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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,
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and at least one 6f the three molecule fragments Z', 72 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 In 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 organometaliic transition metal compounds.
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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 intensi\iely in universities and in

industry over the past 15 years.
40 '



the objective of preparing tailored polyolefins has been pursued intensively
in universities and in industry over the past 15 years. 40 WD 20051118654
PCTI EP200%0 054948654 2 The et hyl ene- based pol yol ef i ns pr epcw/ERRoby008®REANS Of

met al | ocene catal yst systens now repre2 sent a dynamically grow ng market
segnent. Variation of the substitution pattern on the |igand systens of

net al | ocenes changes the steric 5 conditions around the active site and

also its ﬁre%%lﬁﬁ?ba\seﬁip{)lg&eﬂhg%BagﬁrjedL f’n%aw Hrela‘lodeﬁ 9&??& Q%s?em{ arrpl e to.

i nfl uence the neriz avior cat uent and
ul ti mat el P @’Bam'ﬁﬁ%‘ gprdnsepanketsegrenthe pol ymer s, for exanpl e conononer
content, degree of branching, chain Iength or nolar nmass and consequently

h f th
L e T A S L S
whi ch 3usrandiyene gienging setiye site areaaep ity nectmng:atrmpdh thisway, & issiossioe, feret al

conpound adpia t6 Pfanaé rh%tpo@memnameharr&hf as, catarpst%bhamaﬁ%anéumaata&%@ag Lew s
acid or al so be used ﬁéigorte formin rder to

c
ol e BRRT (5e GEP SRS, LA RRE COPOTOTS” SUUARSBP O BH N | o
Chemi st r yerg80gr ok 9@ps arltl doosehGentig éwamachyssopizt rhaterisn probertiebod thebé palynsery.| -
i ndenyl and bi sfluorenyl netall ocenes having w al kenyl radicals, which can
be use (gmajls het er oge- neous catal yst systens as a result of the phenorrenon of

sel f - BFhP|P2'&T‘Pfd¥ﬁ“°fwf)°l§ﬁ'7$4'7‘9’3@0%@% P’ihlde%e Hietcaialyshyplee whishaisyay 698s whi ch
can advarpne@mbreaét;onbergusmbtérmtraamwaﬁetar26mpcrtg.d landY® peday:st Confponghit eyearRe . havi ng

a reduc edancaﬁﬂ{rr?&aﬁ%f a g{rt%/q%tL%lle agfdtoy an rohrc x\@'ﬁpolﬂﬂd 9&?’ a?s%t Jseé\ﬁesu ored frm Ve ntion

to find new organofet can 8 used as
cat al yst %Qﬂﬁ@@?'déﬁ@@'t@f"“ét&t“amS'?@tfea%?étems for the poI ynerization of
et hyl ene. The ponetherne prepared by neans of them should have a high

I t,ri bhut h
o oct S Py geRat Bl B B LR gl e SR S RE o0
economi csndenhendrlasfbrbtepwereedlocqmebmwrtgumlk@medIdaleeyheasgn hepused As helerogee and

have a hisgh cﬁféﬁ;‘st"éy&%m‘s Bs eré&%ﬁ oftRe %eﬂbrﬂér?oﬁ ofifdhobiizaal.s and catal yst
residues in the finished pol yner. have accordingly found the

organonetal lic transition nmetal conpounds of the formula (I) rmen- 30 tioned
at the ouwweet/479B9 descrigeciateraeynlitmetaiocenesiphich caneivantagebasly be wsied fir prepargat i vel y

che 98, PR OIS At ol BbeysBel Schiiniy o S0 1

particul ar I eny nates directly to M and
bears at |east one fused-on saturated or unsaturated C2-C30 ring system
cont ai ni nigvastanlobjestiof the peysenthidiestiondd it ne®loRhetethili©marishion grétamnip@mfdssti ng of

the el engnt - c§%bé'§ed %batglRﬁt e riygr’ﬁs t%talygbﬁyﬁegs ?‘?3’:9[\;')01yn4gn%£ on Afsetl?ﬁe% in

particul ar I cu ef-
: The polyethy!ene prepared by means of them should have a high molar mass a narrow molecu ar

25  weight distribution and a defined chain structure depending on the molecular weight. In addition,
for reasons of economics, the metallocenes to be found should be easy to synthesize and have a
high activity in order to minimize catalyst costs and catalyst residues in the finished polymer.

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

30 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 cohtaining at least

35 one heteroatom selected from the group consisting of the elements B, Al, Ga, In, Si, Ge, Sn, O, S,
Se, Te, N, P, As and 8b, in partrcular 0, 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 aiso bear radicals which are not con-
stituents of the ring. Examples of such radicals are organic radicals having from 1 to 40 carbon

40 ' atoms, e.g. a cyclic, branched or unbranched C4-Cao-, preferably C4-Cip-alkyl radical, a C2-Cyo-,
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35 where
| M' is silicon, germanium or tin, preferably silicon or germanium, particularly preferably Siiicon, and

R® R®and R® are identical or different and are each a hydrogen atom, a halogen atom, a tri-
40  methylsilyl group, a C1~Cye—, preferably C4-Cs-alkyl group, a C,—Cyo-fluoroalkyl group, @ Ce—Co—



'Re, Ro and R are identical or different and are each a hydrogen atom. a
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to 22, preferably from 6 to 10, carbon atoms in the ary) 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.

30 The radicals R? and R® are each C4-Cyo-, preferably C4-Cy-alkyl, Cs-C1s-, preferably Ce-Cqo-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.

t he

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

35 Theindexmis 0, 1 or 2, with m+2 usually corresponding to the oxidation number oko, andm 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
40 - which contains at least one olefinic C=C double bond and has from 2 to 40 carbon atoms. This




Very particular preference is given to X being chlorine or nethyl. I 35 The
index mis O, 1 or 2, with mt2 usually corresponding to the oxidation nunber
of M and woResusseasly preferably 2 in the case of the epemepi@wsodsogr oup 4
of the Periodic Table of the Elenents. %Wen Mis chromum mis preferably
O or 1, in particular 0. At |east one of the three nolecule fragnents Z1, Z2
and A bears a nonoval ent organic radical 40 which contains at |east one

olefinic oubebndadhasfomZt ar t ons. . Thi

005! 1166 8A s SO G BTeAHE fohahd B 1o 1 B R o B P Spda e ¢ om
groups 14, Elergents] Bxaralpsiof siesh & radicaderei adidiear oT atshehedfCotChe, prElemiy - $o-@eampl es of
such a radb&@él aeef £,8, dréf@n%@!’y cgrc1 RSR&HI @&cmrc@ra%%ﬁwova@%mwmakenyl

di |, Cl
C3- C40- al ST P IR R R rebly S PRIORRSE- al S0

contai ® oria:temrfrorrmmnbemeeel@aemm‘ thepgrefperoadisting hé&e@e),a‘i e e SHinlpaditdar Fir om

anong t he 0 ' fy i i
parti cul arr\?éﬁmq‘f’\lr%xg-ép‘Ie 4% _(a;r20 ﬂ!}%egﬁpiﬁ%l&&@@i@ enyI d&z %ﬁapor?{}? (JI‘S(JadI cal, a
Cz- C20- al Ia¥sBYgMisRERdEal  or a C2- C20- al kenyl ami de radical . Preferred

exanpl es q—’rrefam&rbxémdlbgaﬂ suclra@icals kel allyl33-butére Myl 5YibxenSt-N exedienl+-y| 3-

]7_ ?;T ?Sl élcﬁe?l}?x?ns fI: ] ?%helél r‘\]ylsWA)ete@ ﬁ%llyi%}ng# OQY)ST%'thP/Vi)(f E%Yopfantenyl but—1~

4- ( 3- big eWIMBﬁ@iﬁhwdﬂgetthde)ﬁmw 5 h%emé%n@m@t%yl -7~ m*wbwlﬁ(ﬁbé@mé)ﬁyﬂdsz lyl,
6-(3-bute I3)aqsé$<éd1er%1 ¥J<5-héeeﬁynmé@mbwdnocfénmewenyI )phenyl and

4-(7-octe ef erence anonet al BC transbtlo net al

conpoundsr%@*)ewa%ec¥ﬂhes%raf°mame«sﬁ@? Gort et oo R P rbed gt TR st o
conpound cugppoinstelic rérsitibo meial eompdouddeonprises. thdfo@wal R RL "~ 20 A a MXm
(') R RAORRS R5 25 where 30 Mis an elenent of group 3, 4, 5 or 6 of
t he Pe%odi c Table of the El enent an el e-

20 (H
25
where
30 M s 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-
35 cals X also being able to be joined to one another to form a divalent radical,
m is0,1o0r2,
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ment of the lanthanides, the radicals X are identical or different and are
each an organic or inorganic radical, with two radi- 35 cals X al so being
abl e t o WO 2005/m18654 0 one another to form a dival ent ragcqatp0i®oes4?, 1 or 2,
40 WD 2005/ 118654 PCTI EP2005/ 005947 & CT's is a divalent group 57 R7T HE
or E\ R8 ,x ~.~. 10 Rl is hydrogen or an organic radical having froml to
40 carbon atonms, RZ is hydrogen or an organic radical having from1l to 40

carbon atonms, F 15 or R and RZ tpg&ther forma divalent group 20 C- Ta
which is 256 Rar / R12 1313 E or Eg- 11 Rlo R11 Rla R14 30 RO is
f FOM

hydrogen or an organi c radical havi 1 to 40 carbon atons, 35 Ra is
hydr ogen or an organi c radical havi ngrl froml to 40 carbon atons, or R3 and
R4 together forma dival ent group 40 918654 PCT/ EP2005/ 005947 7 **
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10
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,
15

or

R' and R? together form a divalent group

which is
25 *E * *x * ** *
g 12 \ / ;
R R
‘é\__%. R's’éx]/E or E\)\R "
R0 1! m 4 L '
30
R® is hydrogen or an organic radical having from 1 to 40 carbon atoms,
35 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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* 5 whichis RI8 RI9 R20 R20 10 RRre R" E f } or RI9 Rts 15 RS is hydrogen
or an organic radical having from1l to 40 carbon atons, R6 is hydrogen or
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zz R7, R8 are identical or different and are each hydrogen or an organic
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atons connecting themforma 35 m)no L or polycyclic ring system which
may in turn be substituted, R9, R10, R12 are identical or different
and are each hydrogen or an organic radi Q having from1 to 40 carbon
atons or two adjacent radicals RO, R10, or Rig to- gether with the atons

connecting them forma nonocyclic or polycyclic ring system 40 which may in
turn be substituted, WO 2005/118654 8 PCT/EP2005/005947 R 3, R 4 are
identical or different and are each hydrogen or an organic radical having
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hydrogen or an organic radical F having from1 to 40 carbon atonms or two
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them forma m)nocyﬁislc or] pol ycycllc g syBtem WhICh na |n turn be
subst i t'lt ed, \S——{(/

15 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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30
R2 23 B2 e
R, R® are identical or different and are each hydrogen or an organlc radical having from 1
to 40 carbon atoms or R’ and R® together with the atoms connecting them form a

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

R%, RY, 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
40 which may in turn be substituted,



10 R19, R20 are identical or different and are each hydrogen or an organic
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structural el enemsﬁigt \/\/eegéﬁptﬁaB¥I eﬁ-f\l{"\a %?ﬁp%ﬁpg{r/% é(;%oug’ ?t t'c%fj’enyi | i gands 25
and ndy conprise, in addition to the atomor the two atons which is/are
bognd Fh R REL LVRV?nE R? eIréNaelﬁiéQ;oP ulﬁ&bﬁgn@mle@m@myeﬁ BYAn érbmd”n%cau 1(‘1 u ][ ]E her t
radi cal s as substituents e.di val en ar e ifferen
and are each BR2T'H| %ﬂoégﬁﬁr on ?tﬂ'ﬁﬁ‘?”w%l ?‘?&?ﬁ”ﬁd'cﬂ‘gﬁ@ gbRSF?('R27)2, 0,
S, Se, Te, NR27, gmwﬁhﬂr@mnmonmﬁhemm@ mmcyca@lorqmlysyd@mwgaays!ennden tical

or d| fferent andwﬁ;aemg)aﬁhurhﬁgglg)cg;gtgtegr an organi c radical having from1 to 40
F bon atons, and 35 at |east one of the radicals R7 to R27 i ncluding

the radicals of the bridging structural elenment A is a nonoval ent
ol ef i ni c&", BPunsarkideati@tioraliftpeant and aelbachlnydragdnny af o@ani2 radcali@viog frbart at ons. |

M1s an el ement Qfi,Qb@UR2Bms%r R® aﬂ? RO eth%hﬁltlf)ﬁé %Bﬁ\%%oqr%%n ¥ fohfa E! €nent s

or an el enent of the Iantﬁanl des anium zirconi um haf ni um
vanadi um ni obi ufPNecHiE 8T RANCYSIR f'@@ﬁxﬁtﬁn me Mgy D tuyspe ubstisutethCT/ EP2005/ 005947

9 nol ybdenum or tungsten, preferably titanium zirconium hafnium

partigul 1I 2pr eLar ya o es al | referably
zi rcofr;fluu%rz hee rgd §§F aféi'&erﬂlc?lg)lr &FA n@qe%aweyrd?oﬁgn or£1 ?r anICbr d19| denti cal ,
and are each an tavgariion oie 4pserbemaipes Oﬁwﬁa@ﬁ@@t radigpls R° tﬁo ﬁ‘aéf‘%atos X al so

being able to begétlﬁérﬂﬁiﬁ'tﬁe@t&rﬁ@coﬁﬁ&tuﬁ'@tﬁem FdPm RiaHdrio6yeli@sr, pokcychic Myl s9gem,  for
exanpl e fluorine, chlori ne. nhn%% i odi ne, preferably chlorine, hydrogen, -
C1- C20-, preferam?'m@im&[ 3??@1 'u C20-, preferably C2-C4-al kenyl,

C6- C22-, preferably C6-Clo-aryl, an al kyl aryl or ary- lalkyl group havi ng

]‘: rom 2—;)9 t RZ1R%E pr gk edeattaYorfdi fféi’@ng-aﬁochré’feach GPdrbsh RLR BRyahiB rddiel RlkY froRart and
rom
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 a bridging structural element between the twb substituted cyclopentadieny! ligands
25 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¥, AR, GaR?, InR%, Si(R¥),, Ge(R¥),,
30 ~ 8n(R¥),, O, S, Se, Te, NR¥, PRZ, 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

35 atleast 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,
40 \




to 22, preferably from6 to 10, carbon atons in the aryl part, -OR d or -NR
dRe, preferably -OR, 10 with two radicals X also being able to be joined to
one anot hwozqwefsasabl y two radicals -ORd which are eadrCT/EPeopssossoul ar, a
substituted or unsubstituted 1,1'-bl-2-phenoxide radical. Two radi- cals X
can also forma substituted or unsubstituted diene ligand, in particular a
1,3-diene ligand. The radicals Rd and RB are each Cl1-Cl0-, preferably

Cl- CA- al kyl, begg?ﬁértungg{eﬁfﬁéf@gl)% hgﬁluﬁlgrcéﬁlé% haf 11\5%51?{{&(!%@ ﬁ%fr\é a@l&iih‘clou

fl uor oal kyl or oar each havin to roml to 4,
carbon 15 ”&‘t”bﬁ%dW%ﬁ“"i%@“é?ﬁ%ﬁf"a'b’aﬁ’?feréh’éiZ‘f‘?°6'|‘1'1"“6 to 22, preferabl y fromé to 10,
carbon atons in the aryl part. Very particular preference Is given to X

bei ng chl Orrherpgc{l ﬂ?@%kt&aTQ%lfﬂeFeQﬁgre@ré@y ﬁﬁntlg:al dJnd?a’re &c&gngrq%nfé%}'jﬂ# ¥m

correspondi ng I'on nu
i n t he cadedies, vithdwetadiveln K lsgbeige aklp tubedeingdhie opepnrdn varmtéarc% ISthﬁ@gen

El ement s. for@amemu&/lnbschehﬁ@mddme Bing, u@éf%apambﬁheohﬁfog%n ¢ rczpa;srbfefeauiyar 0.

The radical R1 r.a ni.c .r adi 40 carbon
o R b et Bt e ARG e et BB b b ek e 8B- 2
pr ef er abl yalkyl gGBp aamfronaﬂiodal prefaradly fromd-to 4psagtopraddmhsin tHe2all@bpaat doe ﬁyrln 6

radi cal , d . pr oR/k4d to,
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car bon art an

car bon 1@ d’% e, ratdl‘fé's &ao bﬁéﬂ @BSFO be J@ﬁeéﬁ Oonf éf‘%*?“da‘?’ﬁ ﬁgﬁbW&W? 5?&!%‘3 Wit h
preferred widtheroeadabnip pbriculay, AsubStjtuted andhsystiutedpal-bi-2phemoxi@e adldalsrwo resianpl es
of parti Cuéa%'}& %an%rsl%fft?rlﬁ ﬁ&bgtﬁlﬂef&luﬁs%mﬁ{e_ﬁ afayd &98 Mn gém&{y a1 Secﬁ ihe hgarﬂ{ propyl,

i sopropyl, open
nhexyl . cyerredkelgR” and Raistapen cncmpgﬁferaq@eﬁzé-alkvz ARG S
furyl, rretdmllahhllawwwl anstodned Mlufamwl each Rayiay front Utoarn, pretekably, froat 1iypl4, eetbbn

ilstegr 2 car%ms in I{eeanév?géﬁza%d fﬁ% %f%r%glg) Hgljé 6%8 16) g%@h 3tof-n%ca'\ tﬁ%agh&neggo]; rom

unbr anchedfempmlarpfﬁ%ﬁr@?wﬂwn@lxQBDNWWGPEGP*@HI ‘a 02 C20-, preferably
C2- CB-al kenyl radical, an arylalkyl radical havi ng froml to 10 preferably

from1l to 4, . carbo m3|n | kK m6t ferably

from s to 1 mElran Sodmuts i (el e ifine B o tfilbealthe gy B e 1y

pref err ed usaslypedferabtp 2 avthe tasd obihe rlements laf/drounet bithe Periogicdjphle of the Bjsmentspy | |

n-but ybe  IyRaH Mhis chfanRbth Yrh is ﬂ}efg'%%bor N-ipgdHicilar ocycl opentyl, n-hexyl,

cycl ohexyl, n-heptyl, n-octyl enzyl and 2- phenyl ethyl, In particular

hydr ogen, nethyl, et hyI and isopropyl. R2 Is especially preferably

hydr ogen, %@ rMa?BOE/h&drB@"dﬁébr RCIgERE BABAINRESE fom 100 Fhearbaditaad. RRB praferby dr ogen

or an org | p bl y
atﬂy gcycfkd bFa"f\Ehela%Y Hﬁlﬂarfcﬁ% 1020 : 81%% d&y (91%@25 aﬁﬂ)ﬂ)gﬁm?ler af)on E@?e%sb?\/al

hydr ogen, . a cyc ranc
radi cal , aCxSeatigny! radigy, ap apvialiyiradical @W%ﬂ fraghi fo 1@&@?@5@]"“’ fea hioy IC%IPR@/‘F"O’P&d iC aI
havi ng 26 1 Ofthk dilg! bt anp freferta kR, yordféranty frorh @ té 10, carbon atoms in the aryl part or a C4-Cy-

heteroaromatic radical, with preferred heteroatoms being N, O, S and P, in particular O and S.

