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preparation of polyolefins The presenttlinvention relates to

transition ounds of the formula (I) 5 R RRZ (
n R8 15 Rwﬁfziaé.’s"(ﬁ%?v\here Mis an el enent of group 3, 4PC1§EP8?°4@1%§F7the
Periodic Table of the Elenents or the |[|anthanides, 25 the radicals X are
i denti cal gProdidnfetailie transition matabcosdoind iEcicpamactie ligah@§yGRM, Catiiglb@Rin Wi th
two radi caé,ﬁp}gpgﬂag&g:psb,%ﬂﬁpl e to be joined to one another, n is a natural
nunber from1 to 4, 3 I's a divalent organic group which has froml to 40
carbon atons and toget her with the two carbon atons of the indenyl system
forns a sat lhearesentdnventios eelajsdt eganomsalistdnsitisratetal compserds bi thelfoaslild f)ng syst em
having asring size of from4 to'12 atons, where Z within the ring system
fused to the indenyl systemmay alsq contgin one or nore, identical or

di fferent heteroatons sel ected froMhe group conS| sting of Si, G, 35N,

P. O S Se and-Te, Rl is hydrogen o 2 radi cal having froml to 40
carbon atons, R2 is hydrogen organ ical having from1 to 40
carbon atonms, 40 R3 is hydrogen, haMogk an orfgani ¢ radical having from
| to 40 car bon atons, CONFI RVATI ON 0% 005 WD 2005/ 058916

PCT/ EP2084/ 013827 2 R i s hydrogen, /hal ogen or *an organi c radical having
from1l to 40 carbon atons, R6 is ge’ﬁ or an organic radical having from

A
| to 40 carbon atons, 5 . M™X,
RB
*
15 R®
L)
R?
R®
20 where
M’ is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or the
lanthanides,

256 theradicals X are identical or different and are each an orgahic or inorganic radical, with two
radicals X also being able to be joined io one: another,

n . is a natural number from 1 to 4,

30 Z is a divaleni organic group which has from 1 fo 40 carbon atoms and together with
the two carbon aioms of the indenyl system forms a saturated or unsaturated,
substituted or unsubstituted ring system having a ring size of from 4 to 12 atoms,
where Z within the ring system fused to the indenyl system may also contain one or
more, identical or different heteroatoms selected from the group consisting of Si, Ge,

a5 N, P, O, 8, Se and Te,
R’ is hydrogen or an organic radical having from 1 to 40 carbon atoms,
R? is hydregen or an organic radical having fromm 1 o 40 carbon atoms,
40
R® is hydrogen, halogen or an organic radical having from 1 to 40 carbon atoms,
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R6 is hydrogen or an organic radical having fromIl to 40 carbon atons, R7,

R6 are identical or different and are each hydrogen or an {)i‘g@m C radl cal
having from1l to 40 carbon atons or R7 and R6 together w ¥ dlbns
connecti ng RNE? y @ 10 nonocyclic or poI ycyclic, substituted or
unsubstituted ring systemwhich has frgml to 40 carbon BtBRE0MHUSHEY al so
contain heteroatons selected fromthe group consisting of the elenents Si,
G, N P, O, S Seand Te, Ais a brldge consisting of a .divalent atomor a
di val ent gr Oxio, ogen. then n ni ¢ radi cal

whi ch has from 3 tolsg'lgtﬂ'o fg)ar%%g{ﬂ gran o%ﬁa i rag!oal&ag%ﬁoélh* %4% Cﬁl'g rga}%sgl tion and
R6 is hydrogen. 20 The present Invent| on further relates to

bi scycl opentRrfdi enyl is| iy radih of Js brg e B@vH) Reying WeM 1do 4ddRhiatoris] ON pattern,
catal yst gystens conprising at |east one of the organonet al lic transition

nmetal conpounds of the present invention, a process for preparing
pol yol efi ns By pol ySewireganiopan organiciagied Wﬂﬁfﬁﬁtﬁt@ﬁp efbog@aiofeast one olefin in
the presence of one of the catal yst systens of the 25 present invention, the

e o e iyl OBE AR relch AR Y BUoH oo LB BIERERL bR O" for

preparing or ganorret; transit
prepar i ng”or ganomet $14%carbon ?’@H%PW ik ﬁett’%ﬁtheélﬂ%fbﬁﬂtaﬁs 8@1“%‘”51 fhem form a
bi scycl ogént adi enyl mbngaeiid ospeiis subisitstedsransubsitiuteienimg| spaem Rhiclostiba 1use of

or ganonetal | i ¢ trangj i gﬁsomsmé Bt Rl EleBled 1 oEfBb | OCCneS.

as catal yst conponents rization meri zati or
olefins with the 05?"%‘&'19\?&* F'BBF'@%@&%@' Pa‘?vl%rséandp.@ on efins has been

pursued intensively in universities and in industry over the past 15 years.

Now bot h et hyl ene- basegaRalyalifg bitsinak ﬁ’t%n?grat&’ RRafsupof metal l ocene
cat al yst 1gyst ens and, i nd%g!grtl c%l ar, | Sr opyl ene- Vgased Bbl yol efins prepared by
of

nmeans met al | ocene catal yst systens represent a dynam cally grow ng
mar ket segmemt. 35 The preparation of propyl ene- et hyl ene copol yners whi ch
are used, for exanple, as rubber phase in the preparatl on of

i npact - rmdlf d | ene_gpol yner s h u re mth probl em
that the nol zf? snt&grgg%' E‘F" Rhga P@fﬂ}‘fr@ '85@“@%@“’5&%2‘? §‘ Bcan be
achi eved usibmyickeddn thimooitionerdR] inbwirmgesat al ysts are signifi cant I y less than
t he nol apgrmasses of isotactic propylene 40 honopol yners. 15 NOV 26QF WO
2005/ 058916 04/0 descrjbes the. preparation of
i gh ol ecul T PGETEAYeT TR ?1%;?@?9&%’gﬁ%ﬂ@ee*sﬁafr@'waw’ssvﬂa@F R SERE oal 'y
subst i t ut ed sestitijenrpatern.calglystisheiemns tomyaging ot isad nessof tErRrgangrReatglicrageiioar | bes

cat al yst sy shatrGonid0iisioBth8 greSat RYERIET, b bfocds Tdr BREAYD peRdetiné BICRASzation

or copolymerization of at least one olefin in the presence of one of the catalyst systems of the

25 present invention, the use of the biscyclopentadienyl ligand systems of the present invention for
preparing organometallic transition melal compounds and a process for preparing organometallic
transition metal compeunds using the biscyclopentadienyl ligand systems.

Research and development on the use of organometaliic fransition metal compounds, in particular
30 metallocenes, as catalyst components for the polymerization and copolymerization of olefins with
the objective of preparing tailored polyolefins has been pursued intensively in universities and in
industry over the past 15 years. Now both ethylene-based polyolefins prepared by means of
metallocene catalyst systems and, in particular, propylene-based polyolefins prepar'ed by means
of metaliocene catalyst systems represent a dynamically growing market segment.
35 '
The preparation of propylene-ethylene copolymers which are used, for example, as rubber phase
in the preparation of impact-modified propylene polymers has usually suffered from the problem
that the molar masses of the propylene-ethylene copolymers which can be achieved using the
known metallocene catalysts are significantly less than the molar masses of isotactic propylene
40  homopolymers.



5 which are suitable for the honmopol ynerizati on of propyl ene and produce

propyl ene honopol yners having high nelting points. WO 01/ ﬁi?ﬁﬁ geml bes
~catal yst systenms which, owng to specifically substituted p are

able to pr propylene et hyl ene copol yners as rubber ase haV|ng a
satlsfacto?§% %ﬁﬁgﬁgr mass and al so p?opylene honDponH§P§“H§VWﬁﬁzb

sufficiently high nelting point for satisfactorily high stiffness of the
matrix. WO EBHOWSSHldederivey thb preparation bitigh mﬁlmlgmbrﬁbyldm&ly@ne copolymers

further-i npray %%eeﬁ&%uh%t&%cg&ré eﬁ%f’@ﬁ&ﬁ@“ Aiodehg above-descri bed

requi renents. Heen achi eved hit herto, there
continues to be a need to f| nd new 15 netall ocene catal yst systens which
can achi eve E&m-83dptariescribed catalyst dystemodniprisiig ORsyaimeric@ltindemyl Rétaiesrss of t he

r ubber prBaS@\!hﬁﬁ‘Qre%hliane@@%% h%tnoﬁ&\ﬁne'ﬁ?athgﬂ& pro‘f%*lénlé Bgﬁlro lgc%g»?cﬁ(l ls the econonical

acce55|blllég st conp ®the present
i nvention t ?‘?Pﬁlimsw hnelting pP‘f‘ténS| tion metal corrpounds whi ch, 20 when
used as catal yst constituents, are able to achieve a further increase in the

nmol ar mass gfo 0'918@9&’&&%9@&5@@3?%@&999%’ g\ﬁlf‘l to sgéclr\‘lcgl @gbsfh{u%q‘n]fe@ﬁocenes

pol ymeri zati on nown nes sane tinme are
able to ihc F‘@fé’@?% m?;ﬁce P@ﬁBPpﬁ%ﬂeﬁrﬂ'@?ﬁ ‘i°ﬁ‘?—JV"Ex‘?§§Fsr wbpeg phiase Radng a sglisfaciogy
propyl ent® howispokssapd alsdpropyiese honepolytre hauingarenfiieiealylhigh reltiagsditifioon net al

conpounds %ﬂ@fébt@rllpﬁg@m‘fﬁes% of tRemabt. Wd‘t%?b%%@@sc‘ﬁﬁ%%ﬁ t%rﬁ:;s\mli\EMavgas. Ve

have found achi eve [ ganone Ic transition
net al corrpo%ﬂﬁ%r""a?mvetdﬁédpf’@r%?ﬁ 5)8053g@@\ég\/&jﬂegqnbgcﬂrgqlgrﬁfng@f ML is an

el enent of group 3, 4, 5 or 6 of the Periodi ¢ Table of the El enents or the
| ant hani des Deépﬁlé the PRGRYSWREEha | 'bEe?ﬂHcHéUed BkHeBO 'ﬂ*\%@onh%feﬂo%@a nbada Ahd B

bi bly tit
21 roont ulf *sritEhs SHyB{HEhs PRoY R an gt eiPaan e Srokg b
especi al | y pwif epsisf (e jbbeyphesgrend Fiifaess atihembtex. R farther dsesitsi tosgcommicdd f f er ent

preferably keteadiiimadf iheaBelyeicém@aehs,an organic or inorganic 35 radical, w t h
two radicals X also being able to be joined to one another. Xis preferably

hal ogen, for example fluorine, chlorine, brom ne, iodine, preferably
chlorine, h{lérasqeiRct oftbe orpeent inyandgnde Fis) qyoanemetalin teaniiljan meta cprapoundsthish, et hyl |
C2- C20- , 20Pr ehar @bl ¥s daliyedeondtk@nty are %t@@nave preheTipdage mhecl‘ﬂ{@ar%’fa‘ﬂé of an

al kyl aryl ?TéroF}Lé/n[eae hlﬂélle % ﬁ\;}rgerh?e\éhlﬂ% fro Qt?é Jle) r#ngrl%apmbt%rrn%];n%cri bé/ lg\or ﬁ) mlto 4,

carbon ato %er ICa yfrom6to
10, carbon &etfaseias apphatt m6ﬁl@@|a@aﬁble talwasepraidﬁasmmem desyedstisfpess| y

