adjacent radicals R15, R16, R17
and R18 together with the atons connecting themform a

toBIB¥ lofcfsQ 8 %b)/&%’r{:. 'Ek&nglésng pérvah;rmpvé?é ﬁéa raa%?lg AP (AP, R ang
he' substituted. Preference 1s giv
Riket YORSEn MRV, Bk, ROBPHEIh ﬁ@utyl h*a@ﬂyesnta@ﬁm @Pntyf cyclopentyl

n-pEE!, arthbst, n-Hepll agei, siengl, Z300A, i3eolyl4- mmmenldlmethylphenyl 2,4-

mM”@S‘%&?&er Gihid ?@%hgnyl Fé’cgé @%ﬂg‘ﬂengf 3 Q%Qnd;ﬁtb)ﬁ?ﬁlen;ﬁ ‘%dé dan@ hylphenyl,
3 &dl(tatquy%nhyw' i %FfWeSTYWP“Y# Ak Acfarne}%‘{?'i‘w ﬁﬂ“@ﬁﬁ‘”iy' t2d1afbthy' phe-
nddEreRy -iaddrapyfphenn, b-térobdtyipitsayibe-s-batyiphanyi, p-ciydieheayiBydnylEad b-

tru%e%kl{y%%%h%gnlgy??ndg rﬁ{eﬁyl%ﬁyl Yin F£r9<mla? h d?o%’le? ?@Pllb(?/cny, isopropyl and

es O
ttp’ft}éfvéﬁyrpéﬂ"“#'%fﬂ’%%ﬂ?@ 'Rmdrosme , R17 and R18 are

hydrogen nmet hyl , ethyl, n-propyl, isopropyl, n-butyl,
The rg# t%eRZS%nrp HI%Le I{i&-{np&% Xl"'f?rer?t%% %l%ee%fﬂ}/hy c%b P%FXA organic radical

h%/lqur]ow 1 toAO p@pw atorgs 9t R’ aed y|tqgﬁ@ﬁ5,wlth the gtoms connectmg them form a
mGth?éthS} ;wry%w.b rin@syatett WREH AR @My be substituted, in which case they prefera-

bléfogm 8 g@stt'ﬁ‘\/ﬁdp %néqutlt%e@ [B%Itfcugtlbrgsn?&&tedﬁ 3- bﬁjtadlene -1,4-diyl group.
Rﬁ and B tare mﬁeraﬂquglhwdroggn gr 1cyelig, h@m;ﬂgd Gh@pﬁquched C4-Coo-, preferably
C{I-Cﬂ%n@ltradﬂ:al a%}@ﬁlhﬁrﬁﬁé‘rablyﬂi}m@ﬂ@hﬂ Yaldlcal an aryl or alkylaryl or arylalkyl

aglcgﬁﬁﬁ F %’HEA@,W pr&f@%@/ %Wé tty %ﬂo nXtoma in the alkyl part and from 6 to 22,

prpferabiyé[ohy@ t9|1|0y¢ammr¢§4ms |b§‘@zayyl p@f Ezarpp{gwg,ﬂp@ftlﬁ%arly freferred radicals
RPahHY R@lﬂr@ﬁydmé@ﬁ QQ&IWI e‘l’fﬁﬁ h;blropylets&}fbpyl inSsaBA, @Bit1, &B6lyl, n-pentyl,

ol Bovtl o Ebd- RIS B B, Sl 2 S8R 2
disnethylpbertyl, Byt diiragfevpheny! ahs-dimgtvipbenvh dBckinethdriieny. 3.4 dlmeﬁlylphenyl,

3T5$b|rﬂ&h>q@{eﬁ§eilfb §-Ei‘(3t6ﬁ bgﬁ)ﬁﬂyrln ale-RaR tHyRaetyhers, wéuhlagrtylﬁﬁenyl 1-
b e A e s N

Cmexytplheiwl pced-wimethylsiyifhenyi benzlir: phegyletdylgn partlcular hydrogen, me-
Bhd tibDtyPR&rl, batbuRry BR% esl,
ﬂ?péMgJ%gﬁ#Ene f 4yd|y%bgrou6YHR19Q§L3B%%O are
preferably each hydrogen-or a cyclic, branched or
Alis b bedyiivesttu@liraCaérnent bpimeéretha tvid gub@intuie@/‘cyapwmadiemjﬂig@ds and may
cﬁn&’%te q@?ddltrop R &E %foﬁf)cl)theqa/o GRNBRIWHRAY/ark BeireidirectBo RE Yo substiti-

or a y | |C@Ftha%|ng from1l to 10,
t%?dé?V@P%%‘FW'eFY‘(‘J%@STfB”Wr 36’5958133 BHE™'n the al kyl part
and from6 to 22, preferably from6 to 10, carbon

e aryI part. Exanples of particularly
Eg%rgé]%rdrfgdg E—@d cal s R1R. and gR20 are hydrogen, nethyl,

et hyl, n- pwopyl |sop10pyl| n- but yl , |I buqyl %-butyl,
n-pentyl , M M ’ M M Y

| | —

Rb Rb Rb RO Rb Ro

Rea Ra Ra Ra Ra Re

| | _—

C , C C , C C C

| | o

Rb Rb Rb R Rb R
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cycl opentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl,
phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3-

wdizoestihgdsphenyl , 2, 4- di net hyl phenyl , PCT/EP2005/005947
2, 5-di net hyl phenyl , 2, 6-di nmet'Ayl phenyl ,

3, 4-di net hyl phenyl , 3, 5-di net hyl phenyl,
3,5-di(tert-butyl)phenyl, 2,4,6-trinethyl phenyl,
2,3,4-trinmethyl phenyl, B naphthyl® 2-ng&pht hyl ,
phenant hryl , p-isopropyl phenyl, p-tert?%htylphenyl,
p-s-butyl phenyl —peyclofexyt phenylypand c—
p-trimethyl silyl phenyl, |benzyl or F-phe ylethyl, in
particul ar hydrogen, nelthyl, ethyl, isopropyl and
t-butyl, very particulafly preferd®Bly h§drogen. The
radi cal s R21, R22, R23 and R24 are identical or
different and are each hydrogen or an organic radica

-yl GOME 4), earHo), OB R WORIIARBNE -P(0)(R)-,
A s B o o T eper ha th T e O

PrEiFERY connecting them form a nonocyclic or pol ycyclic
ring systemwhich may in turn be substituted.

Preference is ven to theRfadicals 1, B2, R23 and
R24 each being,| i ndependent|ly of one nothér, hydr ogen

or a cyclic—bjganched or—ugpranched-G3-C20c —
preferably CC 10-alkyl radi cal, a Cﬁ-CZO- ,
preferably C2-(C8-al kenyl radical, an aryl or alkyl aryl

or arylalkyl r&fical havingfrom1 toR10, pFeferably

from1l to 4, carbon atons in the alkyl part and from6

to 22, preferably from6to 10, carbon atons in the

W%??I part. Exanples of particularly preferred radicals
R2 1, R22, R23 and R24 are hydrogen, nethyl, ethyl,

MNis RGN hernaGiRRIoP BY, lprefétatéitton of gddmbiyilim, [rtilzulbiry preferably silicon, and
n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl,
n-octyl, phenyl, 2-tolyi, 3-tolyl, 4-tolyl, .

R2R3anfl Ret Bl igsintin) pr, different artl are £as VEgEN atom, a halogen atom, a tri-

m%bhglrsgd &E%lwﬁ)éld?t@@é{:psefegatgy d{-@?:%ll’l(})y?rl@ﬁﬁ Y3 --C1o—fluoroalkyl group, a Ce=Cio—

,4-di ne phenyl - (i : ~

e BEER A Chh ey Ty GFERyA D oA It SRRy PoP: @ CrCe

alRyl@yldxyt groure b BytGatre prgferably-Geelpaiiepy! gropp riapirClmyarylalkyl group, a Ce—

CRDQVI%IQ{&M Ybup &l'a' @m&%?ylaﬁjﬂ@’alhlé %r tho lb@ééegbﬂéﬁk‘.élﬁ&@%bn with the atoms

-S-bu enyl, p-cycl ohex enyl. a
cBrFrABHRYT €T GBIy UBaNATT RRALI R grEon e
Apispartiaudrigprefigralyog substitnted bijiene gtobp lor 2 subsiiriep gihylaprigroup, in particu-

b 3 Bis¥iuted LRIV enP B CUl arly preferably hydrogen. The
ar%dw%aﬁg Rzg gn Od%6 are identical or different and

are each hydrogen or an organic radical having froml?_7 o7
Theodivdernt aroopaE ateddmticat oREferendn R Ecutao etttk and ark eadtheBR™, AIR™,

ngﬁ%Rﬂpéligﬁ%, idé@ﬂ)'z", QAL 19, 8, SDARCYRY | BR?0AsRD oy 8YIRY i€ particular
ring system'which may,in turn bkesjg_?eub tltuted,hh| Qr Vm'c():ranor-

O §9ENRheyhas? beaadicalsiR,” #819AMErab eslterqtiprgprg pach hvcrogen

gatiStabsalinavib@tlom i o Aacarion ks, irpadiosien €t@edpreferably Ci-4-alkyl, C2-Cao-

, BTE%?J%W(%%4%?§1, cle Al YkiefHbAUR-C o-aryl, an alkylaryl or arylalkyl group having

from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably

from 6 to 10, carbon atoms in the aryl part. E is preferably S.

At least one of the radicals R' to R¥ including the radicals of the bridging structural element A', in
particular one radical, is an olefinicaily unsaturated organic radical having from 2 to 40 carbon
atoms, in particular an wo-alkeny radical, where an wo-alkenyl radical is a radical bearing a terminal

vinyl group CH,=CH-.
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R25 and R26 are preferably each hydrogen or a cyclic,

branched or unbranched Cl-C20-, preferably G -C
weQemiHgds4r adi cal , a C2-C20- , preferably C2- CBeaieremgh0s947

radical, an aryl or alkylaryl'®or arylal kyl radical

having from1l to 10, preferably from1l to 4, carbon

atons in the alkyl part and from6 to 22, preferably

Aéd'ongGto R lﬁI\Qn |o(ﬁa{hQ |c%fs% I’Rzm ) %ls@'&bﬂtalﬁ% Elacé-:&‘%%lnr?&oms or

al‘tICU ar erre radi cal s
hyﬁiﬁgpaﬁtgms f%t@qﬁi\ﬁtem@pﬂw in pﬁﬁlﬁp%ﬁlﬂeroa ogme[gﬁ?p frorﬁ ttgﬁﬁrg,qp consist-
ing olsif YR, Cs SbhBkyd Cl, o~ fprmﬂbr)ell groapscihighemdyydiso bre-rh@difiel by means of pro-
tegt)%lgﬁh Fé(WlthOlﬂ ahﬁ'm%ﬂe’ o@g@ﬁia\ﬁh PBE&{B&' of te" nto%%tganometalhc transition
mgtahcompﬁmqﬁ)qf ijﬁéqgwula () og(_lmqmg‘ﬁﬂ B‘ﬁé%? eroatoms or functional groups are
chignficatly imert triydep the pyplymed@zatlorddon@itidngl phenyl |

3, 5- Di et hyl phenyl, 3, 5- di(tert butyl)phenyl
2,4, 6- trlneth% hen I 4-tri et hyl phenyl ,

1-
ngﬁquq%the by Wsr@gcordlﬁﬁ @[{g%@rﬁf,eﬂt an?j'ltIP% Bisr Wsm,%ﬁ&ﬂd further,
dégginb@sd folmwisy| phenyl , p-s-butyl phenyl, pcycl ohexyl phenyl
and p-trinethylsilylphenyl benzyl or 2- phenylethyl
in particular ro me thyl, ethy I sopropyl
The f5im )ﬂrganvé?ﬂlc%g? 9%[&"!7}3? foy?0 5 Pré?tﬁﬁ'ﬁya%?ﬂ? B'Q'éehpre%”t ‘ieét refers, for
exantpld, BT, TSkl ua‘didarsat1-eloanmﬁlkwemelemtdn@akm radicals, saturated Cs-

S Lh%?e%c&éhtc %(ﬁc%ls gf #:f%gﬁp Ea%%% Era/ « 4&h&%gr%ﬁ1§p?ra%¥l% r?]_:’Cw-ﬂuoroaryl

raﬂﬁalé G- arryl@Xb@awals&sr%ctrlﬁlifyl%'%' redieals, e qua%'setnw&r?dl%qﬁ EetCao-
alkYHgl ragedd, adicgParliaky gain@s or CUCl Renalkendlire@tss. Af organic radical is in

%%ﬁe' iﬁl?@c{ﬁonﬁgﬁ(%‘gﬁéﬁfgu@i gﬁ%ebhe@aﬁg c@ip@dﬁ}ﬂ%&ol%n in prin-
Ciflp giRp rise 19 twes differgpiprganicRadige!s\iBviRg 1 Rgrbm&tomB(\%e)ly methyl (HsC-),
nmefB6 HécBb)yanth%Rraethyl HOCHAR . - S( O) -S(Q2) -,

- N(Ra -C(O-, -P(Ra)- or -P(C»(RB) preferably
The term "alkyl" as used in the present text encompasses linear or singly or multiply branched
saturated hydrocarbons which may also be cyclic. Preference is given to a C4-C4g-alkyl such as
methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, cyclopentyl,
cyclohexyl, isopropyl, isobutyl, isopentyl, isohexyl, sec-butyl or tert-butyl.

The term "alkenyl" as used in the present text encompasses linear or singly or multiply branched
hydrocarbons having at least one C-C double bond, if appropriate a plurality of C-C double bonds
which may be cumulated or conjugated.

The term "saturated heterocyclic radical” as used in the present text refers, for example, to mono-
cyclic or polycyclic, substituted or unsubstituted hydrocarbon radicals in which one or more car-
bon atoms, CH groups and / or CH, groups are replaced by heteroatoms which are preferably
selected from the group consisting of O, S, N and P. Preferred examples of substituted or unsub-
stituted saturated heterocyclic radicals are pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidyl, pi-
perazinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl and the like, and
also methyl-, ethyl-, propyl-, isopropyi- and tert-butyl-substituted derivatives thereof.

The term "aryl" as used in the present text refers to aromatic and, if appropriate, fused polyaro-
matic hydrocarbon substituents which may, if appropriate, be substituted by one or more linear or
branched C4-Cs-alkyl, C4-Cqg-alkoxy, C-Cyo-alkenyl or Cs-Cys-alkylalkenyl groups. Preferred ex-
amples of substituted and unsubstituted aryl radicals are, in particular, phenyl, 4-methylphenyl, 4-
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where ML is silicon, germaniumor tin, preferably

silicon or germanium particularly preferably silicon,
wansRagd® and Rc are identical or different aRdTaP2005/005947

each a hydrogen atom a hal oblen atom a trimethylsilyl

group, a Cl- Cl0- , preferably C-C 3-al kyl group, a

group, a C6-C O- fluoroaryl group, a C6- Cl0-aryl

etl’%ﬁ%@k4%rcﬁ&!plﬂ ?}pmso iﬁ&%@\bﬁ )ért@’ut E:%eé&h lﬁ%é(th%{ By, Rnaphiny,

9-gnthrybA- Q{]eﬁ@”ﬁlyyl %gﬁwthy h@'yyl g~ t%rf—kg}rtygqquyl ogf, Bﬁlﬂoroge&phenyl
CA40- aryl al kenyl group or a C7- C40-al kyl aryl group or

Thsgoma%r%teroaernrﬁw t{carg ga‘ﬁi"l a% utsgcgﬁ gfreégh{tgxttrggrs% %atlc hydrocarbon sub-

orma sa or unsatur at ed rng
stithieivts mgwhrqh@me ar mere TerbearBwA aetrerigced)&v nitrgagya PETSELPr4T |°§Y99” or

sulllr @lcffs @b tominatimstherb ot Briess may i1 @I‘yotmﬁucels k@ substituted if appropri-
Stllj}'goi%:c’% rﬂnt reegme rw*)r%ﬂc%eg {Co%pa-al% > gﬁ éllfe%xl ae @15-alkyl|§lkenyl groups.

ene
Préfeiment eXémpleeﬁredWﬂf Bieait pynM Ryeezely! c‘m'déFc"Y'd@ﬁF‘P‘k‘th'aZ%ch”m'd‘”y'
pyREzRyIAE | e BRZ Gnd Ak&Raéihyk, 211-, proby), isbpropyl- 2rd Bt-bEyRsubstitutéd deriva-
t %%g )2, Ge(R 2, Sn(RY) 2, O S, Se, Te, NR, PR,
V% or SbR 27 , in particular O S or NR27, where

the radicals R27 are identical or different and are

Th%@&nr "EWkaﬂgﬁsﬂus@El irAe Qﬁesﬁﬁwxﬁrefeaéib @Ai-cdntamimpsubstimnis wiese aryl

ra@;\al E%Q&}'?J] Vi &cham lg trgn%ﬁrg?err o@ % Sp E |pr51% rgc@gh%les are ben-

zypslﬁisetnabfbwmpl@l‘@thsﬂr substitetad amqay!hﬂrayﬁ “@r“k%r yI al kyl
group having from1l to 10, preferably from1l to 4,

SRR T TR LTS, S
planamy of hiEdrbgenprtehewraiolal) hﬁlrogm1 afomps of tlﬁmrésreﬁct'rtelrélbrté%ﬁ”&%ﬂ"% been
@y Redfink be'lﬂédE% dAQf ﬂlﬁﬂh&@dn&lrmig dubstitintsdghidicare preferred ac-

strucgural I.C one
cosp drrmectin 4% Bkrtehl & 5 ibdy Jfeh R 4
trifiuoenmedhytphedhl) deerflvore-tart-byiglphdang qﬂéﬁftellkml ar an w- al keny
radi cal, where an w al kenyl radical is a radica

bearin term nal vin
S CHRIERS R CoNC s T LR
contain, in place of carbon atons or hydrogen at ons,
anM[ f,her heteroatoms, in particular heteroatomns
selected fromthe group consist ing of Si, N, P, O S,
F and A, or functional groups_which may al so be
nodi fi ed by neans of pro tgctive\groups, wthout
altering the polynerizatioq properties of the novel
organonetal lic transition

is a divalent group
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woneostiigasder t he pol ynerization conditions.

nmet al conmpounds of the formula (1) or (Il) as long as
t hese heteroatons or functional groups are chemcally

Furthernore, the substituentd8according to the present
invention are, unless restricted further, defined as
follows: The term "organic radical having from1l to 40
carbon atons" as used in therresent text refers, for
exanple, to CrC 40-al kyl rad|cals, CGrCKrfluoroal kyl
radi cal s, Cr Cl2-al koxy ra R'sat ur at ed C3-
C20- heterocyclic radicals, 40-aryl radicals,
C2- C4o- het eroaromati c radi* ¥ C6- Cl10-fl uoroaryl
radi cal's, C6-Cl0-aryl oxygfadi caks,
C3-C18-trial kyl silyl radicals, - C20- al kenyl
radi cal s, C2-C20- al kynyl radicals, C7-C40-aryl al kyl
radi cal s or C8-C40-aryl al kenyl radicals. An organic
_radical is in each case derived froman organic
Is 8 RS A29FRUs, the organi c conpound methanol can in
prin ciple give rise to three different organic
radi cal s having 1 carbef) atom nam®'y nmet hyl (H3C),
met hoxy (H3C-O) and hydy oxype (HOC(H 2)-). The
t exre enconpasses
linear or singly or mu F gd saturated
hydr ocar bons whi ch may ais Preference is
given to a Cr C18-aI§y sugh as net hygy et hyl,
n-propyl, n-butyl, n-pentylR* nRliexyl, n-heptyl,
n-octyl, n-nonyl, n-decyl, cyclopentyl, cyclohexyl,
i sopropyl, isobutyl, isopentyl, isobexyl, sec-butyl or
tert-butyl RYhe term"al kegnyl " as fsed in the present

t ext enconpasses ear /or singly or
hydr oca®be at east ofe~C-g do i f
appropriate 2l t y)af _&- C doub » ﬁﬁy

be cunul at eg== conjugatedR The terp :
het erocyg®®c ratical" as used i nrRfHe present pext
refers, for exafple, to nonocyclic or pBchyc iC,
substituted or unsubstituted hydrocarbon radicals in
whi ch onesor nore car b&@;atons, CH groups and / or
Gﬂgnﬂ% y heteroatons whj

Om t he group const$

N and P. Pr, ‘ exa pIeSUo substf.tut & ungub -
stituted % tli c RFadicat s 2R
pyrrolidinyl,” imdazdlidinyl, pyrazolidinyl,
pi peridyl, piperazinyl, R R'S

M is an element of group 4 of the Periodic Table of the Elements,

m is 2,

R’ is an organic radical having from 1 to 40 carbon atoms,

R? is hydrogen,

R’ is an organic radical having from 1 to 40 carbon atoms,

PCT/EP2005/005947
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nmor phol i nyl, tetrahydrofuranyl, tetrahydropyranyl,
t et rahydr ot hi ophenyl and the Ii ke, and al so nethyl -

wetmsl1isespr opyl -, i sopropyl - and tert-butyl - suBETIEPA06M05947

derivatives thereof. The terdP"aryl" as used in the
present text refers to aromatic and, if appropriate,
fused polyaronatic hydr ocar bon substituents which may,

Rd f appr o rc,ro o&?réor %ﬁg’ }adlk%ﬁws%iﬁf}[ong) ﬁ“?o Lﬂf caﬁﬂ)rneat(lrﬁsnoq@7 and R®

or branché
C2- C10- tggqtl@mwth 8e a@gnscgpgn@prpg),thgp p‘@smﬂ m@}oapbg or polycyclic ring system
Pr ef er narexamphes b@substtirsd,i t ut ed and unsubsti t ut ed
aryl radicals are, in particular, phenyl,
4- et hyl phenyl, 4-ethyl phenyl, 4-propyl phenyl,
A‘4-i soprigpyl phenyl, 4-terf-butyl phenyl,
4- met hoxyphenyl , 1-naphthyl, 9-anthryl, 9-phenanthryl,
3, 5-di net hyl phenyl g2 - g terf - butyl phenyg®

or4-trifluoronethyl ph . The t "hetero izfnatic
present text\refers fA®

radi cal " as inth

aromati c hydrocaygqy ituents in &H)shione or nore
carbon atons are re%ﬁaced by nitrogen, phosphorus,
oxygen or sulfur atons or comnbinations thereof. These
may, |ike the aryl radicals be substituted if

appropri ate, by,one o |'i near or branch

CrC - al \p@are R&&(ﬂ@ anpckl%nwe idantieat orcsfitpret R\W Q]epgé fyydrogen or an or-
gr oups. gdRicarhétdl Ravirpfanp! BSi0aa®of aioyls or twai redigdis R™, R and R* to-

pyri dyl eﬂp%( (Nﬂﬁ HeWiomd %Ehﬁe%éﬂ tﬁém fcﬁ%aazrﬁé% ycllf bi ;ﬁ)ﬁ@{/cy i "mg system

pyr|n1d yrazin e, SO e
et hyl -, W@ﬂb@?YthP§6EW§HVPdFﬁﬁﬂom@ﬁ?ﬁﬁﬂpyl substltuted
deriva tives thereof. The term"arylalkyl" as used in

thgﬁ%g{)\yeff‘xsﬁnt arteEXtdeirn%]::i ?orr%etfgrg"f}raylb cont ai ni ng

uen ose ar is bound via an al kyl
chain to the renalnder of the nol ecule. Preferred

MBX A REBENt BF @ro@;ﬁlﬂ ofZihié Perdid Thiblé Ut tael Ele/iarty) prefpla@lyetrdoplum or hafnium,
ﬁrbg%itu $qﬂy enethyl and the |ike. The expressions
oS RIS o LA

ﬁo?Vuoroaryl mean that at | east one
hydrogen atom preferably a plurality of hydrogen
TR @H’éalw i cﬁbémd\ﬁ@*&zﬂ)ﬁmg&ﬁoﬁ%m 40fca|tbbﬁ3 afo&SpIEht piéezrably a cyclic,

St | een r e
SRy PR G e elebl i B L Br & BT 0z
alperef redica cereasylaloy! eiding! ewing ﬁ@m |1 r’ﬁQ/ thtpredgralyly fiom 1 to 4, carbon atoms in the
alkfiiobt H&f IR IRy 2, ?efe?ab?yfwrﬂ 6 touor @ebdmydtoms i |n the aryl part or a C4-Cg-

enta | uor tr uor onet
el S o S g
Eparmﬁlﬁrcéparaculalyglraimdtr@dlmsg%\rwﬁmtdmgﬁh,anthsébrﬁéN |nmﬁon¥btsan>ropy' n-
bGAMRRHN SR, thiRS!, HBEATH] Fclbdenlyl, ntheldd] GBlohexyl, n-heptyl, n-octyl, benzyl, 2-

phenylethyl, thienyl, furyl, methyithienyl and methylfuryl, in particular methyl, ethyl and isopropyl.