2

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, benzyi, 2-
phenylethyl, thienyl, furyl, methylthienyl and methylfuryl, in particular methyl, ethyl and isopropyl.
30
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 C-Cx-, preferably C4-Cg-alkyl radical, a Co-Cao,
preferably C,-Cg-alkenyl radical, an arylalkyl radical having from 1 to 10, preferably from 1 to 4,
carbon atoms in the alky! part and from 6 to 22, preferably from 6 to 10, carbon atoms in the aryi
35 part, Examples of particularly preferred radicals R? are hydrogen, methyl, ethyl, n-propyi, 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.

40



carbon atons in the alkyl part and from6 to 22, preferably from6 to 10,
carbon atons in the aryl 5 part or a C4-C3-heteroaromatic radical, with

pref erredvOasnttasons being N, 0, S and P, in particu- s@ERoesndssd; Exanpl es
of particularly preferred radicals R3 "8re hydrogen, nethyl, ethyl, n-propyl,
I sopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl,

n- hexyl, cyclohexyl, n-heptyl, n- octyl, benzyl, 2 phenyl et hyl , thienyl,

furyl, 5@%81651 rg}’ié,gﬁ@ U%Wésaﬁwﬁ %Jncal ﬁé?/lngﬁfoﬁql an%grli QXJHS Rﬁtiﬂijaferaandf o1

|sopropyl an or an ¢ radical

to 40 caiblyé’lmdrawn%cvm br@c@d@rémbaancm Hroly @fgf?fﬁbwapm@acﬂlhy{:fad'bﬁlaen@d‘@d or
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and S. Exan% 9 'p_% g RIHP |r | cal s 1V1§5@ met hyl ,
el N G LE AT A e M L A AT
cycl opentogtyl banzﬁéb(MenyletywltbthWryl methgthiegyl andmettiyifuryl, it paritqular nizthghethyll et hyl ,
t hi enyl a;‘,dJ,g?( rop met hyl t hi enyl and nmethyl furyl, in particular nmethyl, ethyl
and | sopropy 5 The radicals R3 and R4 can al so together forma
di val eént group T8 J 25 which is Rg RI9 R20 R0 Rld R17 EJ 30 EOr~ R s

x* | Rt 3 Thdteical®iisctaidrogbn braantvyghhio ggicabiiavig fromJIaB 40 cirbeh siams. Rdve prgfefar om 1 t o

40 carbo r dr C d or

unbr anc h@éﬂ@%éiﬁgycw b%r ngﬁe@ °?“'8§5‘&§4 dyﬁ:f@' %Paba'l % a&@%%‘ﬂg' %n&r@l’ érably
C2- Ca-al R@fﬁy@b'w%e&i‘?enyld?ﬂ'%* W atylelky radiesl BavinaHeew hig 10r @ﬁfﬁtabb'(ﬁ'omol todr ef erabl y
from 1 tgafen at6As RA: AkyPPat drid foRes 8 bkK Hrefdrably fra @ t 1®BuBok Btordd in the &ier abl y

[ om B St G O el SE e P ogbminglia oo SHAEH SR £,
and S. BleafpingS. Bfanyiastof partiutarly preferbe radisals RA diecratrogd®s metty!, Blr wprepyl, met hy!l |
ethyl, nisBEBPY In-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-

octyl, benzyl, 2-phenylethyl, thienyl, furyl, methylthienyl and methyifuryl, in particular methyl, ethyl

and isopropyl.

.20
The radicals R® and R* can also together form a divalent group

( T3
25

which is

18 ‘
. ¥ R R
R 17 E
g R — \ .

The radical R® is hydrogen or an organic radical having from 1 to 40 carbon atoms. R%is prefera- |
35 bly hydrogen,‘ a cyclic, branched or unbranched C;-Cxo-, preferably C+-Cg-alkyl radical, a Co-Cyp~,

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 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-propyl,
40 Isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-



40 isopropyl, n-butyl, 1-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl,

n- hexyl , n- heptyl, n WO 2005/ 118654 PCT/ EP20 5047 11 octyl
benzyl, 2- pﬁenyfl)ﬂﬁhyl t hi enyI furyl, gethylthienyl andgﬁ@%ﬁfﬂ(’?/ﬁ??iﬁ in
particul ar methyl, ethyl and Isopropyl. The radical R6 is hydrogen or an
organi c radi cal having froml to 40 carbon atons. R6 is prefera- 5 bly
hydrogen, a cyclic, branched or unbranched Cl-C20-, preferably Cl1-C8-al kyl
radi cal , acoB2-b@2Bh 2-phenvistier, diidnyl, DR, G8stialitkiemy and raethyfaty), iraparéouial ekkyll ethydi cal
havi ng frth@xgg Ji0, preferably from1l to 4, carbon atoms in the alkyl part
and from6 to 22, preferably from6 to 10, carbon atoms in the aryl part or
a C4-Ce-heteroaromatic radical, with preferred heteroatons being N, 0, S and
P, in partTreuadidahR® i hgdrodgeS.or Ep(arrgpmxe&dmél Haeing fraraltde g cabef #orme K° (satéferal s R6

grgupglch“og&wdrqam'm@té}?mche@omn%mhﬁd%o dzsop%rg,ax‘gcr H@v@dm & éc{' |

octyl, ber&'?fﬁra y Cpﬁerﬁw@%l cha' @W"é'ﬁ‘jﬂ" raoth@H}ﬂang frﬁ'tnhwﬂﬁ-l %ﬁynablaﬁqmﬁé@ ﬁ,y| furyl
in pa[1 tic ;&aﬁfonmyﬂl the @lidmyplart afd florh SQ@Qz)lpbélferaBN'lﬁorﬁ 8@ tRksb&PaBMe infke &an al SO
t oget her or m

ros e or e 55 OBt B0 Baicdu ettt rd o oin NU0. o Fpantry

hydr ogen ofr @and$.dxamples afcnact@wamuvefngecf fadinal$ R are hgdroganb methslt ey, repro?, and Re
t oget hao V%éﬂbﬁyhﬁ-b@&pﬂﬁjtﬁ%fﬁmtﬂbﬂﬂl HJBSrHH/If@EIHbe%tI inéycehéa{yl F?-Wab‘tyl m0 cyclic

Cyer & bramhbetl Polst e e s S end el bl G oLl * o

C2- C20-, pagfizmpebily C2- C8-al kenyl radical, an arylal kyl radi cal having fron1
1 to 10, pref- erably from1l to 4, carbon atons in the alkyl part and from6
to 22, preferably fso carbon 35 atons in the aryl part. Exanples
of partlcuT'?rrP‘iic%‘r a@?&ﬂa'}%{ﬁq@ﬁ?tgerlf?fma?r‘%"aff%lg%ﬂén met hyl , ethyl,

n- propyd, isopropyl, n-butyl, 1-butyl, s-butyl, t-butyl, n-pentyl,

cycl opentyl, n-hexyl, cyclohexyl, n- pt W, n-octyl, benzyl and

2- phenyl et hyl, in particul ar hydrogef, negﬁyl, et hyl and isopropyl, very
particularly preferably nmethyl. 40 The_radical R8 is preferably hydrogen or
an unsubstituted or al kyl-substituted C6-C40-aryl radical having from1l to
10, preferably from1l to 4, carbon atons in the alkyl part and from®6 to 22,
pr ef 20 which is

-, | 24 \ /
) ‘_é—%—ﬂq R%/g\/ B o E\%\Rx’
25 R* I R28 , R%

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-
30 cyclic ring system which may in turn be substituted.

R is preferably hydrogen or a cyclic, branched or unbranched C4-Czy-, preferably C4-Cyp-alkyl
radical, a Co-Cq-, preferably C,-Cg-alkeny! 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

35

particularly preferably methyl.

The radical R® is preferably hydrogen or an unsubstituted or alkyl-substituted C¢-C,p-aryl radical
having from 1 to 10, preferably from 1 to 4, carbon atoms in the alky! part and from 6 to 22, pref-

40



WO 2005/ 118654 PCT/ EP2005/ 005947 12 erably from6 to 10, carbon atons in
the aryl part, with the radicals also being able to be hal o- genated.
Exanpl es W 209681854 ed radi cal s Re are hydrogen, phenyl ,pCvimbydoosast ol yl,
4-tolyl, 2,3- dinethylphenyl, 2,4-dine®hyl phenyl, 2,5-dinethylphenyl,

2, 6-di net hyl phenyl, 3, 4-dl nmet hyl phenyl, 3, 5-di net hyl phenyl.,

3,5-di (tert-butyl)phenyl, 2,4, 6- trinethylphenyl 2,3,4-trimethyl phenyl, 5

1- ht hy) Ht y! ph |,
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ring system |c uted. Preference is o the
it cal s TR eURAIER PR SN A oo 4 G SR ARHET e 2o e St
hydr ogentutad ai usspbbliteed, by ranichiedursubstitvldah3-hetddidie- C2Qiy| grpupef er abl y -

Cl- C10-al kyl radi 15 cal, a CZ-CZO, preferably CZ-Ce-al kenyl radical, an

| kylarylo Qro aryl alkyl radical h f 1 to 10, preferably f
1o B ki e B R s e vl RimiaRe preract nahoosp ok nPRBIG (1 om 6

to 10, cexlvarhasihgfremiino #thearzonydionaortwo dojvemt radicatf RpRI’t RE uh@R1*Yogethef er r ed
{gglp(r:gl ;Yvﬁ?the B@oﬂtslc&tie @@Qhenﬁgo?m%rnfo Pé@gltc%qgg’l ciy tr ésyst&h %tch m%y Ptrtﬁrlﬂ)ﬁ!e
cycl ohewasﬂthtea glprenceys ek\f@ryto thqdﬁ@ﬁqh R R va wnd R eeg) baing, H\d?réﬁ“??“ﬂy 0
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hydr ogenn-hgg/, fhtéoheaxl.l refzEiptyl, ROBtyl plibnid] 2-taivl, S-toidiefrialt, 2 3-dimetiyipienyledd- and are
each ﬂoydauﬁﬂﬁﬂlp%nyﬁﬁ 5Q:r rﬁlétﬁwpfheﬁﬁqz' &atnethKA?NénWQs Efd%tﬂylﬁhgnﬁ% 52%%9[ dngirs or R13

and R14 toget er t ons conne

mforma . fmonocyclic or
pol ycycl Pedi eﬁd’“yi)glte@}‘h %Pgﬁnﬁwhﬁ@y 23+ Y‘&EWY'BEEWU%‘PPW‘W @d“ap%tﬂy'vﬂﬂech case
t hey pr edrehirgipp-isofropyhanyd, pktsit-btyipiehyiop-s-boigiphatyl, puyechexylphepgrahd gul ar

unsubst | &Mteﬁﬁ/ls ﬁxehﬁtb%ﬁiy?ﬁﬁ’zlph%nﬂétﬁyl nr?’Ba %H’Ry%g%?’.d@@@@tﬁﬁn ?sro {A%gr ;‘b' y

each hydro branc ranc era
Cl- C10- af "teét’cﬁaét&t’af‘ya"@f?‘la@iﬁydmgﬁt“eferabl y C2- C3-al kenyl radl caI an aryl
or alsylaryl or arylalkyl radical having from1 to 10, preferably froml to

4, car bo?hearta l@S h'n’ alh?ﬁ "aalre(kﬁ{ent%r tdxﬁ%}%nt ah{a gr@egglt% Jen B ijﬁ Qtltt! erII:JI om6 to
t

10, carbon a
~having from 1 to 40 carbon atoms or R™ and R together with atoms connectmg them form a
monocyclic or polycyclic ring system which may may in turn be substituted, in which case they
preferably form a substituted or uhsubstituted, in particular unsubstituted 1,3-butadiene-1,4-diyl
30  group. R"™ and R" are preferably each hydrogen or a cyclic, branched or unbranched C4-Ca-,
preferably C4-Cqp-alkyl radical, a C,-Cy-, preferably C»-Cg-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-buty,
35 n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl, phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3-
dimethylphenyl, 2,4-dimethylphenyl, 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-trimethytsilylphenyl, benzyi and 2-phenylethyl, In particular hydrogen,
40 methyl, ethyl, isopropyl and t-butyl, very particularly preferably hydrogen.




ferred radicals R13 and R14 are hydrogen, nethyl, ethyl, n-propyl,
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cyclohexyf ﬂ¥ ngﬁ tr;nethyIS|I phenyl benzyl and 2- phenylethyl in
parti cul ar 0 RTeayi arétdﬁwcal qr§6f6'reﬁtﬁﬂd 3ghepoh hydregen or ga piganic

parti cul arrb&canhaf@rfaia{ }/tdmdiaﬂgﬁatomlslor MO 22205 fbidekR'PET, EP%QQQI"’QQ@MV 13

e e o2 8oL lme i AR AR BPBLc o LS SLAR) DA 9 B 22"

hydr ogen or an or avin
adj acer rubstideds F%i@enqamglvmmfﬁrﬁ%ﬁ!qafﬁzﬁ . fgeRileand Rii eash bhigg. md@n@deraﬂméct i ng

t hem form@e@ﬁaﬂ&ym&d@e%r POJNE ¥&héred oF fbraniRdedn sﬁéfe%yycttcd; Hikl rdee 5 :
substi t ut ed and .R18 each

S L e g o0 Sl 3 e ok B ot ot e 7 agy?i"ﬁyhrad'ﬁaz AR

unbr anched! €10 G2 €ferablyfrefnelr taB| sartoh-a@bG-imthe plkyirpadiand Grarn 6 ta 2Z;2reB2Ebly fron 8f er abl y
CZ CB- al kete)fb craﬁbgh Qf?)tns I@fﬂe %Fyy ﬂ)arp Exﬂd@élﬁﬁyrhcu%y ﬁFeYc%gt%h if%({(cafﬁﬁ G248 RiTayng from

to 1 f'erab m1lt and from6
to 22, qgr e‘?ei‘“&ﬁ‘p@m?‘?rbmeg‘y' F@y‘»l’bpr%%r‘??@??pﬂt ’Bﬁ‘éty' irputyh &- bé.’%l”“pﬁéﬁy’t CVCI‘ER%H%I es of
parti cuI ard-yexpl efcleheat ninaplylc alostylRirenyl RLblyl, Blolyl adtblyl, @,3RIBetayiphehyidz, 0gen,

t hyl I I t |,
g§c| gpent %&th%&ﬁﬂg?y drme‘uﬁ@ﬁé lg. dirﬂﬁcp%';%%lwyl, 3‘“4 Qﬁ&ﬂylphér#?‘é ﬁYélm%tﬂyan]%ﬂ}%y
3-tolyl, 435 giftgnt-butyl FZB‘%N'I?@‘EWF}? &ﬁwnyl %341 tflmﬁﬁﬂ?wwpﬁéﬁmmy 2-naphthyl, phe-
;2), g g: rret hﬁéﬁmml‘p}ﬁéopr@y@h@yﬂ'@&é}#bmt Yy, p- ﬁbﬁylﬁldﬁ?ﬂ; by ddrerythenyl andhp-

en
2.3, 4 191 RO TN eRg o3 e th DR e T eeB o dna
p- i sopr opyltubheaylpartipularéyarefpigbly hyshiegepl , p- s- but yl phenyl, p-cycl ohexyl phenyl
and p 15 trinethylsilylphenyl benzyl or 2- phenylethyl, I n particular

hydr ogen, h thyl i SO dt- tyl er articularly
pref erably %‘i’(@&eﬁ %‘L% Eﬁ%%ﬁ‘gﬂ%ﬂﬁaﬂ%ﬁ ea?lbhypa%éﬁfpraﬁorgﬁmcd?%aér ent and
are each H}ﬁdmgg‘em 1do 4@marb<nrgaomsorrFa8amcH? togetemvgthftineoatorhs tandding thebdormag ons  or

R19 ando R3Qodoepst &%’olfé&cﬁs@rﬁ{%s@h%hm%ﬁm tFéquB?cﬁmmeé W\W\léh ca%ch'ég B@Fe)slée: ! f[ ﬁegr

pol ycyclic r stem ubst

prefera bI% ngB%ﬁ?ébSQU@tq ’t‘ﬁ‘ft“@ﬂ‘t%‘?d lTrP@H'B%‘?’i ”c”ﬁ?t@atu"ef’ﬂ BQI""?F“E’[‘E %-diyi group.
unsubst i t LR'@dnd R Arequiéfacibigreehlhydrodérydr agryaispbrandRad® oanmbrwemc:eCw pfetrabl y
each hydr ) an | ,

e 0. al l‘(‘&f& aﬁ%ﬁé’&één %Zczb&b &Q@%b& ‘d%%fk&%gib@%alc%kgﬁpqr alk@é@ F&Iauﬁl y

or al kyl arfﬁﬁ'c%ha‘éﬁgﬁoéfl' kia 10, P@fﬂ’r&?&lﬁoﬁh\/iioﬁgcqﬂm'rﬁt‘lm%'atmlkyﬂ)i’%\‘%\dé@ﬁsﬁ tp |23)m 1 to
4, carhen ;ﬁréf@ﬂaslyrfremtdtemldsbdonl@aﬁs e affyr;saaﬂ Bxdniblebf p&ﬁCLMr@fpﬂ#T@QHYaJda@m 6 to

10, car Borh Rl L MRt MRSk, B Shatly, RRLAL ERUR I SE
n- but yl, 1cyblg|pe)mtyl ns‘mebmgyplohqulpe-h@gm n-octyl, phenyl, 2-to|y| 3-tolyl, 4-tolyl, 2,3-
dimethylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl,
3,5~-dimethylpheny!, 3,5-di(tert-butyl)phenyl, 2,4,6-trimethylphenyl, 2,3,4-trimethyiphenyl, 1-
30  naphthyi, 2-naphthyl, phenanthryl, p-isopropyiphenyl, p-tert-butyiphenyl, p-s-butyiphenyl, p-
cyclohexylphenyl and p-trimethylsilylphenyl, benzyl or 2-phenylethyl, in particular 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
35 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-Cyp-, preferably C4-Cyg-alkyl radi-
cal, a Co-Cyo-, preferably C-Cg-alkenyl radical, an aryl or alkylary! or arylatky! radical having from
40 1+to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6



cycl opentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl, phenyl, 2-tolyl,
3-tolyl, 4-tolyl, 2,3- dinethyl phenyl, 2,4-dinethylphenyl,
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p-isopropyl phenyl, p-tert-butyl phenyl, p-s-butyl phenyl, p- cycl ohexyi phenyl
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30 Examples of A" are: _
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3, 5- D met hyl phenyl , 3, 5-di (tert-butyl)phenyl, 2,4,6-trinmethylphenyl,
2,3,4-trinethyl phenyl, 1- naphthyl, 2-naphthyl, phenanthryl,

p- i sopr opwohermhigesp-t ert - but yl phenyt, p-s-butyl phenyl, pergyedogewy? phenyl
and p-trinethylsilyl phenyl, benzyl or 23phenylethyl, in particular hydrogen,
me- thyl, ethyl, isopropyl and t-butyl, very particularly preferably
hydrogen. 25 A" is a bridging structural elenent between the two
substitituted cycl opentadienyl |igdnds and n®¢ caowprise, in addition to the
atomor the two atons which is/are|bound directly to the two substiti- tuted
cycl opent adi enyl |igands, furgher achals__ 1&_95 Ltuents. 30 Exanpl es of

A are: |Re Re Re Re Re Re -M- -M-M-, -M K Rbo RORb R b 35 Re
Re Re Re Re Re -C-C-C-, -C- C¢{C- , 40 Rb kb K. Ro Rb Rb WO
20051118654 PCTUEP2005/ 005947 15 R fa Ia IcCRE -ORML -ML - G Re RoR 5
-B(Ra) % -B(NR2Rb)-, -Al(Ra)-, -0-, -5-, -S(OQ-, -S(@)- -N(Ra) - O -,
-P(Ra)- or -P(O(Ra)- preferably 10 is RS Re Re M - -C C - Ro Lb Rb

0 ran enee ol St S SELERULD Soh! el é@ra%%as"’ﬁfb?&e.dem.ca|

or differeneferghld are each a hydrogen atom a halogen atom a tri 20
nmet hyl silyl 9roup, a Cl-Clo-, preferably Cl-C3-al kyl group, a

Cl-ClO-1 | uoroal kYl group,ra C6-C P, 18- fluoroargl graup, a C6-Cl0-aryl
group, C, - Clo-, preferaily Cl-C3-aI&oxy group,| a C71Cis al kyl aryl oxy

grggP, a CzZ-CGo-, prefsiger_Q%-C4lgLTEQXL grougf_g_p|-g49:arylalkyl group,
Ro Rb = Rb

15 where

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

. R%4R%andR°® are identical or different and are each a hydrogen atom, a halogen atom, a tri-

20 methylsilyl group, a C1—C1o—~, preferably C,-Cs-alkyl group, a C—C4o—fluoroalkyl group, a Cg~C1o—
fluoroaryl group, a Ce—C,o—aryl group, a C1—C¢—, preferably C1;C3-alkoxy group, a Cy~Cys-
alkylaryloxy group, a Co—Cyo—, preferably C,-C4-alkenyl group, a C,—Cyo-arylalkyl group, a Co—
C40—arylalkenyl group or a C;~Cyg—alkylaryl group or two adjacent radicals together with the atoms
connecting them form a saturated or unsaturated ring having from 4 fo 15 carbon afoms. |

25 A'is particularly preferably a substituted silylene group or a substituted ethylene group, in particu-

lar a substituted ethylene group.