- OR13, wher éf thavsrogyadi a@h@o%merpmﬁqemm e bigendiahile bssitoMbE! cofpyurdb so be

joined to o ] . for two radicals X to forma
substit ut ed%”%&%tgﬁgg’ttﬁtc’%a&” d @ﬁ%ﬁﬁgﬁgmﬁc’goow 058916 PCT/ EP2004/ 013827 4

diene li%fand, in particular a 1,3-diene | i gand. The radicals R13 and R14 are
each Cl- Cl0We haveeibardalidt shis dBlkct@lachleladl by tHe@rgahdmetalpriahsionbhetal Gnfolftsar v |

al kyl aryl, ﬂfe%rﬁhlgm desérleQEtQﬁé &‘yget_or fl uoroaryl each having

M* is an element of group 3, 4, 5 or 6 of the Pericdic Table of the Elements or the lanthanides, for

30 example titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or
tungsten, preferably titanium, zirconjum, hafniurn, particularly preferably zirconium or hafniutn and
especially preferably zirconium, '

The radicals X are identical or different, preferably identical, and are each an organic or inorganic
35 radlcal, with two radicals X also being able to be jeined to one another. X is preferably halegen.
for example fluorine, chlorine, bromine, iodine, preferably chiorine, hydrogen, C4-Cog-, preferably
C,-C4-alkyl, in particular methyl, Co-Cag-, preferably C,-Cy-alkenyl, Cg-Caz-, preferably Cg-Cop-aryl,
an alkylaryl or arylalky! group having from 1 to 1C, preferably from 1 to 4, carbon atoms in the
alky! radical and from 6 fo 22, preferably from 6 to 10, carbon atoms in the aryl radical, -OR¥ or
40  -NR™R™, preferably ~OR'®, where two radicals X, preferably two radicals —OR'®, may also be
joined to one another. |t is also possible for fwo radicals X to form a substituted or unsubstituted



from1l to 10, preferably froml to 4, carbon atons In the al kyl radical and
from6 to 22, preferably from6 to 10, carbon atons in th grw]\; gdical . 5
Unl ess restricted further, al kyl is a linear, branched or e?/ 11°¢ radi cal

such as net , n-propyl, isopropyl, n-butyl, 1-b but yl ,
t-butyl, n- gb(gnt yél%5 cycl opentyl, n-hexyl,, cyclohexyl, n- ]I‘-fg'%%lwo“&“’sﬁ" octyl .
10 The |ndex nis a natural nunber froml to 4 Wmch is frequently equal to
t he oxi dat i gitena ligeoe,in pdrticuldfla 118-isse [Zand. Mhd ragicars@arl R 'Ehre BB CS-00f, pﬂifé?étm( 4 of

the Periodi ¢, ES

organi ¢ gro PI%Ikg ng ﬁa@as}g@ gdagpaﬂ(ﬁ%rgﬁgrﬁefll@f @Ipd:ré{aév%/i or%u ﬁrﬁegéh\ﬁ%\l g‘ne t WO
15 carbon at 6’5’5 Bf 'tp erf"?%fé"ﬂ'y °§y%af@f’rﬂ°5‘r5I‘Fsth%a'%}’éfaﬁﬁcﬂtaé‘aﬁ?ﬁGEPr?gaﬁrﬁfFra’P'éd
subst i t ut ed figm GindQissibbn afomslin theiangragigalt em whi ch has a ring size of from4 to
12, prefegably from4 to 8, particularly preferably from4 to 6, especially

pr ef erably ere he r ystem fused to the

i ndenyl systﬁ" SWf?t"g[?(gFﬁ%%&! e GE: la'?ncﬁgcicgcyca? @%@?’élﬂ?r&ﬁsf‘e@}yl othyli denti cal or
di f f erent hetmeryhisorrepyl, soliCihatyl, fbawh iyl gipenty, aydpmenit nigayb tycBhexylGe, N, P,

0, S, Se and1 1phekerably Si, Ge, N, 0 and 20 5, in particular 0 and S. Z
IS preferably e’ ))x-, -O(C(R2Rb))1-0, -C(Ra)=C(Ra)-C(Ra)=C(Ra)-

- C(Ra) =C(Ra) - 5-, Wnere both the radicals Ra and the radicals Rb are,

| ndependétt IT)heéﬁiF'eb’hié agpgehrimber fipant to ¢ auhich is fregiehfieeagaitto tha dxiRboramuhbRipfar e each

hydrogen, hali'eg&us 20 tiitads garments adkirdtal oh@y Pabdk mapk & thoEdRefiaR RON atonms, or
two radi cal('sjD o /or Rb together with the atons connecting themforma 25
I po

nonocyclic cyclic, substituted or unsubstituted ring system which has
from1l to 30 carbon atons and may al so contain heteroatons sel ected from
the group carisa saiagogbnit freupslituieas SonBt to 40CerboiNatorts arldl todaiheSEithamstwde, | n

particul 35 I%arbgn Qms ?th@iﬂ%ﬂ}ﬁs s%enﬁfo%ta%aﬁlrat&%&ratu}aﬁm% ﬁt&en‘sor un%%fﬂﬁéd‘gbl y 3

or 4, in partic erably 1
or 2, in pdhg F!@tﬂ”hwh'ez' hapg ringre bt 4 tople Hrafprably {fom 4éh8: W@?L@?@éﬁrefe&lbm Ct o-,
in particul d@om@le Clespédigiy pretaciblg &lor & Btod, vehesaBsithirt thié ) spsterd Asedis thet ut ed

Mo+t TR Silem o o SBRER oSSR IRl reflapf 1 3 £, kel bn e o
Me 40 M5 Negcledieprpthagospepsriging ohy: ‘%@c'i*/ B G0 ﬁfér@zpfefe@bly Si, Ge, N, O and
20 5, in particular G and S.

Z is preferably ~(C{R*R™), -0-(C(RaR”)),-O-. C(R%)=C(R*)-C(R")=C(R"- or -C(R)=C(R")-S-,

where both the radicals R* and the radicals R are, independently of one another, identical or

different and R® and R® are each hydrogen, halogen oran organic radical having from 1to0 -

40 carbon atoms, or two radicals R* and/or R® together with the atoms connecting them form a
25 monogyclic or polycyclic, substituted or unsubstituted ring system which has from 1 to 30 carben

- atoms and may also contain heteroatoms selected from the group consisting of the elements S,

Ge, N, P, Q, S Se and Te, in particular N, O and S, and k is a natural number from 2 to 6,

preferably 3 or 4, in particular-3, and j.is a natural number from 1 to 4, preferably 1 or 2, in

particular 2. R* and R® are preferably each hydrqgen, a C4-Cyg-, in particular C_31-C4-alkyl radical or
30 asubstituted or unsubstituted Cy-Cy4-aryl radical.

Preferred examples of Z are '
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40



HHHHHHHH HHH*OH HHS5* HH**~HOH HHHHHHHHHHHH
*OH*O*OHHHM 10 * XH**O0 **OH M -Me H **S **%{@N@f@e@ y HHH
HHH15 * H* H*OH*\ H H H** ** HOHH**~H HHHHHH 20 in
particul ar Kydladdspkgohed 25 H ** HH HHHHHB30 RL is_hydrogen or an
organi c radical having from1 to 40 carpon atons, for exgﬁ%ﬁgngﬁﬁﬁﬁﬂ-alkyl,
Cl- C10-fl uoroal kyl, C2-C40-al kenyl, C6-C40-aryl, Cs-Cl0-fluoroaryl,

aryl al kyl, aryl al kg[n | or alkylaryl having from1l to 10, preferably from1
to 4, carbon atons 'y flihe aIkyIH it prefedably from6 to
10, carbon atons ins H C2- C40- het er gar ongdi mdi ca
containing at | east on t er oat om e group coxsjisting of the
elenents 0, N, S, P 35 Se, in par nd S, wherg\the

het er oar ogmati c radk mdy be supsti ed by fur er}1radhg s R15, where
R15 is an organic r/adi rem 1 to 20| carbon at nd is
defined, in partiBuFaf', 1ike Ri3and a pl uralit'S} of radical's l%15 may be
identical or different. RL preferably hydrogen or an organic radical which-
has from1l to 40, preferably from1 to 20, carbon atons and is unbranched

in the a position, where an organic radicgh_whHch is thbranchedMé n the a
position is 40 defin ar C ose | imxthhg a ¢ omis jofned to not
more tharl%one at om ot heX t han ' N "N
", H o Me Me
(8] % () 0 H .
H %xS %S

preferably

- HH H H H © O H
15 +O
% H . H H . H -
: H I =
o H - H ¥ R s
H H H H k

20

in particutar

H H H H
' * H * H
25 . H H ’
. ok - H
‘ . . Y
H H HH

30 R'is hydrogen or an organic radical having from 1 to 40 carbon atoms, for example C4-Cag-alkyl,
C4-Cyp-fluoroalkyl, Co-Cp-alkenyl, Ce-Cag-aryl, Ce-Cqg-fluoroaryl, arylalkyl, arylalkenyl or alkylaryl
having from 1 to 10, preferébiy 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 & Co-Cyp-heteroaromatic radical
containing at least one heteroatom selected from the group consisting of the elements O, N, §, P

35 and Se, in particular O, N and 8, where the heteroaromatic radical may be substituted by further
radicals R'®, where R' is an organic radical which has from 1 to 20 carbon atoms and is defined,
in particutar, like R' and a plurality of radicals R'® may be identical or different. R* preferably
hydrogen or an organic radical which has from 1 to 40, preferably from 1 to 20, carbon atoms and
is unbranched in the a position, where an organic radical which is unbranched in the a position is

40  defined as a radical whose linking a atom is joined to not more than one atom other than
hydrogen. The linking ¢ atom of the organic radical which is unbtanched in the a position is



hydrogen. The linking a atom of the organic radical which is unbranched in
the a position is "15 NOV 2006 WD 2005/ 058916 PCT/ EP2004/01.E$2& 6 0
preferably a carbon atom The radical Rl is particularly prefe legﬁgn

unbr anched %0%&70 o1fr ef erably C1-Cl10-n-al kyl radical, a C2-C20-,
preferably C2- -afﬁi(eny) radical or an arylalkyl radical PCREFPHEOI#Em 1 to
10, preferably from1l to 4, carbon atons in the alkyl part and from6 to 22,

preferably f pemrblyta@abbh atif! BRRadkaliBs batichih p?éfé/rbblpém& bréﬁé’?eﬁrqr%%-,()f
especial ly ppe [%d radlc?l , re Xdroe , et gﬂ et hy n- propyl ,
n-butyl, n- pén{eﬁb,y I faﬁ'&?ﬁﬂ%‘@ﬁnﬁg-TB?{%%??%%‘WY-' rédicg! or gn pRvjalkyliradicalnet hy! |
et hyl , n- prop3Mngding irio He ripferabiyirops! th¢chathgeatos indire atiytyeent and frerdiBc@®2, havi ng
fCr20g43 tf) 40pr|@&fdmyﬁtomt6m, chrBdn éié’rﬁéc:loliﬁlthi% afyllp=4Ea I ﬁabiéyl)fies r%iaf!ﬁr@fefr%d"uﬁ o |ky| ,