R’ is an organic radical having from 1 to 40 carbon atoms, in particular a cyclic, branched or un-
branched C4-Caq-, preferably C;-Cyp-alkyl radical, a C2-Cao-, preferably C,-Cg-alkeny! radical, an
arylalkyl radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part. Examples of particularly pre-
ferred radicals R’ are methyl, ethyl, n-propyl, isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl,
cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl, benzyl and 2-phenylethyl, in particular methyl,
ethyl and isopropyl, very particularly preferably methyl.

The radical R® is hydrogen or an organic radical having from 1 to 40 carbon atoms, in particular
hydrogen or an unsubstitituted or alkyl-substitituted Ce-Cao-aryl radical having from 1 to 10, pref-
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is a divalent groupis a nolecule fragnent Mis an

el ement of group 4 of the Periodic Table of the
wahkesengas4 mis 2, RL is an organi c radi cal harCngPResnvs47

1 to 40 carbon atons, R is hydrogen, R7 is an organic

radi cal having from1 to 40 carbon atons,R8 is

hydr ogen or an organic radical having from1l to 40

eracbgffi%?rm RLo %R&r at&%s ARGk i Eé?géﬂdh‘r%rn (WotZB 6rQ@ra@Iy9ﬂ$§1 6 to 10, carbon

ecting orma nonocy

Sy G e R R TR e P ASpenes; Lo rorered
radifs RR2OhydRg@n aomdnyRP Lok, 8-tdlyleirbiylc 28-dametialilfrieayl gh4-disnethylphenyl,

2.8k %Zgagrbngrgéegﬁahﬁaheap, . dlgrgrwshern@ﬁs @@rma@«srrégylfr@mt;n

RS VAL LR PR e Ay R

isIPRIDOIBYERYI, B-teDFbuBINEaY o-6-Butylpiegyisiy-syotemexyitinety! abd/p-trimethylsityiphenyl.
be substltuted pis from2 to 8, and the other
variabl es are as defined for the fornula (I an
ThelredigeistR @nd Br whigh tpgether Wb teaatpraRipenngelige éheﬁ\‘m%%” form a monocye-
lickk BoRAEIS rin@s ety r&bﬂe}éb&fﬁrﬁ@beﬁfﬂrﬂéd brafnauhstituted, in particular unsubsti-
w%grtéﬁﬂaﬁgmﬁlpaggﬁhﬁbly zirconium The radical Rl is

0r ani ¢ rad aving from1l to 40 carbon atons.
Rl is preferably a cyclic, branched or unbranched
AGl-C20 |, preferably G -C 8-al kyl radical, a C2-C20-,
preferably C2-C8- al kenyl radical, an aryl al kyl
radi cal having fromsl to_2%0, preferably frem1l to 4,
carbon atoms in thg R part and from6 td& 22,

preferably ngn%6 to 1P, carbon atoks in th i\aryl part
or a C4-C8- het q&r |§ radi cal , Whih=preferred

het er oat ons being: 0 Band P, in particular O and
S. Exanpl es of partlcularly preferred radicals Rl are

hydrogen nethyl et hyl , P , 1 sopropyl, nbutyl,
whergBEYyR®, R tnet R aretrdemugay pr di eﬁjéﬁl@cwre e@g}bhyg@@m g1an organic radical

d'\‘/rng%bﬁl 1 to QU EArBEEXWhns, rfr‘efglﬁﬂf ¥ lc,-ChraR@loy C,-Chen yddrcaQ or two radicals
Rms'% h%ndfﬁg n barfcwllaﬁ %\{J aingilﬁug %z;%re@ggyl tegﬂ%hemﬁith g%%toms connecting
themcﬁqzrrrwyd)nocychc or polycyclic, substituted or unsubstrtuted ring system, in particular a
cyclohexane ring system.

R?, R? and R¥ are preferably each hydrogen, C4-Cy-alkyl or Cg-Cp-aryl, in particular hydrogen.
R* is preferably a C;-C4-alkyl or Ce-C4p-aryl radical, in particular methyl or phenyl.

p is from 2 to 8, in particular from 2 to 6.

lllustrative examples of the novel organmetallic transition metal compounds of the formula (I) or

(n which do not, however, restrict the scope of the invention are:

8-n°-[2-(3-methylcyclopenta[b]benzothienyiidene)]-7-n°-(9-fluorenylidene)-1-octenezirconium
dichloride

7-n5-[2-(3-methylcyclopenta[b]benzothienylidene)]-8-n5-(9-fluorenylidene)-1 -octenezirconium
dichloride

8-n5-[6-(5-methylcyclopenta[b]thienylidene)]-7-n5—(9-fluorenylidene)-1 -octenezirconium
dichioride

8—n5—[6-(2,5-dimethylcyclopenta[b]thienylidene)]-?-n5-(9-ﬂuorenylidene)-1 -octenezirconium
dichloride

8-n°-[6-(2,4,5-trimethylcyclopenta[b]thienylidene)] -7-n°~(9-flucrenylidene)-1-octenezirconium
dichloride
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R7 is an organic radical having from1 to 40 carbon
atons, in particular a cyclic, branched or un branched
wWQ2e0B32@8654 preferably C Cl10-al kyl radical, a ERTEPS005/005947
preferably C2-C8-al kenyl radftal, an arylal kyl radical
having from1l to 10, preferably from1l to 4, carbon
atons in the alkyl part and from6 to 22, preferably
& %?[8%?#1‘53&# R Bkl P A 18R g A RloREzrconiun
@tFY® , n-propyl, isopropyl, n-butyl, i-butyl, s-butyl,
8-#> [Bl(ti whenylnz @-Glﬁie)l’iyl,cydk)péhté[p}ﬁlﬂélwlidenﬁ)i tve»g’“'y(ta-,ﬂumymmmxw ,

|, benzyl and 2- phenylethyl, in
oc%ne?@gp{ mdﬂ:hlgﬁg " ethyl and i sopr

pyl , very o
8- ﬁ)dﬁﬁ @Q‘PFQPM'%YC'BW@F%Q]@GPX)'C’%lhw -( rqnguipa@ﬂ-cﬁgenpgrcomum
didhw#ig®gen or an organic radi caI havi ng from1l to 40

n_at
o aEup e e R S Bty e g gnegrogriom
dightpideal having from 1 to 10, preferably from1 to 4,
6- ﬁ%Q@ah@ﬁ/mamtﬁy@cl@ek&!b]tmam.d@ag 5h{°qEFforéryli®de)-1-
h Iréroabl dufro?n to 10, carbon atons |n the aryI
eg%’}ef WPHY YR adi cal s al so_bei ng abl e

8- ‘maﬂsd@mﬁwbmclop@fa%hlé@“@Eﬁ“e}ﬁéfé"rﬁe’ﬂethﬁ'ﬁﬁ’%‘ﬁ[b@h'ﬁ@"'Q‘?”@)] -1-
odBHaFiREMOM dRhrAYd . 2-tolyl, 3-tolyl, 4-tolyl,

8-%?[%5(%%%3&@%4’\% ﬁé&?n‘ta[%théengldng E%P 6[%-39)41e’chyllndeno[b]thlenyhdene)] -1-

OCEMZId:Dn@mWhI@h@ﬁyI 3, 5-di net hyI phenyl ,
8- -[g-(ﬂ B(dﬁrﬁétﬁ;h)d%l}d&»éntdpd]tﬂiéw/l.den?e)]47 - [chydkﬁfeht}é[dﬁﬂtﬁﬁyénthryhdene] 1-

enyl , napht hyl , 2-napht hyl
WSH%?RFH'F’ Cth éﬁd‘goprg yl hen;F/)I % tert- bgt5 I%henx
2-methyl- -9-

1-p>6- (’é‘l(nept-@-heﬁ)ﬂ 5- dlpw&y@vmatylbﬁhenw¢enaﬁa-n [1
thi%c%fdp@ﬁlé[‘a}ﬂh&bhw H&ﬁ}%’ﬂ%éhezwaﬂﬁjrﬁ gidhie@les R7 and R8 which

o5 Rard o bPepap et R s LS eV aBry o
odterenircanismlatdhioride ed or unsubsti t ut ed in particular
7- Hnﬁl‘f %Eiogﬂjﬁtﬁ%nylgdeﬁ%}w&sg&&a@@ mlethylﬂy@dp)éhtaﬁl’tlﬂélrﬁ/hde‘?\e)]l’l S
1 are 1dentical
O‘E?Wef’-'é%oé‘f"l?" ddherids e each hydrogen_or an or gam c r adi cal

7-h&16H@a G- dimethyldycibpentdb]t@niidanell bns(©-fypren diriertsi)--ogtegzirgpnium
ég |d%yl or CG Cl0-aryl radical, or two radicals R28,

t 8 d 9 R2
2 P55 MOgBEREY i TRt 49%**a%m%sﬁﬁwf%%ﬁaam?ﬂvﬁ%eﬁﬁﬂ-a
pm@eaf@hium dithlgodd ycycl i c, substituted or unsubstituted
@@(z%@%&H}gd&%&ﬁéﬁ]{h%h%né}%ﬁ }ﬁ?ﬂgqﬁl BXRRA- bﬁtyﬂ@aﬁéﬁ%a@ﬁ&] 1-

are preferably each hydrogen,
OM%FWIU”WC*’@‘ €10-aryl, in part| cul ar hydr ogen

1-n°-[6-(5- methylcyclopenta[b]thlenyhdene)]-2~n -[9-(2,7-di(oct-7-enyl)fluorenylidene)]
ethanezirconium dichloride.

The naming of the abovementioned compounds according to the invention will be illustrated with

the aid of the compound

8-n5—[2-(3-methylcyclopenta[b]benzothienylidene]-?-ns-(g-fluorenylidene)-1 -octenezirconium di-
chloride
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R3 1 is preferably a O C4-alkyl or C6-C O-aryl
radical, in particular nethyl or phenyl, pis from?2

woao®B/118a34 particular from2 to 6. |1l ustrativerPexarpios®9os947

of the novel organmetallic tP4nsition netal conpounds
of the formula (I) or (I1) which do not, however,
restrict the scope of the invention are: 8-h

-[ 2- (3-met hyl cycl opent a[ b] benzot hi edyl i dene)]-7- h
-(9-fluorenylidene)-1-octenezirco i chl ori de
7-h5-[2-(3-met hyl cycl opent a[ b] bgpwaqt Bi.enyl i dene) | - 8-
h5- (9-f 1 uorenyl i dene) - 1- oct ene™ r €gni um di chl ori de

8- hs- [ 6- (5- met hyl cycl opent a[ b] t hi%ehyl i dene)] - 7-

h5- (9-fl uorenyl i dene)-1-oct enez ni um di chl ori de

di chl ori de8-h 3
-[6-(2, 3,4,5-tetranet hyl cycl ope
-7-h -( -fluorenylidene”i-octeng oni um di chl ori de
8- h5-[ 6- ( 3- phenyl - 2, 5-di et hyl cXcl gpent a[ b] t hi enyl i den
e)] -7-h5-(9-fluorenylidene)-1- octenezirconium

anti todrtampoded
8- h5-[ 6-(5-isopropyl cycl openta[ b]thienylidene)] -T-h

-fluore i dene”i - oct enezi.rcani dichloride .
o RS eI TRl e L Fiemyeneot-
ottererieropiumdiahiyidd - hexenezi rconi um di chl ori de

6- h5-[ 6- ( 3- phenyl - 2, 5-di et hyl cycl opent a[ b] t hi enyl i den
e)]-5- h5-(9-fluorenylidene)z1l- hexenezirconium

di chl ori de 187 N3

8- h5-[ 6- (5-nmet hyl cycl opent &t b]/¢ hi enyl i dene)]-7-h5-[4-(
2-nethy|indenotb]thienyli%

[ b] t hi enyl i dene) ]

The novel organometallic transition metal compounds of the formula (1) or (Il) when used in the
homopolymerization of ethylene give a polyethylene having a high molar mass and a defined
chain structure depending on the molecular weight. The polyethylenes also have narrow molar

mass distributions.

The novel organometallic transition metal compounds of the formula (1) or (Il) can be prepared by
methods as described in Journal of Organometallic Chemistry 580, (1999), 1 to 16, and in WO
01/47939.

In the majority of cases, the organometallic transition metal compounds of the formula (1) or (1
are obtained as mixtures of isomers, i.e. as mixtures of diastereomers and/or mixtures of regioi-
somers, which can be used directly for preparing a catalyst without further separation into the

individual isomers. Of course, it is also possible to use an individual isomer of the novel or-
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oct enezi rconi um di chl ori de

8-h5-[16-(2,4,5-trinmethyl cycl openta[ b]thienylidene)]-7-
wa3e(541¢ed4 net hyl i ndeno[ b] t hi enyl i dene)] - 1- PCT/EP2005/005947

oct enezirconiumdichloride 23

8- h5-[6-(2,5-di met hyl cycl opent a[ b] t hi enyl i dene)]-7-

h5-[4-cycl opent a[ def | phenant hryl i dene] - 1-

a%grh% alf%tr Q%Hg{ap%o%@o%% %gthg formula (lp]or (Ilyg Ithoe ) FﬁathIBT Oi“la catalyst
angyithe ﬂ@my?mpolywsuqanor( TOGRES- H%vqafergnce is glven to using the isomer Mixture ob-
tathéd ﬁ%yﬁﬂﬁeﬁ &lti] Adveia @y EROBIrRIBRMeR EdHadubdB of the formula (1)

O@H)ﬁ%r p['eé)ar('r? tF‘ﬁcat?‘ySé enyl ) -5-net hyl cycl openta[ b] t hi enyl i
dene)]-7- h5-(9-fluorenylidene)-1- octenezirconi um
THl iGkRh§hi réieher provides a bridged ligand system of the formula (il1)
7-h5-(11- benzo[b]fluorenylidene)-8-h5-[6-(2,5-dinethyl
cyclopenta[b]thlenyl|dene) 2- oct enezi rconi um
di chl ori de Z-H)Z%H) ()
7 h5-[6- (2, 5- d|nethylcyclopenta[b]thienylidene)]-?-

9-fl I|de ctenezi hl ori de
it 2 e R n e S Ay eSO ER S EAUT) o et
ylcyclopenta[b]thlenyl|dene)] propane2|rcon|um
Pr@fe?é’hk@fs gﬂ/@n to a ligand system of the formuia %
-h5-[6-(2, 5-di net hyl cycl opent a[ b]t hi enyl i dene)]-7-
h5 [9-(3,6-di-tert- butyl}i uor enyl i dene] - 1-
oct enezi rconi um di chl gfi de
1-h5-[6-(5- nethylcyclooenta b] t hi enyl i dene)] - 2-
h5-[9- (2, 7-di (oct - 7- eny, uorenylldene)]
et hanezi rconi um di chl op e nam ng of the
abovenenti oned conpo according to the invention
wll be illustrated she aid of the conpound

8- h5-[ 2- (3- et hyleycl opent a[ b] benzot hi efiN) dene] - 7-
h5-(9-fluorenylideng)-1 Rdctenezirconi um di

or its double bond isomers,
where the variables T', R, R? R®, R* R’ R®and A' are as defined for the formula (!f).

The double bond isomers of the compound of the formula (V) resuit from a formal shift of the
double bonds in the two five-membered rings.

Particular preference is given to a ligand system of the formula (V) or its double bond isomers

in which
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oct enezi rconi um di chl ori de The novel organonetallic
transition netal conmpounds of the forrmula (1) or (I1)

wohers/ugesd i n the honopol yneri zati on of et hyl eRreTgiPY®5/@05947

pol yet hyl ene having a high nBfar mass and a defi ned
chain structure dependi ng on the nol ecul ar wei ght. The
pol yet hyl enes al so have narrow nol ar nass
di stributions. The novel oyga tallic transition
nmetal conpounds of the foKE?Ia ()) or (1l) can be
prepared by nmethods as deserib i n Journal of
Organonetal lic Chem stry 580, (1999), 1 to 16, and in
WO 01/47939. In the majority of cases, the
organonetal l'i ¢ transiti dre diealetlt g®ePrpounds of the
formula (1) or (Il) are obtained as m xtures of
isoners, i.e. as m xtures of diasterqgwers and/ or
m xtures of regiois rs, which can b¢ used directly
for preparing a catalyst wthout further s%sgration
into the indi vl ' rs. 6f cow-Semnjit-ms al so
possi bl e to use ar i ndifvi dual isonet of j/the novel
organonetallic tra siti-on metal coppounéis of the
formula (1) or (Il) in the preparation of a catalyst
and the subsequent polynerization process. Preference
is given to using the isoner mxture ob tained in the
synthesis of the novel organgmetallic transition netal
conpounds of the formula (1)jor ((11) for preparing the
catal yst. The invention fur# svi des a bridged
i gand system of the fornu ) 71) An(Z1-H) (Z2-H)
(1'11) where n = 1 and the sartf@ables A Z1 and Z2 are
as defined for the formulg/(1)N Preference is given to
a ligand system of the f Brmul a ?IV) or its double bond
i soners, where the variables T1, Rl, R2, R3, R4, R5,

. R6 and A are as defined for the formula (I1). The

'SGSU@?EEB@HWe?sonerS of _fhe compound_ef the formula
(I'V) result froma forfe
the two five-nenbered rijg : \ular1 reference is
given to a ligand R R (1V) or its
doubl e bond i soners

)
NS
w

19
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in whichis a divalent group is a nolecule fragnment 25
35 40R1 is an organic radical having from1l to 40
woanisansatons, iu R is hydrogen, R7 is an or gaRCT/EP2005/005947
radi cal having from1 to 40 ¢arbon atoms, R8 is
hydrogen or an organic radical having from1 to 40
carbon atons or R7 and R8 together with the atons
connecting them forma nonocyclic or polycyclic ring
system wisch may in turlgwbe substituted, A is where
R28, R29, R30 apehR3 1, are identical or drfferent and
are eac gr—an orj - ggani ¢ rAadi '
0 cagbon a t r adi gal
to getRidr st ¥e]ps %%nnecﬁzzi%
nmonocyclic or polycyclic ring systemwhich may in turn
be substituted, pis from2 to 8, and R°he ot h&f*
vari ables are as defined for the formula (I1). 30 The
substitution pattern of the |ligand systens of the
R'f or nul d@earf drighnic eadital(Having frem d ta 40 eealtontatorishe particu | ar
pol ymeri zation Ipr operties of the organonetallic
jransition metal conpounds containing these |igand
R'syst ends WH®eAovel bridged |igand sygtems of t%e
formula (111) or (1V) can be prepared by methods known
RT rom the,l bl ghiatdafcs HRlindforfl 8%54d &hnl dforkd) e
experinmental” nmetal part. In their preparation, the
bri dged |igand systens of the formula (I11) or (1V)
Rtan, depeyiogey coan tlgenisteicsl hagngriane f tedGcatswdiontseor R’ and R°
obt ai n&dy a%er Witk ' dtsinHonhAERSM drm& méRclifbrdoieRli®fing system

enanti o rs, a
which may in turn be substituted,

A is

28 R29 R

(CH) R (O

where R?, R®, R* and R®' are identical or different and are each hydrogen or an or-
ganic radical having from 1 to 40 carbon atoms or two radicals R*, R* and R* to-
gether with the atoms connecting them form a monocyclic or polycyclic ring system
which may in turn be substituted, p is from 2 to 8, and

the other variables are as defined for the formula (II).

The substitution pattern of the ligand systems of the formulae (ill) and (IV) is critical to the particu-
lar polymerization properties of the organometallic transition metal compounds containing these

ligand systems.

The novel bridged ligand systems of the formula (Il) or (IV) can be prepared by methods known
from the literature or as described in the experimental metal part.