The divalent groups E are identical or different, in particular identical, and are each BRY, AIRZ,
GaR?, InR?, Si(R™),, Ge(R*),, Sn(R¥),, O, S, Se, Te, NR”, PR¥, AsR¥ or SbR?, in particular
30 0, S or NR”, where the radicals R* are identical or different and are each hydrogen or an or-
ganic radical having from 1 to 40 carbon atoms, in pa'rticular C,-Cyp-, preferably Ci-4-alkyl, Co-Cag-
, preferably C,-C,-alkenyl, Cg-Coo-, preferably Cg-Cyg-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
25 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 olefinically unsaturated organic radical having from 2 to 40 carbon
atoms, in particular an e-alkeny radical, where an o-alkenyl radical is a radical bearing a terminal

vinyl group CH,=CH-.
40



C4o0- aryl al kenyl grbup or a C7-C40-al kylaryl group or two adjacent radicals
together with the atons connecting themforma saturated or unsaturated
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25  Theterm "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-
30  cyclic or polycyclic, substituted or unsubstituted hydrbcarbon 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-

peraziny!, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl and the like, and
35 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 C;-Cig-alkyl, C;-C4g-alkoxy, C,-Cq-alkenyl or C3-Cys-alkylalkenyl groups. Preferred ex-
40  amples of substituted and unsubstituted aryl radicals are, in particular, phenyl, 4-methylphenyl, 4-




met hoxy (H3C-O) and hydroxymet hyl (HOC(H2)-). 20 The term "al kyl" as used
in the present text enconpasses linear or singly or nultiply branched

sat ur at ed wgdomgagdsons whi ch may al so be cyclic. Preferepegrpsoghyes to a
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isobutyl i sopentyl, isohexyl sec-butyl or tert-butyl. 25 The term
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4-isopropyl phenyl, 4-tert-butyl phenyl, 4-net hoxyphenyl , naphthyl

9-ant htyl, 9-phenanthryl, 3, 5- dlnethylphenyl 3, 5-di-tert- butylphenyl or
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t hi eny%‘j,fJl E@E’%‘ra(}‘?{hylé@erngzgIpéllﬂl,%/r%) %@%WW 8@&3&% yl, thiazolyl, pyrimdinyl,
pyrazinyl and the |ike, and also nethyl-, ethyl-, propyl-, isopropyl and

tert - but ylpagifst dréfbieReb 6l 8iérV@-orghRarhbtiRStrangRbeMbial cBRfolRIsB! thafarmakky)l " as
used in the present text refers to aryl-containing substituents whose aryl

radi cal is bound via an alkyl chain to the renmai nder of the nol ecul e.
Pr ef err ed irewliglpl es are ben zyl, substituted benzyl, phenethyl, substituted

phenet byl and the |ike.
'

is a divalent group
30

PoX

35 i %

40



15 The expressions fluoroal kyl and fluoroaryl nean that at |east one

hydr ogen atom preferably a plurality of hydrogen atons up to all hydrogen
atons, oWOpwsMEEPECti ve substituent  have been repl acadTmr2bdsuesdne at ons.
Exanpl es of fluorine-containing substituents which are preferred ac- cording
to the invention are trifluoronethyl, 2,2,2-trifluoroethyl,

pent af | uor ophenyl, 4 20 trifl uoronethyl phenyl, 4-perfluoro-tert-butyiphenyl
and the like. Particular preference ig?given to organonetallic transition
nmet al compounds of the formula (11) Iln which 25 . Tl1~ is a divalent group
30 R7 R RB Hor Sti 35tx L n~ x »Q WDL2005/ 118654 PCT/ EP2005/ 005947 18
RBRA **0O 5 R6 RS is a nolecule @ nt 10 RR1 R1I5 R22 OR16 23 17 R24
RI3 R 15 Rf 19 Rzl R R2 20 R22 9. 76 R26 S

5 R®

is a molecule fragment

10
15
20
25

M is an element of group 4 of the Periodic Table of the Elements,
30

m is 2,

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

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

40



20 R23 Rea 24 19 R24 RR Rzs Rls 1 or
Mis an el enment of group 4 of the Periodic Table of the El enents,

R1 is an

hydr ogen,

2005/ 118
havi ng f
connecti

turn be s

ovgamisaised4li cal having from 1l to 40 carbon at onperepRoEdes0s7
R7 is an organic radical havimg from1l to 40 carbon atons,
654 PCT/ EP2005/ 005947 19 Re is hydrogen or an organic radical

roml to 40 carbon atons or R and RS together wth the atons

n S'Es'[]le'[nuz g%hydgog%}?g? %lg%‘qﬁg‘éjcﬁgi\yc%d If,t r n stem which may in

0S 25 Rzs Rra Rzs R2 S S Rzs Rils
30 mis2,

40 WO

foﬁ‘soiﬁ iR e RoB,

R29, R30 and R31 degsthedwith ihe atonsrconietfrgrtiesmt foand rmnee;em:dsr polycyctigrény sgsteran or -
gani ¢ radi cal hawmﬂ:hfnq%g_,rggb&,gstm@on atonms or two radicals R28, R29 and

R30 to-

15 gether with the atons connecting them forma nonocyclic or

pol ycyclic ring system which may in turn be substituted, pis from2 to 8,

and t hé otAier varii@abl es are as defined for the fornula (II).

el ement of group 4 of the Periodic Table of the Elenents, preferably

zirconiu
an organ
cyclic,
C2- C20-,

from1 60 10, preferably fr

15

20

25

30

35

40

20 Mis an

m or haf ni um partlc bear,l y @referably 2|rcogkun1 The radical Rl is

i ¢ radi cal having fro 40 carbon atons l s preferably a

branched or un ched prefFekably Cl566-al kyl radical, a

preferably Cz- §ﬁ$$ radlcal aNCiy) ¥ kyl radical having
carbon atons in the

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 (11).

M is an element of group 4 of the Periodic Table of the Elements, preferably zirconium or hafrium

particularly preferably zirconium.

The radical R' is an organic radical having from 1 to 40 carbon atoms. R’ is preferably a cyclic,
branched or unbranched C-Cy;-, preferably C4-Cg-alkyi radical, a C,-Cxo-, preferably Co-Cs-

A

alkenyl radical, an arylalkyl radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the

alky! part and from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part or a C4-Cs-
heteroaromatic radical, with preferred heteroatoms being N, 0, Sand P, in particuiar O and S.
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, cyclohexyi, n-heptyl, n-octyl, benzyl, 2-

phenyiethyl, thienyl, furyl, methylthienyl and methylfuryl, in particular methyi, ethyl and isopropyl.

R’ is an organic radical having from 1 to 40 carbon atoms, in particular a cyclic, branched or un-

branched C4-Cyy~, preferably C4-Cyg-alkyl radical, a Co-Cyg-, 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 patticularly 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 methyi,
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 Cg-Cyg-aryl radical having from 1 to 10, pref-



al kyl part and from6 to 22, preferably from6 to 10, carbon atons in the
aryl part or a C4-C8- heteroaromatic radical, with preferred heteroatons
bei ng N, WO 28541865, in particular 0 and S. Exanpl es afcperiisases y
preferred radicals Rl are hydrogen, méhyl, ethyl, n-propyl, isopropyl, n-
butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl,

cycl ohexyl, n-heptyl, n-octyl, benzyl, 2 30 phenylethyl, thienyl, fury!,
net hyl t h'e?a'B ltrofNcko Q%%fawn'}él i tHerélkWHaFt aﬁ&'*r@rﬁ 6@@&%% efer%lyh’%m ahd, §é?9c5no pyl .

R7 is an organlc radi cal havi ng , I'n particular a
cyclic, BIRIRIMEE 20t p%w't%tP%F?@WQH a@?l b@'&)ab'e Brbéfhépam%eﬁx%lmﬁsaﬂf Rer"P‘édl cal, a
C2- C20- , rquicafser® aldl hydiGgerCBRanlyk 2401y, 3-tagh, 4-&adlyl, 28 dimathylbidnily b, 4rcﬁ1ﬁhtIWhedi1,&!,Vl ng from

1 to 10, ,pr f I r [ a and from#6
to 22, prordnehiet 2 eBerhachy, SRR, 4 CuldhyBrottl s8Rl Tl (L0
part i gul aviyiphend 23456 Figetwigherytl 2 S4rtemetyitieaylrpappthy!, étnamthyi mhgraoww! p-

i sopr opy lisoprapyiHelyi, p- tlertibuﬁymhenyr;: plWuipheriyt, l@'-bS/Mbhexﬂpmglta‘r‘nH p-tnrﬁétﬁ;hénfa&mnyll

n- hexyl, cycl ohexyl, n-heptyl, n-octyl, benzyl and phenyl et hy

partlcular nethyl et hyl and |sopropyl very particularly preferably

met hyl . Theradigelp RhancH wfschﬁggﬁﬂwgmm be a@msgprgmtmg thexlinexblst forn agnanpeym 1 to 40

carbon a’il@&ﬁ)olybﬁ,hm{g Fefer4tly fasl b QQRRURE oPihsUBsHURSE !nt daﬁléﬁlﬁrdmgﬁbstl-

al kyl g%%;%é¥ %E@ C% %ﬁ %zl radi cal having from1l 10, pref WO
2005/%&8 PepstRsH-fhYe 20 erably from1 to 4, carbon atons in the
al kyl part and from6 to 22, preferably from6 to 10, carbon atons in the
aryl partyigwith the radicals also being able to be hal ogenated. Exanpl es of
preferred radicals R8 are hydrogen, phenyl 2-tolyl, 3-tolyl, 4-tolyl,

2, 3-di net hyl phenyl , 2,4-di22% yl phenyl, 5 dlnethy;phenyl

2, 6-di met hyl phenyl , 3, 4-di Ranyl 3 5- dlnethj1R nyl, 3,5-di(tert 5
butyl%phenyl 2,4, 6 tringet hyl phenyl, 2,3, i met hyl @itenyl, 1-naphthyl,

2- napht hyl , phenanthry \p- i SQRro Iphenyl CpqLL;ﬁutylphenyl
p-s-butylphenyl p- cyclohé%yﬁ and p- trlnetﬁ?IS|IyIphenyI The
radicals R 7 and R8 which together with the atons connecting them may al so
forma nonocyc- lic or polycyclic ring systempreferably forma substituted

or unsub%érbw%dzg RH aﬁkﬁR@Iaeeuhamcalesm&&dtana&ebu&mdrogeﬁomt@ganﬁn@maa Rg leél0

g oD ol gt ) oo Arp oty s ek B A e g R
radi cal RFORRawd RY, if panticulartRs® ar@l R¥0bdH aed a??stpgq:umwsh tisl ajoras cOtneCtinal kyl or

Co- C10- a'fl'%étn an"Mjé Fh@llmocyé?if: oF MYl EBdtuted R BnsuBsttfle @it I738m, paliddidriscul ar R 28
and R 29 together with the atons connectlng them forma

nDnocycIF$$$P“58py%?@ ®, substituted or unsubstituted ring system in
parti cul RF B and R* are preferably each hydrogen, C;-C4-alkyl or Cs-Cyq-aryl, in particular hydrogen.

R* is preferably a C-C,-alkyl or Cs-Cg-aryl radical, in particular methyl or phenyl.
p is from 2 to 8, in particular from 2 to 6.

25

llustrative examples of the novel organmetaliic transition metal 60mpounds of the formula (1) or
(1) which do not, however, restrict the scope of the invention are:

30 ,
8-n’-[2-(3-methylcyclopentafb]benzothienylidene)]-7-1 *-(9-fluorenylidene)-1-octenezirconium

dichloride

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

8-n5-[6-(5-methy!cyclopenta[b]thienylidene)]-7-n5-(9-fluorenylidene)-1 -octenezirconium
dichioride

8-1°-[6-(2,5-dimethylcyciopenta[bjthienylid ene))-7-n°-(9-fluorenylidene)-1-octenezirconium
dichloride

8-n°-[6-(2,4,5-trimethylcyclopentalbjthienylidene)] -7-n°~(9-fluorenylidene)-1-octenezirconium

35

40 dichloride




cycl ohexane ring system R28, R2B and RO0 are preferably each hydrogen,
Cl-C4-al kyl or Ce-ClO0-aryl, in particular hydrogen. 25 R31 is preferably a
Cl- CA- al ko e005@e6€L0- aryl radical, in particular nethylpor/epiesylsesP i S
from2 to 8, in particular from2 to 6.2M Il ustrative exanples of the novel
organnetallic transition netal conpounds of the formula (I) or (I1) which
do not, however, restrict the scope of the invention are: 30

8-r15- [2 63 E’&{z@’j’ g-Y ﬁfﬁp&%ﬁo%%%‘? n@i‘o% X)H Qg )ﬂJJoany c}eneg ?—octerye%r rr%l | dene) -

1- oct enezir e
7-11 5-[ 2- @BDpgdeny | cycl opent a[ b] benzot hi enyl i dene) ] -8-r15-(9-fl uorenylidene)-

1- oct eneZ|851¢1P63(3Lﬂﬁenﬂ12®dhﬁéthﬂ@jcl359nta[b]thlenyhdene) -7-n°-(9-fluorenylidene)-1-
8-r15-[6- 5 met %‘H‘!"ﬁ& Ig@renta[b]thl enyl i dene)i 7-r15-(9-f1 uorenyl i dene) - 1- oct
enezi r coni ﬁﬁ? 4t '?

8-r15- P6 e’ ﬂﬁ wrummwwmeotp@hmla[ybqemhn ehyHPdaereidghel-1-o¢i@nddramiusny | i dene) - 1-
octenezi r gRAL di chI oride

537rr1 ? 5[ ?9 2’5 % éﬁ"g%[blh@gg'w@% ; -Eﬂgdw?frem'dm%%rhar?r@éfr%u@oos/ 118654

PCT/ EP2005106|65®47 21 8 , g

5-[6-(2, 3, ﬁistﬁhre W%tdﬂa‘é)n&xﬁéﬁ%&ﬁ ]Netnrqlsdgné/)i5qeL§Q’)ulareggtdene) -1-

-7r15(9f octenezircohium™ dic

8-,,5-1%- 8’59[5‘%4?9'{"“@ dighigfidiet hyl cycl opent a[ b] t hi enyl i dene) ]

- 7- 1| 5- ( 98h{’y® (anythjiclenpgndbltreayitesy]-7-abr 2ethyittleadbitienSlidene)-1-
8-r15-[6- %)?teheszqgg LR%SM rld%pent a[ b] thi enyl i dene)]

-7-n5-(9- OFenyl 1 dene) ~1I- oct enezi r coni um, di chl ori de
6-r 15- ( 6- @5 (it P&[\l@]bﬂthiefeahfs}ﬂﬂeﬂéne)[‘} (2metpgindanoftitbisndigelldene) - 1- hex
enezir CO”'oU@hezﬂb&Nn@Bnblﬂ&ud@ r15-[6-(3-phenyl -
ﬁ eglerr;rEZI P qvﬁi%o%{il %\% 3JFt o er%ﬂbf’chlenyfaae]ne]‘-_’7-71)i IE’4 éyclopen'flacfdzgl?axenan% %ene] 1-
8- X) 5- [ 6- (cElemarirbgriuny dicldpisiat a[ b] t hi enyl i dene)]-7-r15-[4-(2-net hyl i ndeno[ b] t hi
gn¥_ll ISng 6])21«]516.2_? @8&%;&&! -Q%Q{:}r%lmé%{:@&n%wﬂ%nyhdene]z-n [-1 ZPI ‘})h l[%1 (2-met hyl i nden
o[ b] t hi en '?Céf‘é'ﬂ%ef‘}albi uob%‘ty 5’?’%@"2}? %ﬁ'f‘%ﬂ&m Jéﬁ%?? de 1
8- r 1 5- [ 6- (821°86- (- (rentitydnyy-Sinatieivyeipiehtaftltbiepyidetedie) ] -(Q—ﬂuc)rsmﬂlderreyM opent a[ det ] ph
enant hsgy | IO%H&]I‘CJHIU(N dichloride
7-1°-(11-benzo[b]flucrenylidene)-8-n ~[6-(2 5-dimethylcyclopentajbjthienylidene)}-1-
octenezirconium dichloride
7-n -[6—(2,5-dlmethylcyclopenta[b]thieny!idene)]-7-n5—(9—ﬂuoreny|idene)—1-octenezi(conium
dichloride
25 -n -(9 -ﬂuorenylldene)-z-n -[6-(2-(hex-6-enyl)-5-methylcyclopenta[blthienylidene)]-
propaneztrcomum dichloride
8-n° -[6-(2, 5-d|methylcyclopenta[b]thlenylldene)]-7-n -[9-(3,6- dl-tert-butyl)ﬂuorenylldene] -1-
oclenezirconium dichloride
1-n -[6—(5—methy|cyclopenta[b]thienylidene)]-2~n5-[9-(2,7-di(oct-7-enyl)ﬂuorenylidene)]
30 ethanezirconium dichloride.