- -al ken - ar - -fluoroaryl, aryla ., ar nyl or
al kyl aryl § 1% aerggﬁf rc%@l"%é%L Ptgﬁ?ﬁ"pr{’@”'ft??ty%'f"g?r@'gme Q{fbie[ﬁﬁ/ 3"dt26°h§',’y?eér§’ﬁ5'on at ons
in the al kyl PHbauer astiylfetghneropy apgn-hexwlef erably from 6 to 10, carbon atonms in
t he aryl part, or a C2-CAO-heteroaromatic radical containing at |east one
and Se i porfiibel b GaRcH BRI T Lo sP bt o P Sl pe
substitut €d ByCollvaropliyt Craaptans CrREG-anh Se-61ofigoary, aivlalat, gatelieny! ackkylty whi ch
hasl fr om 10 t eacRBaxtrarioon 184 Prefealy idn tiek| d%ﬂ;{dn atbns !in][t?@é!m b&tﬁRrgrfrpmlsitJf@f Rle?nd
a plurality . r.di fferent. is preferably
hydr ogen. m&%?fa%’gﬁ?@ﬁ%&ﬁ%@%%ﬁ%b EEHM %ga"rﬁugg zré"onegeé?ar "%R;Ilc Fnaéj'cf"rom 1 to 40
carbon at onsSCFHERE} ISHT gne heler selecigf frem Higgroer sengistinorpéthe elements RelN. HFPomi ne
or iodine, oande, iomperticut Of Hadhd 8| wHesMhd tpidkdatmalic tabical XAy 460 sefited bpfumEs, for
exanpl e Cl- - ¥ +5C70- r : : - - ,
o Ca0- 1| uoﬁéﬁlf?%# Tk f%%ﬁ*‘ﬁ;h%%ffﬁﬁfyof‘igfcé%ggﬁ%@?aez%%# om 1 to
10, pr ef ePabNy2iictamlike R o anda plrafity effadigals fs” may be ilenticelay Kiffarent Raimareferabbh 6 t o
22, preferabhyrdgeom 6 to 10, carbon atoms in the aryl part, or a .
C2- C40- heteroaromati c radi cal containing at | east one heteroatom sel ected

fromthe group consisting of the elements 0, N, S P and Se, in particular
0, N and S, &Hgl"@rﬁgﬁ%?‘?'?yg‘ﬁ%é’f & artaT st hav g frem ! a4l cahen siopet AreereRlY by

further radilzidgen, Rl Bxampliecfiuerin@]Ghidrise, drominegaindices, pesh wgdnic radicatievinggohinaom 1 to

20 car bompgpat ' ' bDaRard. lcu ickes R nel cural ity of
oat YE@rRAdiomE, dlekimde, C"zﬂ iagg,ec%ecgﬁﬂua(%lkgh dg%:r@gern?ibés &8 Ebst |ty of

radi cal s R15 y.be identical o . s abl

or unsubsti tﬁ"(r]%ﬂﬂ”%-ry' D(EWE/?WIF%‘HWE%F“‘HW'83@2“?%@cﬁ’éf & 0ab" ﬁv%ggﬁyéromééﬂ cal
cont ai ni ng a4, chiearsatoromie theelignad tohirses o easferbiioinn 6 1§ cupnebnsirste ng of 0,
or et orably o EB0.or} BipAfstostirfifiechal Raiihg ol 86 St ncfbiatdn Syt oy
1- et hyl but yfi’rf’”’:’.CO"s_ls-ﬁ@Q/?maoeﬁiﬁr@ﬂnfs é@m%ﬁ%@ﬁg%mc“ @I @B@#}%Wh,ereéegél ohexyl or
t-butyl, 3n ixderedrendtiaradicalopy bp plibstiee by fattiec abicaRsR I* svheer RY isuh ardeyic mdiedler abl y

a subst it ut eghiéH hat AeH B d0tdabR afohis GPs adiida, nPaitisddr, IRE RNk Yoty of adi cal
having from 1t car al kyl part

and frome ¥ ic%ﬁ'%@ B‘?E%‘%&%@%ﬁ L%/‘?'%%Eﬁ%%n Rtl Etp%&?ébéyaq'%gﬁgﬁg%%gﬁﬁ%a{tﬁgdear | part,
Wi th the radfc@b-8vpdes gei g -85teibarenatip ragical isentzigehzitesgt onEeiRispien seipcted
par ticul arl yirdai @ gloliesbnsiatil 68d,N, Bna P an piveapt 0, Narddd, ¥t the Zadicall RPlis a C4-Cyo-,
30 preferably Cy-Cyp-alkyl radical like isopropyl, cyclobutyl, 1-methylpropyl, 1-methylbutyl, .
1-ethylbutyl, 1-methylpentyl; cyclopentyl, cyciohexyl or t-butyl, in particular isopropyl.
The radical R® is particularly preferably a substituted or unsubstituted Ce-Cag-aryl radical or
alkylaryl 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, with the radicals also being
35 able to be halogenated. Examples of particularly preferred radicals R® are phenyl, 2-tolyl, 3-tolyl,
4-olyl, 2,3-dimeth"yiphenyl, 2,4-dimethyiphenyl, 2,5-dimethylphenyl, 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, phenanthrenyl, p-Isopropylphenyl, p-tert-butylphenyl, p-s-
butyiphenyl, p-cyclohexyiphenyl and p-trimethylsilylphenyl, in particular phenyl, i-naphthyl,
40 3,5-dimethylphenyl and p-tert-butylphenyl.



4-tolyl, 2,3-dinethyl phenyl, 2,4-dinethyl phenyl, 2,5-dinethyl phenyl,
2, 6-di met hyl phenyl , 3, 4- di nethyl phenyl, 3, 5-di net hyl phenyl,
3,5-di (tert-butyl)phenyl, 2,4,6-trimethylphenyl, 2,3,4- tr{ gqq@vlmgnyl
1- napht hyl .wa@>@dphblyy! . phenant hrenyl, p-isopropylpheny .

p-tert-butyl phenyl”, "p-s- butyl phenyi, p-cycl ohexyl phenyPCL§2004/013827
p-trinmethylsilylphenyl, in particular phenyl, 1-naphthyl, 40

3, 5- di net hbehBdeeﬁ.rﬂﬂlo@ent RF éxahhﬁlb%cﬂih@'&bﬂbnnelﬁormﬁyor%@c@r@ M@alﬁ%ﬁ&ﬁﬁ@ &

E ﬁlTé) rEr)ﬁgM{)%%?%% raozlcaﬁ%d Inﬁ fm%q:lo Ipe n foen g %'3? ?cfr Ieﬁ%?’?'%g"@"é Ia kﬁa‘ﬁ “Gor %‘arr??'ky"r adi cal
havi ng f r onPaCegkanyl EafG Se-Emeluorpayl, aylalvp Peflatkgnmlalawyéach having from 1

Cl- C10- f | uotedal gkefbrablyfeitn C&O, adrlkcﬁﬂa&tims nCﬁe EWD o 3d frofdls 1628 pfelfér'élﬁﬁl%ﬁmyd to
arylal kyk, & Xér?dnl%‘?dyé in 91@ aR?‘ ;k%ltlh raycjl Ero@aomar{grafillp%ﬁ?%m{; ing ;ﬂ}faétﬁgr eferably

from1 to 4, ®ferably
from6 to 5 %Oa’%?%ﬁdéfpm@ 9roHP{CRRSIS quf theglements ©, B, &P 204 Se e pagiiovlar @mat i ¢

radi cal conkanth$ nieithd ressdaraitic rabies @1a@Bé ﬂlﬁbtﬁtﬂéﬁﬁﬁf@rﬂwef raelealé R wBeRU®
consi sting gf, ija&mexja&@%u?h gas ﬂNTn 130 263%3% éﬁt's &lts,gﬁp%rh&;éﬁ%?fwg? i and 'S,

where the heterdaromatic ra i cal s R16,
where R15 9 apfiralipyphiaieals Bdimaybe Wﬁ“"'&ﬁ Orféerent. @msrrqf@falﬂmhxﬁmgyuﬁuoan@ns and is,
i N parti10ul GrGo-aef,iimpetticiakan fRAIB), aaﬁﬂ;ﬂtate@brLLrnelitisﬂtyte@t‘a-CﬁdalrW@HiSal b may be

i denti cal 0(52-(5145 ﬂét&BﬁQ&atnc'?aAdldaﬁcoFﬁEﬁfn Etar%gsyonmﬁg%r%%ﬁ %tgr?\rrdm l‘l ESI)R

Cl- C10- al t1cul r an n-a i tuted

C6- C40- aryICOP%lﬂ'P%g O, Sé" B0 @i@?“ﬁé@’eﬁ‘%%Qrsoﬁfa'ﬁlpém?%’ﬁf@?ﬁef%ﬁ‘ﬂlﬁmﬁ“ng at | east
one het er oafePareaitybar aesdbstitutedhot ivsuigstioep C.-Coasl mtical g=@ipBs ofNartiélaand P, 1 n
particul ar Qefedbdd 4 r I f

&1 Gb. -l kgl?fer;;% %ﬁcaﬁqR @%H §ro§@|0§15ﬂljﬂs L%égﬁ;ﬁ&@ b%' %&fil’:@ﬁﬁé}(}g phenyl,

Exanpl es”of {9'{! 10 ul“j‘?)"yz EP"E gptesy %‘hﬁm&fax'@em ZaEmpPYPsBdn, methyl, ethyl,
i sopropyl , #6-Bioetyiphenylhdedimethpprehpisgimsthyiieny, 3,5-diGe@-bbtgipyiényl, 3- tol yl , -
4-tolyl, 2 , B4, 6lkriRIIhdd y , Iphenyl
2. 6-di met hyI hen ”E’M bﬁgﬁ%mﬁgﬁﬂéﬁm T BIeRdon 'ﬁ'quﬁ?{a VaPeodi (
tert- butyl) penﬁ' hﬂ" OFp ﬁté'mf’(‘y' V§'°?PXV'\P/ Ryl phenyl
1- napht hyl , P-mmﬁfamlvlhl}dnyl @wemamtefﬁr@nqls,gwerﬁe|R§b¢jmg)fpr;dtophenyl
p-tert- lQutyI phenyl p- s- butyI phenyl p-cycl ohexyl phenyl or

p-trimethyl hen eci.a referenc n to R4 being hydrogen.
20 R5 is h %/YQ'% ‘}I'é"ﬂ o %WF'EE'PQ&]QJEQI“ 1H?a§? “g‘r%cmslpfﬁf&raﬁ B2 YEBY at ons,
preferably raﬁcad)hamarfrem Trtad esdion Riavisfor eikanrie Gs- Cﬁwal&ﬂ @el:biuoraatkkgns, for exanple

Cl- C4A0- al kY¢2rC4§élkeGYI06J-¢4Heryp@$ BMJﬂuoroa@‘aQ}ﬂa@ylaérkﬂSlﬂéﬂyl or&fyIS4 Qg Bving from1
C6C10f|u5c|> froml