In their preparation, the bridged ligand systems of the formula (1 or (V) can, depending on the
starting materials used, be obtained as mixtures of isomers, i.e. as a mixture of enantiomers, a

mixture of diastereomers and/or a mixture of regioisomers, which can be used directly for prepar-
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4 0 mxture of diastereomers and/or a mxture of
regi oi somers, which can be used directly for preparing

wohersangamonet al [ic transition metal conpoundsPOT/EPH®S/005947
i nvention without further sefaration into the

i ndi vidual isomers. OF course, it is also possible to
use an individual isonmer of the novel organonetallic

lnqt t‘ﬁgQ%bﬁdn%llmkﬂgltl&]qn%lgQ:quﬁouﬁ)lfjs bffe .R&Hnﬁbﬂ Ritold fullifer 6&gakation into

reparation a catalyst and the subsequent po
th??ﬁﬂ?W&ﬁPmﬁﬁ process. Preference is given to using the
m xture of isonmers obtained in the synthe sis for

S@? rlt'lansJ ;%%flslgttfu d-mﬁxal' |£3Mto¥ tﬂ@ nI)\HeT SrB%on{éﬁé?l}(:'tQﬁﬁlon

Sy stem
S0 B ARG 5 L ML W R
lyrE&FBRIA Mehcegy. Pfetaratzkys din tpoemethé mixtiee oldsqreanootediadd in ghe synthe-

gtﬁgmfﬁ#+%dlngggleconpound of an el ement of group 4 of

of the Elenments, in particu |ar

zirconium The present invention therefore al so
THeNéhtibaFurtePEroResTor ths ugerce pagand gystem of tge foomelt 4l ar¢lV) for prepar-
mg% L8 Qrﬁ o'm%@llﬁrg%tloﬁm% Uaﬁ&ciu\q@' ?Qerﬁﬂgﬁyri éir%%@%daﬂgm@tallic tran-
sitoh ot mmmuéi)afreélcﬁlqnvﬁﬁ S AMAG R F)ﬁﬂ?c}‘% 214 9'cHp Hemants in partiu-
laCAagund. Usual Iy, a Iigand systemof the fornula

(I1r) or (1V) is firstly doubly deprotonated by neans

of a base such as n-butyllithiumand subse quentl
TheesaeseBMAIdR tberelaTer s RIS AdeR A STACP B OTHSBRRYIG B piganonfaglc ransition
m@t)é%mpﬁurﬂl WISENEHpribed r’é@cﬁlhé ahjg=ae sydtiomoiatieformals (IByor (IV) or a bisan-

|o? 8%%?‘251' re rP \ngtﬁ Fgﬁlg}%’n é:bl?étg.lq%i Styd&lglﬁnb ﬁéalnh I@?sterpl of the formula
(I18er ta$ tersttyrd@n@v ﬂmﬁtow%by raeAne €2 BAsE SHChRs @ttsf"awﬂ ﬁ‘“d subse-
qtpzﬁﬁs} r%adtécgﬁmdﬁswtélﬂé tr@d@ﬂlﬂﬁ hﬁtal &luFaakioséxample zirconium tetrachloride. How-
e\te[r é‘ﬁ gp %Itegﬁtlg:gtﬂiql urnggnl u %fs{é%hoq hfe%r%[éo(“ﬂ)fxll\l’)'cg? be Seacted
digectly, withaer uitallg tarisifion metah@umeé\@@h das gffonglyibpsif ligands, for example tetra-

mg@ﬁ@&@gyﬁbﬁnmﬂmgmly actlve catal yst constituents for
he pol ynerization, i.e. honopolymerization or
copolynerlzatlon of olefins, in particular of
Tige wivelforgasorsefelfic Hansipm me@h@mpgp@@@ﬁ@e drmplat(e ae(ll) grggarticularly in

th?%ye%nc@rogéf@%t:@éakdly%tst Figip hdtiv®eat a1t 8dnsGroBMOTHNthe pofymbieation, i.e.

h@%({pgg/mgh@ﬂ%%or&p @gg\%nz?t&n gfygelnisr%a;}ralrt%ul#h& élefﬂg such as ethylene,
piopereuo bytars: Thabovehorgardmetsilip bbnsifionimetal PenPNdeeiiA farata (1) or (1)
ale gbaFtlblﬂarﬁﬂégfupgs SRRV LR dt N¥teni 16 tRE Bdifidholyfediatiemand co-
p(glymgrlsz!atpo% o?crat%)rl)lene In the case of copolymerization, preference is given to using propene,

1-butene, 1-hexene and/or 1-octene as comonomers.

The cocatalyst which together with the novel organometallic transition metal compound of the
formula (1) or (I1) forms a polymerization-active catalyst system is able to convert the organometal-
lic transition metal compound into a species which displays polymerization activity toward at least
one olefin. The cocatalyst is therefore sometimes also referred to as activating compound. The
polymerization-active transition metal species is frequently a cationic species. In this case, the
cocatalyst is frequently also referred to as cation-forming compound.

The present invention therefore also provides a catalyst system for the polymerization of olefins
comprising at least one organometallic transition metal compound of the formula (1) or (I} and at
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1- butene, 1-hexene and/or 1l-octene as conononers. The
cocat al yst which together with the novel

wonrganesstal | ic transition netal conmpound of tRET/EP2005/005947
formula (1) or (11) forms a Pél ynerization-active
catal yst systemis able to convert the organonetal lic
transition netal conpound into a species which

Iegs',t éﬁé @aeataﬁ,gd WHiE 5@& ﬂo%en@eﬁtmevaraaﬁomvm Q'aﬁéltdn‘?f?e?%l c8found into a

olefin e cocata:é IS theretore sonetines a
sRegiFR Mpigly diprlays SOYRPTARLEN mv%%@ Aideastpe olefin.
polynerlzatlon active transition netal species is

stita68 lég stsaor% o'n(?&h%gscgﬁﬁblﬁﬁs areNrob &a%pféag'@mpcfun@s such as an alu-
Coca a yS %‘Eent al SO ref erre

mPXANGrA %t&”ﬁflﬁﬁ‘a@ﬁ BYIR &CId-PALS ERRLNY W'@ﬁ?l'-sws -acld cation or an
iobib esrepoune calt®idnga Bronsted add esdatibry Prefargsdedsyifi@rtotubieg an aluminox-
a&ggé%ggﬁaﬁgtlon of olefins conprising at |east one

organonetal lic transition nmetal conpound of the

formula (1) or (1l) and atl east one cocatal yst which
InitiSe €3k ef hetaloemeadompleles BraygemonTetabit trérsition afeeal tdnaound ted cocata-
&8 gﬁ%agedugg@o RiSRE T KeoBbGie AhaiBleAN Bl ¥ERIb&ANABhs.

cocatalysts or cation-form ng conmpounds are, for
Aexampbeanes, aPpeussidss teuehifonsxaaipleathe EbiMPXALE desaritsddriong 00/31090.
P%ﬁ%&%ggtdll'cg%&ngg 51@ o @Qcﬁaﬂmr% & %%H@Qarﬂac\ﬁhﬁgur@s of the general

on BR T oNi ¢ onpoun contarning a

fompemet€8(VAci d as cation. Preference is given to using

an al um noxane as cocatalyst. In the case of

net al | ocene conpl exes as organonetallic transition

met al conmpoundgst he cocatal ysts are frequently also

referred to as ounds capabl e of form ng
netallocenlun1|o A%_ glumjnoxanega i t |s(9053|ble to
use, for exanple, e conpo nd descri bed i'n
00/ 31090. PartigQlarly useful conpounds are open-chain

or cyclic al un®noxane conpéﬁﬁds of the general fornula
(V) or (M) where R32 is a CC 4-all<yl group,
preferably a nethyl or ethyl group, and | is an
integer fromb5 to 30, preferably from 10 to 25. These
ol i goneric aluninoxane compounds are usually prepared

by reacting a sol ut of tri ql kylfal um num @it h wat er .
|

In general, the olil +e—aﬂ xane conpounds
obtained in this way

R32
where

R% is a C-Cq-alkyl group, preferably a methyl or ethyl group, and | is an integer from 5 to
30, preferably from 10 to 25.

These oligomeric aluminoxane compounds are usually prepared by reacting a solution of trialky-
laluminum with water. In general, the oligomeric aluminoxane compounds obtained in this way are
in the form of mixtures of both linear and cyclic chain molecules of various lengths, so that m is fo

be regarded as a mean. The aluminoxane compounds can also be present in admixture with other

metal alkyls, preferably aluminum alkyls.
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in the formof mxtures of both linear and cyclic

chain nol ecul es of various lengths, so that mis to be
woegarided4as a mean. The al um noxane conpoundsPCREPAI0S005947

be present in admixture with28ther metal alkyls,

preferably al um num al kyl s. Furthernore, it is also

possi ble to use nodified al um noxanes in which sone of

Fergmmléj JQ%QEJ’[PCESIB@% L(fs%l odﬁn'éd Qlﬁﬁil[ng%{és ?'lt dJB?n\é%f 9\@@1 rocarbon

e radl ca
raﬁ'ﬁa'bPﬁb’ér"SF” ?tﬁ@saﬁmeﬁwaﬁéedcwr?&@ahw ¥ St"PPé’ Ogéw&eé?d'ca's in
pléd@roftiealumifioxafie ¢oviipoundstof iha gerdees forinalarfd) dr¢vipe

advant ageous to use the novel organonetallic

transition nmetal conpound of the formula (1) or (I1)
It Bascpeph ©ugd torRerrsiarrcevHip oEmte NPYE! getPaiiFitessitiangpetelfgempound

ofaliedBintuld @tdr @1)@hd aielamrrnwmﬁerdampbms &l dwah BPXs@NLthat the atomic ratio of

al&rﬂﬂptg %Q,%h% %u“ﬂ?xatn'é %Qrﬁ Juln&)snto qfet t@nsrfr&@tﬁbt&ﬁ%m the orgaﬂometamc transi-

nonet ransi
’ﬂqnamj@ CPBRHNd ds in ﬂtedarmcmmﬂo 197891, @mfvab'h'ntt%ran%ﬁnfg%n 20:1 to
500¢ 04AdA0 pktidutar 1Re dangdflorh Bo:par4oocul ar in the range from
30:1 to 400:1 . As strong, uncharged Lew s acids,
preference is given to conpounds of the %enera
A$ gronl uacliapad) Lengseciis xaefengnee)is giMen te cpppounda af tae eneral fogpula (V1)
group 13 of the Periodic Table of the Elenents, in
particular B, Al or G, g? ggrablé/ﬁ x 2 and X3
are each, independently of 6one another, hydrogen
d- C*-al kyl, C6- Cl5-aryl, alkylaryl, arylalkyl
wheétk oal kyl or hal oaryl each havi ng fron11 to 10 carbon
atons in the alkyl part and from6 to 20 carbon atons
|n the aryl part or fluorine, chlo rine, bromne or
MP odi ne, in isantleneniaf giesp é&Pfythe nggpglaglgpg,the Elements, in particular

pent af | uor ogphRnyGe, drétehgs, exanpl es of strong,
uncharged Lewi s acids are given in W 00/31 090.

Partlcular preference is given to conpounds of the
Xb &hendX® f or angleach, Widepenidentivhf arle axatherxydseagn X —&roealkyl, Ce-Cis—aryl,
i dentical , pk@dGr &by tHaloakp@Rhabddril @EWWM'H})E@IH@H@ carbon atoms

50N, U o it s S LG, -

t he reacti oringbmdiretcs iddinesin mxrecweeaefparalnpr@ferwymﬂtaﬂmczfophenyl
acid with two equivalents of a

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

Particular preference is given to compounds of the general formula (V) in which X', X?and X*
are identical, preferably tris(pentafluorophenyl)borane.

Strong uncharged Lewis acids which are suitable as cocatalysts or cation-forming compounds
also include the reaction products from the reaction of a boronic acid with two equivalents of a
trialkylaluminum or the reaction products from the reaction of a trialkylaluminum with two equiva-
lents of an acidic fluorinated, in particular perfluorinated, hydrocarbon compound such as penta-

fluorophenol or bis(pentafluorophenyl)borinic acid.

Suitable ionic compounds having Lewis-acid cations include salt-like compounds of the cation of

the general formula (VIill)

[(Ya+)Q1Q2...QZ]d+ (V”I)
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trial kylalum numor the reaction products fromthe
reaction of a trialkylalumnumw th two equiva lents
wohomnigsidi c fluorinated, in particular PCT/EP2005/005947
perfluorinated, hydrocarbon npound such as
pent af | uor ophenol or bi s(pentafl uorophenyl)borinic
acid. Suitable ionic conpounds having Lew s-acid
tions include salt-like conpounds of the cation of
e general formula (MI1l) z [(Ya+)QLQ2...QZ]7 d+
(M1l)where Y is an elenent of groups 1 to 16 of the
Y Per i odigcanTedrhent of gréupe 1Hd edrefniiesPeridiic Tab!Qef tae Elegienigl y
EigativFly FEa{ged radi cal s such as Cl- C28-al kyl, C6-
ary a aryl yl al kyl , hal gal kyl . hal gar
Q'dah haA Ry rre@ﬁff%'ytcaa%d f@Q'Fﬂ%ﬁ“CQ@B%e ‘?2% rafifle Coriyn g%?'&‘y'ary'
and fr eAialkyt, aal2@kye,aabeary! etcb havingfrarh@tololeptbop atoms i0Be aryl part
C10- cycloa M't%?@&afrﬂ‘oﬁfﬁé(/gn?ﬁg a‘ﬁlér ;Eartlgs—@ K ¥l dHiQMUBndSay bear

substltuen%
C15- ar yArdkyaliyl QFWPS@F’ SH%“F'?‘:%'H? YRIoge EgsCZS‘é"ﬁo§y' GprCrsaryloxy, silyl
I Nt egeror efkapty gréups, and z is n integer fromO to 5,
and d corresponds to the difference a - z, but dis
greater than or equal to 1. Particularly useful

a Lew s- azdrdintegenifoRs! ®%n€ar boni um cati ons, oxoni um
cations and sul fonium cations and al so cationic

tranS|t|on Jet 1 Particul ar nmention may be
Z made of' ?W ﬂ%%gg ﬁ?hyl cation, the silver ca?ion
and the 1,1'-dinethyl ferrocenyl cation. They

d pr ef er ajalryspaadeto RnamReside Batz hg deogradterthams eqiial to 1.
parti cul ar boron conpounds as are al so nmentioned in WO
91/ 09882, preferably

Partitulak isefih bewisrBFig ortisp aiyPRIPBRHE CALIONSLPRUM &7fcg and sulfonium
cdﬂ%ca(ﬁe LAb Bé’ttohﬁgra%iﬂldhnﬁetél BmpERe. Retiaraemartdd nixy be made of the

trlahqﬁ\mnﬁbﬁlg:gﬁ ?& &e S\Mel(r) Eatgan érg%: {)ﬂ% 3110 QMW%romgnﬂ ﬁat@ﬂ They preferably
have narzoprdinkiinglcotinierians, inparécuiss Pean é‘Pm%HUD‘F'ﬁ AP 460 Ff’benf'oned in WO

9{%@82 \Wadr&rhbly Bekistpbrithiubropiporde. Whi ch reacts with the
boron or al um num conpound to forman ionizing ionic

compound, e.g. triphenylchloromethane. In addition,
Salts having noncoordinating anions can also be prepared by combining a boron or aluminum

compound, e.g. an aluminum alkyl, with a second compound which can react so as to link two or
more boron or aluminum atoms, e.g. water, and a third compound which reacts with the boron or
aluminum compound to form an ionizing ionic compound, e.g. triphenylchloromethane. In addition,
a fourth compound which likewise reacts with the boron or aluminum compound, e.g. pentafluoro-

phenol, can also be added.

lonic compounds containing Bronsted acids as cations preferably likewise have noncoordinating
counterions. As Bronsted acid, particular preference is given to protonated amine or aniline de-
rivatives. Preferred cations are N,N-dimethylanilinium, N,N-dimethylcyclohexylammonium and

N,N—dimethylbenzylammonium and also derivatives of the latter two.

Preferred ionic compounds as cocatalysts or cation-forming compounds are, in particular, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethylcyclohexylammonium tetra-
kis(pentafluorophenyl)borate or N,N-dimethylbenzylammonium tetrakis(pentafiuorophenyl)borate.
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a fourth conmpound which |Iikew se reacts with the boron

or al um num conpound, e.g. pentafluorophenol, can also
woeo@ddsd4 | oni ¢ conpounds cont ai ni ng Brnsted BCTAP2@S/005947

cations preferably |ikewi se B8ve noncoordi nating

counterions. As Brdnsted acid, particular preference

is given to protonated am ne or aniline de rivatives.

It P ogalbgs@ﬂ%fbf‘wo%ﬁﬁ?é'ﬁor% M Q{s@EQ}égn%G kd drfdi dABher as in the dianion

| anmoni um a
l(%F&z%PrFeﬁé F@énz‘wth&rﬁﬂﬂtﬁ UHI"70 RPNt 7 Wridlop ang,? syitRle func-
tidnak greup tb We. suficefofa s@ghoit paticde.conpounds as cocat al ysts
or cation-form ng conpounds are, in particular,
NLNdi net hyl ani | i ni um . , )
Fyrtbey %Hkt?@% ﬁcé:ﬁ{ag]sils Gbﬁ:%lﬁlp]-gaﬁrppg Bw%&ug(’is are listed in WO 00/31090.
N, N- di net hyl cycl ohexyl ammoni um t et r aki s(

Tf%em&{( & fr&@" %L%Q&)[ lga <§ Hm@'cgrh Bé’ H;fﬁ'fs&q_gl/v@% §4Rs or

tetra ent orate. OSSl
ofil FOTRRYINES MNP IHES 2415p éﬁgat'PBS 'éé’S‘facHY fied Ot \gogh gaulvalerts, pref-
eranQtrb@r ta3o edquivialeatsdibzaad omthe OadFsnpaidbnisbdit-tBhSidraha@bliZompound of

e ani on can be bound via a bridge having a
thgﬁorw%l(ggiﬂﬁc tional group to the surface of a support

particle. Further suitable cocatalysts or
Fl!il’ﬂtié'r Suitathle béﬂafﬁ@s&@ﬁmwm—ﬂﬁmmb eothp&ineslark BordR-4MHhiddrd @6mpounds such

@pgdlﬂgéﬂﬁ%géheﬁw&gl im&RGH 8 Lol SR AL bouh 1k fis type are

S-acl 'ons or 1onic conpounds
d'é‘é‘?ﬂeé,lfﬁﬁ*gmﬂﬁdﬁ Qe%@/%ﬁf‘l%ls as cat| ons is usually from
0.1 to 20 eqw valents, pref erably from1l to 10
It {s%glﬁa\é)%%sq 0:1% FUSe %‘ﬁ)&ﬂeso Qf lﬂ% Jﬂ)?yﬁﬁenﬂérgggg mf %Ar%atlop-f?r ing com-
PEUnAS. HRagfersed minyres C@@@&P@I%&%‘afﬁs i aeftigHar Mt aigninoxane, and an
iofie FBABUIAS, |@bﬁthr@&oﬁb¢m ROiiGIAGTHE Utehkis GdatafiBophenyl)borate anion,
ard R Rt S Tor e BB o Bh Gy e,
for exanpl e, in W 99/06414. It is aI So possible to
Bb’tﬁ @nema&&mg%ﬁorﬁétam& trark#én mb@vmahmm% ferafuRl @loy 8l Sndthe cocata-

e s R e v el
carboer fmaving frporid 20 carbeeaterng dn @ﬁrtlcalaczgsﬂm@a Aer fetyarai ni ng
the tetrakis(pentafl uor ophenyl ) borate anion, and/or a

t
R SRS B P Sh o e Rt A gpere foma 00,
organonetal lic transition netal conpound of the

formula (1) or (1) apyrEfeREGEH2 (1X)

where

Mm* is an alkali metal, an alkaline earth metal or a metal of group 13 of the Periodic Ta-
ble, i.e. boron, aluminum, gallium, indium or thallium,

R* is hydrogen, C{~Co—alkyl, Ce—C1s—aryl, alkylaryl or arylalkyl each having from 1 to 10

carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl part,

R* and R*® are identical or different and are each hydrogen, halogen, C4—C1o—alkyl, Ce~C1s—aryl,
alkylaryl, arylalkyl or alkoxy each having from 1 to 10 carbon atoms in the alkyl part

and from 6 to 20 carbon atoms in the aryl part,
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| ysts or cation-form ng conpounds are preferably used

in a solvent, preferably an aromatic hydro carbon
woaavisngsdssom 6 to 20 carbon atons, in parti cul BCT/EP2005/005947

xyl enes and tol uene. In additon, the catal yst can

further conprise a netal conpound of the general

{Aﬁrrmla(IX), M3 ( R33 r ( R34) s ( R35 t ( ,c)

ere j [, etal, an al kaline earth netal

"or a nel\{tggiq%é?g%?%rﬁgkdl% of the Periodic Ta ble, i.e.

boron, alumnum gallium indiumor thallium R33 is

afgydr ogen, G -C 10-al kyl, C6-C 5-aryl, alkylaryl or

aryl al kyl each having from1l to 10 carbon atons in the

al kyl part and from6 to 20 carbon atonms in the aryl s
sgagttt, REa nkergroris Qiog. Wiethe SWAr+sot caeraqadiea fo e velyicg of M,

eachI hydr ogen, hal ogen, G -G Oalkyl, C6- Cl5-aryl,

I i far 0

oS e ol e e B B P VB ot N Bfto Bl or e
caiig-fArAing cYROUNA: 1t Ipals@Peasiblsde pseymixiyreg of yatioey@ptaf qopippynds of the
fofruiBgixyand s and t are integers fromO to 2, with the

sum r+s+t corresponding to the val ence of M3, where

the netal conmpound of the formula (I%() is usually not
Angiegrihe Bgtal ednRoHBdS hgtansyalforawian(ba. Regierieasr i given taghose in which

conpound. It is also possible to use m xtures of

yarious netal.. conmo 0 0 la (1 X). Anmong the
Mmst al conpo'ﬁrqtgéumo a?ﬁ%ﬁjéne(%gﬁja%u&o&rdﬁwul a gl Q )

preference is given to those in which MB is lithium
RIRGARYI UM oxreabsit pem-aKll R34 and R35 are each

d-Cr-alkyl. Particularly preferred netal conpounds of

the formula (I X) are n-butyllithium

Partigularly Iprefesesdynatal gpreedunas of theljoimpla (R eept-priyiitives Noimtyl-n-
oétﬁﬂ%r@%ﬂd?,ﬁﬂ{@lyﬂ%ﬂhepﬁy{ﬁagﬂee{ftﬁ%,lyéo.@}eumalﬂmmhmatri—n—hexylaluminum, triisobu-

11.S0 um nu iy al um num an

i e R heGriutod FalEB et et a
conmpound of the forrmula (IX) is used, it is preferably
WRES 8 §iatal EdhmpduRd 6ah&HoMdla (1X) iSLER, it is preferably present in the catalyst in such
an amount that the molar ratio of M® from the formula (1X) to transition metal M from the novel
organometallic transition metal compound of the formula (1) or (1) is from 800:1 to 1:1, in particular

from 200:1 to 2:1.