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

35 8-1]5-[2-(3-methylcyclopenta[b]benZothienylidene]-?-ns-(Q-ﬂuorenyIidene)—1-Octenezirconium di-

chloride

40



oct enezi rconi um di chl ori de
1-r15-[6-(4-(hept-6-enyl)-2,5-di nethyl cycl openta[b]thienylidene)]-2-ri5-[1-(
2- et hyl -WO 2005/1a865¢| opent a[ b] f | uor enyl i dene] et hanezi r coreyRPHHOS/I5047 de

8- 715-[ 5- (2- (hept - 6- enyl ) - 5- net hyl cycl 8pent a[ b] t hi enyl i dene)] - 7- x15- (9-f | uor
enylidene)-1- 20 octenezirconiumdichloride 7-115-(11-benzo[ b]fl uorenyl

i dene)-8-r15-[6-(2,5-di net hyl cycl openta[b]thienylidene)]-1- octenezirconium
di chl oride 7-g5-[6-(2,5-di methylcycl opentafbl{hienylidene)]-7-

15- (9-fl uorenylidene)-1-octenezirconium di

yl i dene)]- propanezirconiumdichloride 1§
8-115-[6-(2,5-di met hyl cycl openta[ b]thi enyne)] -7-1 -[9-(3;
(D4

6-di-tert-butyi)fluorenylidene]-1- octene oni um di chl ori de
1-r15-36- (5- met hyl cycl opent a[ b] t hi enyl i dengyf4.2-r15-[9- (2, 7- di (oct - 7- enyl
)fluoren)lidene)] 30 ethanezirconiumdi chilori de._ The naming of the
abovenenti oned conpounds according to tihe igwe ;j'%fﬁ'zvvi |1 be illustrated with
the aid of the conpound 35
8-1)5-[2-(3-net hyl cycl opent afrb] De p gehe] - 7- 715- (9-fl uorenyl i dene) - 1
-octenezirconiumdi- chloride 40 WO 2005/’54 PCT/ EP2005/ 005947 22 7
4020, 4oZr Cl]2 10 and the conpound 8-11
_[6- (5%met hyl cycl opent a[ b] t hi enyl i dene)] $
dene)]-1- 15 octenezirconiumdichloride 2™
and the compound

1s 3 bC6 0,4 20

8-n5-[6-(5-methylcyclopenta[b]thienylidene)]-7-n5-[4-(2-methylindeno[b]thienylidene)]-1 -
15 octenezirconium dichloride '

20
25
The novel organometallic transition metal compounds of the formuila (1) or (I) when used in the
homopolymerization of ethylene give a polyethylene having a high molar mass and a defined
30 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 (lf) can be prepared by
methods as described in Journal of Organometallic Chemistry 580, (1999), 1 to 16, and in WO
-3 01147930,
In the majority of cases, the organometallic transition metal compounds of the formula Nor ()
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
40

individual isomers. Of course, it is also possible to use an individual isomer of the novel or-

S-[4-(2-net hyl i ndeno[ b] t hienyli -



s ;Zrdz 5 __ 7\ s 25 The novel organonetallic transition netal conpounds
of the formula (1) or (I1) when used in the honopol ynerization of ethylene
gi ve a polwerduphiesses havi ng a hi gh nol ar nmass and a def i ned/EBfdosb@bdy
structure depending on the nol ecul ar we2yjjht. The pol yet hyl enes al so have
narrow nol ar rmass distributions. The novel organonetallic transition netal
conpounds of the fornmula (I) or (II) can be prepared by net hods as

described in J anomet 16, and

"ovo 55 preglgng fon M RaRRR s ot e BIRTR T 4l iy abbretad srecBbEhsi £ on

met al conpoditgsubdequdnt pdlgnerization(prgcess. P(efdrgnce g giveplie asingttie Ewmet mixturessh- of

I SOMErS, |lizifed rﬁﬁwe@%ﬁiﬁééfseo‘f trﬁfnodél%?g%ﬁérﬁé%ﬁiﬁcr tBandif6H RétalBotdpfiRR oPthe 'Fd?r%l@'(l?

soners, whi CH can |rect y for preparing a cat aTyst w t hout further

separ at i orf" ('R{5 PR Gi‘?"r"éliﬂ(??dual i somers. Of course, it is also possible to

use an5i ndi vi dual isomer of the novel or WD 2005/ 118654 PCTI EP2005/ 005947

23 ganonet@Lk I la (1) or (11) in the

preparati oT%leo v‘ér&ﬂ:ﬁ%ﬂtﬁiﬂiﬂr%e@%ﬁh% saugsesgggﬁth%gﬁ?%@rr ation process.

Preference is given to using the isonmer m xture ob- tained in the synthesis

of the novel organonetal lic transajtd'etzfeyal @pnpounds of the formula (1)

or (Il') for preparing the catalyst. 5 The invention further provides a

brldged Ilwg‘and systemof the fornula (111 A'(Z -H(z2-H (111) 10 where n
eledt T ABNdie pariaples And’ IR Za pe agsletinediferder omula e formula (1). :

Preference is given to a ligand systemof the fornmula (I1V) TL R2 R (i~) R3

20 Ry

I%reference is given to a ligand system of the formula (IV)

T
15 Y <
2
k% R
1
(V)

20
25

or its double bond isomers,

where the variables T', R, R?, R®, R*, R®, R® and A' are as defined for the formula (If).
30 : .

The double bond isomers of the compound of the formuia (IV) result 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 (IV) or its double bond isomers
35

in which

40



25 or its double bond isoners, where the variables T, R, R2, R3, R R5 R6
and A are as defined for the fornula (11). 30 The doubl e bond i soners of

t he conpewmoniissdae fornmula (1V) result froma fornmal sebirfdpaekobdgy doubl e
bonds in the two five-nmenbered rings. 2Particul ar preference is given to a

| i gand system of the formula (1V) or its double bond isonmers 35 in which
40 WD 2005/ 118654 PCT/ EP2005/ 005947 24 is a divalent group 57 R7 H S or
SRt 10 *n x RBR4 15 ~ Re RS is-aumnlecule fragnent 20 R21 Res Rzz R's
23 77 RR24 Re R 26R2119R21R2€\t§ Rzo Rzz\ /| Szo 30 R R23 R24
Rza R24 Res ' o %

is a divalent group

10 ' #

15

is a molecule fragment |
20

25

- 30

35

40



35 40 WO 2005/ 118654 25 PCT/ EP2005/005947 Res R19 1 Ot or S ( R2S 8211 Rzs

Pea 5 S < 4R 1san organic radical having fro 0 carbon
at ons, 10%!!{@{%?‘:?033 %ya?ogen, R7 is an orgapgc radical havi %&T&g%ﬂ%f“%“m

carbon atons, R8 is hydrogen or an organic radical having from1l to 40
carbon atonms or R and R8 15 together with the atons connecting themforma
nmonocyclic or polycyclic ring system which may in turn be substituted, A
is RR3 R29 R31 20 (95"2)'3 R30 (CH2) F;vihere R2B, R29, R30 and R31 are
identical or diffeRert and are eadRh " hydrogen or an or- 25 ganic radical
having from1 to 40 carbop QuE_Or two radicalg_Re8,.R2 anhd R30 to- gether
with the atons connec ji'ng ' m a nBhocycli/c o ycyglic ring system
whi ch may in turnz2be bstitth 3 é;s fr%;as S er vari abl es
are assdefined for the Pormula $11). " 30 The suby

itutiof pattern of the
| igand systens of the formulae (111) and (IV) is @giticaéqgto the parti cu-
| ar pol ynmeri zation properties of the organonetal[ic transition netal

conmpounds containing these ilgand systens. 35 The novel bridged |igand

systens of_sthe formula (111). gr (l [o e_prepared by nethods known from
the literature or 58 %f%ér%crriaé'g% h?ﬁn%c’én g??p@rclaﬁ}@ﬂla%msnet al part. In their

preparation, the bridged |igand systens of the forrmula (l111) or (I1V) can,
dependiithg @n t he ishyafdgeRg materials used, be obtained as mxtures of
isomers, i.e. as a mixture of enantioners, a 40 m xture of diastereoners
and/or a m xture of regiolsoners, which can be used directly for prepar WO
2005/ 118654 26 PCT 4ER264d 126ic4 4dving from t teetomaganatoetsal | i ¢ transition netal
conmpounds of the invention without further separation into

R® is hydrogen or an organic radical having from 1 to 40 carbon atoms or R’ and R®
15 - together with the atoms connecting them form a monocyclic or polycyclic ring system
which may in turn be substituted,

A is

8 28

| R R‘“\ y
20 :-\ a —/Si\

CH) R CHals

where R%, R®, R¥ and R are identical or different and are each hydrogen or an or-

o5 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 formuia (Ii).
30
~ The substitution pattern of the ligand systems of the formulae ({il) and (IV) is criticaf to the particu-
lar polymerization properties of the organometallic transition metal compounds containing these
ligand systems.

35 The novel bridged ligand systems of the formula (Ill) 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 (lil) or (IV) can, depending on the
starting materials used, be obtained as mixtures of isomers, i.e. as a mixture of enantiomers, a
40 mixture of diastereomers and/or a mixture of regioisomers, which can be used directly for prepar-



the individual isonmers. OF course, it is also possible to use an individual

i somer of the novel organonetallic transition 5 nmetal conpounds of the
formul a (WP 2895/11B¢3¢ i n t he preparation of a catal yst andctrimemsbeoeguent po-
| ymeri zati on process. Preference is gi¥®n to using the mixture of isoners
obtained in the synthe- sis for preparing the catalyst. The invention
further provides for the use of a Ilgand systemof the fornmula (111) or (1V)

for prepapg thel,grglaﬁ@nét‘élllc‘lfagﬁmr]:ﬁété\|cl)r'n$01fn5§5ﬁl'\é lh%tléﬁlmouﬁgmpgébgratlgﬁ Fn{ cerably

for preparin gn organonetal l1c tran- sition net conpound of an el enment of
group 4 ofePRMAYASPHET: Table of the Elenents, in particu- |ar zirconium
The present invention therefore also provides a process for preparing an

or ganonet gl dyi,ge ?tr@ﬂéd gdsQBre to1-|§s 'iv:o%Ql’Hr?%;é’ngth&‘ﬂ%v%rbrgmekaﬁfé?raﬁs%ﬁt g a

| i gand. system o formul a
t her efY orMERItCAMBOUWESfdhe form! Oél' Mh?)@fﬁ?ﬁiat'%ﬁ&%t?'yﬂ&”‘li ﬂ*@éh’éﬁe@g@i@m of the
formul a Ifriddribhtioniprdckad) Preserdrice stdiven GousgtheRRtued fisdbrel dbyaindaainbe efnttid- base

such as r%fﬁdﬁ'r%da'nﬂ@hb’%t?gg subse- quently reacted with a suitable transition
nmetal source zirconiumtetrachl ori de. How ever, as an

alternative, the uncharged | i gand system of the fornula (111) or (I1V) can be
react ed 2fheGivesoh fftnid 6r5hxdbs$&|tﬁeama Rf 5 ﬁg@ﬁ@ bﬁs’cé?rnofm%t @h@@mrﬁeavmrqﬁedaas

st ron%y basic |i R‘F{éﬁl q %% dtc ?V}Wdé é t reoni um The
novel or gXhBHETHTPEE ’3’?%'PE‘F8 PRENG BIFISS ”BFP%”H ap 8?9 R (1)
are, par tﬂlttQu Ireetal gonipound ¢fan pleaseimt groop 4 sithe RbiagicCiabitohihg Hementsi pipeyicact i ve
cat al yst |gehisdnidients for the polynerization, i.e. 25 honopol ynerization or
copol ynmeri zation, of olefins, in particular of a-olefins such as ethyl ene,

propene or butene. The novel organonetallic transition netal conpounds of
t he f or mifhe pfdsgntdnvertioh theredore alsaptovided @aprbgess fe preparig anengnbhetelit tanstiorcat al yst

systeqs ff taltggﬁpcflﬂmﬁﬂhﬁé%bhé@tréag?heg%gﬁar?oosystQﬁ’u'c¥ %rfbr?ﬂa' (ﬁlﬂoP( V[)%Fé‘bfukﬁﬂe- In

the case o (o} marlzatlon ce |I'S a&\‘/en O usli % ,
1- but ene, 'O’EPFHFE%E% e"afffd‘? Bith &ir%f@tt'éfh@e@kc%ﬁw% afly, adiganthys B’d%fhﬁlf‘gf@t”av\hi ch
t oget her (W) bin(I\t) Rirsli9 dedblyodep otnateki 3l inieans df amasd sueh asebaiylibmemdisdbsef t he

formul & (bnrodeleihl 1o ALMISELA SO0 1ASINS. SALALMSeBNBEMLD 201 © to

convert t
di spl ays Y8 ?ﬁ@?@'ﬁ?ﬁ\?t‘@nth%’ﬂmﬁrﬁ "Q@MYQ?“&P"th%@ﬂt‘“‘ﬂ'“)@ﬁébeFaéfbﬁrﬁeaCfPHe

cocat ab ySdirects, with 8 5 6itB1caraf SIBRL4TR SodtSwhicHEiR strethi KasR Sigaelt| firadxbmgle G&dapound.
ati n-active transition netal species is frequently a

The 35 pqu met!g)éamip zn{clgplgm .
cationic 'S tase, the cocatalyst is frequently also referred
to as cation-form ng conpound. The present invention therefore also provides

a cat al ysthes¥ed @r@hﬁdﬁ’(etéllf&@raﬂé?ﬁo\ﬁmtélé@fﬁbcﬁﬂd@éftt@f@rﬁﬂuﬁhs(l o@@lmfe' Sarit@iiafy m| east one

Z(r)ganomett é ;larlegence o} r;?njifatblle cocaqelysgs hlgﬁlme)lcttve cataifyst cgnsﬂ{uentrr%r?he po}ymenza(hon 1. eand at

25 homopolymerization or copolymerization, of olefins, in particular of a-olefins such as ethylene,
propene or butene. The novel organometallic transition metal compounds of the formula (1) or (If)
are particularly useful as constituents of catalyst systems for the homopolymerization and co-
polymerization of ethylene. In the case of copolymerization, preference is given to using propene,
1-butene, 1-hexene and/or 1-octene as comonomers. '

30 ’ '

The cocatalyst which together with the novel organometallic transition metal compound of the
formuta (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

35 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 (I} or (!} and at
40 '




WO 2005/ 118654 PCT/ EP2005/ 005947 27 | east one cocatal yst which is able to
convert the organonetallic transition netal conmpound into a species which
di spl ays podyemsnissati on activity toward at | east one ol ePCTVEPHOSHEDIE
cocatal ysts or cation-formng conpoundsZare, for exanple, conpounds such as
an alu- 5 mnoxane, a strong uncharged Lewis acid, an ionic conpound having
a Lew s- aci d cation or an ionic conmpound containing a Bronsted acid as

cation. § sl‘?Fﬁé‘&%at'a@st%}’cﬁ%éb% tH%ber@rt% ?éalﬁm'm@,t%fﬁ% triiioR ¥ e?a?cé}ﬁp%'hk{ Shtod " t he

case of ne O Bt compoun

t he cocat aSPegigs WW%@SF&?Yé PP'V'@QTGEFR”I%t'ﬁwwaf%@téﬁswet%ﬁﬁas conpounds capabl e of
formng netall ocenl umions. As al um noxanes, i s possi bl e to use, for
exanpl e, d articul usef
conpounds %"‘e%& ecr? cyﬁtss org%mﬁéor'%q‘? o rr}lgsna(]‘)r%aﬂrexg Prgofﬂ%?? i’ & ael',br al
formul & (V)Wln@f‘ané,\ﬂ strong uRBargad LEEMIUCN an ioRRZORYuUNd 7QViRB2 Lm&-aclwétlon@t ] | 25
R32 wher e jod@cdiRbuhdcantdidindeeBhdtdd acdlf £Hatior? P%ff@érﬂ:@lé’gs@enq@hgb@ arPAlurRih & |

group, and | is an integer from5 to 30, preferably from10'to 25. These

ol i goneric G198 PR he conmpounds are usually prepared by reacting a sol ution
of trialky- 35 lalumnumw th water. In general, the oligoneric alum noxane

conpounds I I near
and Cﬁél clgc egeiaﬁggrforhée}%lrﬁf}%% 0 Mlsg%S%SSg& Ié’ﬂg‘a'[f%mg" ﬁk?& ébrn?p%ur%f 1:htégge)&r’éegar ded

as a n. VeFh @ e APATHO XS B P RT AT PRANS aq@e'ew&fomi@%mta"?q@maum& ure with
other metal alkyls, preferably alum num al kyls. 40 WD 2005/ 118654

PCT/ EPZOOSAQQ&%’%Z g.ﬁ ith zrfogglﬁ% [EDlLsg fﬁ} %ah@leathé gorgﬁ)o%ﬁb?ée%crﬁb%d %\ﬁlo%%%éda d

al um noxanes 1n
Particularly useful compounds are open-cham or cyclic aluminoxane compounds of the general

formula (V) or (V)

15
R32
/AI Al }, R3z (V)
20 . R®: R32
Vi
o5 1 o—a-] W
| i !
R32
where
30 2 . .
R is a C1-Cy4-alkyl group, preferably a methyl or ethyl group, and | is an integer from 5 to
30, preferably from 10 o 25.
These oligomeric aluminoxane compounds are usually prepared by reacting a solution of triatky-
a5 Jaluminum 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 thatm is to
be regarded as a mean. The aluminoxane compounds can also be present in admixture with other
metal alkyls, preferably aluminum alkyls.

40



radi cal s or hydrogen atons have been repl aced by ai koxy, aryloxy, siloxy or
am de radicals in place of the alum noxane conpounds of the general formnula
(V) or (WQ200511854as been found to be advant ageous t o peIgrit@/daone!
organonetal lic transition nmetal conpowd®d of the formula (1) or (IlI) and the
al um noxane conpounds in such anmounts that the atomc ratio of al um num
fromthe al um noxane conpounds to the transition netal fromthe

2688“2mt@ﬁ%@a%{g@%‘S"Ph*s%i‘eatﬁ%éeaw%% e A R U

range fr d?ﬁ“@B of hygsogen@toms hege peenseniasag by amdiaargery. silow o aandedsdlchmef erence is

gi ven t o pregprHagemPbxanb @olsaansdf tfeqfeRdblordndld (V) ofilX X2X3 (VI1) 15 where M2
is an el enent of group 13 of the Periodic Table of the Elenents, in

particular B, A or Ga, preferably B, 20 X', X2 and X3 are each
i ndepénddiries 9eemff01¢mieto aﬂ@d\h&ﬂageduy @rtxsg&le no@l OQQGGrmwdyd tran@ﬁo@nﬁala:ombound

al kyl ar y'of th@'?dﬁln@lh Iﬂ?’bn llr‘ﬁxld% Mm&%né"égn%ﬁrYds 1@%.&“ a%ﬁﬁtggla{ th@ Eﬂgl:l'nc rg’tro]& car bon

at ons ’JF r%: @ d from®6 car tons In part or
f1uori ne '”EWIUH’ e a F'l'ﬂ??‘?ﬂ? CBF‘p?LtS'EI? Wéhe ?%5‘518%.'? 'E“P@bfroé? thﬁgrqa‘a'mfa"mptra@ﬁer ably
pent af | udivophiahgompolind i€ b tharahdeeronerantol 1080: dfpreférabin th thelRabar@edo: e s aci ds

are gi Ve%ob'i‘a%(ég %8/, Qr%)the éar%hlfr I3g:;1é00£[ﬁ)f1erence is given to conpounds of the

gener formu and X3 are identical, preferably
tris(pentafl uorophenyl)borane. 30 Strong uncharged Lewi s acids which are

sui t abl e A3streRe aloRbigsd Bevids adiddl préfarehed iI5given RRBMPLUNAS of tAé §enherdlfkmhdle (e
reaction products fromthe reaction of a boronic acid wth two equival ents
of a trialkylalumnumor the reagtion products fromthe reaction of a
trialkylal umnumwith two equi vaMX'&af’s of M acidic fluorinated, in

part| cuI ar perfluorinated, hydrocarbon conpound such as penta- £ uor ophenol
or ent afI uor ophenyl )bor| nic acid. 35 Suitable ionic conpounds havi ng
Levvl s aC| (9 Eations include salt-1Iike conmpounds of the cation of F the
general formula (VII1) ((ye )Q @...Qz]d+ (VIIl) 40 WD 2005/118654 29

PCT/ EP20@f/ 005947 V"t%ea{n%le\ﬁ]énﬁof%FbuSH@HﬁHé P&odRITaHIBSf the ERmEROh phligudrer | odi ¢
Tabl e of the El enent are singly negatively charged radicals

such as G -C26-al kyl | B @r ag’rﬁfP%y Bal kyl aryi ,

20 X' X%and X3 are each, independently of one another, hydrogen, C—C1g—alkyl, Ce~Cis~aryl,
alkylaryL arylalkyl, haloalkyl or haloaryl each having from 1 to 10 carbon atoms
in the alkyl part and from 6 to 20 carbon atoms in the aryl part or fluorine, chio-
rine, bromine or iodine, in particular haloaryl, preferably pentafluorophenyl.