!
to 10, pref erlglg?éflér?bﬁfofyﬂni tfjg %rbo(@éto%Hﬁg‘%/%wgpaiﬁr?nlfjﬁgmglt?(% prﬁgﬁbﬁ ft‘? om6 to
22, prekRér ald) sartop gieme in the 25! pro, or 8 §e-Borielaamatiayadier ceniaiingph lesst Omﬁr a

C2- CAO- het afekafa@ibdelettel #6th GRlgrdbp BéRistHgREthakieheRsd, z@rse P ah@S@f'rQﬁ:HlaﬂhrS:ﬁ' ected

f rom the gré\? R(Ha‘% ?]nteI g{o% omapc rag %a?%ynlge dsugstlfd\c!:*d b?’f eers ra Sagsq?‘s \ Hggém | cul ar

N and dat'e further
radl cal s Ri%an Wwéamwhwi‘shaaﬁorar‘l&a%ﬂ EropagfPea PndifiitPariraisT fefised ke Ro” 20 car bon
at oms and- isd aiplurgligi! fzcicdisR'’ maebd ine@dcd blagfeRRd and a plurality of radicals

R75 may 3@ e Fisq;&éfjar%ﬁﬂ( ar‘i’Ergg'iiéc lfac%a?wﬁich has from 3 to 20 carbon atoms and is branched in the

a position, where an organic radical which is branched in the o position is defined as a radleal
whose linking o atom bears at least fwo directly bound atoms which ars different from hydrogen
and not more than one directly bound-hydrogen atom. The linking a atom is preferably carbon.
The radical R® is particularly preferably Cs-Cao-, preferably Cy-Cp-alkyl, C3-Csp-, preferably '

35 Cs-Cy-alkenyl, Cg-Cys-, preferably Ce-Cig-aryl, alkylaryl, arylalky! or arylalkenyl each having from 1
to 10, praferably from 1 to 4, carban atoms in the atkyl part and fron 6 to 18, preferably from 6 to
10, carbon atoms in the aryl part, C3-Cy2-, preferably Cs-Ce-cycloalkyl or cycloalkenyl, or the
radical R® s a saturated or unsaturated heterocycle containing from 3 to 10 carbon atoms and at
least one heteroatom selected from the group consisting of O, N, S, P and Se, preferably O, N

40 and S, where the carbocycle or the heterocycle may be substituted by further radicals R', where



30 R5 is preferably an organic radical which has from3 to 20 carbon atons
and is branched in the a position, where an organic radi C'iib Wﬁkcﬂ}ﬂi S
branched in the a position is defined as a radical whose nbl g dat om
bears at | e3gh §04ssdig €ct!y bound atons which are different from hydrogen
and not nore than one directly bound hygrogen atom The FEHMEPHIYESEom i s
preferably carbon. The radical R5 is particularly preferably C3-C20-,
pre;eragl y CB'—SGHﬂoegakiyl'adic@&vthB@asl frft £foe 0 adrbon ﬁtﬁn‘n@uﬂlﬁirn%akﬁllméﬂ defil%ra;l]i@@”, f
preferably gpql r Y 5 - Ar r aryl al kenyl eac aving from
| to 10, psg}der r?"hE J”agrﬁngwt %{aﬁ,beggrﬁ%%%uﬁ%er{@ in the al k¥l 'gart and from®6
to 18, pref ePEBIPES piRsferepdiraslicals R aped5oBi9RY! Sy dehstyl, irmefiwipepy 1-pethributyt3- c12-
prefer abldy Chet@pbuty, dhmethiknehtylDeycloyaity) afclomyi, :-buyl, cydigbentrBéhyt; alclofnt-B-Sny
sat ur at edg Or cdSAt t t£ K n t t Ons
and at | eas “d@fg 2 o L e DAL hroh Ay el Bt N 5
P and Se, pr&f° 'Eﬁ@ “golying- oraimgiiniphenylydb-Eimetiulpherylpybogrbingl. Fnarhigl het er ocycl e
may be subst pheoanddyiByieryy fuinhanethylidenyainsthRilyl, trifinesreethbarGim&Riy Wih2005/ 058916
PCT/ EP2004/ 0 j ; — hd b adl j for o 10 carbon
AsHaidr prBrerBice, deih Bertb RBfLbA) Al Rlop Y dﬁ%h%ﬁﬁ&!, ' elfergnybagg

atons and is mgaﬁlcular, defl ne radi cal s
R15 may bé i aBRIYRER i CuFiohex.dmparicrlarizAsroay apd cysPe¥r r ed radi cal s R5 are
i sopropyl19 cycl obutyl, 1-nethylpropyl, 1-nmethylbutyl, 1-ethylbutyl,

1- et hyl pent gé s hﬁ)’dgbﬁ)&%ﬂto)’danic EMRhIAEAHom 1 HREEYbon KA, PERH %'(,e—'%,l-alk ,
| - 3-enyl i , | ghex- 3- , v el ohexy! |
PRI e b ittt e BEG

2, 6- di net hyl| gaeehgMing frema, 16 19, iprefesstiyfropiidn ¢l carbbr ptapktnitlyd glkyPparaph by B jo 22,

Ph_enatn';] hlr yl, preBiagstm 6 kaHay barbdmeskdiglid R1é 890art, VB ICRE fheteVdarontdiit fakikgr omet hyl  and
ri met hy

iyl wt articul ar eference being given to |sqpropyl
1- net hyl S?;Op%//analnTg ﬁ@?ﬁ?@?fﬁd}e&(‘{aﬁ’f‘-%{eﬁ’\?ﬁ?ﬁ?ﬂ @'FF’“’”&‘-"%@%WPS@W&?W%%B’ l\£§(':‘:'ohexyl ,
i n particul agndiS¢opparpsular @ntl 20d/8, Wiy hetel@rorBtic rdiba) chap e substitutedhbydurtani ¢
rcildlc(i? f lhaVl ﬂ%ﬂcé‘lld‘ E?Wvﬂagﬁe@imig af@r@&@c{h@&sﬂmﬁeh ﬁa@ﬁ’roxlﬂﬁm éitga%aﬁﬂ'g'aﬁd ing:l :

- C10-f |l uor - CAasaal kenyl . Ch- CAD- a¢ - C10-f | uor oas y! ,

aryl al kyl , aé)a)?tlcg%{rk%?f 7 '%Fl %ﬁ?éﬁ&%gﬂ"y %3@%’5 v'%?ygbefc':&eg%agortrjg}éf@t; Ep'}réef erably
from1l to 4,refaiebphydsacens in the al kyl part and from6 to 22, preferably,
from6 ,txg 10, carbon atons In the aryl part, or a C2-C4o-heteroaronmatic

radical 15 c dl N t |l east one heterpatom selected fromthe qgroup
consisting o a%‘ﬁé & g%@ﬁ?lgr ,er?\lrl?alg,ar%pacéﬁ@r:@g? i PErET d['ﬁaa i fr‘% gk?d S,
wher e t he hetdiemar agms.iier exerorleasycliralransbederygbranchedeh-Gry prafethie £1-Cralithl cal s
R15, where RbficdlS GUT, L geeresy Caci-diehy YdaicalNa bas,,{ preftsblyiog-c2fang addl@namat ons and

dent ] cal - or S oy epfiol e havig G S pReb B ¥ g R QBB InHiRy Y, 07,
or di ff er?8nt Pashaad B7re 6 oR2h PRigERPY Gam 64t 10apRreAnGaTISan thaaivbrar oAV PR riegsihel t o
40 car bon at witiEhe di6his @xagtihgehdan @y & menoclhdiaaaien el ey, subsiioiad ehasubeitutéithg,
prefer ably - ClaiGhslol ks o oath defis sl may BESLSAHeterSofinf e BLESRA
radical, a C5- -, pr_eferaly %fgé -arlylmyalca an ) )
the group consisting of the eleéments Si, Ge, N, P, O, S, Se and Te, preferably Si, N, O and S, in
particular S and N, i
30 Preference is given to the radicals R’ amd_Ra together forming a divalent organic group T having
-from 1 to 40 carbon aioms, where T together with the two carbon atoms of the cyclopentadieny!
ring forms a saturated or unsaturated, substituted or unsubstituted ring system which preferably
has a ring size of from 5 {o 7 atoms and T within the ring system fused to the cyclopentadienyl
ring may also contain one or more, identical or different heteroatoms selected from the group
35 consisting of 8i, Ge, N, P, O, S, Se and Te, preferably Si, N, O and S, in particular S and N.
Examples of preferred divalent organic groups T are

40



al kylaryl or arylal kyl radical having from21 to 10, preferably from1l to 4,
carbon atons in the alkyl 25 part and from6 to 22, prefera%% M\g%ﬁ to 10,
carbon atons in the aryl part, or R7 and R8 together wth t b
connecti ng monocyclic or polycyclic, substituted or

unsubst i t ut lg‘él@?qué{ggsms??stem whi ch has from1 to 40 car bonPalERHNISHay al so
contain heteroatoms selected from the group consisting of the elenents Si,
Ge, N, P, 0, S, Se and Te, preferably Si, N, 0 and S, in partlcular S and
N. 30 Preference is gi verR o the radl cals R7 Rlhd R8 t oget T forni ng a

di val ent organic gr T havingu fr jo 48 carbong! tonsg), where T together
with the two carbon at “of t cloﬁ% enyI rin fms a saturated or
unsat urated, substitutdd or unsubsg tuted ring ¥ystem which preferably has
a ring sige of from®b \7**atoms d*T withNa the rit stem fused to the
cycl opentadi enyl ring may al so Sont ai n omf‘e or nore, ide l or different
het eroat ons sel ected fromthe group 35 consisting of Si R Cer!N, P, 0, S Se
and Te, preferably Si, N, 0 and S, in particular S and N Exanpl es of
preferred dival ent organic groups T are 40 15 NOV 2006 WD 2005/ 058916

PCT/ EP2004/ 013827 9 R12 R11 R12 H11 /* Rio S* R1I0 3 * R12 / or 3\** 5 R10
xx RN RL” Prelerg!R10 R H preferably 10 R12 R11 RI0 S or 3 RIO R9 15 Rin
particul 4 20 R12 R11 R10 ** 25 R

12

R * Rw S*
=
AN **
15 R® ’
in particular
20
R‘IZ
R11 N
: =
NS
R1D ke
25 Lo
where

R®, R™, R"" and R" are identical or different and are each hydrogen, halogen such as fluorine,
chiorine, bromine or iodine, preferably fluorine, or an crganic radical having from 1 to 40 carbon

30  atoms, for example a cyclic, branched or unbranched C-Caq-, preferably C4-Cy-alkyl radical, a
Ca-Cyo-, preferably a C,-Cg-alkenyl radical, @ Cg-Cyp-, preferably Ce-Cop-aryl radieal, an alkylaryl or
arylalkyl radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part, where the radicals may also
be halogenated, or the radicals R?, R'°, R" and R" are substituted or unsubstituted, saturated or

35 unsaturated, in particular aromatic, heterocyclic radicals which have from 2 to 40, in particular
from 4 to 20, carbon atoms and gontain at least one heteroatom, preferably selected from the
group of elements consisting of O, N, S and P, in particular N, or two adjacent radicals R, R'
andfor R" together with the atoms connecting them form a monocyclic or polycyciic, substituted
lor unsubstituted ring system which has from 1 to 40 carbon atoms and may also contain