Particular preference is given to a catalyst system comprising at least one novel organometallic
transition metal compound of the formula (1) or (Il) and at least one cocatalyst and, in addition, a

support,

To obtain such a supported catalyst system, the unsupported catalyst system can be reacted with
a support. In principle, the order in which the support, the organometallic transition metal com-
pound of the invention and the cocatalyst are combined is immaterial. The organometallic transi-
tion metal compound of the invention and the cocatalyst can be immobilized independently of one
another or simuitaneously. After the individual process steps, the solid can be washed with suit-

able inert solvents such as aliphatic or aromatic hydrocarbons.

As supports, preference is given to using finely divided supports which can be any organic or
inorganic, inert solid. In particular, the support can be a porous solid such as talc, a sheet silicate,

an inorganic oxide or a finely divided polymer powder (e.g. polyolefin).
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an amount that the nolar ratio of M3 fromthe fornula
(IX) to transition netal Mfromthe novel

wonrganesstal | ic transition netal conmpound of tRET/EP2005/005947
formula (1) or (I1) is from%b0:1 to 1:1, in
particular from200:1 to 2:1. Particular preference is
given to a catal yst system conprising at |east one

Qﬁ‘f@lln?rgér???@ tn‘?gylﬂe%dnﬁ Wbﬁds@% et A3, W"(B%H@% e thé P&iodic

or nu
TebR Bl AT BT B 5B A ehe EEb B e e aum
nucadxale pad alsy sixedpxitdsef maqumtstce@umaelamgm sljosn amaanegium or tita-

nlmar{ tc%ﬂe oh&]ngfoﬁdmﬁl%ﬁes étﬂerﬁrﬁdr?ﬁﬁoﬂix@ies whigh @48y usedalone or

the su t

i ETTRIEMATSG £ RG] DGR e e APy o el 19D, 210z
TioporB,0L4d prefertatmeikesr dxale. is, Tdn examniga naaieechitidiatalditeansi ti on

get al cg_rrlp_oung of dt he invention and the cocatal yst can

e i mmobilized i ndependentl|y of. th

TrieHRACH TR ABIo PIEEAB RN 7 RACUF HITACS BIR3 LS pg am 10 to
1000?8503 pdile caimdid tveashgdram 0. tehimtabhda inpar partintd sigemf §om 1 to
50%%#1 P?e?ergﬂc'e ﬁ’ﬂ?\’e'ncto XppBhOIRIE G s Pé(é?fruc%ﬁﬁé&%@a inf% range from 50 to

e
B0 PaouHER TLER DS RS O AR OGP BSPORAIES St Brpe renge
frap®b toB50 L. paﬁléuldrlpkaérendehﬂeglmp@ suiposaimaving assppaiiccausace area in the
raﬁgiel f C?gn §0L(!)Cc94 ?lacpc?lre\ll h 13 rhrdedofh 0.8 3(6‘9\7/@% £mean particle

pol ymer powder
S'@cﬂfifé‘ﬂéf’t%)OOMtabl e inorgani c oxides may be found in
groups 2, 3, 4, 5, 13, 14, 15 and 16 of the Periodic

Tr;l:ae}rpolrian G su%» h Uéjgcteol':tég%nﬁﬁ tr%gtnféﬁi gﬁsto%rﬁé\%rd'dgﬁb&ﬁmater

I con M, num oX | e 8
S@hg@rmg@@@tw @@gngpllytqqgleg p@t@éﬁp‘@e@%rﬁ iy me rgnqg to 300°C,
pr§ﬂe}a|b@%m B TIHO D00, @th tilying atfrduir GINC te(OEC prefear@hpmig cagied out

ruigr rg&ﬁ@%ﬁé i §s Ianu%r uﬁéer arb%ngarb'f ﬁel@ééﬂ@% ﬁmb&alﬂ ), SRthe RBrganic sup-

Pqstaan &p p@@ln@@téﬁr@pesajw%?ftf@wa%o@@ °dP0% Qéﬂﬁio\és%%&ﬁ ructure of
thd &R 208/0B2 e dbsifefretdneshtaiionash thxéudiacd. The Sappor xamgbaehe treated
c%?nléci%b?ed ?f}ﬁ%rgnqgr?/ dess,lgcglgts})[]&l a%%‘?@&r kylgaﬁrgféliaﬂﬂy%he ranalkyls, chlorosi-
lafigsomSi, proelaeoo@hwwgmown@ diPpropeite H@atmﬁnttmﬁéhqdéﬁgeedeﬁgft?ﬁﬁ" for ex-
agp,g i Wo5007@1/ogo and a nean particle size of from1 to
TR S5 I RN Y g e
getiity (NHa)-Bifs ageoio direrination df @ersaﬁ@@e purEFeoRr gepiment of siigggls with
siBNEL dnIERMY nRAGEH-ChLRrigd- 2LsUiflr-doRRinindB&ups leads to correspondingly modi-

fied silica gel surfaces.

Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, polypro-
pylene or polystyrene) can also be used and are preferably likewise freed of adhering moisture,
solvent residues or other impurities by appropriate purification and drying operations before use. It
is also possible to use functionalized polymer supports, e.g. supports based on polystyrenes, via
whose functional groups, for example ammonium or hydroxy groups, at least one of the catalyst

components can be fixed.

In a preferred embodiment of the preparation of the supported catalyst system, at least one of the
novel organometallic transition metal compounds of the formula (1) or (ll) is/are usually brought
into contact with at least one cocatalyst as activating or cation-forming compound in a suitable
solvent, to give a soluble or insoluble, preferably soluble, reaction product, an adduct or a mixture.



10

15

20

25

30

35

40

from5 to 350 mm Particular preference is given to

supports having a specific surface area in the range
wobnrwH128G64t 0 400 n2/ g, a pore volune in the raRQE/EPL@EN05947

0.8 to 3.0 mM/g and a nean pafticle size of from10 to

100 mm The inorgani c support can be subjected to a

thermal treatnent, e.g. to renpbve adsorbed water. Such

a drying treatnent is generally carried out at

tenperatures in the range from 800C to 3000C
The RieRaralion poleingdin i ray i§ TEpaExedwiprnedafydigted o passivatabrerort
mbierid & s qvert ie rahdvgd bed thg resalting @@pated oadermetaic tigratdion metal com-
p&fnﬁ %étglggt)s%{é% Wy g)eé'ns@re ma@Qlkﬁtmcﬂt of'tmeeé'oﬁvegﬂsc‘ re%’?cwgd from the pores

nitro or e I norgani c support can cl ned
°ft"'é‘?1ﬂ@P%Ii‘ E‘P@ga‘o?hefsfj E%@%Bi‘f@*)’%" & OP%(UI?G @sadr eBTf '6‘61'0% BOWqeE Examp'es of
thd @riustasl irspleruattatioe obthe bitvwe palcesd apddkdsonbesat Wiches/abes3, ved 98/40419
o HoBRS ration on the surface. The support can al so

be trea ed chenmically using customary desiccants such

as nmetal alkyls, preferably alum num al kyl s,
Airher rsfetrédn@sbdaiment €dndbris@ firgly 2pplyiRd 1y kodatshertee&tion-forming

%&9&’{0 R %@E%{S?O%B%ﬂ g%&l%?éqg@ﬁt&ﬂbﬁﬁ&&{J{hBesgPportQ{} ofthtalyst or

caligpfaamisg cgr@pqmé mtq;%gnﬁeyt wWithdhe prgworrpeﬁllcér)@a nénetal compound of the
intgr@iat.ment of silica gel with (NH4) 2Si F6 Ieads to
fluorination of the silica gel surface, or treatnent
of silica gels with silanes containing nitrogen-,
Syitalsrcpprialyss pystamsttogrefetsrikewips ingudp wupiatiang @staingd by combining the
fonewinespeiddémgl y nodi fied silica gel surfaces. Organic
support materials such as finely divided pol yolefin
powders (e.g. polyethylene, polypro pylene or
15 6PyRINENE N et leashongl definggeborpiien aMNUBY@MPPETer abl y
2hd doRéntS I 886hsOEnAMBIRIT§ AL oABbEIAWHREY had bMedtt ofieesdidiiies
or other i 4|t|e by approprlate purification and
dryi ng opera¥ 56t ore use. is also possible to
Sidsempenest:i optd¢dstens syyewcymnefes@wpﬁmrm@gar@ Qyidicsyypprst: grd optionally, as
based on pohM%BMb&\@ﬁﬁa bé(éeapr\éfé@ébﬁ/ efnLUﬂganlcQﬂﬂJge@-E@Wﬁng base, for
for exanple ambni um.o

of 1 he- ot aPYEPREBBUL AL & U Ry Fatn Riush FaBlocRS

preferred enbodi nent of the preparation of the
TRY BRI 5%n9mnabdfﬁﬁou§d§ls8mn tied prle;%i@tton @NBe 8fippbR&y EvRYBIysts are pref-

anone ransj tion netal conpounds of the
e?%gﬁﬂmEQfﬁﬁo%?e%me bé/are usuallyngrought

R36
X)
M4
Rss/ \Rss
where the radicals
R* are identical or different and are each hydrogen, halogen, C4-Cze-alkyl, C4-Czo-

haloalkyl, C4-C1o-alkoxy, Ce-Cap-aryl, Ce-Cap-haloaryl, Cg-Cop-aryloxy, C7-Cyo-arylalkyl,
C,-Cao-haloarylalkyl, C;-Cug-alkylaryl, C,-Cyo-haloalkylaryl, or R* is an OSIRY;
group, where the radicals

R¥ are identical or different and are each hydrogen, halogen, C;-Cag-alkyl, C4-Cz-
haloalkyl, C4-C1o-alkoxy, Ce-Cap-aryl, Ce-Coo-haloaryl, Ce-Cao-aryloxy, C7-Cyo-arylalkyl,
C,-Cyo-haloarylalkyl, C7-Cyo-alkylaryl, C-Cygo-haloalkylaryl, preferably hydrogen, Cq-
Cg-alkyl or C;-Cy-arylalkyl, and
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into contact with at | east one cocatal yst as
activating or cation-form ng conpound in a suitable
weabosanges4t o gi ve a sol ubl e or insoluble, prefecamPyos005947
sol ubl e, reaction product, ad4adduct or a mixture. The
preparation obtained in this way is then mxed with
t he dehydrated or passivated support material, the
mEO! Vent s bon SNt ANorbABy SRtk N9 _suppor t ed
organonetal l'ic transition hetal com pound cat al yst
systemis dried to ensure that all or nost of the
Partduleain brefesretl ebmp@eid$ sfaime fofeulpol ae tohethyngurBidpp ariéthylaluminum and

E% ?” he supported catal yst is obtained as a
t lal .
f reLgH o'\r/]\nurﬁg powder. Exanples of the industrial

i npl enentati on of the above process are described in
TAOINSREr §éebnpoliias WhicA Bidieat Q{aWBn@?_bi@iE Aydfogeh dtai bitBdan react with
r [
oBSBLFE S e R (87 Rk p R PPl B bk (AR bR S o
support _conponent and subsequently bringing this
suppor t B&—oPdt al yst (R¥),zaBronDfds ni ng HEBmpofia—i @t
contact ki h the organomepadlic transition ngigl
conmpound of the invention. Suitable cocatal yst systens
therefore Iikew se include conbinati ons obtai ned by
weesertheradiepls he f ol | owi ng conponents: 1st conponent: at
| east one defined boron or al um num conpound, 2nd

gonmponent ;. af least one uncharged conpqund ich _has .

Rat | eas"[’re6‘1?85%5:?&5”[?@5‘5%03@%%30&%3 Ogﬂngg%eﬁp% QAp-free drganic group
| east  omeirgUPpOT 0,40 parbpreataib ye.Ga G+ Cantligh fi € 2obdlaikyl, Ci-Cro-alkoxy,
;ngg{ ;G?S{A%rr]ﬂﬂi‘rsl@ﬁlﬁ%éa}‘nyl .ttggczgéﬁloﬁﬁ@%%wlalkﬁ d?-@%fenaloarylalky, Cr-

n-coptal nin e or
P! oSs R Ay PE S SR vk BioU oop CATSTR 4oy, where
Rffet er ocigelberonTtee omzniograup havingfiam htcctdrgaduen@dmssed. GirCzo-alkyl, Ci-

the prepanathRy, @1f-C1E-Qﬁo>§/U@@@{pjaf%ﬂj, CERE AN L G-GU-Bryloxy, Cr-Cyo-
preferabl’y conpound the I th

s of or |L( ﬁ ere e
radi cal %rypé%f %f%o-h%i%aﬁﬁ?“&yaﬁ'&o-aﬂﬁ%fyz aivo RRIRIy R 8ad h
Riydr ogeis,a dialent@panicire® 2eing frinyi|1,to @1 cERO atbras, @al. Ry-Cxo-alkylene,
G C 10- é'-boﬁm‘éroaﬁ?gé@@'-ér Whyler@Bc BOmbBLRRY0,-C o-arylalkylene, Cr-Cuc-
CB-C20-a}yPox¥, - C4 -grgialkji,m Y183l 0r-Co-arylalkylene, Cr-Cuo
haloarylalkylene, C,-Cso-alkylarylene, C,-Cyo-haloalkylarylene,
D is an element of group 16 of the Periodic Table of the Elements or an NR*' group,
where R*! is hydrogen or a C4-Cyo-hydrocarbon radical such as C4-Cyg-alkyl or Ce-
Co-aryl, with D preferably being oxygen, and

h is1or2.

Suitable compounds of the formula (X!) are water, alcohols, phenol derivatives, thiophenol deriva-
tives or aniline derivatives, with halogenated and in particular perfluorinated alcohols and phenols
being of particular importance. Examples of particularly useful compounds are pentafluorophenol,
1,1-bis(pentafluorophenyl)methanol and 4-hydroxy-2,2*,3,3',4,5,5',6,6"-nonafluorobiphenyl.
Suitable compounds of the formula (XI1) include boronic acids and borinic acids, with borinic acids
bearing perfiuorinated aryl radicals, for example (CgFs).BOH, being worthy of particular mention.
Suitable compounds of the formula (XIIl) include dihydroxy compounds in which the divalent hy-
drocarbon group is preferably halogenated and in particular perfluorinated. An example of such a
compound is 4,4*-dihydroxy-2,2",3,3',5,5',6,6'-octafluorobipheny! hydrate.

Examples of combinations of compounds of the formula (X) with compounds of the formula (XI) or

(XIly are trimethylaluminum/pentaflucrophenol, trimethylaluminum/1-
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Cr - Co- hal oaryl al kyl, C7-C40-al kyl aryl ,

C7- C4o- hal oal kylaryl, or R36 is an OSiR 37 3 group,
wohersaisdse radi cals R37 are identical or differPemEPand 005947

are each hydrogen, hal ogen, @P-C 20-alkyl, G -C 20-

hal oal kyl, Cr C10-al koxy, C6-C20-aryl,

C6- C20- hal oaryl, C6-C20-aryl oxy, C7-C40-aryl al kyl,

I '
bl%genﬁgoggﬂmecﬁg ﬁétﬁ’%{l@’y lltrlme(t?gylea&%q L@A/K—M%c%&%f/ 22 3 3, %15 5, %6
nonaf'q@mblpbpmt?ﬂe@?/dﬁ'lﬁ?'w Pmﬂwamﬁva' %ng trb%?PB*r){'ab'fn'-
nmxh/pléntamuasfbprmherfaaﬂ aieltr)ylaallrrumnnumdn@a:roky-z 21,33 /5)5*, peedeefluadbiphenyl
r I
e R B Aol B Rkl R P T e e S o
unchar ged conpounds whi ch have at Ieast one aC|d|c
hydr ogen &L om.ard can rea \Lh/cbﬁ‘boundny\ He_
f or muFs85 ( X) re pcg?ser abI§6 unds offFsthe fdf nul a@sFs
(X1), (X11) (X1, R38D 3B)3 B (D-H KR H D R39
DH (X) (XI—'H'e(XIII) wher e the THdi cal s R38 alfe
i dentical or dlj/f%k ~a\nd are each hydrogen, hal ogen,
a boron-freeFdrgani ¢ gr odp-feaving from1 to 40 carbon
atons, e.g. O Co-glkyl, O C2o-haloal kyl,
CrC"-aI koxy, C6-C2o0- aryl C6- C20- hal oaryl ,
C6- C20- aryl oxy, C7-C40-aryl al ky, C7-C40-hal oaryl al ky,

E@?nple%@real:tlbﬁlpafd)abts fr@%t@@a&raﬂ\ et leybtany compgdunSiof the Brula (X) with

or a roup, where R40 is a
oarsg?% CPE‘@O%\;‘&EEH Ormru 3X%h£\w ng from1 to 40 carbon
atons, e.g. G-C 20 al kyI Cl- C20- hal oal kyl, Cr

C10- al kByOy . _CB-02 @&czom@{\oarﬁ 0o _-Géfs
C6- C20- aryl 0 y, GTL C4OB aryl al ky, C7BC40 IaI o yl al ky,
C7- C4o- al kyl aryl 0 hal oal kyl ar)l'l IS a

di val ent orfgani ¢ YeoupCiavi ng fromFlCEto 4@ car bda
atons, e.g. C C20-al kyl ene,

F5CG O
\B/ A O /

R
F:Cs i-Bu CeFs

In principle, the components can be combined in any desired way.

If appropriate, the reaction products from the reaction of at least one compound of the formula (X)
with at least one compound of the formula (X1), (XI1) or (XIll) and optionally the organic nitrogen
base are additionally combined with an organometallic compound of the formula (V), (V1), (VII)
and / or (IX) in order then to form the supported cocatalyst system with the support.

In a preferred variant, the 1st compont, e.g. compounds of the formula (X), is combined with the
2nd component, e.g. compounds of the formula (XI), (XII) or (XIll), and a support as 3rd compo-
nent is combined separately with a base as 4th component and the two mixtures are subse-
quently reacted with one another, preferably in an inert solvent or suspension medium. The sup-
ported cocatalyst formed can be freed of the inert solvent or suspension medium before it is re-
acted with the novel organometallic transition metal compound of the formula (1) or (Il) and, if ap-
propriate, a metal compound of the formula (IX) to form the catalyst system.
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Cr C 20- hal oal kyl ene, C6- C20-aryl ene,

C6- C20- hal oaryl ene, C7-C40-aryl al kyl ene, C7-C40-
woaabwangdsal kyl ene, C7- C40- al kyl aryl ene, PCT/EP2005/005947

C7- C40- hal oal kyl aryl ene, D i3 an el enent of group 16

of the Periodic Table of the Elenents or an NR4 1

group where R4 1 is hydrogen or a C*Cao- hydrocarbon

Iti |s p%?%lma g) qu Cﬁtapst sgl cﬁﬁ?’st@/ tgéé H%FOI erlzg@\g?@&%leﬂné"’rﬁeﬂrﬂly linear

Cz-@ﬁbn#a@kmds agfin phréctﬂ% .egmeae prargpeRenidRr die regyitng %efpglymenzed cata-
lyst%ﬁmlen 29l 0éad ihresactuahp apieeingtion dheinveaat ratie f catalysh 5dlid meed in the

oy el a et o s P AL E R SRR p R oAl o o 1200

particul ar inportance. Exanples of particularly useful
Fu@r@ﬂrﬂ%@%@lra%oﬂﬁ’cf&aﬁ blef, Orkeeam} an a-olefin, for example vinylcyciohexane,

sy 9SSR A B8 i e g v
undbiia as erppoiendiscapibetadded asradditive qurng pr afieeing gesparation of the
su&ﬁét?t?%é@al)%g !rsyg:ﬁamaﬁlﬂe Pr@fal’ ﬂzlh@ oGl Gas to\bigbndhataliivi teansitordsetal com-
n
popregr S bR HIRR T et B Btz L oS o ©
Sui t abl e conmpounds of t he formula (XII1) include
The e IP4 Q¥erf eﬂﬁé’iﬁmoh ébmmllsma at Ib&st Bhe/@dverdrgdnymeiatic aartstion metal

corgg?Lan 8%)‘?1? ?Péling,la I‘)a%,fﬁ)e w&%%r&gf};a g%s%nrgd E:J%sxﬁg shgﬁﬂrlaé'an be used alone

or thgétherdiithyode oxyer? fitheGsagalysbs\Btend, Bhictoeandikewiss WL@H@W jand are
su@é@’farttﬁe h@ﬁ%@h@ﬁza@f)n COFBNRLAtRA Sr &fgorﬁ@nfﬂa%md&leﬂﬁs tnheepolymeri-

zafiogy H“P%eS%Sfb 'lslcfa?ﬁe hﬁ&?g\e[l?ﬁ %ﬁgrf)ﬁ(gm Jgﬁ%&#% d%rep%rred independ-
ently bfiet duydlyat sysiemuntiie-ibies(qrentcalf bmmpwh@mptrﬁremawéﬁhe different
calef 8)5{@%’:@%5 H Fﬂr @km;ﬂe Y gFe@éM‘to%e%es &h Bsupfort br, they danbe present inde-

D B B o A SR B0k vy

antl thuatirinptidded mgatnet ¢t séparatel[y[yadql g erpga*nd@tlgmtq;thg polgmegizainn reac-

fof éf(éng;%s%? mr&é{aly?‘b’églgt@ﬁ@ whith h 5&%8 kdyBthBr Withtaé Batalyst system of
| ow n t t]g%

theF Brerden foERrg%mg golmleﬂné ol &dﬁ}{‘ﬁ}"% &leisgc ??le qer rﬁat atalysts based on

titdrRAG, ciaedicadPhilips datmysts tased crospaing oxifies ¢reinpisraite Caialysty which pref-
er)c%& Don‘?pﬁlsé %??rgns(i)(ﬁﬁ n%m&HMeﬂf mEtQﬁ:cEﬁHsmﬁii %orﬁs&bin)ad g&cietry com-

nponent SIS 0. 80Y
pl@)@g ,(qf e@r Wpfq EP W@ﬁppai Ié Atoh%o gfgc%r%mla 618 cSite omplexes as
ark HedEibdueToF eaeipled m US 6487160 aiske embpatiadiyo histining sysigans (which can be

preparc'e'gJ As degé)oed in WO 9803559 A1) or iron and cobalt pyridinebisimine compounds (which
can be prepared as described in WO 9827124 A1). If the catalyst system of the invention is used
together with at least one further catalyst for the polymerization, preference is given to using a

single-site catalyst, in particular one based on an iron pyridinebisimine compound.