25  Further ex‘amples of strong, uncharged Lewis acids are given in WO 00/31090.

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

30  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 perflubrina-ted, hydrocarbon compound such as penta-
fluorophenol! or bis(pentaftuorophenyl)borinic acid.

35
Suitable ionic compounds having Lewis-acid cations include salt-like compounds of the cation of

the general formula (VIil)

e’ (VI
40



izl

aryl al kyl , hal oal kyl, hal oaryl each having from®6 to 20 car bon atoms in the
aryl part and froml| to 28 carbon atons in the al kyl part,

C3- CTO- cyovoabdsylisestni ch may bear Cl Cto-al kyl groups aspgglebiesi6sd

hal ogen, G -C26-al koxy, Cb5-Ci 5-aryl oxy,2%ilyl or nercapt y? groups, I”io ais
an integer fromlto 6 and z is n integer fromO to 5, and 15 d corresponds
to the difference a - z, but dis greater than or equal to 1. Particularly
usef ul Levvlhs acid cations are carbonium cations, oxoniumcations and

sul foni um”€%tions and al'so cationic transition met al conpl exes. Particul ar
mention may be nmade of the triphenylnmethyl cation, the silver cation and
the 1,1 -di met hyl {QRGRAVES gl Ao 16T FHBEET 2k Mnﬁ@a'améﬁtsnoncoordl nating
counterions, In particular boron conpounds as are al so nentioned in WO
9110915821 preferably tetrakis(pentafluorophenyl)borate. Salts having
noncoofdi td @Y ariecinglyreoatakly chévgedrrdipals 2uh by Cearbiathiing.-&:bawypakywarylal uni num
compound, . g. - aN Rkl RSB, kdloary Miab iR 6o B TRBUA ol e GRIbREACT SO

as to link two or num at ons athird

conpound whi ch r eéﬁq @”Uvﬁ tt‘hzat Cf?éb%‘(ﬂt%'ﬁ i Weéfkéi'rﬁaﬁu%@@n%g’ﬁﬂiy’t“tﬁ"oh Sranbed!

ioni zing ionic cogpaipdikylgraups bs sybsttnatts; hhlogenmei-capakodyncad-iyiary, siva fourth

conpound which [i ] r with the boron or alum num conpound, e.g.
pent af | uor o- phenéf%'%gpﬁy'gr&égbe added. 30 lonic compounds contai ni ng

Brdnst¥H acids as cations preferably |ikew se have noncoordi nating
counterionrs. As Bisamshtegkra@eind,topahéii cul ar preference is given to protonated
amne or aniline de- rivatives. Preferred cations are N, N-di nethyl anilinium
N, N- di met hyl cycl ohexyl ammoni um and N, N- di net hyl benzyl anmoni um and al so
derivativas of thénintegenfromibto 538dPr ef erred ioni ¢ conpounds as cocatal ysts
or cation-formng corrpounds are, in parti cular, N, N dinethylanilinium

tetrak (pent af | uor ophen %@ Frg’t“ ¢l ohex niumtetra-

ki s( penf afl uorophéﬂ{ﬁp??f@}réé eﬁ”‘f@-?ﬂ‘ E&S@ Frﬁ‘ﬁﬁbﬁ%/ o 1.

tetraki s(pent af |l uorophenyl )borate. 40 WO 2005/ 1, 18654 PCT/ EP2005/ 005947 30
It is al S‘?’aHQ@%yQJSSfu l%lsté(&ﬂ &ElOMr@CJ?SH ne ag ésg)go)nh% &%oﬁsoén'aég!ﬁn% one

another as | n the dianl on \(V 2] 2-, the borate anion
can be boGAPY AR Asqrralienietrang P'h@‘e '%Ompieé%? Ba 'eﬂwmw'@h@pvewa@e #id he
sur f ace oftrighesyinaion tatipathé silver. caborFandtifeer,1'sdimbtaiifetocsngiadatdry They péferably

cati onyf Orhg%e%&ng&%rgdﬂﬂg éouﬁlfe?'o*é ﬁ\&%ﬂlcggr l}\é%n c%{n%%tgw Qas thée %H%ne(afm wd °ong.

unchar ged ew s- aC| I'ons
91/09882, preferably tetrakls(pentaﬂuorophenyl)borate

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

25  more boron or aluminum atoms, e.g. water, and a third compound which reacts with the boron or
aluminum compound to form an iqnizing jonic compound, e.g. triphenyichloromethane. In addition,
a fourth compound which likewise reacts with the boron or aluminum compound, e.g. pentafluoro-
phenol, can also be added.

30 lonic compounds containing Brénsted 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.

35  Preferred ionic compounds as cocatalysts or cation-forming compounds are, in particular, N,N-

dimethylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethylcyciohexylammonium tetra-
kis(pentafluorophenyl)borate or N,N-dimethylbenzylammonium tetrakis(pentafluorophenyi)borate.

40



i oni ¢ conmpounds containing Bronsted acids as cations is usually fromO0.1 to
20 equivalents, pref- erably from1l to 10 equival ents, based on the novel

or ganonmewal 10bg1mssansi ti on nmetal conpound of 10 the fopowrR2doshon7 (11).
Further suitable cocatalysts or catiomf ornm ng conpounds are boron-al um num
conpounds such as di[bis(pentafl uorophenyl boroxy)j nmet hyl al ane.

Bor on-al um num corrpOunds of this type are discl osed, for exarrpl e, in W

99/ 06414, 151533 osg Ble fo% tv?o cﬁ'?nopé) go%ét? & orgsfot8geradomed )t(o 0 reeaiuﬁar as Irll_-)P'lgfdlamon

abovenenti oned co or ca com erred m xtures
conpri se [(8#%%%&4331@&5)21? rorer horadesprien CP?Btbh)medWﬁ m@mwawam@lswtﬁble fuperi c
conpound tiodaNgB@s foititdduFbcefof 6 @URRHPEIEENT ai ni ng t he ‘

t etraki s(pent afl uorophenyl )borate anion, and/or a strong uncharged Lew s
acid, in particular tris(pentafluor ophenyl ) borane. 20 Bot-h the naovel

or ganérrefarlthereuﬂabfangqatalxstsoneatah-fqr:mwpoommbuoﬂs arb éistébin Vi 80/61990or (11) and the
cocata- |lysts or cation- form ng conpounds are preferably used in a solvent,
preferabég an aromati c dro- carbon having from6 to 20 carbon atons, in
parti cul aF° FYPPEHE'S r&'ﬂﬂ:l”'ﬂ Fi9er WIS aCiqs, i08ig GPIPQRTS having Lawistagidicalions of ur t her
conpri seioaicrenadunds cqntsinidy Rrbnstddeacigle ae tationd ie usadilgfrérh ¥)1, to 20/BquivaBB)st préR34) s
(R35)r (leé})lg%ﬁﬁetoh? g’(ﬁ\ra@ts} Bas {?{Plé?ikﬁl E’rpggﬁdmeié?ig: tr%hgﬁcln &al%@&h\&n% aI or a

nmet al
| ndi qu ofl et‘l’fﬁl“lal(l)ﬁ{("PSB i's hydr ogen Ct - Clo- al kyl , CG C S-aryl, al kyI ar yI or
aryl al kyl each having from1l to 10 35 carbon atons in the al kyI part and

from 6 ¢ Rufl GAHOR AR & LAl Lol SRA0RIC IR RLSHJRALER! O

di fferent and ogen,
- al kyl aryps dl&a*sweataﬂwor&\emélvqug}m@tbﬂﬁarreawﬁqammwmlcmoqrwS@éﬁhbéwe@r%ms in the

al kyl pagfsclostof &xamp, ih W@ eo/ganpon atoms in the aryl part, 40 WO
2005/ 418654 PCT/ EP2005/005947 31 r is an integer from1l to 3, and 5 s and

t are’integers fromO to 2, with the sumr+s+t corresponding to the val ence
of M3, irealee poksblertst use mbdurpoefiall thefabpvementioned cecaalygls dr satigsdietning camt
i denti cabodn@s. t#?&er‘?&ﬁﬁ&t@}e\é%@)mﬂfsetam%lnoﬁﬁ{eb QHpﬁrﬁéurﬂr %tr@%m&%e hid4s al so
possi bl eloh% cgr?lgourt?dxl;[l ggrgcsula?]; c\c{r%olu(r)\ %:onr{gnmg the ?e%kls@enstafﬁmropnenw)borate anion,

and/or a strong uncharged Lewis acid, in particular tris(pentafluorophenyl)borane.

20 ‘
Both the novel organometallic transition metal compound of the formula (1) or (iI) and the cocata-
lysts or cation-forming compounds are preferably used in a solvent, preferably an aromatic hydro-

carbon having from 6 to 20 carbon atoms, in particular xylenes and toluene.
25  |n addition, the catalyst can further comprise a metal compound of the general formula (IX),

M (R¥) (R*)s R®),  (IX)

where
30
M3 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 thaliium,
R is hydrogen, C,—Co—alkyl, Ce~C1s—aryl, alkylaryl or arylalkyl each having from 1 to 10
35 carbon atoms in the alkyi part and from 6 to 20 carbon atoms in the aryl part,

R* and R® are identical or different and are each hydrogen, halogen, C—C1g—alkyl, Ce—~Cis—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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formula (1X). 10 Anong the nmetal conpounds of the general fornula (1X),
preference is given to those in which M is lithium mnmagnesium or alum num
and 15 R3xVQpsmBGSare each Cl-Clo-al kyl Particul arly predBEP®IS/eBEHEI
conpounds of the formula (1X) are n-but$llithium n-butyl-n- octyl nagnesium
n- butyl - n- hept yl magnesi um | soprenyl al um num tri-n-hexylal um num tril sobu-
tylalum num triethylalumnumand trinethylal um numand m xtures thereof. 20

Wien a netal conp X rqrula (1 X) is used, it is preferably present
in the catal yst I(r?ly%ﬁlg Eer;f%%airr@t?ht that the nolar ratio of MB fromthe

formula (1X) to transition netal Mfromthe novel organonetallic transition
metal conpwynd of the formula (1) or (I1) is from800:1 to 1:1, in
particular from200:1 to 2:1. 25 Particular preference is given to a

catal yst system conprising at |east one novel organonetallic transition

met al - Conpondd of ardistepers rgmd) tp ) withrthg sum r+aHdouespoediag todrrevalspeaetdyst and,
in addition, a support. 30 To obtain such a supported catal yst system the
unsupported cat al syste an be reacted wth a s ort. | n principle,

t he order V%r%h? 5‘%{%‘1 ‘ﬁ°é‘¥p£ti?fg]%f§?% foRTiya @ﬁ&a‘fﬂﬂ#&“&pp?@c?lg‘gﬁgicf"faéeillysfr&tt‘? com
pound of tdaton-faweng Goorpornd Ittismscomssiblatoist nixtiges ofiviatiousdnéta compainds ofdhe The
or ganomet ghhlf (phhansi - tion netal conpound of the invention and the

cocat al %st can be i mmbilized i ndependently of one another or

simul t 4 eously. After the individual process steps, the solid can be washed
W th sui t -Anddngaie reetalrempowls vithe gerseat forrada €K), pleddrére G gih@drib$ecin which

hydr ocar bons. As supports, preference is given to using finely divided
supports whjch can be any organic or inorganic, inert solid. In particular,
t he supporM can be a ﬂ%ﬁ‘téﬁ@' 'BRANEHUB QERUAEUT SN, a sheet silicate, an

i norganic oxide or a finely divided pol yner powder (e.g. polyoiefin). 40 WO

2005/ 1186544 T/ EP ' 947 _ Suitable inorganic oxides may be found in
MRS R

groups , 5, 13, 6 of the Periodic Table of the El enents.
Exanpl es of oxides preferred as supports include silicon dioxide, alum- num

oxi de and rurRQlafy He@rreX md@bcdfpolitt ofing ARRMLIE (IXRhrGInLBtyIRhilR] flsod-&L | | con,
magnesi um OEX tita- ni umtang 'altso correspondi nioa(ﬂf QX dﬁ%m gt u%ﬁs., a p,er
i nor gani ¢ G [MRSLCSIT O O WL R BEP YT BEN S5 U BT EOR PV YR, TR APV MU, TrispRH-
abovenent i tgaladingmetriethyleidmixinding trimetyiuminuar and rhisiureg tengeif.e, MyO, Zr02, Ti Q2
or B203p A preferred m xed oxide is, for exanple, calcined hydrotalcite.
When a metal compound of the formula (IX) is used, it is preferabiy present in the catalyst in such
an amount that the mofar ratio of M* from the formuta (IX) to transition metal M from the novel
organometallic transition metal compound of the formula (1) or (I} is from 800:1 to 1:1, in particular
from 200:1 to 2:1.
25
Particular preference is given to a catalyst system comprising at ieast one novel organometallic
transition metal compound of the formula (1) or (Il) and at least one cocatalyét and, in addition, a

support.

30  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-

35 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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The support materials used preferably have a specific surface area in the
range from 10 to 1000 nR/g, a pore volune in the range fromO0.1 to 5 mM/g
and a nmedYD YWPHI86Fe size of from1l to 10 500 pm Pref ecavEraooswostsaven to
supports having a specific surface aréd in the range from50 to 500 n2/g, a
pore volune in the range fromO0.5 to 3.5 n/g and a nean particle size in
the range fromb5 to 350 pm Particular preference is given to supports
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tenperatures of from 200C to 1000C to produce the desired structure of the
solid and/or set the desired OH concentration on the surface. The support
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surfaces.SIZQQIf@ngl@m t00swmpport materials such as finely divided polyol efin
powdemss (e.g. pol yet hyl ene, polypro- pylene or poI ystyrene) can al so be used
and areng eferably |ikew se free sol vent resi dues or

ot her i 'P‘W%‘éc p%{bi?ﬂ?ﬁrsil%{?céedp}aPutﬁﬁr@gﬁrﬁﬁtﬁ‘%%a gdth‘?rPn‘QYe&B%?’%%du"t‘ﬁtF‘é bef or e
use. It S'uczh aaxirgng tpetrsertd Isggeheraliysarried ndttat ermpbriatuess iptheyange frooBE tos300%, 9.
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armoni unf roxy group one conponents can
be fix ed””qehreéuciﬁfd @feé?LF% an%%@a?r@éa'ﬁnkﬁfof P%giﬁ(éﬁa'?”é‘fqeﬁ opie inqegarig port ed
cat alpst paychemcaléihed # &stipetat@re 06t fioM2001 & DO Cdaprotimicahd desiréd simastuteioon met al
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33 The pr & awg"@/ﬁ%&?i ned in this way is then m xed with the dehydrated or
) :

passi vat agrs ‘
25 The morganic support material can also be chemically modified. For example, treatment of silica

ge!l with (NH,),SiFs leads to fluorination of the silica gel surface, or treatment of silica gels with
silanes containing nitrogen-, fluorine- or sulfur-containing groups leads to correspondingly modi-
fied silica gel surfaces. '

30  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 suppofts, e.g. supports based on polystyrenes, via
whose functional groups, for example ammonium or hydroxy gfoups, at least one of the catalyst

35 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 (i) is/are usually brought
into contact with at least one cocatalyst as activating or cation-forming compound in a suitable

40  solvent, to give a soluble or insoluble, preferably soluble, reaction product, an adduct.or a mixture.



material, the solvent is renoved and the resulting supported organonetallic
transition netal com pound catal yst systemis dried to ensure that all or
nost of two mos/veri4 i s renoved fromtheg{)ores 5 of the squpErwo3m@s®ri al. The
supported catalyst is obtained as a freeif|l ow ng powder. Exanples of the
industrial inplenentation of the above process are described in WO 96100243,
WO 98/40419 or WD 00/05277. A further preferred enbodi nent conprises
firstly applying the cocatal yst or the cation-formng 10 conpound to the
support conponent and subsequently bringing this supported cocatal yst or

cat i on- f or'fif REPPEGHPLMRINSd @'Sd"(%t‘satb?n WXF%WgM@e getydretsvear apssivated SERRST | on
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conponent P'fed Bor oh n ofpound,
2nd cofporéiie supportmesdesial. 'o'h%sqﬁn@ftﬂdrcg@tysbﬁ)ﬂ@@ums\mfﬁﬁ#‘m rawdéreBxampiss et aci di ¢

hydrogen akeitusé) iRipnehBINE He'abdle fré@ss arRRBsGBRPAM G 0B/D6342r Wi 98/40819
i norganic o b)&%%z port, and optionally, as 4th conponent, a base,

pref er abl y 'c nitrogen-containing base, for exanple an anine, an
aniline derivative or a nitrogen heterocycle. The boron or al um num

conpounds M%ﬁﬁler pFéfén%@ eFNb c!i?r%rﬂtcbuﬂﬂr i)‘%@ fnrsﬂeap? X@B%&&%&?&% %%ﬁﬁo%—f@rmepr ef- 25

'erably conmpounds ornu re the

radi cal% RS®PSE t? H‘éﬁt‘*?&?&lcmaPOfHP‘ra\“érsé‘Pﬁeq%‘Hy bringing s upperiesgeriariPogen,

Cl1- C20- al lkegtion-fartnitg2édbmpoardiatb kyitact Gtk BEGrgzhioatyllic EosBaomataytompound of the

C6- C20- hal,gapyd,, ©6- C20-aryl oxy, C7-CA0-arylal kyl, 35 C7-Coo-hal oaryl al kyl,
C7- C40- al kyI aryl, C7-CA40-haloalkylaryl, or R36 is an OSi R373 group, where

the radicals R97 are identical or different and are each hydrogen, hal ogen,

Cl- C20- al Iaulitablecaoc%@et syabathisitiare [ewisd Gherld K @dribindibnd @aivddydy, combining the
CG C201§1a -aryl oxy, C7-C40-arylal kyl, C7-C40-hal oaryl al kyl
al

I
Ijaf%w 9|°°m89/‘e o- hal oal kyl aryl, preferably hydrogen, Cl- 40 C8-al kyl
or C7 C20- aryl al kyl , and WO 2005/ 118654 PCTI EP2005/ 005947

1st component:  at least one defined boron or aluminum compound,
2nd component:  at least one uncharged compound which has at least one acidic
hydrogen atom,
20 3rd component:  at least one support, preferably an inorganic oxidic support, and optionally, as
4th component, a base, preferably an organic nitrogen-containing base, for
example an amine, an aniline derivative or a nitrogen heterocycle.