40  heteroatoms selected from the group consisting of the elements Si, Ge, N, P, O, §, Se and Te, in
particular N or 8. '



where R9, R70, R11l and R12 are identical or different and are each hydrogen,
hal ogen such as fluorine, <chlorine, brom ne or iodine, f I y fI uori ne,
or an organic radical having from1l to 40 carbon 30 atoms%f fple a
cyclic, bra nbranched Cl- C20-, preferably Cl- Oe aI Kk radl cal

C2- C20-, pr ;“Fd;ra f’s@m‘d C2- C8-al kenyl ragjcal, a C6-C22-, é’r”&

C6- C10- aryl r adi cal an al kylaryl or aryl aI kyl radi cal haV| ng from 1 to 10,
preferably f?rgmeﬂlcdlﬁgl‘@en t6 &F mm‘%wo@mer l‘dﬂmhdl@s@bﬂfbtéd fransubsitded, firpaAc@art 0 22,

pr ef er abl y f gs@w{e&) 1130bd1t£d?e599 F 5%@ %%lt&%liuns %Eﬁeﬂt& éu-%ﬂ' Cal S

may al so
substi t ut ed réﬁj‘cahﬂrscaﬁ%w F?‘ﬁ?@@“a@éﬂdifﬁ'ﬁ%@mfﬁ atigzst ane hetgroalP@delesied oAt e cul ar
aromati c, hefrewpaoyddtihgofrGydl, & ahdsP, Whpaethulbew,el dni@m 2 to 40, in particular from

4 to 20, garpn ?{ﬁéapﬁﬁs Eé}ﬁjc %FN] r@flaﬂbt?% sub%ff\ﬁt%d %ﬂsﬂ@#tﬁ%@éﬁ\@g@y%ﬁ&‘;ﬁ%l

selected fromt

particul ar NEKYgp! EE’WBa'zQHY"&:f@ﬁU tPéB-.Rﬁﬂé?fgblﬁng Red. Caé'??ﬂlakﬂmsmth? algdpatandni t h t he
at ons connechtdnmgitot2 gireférablprfram e saetion Gtoms inte sglypeltivthereshiatitdldmachisoor
unsubsti t ut egd Jojy &aﬁa\fi%ﬁ%?ﬁ@b@%rﬂ?ﬁl pFe%We&raEl@alsAf Re &'@F}%QI ﬂoﬁrﬁ—tcﬁﬂ%t?@y al so

contain 40 het i %toms sel ect rou cons |ng nment s
Si. G, N P~ ylpheaylah drdimgthylphenyl 25-ging Y'%ne - digethylrienoy 2006 WO
2005/ 0589016 Pea‘mﬁmammoa,saaﬁmthylmﬁbnﬂr&es-mn@rnwl Jplengi 2eemetipPhamd R1O t oget her

formng a s%akr&d&rﬁghg{yi #'Hé&ﬁhﬁltkhéﬂhﬁgb pneﬂarmﬁéﬁyf s%@e pylpHBSRSLA-t ut ed,

R P e L )RS P AR lﬁ@aﬁmiapﬂ?ﬁ?cﬁgsu tlﬂta:gt one

het er oat om sthapbthgd3, S-digwethylpeenylgno piertdotyphayi ng of 0, N, S and P, in
particular -0, Nand S. 5 The radical RO is particul arly preferably a

substi tut d or unsubstituted di.c or . an radi cal
havi ng fr! ”Ctegheﬁe”cﬂ}t%f?cé'i’%% eﬁdffﬁfl s T ?'B’r'% W“Eﬁ’?@fﬂ‘f’"&t%’%e Ciyqa'F ﬁé % kyl part
and from 6 tagtic@iar, impmr@hafardhg/pqﬂwrmmaﬁort lmha_\@oramhﬂﬂ@maulQOmemﬁs ofifee malypkrspart |
where the ragigals bér@Malﬁédsﬂrefelkéﬁcé@ S meENefiisR8n ﬁétal&@ﬁwbélﬁﬁ'é @F'ﬂ'ley

D D AR i Al RS o

2, 6- di met hy| iy branched B tize- cipositiorh Partitwan preferegeens dwret@ hsgﬁmmfgﬂic transition
3, 5-di (tept- rhbtbl)bb&uﬁ&lﬁﬂé’&f,the%erﬂquéﬂl) fnlwmh e l-Riae W and F’é e &kﬁérém egdcuahenyl

1- napht hyl , 2-nap 0 tert -
butylphenyl “ﬁwgmﬁaﬁﬁwhﬂgﬁfﬁ“°ﬁa@yé Bﬂg&yb5&@%3&%885%5M{mmﬂm{hyIsIIyIphenyI
in partlcular phenyl, 1-naphthyl, 3,5-dinmethylphenyl and p-tert-butyl phenyl.
15 Since thep glakitige doRsi@ngefd cmafemcu‘tonm%crvaréht@adus HxkmpréofBartyi t h t he grow ng
pol ynmer chain are of particular inportance for the polynerization behavior
and the resulting proggrties ofgikhe pal yners gahi cRiscangbe obtai ned,
preferend@ is given ti organonefal li¢ transition tal tonpounds of the
formula (1) in which at | east ome of !the radigals Rl and R5, in particular
R5, is an organig¢ Fadfcalr” whATcl i's ranched I'n theg a pgsition. Particul ar
preference is given t organonedalli transition 20 net fl conpounds of the
formula (1) in which ghe radi caks Rtrand RS are di Rferemrt, -in particul ar

30.
T“G R R16 Rlns
le , 0 M2 , M2 (‘;
17 17 17 R
35 R R R
-B(R™®)-, -B(NR™®R")-, -Al(R"®)-, ~O=, =S, -8(0)~, -S((0)2)-, -N(R™)-,

-C(O)-, -P(R")- oder -P(0) (R™®)-,

40



conpounds in which RL is an organic radical which is unbranched in the a
position. Ais a bridge consisting of a divalent atomor a divalent group:

Exanpl es of A are: 25016 R16 116 RIB 116 R16 ' | | , | | M5 NR®20867 ' RL7
R17 R17 RL7y3P00Hidaefgl6 R16 Rib -M- , -0 -Me- -M2- C35 | | ~ 517 R17 RL7
R B -B(RL6)-, -B(NR76R17)-, Al (RL6) , 3, -5-, -S(O)-, TSUEHHUIBT N Ri6)-,
-C(O-, -P(R16)- oder -P(O (RL6)-, 40 15 NOV 2006 WD 2005/ 058916

PCT/ EP2004/ Qiad88ctlar 11 in particular R16 RI6 RI6 RI6 | | | 5 -M- , -C- , -C
- C-, 1 11 Rl7 R17 R17 R17 where 10 M2 is silicon, germaniumor tin,

preferably silicon Qr gegmanium parggcul ar Iy Rk efegably silicon, and RI16,
R17 and R18 are identicalf or differept and arebeachla hydr ogen atom a

hal ogen atom a trinethylsilyl groug, a Cl1-Cl1D-, preferably Cl1-C3-al kyl
group, a £1-C16-fl uoroar Y[ group;—a’ T8- €10-1§ uoroaryt—group, a C6- Clo-aryl
group, a Cl1-Cl10-, preferably Cl1-C3-al koxy group, a [L5 C7-C75-al kyl aryl oxy
group, a C2-Cl0-, prefergbly CZ-C4-a,LkenyI gr ojlp, ag7- C40-aryl al kyl group,
a C8-C40-arylal kenyl group or a C7-C40-al kyl aryl group or two adj acent

radi cal s toggther with the atons connecting themforma saturated or
unsaturated ring having from4 to 15 carbon atons. Preferred enbodi nents of
A are the’bridges: 20 dimethylsilanediyl, nethyl phenylsilanediyl,

di pheny!l gb| amBelsijdon, geirmatunydr e preaad sticon @ lgbyrahide @rticuldrymRéieubieéiftyh, isdene,

1, 1-di et hyl et hyl i dene, 1, 2-di net hyl et hyl i dene,

1,1,2,2-tetr thyl et:hyl i dene, di met hyl met hyl i dene, phenyl met hyl net hyl i dene

and di phenyl iﬁgﬁlﬁp &e ﬁ%e, identiosh o differsnt ad arefaghe RXHogen Arad '§H¥999“ atom, a

di phenyl si | arimethydilylgroipet Gy Cioel @regeraiiC ACqialigl goaipta Guta+lusrogike freumbl y a

substituted gidyneRSarfGRUP, 8,8 - SHPShid, Hb?—%,nQFpréf&%MPé}—bé-élhﬁ? sp&m' ene

group, prefe abf) ubstituted si’l Ien?cgroula sPch as _dime ?\Iy si | anediyl,

met hyl ph éﬁyl 7 15%1@@;1@?)(}( group, a Cp-Cqg—, preferably Ci-Cy-a e'sny group, a C—Cyp~arylalkyl group, a
Ce—Cap-arylalkenyl group or a Cy-Cag-alkylaryl group or fwo adjacent radicals together with the

atoms connecting them form a saturated or unsaturated ring having from 4 to 15 carbon atoms.

Preferred embodiments of A are the bridges:

20  dimethylsilanediyl, methylphenyisilanediyl, diphenylsilanediyl, dimethylgermanediyl, ethylidene,
1-methyiethylidene, 1,1-dimethylethylidene, 1,2-dimethylethylidene, 1 ,1,2.Z-Eetramethylethylidene,
dimethylmsthylidene, phenyimethylmethylidene and diphenyimethylidene, in particular
dimethylisifanediyl, diphenyisilanediﬁl and ethylidene.

25  Als particularly preferably a substituted silylene group of a. substituted or unsubstituted ethylene
group, preferably a substituted silylene group such as dimethyisilanediyl, methyiphenyisilanediyl,
methyl-tert-butylsilanediyl or diphenylsilanediy}, in particular dimethylsilanediyl.

The radicals R', R? R% R* R% R® R’, R%, R®, R™ R' R™ R¥ R" R R'" R" and R" can,
30 according to the present invention, contain further heteroatoms, in particular heteroatoms
selected from the group consisting of Si, N, P, O, S, F and Cl, or functional groups In place of
carbon toms or hydrogen atoms without the polymerization properties of the organometallic
transition metal compound of the present Invention being altered, as long as these heteroatoms or
functional groups are chemically inert under the pol};merization conditions.
35
Furthermore, the éubstituents according to the present invention are, uniess restricted further,
defined as follows;

The term "organic radical having from 1 to 40 carbon atoms”,; as used in the present coniext
40  refers to, for example, Cs-Cag-alkyl radicals, Cy-Cyp-fluoroalkyl radicals, C1-Cqz-alkoxy radicals,
saturated Cs-Cog-heterocyclic radicals, Cs-Cyp-aryl radicals, Co-Cyo-heteroaromatic radicals, Ce-



met hyl -tert-butyl silanediyl or diphenylsilanediyl, in par ticular

di nret hyl sil anediyl. The radicals Rl, R2, R6, R4, R5, Re, Ré, ﬁ?}t 1310,
R11, R12, R13, R74, R16, Rl16, R17 and R78 can, 30 accordin 5 thmiﬁresent
invention, GPgLisPsdoty t her heteroatons, in particular he tons selected
fromthe group consisting of Si, N, P, ,© S, Fand d, ﬁ’%%&r%é({m’gﬁﬁ?" gr oups
In place of carbon tons or hydrogen atonms w thout the pol ynerization

properties bqﬁ1gtﬂueroamlgmmecé\dun4afy!oxy ragitedd, Ci-OR-triakiailyl re@iog Ggldzo%ikeﬁﬂ %dllﬂeil@S ent
| nvention be 1 r negtional groups
'C[zlgzoaélkgn‘ﬁf E:Qmal@%-, oné}%?gzl Fatﬁgﬁse | Bn‘“’coné’%ﬁ 2 cals?)%.l a!I) ?rﬁ%l]j or e,

are chem cal Ié%{l ner t Pf ons
the substi t uSHicg '%1%6?%70%3%%93(“ é’o'ﬁP%'ﬁ‘érTP“ﬁl e sifewnt cigasic reditatsdavingaper i ct ed
further, debérhechiascéndh provipte bElierivee from the bgaric contpadtidawdthenal hargsif @i | t o 40

car bon atgms (HsCASmat H.B8-3.0%q b 40 refers to, for exanple,
Cl1- C40- al kyl ra |calﬁ(§g( Cil]% ?‘Iryuor otg‘hwl @é‘ i'cal s, Cl-C12-al koxy radical s,

saturated C3- C20 heterocycl ic radicals, C5-C40- aryl radi cal s,
C2- C40- het er dbg emuiriky” asadied mltiss, pré‘%nt:bﬁntéd(ﬂehcﬁﬂ%séwn%@BélW]zﬁmlply branched

PCT/ EP2004/ 01482téd h cQ%Qnsf JNHIQK H%f o He%?dh erercs ]sg\gn ?J%éa%}%@l%?u E?