The present invention also provides a process for preparing polyolefins by polymerization, i.e.

- homopolymerization or copolymerization, of at least one olefin in the presence of a catalyst sys-

tem comprising at least one of the novel organometallic transition metal compounds of the formula

(1) or (Ih).

In general, the catalyst system is used together with a further metal compound of the general

formula (IX), which may be different from the metal compound or compounds of the formula (IX)
used in the preparation of the catalyst system, for the polymerization or copolymerization of ole-
fins. The further metal compound is generally added to the monomer or the suspension medium
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with at | east one conmpound of the formula (X), (X1)

or (XIl'l) and optionally the organic nitrogen base are
wadadistiigasal | y conbi ned with an organonetal | i ¢ eomuevd/005947

of the formula (V), (M), (VBF) and / or (IX) in order

then to formthe supported cocatal yst systemw th the

support. In a preferred variant, the 1st conpont, e.g.

anCd n‘R,géJ Q)dfiee%fée rtagr?o e(r)EfIEHL gar‘cﬁ Whlht’?cc?.uor m,l%}gg %f tc'f‘th% %F§Qgct|VIty It

is ehso pqu|ble)for enedr moww@r gocatglyle er C@Wemm%%om@uwﬁ@Pfhefai't'ona"y
acRIEPRI RS EdtMystkjsherdinBRsRyafridtion peBgenent and the two
m xtures are subsequently reacted with one another,
preferably in an inert solvent or suspension medi um
Thpreiefige panpsr furatforatiensh elpfipicellf unsattttadzaampeurtds sudh asfesteher amide

dérlvﬁf\/és &@ch{/ﬁ@&r n@étha‘é%@&fkﬁ (e Bxéﬂﬁﬂ@ é&.ﬁ@lﬁ@é @icthalylates of erylonitrile, or
ic transition netal

RbHgou e oPeRer P TRt b £ 2
propriate, a nmetal conpound of the forrrula (IX) to
PefRFdNct E%l\/éﬁtt@ﬂ)d(ﬁﬁerlﬁlbfiblgﬁﬁs |ot thie %rﬁiblﬁ @”‘Rﬂ&‘ﬂl—bke where HM@d R" are

o6l Al aplt Goh ProeRaarwEoSRw o e b dtogp paon a

orns) inprarticulanifrem 1éa Hytasime atamsperdpeand R deagthepyith the atoms connecting
thé,ﬁ%g,l]folrrﬂgn@[,ﬁﬁ&gw{g%rl zed cata lyst solid then to be

used in the actual polynerization. The mass ratio of

catal yst solid used in the prepolynerization to
Exepptasef sypblojefies are d eblafing waving fiog 2t0¥al Argfeiahly frae 2rtangecarbon atoms,

-e. 5 ré?rWIéﬂeoprévpﬁéﬁel‘k QLQQwe £ Héﬁtéh%r RERne, X I%Wénle A5IsHRL 1-8€cefB or 4-

m@ h}q;| WH“S’I‘%)&'Q sl}/ %t?(g?rengsh edn \}lnyfaroma%c conrgpounds such as styrene and

stphengdridatives, rwtilenerswlum dsah@butadienen d 4 fhekatipne ohpostediene, dathylidene-

2 AbbRERY, h&rb%a@er%%tﬁ%r@orhe@?ernte of s SR RSrbBrréRe tetracy-
or oil can added as additive during or after the

clpfodBeang O @ﬁthéﬁ'f‘orf’?fﬁe@upport ed catalyst system The
nolar ratio of additives to organonetallic transition

Tﬁ.@% ?Alysg%g&gf&%é |§veH§dﬁ% kz)éftlcfufaﬂ %f&%stee fok QQrQOQOIymerlzmg ethylene

tal
OFtQQ@O‘Yfﬂ?f@WQ|98W‘98%P?€?tf"%fl‘w§ gy %3@ g gl oo oot such as

propyaiao mettahd, i1 pehtens) JiHekar ambal -octers) enriat cyélic oleéins such as no-
bl Hy%@dlérld]engg hdvin %)fr*omql Yh E%g?atgﬂg%tgah )ﬁsﬁex&%ﬁe norbornadiene,

g a su can euse al one or together wth
<Bridersmothgrens 9rr€ttw&ortt9mas'ﬁy%tpa%'9l§i"h/r?§e STaRY (o cepglymerizin oinylene
whth frepyiae dne/os Lppterd. Eganapiel @l sechsopdlatire afeathytene/propylene, ethyl-

ene](HTBLﬂgrl\ey Qﬁgle%e% h%n 9&@‘19]/%5@%@66 BIPmQ.fs .
etbvlmeétyspylqnﬁ/ethxi@n%@é@mem ang %fhxlﬂl@(pf%(teawéfheé%ﬁt"éﬁ?fa?'ymefs

syst ens can be prepared i ndepend ently of the catalyst
St enek@;tlotn?ﬁebgg fr;]etdI o%p?%rkng\ﬁrpmgﬁne? rnos%}ﬂﬁgrg ints(?.lg;%ngﬁﬁ, in the gas
phase or in a supercritical medium in the customary reactors used for the polymerization of ole-
fins. It can be carried out batchwise or preferably continuously in one or more stages. Solution
processes, suspension processes, stirred gas-phase processes or gas-phase fluidized-bed proc-
esses are all possible. As solvents or suspension media, it is possible to use inert hydrocarbons,

for example isobutane, or a suitable monomer or comonomer itself.

The polymerization can be carried out at temperatures in the range from —60°C to 300°C and
pressures in the range from 0.5 to 3000 bar. Preference is given to temperatures in the range
from 50°C to 200°C, in particular from 60°C to 150°C, very particularly preferably from 70°C to
120°C, and pressures in the range from 5 to 100 bar, in particular from 15 to 70 bar. The mean
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catal yst systens can, for exanple, be present together

on a support or they can be present inde pendently as
weuppansesd or unsupported catal yst systens whi eQTAP2005/005947

prem xed in any desired way &Ad thus introduced

together or separately and thus independently into the

polynerization reac tor. Exanples of known catalyst

reSI %ch %8\?{@&6% uaﬁlx rf]rgnt%l %tﬁ%?—gursg)%fgrggl Wanl'b Be\i] ho]u a}\y %Elar mass

re ar
regwatpraartd(% tel ingrease|thesantivity| it Iznoecgibéerto Neg: fH ees%m@le yyti@g%élétﬂylzmc

ca%bntrhén%ﬁﬁél rélarb@h a‘lé)%!jé?éﬂ ox?’J&thr{ ﬂh@§ol<}rﬂér&|at{c§xt BurbfRsle Qi]stomary addi-

t"’g? alb‘iwf%?{}%%t'cg, gan a(;so r%‘ﬁ)ioly?d t‘I'ﬁe z%t¥§sttem Wh& {nvgntlon can be used
direetiydh theelyeerizafipy, i.e.dom E‘tfp(&icﬁ‘é@ UQ@'b‘f?éthFW 'BfQﬁl‘pﬁ Rolprization system,
oG admik&f m%@éﬂoﬁtpoﬁe%tsasugh 4 §ardiss, Bils deldakesto Do Ieterability.

chrom um singl e-site conplexes as are described, for
exanpl e, in US 6437161, nickel and palladlun1b|5|n1ne
Theymvelmsgapoinetelic tansitibe rrptﬁta@mpeuhda@f e sarmilsdidl of () o the catalyst

sﬁ%%%@hué%‘-t}]e ére'pFé%@nt%'?éjes%@@éil'ybsé?Mrfér@ré’b@hh@étﬁ?lé]’% homopolymers or
c59ho pesees o S AP Doy IR TS P el chein

struisturesed together with at | east one further catalyst
for the polynerization preference is given to using a

ETRERCRRETE W SR -,
ticnl regtalpoovowhds oﬁh@foonlds g) dr@it) opthe patelysigygiemy il vefighrikeyisye present
cMI%%?gﬁﬁzdae?% r?l @/mehﬂgﬂap@thé/tw éf?@{hbpﬁblﬁﬁer components in the blend
SrPBSAIEe e & s Ry B3 RO et by tmnpe aieves. o
exzfmptdﬁ By minglwitb oganomet abdiicpalt LLBRES bi PPEetrdDPEsllematiely, the
p&ymér%?en& Qér{'%lécﬁbé dohieQkd k(yl sllr%ultahébug %BI é\} zetlérn%u@%‘hébb/r%re catalyst

stem s used togethe

o IGereigise aFWﬁN'h"hf P%mermloaw ﬂlg{psgg @ftpqzr,g”@ﬁ%ts or the
pileparatidniog biesd @dlyncaspofundnoianenspaymelizatidn, tt Fsepobsiplertd use, in particu-

la? Ic?é)s&ﬁa? ?Q%IFPNéttéeca@'ﬁQ%Qéd' o‘ﬁrtlta‘ﬁfun{ bes&AS phivsd cf:a?éf ts%‘sed on chro-

meri zatl on or copol ymeri zation q
”W%OWQ?F?Ph%?g‘?r@tea‘fat%ﬁ?d&ﬁ’w"?f%fa@%ﬁ‘é?pé’ls?gf’séﬁaﬂtho“t"%e 3 g@rponen,
nmEtNaERes, Oik. dohstrairiad peorsétyrromplaiasrtetn dr seanmgs, BPOA € A &8 1t5le EP A

@Q#S ch%fmlwgﬁélégﬁﬁeéonngg ascé?é‘hgsclﬁﬁ@f @J(a\‘np"t’g frR%s 6437851, nickel

ﬁ(}élst acti vi é I'S a 0SS one 8
apd palpom sistiteatyleme (Whicheanibs RLePeRAPR aeica%’dm%% Q0358EA1) o ron
afdietvtit piainkhisiattéedmbourih evhivatcah y& prepared esréstriieien WO

9??) H%{R@néﬁké"% tl%rfﬁfﬁ?ee‘?éatalg%?? s?én%e{nr}ﬁ’soco% g@gd on anothgr organometallic

zed unsaturate
trangitign ggataégqr@?ouacﬁ agpeyding to the mventlon having the formula (1) or (11). The further

catalyst systems can likewise be supported.

The ethylene homopolymer or ethylene copolymer prepared using the novel organometallic transi-
tion metal compounds of the formula (1) or (Il) or the catalyst systems in which they are present
can also form bimodal mixtures with other olefin polymers, in particular ethylene homopolymers
and ethylene copolymers. These can be obtained either by means of the above-described simul-
taneous presence of a further catalyst suitable for the polymerization of olefins or by subsequent

blending of the separately prepared polymers or copolymers.

The blends which comprise the ethylene homopolymers or ethylene copolymers prepared using
the novel organometallic transition metal compounds of the formula (I) or (Il) or the catalyst sys-
tems in which they are present can also further comprise two or three other olefin polymers or



10

15

20

25

30

35

40

derivatives of acrylic or nmethacrylic acid, for

exanpl e acryl ates, nethacrylates or acrylonitrile, or
waampaligss4 ol ef i ni ¢ conpounds, i ncl uding PCT/EP2005/005947

aryl -substituted a-ol efins. Pfeference is given to

pol yneri zing olefins of the formula RmCH-CH R n

where Rmand Rn are identical or different and are

Q‘j)gﬁ’/rl%egyﬂw ?ann K fo?gxa%ppgeapbﬁE{ @%‘ ??‘éhe@%v%rggi%Flt%y é gﬁxmple in

Carbon - a

Dﬁtﬁdrﬂ§7459ﬂ7)m¢p9!mhmeth@g@méﬁerwbﬂ%d% theregt %ﬁée%h?ﬂe@( PYagPle, in
Ebdrernog4), LI OPEY RR&leSUbEM i ekdrfiks in EX-8M2B €80 v cAcd/03414) or

L%Fgg%[g% g\,\f?og'laﬁlo N]EQP x‘agégbggfrom 2 to 40, preferably

carbon a .g. ethylene, propylene,
1- butene, 1-pentene, 1- hexene 1 hept ene, 1-octene,

Tﬂe &Wi&i&%o&ﬂynﬁ]ers ek el miktupRrihe Bendsan mmamiﬂphsa le@dwh Buxiliaries
o 2 0iES Sionip s BL iz G TRANAYS o 1 B34 B and hoat,

ct@t@nm@@dlywch 3s Mbq@gtgoqr@ﬁ)gdang@ antiglecidng ng:gts and antistatics, and

also, fﬁ‘@ﬂbfﬂobr@@@ @olordnid 0K P&HEdHEdXRed MAROANRINbEREniliar with the type and amount

ﬁéf% g@ﬁbonadlene or cyclic olefins such as norbonene,
$74Cyti°Bdodecene or met hyl nor bor nene. The catal yst

systemof the invention is particularly preferably

Fmﬂnére lit HAQ H@@ﬁbmﬁétéu&@or@bhéﬁhﬁl%o@ﬁts ‘éﬂmlrdhm%fszdr B@rmoplastic

@ er%?naglF%%:sﬁlﬁé n}grovle@{spwﬁhg 8 ngessg\g F5))rroc5)6r ||es oﬂhe ethylene homopoly-
merso etapiene dopplemensmesparedieing He namﬂP@ﬁnqnejdhcetrﬁ@sﬂl@thmt@'rcom-
p&)ﬁ% bﬁhé’#oﬁﬁdl@é?) o‘-‘rlélg"br ﬁfé cB@TyQ@V&SrH@mQM’WhQIHe r@b}%§en|ﬂ WeN@hieved.

SH%WWBWH%’B%% 8re9%\fawgl s argﬁeeslglgp ngﬁ?ldéérs I<;ommerc1aﬁy available, e.g. under the
tredetryemes Vibomadi ynemarndal. tioreuarapié, jJ Soi-81 S4B Jheyare preferably added in

aﬁﬁ@tﬂﬁ% gfgigjfn' Al god%tdb)ﬁ ﬁ@cdﬁﬂrlﬂ/ @re%r%yﬂr&m@o 86 @pm, based on the total

BRI P P BRER R PPV SHE T Yol
garivenetatlie traeitiop Ineatat Ldmpaio tieefdhecfopullayiher §1) or the catalyst systems in which
ﬂ%?BMJ Faehpropyl ene/ et hyl i denenor bornene and
hyl'ene/ propyl ene/ 1 , 4-hexadi ene terpol ymers. The
pol ymeri zation can be carried out in a known manner in
Teebthylér@oniopolgusp ensthylene dopolyregs grasarphasieg the npvel erganometallic

tr?ﬁ’sﬂ%ﬁ e'tatl !: ouRRMs H‘I@fb%uﬁep(ﬁ of H? Bﬂﬁ@&éfal{?sf? §§'%rté?ﬁs$|n WHRH they are pre-

ymeri zati on ed
SO =AU 6 FBTY K BY 0B ETRHIBHES O TRETRLST furciorlizaton
onBther fnich@@tizatiGoletttionnkmonwodehsgsskilsdipengt. on processes,

stirred gas-phase processes or gas-phase quidized-bed
roc

Tge polymer blends can be produced by all known methods. This can be achieved, for example,
by feeding the powder components to a pelletization apparatus, e.g. a twin-screw kneader (TSK)
or Farrel kneader. It is also possible to process a mixture of pellets directly on a film production

plant.

The polymer blends are, for example, very useful for producing films on blown film and cast film
plants at high outputs. The films comprising the polymer blends display very good mechanical
properties, high shock resistance and high tear strength combined with good optical properties.
They are suitable, in particular, for the packaging sector, both for heavy-duty sacks and for the
food sector. Furthermore, the films display only a slight blocking tendency and can therefore be
handled on machines with only small additions, if any, of lubricants and antiblocking agents.
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esses are all possible. As solvents or suspension

media, it is possible to use inert hydrocarbons, for
wexenspligsik sobut ane, or a suitabl e nononer or CeaDMEADE/005947

itself. The polynerization cdA be carried out at

tenperatures in the range from-60 0C to 300 OC and

pressures in the range fromO0.5 to 3000 bar.

nglrag%etﬁgp gcte?abecﬁén\(c%[]pr erttl %nER Irg% moge%légrsgpe%g%%r&gﬂ% H’e%gialyst
sypignt 4f thel "atehyonpﬁf%lﬂ@v\'ﬁb Isvtaplleéfmpmﬁn@ fBbelSZW@O'@'ﬁE& Pr°d¥'ced by injec-
idAMRSEM @DIdwmbiligg.r ange from5 to 100 bar, in
particular from1l5 to 70 bar. The meanr esi dence times
are usually fromO0.5 to 5 hours, preferably fromO0.5
to 3 hours. As nolar mass regul ator and/or to increase
TRNBVeRAGSH ¥ lilhidtratddloy e BIRSFgPoRINithgsempiEOr exanpl e,
hydr ogen, diethyl zinc, carbon nonoxide, carbon dioxide
or oxygen in the polynerization. Furthernore,
Exaowlesnmary addi tives such as antistatics can al so be
enpl oyed. The catal yst system of the invention can be
Guseq directly in the polynerization, i.e. it is
P oduced in undiluted forminto the pol ymerization
system or it is admxed with inert conponents such as

Pﬂ%@ér@ﬂ( drl dha 1ha|‘?dllh§onIﬁe W%eta%c'cﬂfﬁﬁ&?ﬁ@s Qfﬁitﬁé@@e'alstcﬂtal Qihbemponent

nove nsi.tion neta
AP PRSI P AT B e £(o0n SRRk B e o Aove-o00
At $niventsrequedwentrugee witls raen and dyied sedr nfolecular gigvep befpradgise.

et hyl ene honopol yners or copol yners based on et hyl ene,

i n each case having high nolar nasses and a defined

chain structure. The ethyl ene honopol ynmer or ethyl ene
Exaoqptd yrer prepared using the novel organonetallic

transi tion netal conmpounds of the fornula (I) or (rn)

or the cagal systens in which the [esen
S 96 S So s TR RGP BB e -
odtenezineniupadighiveide gonponents in the bl end depends on the

way in which the polyner blend is to be used | ater.

Bl endi ng can be achi eved, for exanple, by mxin j t
abne. BiePREIe oG D DRAOEePI G 2apsaz- g Egegint-Sclene (12)
Al ternatively, the pol ymer blend can al so be achi eved

1%%& (zf:aﬁw 6@1@?&? s&%}{ (@rtﬁ%@lt ysihng h@%e%@r@éa@ed dropwise to a

eWI se actlve t he
SQIop Rb B4 AA0CTIG SRR TIE 80)&& or i e o oy Baetpigfe and the
féabtﬁ)nﬁﬁlﬁp@rv&tslsm’edﬁﬁr dnbachano lAyswitisn ofr4.& @ (38 sinmi) df dj2eapasy-7-octene

erl'H?Bleilﬁglflth Yvaé ltnﬂ#a%l?\HQ §§dela|tr?erét8 AHt%?the rébcfi)cﬁ{ rﬁlkt‘afé Ha'been stirred

ased um
b oo, FRoHT PR S FRSUIRHRARGF Wy ol 508 54 b sol. Sepa-

rately from this first reaction mixture, a solution of a mixture of 7.4 g (40 mmol) of 2-methyl-3H-
cyclopenta[b][1]benzothiophene / 2-methyl-1H-cyclopenta[b][1]benzothiophene in 70 mi of diethyl
ether was admixed with 16 ml of an n-butyllithium solution (40 mmol, 16 mi, 2.5 M in hexane) and
the mixture was stirred for another hour. The second reaction mixture was added dropwise to the
first reaction mixture comprising 2-(9H-fluoren-9-yi)oct-7-eny! p-toluenesulfonate, the resulting
mixture was stirred for 18 hours and subsequently subjected to an aqueous work-up. After phase
separation, the organic phase was washed with water, dried over magnesium sulfate and the
solvent was removed under reduced pressure. This gave 17.6 g of a deep orange oil which was
chromatographed on silica gel (dichloromethane/hexane 1:9). This gave 3,07 g of (1a) (yield
17.5%) as a viscous yellow oil.

MS: m/e 460 (M™).
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m um oxi des or single-site catalysts which preferably
conprise, as transition netal conponent, netall ocenes,

woOi2a05/1a8438t r ai ned geonetry conpl exes (cf., for Pexarpios/005947
EP A O 416 815 or EP A 0 4204436), chrom um

single-site conpl exes as are described, for exanple,
in US 6437161, nickel and pall adi um bi si m ne systens

b)gym:érswr%ﬁabg%ﬁ fzp@r eq'iy g}lcl%ngﬁt%(’bin%ﬁgotﬁ & }{Qng =N éﬁluo’a%kyhdene)-

ne co
can beﬁgwep@nemHh§mﬁé%69|bed in VWO 9827124 Aa)
However, the further cat al yst systen1can al so be based

5. gg‘n&(gfnraﬁtnn&t%lh f a{ﬁﬁvyi{mnaﬁl V| n e%)aﬁ ﬂ?ere ad e%@ci W|se to a solution
of B0 )o. (6 B memdiLaf BHe(3- maﬂmwyepefﬁaielﬂéhmzﬁfaw 21YR-éw£9§@rwl) 1 -octene in
7P Qléflﬁldathe]—aﬂ’o% hethgReur aRPRE keadBdn hiktull sl sﬁfﬂ&j for another 4

bl 814 oAbk F ot RbliP Nere BB AP Pl ey piure
Aftsr stirtirey foraraihes 18 lsyuss, éhemedctionwhixisre wawse‘gtereriéh@ﬁlé@e fes eeqgentrated
arfil 588 J @ FBcBitHQéd 3dlid WeXd isWi86d. Wi sbborRtaRRntr 8d1idRvae @o)é@raﬁd washed

AR SO TRRRIA 0 S e gp o

pavder. above- descri bed si nmul t aneous presence of a further
catal yst suitable for the polynerization of olefins or
by subsequent bl ending of the separately prepared
pol ynmers or copol yners. The bl ends which conprise the
Exnipld 2ne honopol yners or et hyl ene copol yners prepared
usi ng the novel organonetallic transition netal
conmpounds; of the e_catal yst
SRR HET -G -ERay e et etede A har
indowibithisylitiewe )joirodtdneseonitmeichlofidef(Rh pol yner s
or copol yners. These can be for exanple LDPEs (bl ends
t hereof are descr

a). 167600 2pel %chksﬂetﬂ@m?a&' ly#éef?ez‘?{@ﬁm‘ﬂ -octene (2a)

thereof are described, for exanple, in EP-B-100843),

U&%ﬁ%\th&@?@i@%&é iob(ﬁéjsynih%%? Smm% é WS‘I% |#Ex§%1&7628116@ gsﬁ 0 mmol) of
4H-pgoigtiorhee ip (Myql %fr%etra/bﬁgqrm aCt‘ffb‘fvyh%PUtYH' Wrﬂ mmol, 4 ml,

2.anthin bbendparciasftdr ambirer 1.260010 0 ingeollof d&Fepaxyxd-béterei (@ihout solvent)
w@a% % a4 BRY tthl%?Z%Ht‘ﬁ‘Q @gsgeﬁp%ﬁcﬁ)sdfgg?lﬁérﬁguh‘ohﬁ %ﬁlémde were added.