The boron or aluminum compounds used in the preparation of the supported cocatalysts are pref-
25  erably compounds of the formula (X)

30

where the radicals

R* are identical or different and are each hydrogen, halogen, C-Cap-alkyl, C4-Czo~
haloalkyl, Cy-Cyq-alkoxy, Cs~Cap-aryl, Cs-Cag-haloaryl, Cs~Cap-aryloxy, C;-Cyp-arylalkyl,
3% C7-Co-haloarylalkyl, C7-Cap-alkylaryl, C,-Cye-haloalkylaryl, or R* is an OSIRY;
group, where the radicals
R¥ are identical or different and are each hydrogen, halogen, C~Czg-alkyl, C4-Czs-
haloalkyl, C4-Co-alkoxy, Ce-Cap-aryl, Ce-Cag-haloaryl, Cg-Cap-aryloxy, C7-Cyp-arylalkyl,
C-Cao-haloarylalkyl, C;-Cyp-alkylaryl, C;-Cyo-haloalkylaryl, preferably hydrogen, Cq-

40 Cg-alkyl or C;-Cyp-arytalkyl, and



34 M4 is boron or alum num preferably alumnum Particularly preferred
conpounds_of the fornula (X) are trimethylalum num triethylal um num and
trilsobutP %8R 5 The uncharged inpounds whi ch h&E/EHRSDAEH one
aci di ¢ hydrogen atom and can react wt conpounds of the formula (X) are
preferably compounds of the fornulae (X), (XI1) or (XIlI), R36- D-H
(R38)3h B-(D-Hh HD R3g-D-H 10 (XI) (XI'I) (X111) where the radicals R38
are identht‘cal or ighdrdresreninirung p@fefabBanimifyslr ogen, hal ogen, a boron-free
organic group 15 having from1l to 40 carbon atons, e.g. Cl-C20-alkyl,
Cl- C20- hal oal kyl , C1-C10-al kox C6- C20-aryl, C6- C20-hal oaryl,

CB- C20- arRartisyrly rrgtererbeoaippyngs r@%//the formigia 6 laegl e tpyiallioinumcriethiabmiakiogndr v ;
C7- CAO- hafijesbigiélugfintin. an 51(R40) 3 group or a CH(Si R403)2 group, where R4D i's
a bor@n-free organic group having from1l to 40 carbon atons, e.g.

Cl- C20-al kyl, Ci1- C20-hal oal kyl, Ci-C10-al koxy, C5-C2o0-aryl,

CB- C20- hdlheanqblargeaiﬁormndﬁr\ymlmve ﬂleaen@ewud&rrwdmb«yatorﬁinmrbadt odr yl al ky,

Cr CA0- al keyihgdunbis offifs foftindIad) aR! p’féfér@ﬁl)y &omp%ﬂﬁds%i%e fﬁ'nﬁ.‘llag'(XI?l(ﬁlWor ga@ani ¢ group

having from 1l to 40 carbon atons,

C1- C20- hal oal kyl g,h ne, CB- C20-ar %l ene C6 C20 haI oaryl e%«g

C, - C40- aryl al kyl Eng, & 840- hdRBaryiBarkP-Bhe, CHEAU—A kyr R4 ene,

Cr C404¢hal oal kyl aryXene, D is an el éignt of group 16 ofxif)he Periodic Tabl e of
the El ements or an NR41 group, 25 where R41 is hydrogen or a

Cl1- C20- hydr ocar bon radi cal such as Cl1-C20-alkyl or & F C20-aryl, with D
pr ef er ablWretsdhavgdie§gen, and h islor2. Suitable conpounds of the formula
(XI') are water, alcohols, phenol derivatives, thiophenol deriva- 30 tives or

ani | i ne |vat|ves t h ted d in rticul rfluorinated
al cohol sqgnd pheft ‘ée'ﬁ”%?‘ bd' "8 ?r‘f:ﬁ? yﬁf%ﬁﬁga‘ﬂ%@ a%&’ﬁ Pog;ic group
parti¢sl arly useha\hng:fmmpd)mmawpealpmﬁlead QS0 kpb 1E1C0-haloalkyl, C1-Cyo-alkoxy,

1, 1- bi s(pent af | U@r é%@;%&éé?ﬂ'cea@ aryloxy, C7-C4o-arylalky, C7-C40-haloarylalky, Cr
4- hydr oxy- 2, 2' Labl e co ounds of

nonart | uorg
the fornul a (XI I f’“‘i’ﬂl&yll 'eC7§d?‘ qatkviapt. a8 Sgﬁdk@&u ?lﬁcgé Rss) SWP‘{%W Binic
acids b&dting perd banor-ireredrgehicagraup haviol foa $ fo 4maar®matqnisee O CBF&)-2BMH; - bei ng

wort hy of partic t Sukt rpula (X1
i ncl uée di Eydr ox? ?E)arl%ﬁ(gl s 810-alk§% %b%"%wl wﬂ%%gggfaé%g glfloup(l s )

pr ef e?&bl y hal ogéWEﬂké(de%h?‘ﬁafﬂﬂﬂ P@Ghoaar'kyli‘é)f' fQJ&49‘PPA‘?9§H'a"VA@”@xarrpI e of such a
conpound R*s 4, 4' isth dﬂvmhfrméwaﬂc group3having frof' 1,16 46 carber @bhsi@lgBi-pheikylendydr at e.

Examples of COMINEL ARBIGEnS BIBUMROE, £ 5ab) THb &, ol loROEREHNdS  of

the formula (Xl)
haloarylalkylene C+-Cyg-alkylarylene, C;-Cyo-haloalkylarylene,

D is an element of group 16 of the Periodic Table of the Elements or an NR* group,
25 where R*! is hydrogen or a C;-Ca-hydrocarbon radical such as C4-Cy-alkyl or Ce-
Cyo-aryl, with D preferably being oxygen, and
h is1or2,

Suitable compounds of the formula (X!) are water, alcohols, phenol derivatives, thiophenol deriva-

3g tives or aniline derivatives, with halogenated and in particular perfluorinated alcohols and phenols
being of particuiar 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 (XH1) include boronic acids and borinic acids, with borinic acids
bearing perfiuorinated ary! radicals, for example (CsF5),BOH, being worthy of particular mention.

35 Suitable compounds of the formula (XIIl) include dihydroxy compounds in which the divalent hy-
drocarhon 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 (X!} or
40  (Xii) are trimethylaluminum/pentafluorophenol, trimethylaluminum/1-




40 (X111) are tri met hyl al um nuni pent af | uor ophenol , tdnet hyI aI um' num 1 il WO

2005/ 1186 Sokh pOS/ 005947 35 bi s(pentafl uorophenyl) 3/0 5047

trimethyla um nurﬂ -hydroxy-2,2',3,3 ,43;5,5",6,6" - nona uoro i pnenhyl ,

triethyl al um nuni pent af uor ophenol and triisobutylal um -

num pent af | uor ophenol and

triethylalum num 4, 4' - di hydroxy-2,2',3,3",5,5",6,6'-octafl uorobi phenyl
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formula (XI), (XII) or pgeXl | I) and optionaligy the organi cepitrogen base are
addi tional l'y conbined with gp organonetallic conpound of the formula (V),
(VI), (Vvi1) 30 and | orFQ;I/X) T/ ordar -.then to formthe supported cocatal yst
systemi@i th the support.® n a preferf®ed variant, the 1st conpont, e.g.
conpounds of the formula (X), mé conbined with the 2nd conponent, e.g.
conpounds of the formula (XI), (XII) or (XIIl), and a support as 3rd conpo-
nent is conbined separately with a base as 4th conponent and the two

m xt ur es dp@mpled streddion preaudts frere Hietreagtion af At leart oamenntreund gitied fomaltd §X) with an

i nert sol vanasthe SoHRRRING bitRe PRI R 2Re sup- ported cocatal yst formed can be
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25 n 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 (X1l1) and optionally the organic nitrogen
base are additionally combined with an organometallic compound of the formula (V), (V1), (V1)

30 and/ of (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 (X1}, (XI1) or (XIll), and a support as 3rd compe-
nent is combined separately with a base as 4th component and the two mixtures are subse-

35  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 (I) or (Il) and, if ap-
propriate, a metal compound of the formula (IX) to form the catalyst system.

40



propriate, a nmetal conmpound of the formula (1X) to formthe catalyst system
40 WO 2005/ 118654 PCT/ EP2005/ 005947 36 It is al so possible for the catal yst
solid fir¥PRY03(14345¢ prepol yneri zed with a-ol efins, prefBCEBPIOS/I0SET
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pol yneri zation. The mass ratio of catalyst solid used in the

pr epol yngygl a?s%tp'ogsnolé for MQEQH‘gt ORI IR id See;ﬁ'e ribdd Wi o&laé\‘ﬁaU eflax%blty Rt ange
fromlOlto her more; a smal armunt of an olefin, preferably

an a-ol ng ﬁm- qyfengg(%{}qm %ar(ﬁumptg\//lgrpeoqw;pgﬁ@e an%fpg,wg,:peﬁu[ypg prepolymerized cata-
pheny! di iysttshid thiemiy Ibs ubeaine the astuatmdlyngiizagore Thpoasatio efrratalybi sshddsed inthe a

sui tabl epjl raenzgtﬁﬁwgm%ﬁevpawﬁérggd ¥\ﬁ&(|t%rus9$ll M\ {;ﬁy#% Ag 134gi tive

during or a e preparatio suppor ed c st " system The nol ar
ratio®of additives to organonetallic transition rretal com 10 pound is

usual I'y Furthemiord, @Qhall em3@H6f ah, oleﬁlhe;fr&éﬁbliyﬁn fxfdﬂﬂhﬂfor‘%xbﬁhpl%@nn@tlcyc-rdh@xéh@t aI yst
system o risin east one no

Y aner ¢ cenEe SRR s w e ding P ors o i L SRR cocar al yst
and possfamppued sigh poa wax airvilisan b adiled ko additive riumnggvetaﬁ@rthemrenarajlne of:the nmor e

fur E hglr ﬁ?b@*%ﬂﬁ:btaﬁ(&%@ﬁ%; TH RIS hddrd t%%rd%ﬁorﬁ?kﬁm@{rér%ﬁmﬁﬂﬂta%cﬁn-li f
Sui e faor e r opol y | ion or oligonerization o
olefﬁns $WdEL58WVﬁ8Wﬁ 0§§F“@ﬁ8é @g@yﬁpﬂ1?ﬁ géiase the further catalyst
system or systems can be prepared independ- ently of the catalyst system of

the inveptd QR o SR J?Fve@rfv@ﬁ‘dbﬁ%gmb%ﬁta@%ést%é hoJemraanom?aue'tr%woﬁ Motal CAL al | yst

systens can, for “ex gP esent her on can
v

present ?%Pé’””‘b%fm?é‘ﬁ (Q§’ @'uﬁp%'l*%béeoc%?ta't}iﬁéﬂf) posoy R %‘QP%{F iﬁé‘tbeé*ﬁ%q %?ﬂ? whu C h
are pr enoMegbthenw&tngned:emoreefdrthmyatalsbst aysterbd) which cdir likewis@be supgertdiend are

S epaﬁgt Lok ?E\E nth'é‘ﬁ%mb QQ%HtJ éﬁl{lr{v?\%]r&ati]otﬁ%r &%‘o%@ﬁia‘tu %f'o%n%%eal){rﬁgn

anp es O wn cata use
cat al yst Z20% PrapgssfIn Wsrf@s‘?'mﬁef 'fﬂrees Retplyst Sbﬁ*%arrﬁvﬁ@mﬁewwﬁ @ﬁwaﬁ%d iggepend-n
parti cul edtly ofthessthigs bystanedfltiey inMNatibreoreat bé M‘éﬂl&eb&@e&iel&ﬂﬁh this tTRBidiarent | assi cal

o Do cRALRLLALS BRSSLNnE We MU GIAPS, L RbRE) FoPl e ERkBldghs Wbl on

pref- er ["locénes Vi z.
constrai P@Ge@@@ﬁémmﬂmﬁugwppwéeﬁe"éta(yetfsystem@wh'éb(arﬁwreémxmam/ desiedNa or EPA O
420 486) and&hﬁélﬁﬂddl]&e’iilt@lr@r&geﬁa@@%h@m&naépenaérﬂlymtﬁébbl??ﬂenzﬁﬁlfn réxanmpl e, in

US 64371 1 ni ckel,  and | | am bi s m ne n, be repar ed as
descri bel§"iE rVéf 5%"; I W&'H'C 13 % Lb%ﬁ OQ%?g‘mﬁg%?ag‘%ﬁtﬁ)@t ounds
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prepared as described 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
30 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

35 (1) or ().

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-
40  fins. The further metal compound is generaily added to the monomer or the suspension medium
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copol yner i P saalstsystene thairvention spprtisvaraniefersbly uses focimsioppiaerrinsstiyfeng uc h
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rbornene and/or dienes having from 4 to 20 carbon atoms, e.g. 1,4-hexadiene, norbornadiene,
25 ethylidenenorbornene or ethyinorbornadiene, particularly preferably for copolymerizing ethylene
-with propylene and/or 1-butene. Examples of such copolymers are ethylene/propylene, sthyl-
ene/1-butene, ethylene/1-hexene, ethylene/1-octene copolymers,
ethylene/propylene/ethylidenenorbornene and ethylene/propylene/1,4-hexadiene terpolymers.

30  The polymerization can be carried out in a known manner in solution, in suspension, 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,

35 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
40 120°C, and pressures in the range from 5 to 100 bar, in particular from 15 to 70 bar. The mean
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9827124 A1). However, the further catalyst system can also be based on another organometallic
transition metal compound according to the invention having the formula (1) or (1). The further
catalyst systems can likewise be supported.
30
The ethylene homopolymer or ethyiene copolymer prepared using the novel organometallic transi-
tion metal compounds of the formula (1) or (1l) 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-
35 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 organometaliic transition metal compounds of the formula ([) or (ll) or the catalyst sys-
40  tems in which they are present can also further comprise two or three other olefin polymers or




25 and pal | adi um bi si mi ne systenms (which can be prepared as described in WO
9803559 Al) or Iron and cobalt pyridinebisimne conpounds (which can be
prepared awod@sarsebed in WO 9827124 Al). However, the fupgthepr0068b@bist
system can al so be based on anot her orga&aonetallic transition nmetal conpound
according to the invention having the fornula (1) or (ll). The further I
catal yst systens can |ikew se be supported. 30 The et hyl ene honopol yner or
et hyl ene cQ I pr epared. usi n onetallic transi- tion
nmetal conp® ﬁﬂﬁerSTThFﬁee PEeRA B3 %e' pr% (}g')e“%%‘%ﬁ‘g aéea‘%eiFS}?f’ QURPERE T whi ch
they are prledérip74504M Oabtﬂwtﬁy@mﬁhbnnmmerm@bendﬂtb@evﬁaréld@stcmmd fot @fimplepiol yer s,
in particutmp. 1@6@3 %DﬁPéEO(EPBéEcME@%r Ror e@(g%ueern*‘sﬁ B2 RARAIIT I9§/03zir1*«1 §& can be

obt ai ned el t her bove-descri bed si nul t aneous’ presence of
a further ‘é‘é)tpgl'@ﬁé é\ﬂptgéﬁmosf%’zpfl?ﬂe %56PYneri zati on of oI efins or by

subsequent bl ending of the separately prepared polymers or copolyners. The

bl ends whi 8 SRRRELARNEAR, BINLGNR, B0 TRPALUTES St Rho b RIGGORGI AR o

prepared usin rans f the
formula (13" @F additives gch ager 06%9%9 ylepilizgrs stapitizerppaainshihpaifedts Qfﬂi@’y apg @e3hr esent
can al so fduslohry seeitsisGeh dsMgbriosinté, RhBsidahB emtinb&inghgpas mﬁaeérﬁ.statrcsvxad

2005/ 11865 %éﬁr eo%S oQoQ?n Acpe‘?’%n%% (JJIXEF% ?twﬂ' pee%i%ﬂlgran ﬁat 1oL ! €,

LDPEs %bl en are exanpl e or
pol yet AV e@f@%@ﬁ%tyﬁimers (bl ends ther eof are described, for exarrpl e, in
EP-B-1 00843), LLDPEs (as described, for exanpl e in EP-B-728160 or

WO A- 90103414 DP 95/ 27005 or 89)..5 The ethylene
copol yner o BRI | T g0 e R K ataGREpeS b RRGAS(E

auxi | i ari epplyeaia/eoabiad flirthenimgrogeraént ansthgpprocassisg n@p@tlednflthezeemxdmwrbmbpdly-zer s
agai nst thrﬁer%? &ﬁ}l&eQ:BpAly‘nﬁgE @E&’reb‘ﬁéﬁg the AoV} &H&Y&he@a@lﬁ't;fahé{ﬁ‘dﬁ reig oS

| ubric ant 1 oxi (% (tzjnsan antistatics, and also, if
appr opr ot @Un%cr &nea{?rffg”a 0 ob@a QS SRPIVS ST 1§ WBICA 1Y e ATo35t P A APTYF vy ¢ h
t he type a®ithdnwombberdfre @hovrhmsgeocedsng aidsesnd aFaicdninesrdallyayailablehag. ubeethe ound

that add t0R%afbs SEhlh BB Srolor LApIOUARER 8000, HRPLIRPLASH) Cocea

pol yesters ena enent tres of the
et hyl ene h%ﬁ%&l%/fforﬂéﬁ) §>° ‘¥po aemw%laebwsﬂemﬁ@wéaa%e%ga qiee it el
or ganonet amhdswf the@tigiché Bandpoelyfiersca BthiBndenposisediprdgamdiusihgtiemo(d bor-or (11) or

t he CatZ@l Y atnoﬁxxt‘%ﬁ gﬁ%sltﬂn W@{a%])n% %ﬁ){ds% ﬁe?cgﬁﬁ!g ng oé(ﬁégg%eﬁgr%g%lgs:(% ems%liJ \%}

f1 uor orubb essing y aval able
e.g. underm?hﬁepﬁﬁﬂﬂe names V'ton and Dynamar (cf., for exanple,
US- A- 3125547). They are preferably added in amounts of from 10 to 1000 ppm

particul ar'h‘Ye é?ﬁy?gngggrgcl)%lyfrnreg)sr%rze y ene copolyﬁi%rs prgpaa%%dus%g tl%ehr%vgl otrgalnometalhc

transition metal compounds of the formula (I} or (ll} or the catalyst systems in which they are pre-
25 sent can also be modified subsequently by grafting, crosslinking, hydrogenation, functionalization
or other functionalization reactions known to those skilled in the art.

The 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)

30  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 usefu! for producing films on blown film and cast film
plants at high outputs. The films comprising the polymer blends display very good mechanical
35 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 rﬁachines with only small additions, if any, of lubricants and antibiocking agents.