C3C13tr|alk SI| radi cal s, radi cal's

radi cal s, C71 %l Ry NP %B‘T"Ey (5‘rhe¥i’§ "Kﬁﬁﬁyd"r%%l“ﬁ?ﬁ% n-fegyi ysipren Y'Such an
organic Tﬂadpxﬁb?hexylslsdﬁpny\llﬁdblﬁﬂyompamyloerogexsri. seceoiypwienghuiyThus, three different
organi c radicals having one carbon atomcan in principle be derived from

the organic 0 t hanal., ,.nane th H3C-O) and
hydr oxgme!t hyﬁg%&ﬁ@ﬁ pS Usggdn ?‘EPWFQ%?C{?T&N%%"%é aﬁf%r ?rﬁé‘ggf’b@{lﬂ'y cont 2axt
enconpasses bianeed h!ﬁmcsfbmﬂ havipg atiedst dnp ICyC dnuble bbreldlif desivedm pitretity 6AGIE dudiiebons,

whi ch may al S&dbavfflb}i%é{@ecﬁﬁlﬂét&f@%ﬁ@ndﬂﬁg given to Cl-Cl16-al kyl such as

met hyl , e1t5hyl n- pr opy n- butyI n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, cycl openty 10 cyclohexyl |sopropyl |sobutyl

i sopentyl, i 5%@56}/]53"@@@hb*@mhfc“%ﬁad'ﬁér%“?ﬁﬂ'ﬂ@/ﬂhe PrEpRat eastert refefskionsXeMplado used i n
the present aRAdt o@weym@s@@smieu Bﬂﬁa&uﬂéﬁtut&d m@ioyarwn rediEd iR witich Meaja ﬁnbn@d

hydrocar bons Bé}gog'nsanognvai&H ﬁ%ﬁéﬁt arﬁiﬂ)? Cﬁﬁ%??%? Haare een rr’algﬂacedtu ﬁi G Iogtﬁrgs %re.?er ality of

C-Cdouble orarternatin eterm
"saturated hé?f@’P@ierp%fqlqsteﬂéramd%ﬁ groypgonpisiiey qf B &, H\barﬁrpegéﬁ*ﬁ”eé exampes of ef ers, for
exanpl e, 200 ‘swbBttoey 6dunsubefiutpdatiryied heterodgtib fddichisl b@Gy@dlidiisipRiaEdliding ed

hydr ocar bon joups and/ or
CH2 groups hgﬁgiogﬂéﬁ pflp&%kg% %@?m%phmg%tra%%&%?ﬁtt&%ﬁ d"g@ 9 % oat ons

sel ected f roFﬂtrFWQVOQWED?ﬁW@*}Héh%'F? #gd ggo methys, ethy, WBV[PiSOFP’P@‘F @pf eg-telanpl es of
20 ' substi t ubedtitoied. donisatived théredied sat urated heterocyclic radicals are
pyrrolidi nyI i m dazolidinyl, pyrazolidinyl, piperidyl, piperazinyl,

nor phol i 3/ tet ra"hydrofurané , tetrah dropyran I t et rahydrot hi ophenyl and
the |ike,2%anihePsd aHEERy$ed in B Rippent ?ﬂ“k%SfFfers fPrsE‘ESﬂT‘BT'JW rONRAY & et v -
substitut ed defnsedablyaresatic hpdremfhon substituents which may be monosubstituted or polysubstituted

by linear or branched C4-Cg-alkyl, Ci-Cys-alkoxy, C2-Cige-alkenyl or halogen, In particular flucrine.
Preferred examples of substituted and substituted ary! radicals are, in particular, phenyl,
pentafluorophenyl, 4-methylphenyl, 4-ethylphenyl, 4-n-propylphenyl, 4-isopropylphenyl, 4-fert-

30  butylphenyl, 4-methoxypheny!, 1-naphthyl, 8-anthryl, 8-phenanthryl, 3,5-dimethylphenyl, 3,5-di-
tert-butylphenyl or 4-trifluoromethylphenyl,

The term "heteroaromatic radical" as used in the present context refers, for example, to aromatic
hydrocarbon radicals in which one or more carbon atoms have been replaced by nitrogen,

35 phosphorus, oxygen or sulfur atoms or combinations thereof. These may, like the aryl radicals, be
monosubstituted or polysubstituted by linear or branched Cy-Cyg-alkyl, Cz-C1o-atkenyl or halogen,
in particular fluorine. Preferred examples are furyl, thienyl, pyrrolyl, pyridyl, pyrazolyl, imidazolyl,
oxazolyl, thiazolyl, pyrimidinyl, pyrazinyl and the like, and also methyl-, ethyl-, propyl-, isopropyl-
and tert-butyl-substituted derivatives thereof.

40



25 The term"aryl" as used in the. present context refers, for exanple, to
aromati ¢ and fused or unfused pol yaromati c hydrocarbon substituents which
may be nonosubstituted or polysubstituted by |inear or br §C§"8V il

Cl- Cl6al kyl , Cl1-C13-al koxy, C2-C10-al kenyl or hal ogen, inﬁ |cu‘rag|5

fluorine. \?beﬁ(gmg@@k exanpl es of substituted and substi tgg[ﬁﬂzﬁgmssiﬁdl cals
are, in particular, phenyl, pentafluasophenyl, 4-nethylphenyl,

4- et hyl phenyl, 4-n- propylphenyl 4- |sopropylphenyl 4-tert 30 butylphenyl

4- et hoxyphéhﬁyterm “Bryiedipyt e yded ireth@memnwonteg*ﬁﬂeﬁermamw,,io Bylsotaineg hyl phenyl ,

3hSt di- ter %g{id&ﬁh&i-ltmlﬁﬂé’ bryQhdidi Is el VR EABRA Biéﬁnﬁ%‘ ﬁ@)‘emalrﬂaﬁofttﬁrnﬁelecu}e |
eteroaromati.c ra c exanpl e,

to aronmt i E:n'% R géééquegﬁreﬁéemyiﬁﬁ%ﬁ{]ﬁdg}n @H:’ ghybls %.thtuéd Bfréeinﬁ‘g ahg %ﬁ@(ehave

been repl aced by nitrogen, 35 phosphorus, oxygen or sulfur atons or -

conbi Inat Egn?‘hé i@ﬁﬁﬁmﬁmaﬁmaﬁcﬁmemm rbﬂekte ameadeélybncraﬁ |ré‘cﬁc|a§, reQﬁctiv rmm&hlstl tuted

or pol ysubs eny

el bgen. ;AU Bt ifoper e, o ARG B ot Gla Bl ot iR RS,

pyrrolyl, pyeirespectlivpgbsiteanyhave begndepiased by ffuowmsyﬁxantplﬁs a&ftypme-comiwnﬁn d| nyl ,

pyrazi nyl aBgbstitoentd wikieh ar@ préfeBbEcorBhiiplthe, pr@bityventioh BRAYHUoromEBAPT opyl - and

pcr) epzot gtaaoye B AT RER sl it 2 e Rl o e

refers, tor @l¢ple, to aryl-containing substituents whose aryl radical is
| i nked via an al kyl chain to the remai nder of the nolecule. Preferred

and The || kerabkle QR B s Pl BT LA WD R ca

and aryl radicals, respectively, in which at |east one hydrogen atom
preferably mdre thalhphiegenp to a nmaxi num of all hydrogen atoms, of the
respectiyg substituent have been replaced by fluorine atons. Exarrpl es of

fluorine-contai ning, subst.it t e .preferred a r di n t he
present i nv@%tl on alf&@"PrEpFis [?g‘tcgr‘@{c\,\g?s froﬁ‘aaz‘ 5’5)??'?%%‘5? oaé'fCJ h"’&rancheg i e

pent af | uor ophenyl , dpositioh] uor onmet hyl phenyl, 4-perfluoro-tert-butyl phenyl and
10 the like. Preference is gi ven to organorretal lic transition netal
conmpounds of .the for YA in which R2is hydrogen, 15 R5 is an organic
radi cal whi h has f%‘ P 0 20 carbon atons and is branched in the a
position20 Ris hydrogen, 20 Rl and R5 are different and M, X n, Z, R1,

R3, R4, R7, {Ra P¥fdhré\ifdBntang defined for the formula (I). 25 Speci al
preference is given to organonetallic transition netal compounds of the

formula (1)
M*, X, n, Z, R', R%, R*, R", R® and A are as defined for the formula (1).