I'zers agal nst
A&Qjéﬁ DRP: AP PR Pf\?e%d'm&w %@enﬂwwper&ﬂ?%e"th&m ﬁzo?ﬁugdé‘?ﬁ‘g‘f" dissolved
inaB0tmi lof @&tk @meﬁ)g\&@bad@mﬂop’ﬂ\mel Picathation miuhoe abs stirret for a further 18

Jggé%glate wg Lorants. A person skilled in the art

it
Ou?d' PPEP Wi th the type and anount .
After phase separation, the organic phase was washed with water, dried over magnesium sulfate

and the solvent was removed under reduced pressure. This gave 4.78 g of a deep orange oil
which was chromatographed on silica gel (dichloromethane/hexane 1:9). This gave 3.0 g of (2a)
(yield 59%) as a viscous yellow oil.

MS: m/e 506 (M").

'H-NMR (CDCl5) 6 ppm; 6.9 — 8.2 (m, 12H), 6.2 — 6.7 (3s, 1H), 5.7 — 5.9 (m, 1H), 5.0 (m, 2H),
42— 4.6 (m, 1H), 4.0 (m, 1H), 2.6 (2s, 3H), 2.2 (m, 4H), 1.2 - 1.7 m, 4H).

b) Preparation of 8-n5-[6-(3-phenyl-2,5-dimethylcyclopenta[b]thienylidene)]-?-ns—[4-
indeno[b]thienylidene)j-1-octenezirconium dichloride (2)



10

15

20

25

30

35

40

of these additives. Furthernore, it has been found

that additions of small anmounts of fluororubbers or
wohersmogdsasti ¢ pol yesters enabl e a further inpPOVEREING/005947

in the processing properties 4®f the et hyl ene honopol y

mers or ethylene copolyners prepared using the novel

organonetal lic transition netal conpounds of the

ug‘.@;métﬁoo(érbaxoaasus(tb te sgﬁthésrgeof%éwduv% 31(: w%ta%% B oM r&le compound
u u
e R S R s S S B2 B ol B i hesane)

angdwvadiel fbduss, admiged witidbB7 ¢ ke tnmatl ef ziraeniem Yétradnoraed
Aflay erfor(a‘ﬁf)ther fedouRXAE R Biion\ixtlre3as 4R&4d Jne thPé%é/ w&d foncentrated

Ot
o g o R uPa BPRR Rator fE0e shlihi e R g fota of
1.0 ef @blyiald 25688 Waf obthinedasyr erawelivaipoihy pewdsr.or
‘HENY k&8, %%94 B@%’@(npﬁgﬁl@f@@gzgﬁlrg?n%@mgg\%(t 2H), 4.3 (m, 1H), 3.9

]
mY%gano ta 6% %f%yﬁor Tﬁgq%a | yst systems in mhlch

t hey are present The et hyl ene honopol yners or
et hyl ene copol ynmers prepared using the novel
el anonetallic transition netal conmpounds of the
BRI a (1) or (1l) or the catalyst systens in which
they are present can al so be nodified subsequently by

S)ﬂfh@g L bﬂfgg -6/ 25- %iln*eﬂﬁllcpgopeméﬂ?tﬁgﬁn@éﬂeﬁ - (9-fluorenylidene)-1-

functionalization or unctionalization reactions
ocfeRegierEn fifyeided® | led in the art. The pol ymer bl ends
can be produced by all known nethods. This can be

)aC hi Iﬁgﬁqatloﬁ Bf s- @&lerﬁeth@vcigﬁe?\gd[ﬂﬂlehﬂﬁ 791@-\fg-ﬁt'x'orenyl 1-octene (3a)

nponents to a peptization apparatus
tmnn screm;kneader (TSK) or Farrel kneader It is al so
Ugressméth@ dnalopsete 1 santhesid ef cempdunp ¢lal) etExachbleelc 46y (80manol) of

2, 5 EMQr@rM%FPb&ﬁ%[gj#@cf%?n H%o WLfYJBEEﬁ %{hme ?era ed f/vﬁl‘; n brtylllthlum

ucl n
O RL AL 1.2 i 1SRy, AP R Poio G P Bt T 57 rrmof J 2.(oHuoren:
9-AIBIT-¢r8 tgthArieauifnbig Mespalzd @i dsnetiosizhalygove ty thginsed for the corre-

sp%&ﬁ?ﬂ“!o&:@kesﬁlﬁo%&eén%ér %%&amp%w eg r}PﬁJﬂnF o%ﬂefh P WD Qdd?e'dgfhe reac-

tlom%g;;urg;vés gtmreg 05148 hoyrg ap&Rqdmizas) viih 2 mld):f (S:%Wé‘ erﬂ ;%Wﬁbchlonde solu-~
tioR EMHeQéactifOhiRtufewas Rar-iflt vite s Ak hasedseharatiér) thef200ebus phase was
ex%?&écﬁx[nth c;: rtllJr o%?étﬁg% e@nggstf '}(1)1 394 g%rg%mc%hgsﬁ lee%ru/ashed with

endency
water, dried over magnesnum sulfate and the solvent was removed under reduced pressure. This

gave 11.64 g of a dark orange oil which was chromatographed on silica gel (330 g) (dichloro-
methane/hexane 15:85; 30 ml/min). This gave 5.0 g of (3a) as a viscous yellow oil.

b) Preparation of 8-n°-[6-(2,5-dimethylcyclopenta[b]thienylidene)]-7-n°-(9-fluorenylidene)-1-
octenezirconium dichloride (3)

Using a method analogous to the synthesis of compound (1) in Example 1, 4.24 g of the com-
pound (3a) in 100 mi of diethyl ether were reacted with n-butyllithium (20 mmol, 8 ml, 2.5 M in
hexane) and, after 4 hours, admixed with 2.33 g (10 mmol) of zirconium tetrachloride.

After stirring for another 18 hours, the reaction mixture was filtered, the residue on the filter was
washed with fresh diethyl ether and the combined filtrates were completely freed of solvent under
reduced pressure. 3.81 g of red powder were isolated. The residue which remained on the filter
was extracted with dichloromethane and the filtrate was subsequently freed completely of solvent.
A red powder was likewise isolated, and according to "H-NMR this did not differ from the first
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handl ed on machines with only small additions, if any,
of lubricants and anti bl ocki ng agents. OM ng to their
wgaod/meshani cal properties, the ol efin copol yreraP2005/005947
prepared using the catal yst sistem of the invention
are |ikew se suitable for producing fibers and
mol di ngs produced by injec tion nolding or blow
pSWAeq biGined Afie Loty %&bﬂ@wér\% chnan@J tro%ﬁv%q By 3rB&afQLS Pud- ﬁ!ﬂnng
nonlimting exanpl es. Exanples General Preparation and
PRUIFH i ng of the organonetallic conpounds and their use
as catal yst conponent was carried out in the absence
of air and noi sture under argon (Schl enk techni que or
glove box). Al solvents required were purged with
EX¥Rif4and dried over nol ecul ar sieves before use.
Exanple 1 Synthesis of

sgrgneibsh%s( -}éIBt-(BXA dﬁy;_c§ BRI R BHAA B RIS ndsienyiidene)-1-
op ) HTTOREIAEE R o

- 8-[2-(3- nethylcyclopenta[b]benzothien 2-yl]1-7-(9-fluor

ﬁnyl Lr%:ar%?%&%%@ -tél@ nF‘S d@ﬁet%yao% hleh i ]l’}rﬁ5 (Q-étéfr?yl) 1-

exane)
dropﬂﬂ@%a@é a solution of 6.64 g (40 nnDI) of fluorene
in 80 mM of diethyl ether at roomtenperature and the

ﬁ?%%e%d%élhé%@ té"?% gfhttﬁers s%gcwfugdj@:tahﬁ ‘Exé/}%lé 3, 2697 g (12 4 mmol) of

octe
25erlimethd 8- CdﬁobftﬂirFYC@Pﬂé?[thFWeﬁe%qr%ﬁ/\ﬁ’s;ﬂea%ﬂﬂ’é@ '”t‘h éme%em Soc.
2641, @p3, Ubhe3-4aTindanssoized ihBe nafttidige sthet wears edcteowith n-butyllithium

(% .%FNSF Spncl) %5 MTn Vaxgnegg'gtem&)rs %fsor&tl{):{p&f%%%?(% EWAI) of 2- (9H-

flquprgQ-M)ch—F emgl g@ma@?ﬁuﬁm@@an a0 mj ofcdigthil ploer vgﬁs aglded- ¥ We@ctlon mixture
wak st?rre@ & 484Burd R )Jdrﬂf(eﬁmmﬁl mydf s@tieyealaapeniua] chloride solution. The

zothlo -
#E O en [pg?%ﬁ oe Vr\{%%rt Eﬁér%é%eésemra% tme ag*eoas ghEﬁe was extracted
wth ﬁ@hloma@thawh%@p @A), the cambiped eraanic PFssA Vere Meliad ith water,
da&d (Wek ﬂ@gr(eéﬂmrglﬁﬁéte ardbth8bolveht RadMlemdvdtrindaapduBél pleB&ire. This gave

6@‘;1_ Sq e 88\{¥?ﬁrg{v¥nuoljl éNh\lﬁ:lg é/vagéla{%ﬁwgfﬁu?raéhgﬁoo% SﬂIC;r P‘ﬁ é&&?&&ﬁethane/hexane
2p@akThisgavei G g pid4@@mprisspysgeliow oil.

2-(9H-fl uoren-9-yl)oct-7-enyl p-toluenesul fonate, the
resulting mxture was stirred for 18 hours and
subsequent|ly subjected to an aqueous work-up. After

phase
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separation, the organic phase was washed with water

dried over magnesium sul fate and the sol vent was
woeovieghsunder reduced pressurg. Thi s gave 17. BCG/E®B2008/005947

deep orange oil which was chfbnatographed on silica

gel (dichl oronet hane/ hexane 1:9). This gave 3,07 g of

(1a) (yield 17.5% as a viscous yellowoil. M nfe

bA60 EPbdralion &1s61538-at (o@8ly1 3, 6-dimethyicyclopentald]thienylidene)]-7-n°-(9-

8- h5-£ 2-r&§-emat F?ﬁ%rgj:l og?éﬁ%da({h%]ﬁ%ewotphi eEn]/I [ ¢ eln%rie-)]%n

h5- ( BYFYELRY] PARTFEY U MGIEALS S coni um di chi ori de

(1) 5.2 m of an n-butyH thiumsolution (13 nml, 2.5

u%‘? g n{é@%@@lﬁauoy@g@o 6 d@thedis 8P PRUAD(1 Rin ERbHbIE @M. .0 (1 Rifol) of the
cgincond GER ARyl e By eleLy P [SEFA B P RERIm (B2 mmolc2 § . 25 M
inferaney bd, 2fedBonersi aumb@dmith 672 di(d1 myolef Henoniam tetghipride. -
Ah@rrataﬁﬁ@tdz Eﬁotﬁéﬂq HOE@,S tg@@@&tgaﬁgumréwg ﬂgé&\@cg et rbdiduRbnftkY filter was
anot he o1, : 0 i rgoni ym
G ER A 6] TP BN St CioRn el Predreet RHIGRY of sovent under
revigedLpressuraf 1.26 g stried powdpr fvere isdiatchne e8idiwhie) retriaimed on the filter
\A)é% ﬁ»grteagt?g \élvifhé ﬁﬁsg&gm\g@%né éHdttfer Rhte WBSsdokbduerdyarddBEompletely of solvent.

nd. O. o eCl i ed solid were .

ATEOp et o e BB0 sl ACHF O SPy H W s i St the st
pwvecsh elctaingd. [Thp esliddmetiondwemetcainbioéd 2.90@ 1c25af of @Xerk(rpd tedilowing
poid4. were obtained as a bright orange free-flow ng

powder. Exanple 2 Synthesis of

8- h5-[ 6- ( 3- phenyl - 2, 5-di et hyl cycl opent a[ b] t hi enyl i den

e)] -7-h5-[4- '
E%gﬁﬁ@?[b]thienylidene)]-l-octenezirconiun1dich|oride

a

8-[ 6- (3- Phenyl -2, 5-di net hyl cycl openta[ b]thienyl)]-7-[4 :
Symthektsng Bbl{é 3armgh)i2;5ldinethgeyelop@ed[bitiknpigiene )t Hide fluorenylidene)-1-

: nt hesis of co d (1 in EX I
O?Qﬁéfﬁ%@ %%&rﬁlﬁéﬁf of 4Hi ndeno{rg]omi oéh:%el inn 58nﬁ1 °

of diethyl ether were reacted with n-butyllithium (10
amol Preparstion &.85618-pienhiexmdmpthaingt)opafhttfelthi@nyh)pdss-(9-lucByl)-1-

g ( of 1, 2-epoxy-7-octene (w thout solvent)
\Nere%gg'gge;@QAfter a further 2 hours, 1.9 g (10 mol)

of p-toluenesul fonyl chloride were added. After 18
UslY BSnetidd0bidgdusno Bl synthesis of compound (3a) in Example 3, 3.0 g (13.3 mmol) of

2%. dh ch 'T%thﬂ.féLyl- prﬂﬁ%nﬁﬂ]tﬂi?&%%@h%ﬁi?ﬂeh %Eh ibekt it §. i, éﬂwgm. Soc.
ol a1 SSorved i 0 I et hy ete%&wasade

2800 A% $€63-4T8, ansiehiasplus IRBR mlipletiakys ethen war@ epapigs wigh n-butyllthium
(fa.8 :her, 53801, 2.5 M in hexane). After 3 hours, a solution of 4.58 g (13.3 mmol) of 2-(9H-
fluoren-9-yl)oct-7-enyl methanesulfonate in 15 ml of diethyl ether was added. The reaction mixture
was stirred for 48 hours and admixed with 2 ml of saturated ammonium chloride solution. The
reaction mixture was poured into water. After phase separation, the aqueous phase was extracted
with dichloromethane/hexane (30:70), the combined organic phases were washed with water,
dried over magnesium sulfate and the solvent was removed under reduced pressure. This gave
6.65 g of a dark brown oil which was chromatographed on silica gel (dichloromethane/hexane
20:80). This gave 1.57 g of (5a) as a viscous yellow oil.
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hours and poured into water. After phase separation,
the organic phase was washed with water, dried over

worgsalzsasm sul fate and t he sol vent was r enoved PAMERR005/005947

reduced pressure. This gave 4578 g of a deep orange
oi | which was chronmat ographed on silica gel
(di chl oronet hane/ hexane 1:9). This gave 3.0 g of (2a)

bf ¥i ebbpa2iBn &34 kﬁ&%’dﬁ 2y Jnamxéyclopem@b]tmr@no@%) (7% 9-
1|+ NIYRrér%PdCI eg1 Eﬁ?ﬁeﬂ_ﬁomug %hﬁ%%’ 4 2 4 6 (m]] 1H)

UZ.O(mlH) 26(23{,3H) 2.2 (m 4H), 1.2 - 1.7 m
ho@raﬁg%@‘é,'t@fﬂe@ nthesis of compound (1)in Exam le1,1. 57 (31 mmol) of
tI?)ch%)m?Lur}qgg ) n go |¥1| of%leﬁﬁypeﬂqe wexe regc(%edo \B {% Lhﬁlj)l'ﬁnt}rh %1 X mmoFg 5ml,

2i5d evtekdoie) hndz aifdri18dnes ] adinixed witin 8.7 2 g ¢d himumml)dif gitdooipindetrachloride.
A(‘tgr)sltﬁ?ng € andiRdrhe @10@@ Eﬂm@ﬂa@é’t%n hktdrB @ a$ ﬂlf&ébe HeFeMue on the filter was

S W g S2Bh Sbrg ale CSTRGH set rer

revubert prédsutehThenso{id Besinio® vas vlasBedrivith @enfanivlaine diiesix 888 ofired powder
wAb ts8hted. mqgscfdueq'gr'ﬁblﬁiﬁg o?MhE'ﬁltelf wié eQrdcRd SQV|tFT"(m:hI}>ro‘ﬁ‘fethane and the

zwcomumtetratgjz_? orid tirrin

o SbRESHE FTRSHFOMPEISUF X SO A P BT Ve Beppop ol The

svlgisracitone emter @tnbithed i@ Hiopl f2.62rgexd (Piirt the &dm 9ba dark weaipowder.

i sol ated. A second anount of solid was isolated. A

total of 1.0 g of (2) (yield 25.4% was obtai ned as an
orange free-fl ow ng powder. 1H NWVR (CDCl 3) d ppm

PolyBreBizalior( éRambs ldhd p@yDerz2on rdddits 5.8 (m 1H), 5.0 (t,

2H) 4.3 (m 1H, 3.9 (m 2H), 2.5 (2s, 3H), 2.1, (2s,
6H), 1.2 - 1.6 (m 4H). Exanple 3 Synthesis of

Gengrsl [ 6- (2, 5- di met hyl cycl opent a[ b] t hi enyl i dene)] - 7-

h5- (9-fl uorenylidene)-1 - octenezirconi umdichloride

i-%g%ag@%li? gr%g%(/@rt%orﬁ%@éc Ia(_r) Slg\{]etsa\fVﬁer- ree penﬁn Aldrlch)was used without fur-
tlp%p?rgm@qoudwghx}qﬂymmg)@@p Nige u?egacr)s a9 /o[.géreagt ?Iﬁt@ﬂ in toluene (Albemarle
caﬂa*e@lgﬂus to the synthesis of conpound (la) in Exanple

1, 5 g (30 mmol) of

2, 5- d| et hyl - 4H cycl opent a[ b] t hi ophene in 80 m of
Pd’iyéleh%a'yé'ﬁher were reacted with n-butyl!lithium (30

mol, 12 mM, 2.5 Min hexane). After 3 hours, a

T%ce) linltﬁnisg r\}isgésit} (111')[:!1”& v&a%%emmd acffl 3%’0(0% 'é'nfahgﬂ'raﬁ@lj bbelohde viscometer

(Lauda PVS 1) using decalin as solvent (1SO1628 at 135°C, 0.001 g/mi of decalin).
The density [g/cm®] of the polymer samples was determined in accordance with 1ISO1183.

The molar mass distributions and the means M,,, M,, and M,,/M,, derived therefrom were deter-
mined by means of high-temperature gel permeation chromatography using a method based on
DIN 55672 on a WATERS 150 C with the following columns connected in series: 3x SHODEX AT
806 MS, 1x SHODEX UT 807 and 1x SHODEX AT-G under the following conditions: solvent:
1,2,4-trichlorobenzene (stabilized with 0.025% by weight of 2,6-di-tert-butyl-4-methylphenol), flow:
1 ml/min, 500 #! injection volume, temperature: 135°C, calibration using PE standards. Evaluation
was carried out by means of WIN-GPC.