40
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organggetal | i ¢ conpounds and their use as catalyst conponent was carried
out in the absence of air and noi sture under argon (Schlenk techni que or

gl ove-box). All solvents required were purged with argon and dri ed over

nmol ecul arExampleels before use. 15 Exanple 1 Synthesis of

8-r15-[2-(3-net hyl cycl opent a[ b] benzot hi enyl i dene] - 7- n5- (9-f | uorenyl i dene) - 1-

20 octenezirconiumdichloride (1) . 5
Synthesis of 8-n°-[2-(3-methylcyclopentalblbenzothienylidenel-7-n°-(9-fluorenylidene)-1-

20 octenezirconium dichloride (1)
a) Preparation of 8-[2-(3-methylcyclopenta[b]benzothien-2-yl]-7-(9-fluorenyl)-1-octene (1a)

16 ml of an n-butyllithium solution (40 mmol, 16 ml, 2.5 M in hexane) were added dropwise to a

25  solution of 6.64 g (40 mmol) of fluorene in 80 ml of diethyl ether at room temperature and the
reaction mixture was stirred for another hour, A solution of 4.8 g (38 mmol) of 1,2-epoxy-7-octene
in 20 m} of diethyl ether was then slowly added thereto. After the reaction mixture had been stirred
for another hour, 7.6 g (40 mmol) of p-toluenesulfonyl chloride was slowly added as a solid. Sepa-
rately from this first reaction mixture, a solution of a mixture of 7.4 g (40 mmol) of 2-methyl-3H-

30 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 fo the
first reaction mixture comprising 2-(9H-fluoren-9-yl)oct-7-eny! p-toluenesulfonate, the resulting
mixture was stirred for 18 hours and subsequently subjected to an aqueous work-up. After phase

35 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 ge! (dichloromethane/hexane 1:9). This gave 3,07 g of (1a) (yield
17.5%) as a viscous yellow oil.

- MS: m/e 460 (M™).

40
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stirred f3r'idseﬁ<(§)[%ftﬁ)9§§/lgc%{l%)?-?-%Eténez?rc&ﬁmgdiér@on efBjel ) of zirconium tetrachloride

wer e adde S reactron mxture. ° After stirring for another 18
hours, the reaction mxture was filtered, the filtrate was concentrated and

0.98 g of gHr eciggs{RpPRshysD5dhetfichclbpetlaplttieny)i7-peosHdbRARMIN-1-0ttesOf2bd Was
i sol at g(?i and washed 10 with pentane. A total of 2.08 g of (1) (yield 51 %
were obtained as a bright orange free-flow ng powler. Exanple 2 15 :
Synt hesi s Wsingg-méthod ahalogoyste thel symtheisdif peropppnd (@) bixamaked] 1.2 e Mg muehef) |
- 7- 15- [ 4- 4rnA@nebiibgnefO soda e dibini e Bt P&8 Zédcfel NitH MbtyBitHies {168 et mi,
2.5 M in hexane) and, after 2 hours, 1.26 g (10 mmbl) of 1,2-epoxy-7-octene (without solvent)
were added. After a further 2 hours, 1.9 g (10 mmol) of p-toluenesulfonyl chioride were added.
25  After 18 hours, a solution of 2,5-dimethyl-3-phenylthiopentalenelithium (2.26 g, 10 mmol dissolved
in 80 ml of diethyl ether) was added dropwise. The reaction mixture was stirred for a further 18
hours and poured into water.
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
30  which was chromatographed on silica gel (dichlorometha'ne/hexane 1:9). Thisgave 3.0 g of (2a)
(vield 59%) as a viscous yellow ail.
MS: m/e 506 (M").
'H-NMR (CDCI3) 6 ppm; 6.9 — 8.2 (m, 12H), 6.2 ~ 8.7 (3s, 1H), 5.7 — 5.9 (m, 1H), 5.0 (m, 2H),
4.2~ 4.6 (m, 1H), 4.0 (m, 1H), 2.6 (2s, 3H), 2.2 (m, 4H), 1.2 - 1.7 m, 4H).
35
b) Preparation of 8-n5-[6-(3-phenyl-2,5-dimethylcyclopenta[b]thienylidene)]-?-ns-[4-
indenofb]thienylidene)}-1-octenezirconium dichloride (2)

40



a) '
8-[6-(3-Phenyl -2, 5-di net hyl cycl openta[b]thienyl)]-7-[4-indeno[b]thienyl)]-1-
oct ene (ﬁa)zooé’/ﬁ)mm ng a nethod anal ogous to the synthegicg/mhopopaynd (1a)

in Exanple 1, 1.72 g (10 mol) of 4H4%ndeno[ b]thi ophene in 50 m of diethyl

ether were reacted with n-butyllithium (10 nmol, 4 mM, 2.5 Min hexane)
and, after 2 hours, 1.26 g (10 mmol) of 1, 2-epoxy-7-octene (W thout sol vent)

were addgding Q‘Heg‘{gd gngl%h\b@rthgsy?g\gi§ of c%mgo&\dgﬁq 3\% Pl 5 bdhd &pstitd onv!

chloride were
2, 5- di metd®y 78N\ REdiging pihepasreAcadaTithnHiuty i @6 ngnoi,lﬂos mh8I5 Mindwsanedd  in 80
m of di emd])afterethh@ré)ad%&d&dd@ﬁ?@ﬁ@p%nﬁﬂ of ZiRkBnitiaéti=Mbridsl Xt ure was stirred

or gani o Bl airgter L PR Mo R S e B BRR R EFPRIBRR NG ( ne
sol veft Wﬁ’so 5 éﬁ’tﬁie@lf@lﬁd é@“dr“@éw@éﬁdpﬁ gecond emodrihpbsalidiwas i4olFigd.A tofal f deep
orange 0k lo g3 (MYt 250R5) WddloB e 85 arpa-aﬁbeqrbesnbtving BoW&er.

di chl or exane, Thi e 2a |eI as a

\(/I scous %ﬁ["%@aﬁﬁpﬁ( (’i!/%gé@’@ {}@ ég@é— N‘%ﬁ i’é 558 Bé‘ﬁg Hg() 3?

12H), 6. @2%223(@8§H)I21H§28 &H)71.2 3,69 my ). 1H) 5.0 (m 2H), 4. 2 4. 6 m 1
H, 40(m 1H, 2.6 (2s, 3H, 2.2 (m 4H, 1.2 - 1.7 m 4H. 35 D)

Prepalr ation of

8-rf5- [6 (3- phenyl - 2, 5-di net hyl cycl opent a[ b] i hi enyl i dene) 1- 7-r15-[ 4-

I ndeno[ bExdmma3/1 i dene) ] - 1- oct enezi rconi um di chl oride (2) 40 WD 2005/ 118654
PCT/ EP2005/ 005947 42 Using a nethod anal ogous to the synthesis of conpound
(1) in Exanple 1 of the conmpound (2a)) in 70 M of diethyl ether was
Fehot od SRS b IoHe S TRII R ABI O O umArEsrie)  and, af ter 4
hour s, adﬂemldsommmmcﬂaloaﬁe(g (5 9 mol) of zirconiumtetrachloride. After
stirrigng for another 18 hours, the reaction mxture was filtered, the
filtrate was concentrated 5 and 0.5 g of precipitated solid was isolated. A
second afbunt Preparaiigniofs{G(: ﬁ%@PtHY'@GIOPWt%[W‘&FWHV n°{9-fluageny) 1(02)ene933él d 25.4%
was obta| ned as an orange free flow ng powder. "H NVR (CDCI 3) S ppm 6 9 8.0

( m 12 {qfé arfjrclﬁ)ous( Hne %E&uesn'slgffompolunét(%n Pfe’lc)£1 E@éﬁ@ﬂ@ﬁ éy nt hesi s

2 5 d|methyl-4H-cyclopenta[b]thlophene in 80 mi of diethyl ether were reacted with n-butyllithium

8 ' 120[ 63020, damtiwma'ﬁéxai@@m@ Bhbds, enuslutisteare J-g/3e hndl)Rr 2 diafeRAL | dene) - 1

- octene i um dj
-ylroc?lllenyl me{hanesuf;‘onate pgep?ared by a method analogous to that used for the corre-

sponding p-toluenesulfonic ester in Example (1a) in 15 ml of diethyl ether was added. The reac-
tion mixture was stirred for 48 hours and admixed with 2 mi of saturated ammonium chioride solu-
tion. The reaction mixture was poured into water. After phase separation, the aqueous phase was
25  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 11.64 g of a dark orange oil which was chromatographed on silica gel (330 g) (dichloro-
methane/hexane 15:85; 30 mi/min). This gave 5.0 g of (3a) as a viscous yellow oil.

30 b Preparation of 8—n5-[6~(2,5~dimethylcyclopenta[b]thienylidene)]—7-n5-(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
35 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 exfracted with dichloromethane and the filirate was subsequently freed completély of solvent.
40 A red powder was likewise isolated, and according to "H-NMR this did not differ from the first




15 a) Preparation of

8-[6-(2,5-di net hyl cycl openta[b]thienyl)]-7-T15-(9-fluorenyl)-1-octene (3a)
Usi ng a nethmds/asasiogous to the synthesis of compound (IR)r/ERRoéStamspize 1, 4.5
g (30 mml) of 2,5-dinethyl-4H cycl opefifa[ b]thi ophene in 80 m of diethyl
ether were reacted with n- butyllithium 20 (30 mol, 12 M, 2.5 Min
hexane). After 3 hours, a solution of 11.1 g (30 mml) of 2 (9H-fl uoren
9-yl)oct t hat used
for the coroﬁ’giwosb%ﬁeg?ﬁge%l-go uerﬁ'e“%trrj %ﬁﬁ%dgz germlgéleggaa Fe%ggg%&ﬂg 15 m of
di et hyl et®¥fewas added. The reac- tion nixture was sti rred for 48 hours and
adm xed with 2 m of saturated ammoni um chloride solu- tion. The reaction

m xture was poured into water. After phase separation, the aqueous phase was
25 extracted with dichl oronet hane/ hexane (30:70), the conbined organic
phases erkxapglefed with water, dried over magnesi um sul fate and the sol vent
was rem)ved under reduced pressure. This gave 11.64 g of a dark orange oil

whi ch I I '

1050 55 SHYRRRRL RSO0 B b Ple PR 250 TR ARESE

Pr epar at i cistepgzirconium dichloride (4)

8-,15-[6-(2, 5- d|nethylcyclopenta[b]thlenylidene)] 7-r15- (9 fluorenylidene)-1

- octe zi r.coni um di chl n t he nt hesi s
of ComBal- (1) P R e Bh e By et B RER 5 §99fiuarea>d B of

di ethyl ether veetepef4@dcted with n-butyllithium (20 nmol, 2.5 MIn 35
hexane) and, after 4 hours, adm xed wth 2.33 g (10 mml) of ZI rconi um
tetrachl ori de. Aftg{] aﬁﬂqr“n for another 18 hours, the reaction m xture was
filtered, Y$93®Behed @ O‘Esnte Y piBpsis,e{ Companad 438) i PrRmPlecks R94941A P MeD REr  and
t he conbi nestdifriekityr abaﬂyl-‘mdmeclmma[b@tmebbené pepdred Bs Sedculipgatin UnNtherChemedeor ed

Pressukg. spo8lisg, z%a ﬁ?%)%ﬂ&‘&?{?lvgﬁ e&io' % @Eﬁg eth@?%g(e‘?ﬁéc@éfa%r tﬁ@nﬁrﬁﬁﬁ' ned on

thefllter was extracte or omret hane an
subsequent ('35 P Blofp MIP BEXANBF ABRSIANOHES; 2 agiutign P&ﬂ%@&d&&mw@éoﬂ% ®Eni se
i sol at ed, faBnacwPEtdi-¢ryl hethardsiiyRate in 10 i ofl disdiy! etlick vas adde@mHeheaction s ixtudD

2000 1180 P AORLROS Ll A3 AR ATFLr R ALTSnor)E Rl g ThONS vere

conbi ned to c% r’rP
Synt hesi s r@actlon mixture was poured into water. After phase separation, the aqueous phase was extracted

8- T15- p6- (\ﬁm(cﬁ’chﬁd%rl‘s(éti)an&héxéihbf(@ﬁ‘@Wtﬁé’@dnmR%BbQ{ahﬂ:tphéé%BWeréi@é%ﬂéd wittr vdter{ 9- f | uore

lid t
876 (3. { SOV mesi B e FisB e oap TP ey s HeesBler [ thy 1 ) - 1-
octene (4.31B pfn@dwk browi oibwhiciawasgrhcamategraphed gy sitidacss| (@ichibropethaoe/hekaida) i n
Exampl e 3, 20580971 da¥e1 8 o) a0 viscous yellow oil.
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2,5-di net hyl -3-o0-tol yl -4H cycl opent a[ b] t hi ophene prepared as described in J.
Am Chem Soc. 15 2001, 123, 4763-4773) and dissolved in 80 m of diethyl

et her weme eomaatisesh with n-butyliithium (12.5 nmol, 5 mcT/E2mbosdossazhexane).
After 4 hours, a solution of 4.58 g (1%4 mml) of 2-(9H
fluoren-9-yl)oct-7-enyl nethanesul fonate in 10 m of diethyl ether was
added. The reaction m xture - was stirred for 48 hours and adm xed with 2 nm

of sat ur ahed angRRkisMoPRl Al ety Bh YRyt Bond RAGHAN B Higghes pour ed

I nto water After anse se arati g zﬁg ous phase”was extracted 20 with
di chl or omet harl&PKBYISRRe '(13‘19‘*?62)""”{‘% 'E’B?HS’F d organi ¢ phases were washed with

wat er, dried over magnesium sul fate and the sol vent was renoved under

reduced T V) if

i oy oo Sinad Hafad6 e byihedh fbofodt ) R, sHRUER i orme ¢
g of (%a) Coaeo‘éndv(ﬁ%)dfb@%my@rdlettw ner Welzeseacm withe- buwﬂvw o0 mmel 8E5Y. 24ﬁ

PCT/ EP200hh&2b8¢kAd, dier B I8faeg, adtrm%d watth 0.72 g (3.1 mmol) of zirconium tetrachloride. -

8-r115-[2- AF% gtﬂ rng%r n%)thgr'zfjhoqurswﬁt eYacF nJH & dae[ﬂﬂ%lrt [E?“%'srhgee“e%%m? r{rvj'5 (9

fluorenyl’i EneziT Conrum ror dnal ogous to
t he synt h\e@hed wfh fwhﬁctﬁwbleﬂrex)and the Exabipaddiltrafes wege tgee(d&omptetﬂm of s@l¥ent yrer 5

?gm;ound red@kd bra,-sétﬁae M26Qf of eed%tmér \A%Tfe'i%laté‘@"rﬂ? g&m& qﬂt.cr»rfréntta.reutautnd flitbrt hlh u 81 2
C0 5. T st Bt s Srarvebiena At B Tae: -wamsrbermgepr'r P gom e e et

hours, 't h‘ereﬂeawderms likewtisgrigolatets afd dccadiegto 'HHMR ¢S did eotaliffet e fhielfitsér was
washed wi mdtro@meql ﬁremsl.d RichsHs vARSohitRed LS5 %btlatda"ﬁ% (= frwaﬁam hd eed

conpl etelal ﬁf sol vent under reduced pressure. red er were

| sol at ed.PoYA¥ r esi due whi ch remained on the f||ter 10 was extracted with
di chl oronet hane and the filtrate was subsequently freed conpletely of
solvens. A red powder was |ikew se isolated, and according to 1H-NVR this
did not differ fromthe first powder obtai ned. The solid fractions were
conbi ned P8Mgleve 1.25 g of a dark red free-flowing powder. 15 Exanple 5
Synt hesi s of 8-x15- [ 6- (3-phenyl -2, 5-di met hyl cycl opent a[ b] t hi enyl i dene)]

o 1S SR LS5l O ERGELLSAOLHMANRILRE A0 EBlorgher -
-7-x15- (@dqnaerﬁemw)ﬂcmorl@dﬁbne (5a)
20

a) Preparation of 8-[6-(3-phenyl-2,5-dimethylcyclopenta[bjthienyl)] -7-1°-(9-fluorenyl)-1-
octene (5a)

Using a method analogous to the synthesis of compound (3a) in Example 3, 3.0 g (13.3 mmol) of

25  2,5-dimethyl-3-phenyl-4H-cyclopenta[b]thiophene prepared as described in J. Am. Chem. Soc.
2001, 123, 4763-4773, and dissolved in 80 ml of diethyl ether were reacted with n-butyllithium
(13.3 mmol, 5.3 ml, 2.5 M in hexane). After 3 hours, a solution of 4.58 g (13.3 mmol) of 2-(9H-
ﬂubren-Q-yl)oct-?-enyI 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

30 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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Usi ng a nmet hod anal ogous to the synthesis of conpound (3a) in Exanple 3, 3.0
g (13.3 mol ) of 25 2,5-di net hyl - 3- phenyl - 4H cycl opent a[ b] t hi ophene
prepared WO We¥EBP)HPed in J. Am Chem Sg. 2001, 123, ZTIZERVEI0SHM

di ssolved in 80 m of diethyl ether were"reacted with n-butyllithium (13.3
mmol, 5.3 M, 2.5 Min hexane). After 3 hours, a solution of 4.58 g (13.3
nmmol ) of 2-(9H fluoren-9-yl)oct-7-enyl nethanesul fonate in 15 nm of diethyl

et her was tﬁ)ddedDrep;Ehﬂloﬁ 8EEH-BH3-PheryLs, B dimeagicgdidpentambithionylidéhefiousgand adm xed

with 2 m of safurat, ution. The 30 reaction m xture
was poured I nt ghv\/ﬁ%@ene ﬂgg{éngﬂc%murgd'cqo” te?l‘lg t he aqueous phase was

extracted w th dichloronet hane/ hexane (30: 70) t he conbi ned organi c phases

‘ \rNg;rgv\gas haglsgsr@iaﬁ rg%tﬁ\@et Sfalogody th &R @HtﬁéS|mgaﬂ§duumﬁm é@heleand 5&@6{3 s%rwcg‘)raf msch
|
T oo SaHR 87 7 el b BreBe it e i s g Bl v ch

1.57 g of % SM)m bexape)\ang,cftas8/iwiutsoadngkdd, witB®). 7240 3WDWRGDE/ 2l d @B Britetrachioride.

PCTI EPZOO%@P&%@ foraaﬁott%r 3 IRRAT Ak ir@RtAH mixture was flltered the residue on the filter was
8-x15-[6-(3 i net hyl cycl opent

ien ene
fl uorenyl |‘Qﬂ@ﬁ%‘3w' fﬁ?éb Q'ﬁg‘i"i ‘?'ﬂéedﬁf’ iz HP%ﬂ'af[‘tEﬁEes("ﬁe {E‘? ‘i’f&ﬂ"’%f&ﬁ"q?éous to
t he synt hestwedpresung Tta colid9sidue wax amgHee with pantaie egmd(dﬁied. Oremj of ref powdert he
compou ( I r t hi um
(6.2 m@rg ﬁ%) ?lé?ﬁ@?hg;egﬁ{{ﬁ L%'nﬁhh‘é onqﬁé}ﬁ[erm ?tré&@&@ﬁﬁd&ﬂoﬁ&n&gﬂ%glﬂe th 0 72
g (3.1 nmoilyateyassupsaskpibiead 9%%1/ PchQ'Ve“tﬁﬂ\ fesPowgprwas ke vrien iseiated TBe 18
hours, t hesoi®¢fadibriwem ¥dnbitedwagivé bkt bEZI62 § bR5Yie Hedorth &1a dahkared pdvider. Was
washed with fresh diet hyl ether and the conbined filtrates were freed
conpletely of solvent under reduced pressure. The solid residue was washed
with pentane and dried. 0.93 g of red powder 10 was isolated. The residue ,
renai niiBg Edlyndngatioh kkhpldshd®slymagizesh rbdie di chl oromet hane and the filtrate
was subsequently freed conpletely of solvent. A red powder was |ikew se
isolated. The solid fractions were conbined to give a total of 2.62 g of
(5) I'n theGémerain of a dark red powder. 15 Pol ynerization exanpl es and
pol yneri zation results CGeneral: Heptane was dried over 3A nol ecul ar sieves.