25 Special preference is given to organometallic transition metal compounds of the formula (1)
according to the above definitions in which

R? R® are each hydrogen,

30 R® Is a substituted or unsubetituted Cqg-Cyo-aryl radical or C,-Cyp-heteroaromatic radical
containing at least one heteroatom selected from the group consisting of O, N, S and
P, o R® is a C1-Cyo-alkyl radical,

R* is hydrogen, fluorine, C-Cig-alkyl, a substituted or unsubstituted C¢-Cao-aryl radical,
35 or C,-Cap-heteroaromatic radical containing at least one heteroatom selected from

the group consisting of O, N, S and P,

R’ R® together form a divalent organic group T having from 1 to 40 carbon atoms, where T

together with the two carbon atoms of the cyclopentadieny! ring forms a saturated or

40 unsaturated, substituted or unsubstituted ring system which has a ring size of from 5
to 7 atoms, where T within the ring system fused to the cyclopentadienyl ring may



according to the above definitions in which R2, R6 are each hydrogen, 30 R3
s a substituted or unsubstituted C6-C40-aryl radical or -

C2- C40- heteroaronmatic radical containing at |east one hetled M brA08%I ect ed
fromthe gr heting of O, NN Sand P, or R3is a (]- - al

radi cal , R4%0%%§53en, fluorine, Cl-{10-alkyl, a subst]ﬁ'{ﬂ%ﬁo@}ﬁy
unsubstituted C38-C40-aryl radical, 35 or C2-C40-heteroaronatic radical
contai ning at | east apneordigit enccatromn, tedtied bedifdranbheterbdtemgseicied @om segidupg of 0,
N, S and P, Rr, RS toqekhes: s @M, & ¥adanttQroanic group T having fromi to
40 carbon atoms, where T ~toget her 'wth the t'wo carbon atons of the

cycl opentadi enyl ring fornms a saturated or 40 unsaturated, substituted or
unsubstitut eddring system which has a ring size of from5 to 7 atons, where
T withinghe ring systemfused to the cycl opentadi enyl ring may 15 NOV 2006

WO 2005/ 058916, P 04/01382 14 SO C ain one or nore, identical or
di fferent he e?‘o’%ﬁ?@%’l‘!&?fsas%‘?ﬂa?ﬂff”ﬁéeﬁm%g *consisting of Si, Ge, N P,
0, S, Se and Te, and 5 ML, X, n, Rl, R5, Z and A are as defined for the

f 0{ rr}JI a (1). Pd?ﬁ:ma:c ;Srflt‘ﬁ@h?epié, Qif/?ft@ B?Qndn&taﬂlibWgr&itibrprp%?ﬁﬁ%fﬁtﬁﬁbflﬂg&?&ﬁu_@[\‘I?' tion
met al compou, : e for . .according to the above definitions in
which 10 M éllggrcihﬁgtoid?e%brow?—ﬁn'%ﬁmﬁor]ngiliw % 15 R1 is hydrogen or an organic

radi cal wWhich has from1 to 20 carbon atoms and is unbranched in the a
posi tion, invparticud BrzranHpr gani ¢ radi cal which has from1l to 20 carbon
atons and is unbrahched in the a position, R3'" is a substituted or
unsubstituted C6-C40-aryl radical and - 20 RS is an organi c radi cal which has
from3 to 20" carbon&tons and i s branched in the a position. Very

particul ar preference is given to organonetallic transition netal conpounds

f the f 1 | . i . ] finit i X ich R7. R
o get o qg:g‘;ﬂemaRg 2> é%l%(dﬁ:ﬁgr%r%h Aahi@rki wARPYS (3611 B0h LB hdhe MRl & e

unbranched in the a position, in particular an organic radical which has from 1 to 20
carbon atoms and is unbrahched in the a position,

R is a substituted or unsubstituted Ce-Cso-aryl radical and
20 .
R® is an organic radical which has from 3 to 20 carbon atoms and is branched in the
o position.

Very particular preference is given to orgénometallic transition metal compounds of the formuia (1)
25 according to the above definitions in which

R’ R® together form

R12
30 R . R S*
=z \§
or 3
R1D \ ok RE
RB

35

40



R11 R1I0 S* or 3\ R10O Re Re 35 40 15 NOV 2006 WO 2005/ 058916

PCT/ EP2004/ 013827 15 in particular R12 Rl11 R10 \~. Re 10 where R9, R10,
R' and R12 are identical or different and are each hydroge115 M\@VOMB or an
organi ¢ rady§3heshhdesif!9 from 1 to 40 carbon atonms or two adj a N radl cals
R9, R10 and/or R/1 together with the gtonms connecting i F‘B’ﬁm

nonocyclic or polycyclic, 15 substituted or unsubstituted ring system which
has from1., to 40 caxr;iaﬁiaulaﬂ ons and may al so contain heteroatons sel ected
fromthe group consi sting of the el ement s Si, G, N P, O S Se and Te,
and A is a substituted silylene group &’ a substl tuted or unsubstituted

et hyl ene group, in 20 particul arp@ su stituted silylene group. Illustrative
exanpl es of novel organonetallic tr t'i on netal compounds of the formula
(1), whigh do not, however, restrictf the scope of the invention, are: 25
Me2Si (6- Me-4-Ph-1, 2, 3, 5-t et rahydrges<radacen-7-yl ) (2-i-Pr-4-Ph- i nden- I-yI)Zr
a2, Me2Si(6,8-Me-4-Ph-1,2,3, 5-tetrghydro-s-indacen-7-yl)
(2-i-Pr-4-Ph-inden-1-yl)ZrC 12, M2Si @8- Me-4,8-Ph2-1, 2, 3, 5- tetrahyd
ro-s-indacen-7-yl)(2-1-Pr-4-Ph-inden-| -yI)ZrCIZ

Me2Si (6- Me- 4- (4- bi phenyl) -1, 2,3, 5-tetrahydro- $-indacen-7-yl)(2-i-Pr-4-Ph-ind
en-1-yl)Zrc12,

I\/EZSI(l 10 3, 3, 6- Meswher®h- 1, 2, 3, 5-t et r ahydr o- s-i ndacen-7-yl ) (2-i - Pr- 4 Ph-i nde
n-1-yl)zrd 2, 30

)I\//F )2 ;Ir (CI222 6 Ve3- 4- Py Leo2r? 2 KB Gl Ao el or St 268 e eaé/hl }?ygr%gén- I?eglc;égﬁ oPrha_nI nden-1 -
ME2Si (3, 3, 6- Me3- 4- Phganioragics hawtarmmmyide 60 eartiondisperor Toyejp¢edt iadBals B, RA- i nden- 1-
yl)ZrQ 2, and/or R" togather with the atoms connecting them form a monocycic or pofycychc,

g/fa Zsi\/ég& { 24 Eh 81$§.}6§tlt@ﬁg ?rl_ui_n% %’cﬁ?@%&wg 3 sg m whu:Yh I'?ag ?rorn 1 to 40 carbo_nla{gmggné yh)zra

napht hal en-1-yl ) ( 2- mapplscapigin hq@éqqtomssglqurfmhe group congisting of the elements Si,
Me2Si (2- Me- 4- Ph- 5, 6G&,N3+, of ¢ alayd ve, k% cycl opent a[ b] napht hal en-1 -yl ) (2-i-Pr-4
- Ph-inden- 35 1- yI)ZrCIZ NE28|(2 Me- 4- Ph- 6 7-d ihyd’
ro-1H5, 8- di oxacycl opent a[ b] napht hal en- 1- E’/ (2-1-Pr-4-Ph-i nden-
Is a substituted silylene group or a su stﬂuted or unsubstituted ethylene group, in

20 particular a substituted silylene group.

Hlustrative examples of novel organometaliic fransition metal compounds of the formula (1), which
do not, however, restrict the scope of the invention, are:

25 Me28i(6-Me-4~Ph-1,2,3,5-tetrahydljp-s-indacen-?—yl)(Z-i—Pr—4-Ph-inden,—1-y[)ZrClz,
Me,Si(8,8-Mep-4-Ph-1,2,3,5-{etrahydro-s-indacen-7-y1)(2---Pr-4-Ph-inden-1-yZrCls,
Me,;Si{6-Me-4,8-Ph,-1,2,3, 5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-y)ZrCly,
MeSi(6-Me-4-(4-biphenyl}-1,2,3,5-tetrahydro-s-indacen-7-yl}(2--Pr-4-Ph-inden-1-y)ZrCl,, -
Me,Si(1,1,3,3,6-Mes~4-Ph-1,2, 3 5-tetrahydro-s-indacen-7-yl)(2-FPr-4-Ph-inden-1-y) ZrCly,

30 MeZSi(2,2,6-Mea-4—Ph—1.2,3,5~tetrahydro-s-indacen-?-yl)(2-f-Pr-4-Ph-inden-'l-yI)ZrCIz,
Me,Si(3,3,6-Mes-4-FPh-1,2,3,5-tetrahydro-s-indacen-7-y){2-i~Pr-4-Fh-inden-1-y) ZrCly,
IViep_Si{Z-Me~4~Ph—1H—cyc_]openta[b]naphthalen—'i-yl)(2—i—Pr—4-Ph~inden-1-yl)ZrCiz-,
Mezsi(2,5,8—Me3-4-Ph-1H—cyclopenta[b]naphthalen-‘l-yt)(2-i—Pr-4-Ph-inden-1-yl)ZrClz,
Me;Si(2-Me-4-Ph-5,6,7,8-tetrahydro-1H-cyclopenta[bjnaphthaien-1-yl)(2-i-Pr-4-Ph-inden-

35  1-ylZrCly,

MeZSi(Z-Me—4-Ph:6,?-dihydro-’!H—5,B—donacyclopenta[b}naphthalen-1 ~yW){2-i-Pr-4-Ph-inden-
1-yBZrCly,

Me,Si(2,6-Mey-4-Ph-5H-1-thia-s-indacen-7-yl}(2--Pr-4-Ph-inden-1-y} ZrCls,
Me;Si(2,3,6-Mes-4-Ph-5H-1-thia-s-indacen-7-yl)(2--Pr-4-Ph-inden-1-y)) ZrCly,

40  Me;Si(5-Me-3-Ph-2,4-dihydro-tH-cyclobuta[flinden-6-yi)2--Pr-4-Ph-inden-1-yl)ZrCl,,
Me,Si(2-Me-4-Ph-1 ,5,6,7,8,9-hexahydroéyclohepta[f]inden-“i -yl)(2--Pr-4-Ph-inden-1-y}ZrCls,



1-yl)zZrC 2, Me2Si (2, 6-Mee-4-Ph-5H1
-thi a-s-indacen-7-yl)(2-1-Pr-4-Ph-inden-1-yl)zZrC 2, M2Si (2,
3, 6- Me3-4- Ph-5H 1-t hi a-s-i ndacen-7-yl ) (2-i-Pr-4-Ph-inden- I1gy g %Hﬂ% 40

:\/;s%&c(lg Me- FrdPhogesds @i hydr o- 1Hcycl obut a[ t Ji nden- 6-yl )(ZPCT/EP2004/01382|7nden 1l-y

Me2Si (2- Me-4-Ph-1,5,6,7, 8, 9- hexahydrocyclohepta[t]lnden | -yl)(2-i-Pr-4-Ph-in
den- 1-yl ) Zr Qug,si(8-@- Bt A0 6)) WRH2095 5 a8kl - ﬁggcmg)lﬂéll-%ﬁ?%de 16,

I_\/Eﬁs: |('1(Ejse|('12I (gf %Eé @%Mﬁﬁ?&%é i%@ﬁ%o ﬁ-lnggﬁze?gﬁﬁé :—gr X atBuPh) inden- 1-yI)ZrZ:IyF (1?2 -Pr-4
5-t et rahydr o @Sl(%&'@eﬁw =hya, Lﬁ feirphypro-sdndaden: Z-E@PHIr4HAGBIRM -inge)- ZpiZt,  Me2Si (6,
8- M62- 4- Ph- 1MeBi(@Me-4,8-Ph,-1 235tetrahydrosmdacen7 (2-1-Pr—4-(4tBuPhi |nden1ylngI2,

5-tetrah

oS A SESlRRRaST S b g T S0 Pl Bu Bineraaeny ¢

den- 1- yl ) Zr f2:Si(51./854q6- lmgiz;a BAetighysrremiptiacen-7-y1)(2-i-Pr-4-(4--BuPh)-inden-1-y))ZrCl,,

[vézé ?151t gtmeglsyzlzemsmmdaa@eaa -tritiyHiodditiacdn 1t zrrBwEih)rBuMWeshyl ey 21(24 -
| r u