Van Gurp-Palmen plots were prepared on the basis of rheological measurements on the polymer
samples carried out on a shear-stress-controlled rotational rheometer from "Rheometric Scientific”
(name: Dynamic Stress Rheometer SR 2000; geometry: PP25 h=1 mm,; shear stress: 1000 Pa).
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9-yl)oct-7-enyl nethanesul fonate prepared by a nethod
anal ogous to that used for the corre sponding
w20l ugsesul foni c ester in Exanple (1a) in 15rai/Eet005/005947
di ethyl ether was added. The 1%ac tion nixture was
stirred for 48 hours and adm xed with 2 m of
saturated amoni um chl ori de solu tion. The reaction
E%lkiét?éﬁ i M@ﬁhea@&ea@ FhebSUrém¥AS Rhs cafifeh %m RNRSKiLEE PRl Aing two
aqueous phase was extracted with
r%f?rf??ﬁegr onet hane/ hexane (30:70), the conbined organic
phases were washed with water, dried over nmagnesi um

;:Jle; @%e?anaﬂﬂklé %rlwn\ﬁ@&rlcmnrm\ﬁgl%ewﬂ:%@ fa w44 Ei%‘?lac:’terlzc?1 polydis-
Su

Thi's gave dark orange oil whic
was Bﬁrf'g'ncﬁ T ﬁ"egl ﬁ&ggzoagﬁo(%zgo'sz&) ?dl CI’1| or oI
net hane/ hexane 15:85; 30 ml/mn). This gave 5 0 g of

(83?5 S?ezanal' kIS CFQM@ y\f’éltlarOWhﬁ%‘tllan Fibrid SRR lot II; classification

Ic cI ent a th| en
bt Mﬁadﬁq%i%é%m
(3) Using a nethod anal ogous to the synthesis of
compound ( 1 ) in Exanple 1, 4.24 g of the com pound
(3%) in 100 of di ethal ether were reacted with
GengatRyFRaraing Hfﬁ??%aﬂﬁ? tiogsni ' 2.5 Min hexane) and,
1ahtgenf métahaens weradinssotest! ini1 0mPof 3dueye (1Al afitid het@liocene solution in

f ang %5 H e(i% {hgggklﬁétb&@moﬁft Bﬁﬁetﬁ’){jél{rﬁl aé Qxfllﬁt@ﬂ% hlleé'coi’og change
tere

ours, e reaction m xture was e resid
bgiRg P‘Pﬁ?r‘ﬂeﬂ | thecaiglyst spiytienawes ftifred for &W'”Hﬁeéf’?fﬂe Yfher and
the conbined filtrates were conpletely freed of
r A= f red powder
bR e haRRC R ERA B BhyEhe | o P |
The peleperizalions wereLetried oW it A 1d Sieliayiosawt rravieedant atrﬁ@he"“cal stirrer
ahdl b jackdt ehewBcstaedisanemmp bt ol ibrteaperatorboetc| The alitoslavereast flushed with

dﬁyl_r&tﬁ?%ﬁﬁfbﬁgﬁé fgnwpét dJob géﬂq}?c?thie ?&gﬂérﬁgmonaﬂﬁer%&aé@d 9c 80 ml of hep-

tsteqispunt amd%w W@%@H'W@W@M t6AY “ﬂganrtuat'% Wgge introduced
ifflo tha réhchf. Aecattmisksdidian preparefl bpine AgovRONElIRId. wasXrarsplicd4nto the reactor

b@é{}%ﬁ‘f@ %ér?r{g '{he sii r?r v&as§e’ato (% i?"?"é%?@? B%ren’llll?lgf BT(% ﬁe mtenpal tempera-
tyfe Ak re?ctorh\saso@mase@ Iy F i Eliaiastp Wes Tesidnte e paciasnt ﬁhe total internal
p@BsGlﬁ‘rb W thélRaétdn) wa)1 Oﬁ’fae [TAE @kdredd p@Esure in the reactor was maintained at 10 bar

for 3hémr§@es( Y mtrodé(ctl?) of e%hﬂengqﬂysklﬁgr%ag %%Ws@l‘t@e% Ia"f GhY |n}r1>cTuZtion of

UO en
ethylene was stopped, the reactor was depressurlzec? and cooled to room temperature. The reac-

tor was flushed with nitrogen and 5 ml of methanol were introduced into the reactor before it was
opened. The contents of the reactor were filtered and the polymer which had been filtered off was
dried at 50°C under reduced pressure for 4 hours before weighing.
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Usi ng a nmet hod anal ogous to the synthesis of conpound
(3a) in Exanple 3, 2.97 g (12.4 mmol) of
wa 2605di18a4 hyl - 3- o-t ol yl - 4H cycl_opent a[ b] t hi ophea®EP2005/005947
prepared as described in J. Ah Chem Soc. 2001 , 123,
4763-4773) and dissolved in 80 m of diethyl ether
were reacted with n-butyllithium(12.5 mol, 5 nm, 2.5
T%ﬂ)lé . Iilé%ﬁl?sr@}he pafé/t"r%ﬁzaﬁom%l'ﬁ/lené‘ u§9g§ WHsbQdried céal?ﬁ stktems

9Hf | uor en- oct - 7- enyl

hanacn] 'Fr\ at i 10 d 4n-F rlu et h\ll et I‘:u:r WAGS Qt‘lt‘lad
v = T

nnt
meoTT AT U T II .'I.U

Ere | €actplean| mAlxdou il V\Las Astivity r €d IM o r H8ltingur|s amdater TiBAI

A Kedrgp thl 21 dinffy stk at-eg [ammoni ugighl ari deygion [mmol]
solution. The react| on mxture |was |pour.e |rto wat er .
lA\fte Eﬁﬁ@g'@ anar Q+| r\n t+hao aq| eous nhLQ]: S [J/Q]

UUHM T Lllc

eéxtriactet with disehl orlonetdeane/ hEXane (480: 7C), t hes 4
Gob| ned; or gpni Ggphases Wape waskied w gk watjer, dgd ed 4
QVer| magnesi pm sulfate and _t he [SOl ient was Tjemoved

JPdel retluced prdssure THPY gaveba 31190 of 3 dadBs 4
thdown oi4 wh chsms chr omaedqgr aphed on14i | i ga gebko2 4
(F%I chl orgmet haneyolpéexanle 2g6§0) a:al s gaye 1.6 g Qfs 9

as_a vi . paratiom of
POYRgIzaBR opBanETPIT)Shapiase s ey PLBIsp e BPPE RPRGIZation time;
Udiesld]abBrevibfion6: b I TRINERY hothe regid oflal@Gih@n &BmtieOMAQ D the transition

m%ka?%n@fléxdgctl?@m %' ng me-t'hOd anal ogous to t ‘?\lgtrle intrinsic vis-

gmon ﬁetalgg\g{)% pof[menzilonémeg
oI SrrinRs e 6‘??&6’0?*6 A istaistermined by

maefieofsacted with n-butyllithium (6.2 mol, 2.5 m,

2.5 Min hexane) and, after 18 hours, adm xed with
0.72 g (3.1 mmmol) of zirconiumtetrachloride. After
stirring for another 4 hours, the reaction m xture was
Pfdpbia@6rest thd igpsrRgicdidRstagstéhe filter was washed with
fresh diethyl ether and the conbined filtrates were
freed conpletely of solvent under reduced pressure.
Exap@e § of red powder were isolated. The residue which

2r1e@&i'f rh@d;ommek h&n Ekdrh9é 1 waf:‘e cﬁ@sblx/@cﬁh @d miot 130% strength MAO solution in

t(iliuregg an%%ﬁ& )&Jrg Iwas géjrredg?r 1 hoPr rTié seug\gran%taagsoﬂ%gﬁj \?/Q% Jieivg:anted off and
afidagl daerudse QYA @ﬁfl@@ pidiSrgnytes HANRR of wl@ (Grage Revise XH@2107, cal-
che®mn GOUQ) fof 6 ﬁ&urﬂ%ﬂﬂ ﬂfod@@feadtlﬂiﬂg Affghﬁlrrﬁ@fd)r@ flittrae bo MiBites, volatile

c?nrsétéje?tf al)vﬁer{ m \@a&gpom% ?tgreém ﬁ?tﬁggﬂ %re%Sere with occasional stirring
ugtH - vyeight @awmmy’aht pLke Sel Qflthfﬁeqakgwstwteap@i@ apteipechi enyl i den

e)] -7-h5-(9-fluorenylidene)-1 -
Example B
0.44 g of the complex from Example 3 were dissolved in 15.7 ml of a 30% strength MAO solution
in toluene and the mixture was stirred for 1 hour. The supernatant solution was decanted off and
added dropwise over a period of 15 minutes to 12 g of silica (Ineos silicas ES70X, calcined at
600°C for 6 hours) with moderate stirring. After stirring for a further 60 minutes, volatile constitu-
ents were removed at room temperature under reduced pressure with occasional stirring over a
period of 4 hours until the weight was constant. 17 g of the catalyst system were obtained.

Example C

4.9 g of the complex from Example 1 were dissolved in 206 ml of a 30% strength MAO solution in
toluene and the mixture was stirred for 3.5 hours. The supernatant solution was decanted off and
added dropwise over a period of 15 minutes to 158 g of silica (Ineos silicas ES70X, calcined at
600°C for 6 hours) with moderate stirring. After stirring for a further 30 minutes, volatile constitu-
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oct enezirconiumdichloride (5) a) Preparation of

8-[6-(3-phenyl
WO 2005514634 f | uor enyl ) - 1-

-2, 5-di net hyl cycl opent a[ b] t hi enyl )]
octene (5a) Using a nmepOomP2005/005947

anal ogous to the synthesis of4sconpound (3a)
3, 3.0 g (13.3 mol ) of
2, 5-di net hyl - 3- phenyl - 4H cycl opent a[ b] t hi ophene

el ﬁg@g%o@% ad%%&rtérhﬁéi‘athr@ uAder'PéBucQ‘&&su@QMth M¥onal siidg until the

wilBotares Gt Kip io” RS GBI e Birse R ros ek fiture content
was .87 the Alocatesl) was/R.g ef 1® drndiths, Zraostentias Ol 2@f/ 14088 ¢

(13.3 mmol ) of 2-(9Hfl uoren- 9-yl)oct-7-enyl

nmet hanesul fonate in 15 m of diethyl ether was added.

The reaction mxture was stirred for 48 hours and
Gaghralxethogi forth@paetimanizatioa ol ethtlerd imsasperisiom chl or i de

solution. The reaction m xture was poured into water.

Af t se se aration, th
ThS e ea e VERdFRRY OV er b K aad A0oE 3t Wah napipgnermostatec
jacketfuir teethecatiga nordrop Aigesrefuflushina sitle ditregentanddaeaing talthe dymeriza-
n&V@ﬁapé@QF&e&'w*& $4 bf lﬁbﬁtaﬁé‘gnd 110 nsPbr s%gkny@lﬁmrnﬁmplaced in the

under reduced pressure.

cupiR. B9 S AR B AED SPA BT s I el afisciave wes pres-

st(riied:hltmetbymehaaekbthiepx@awe 20408%Y).. ThE Ipressgainghd alBdclayeafas kept con-
%ﬁ'ﬁ% I?I% ?ctl\ﬂh §FfQM%r¥fﬁgllaﬁBNA@ér|90mmLﬁése B} Fyfn@pza@&n was stopped by
I met cyclo ent & X oF
VIS b SHSEER ThY BRLRYNGP GORBY DGR OR B2 U T Larss powder

di chloride (5) Using a nethod anal ogous to the
TQM hﬁ%' gund (1) in Exanple 1, 1.57 g (3.1
2 {'%nggéﬂoggénggound (5a)

i n Exanpl e

Mw/Mp,

in 80 m of diethyl ether
were reacted with n- huf\/l Lithium /R 2 moel—2 5
Zx5 M igutdigxan ”\)\/e@hldj,se(ﬁf U’ecﬁdu&t&lthoursf\[ ald rhexeity lt/m/ 1000
g ( nmpl ) irco tetrachljori de. After

38?".73 rri ngﬂ?’ or apot rﬁ&" 18 Eé@ﬁ“ he reaclti on m xture
was fi|BXa8meld_ I he residu e_on__t-he_h-l—t—ep—vxas washed
wd hi fresk di ef hyl408t her arpged he |coabi nedo.b413t rlat ex3 7.3
wer e freeéi comol et |7y of sollsgbent unggr regl H%d 821 7.1

pressures The oUIIu resrdue wWas Seud WIIﬂ pentane
ngymler@p(ap@'dcongltlgg goqgfml,oé\goqj,:mé}o h@agf qtydsngt @dmnq’tﬁge polymerization
til@sSi due remai ni ng on the f| I ter was extracted with
di.chl or ane and..t te was ik Viscosit
b BB TR 338 L0 " R atpapr o g Yscosty ol de-
tdreipld tnetecalNiag 13BE1 My IS thecwdidht gvameen%msaéwmowgigbbavsrage /
nhRbéH av@bglmBidr Ba&) chapactdrifed the wide dnief malarthadsk dis@Bution; M, and M,
\A%reV\éje?ermlned by means of GPC

General method for the copolymerization of ethylene and 1-hexene in suspension

The polymerizations were carried out in a stirred 10 | steel autoclave which had a thermostatted
jacket for temperature control. After careful flushing with nitrogen and heating to the polymeriza-
tion temperature of 70°C, 4.7 | of isobutane, 300 ml of 1-hexene and 100 mg of isoprenylalumi-
num were placed in the autoclave, The supported catalyst system was then added as a solid and
the autoclave was pressurized with ethylene to a total pressure of 40 bar. The pressure in the
autoclave was kept constant by introduction of further ethylene. After 90 minutes, the polymeriza-
tion was stopped by venting the autoclave. The polymer was obtained in the form of a free-flowing

coarse powder.
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Pol ynmeri zati on exanpl es and pol ynerization results
Ceneral : Heptane was dried over 3A nol ecul ar sieves.
woavwesriigasee pentane (Al drich) was used wi t hout PEUEPR®E/005947

purification. N%thylalun1noxaﬁ% was used as a 30%
strength solution in toluene (Al bemarl e Corporation).
Pol ymer analysis: The intrinsic viscosity (h)[dl/g]
was deternined at 135C on an automatic Ubbel ohde

La da PVS 1) using decalin as sol vent

Tf’"i"%& eétz PREEUY. 001 g/ M of decalin). The density
] _of the polynmer sanples was determnped in

mﬁgr dapge,¥ tih Wé% ;ﬁ%od@;i\ﬁ%rmhw M@RAsil St §, D480 Sv,/M,

and the neans |Wh, derived therdfrom were
d8TBP | ni fle® byl neSEs of HEEA-tenperdture gel

per meat Exampihriondinglgr dphy usi ng a net hod based on DI N
=

05642 | on @ WATERS;4450 |C wWdoh tre3f5ol I cbv\g'zrgg gol ugms 6.3

onnec¢ted in geries: 3Jx 9 X SHODEX [T
E‘O'?gand 18 cl_rn:y"r5§r & ..m8§4 tHe 440 | rQn94r02 Anndp®8 And. 6.0

=x7 A7\ T Iuvvllly CUIIUILIUII\_.

Pslgingtzation condifighst 4700 mhl of istimitene, rwo (nﬂbabhéxeledlowm &f ethylene, 90 min-

,4;3@/,[ gt of 2,6-di-tert-butyl-4- rrethyl phenol)
gl E)/ rﬁ'%ﬁ' 500 m injection vol une, g{gerau

Uf%@d a@%’lei"l?%ﬁ %ﬁd‘iﬁg‘f'tﬁﬁ‘ QPEVmgl/ & rridizzrseigm "é\?éh%' INgHVigRestty Il de-
ter@ned mdiecalih aby3a1@ansis tiie WiidKt &eGage Vianhar Guasg-NRAV Niveighl avbmge /
n%ﬁ& a%rg glgr rﬂstt) g%r%ke?s tﬁé meo(? 'th%gﬁcﬁﬂ'lmdgg @éH.B@thﬁﬂ\fn Sand M,

ner safpl es Carried out
f?éiglterrgwe@gsgmemqf&l’ped rot at i onal rheorreter from
"Rheonetric Scientific" (name: Dynam c Stress
Rheonet er SR 2000; geonetry: PP25 h=1 mm shear
stress: 1000 Pa). Eval uati on of the Theol ogi cal
measurenents was carried out as described in the
deabrbionétngl bve EqioBfrRFgRIsn of Bt fead arld 1-nédede inGhe bat phase in an auto-
CECAT edrich: Van Gurp-Palnen-plot: a way to characterize
pol ydi spersity of |inear polyners, Rheol. Acta (2001 )
40, 322-328 Stefan Trinkle, Philipp Walter, Christian
Thé b&ghérhtionYaere@afjedBatl inan- ple@taulotlavecpradssd withad medhatiEal stirrer

aﬂg 0 %ecrg%lbagt)eg k\%ﬁ‘eq ?‘82 n? eli%lﬂg g‘ntnjgy Tﬁ(@ﬁ]tgclatvg Q\%Q RiLde ian %9 l‘n‘eans of

nitrogen and charged with 150 g of polyethylene powder at 70°C. 14.5 ml of heptane, 125 mg of

fan

isoprenylaluminum (50 mg per ml) in heptane and 10 mg of Costelan AS100 (5 mg per ml)in
heptane were subsequently added and the mixture was stirred for 5 minutes. The supported cata-
lyst system was added as a solid, the catalyst container was rinsed with 2 ml of heptane, the reac-
tor was closed and stirred for 10 minutes. It was then pressurized firstly with 10 bar of argon and
then with ethylene to a total pressure of 20 bar. 20% by volume of gaseous 1-hexene were intro-
duced into the ethylene. The internal pressure in the reactor was maintained for 1 hour by intro-
duction of further ethylené and 1-hexene. The stirrer was subsequently switched off, the introduc-
tion of ethylene was stopped, the reactor was depressurized and cooled to room temperature.
The polymer is taken from the reactor and dried under reduced pressure.
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Gener

al

preparation of the catal yst solutions 10 ng of
nmet al | ocene were dissolved in 100 ml of tol uene.

1 n

woRodshitgsseet al | ocene solution in tol uene was agdeaPRms/005947
t he cal cul at ed anpbunt of net
with a col or change bei ng observed. The catal yst

solution was stirred for

al um noxane sol uti on,

10 m nutes before use.

TSRO 8! #YlynigRbdeA rdsOis t he honpgeneous pol yneri zation of

et hyl ene The pol ymerizations were carried out ina 1|
steel—auteclave—provi-ded—wth—arechgntcal—stirrer—ang
aExacketatblper rrosheipied |byrodectingy of 16i I] Densityerpék,ate00e | My/M,
GRpler ol - e qut gedpve wag, 4] ushed wiith dry nitrogen

for dne_hour gt 900C prior fo the pollyneri zat|i on.

Af-ter 08Py o B8oc | 500 ni—of—heptane—as—gol-vent

aRtb g defAned [anotht af alarm num al7kyl Gddifeact A% h 5.3
| ppyrfiti es werle igjroquced;ghnto ta% reebcg@Q A 265 6.2
catal yst _sof uti on repareo d
PPMTPEatierendifitns: 1 Heree. %1/ %‘éﬂ%‘a‘”eo‘i'”a{‘eé?}ﬁ ﬁ%@'”“?ﬁé’o'yme”'
zsgionttimer was set to 300 revol utions per mnute and the

Unfld 2P reyls&mgr@oaugﬁvgy g e/ b EACLOL PR dYGHAAS ALbobi Il de-

tq”ﬁt”é?' Waﬂeciﬂ'F‘ e5K3r e Nhns {r}?éwe,x@g%\teg}ge\méarms%épw/ Marigioht average /
numbe&mmhgmesmasss) thardchgizdsale idth ofvthe nimdr Mzas dietibation10d,, and M,

\A}%%r defteQrF\mg’&) b)m'l

stirr

er was

i

et hyl ene was st opped,
and cool ed to room tenperature.
flushed with nitrogen and 5 nl of nethanol

en swtched off,
t he reactor was depressuri zed

W.escBy i ntroduction of ethylene.

The

the i ntroducti on of

The reac tor was

wer e

introduced into the reactor before it was opened. The

Gepereldpriacdder RENUPELERSHNSRAWMETFRIEP ed and t he pol yner
whi ch had been filtered off was dried at 500C under

ul'ts o

Ir{:?e g&ﬁ%ﬁ%u&g 8?%&5& 8% )}Shaée

dfia. 03§

I on

}e%r ?H\Qﬁggné ﬂg{e}qgl%p%ly?ners were
PIPREGABLT @éﬁord%@sapvﬁ 2Q 9@&6@% r@@ioympp@&tr? @fn% ¢ tising the supported

c§t§l@§ils§été)ﬂ som BR8mpPIk COb ki ePpbidiBlend ndaso Phex@hbh@RRirogdl were fed

ut

R PRk

€S

MR s 6438 ot/ haah EpstplamAREI0AS aceiveTEir herfend were Yediip Tog supported
cQiy3t¥Psterh whgintrb@idsd intdtRe FBRES: asGIBROIARE afnolnt of 1,38 g / h.

pol ymeri zationti ne);

IVis the intrinsic vis COSIty

[h] determined in decalin at 135C; nelting points and
Thela sPaimefigafionresilés e det er mi ned by means of DSC.
Preparation of the supported catal yst systens

ﬁ%ﬁ’/{e%éﬂ% hlﬁ A f?cﬂm b. '5§’Fg? / hUS’ffn tr%PQP ﬂe&??rcﬂé lﬂ?{n hgtﬂréébutylalu-

Ex- |Catalyst |Polymer Hexene |Hydrogen |Hexane | Productivity | IV Density |My/ | My/Mn
ample | from Ex. |designation |feed feed addition | [g /0] [g/ cm® | 1000

[g/hl [[1/h] fg/h]
P12 |C 703972 605 10.8 320 3998 1.35 |10.921 |86 7.1
P13 _|C 703975 620 111 412 4203 1.4 ]0.9185 |82 6.6

Units and abbreviations: productivity in g poymer / 9 catalyst systems 1V is the intrinsic viscosity [n] de-

termined in decalin at 135°C; M,, is the weight average molar mass; M,/M, (weight average /

number average molar mass) characterizes the width of the molar mass distribution; M,, and M,

were determined by means of SEC

The Van Gurp-Palmen piot for the polymer 703972 is shown in Fig. 1 and the Van Gurp-Palmen

plot for the polymer 703975 is shown in Fig. 2.
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Exanple A 2.18 g of the conplex from Exanple 1 were
dissolved in 92 m of a 30% strength MAO solution in

woabosangssand the m xture was stirred for 1 houPCT/ER2005/005947

supernat ant sol uti on was decaht ed of f and added

dropw se over a period of 15 mnutes to 140.5 g of
silica (Grace Davi son XPO 2107, cal cined at 600 0C
Cifths 6 hours) with noderate stirring. After stirring
for a further 20 m nutes, volatile constituents were
renmoved at room tenperature under reduced pressure

Twi t hAoctaasdraetallic tensitier metalpemppundreé thadorgita (has

constant. 183 g of the catal yst system were obtai ned.
Exanple B 0.44 g of the %R%Lﬁx fr mExaane 3 were

di ssolved in 15.7 m of §tre gth MAO solution in
toluene and the mxture was stirred for 1 hour. The
supepRatant solution was decanted of f and added

dropwi se over a period of 15 mnutes to 12 g of silica
(I neos silicas ES70X, calcined at 600 OC for 6 hours)
Wi t hZhisdeveardisatitoarauprvdich Abmerises disixtri-gieptrbo cerdraf grotrheich coordi-

60 mhaws @secuwtelwsddl m&%axsla& léaéi%éfu‘é@d 8n £§M@ dr @saturated C,-Cs
un er

room.te
oo aLPEHBETLM NG BOR v PR SESRS AU A fonpfge of the
wei ghlemaats BcainStdnitSi, @€/ Sg, @fS SkeTe dit Bl AssdndSpsh thering rvenere the

Obt ah&@t@ate@@ﬂ&]n@ df;ec‘ﬂ%% agcéPI;c%ntakkﬁn GI(}H@S’%D?-% efe(:f?éﬂ-@ﬁ%‘%g%entral

in
ol uBiosR a7 e B GronBamy Tesehy s%ﬁ'ag%wwa%a@?nmwaﬂtve@is of the ing,
3.5 Kosia givaldii bridosetweah drtorapk dt amriz’was decant ed of f
and ng%Q:o%ﬂQWg%@\ﬁ%{'/m@thQ%5thF’1eQrﬁmgﬂ§s imométaeg?'o%pcolréﬁsmg an

g of silica (lIneos silicas ci ned

for BPHRFEfIHYt %Cyﬁ‘B%Vaﬂeé'ys‘:PP‘P&“I”H&muﬁPf 2 petefopydic. Jgor 6-

f or eanefrbeted @rouB Oontaining sis w ekeotramt) | € constituents were
renpyed afo100M t enperat ure under reduced pressure

W th occa5| onal stirring until the we

consthREN B8Nt gruR Fre gﬁf &Pyag Paripdicd ﬁg'ﬁéf@e Glsmenisegis an ele-
The mesi el lamdngesir e content was 34.8% the Al

cont %traaf@eﬁ;s éar% i nficat O tga %2 rQnJ %@ egchranCoQ%ﬁ;rHr mWPg%n? rakdfcal, with

g / 100 g neral netho %{i(msrlzatlon 0
et hy Men@diras & gispapiag ahle ke ipintdAens 3thedns wer e
carrngdopudra, n a stirred 10 | steel autoclave which

2??6?”%: é‘tﬁééfgp?r; ]?qtf h%%rle@&%@%thé l%glnge%w r?t HE% b%glgtar rﬂt%novalent organic
t he rfﬁﬂlo?}f@wq:hzc‘@ntams at Ieast one olefinic C= double bond and has rom 2 to 40 carbon

atoms.