Water-free pentane (Aldric vvas used 0 ther urlf i on.

ot hyl al kiSRS des dhied areben holeRiaies Maigse sottei G Yo P Aamar 1 o
Cor por &0i othgr. qui’ft[daWrEMeﬂmlaluymoexaneZlﬁas'ﬁbm asd 3d% strangthi selmbei ih yolfank YAlcrage was
determ nedsg L on an autonmatic Ubbel ohde visconeter (Lauda PVS 1) using
decalin as so? ven (1S01628 at 135C, 0.001 g/m of decalin).

Polymer analysis:

25  The intrinsic viscosity (n){dl/g] was determined at 135°C on an automatic Ubbelohde viscometer
(Lauda PVS 1) using decalin as solvent (ISQ1628 at 135°C, 0.001 g/ml of decalin).

The density [g/cm?] of the polymer samples was determined in accordance with 1ISO1183.

30  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 2a WATERS 150 C with the following columns connected in series: 3x SHODEX AT
8068 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-methyiphenol), flow:

35 1 ml/min, 500 yl injection volume, temperature: 135°C, calibration using PE standards. Evaluation
was carried out by means of WIN-GPC., ‘

Van Gurp-Paimen 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”
40 (name: Dynamic Stress Rheometer SR 2000; geometry: PP25 h=1 mm; shear stress: 1000 Pa).



The density [glom] of the polynmer sanples was determ ned in accordance with
| SO1183. 30 The nol ar mass distributions and the neans M,, M/, and VH /M
derived tWee@bnmssavere deter- mned by neans of hi gh-t erqeERDS/®59@!

permeati on chronat ography using a methd8 based on DI N 55672 on a WATERS 150
Cwith the follow ng colums connected in series: 3x SHODEX AT 806 M5, 1x
SHODEX UT 807 and 1 x SHODEX AT-G under the follow ng conditions: solvent:
1,2,4-tri Ll j f

26 di 1 ert R TR oo e el SR ettt R ptowma e o,

vol ure, t @8t ure: 135C, calibration using PE standards. Evaluation was
carried out by neans of WN GPC. Van Qurp-Palnen plots were prepared on the

pasis of T heol 8l ERHERPARR Vah BS nepaﬁslmg%ot S APl RaCRbRISBANL O, @

shear-stress-controll'ed rotationa tIfIC"

40 (nafe: DynaPAratysilineairolmesnBhedl. Ash @oJ040.§8R&8 ry: PP25 h=1 mm shear
stress: 1000 Pa). WO 2005/118654 46 PCT/ EP20051005947 Eval uation of the

r heol ogi cal - repBat &) carried. o ng two
references: St g@%n‘% EP' ps%ﬁr? hngt'ang”e%% cﬁﬁ‘% Ed@ﬁp c’IBQI 5’?@?\' ??X'M%ri a way
to characteri zef lqm@lctx@lh btan@wé@dy'inﬁry by theiritapetagy. R gl rata ( ZOG&ieﬂdl 1034dBa (2001)

40, 322-328 Stefan Trinkle, Philipp Walter, Christian Friedrich: Van
GQurp-PRal men-plot 11: classification of |ong chain branched pol yners by

their topol ogy, Rheoi. Acta (2002) 41, 103-113 10 Ceneral preparation of the

cat al yst §_erl1analipcaparati® ofthechtalyet miutiosene were di ssolved in 100 m of tol uene.
1 m of t%&g@?&%llo@&%%ré@igé&\)eg% 100 mltopdol'd@ﬂ-‘?1 §f tﬂ'ng(?f?e@]au%bnglgau%lﬁu' at ed

amount of al um noxane sol ution, co chang bei ng, observed.
The. cat ol JUBT SR AHEH B AR Ao Bho! Tt R ERTSePUReD tips S35 CEaR ol
met hod f obeitdabsbroad Fanexalgst palitipnevas stitaddor 10imikitdsydetoneusehe pol yneri zati ons
were garried out in a 1| steel autoclave provided with a nmechanical stirrer
and a jacket t her nost ated by means of oi|l for tenperature control. The

aut ocl ave ﬁ%a'mﬂ@ﬁ&ﬂ”Wi@WOQW“%PQ'WW(%WOPéfre“@ivflﬁ'ehour at 90C prior to the
pol yner i zahd @Mneﬂidtlelﬁs W& barAgd mm?é){lstée@wdsﬁlavefprdmapd @fh & ARChaakalstilrstent and a

def 1 ned_ SRHILAR! ghiLBT, Aok oo BAL L I P LUER MERE LS oo

into the rea utlon

intr oduceé‘ylnﬁ@@eftfﬁ@“ﬁé‘a@ftaéfao Cipyyionie e eaz%'yrrr ﬁﬁg@ooflfméo 30 F’@mbﬁﬁepset to

300 r %O:jtzhhé QQ%I@ﬁfanmaméflr%d%%uhm alufin@maidyl tb esERBNiRrimbutties Wéretili@diicact or was
| NCr ease

prossur o TlF bR e8P Tagl Y ersdhydhe Bt REFOShat Bhodeerd|Ton Pttt or vas
mai nt ai nebly aeansEf »ayrings The plirGOwas sal tae3P0hsvolutienspduinierand thedntaybideraperahe
stirrer Wase diptesitdrivab fidrelda to B, EMIERINES fb@RtcYhe reactor until the total intermal
pressure in the reactor was 10 bar. The internal pressure in the reactor was maintained at 10 bar
25  for 30 minutes by introduction of ethylene. The stirrer was then switched off, the introduction of
ethylene was stopped, the reactor was depressurized 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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At s SRRE R P L S e

et hyl ene was stopped, the reactor was depressurized and cooled to room
tenperature. The reac- tor was flushed. with nitrogen and 5 m of nethanol
wer e i ntr»uwWes1i86340 t he reactor before it was opened. PUEER0V@®H4S of t he
reactor were filtered and the pol yner whf ch had been filtered off was dried
at 50C under reduced pressure for 4 hours before weighing. 30 35 40 |III
WO 2005/ 118654 PCTI EP20051005947 47 Table 1. Resul ts of the polynerization

of ethyl enl%blésll REsUE SHRD PSRzt ak ¥tﬁ%ler%yu%h€”ﬁs ValsyAeMR0 / TM
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Preparation of the supported catalyst systems

20 Example A
2,18 g of the complex from Example 1 were dissolved in 92 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 140.5 g of silica (Grace Davison XPO 2107, cal-
~ cined at 600°C for 6 hours) with moderate stirring. After stirring for a further 20 minutes, volatile
25  constituents were removed at room temperature under reduced pressure with occasional stirring
until the weight was constant. 183 g of the catalyst system were obtained.

Example B

0.44 g of the complex from Example 3 were dissolved in 15.7 ml of a 30% strength MAO solution
30 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 remo\red 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. |
35 ‘

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 superhatant solution was decanted off and

added dropwise over a period of 15 minutes to 158 g of silica (Ineos silicas ES70X, calcined at
40  600°C for 6 hours) with moderate stirring. After stirring for a further 30 minutes, volatile constitu-



30 in toluene and the m xture was stirred for 1 hour. The supernat ant

sol ution was decanted off and added dropwi se over a period of 15 mnutes to
12 g of Wwid2100:118633c0s silicas ES70X, cal cined at 600CparEPGod3@ussa) Wt h
noderate stirring. After stirring for P further 60 minutes, volatile
constitu- ents were renoved at roomtenperature under reduced pressure with
occasi-onal stirring over a period of 4 hours until the weight was constant.
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was decarmtaed4.8%f thamdcontahtiees 518 g pWitsearaies Zracoptent ved 0012 gl/sionignut es to 158 g of
silica (Ineos silicas ES70X, calcined at 40 600C for 6 hours) with noderate
stirring. After stirring for a further 30 mnutes, volatile constitu WD
2005/ f18654 48 PCT/ EP2005/ 005947 ents were rermved at room tenperature
under r edsped HEtREBOF Be Pbiyer2eioasr enAéneSh biisbemgbnunt i | the wei ght was
constant. 288 g of the catalyst system were obtained. The residual noisture
content was 34.8% the Al content was 5.8 g / 100 g and the Zr content was
0.12 g / Thepolynerzaies werd carvied lfuldn # sliredH8 | pletlanieciayeawhienhagta thertmpblettas! i n
suspensi cmk&ff& tmdeyéfwcmdn QRS m@ﬂ@e&rn@ wﬂ nFﬂ’déerﬂ e{hd@qeatnlg ¢ @d pélQménz'aI eel
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car of (1 PSR AR P170rS e GE el e B g PlenuS By R Suscsaut B o

t enper at @uteclave. TE{Bupaorted@htaiys@bete'amas éhed 2d@0 asp sofid arsidpe awigdiave wabs pes wer e

pl aced l@uﬁziaewm%mgaleﬁé/@at&a@rés@@re@mmrcmemé%re SNAL SIMAR mragﬂgpt%&ded as a
solid and, t urj t hy Ienetoatotﬁ\)h pressure
t

of 40 bareniapaden PR eRuEs, AR TaN e heapbm RO b HoRgY Pt Foduct | on
of f urt heentiag helagtoelaveliThe pol@fermian obteibed inltfes fooh yiraefrdezlatvingroamspatdepped by
venti{y the autoclave. The polynmer was obtained in the formof a

free-fl owi ng coarse powder. 15 Table 2. Polynerization results Ex- Catal yst
Vi ght ugéaeﬂr%ﬂmn&r?@tiowew Density M/,/ 1000 M+, /Ma ample from[mg]. [g
/g] 20 Exanple P6 A 403 2060 6.0 0.9413 723 7. 3 P7 B 437 1396 7.7 0.9416

gtzﬁyreﬁe I%S‘O ?L%%% o D e[ﬁelrulg%ée)l $r?1d%gwq¥ ma;?\; 29 %ﬁl %? an'\(qukogrevﬂé{%qns:
product i varmp}e n oo y" ar /[m@ caf ary@idhystjlam |\ is the fintrinsijc visqosity
[ii] 2ee- __Example ’
P6 A 403 2060 6.0 0.9413 723 7.3
P7 B 437 1396 7.7_| 0.9416 821 7.1

Polymerization conditions: 5000 ml of isobutane, 40 bar of ethylene, 90 minutes' polymerization

time;

25  Units and abbreviations: productivity in g poiymer/ @ catalyst systems 1V i the infrinsic 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 GPC

30

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-
35  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 autoclaye. The polymer was obtained in the form of a free-flowing

40  coarse powder.
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General method for the copolymerization of ethylene and 1-hexene in the gas phase in an auto-

clave.

20
The polymerizations were carried out in a 1 | steel autoclave provided with a mechanical stirrer
and a thermostatted jacket for temperature control. The autociave was made inert by means of
nitrogen and charged with 150 g of polyethylene powder at 70°C. 14.5 ml of heptane, 125 mg of
isoprenylaluminum (50 mg per ml) in heptane and 10 mg of Costelan AS100 (5 mg per ml) in

25  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 mi 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-

30  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.

35

40



i soprenyl alum num (50 ng per m) in heptane and 10 ng of Costel an AS100 (5
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and a rea\(!?reldeﬁe@ﬁfﬁﬁéirbdﬂntﬁaés 8fGREC usi ng the supported cat aI yst system from
Exanple C. 6 kg / h of ethylene and al so 1-hexene and hydrogen were fed
into yge reactor for reaction. In addition, 0.58 kg / h of nitrogen, hexane,
0.1 gl hof trilsobutylalu- mriumand 0.033 g/ h of Costelan AS100 as a
solution In heptane were fed in. The supported catalyst 'system was

i nt r oducededdid) thethd fdr eafihusd8s-Bha@bbifmén¥afgn anount of 1,38 g / h. 25

In a continuously operated gas-phase fluidized-bed reactor, ethylene-hexene copolymers were
20 prepared at a reactor pressure of 20 bar and a reactor temperature of 85°C using the supported
catalyst system from Example C. 6 kg / h of ethylene and also 1-hexene and hydrogen were fed
into the reactor for reaction. In addition, 0.58 kg / h of nitrogen, hexane, 0.1 g / h of triisobutylalu-
minum and 0.033 g / h of Costelan AS100 as a solution in heptane were fed in. The supported
catalyst system was introduced into the reactor as a solid in an amount of 1,38 g / h.
25

Table 5. Polymerization resulis

Ex- |Catalyst | Polymer Hexene |Hydrogen |Hexane | Productivity | IV Density |Mw/ | Mw/Mq
ample | from Ex. | designation | feed feed addition |[g /g] fg/ cm?] | 1000

30 | - lg/hl  |Q/h] lg/h]
P12 |C 703972 805 10.8 320 3998 1.35 10.921 |86 71
P13 _|C 703975 620 11.1 412 4203 1.4 |0.9185 [82 6.6

Units and abbreviations: productivity in 9 palymer / 9 catalyst systems 1V i the intrinsic viscosity [n) de-

35  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-Paimen plot for the polymer 703972 is shown in Fig. 1 and the Van Gurp-Palmen
40 plot for the polymer 703975 is shown in Fig. 2.




Tabl e 5. Polynerization results Ex Cat al yst Pol ymer Hexene Hydrogen Hexane
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addi tion [g /9] [g/ cnB] 1000 30 [g/ f [1/h] 1g/hl P12 C 703972 605 10.8
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e oot 18 EhprBandons ey chond 8 LLARAATRIAL L Ly ansl tion et el
where Mis an el ement of group 4 of the Periodic Table of the El enents, 20
the radicals X are identical or diff nd are each an organic or

inorganic radical, with two radicals\X also being able to be joined to one
another, mis 2, 25" T 30is a divV t group R ' Hor SRs
2

10 @
16 . )
where
M is an element of group 4 of the Periodic Table of the Elements,
20 the radicals
X are identical or different and are each an organic or inorganic radical, with two
radicals X also being able to be joined to one another,
m is 2,
25
C
30 is a divalent group , .
R R
H RS
7 or ST N ’
x5 /1: -nc\ ®
35
R' is an organic radical having from 1 to 40 carbon atoms,
R? is hydrogen,

40



xX /x x~x 35 R is an organic radical having from1l to 40 carbon atons,

R2 is hydrogen, 40 52 RB R4 5 '~ R6 Rs is a nolecule fragnent 10 R21 R15
R22 O\ Rls 15 R23 R24 Rls R77 R 21 Rés R21 20 R2 20 R22 Q S R2 R0 23 23
RR24 RR24 R19 25 R7 is an organic radical having from1 to 40 carbon
atons, RS is hydrogen or an organic radical having from1l to 40 carbon atons
or R7 and Rs together with the atons connecting them forma nonocyclic or
pol ycyclic 30 ring systemwhich may in turn be substituted, R15 R s, R
and R13 are identical or different and are_gach hydrogen or an organic ra-
dical having from1l to 40 carbon atons or o adj acent radicals R15, Rs, R
or R18 together with the atons connecting-them fprm a nonocyclic or poly- 35
cyclic ring systemwhich nmay in turn be iTuted, Rs. R20 are identica
or different and are each hydrogen or an.) nic radical having from1l to
40 carbon atons or R15 and R21 together Wi th\the atons connecting them form
a nmogocyglic or. polycyclic ring syste® whichRmay in turn be substi-, 40
tuted, 53 .

is a molecule fragment

10
15
20
25 ,
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
30 ring system which may in turn be substituted,
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 manocyclic or poly-
35 cyclic ring system which méy 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 mo@&yﬂic.on polycyclic ring system which may in turn be substi-,

40 tuted,



R21, R22, R2' and R24 are identical or different and are each hydrogen or an
organic ra dical having from1l to 40 carbon atons or two adjacent radicals
R21, R22 R23 or R24 together with thé3atoms connecting themforma
nonocyclic or poly 5 cyclic ring systemwhich nmay in turn be substituted, N
is RR8 RR9 R31 10 S1 (CH2) P R30 (CH2)P.1 where R2B, R29, R30 and R31 are
identical or different and are each hydrogen or an organic radical having
from1l to 40 carbon atons or two radicals R2B, R29 and R30 to- 15 gether
with the atons cgpnegting them forma nonocyclic or polycyclic ring system
which may in turfi be subs@{ Bt & idgtieal ofdiffepinpandgreeach hydsoden gaardorganistrem of
the formula (1V) 20 XR &&8 hdving(fiow)1 to BB carbéh dtéms38 tSadRR eMiradida FAOWE! g2 bond

i somers, wherein the vagigb o fined for the fornmula (Il). 35 3. A
catal yst _system for theBHngI %ﬁé??%ﬁ?ﬁ%ﬁ g}scglngftf"ﬁéh%f?’%a8’8%?’?"&8%&% | east
one or- (anometal |ic tr@5¥ tgsysterewhirh mainp Sumee suwstitrte.ng to claim 1 and at

| east one cocatalyst which is able to convert the organonetallic transition
metal compound iRto a s‘{geci es which displays-polynerization activity toward
at |east one olefin, 40 54 4. The catal yst system according to claim3

whi ch further conprises a support. 5. A process for preparing polyolefins by
pol ymeri zati on or copol yneri zat i oRf® ®least one olefd’h in the presence
of at |egst one catal yst system according to claixn 3 or 4g-5 6. The process
according to claimb5, wherefmethyl ene, optionallytogethgrwith further a-
olefins, is used as olefin, 7. (Dhgdse@f a |igand em according to claim
2 for preparing an organonetallic transition 10 netal conpound.

where R*, R*, R* and R* are identical or different and are each hydrogen or an organic
radical having from 1 to 4Q carbon atoms or two radicals R®, R? and R* to-

15
gether with the atoms connecting them form a monacyclic or polycyclic ring
system which may in turn be substituted, p is from 2 to 8.
2, A ligand system of the formula (IV)
20 T
* R2
25 (\v)
30
or its double bond isomers, wherein the variables are as defined for the formula (l).
35 3 A catalyst system for the polymerization of olefins which comprises at least one or-

ganometallic transition metal compound according to claim 1 and at least one cocatalyst
which is able to convert the organometallic transition metal compound into a species
whioh displayspglymeri_zation activity toward at least one olefin.

40



8. A process for preparing an organonetallic transition metal conpound,

whi ch conpri ses

reacting a ligand s em according to claim2 or a bisanion
g g ys

prepared therefromwith a transition netal conmpound. 15 20 25 30 35 40

10

18

20

25

30

35

40

The catalyst system according to claim 3 which further comprises a support.

A process for preparing polyolefins by polymerization or copolymierization of at least one
olefin in the presence of at least one catalyst system according to claim 3 or 4.

The process according to claim 5, wherein ethylene, optionally together with further o-
olefins, is used as olefin.

The use of a ligand system according to claim 2 for preparing an organometallic transition
metal compound.

A process for preparing an organometallic transition metal compound, which comprises
reacting a ligand system according to claim 2 or a bisanion prepared therefrom with a
transition metal compound.