2. The organometallic transition metal compound according to claim 1 which has the for-
mula ll

(I
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tion tenperature of 70C, 5 | of isobutane and 100 ny
of isoprenylal um num were placed in the autoclave. The

weoeuppansesd cat al yst system was_t hen added as aP6DIEP2005/005947

and the autoclave was pres sS4 zed with ethylene to a
total pressure of 40 bar. The pressure in the

aut ocl ave was kept con stant by introduction of

furt gereet hyl ene. After 90 mi nutes, the pol ynerization
was stopped by venting the autoclave. The pol yner was
obtained in the formof a free-flow ng coarse powder.
Tabl 8 2. Polsyameteimeat df greup 8s4iI5tcs 6 [Pbihy Reriddical db@of the Elements or an
condi ti ons: ¢aR0R ofhe RhhtHafigdit ane, 40 bar of et hyl ene,
90 m nutes' polynerization tinme; Units and

abbrevi ations: productivity in g polynmer / 9 catalyst
syst teyradiodlsi s the intrinsic viscosity [h] de tern ned

in dgcal i n gl ideAfcdPbr difdnt Snd i & i
mass; Mw Wh V\%el% %gai; %\éer \%ge lﬁﬁ_aﬁeﬁﬁ%@ﬁg&g&%ﬁgfﬂcal' with two
mass) char a@ERP 2&E0PRE9 RPIAIHPHPINEH REPATFas s
di stribution; Mv and Mh were determ ned by neans of
GPC general gy hogd for the copol ynerization of
et hyl ene and 1-hexene in suspension The
pol ynmeri zations were carried ouf, in a stirred 10 |
steel autoclave which had a thernodtatted jacket for
tenperature control. After cageful /flushing with
nitrogen and heating to the pol ynerization tenperature
of 700C, 4.7 | of isobutane, 300 ml of 1-hexene and
100 ng of i . m num were placed in the
aut ocl ave. %%gﬁgﬁ%%%éﬁbd cat al yst system was then
added as a solid gnd t he aut ocl ave was pressurized
with ethylene toRA total press@e of 40 bar. The
pressure in the autocl ave was Kept constant by
I ntroductioh 2 herget hyk Rfer 90 minutes,
the polynerizaiti op was stopped By venting the
aut ocl ave. The™pol ymer was obtairfted in the formof a
free-fl ow ng coarse powder. Table 3. Pol ynerization
results Polymerization conditions: 4700 m of
i sobut ane, 300 m of 1-hexene, 40 bar of ethylene, 90
mn gtes' pRlnyirsidniRbh Bfakit FRicalfalihg 8R4 to 40 carbon atoms,
abbrevi ati ons: productivity in g pO)yner / catalyst
systeml is the intrinsic viscosity [h] de

R? is hydrogen or an organic radical having from 1 to 40 carbon atoms,

or

R' and R? together form a divalent group

which is



10

15

20

25

30

35

40

termned in decalin at 135C;, Mvis the wei ght average
nmol ar mass; Mwv Mh (wei ght average / nunber average

wounb@ri1smss) characterizes the width of the nobar/Era®s/005947

di stribution; Mv and M were ?feternined by nmeans of
GPC CGeneral nmethod for the copol ynerization of

et hyl ene and 1-hexene in the gas phase in an auto

cl ave The pol ynerizations were carried out in a 1
steel autocl avesprovided with_a nechanical stirrer and
a thernnstatged ' erature control. iThe
aut ocl ave f nitrog an "
charged with 150 pol yethyl powder at R,
14.5 mM of hepty 46 mg of ispprenylal um num (50 ngy
per m) in heg%ane arid 10 ng of Fostel an AS100R{’5 ny
per M) in heptane were subsequently added and the

m xtuge was stirred for 5 mnutes. The supported cata
| yst Rsyst eniswdrogaios @ gegapic sasiiqathaving &omdtta 4 sarbon atoms,
container was rinsed with 2 m of heptane, the reac

t | d stirred for 10 ninutes. |t th
oresSari zea Ty BT o PIFEds Bl Mg adhceRanabrty

ethylene to a total pressure of 20 bar. 20% by vol une
of gasrairg RtdyemeremyetiRalbitigipduced into the

ethyl ene. The internal pressure in the reactor was
mai ntai ned for 1 hour by intrgduction of further

et hyl ene and 1-hexene. The st{rref was subsequently
switched off, the introduc ti,on of et hyl ene was

st opped, the reactor was depressgrifzed and cooled to
roomtenperature. The polyner is taken fromthe
reactor and dried under reduced pressure. Table 4 .

Pol ywrieh gati on results Pol ynmerization conditions: 10
bar of ethylene, 20% by vol une of 1-hexene, 60

m nutes' polyneri zation tinme; Units and
abbreviation%: prgductivity inp§ poiypgr/ Qatal yst g

system |V Rssxthelintrinsic viscosity [h] de term ned
in decalin at ; Is the T ght awﬁragﬁﬂﬁn r .
mass; Mw/ Vh (\wgi ght {laverage / ntrber . Everage ar R19

mass) characteri z g W dt h of théknolar nmass
di stribution; Mv and %h were deterni ned by neans of
GPC General nethod for continuous gas-phase

ponHprizaté

n
%ydrogen or an organic radical having from 1 to 40 carbon atoms,
R® is hydrogen or an organic radical having from 1 to 40 carbon atoms,

or R® and R® together form a divalent group
<—T4 >

which is
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In a continuously operated gas-phase fl uidi zed-bed
reactor, ethyl ene-hexene copol yners were prepared at a

woeeist1es6spr essure of 20 bar and a reactor tenpeCHERRE@S/005947

of 85C using the supported cé?alyst system from
Exanple C. 6 kg / h of ethylene and al so 1-hexene and
hydr ogen were fed into the reactor for reaction. I n

addition, 0.58 kg / h of nitrogen, hexane, 1 g/ h

of trllsobwtylakunlnun1and 0.033,9 / h of Cbstelqp

AS100 as a ifon in heptan re fed in. ;ﬁ

suppo@f BYstem wa ntir oduced intg th

reactor as idin am® 1,39 g / x5
Pol ymeri zat i results Units |and abbreV|at|o S: '

producti Rty in pf°poi ymer / capal yst systenl |Mzs the
intrinsic viscosity [h] determned in decalin 135G,

Mv is the wei ght average nolar mass; Mwv Mh (wei ght

average / nunber average nolar mass) characterizes the

w dt £ the ol ar ss distribution; Mv and Mh were

det e?r‘r%ned ¥ Iqgatiaakor ffséseetﬁnﬁr?ée <AeH NeSTPRRNA )Brerpapicaadical having
for the pol fomet torAB@ARNiapns o R ahdRFbgethel with thetdienainecting

Qur p- Pal menygh @erfaorﬂorjr'obfclupgij yclu.7 9:%9 &?teh%ﬁéﬂ% ih furn be substi-

Fig. 2 .Cains An organonet c transition
conpound of Ufle formul a (1) Z1AnZ2MXn (1) where Z1 is
a coordinating group which conprises a SIX p- el ectron

cent gaRgr ok a%kcgre‘:ﬂ&{tlg%l opgﬁf&éntgh& ?r% f\‘/h %)% c!lgleﬁ B%n organic ra-

whi ch bears at |eas 10 11
unsat ur at edi¢gbhaving f'i°i”hb*°§)9§?'@ﬁﬁ‘ E‘SWF &r Woregiagent rasiests RorRR’, R or
het er oat om R'@togethedwithrtosratbie ccgfnecttpg mnﬁfosﬁ b A@n&dycitch® polycyclic

el enents B, I S, Se, Te, N
br@lsyst%wh’cﬂ ma§m V\EHer 5 s?ﬁst

P, As and S ng, LJheferoatomls
bound directly to a carbon atom of the
si x-RE at'ectarolientzat aidiicregt Ak édch gf/d?b@énéﬁﬁ dn bREnic radical having

het er oat om Fg?ry & Aﬁ)c?:ah)%ﬁ ato\:r%%!r &alaﬁd I}Mﬂdt% |th 91e gtoms connecting

constituents 0

bet ween t hé"yp Bip< nzroawac %zpolymhq @gasy%ter@w@nqhamaynrgtum be substi-

group havi ngteti,he sane nmeaning as Z1 or is a group

conprising an

R', R, R"and R" are identical or different and are each hydrogen or an organic ra-

dical having from 1 to 40 carbon atoms or two adjacent radicals R'®, R'®, R"
or R together with the atoms connecting them form a monocyclic or poly-
cyclic ring system which may in turn be substituted,

R' R*  are identical or different and are each hydrogen or an organic radical having
from 1 to 40 carbon atoms or R*® and R® together with the atoms connecting
them form a monocyclic or polycyclic ring system which may in turn be substi-
tuted,

R*,R%  R®and R* are identical or different and are each hydrogen or an organic ra-
dical having from 1 to 40 carbon atoms or two adjacent radicals R*', R%, R?®
or R* together with the atoms connecting them form a monocyclic or poly-
cyclic ring system which may in turn be substituted,

R® R*®  areidentical or different and are each hydrogen or an organic radical having
from 1 to 40 carbon atoms or R® and R together with the atoms connecting
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open pentadi enyl, a cycl opent adi enyl - cont ai ni ng group
or a heterocyclic, 5- or 6- nenbered group containing

weinospigdsectrons, n = zero or 1, Mis an el eneRrCT@P2005/005947

group 3, 4, 5 or 6 of the Peridic Table of the
El enents or is an ele ment of the | ant hani des, the

.radicals X are identical or different and are each an

organi c or {REMEANA moh@Sbieal poryd diB rﬁg‘{@sfeﬂ%ﬁi%ﬁa%nﬂrﬁ Be substi-

being able to be joined’'to one anot her
2, and at | B%% one of the three nolecul e fragnents
Z1, Z2 and A bears a nonoval ent organic radical which

cont ai s at il Aag mé’gtﬁjcmraqtel'en\'eﬁt bgt‘mgeﬁl%%g ?&ﬁﬂta@r&% gb@ﬁtadlenyl

from2 to 40 car organoms a
transition PeNgs a’@dﬂ%’o‘iﬁ’mﬂ’”% &‘&dﬂ ioytotie atpraiopihe tyhaterns which
has the f or isras lsouht vinentiptolhd Broanbatitusimytiogdntagiiedpigdhds, further

4, 5 or 6 of 486 Peldspdisis Tabl e of the Elenments or an
el ement of the Igntﬁgnﬁad@s the radicals X are

identical or different and are each an organic or
| nor genivaleniggiowpal , Wi th two radicals X al so being able

to be joined.ta 00f &?Endé‘ﬂa'eéch%Rzﬂ'A 2 B34 R28 IfRY, Si(RY),,
di val ent grou )31 organi'c Tadi gal

an
havi ng fr omGiFﬁ 0 §0(3: dfp QOﬁ Saﬁt Eﬁfé\‘R i &SRy QF BRfEn Waere the radi-
an organi c tasiRtale ibentica gr fiffoent nd @relb@cmla_sfdhﬁmn at &M@ ganic radical
or having from 1 to 40 carbon atoms,

and

at least one of the radicals R to R¥ including the radicals of the bridging structural ele-
ment A’ is a monovalent olefinically unsaturated organic radical having from 2 to 40 car-
bon atoms.

The organometallic transition metal compound of the formula (Il) according to claim 2,

wherein

D

is a divalent group
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Rl and R2 together forma divalent group which isR3 is
hydr ogen or an organic radical having from1l to 40

woanizansat ons, R4 is hydrogen or an organi c r adCTaP2005/005947

having from1 to 40 carbon at¥ws, or R3 and R4
together forma dival ent group which is R5 is hydrogen
or an organic radical having from1l to 40 carbon
at 0N, rRSledufe fRYANeAOEN Or an organi ¢ radical having
froml to 40 carbon atons, or R5 and R6 together form
a divalent group which isR7, R8 are identical o r
different and are each hydrogen o r a n organic
radi cal having from1 torfl0 carbon aRds o r R7 and
R8 together with the atons \connesting/themforma
monocyclic o r pol ycyghic @ [ Elrlt may in
turn be substi tuted, R9 ) R d 2 are
identical or different and=aye eash=hydrogen or a n
organi c ra dical having#fom\ to 4 0 carbon atons o r
two adjacent radicals R9, RIOR*RR®or R1122
tt ooggeett hheerr wi itthh tthhee aattoonmss
ccoonnnneeccttiinngg tthheenm form a nonocyclic o r
pol ycyclic ring systemwhich may in turn be
substituted, RA3, R14 are idgntical oRA different and
are each hydrogegn o an o?ganic radi cal hawng from
()

1to4 0 g R13 andrR ¥ og€ Ny
the atonms conng em\form a mono 20
pol ycyclic ring temWwat'chRray in tup ¢4~ R

)
tuted, R15 16 ,\ R17 and R 18 areg®dentical o [
di fferent and are R#ch hydrogen o r a n orRfani c Ra
di cal having from1l to 4 O carbon atons or two
adj acent radicals RI5, R16 , R17 o r R18 together
wWith the atons connecting them forma nonocyclic o r
poly cye¥ic ring systenghhich may in turn be
substituted, ~7~_ /

TR O
R2B R2D R26 '\\ // RQU

N

S S ,
R RS
M is an element of group 4 of the Periodic Table of the Elements,
m is 2,
R is an organic radical having from 1 to 40 carbon atoms,
R? is hydrogen,
R’ is an organic radical having from 1 to 40 carbon atoms,
R® is hydrogen or an organic radical having from 1 to 40 carbon atoms or R’ and

R® together with the atoms connecting them form a monocyclic or polycyclic
ring system which may in turn be substituted,

A’ is
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R19, R20 are identical o r different and are each
hydrogen o r a n organic radical having from1l to 4 0

woaodsansatons o r R19 and R20 together w th theCaEenm®s/005947

connecting themforma nonocy¥lic o r polycyclic ring
systemwhich may in turn be substi tuted, R2 1, R22 ,
R23 and R24 are identical or different and are each
hydrogen o r a n orgarpfg yapréfical having from® to 4 0
carbon atons o r two adj arent radic R2 1, x R23
o r R24 together—wAth the| atons connecty them‘ﬁorma
nmonocyclic o r poly((myzc; RPNg system 2bh may in
turn be substituted, R, R are identical o r different
and are each hydrogen o r a n organic radical having

from1l to 4ufec@®heff ﬁf"%ﬂ’& R&ard3déiligalir Blﬂ@@ﬁtha@iﬁ aWd dddn hydrogen or
the atons connect.in

m 28 529
pol ycyclic FV rﬁa'%'c %@ﬂ 'f‘%ﬁ 'Pra)}g?(ﬂc"’tr%nr?t%s Qjpg fadicals R™, R
tuted, A |§nchR%ﬂqg@@1ehgltrsm¢ gloms cerinegting feemt fotye bywsancyclver poly-
two substit YRty S5 RREMHIAGSMY lurr BeRBSRUEN G (M 2 to 8, and
conprise, in addition to the atomor the two atons
whi ch is/are bound directly to the two substituted
cycl tpatiteadiriahies atei agaatied férdre fhrular @i cal s as
substituents, the divalent groups E are identical or
different and are each BR27, Al R27, GaR27, |nR27,
Si(R27)2, -27 \ ,27 27 r , 27 Ge(RZz )2, Sn(R"' )2,
40, SA ligand systemRifie formPR (NI) AsSR 27 or SbR , where the
radi cals R27 are identical or different and are each
hydr 6gen or an organi c radical ing froml1l to 40
carbon atons, and at Ieasg"(gﬂ%)(%ﬁ'yt he('(‘J)adl cals Rl to
R27 including the radicals of the bridging structural
el e pREk A 1 én% e UQI&BMQAeﬂtanQ hegae rag Gefred foi RRAbMIA BJ

organi ¢ radical having from 2 car bon atons.

5. A ligand system of the formula (IV)

T

R %

(V)

or its double bond isomers,
where the variables T', R', R? R®, R* R® R®and A‘ are as defined for the formula (ll).
6. The ligand system of the formula (V) according to claim 5,

wherein
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The organonetallic transition nmetal conpound of the
formula (I1) according to claim2, wherein is a

wdizv@liesis4 gr oupi s a nol ecul e fragment Mis an eCEmMBPHI05/005947

of group 4 of the Periodic Ta¥l e of the Elenents, mis
2, Rl is an organic radical having from1l to 40 carbon
atons, R2 is hydrogen, R7 is an organic radical having
from1l to 40 carbon atons, R8 is hydrogen or an
organi c radical having from1 t e carbon atons or R7
and R8 together with the atoqgicogﬁpcting themforma
nmonocyclic or polycyclic ringssystédmwhich may in turn
be substituted, A iswhere R28, R29, R30 and R3 1 are
identical or different and are each hydrogen or an

or gas Ldivaiaht galp having from 1 to 40 carbon atons or
two radicals R28, R29 and R30 together with the atons
connecting themforma npnocyclic or poI%gycIic ring
system which may in turm be substituted,™p is from?2
to 8, and the other variables are as defiined for the
formula (11). 4. Al rEéyste pf t mulRE(111)
An(Z1-H (Z :-H) (I111)}{"whe n = and+t he riables A
Z1 and Z2 are as def|.hed ﬁpr t he fornyka (K). 5 A

i gand systemof the formula (IV) or 1ts double bond

i soners, where the variables T1, Rl, R2, R3, R4, R5,
R6 and A' are as defined for theg formula (I11). 6. The

ligand system of the fornula (I according to claim
5, whereinis a divalent group * R*
R® R®

is a molecule fragment
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is a nolecule fragnent 20 35 40R is an organic radical
having from1l to 40 carbon atons, R2 is hydrogen, R7

wogo@nigisgani ¢ radi cal having from1 to 40 car BOWEP2005/005947

atonms, R8 is hydrogen or an otanic radical having
from1 to 40 carbon atoms or R7 and RS together wth
the atonms connecting them forma nonocyclic or

pol ycyclic ring systemwhich may in turn be
substituted, A" is where R28, R29, R30 and R are

i denticgl or different aqlgd are each hydrogen or an
or gani & radi caI aving Rrom1 to 40 carbon atorrB or
two radica : dnd R30 toget hepSV\/l
connect i ng nmonocy@lic or poly I c RiNng
syst N @p Subst jgt - \
to 8% and tige gies ar®® as
formula (I11). A catalyst systemfor the gol yIeri

of ol efins which conprises at |east onek rganorré%t allic
transition metal conpound according to any of clainms 1

to 3 and at | east one cocatal yst which is able to

conv&'t t heisengagriveraditdl havirgriamsi ti40caret alomspnpound

into a species which displays polynerization activity
toward at | east one olefin. The catal yst system

accofdi ng t & "WAPRR:7 which further conprises a

support.9. A process for preparing polyolefins by

pol ygeri zal ko digarkABak FRFgRH OB 4feabn LERS! ONE

olefin in the presence of l'east one catal yst system
according to claim7 or 8. 10 The process according

to cR&im 9, mMyenrogemoranlwdaeioeaducmpmavtmgadorrm tb@getithen ateint kr R” and
further a- g%bmﬁr wdhﬁhé"ac‘tgr% @o%n@étﬁ% 'tH'é{n fl)l]ﬂ mﬁoéﬁlﬁ; o?f)olycycllc

a |igand system accor ai s
preparing aﬁ”%ﬁ@éﬁb‘ﬁ‘%ﬁww ip turn be substituted,

A’ is

28 31

R¥ RN\
m— Si/
:\ _\ _/ AN

(CH) R (Ol

where R?®, R, R¥ and R*' are identical or different and are each hydrogen or
an organic radical having from 1 to 40 carbon atoms or two radicals R*®, R*
and R* together with the atoms connecting them form a monocyclic or poly-

cyclic ring system which may in turn be substituted, p is from 2 to 8, and

the other variables are as defined for the formula (II).

7. A catalyst system for the polymerization of olefins which comprises at least one or-

ganometallic transition metal compound according to any of claims 1 to 3 and at least one
cocatalyst which is able to convert the organometallic transition metal compound into a

species which displays polymerization activity toward at least one olefin.

8. The catalyst system according to claim 7 which further comprises a support.
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transition nmetal conpound. 12. A process for preparing

an organonetallic transition netal conpound, which
woanpriisss reacting a |igand system accordi ng POTARYN06/005947

claims 4 to 6 or a bisanion ptlepared there fromwith a

transition netal conpound. 13. A polyol efin obtainable

by the process according to claim9 or 10.

9.

10.

11.

12,

13.

A process for preparing polyolefins by polymerization or copolymerization of at least one
olefin in the presence of at least one catalyst system according to claim 7 or 8.

The process according to claim 9, wherein ethylene, optionally together with further o-
olefins, is used as olefin.

The use of a ligand system according to any of claims 4 to 6 for preparing an or-
ganometallic transition metal compound.

A process for preparing an organometallic transition metal compound, which comprises
reacting a ligand system according to any of claims 4 to 6 or a bisanion prepared there-

from with a transition metal compound.

A polyolefin obtainable by the process according to claim 9 or 10.