Ph) - i nden- | "-?’fﬁ @?@% rﬂ’l@éz%’ %?ﬁﬂgyg;”ﬁg%&ég n%hﬁ)ii"gg A @QF%P%[?‘?%W iz,

r 0- s- i ndaden¥@S{q-Yied-Rh- thi-cyglopeniafLimaphtbeign-1-WHEHRrH4-(4yHB)PRHRn-1-Y1)ZrCl,

Me2Si (3, 3p6- msms E’-IMe1A-Ph&'!—&ytlﬁﬁehﬂ[b}ﬁdpiﬁhﬁenﬂ%@cmﬂh‘}BI)F(hg-mlderP‘l’ ytftrcﬂ4 t-Bu
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-tetrahydro-s-indacene penta[binaphthalene [bjnaphthalene
30
5
3 4
e00)
o 7
35 1 9 3
2-Methyl-4-phenyl-8,7-dihydro- 2,6-Dimethy!-4-phenyl-5H- 5-Methyl-3-phenyl-2 4-dihydr
1H-5,8-dioxa-cyciopenta[bl- 1-thia-s'-indacene 1H-cyclobuta[flindene

naphthalene

40



Me2Si (2, 6- Mee- 4- Ph-5H 1-t hi a-s-i ndacen-7-yl ) (5-i-Pr-1-Ph-2- Me-cycl openta[ 2,3
-b] pyrrol - 4-yl)zZrc 2, M2Si (2, :

3, 6- Me3- 4- Ph-5H 1-t hi a S- indacen- 7-yl)(5-i-Pr-1-Ph-2- Me- c!/@@%n@@ﬁz

3-b] pyrrol

Me2Si ( 5- I\/E‘g&ﬁ%g’ééﬁ di hydro 1H- cycl obypal Q nden- 6-yi )(SPFTBMT‘-”H‘??ZZ- Me-cycl o
penta- . [2,3-b] pyrrol-4-yl)Zrd 2, 2Si (2-Me-4-Ph-1,5,6, 7,

8, 9- hexahydrocycl ohept aft ] i nden- 1-yl ) (5-i - Pr-1-Ph-2- Me-cycl opent a-

12, 3-b] pyrrol -4-yl ) Zr{ 20 The nonencl ature and the nunbering of the ring

atoms correspondsto 4 ollowing exanples: 45 3453254 2522277

78i 19g81g 8 2;3Mt ,yl-54ghenyl 5,6,7,8- 6-Mthyl-4-phenyl-1,2,3,5

2- Met hyl - 4- phenyl 5 6 et rahydro-1 H cycl opent a-

-tetrahydro-s-i nds ¢ ]Jmapht hal ene [ b] naphthalene 30 4 O5 4 3 4 3

2\ ~ 6 2 | 71 o> 8 97 817 2-Mthyl-4-phenyl -6, 7-di hydro-

2, 6- Di net hyl - 4- pheng/l -BPI- 5 Met hyl - 3- phenyl - 2, 4- di hydn

1H-5, 8- di oxa- cyci-mpeplaahbdy-1,488] a-s-i ndacene 1H-cycl obuta[f]indene

napht hal ene 40 1ShdN@\dooHdoheéieP@05/ 058916 PCT/ EP2004/013827 20 3 4 5 g 2

/ \ 57 10 9 8 9PeNet hyl - 4-phenyl -1,5,6,7,8, 9-hexahyd ro-cyclohepta[f)i n
dene N -

10  Compared to the previously known metallocenes, the novel crganometallic transition metal
compounds of the formula (1) give an increase in the previously achievable molar masses in the
copolymerization of propylene with ethylene, and at the same time give a satisfactory molar mass
and a high meting peint of the isolactic polypropylene in the homopolymerization of propylene.,

16  The novel metallocenes of the formula (1) can be prepared by methods as described in
WO 01/48034. These methods usually produce the organometallic transition metal compounds of
the formula (1} together with a further diastereomer.

20
i
25 R® R®
* 5 5 [
*k R R W
R’ R’
RB RG
rac or pseudo-rac meso or pseudo-meso
30

The organometallic transition metal compounds of the formuia (1) (rac or pseudo-rac) can also be
used as a diastereomer mixture with the undesired diastereomers coproduced in their synthesis
(meso or pseudo-meso) in the preparation of the catalyst. The organometallic fransition metal
compounds-of the formula (1) produce highly isotactic polypropytene, while the corresponding

35 undesired diastereomers generally give atactic polypropylene.

The separation of the diastereomers is known in principle.

40



10 Conpared to the previously known netal |l ocenes, the novel organonetallic
transition netal conpounds of the fornula (I) give an incrfgiﬁ y @Ee
previ ously achi evabl e nol ar masses in the copol ynerization 9 og ene
with ethyle x the same time give a satisfactory | ar nmass
hi gh netlngaﬁ%?ﬂﬁggf the isotactic pol ypropylene in the E%H@BWWVW§?7zatlon
of propylene. 15 The novel netall ocenes of the fornmula (I) can be prepared
by nethods asghaieshisniehe: &o%s%cf&ﬁ&&adieﬁbﬁ?&d@ﬁé&%tﬂéﬁ%‘ kYinproduce the
organonetal lic transition netal conpounds o e formul a 8 together with
a further diastereoner. RZ RRz R8 20RZRZ RR MXntl) A4R'X, 25 R8
RB RR R7 7 e Re rac or pseudo- r &5 R pseudo-nmeso 30 The
organonetal lic transition nmetal conpound formula (1) (rac or
pseudo-rag) can also be used as g di i ture with the undesired
i i or pseudo-neso) in the

; ansition netal conpounds
of the fornula (1) produce hlghly i sgtacti g, pol'Ypropyl ene, while the
pr's d%nerally give atactic
pol ypropyl ene. The separation of tRe diastereomers is known in pr|n0|ple
40 15 Nov” 2006 WD 2005/ 058916 PCT/ EPR004/ 013827 (B1 The invention further
provi des 18i scycl opent adl enyl Ilqgnd stems of the formula (I11) RR RR5RZ
R4 A (11) 10 R*~'s

16 orits double bond isomers,
where the variables R, R% R®, RY, R° R®, R’, R®, Z and A are as defined for the formula (i).

The substifution pattern of the biscyclopentadienyl ligand systems of the formula {1} is critical for
20  the particular polymerization properties of the organometallic transition metal compounds
containing these biscyclopentadienyl ligand systems.

The invention further provides for the use of a biscyclopentadienyl ligand system of the

formula () for preparing an organometallic transition metal compound, preferably for preparing an
25  organometallic fransition metal compound of an element of group 4 of the Perlodic Table of the

Elements, in particular zirconium,

Thus, a process for preparing an organometallic transition metal compound which comprises
reacting a biscyclopentadieny! ligand system of the formuta (1l) or a bisanlon prepared therefrom

- 30  with a transition metal compound is also subject matter of the present invention. t is usual firstly
to doubly deprotonate a ligand system of the formula (1) using a base such as n-butyllithium and
subsequently to react the resulting bisanion with a sultable transition metal source such as
zirconium tetrachloride. As an alternative, the uncharged biscyclopentadieny! ligand system of the
formuta (i) can be reacted directly with a suitable transition metal source which has strongly basic’

35 ligands, for example tetrakis(dimethylamino)zirconium.

The steric interaction of the radical R® of the one cyclopentadieny! ligand with the divalent group Z
of the second cyclopentadienyl figand is of particular impartance for the polymerization properties
of the organometallic fransition metal compound of the formula (1)

40 ’



R R7 R 15 or Its double bond isoners, where the variables R, R2, R3, R4,
Rs Rs, R7, Re, Z and A are as defined for the formula (I).fwﬁwiwe%b'tution
pattern of the biscyclopentadienyl |igand systens of the for “ $ is
critical f 2 particul ar pol ynerization properti
organoneta?%?ca%fgﬁg?tion met al conpoupds contai-ni ng tﬁgggﬁu&ﬂﬁxmz7

bi scycl opent adi enyl |igand systens. The invention further provides for the
use of a bi sleyakogrei fatiuveylk) dritgaridutsyisne Bo@érs bhtee foesurdim) (11) for preparing
an organonetallic transition netal conmpound, preferably for preparing an 25
organonetal lic transition_getal ggonpound of an gLenenhﬁof group 4 of the

Periodic Table of the EI& \rconifum Thus, a process
pond Wi ch conpri ses

for preparing an organonetg

reacting £ biscycl opentrd @ and syst empdi- 1) or a

bi sani on prepared therefror i ransi ti om-Aet onpodlind is al so
al fi % to doubly

subject matter of the prezﬁgst i on, It 'is L@ij
deprotonate a |igand system’of tfie fornula (11) i ngr4 base such as
n-butyllithiumand. subsequently to react the resulting bisanion with a
suitable transition netal, SOUL such as zircopi umtetrachloride. As an

al ternati \’/e,&Te}ﬁeethﬁ?ﬁ%ﬁ@?gédEbk'ﬁ?@f“ggéﬁt’"ﬁa?@ﬁ@ °r}th°£'H‘ﬂJa é&/st emof the formula
(11) canBe reacted directly with a suitable transition netal source whi.ch

Qﬁs st rongl YcaRas bepaed frérs) s or feRbily Q¥ RRRIEp b &l dorKPiaerinbEt BivbpaRRLLs it oni um
e steric |

teraction of the radical RS of the pne cygclopent enyl _|igand
weh the ai VA e Rthe 2hne B bRV OEtonitef %@%ﬁ%&io‘éﬁg?ﬁw%ﬁﬁhﬁr'ﬁg B
particul ar ilpeénogemyeé where b lk@rqirsaipnehalosan. irorerisklagegning She lgavingtgeoup L is _

or ganomnet al | §uesdquing, ok idedtribes, Rl exaaFROH ND 4088 rdpREdtilyanerbdica R° dhdhv2006 WO

2005/ 058916 P 04/ 27, . [ .1 hei
Goubl o baRd ﬁe%‘{r#‘g%g%?egﬁégfe%ﬁﬁ%%w F’?E@a'%k‘ﬁ'g‘%gs QE@L@'V&PWQ‘%@?@'J"’(?: ' a)
R4 ww (111 b)thindeis of fip &maula Hieleafilibdbl es R, R2, R3, R' and Z are as defined

for the formula (I) 10 can be prepared from known-or readily obtainable
precursors. Preference is given to a process in which an indanone of the

formula (1V) is conyerted_ in an i ndanone of thef V) bearing a
| eavi ng group L; 5 preferably a hl%lo articular brom ne. The
| eaving gooup £ is e v as—described Janpl eZ i A—WO~98/ 40331,

repl aced by the radjical
0 (V) ' o) (V)

25 : 0
R . .

N

m—l
N
B
)
[53

(il1b)

35 As an alternative, the indanone of the formula (V) can firstly be reacted to form an indene in which
the leaving group L is subsequently replaced by a radical R® using a method analogous to that
described in US 5,789,634,

The novel organometaliic transition metal compounds of the formula (1) act, particularly in the
40 presence of suitable cocatalysts, as highly active catalyst constituents for the polymerization of

olefins.



15 resulting indanone (VI) is reduced to formthe indanol which is
subsequent|ly dehydrated to give the indene of the formula (BI a) or (111b).

L 20R R / ZPCCZ O (V) RB 25 RBR(llia) R-ZR3 39K Up)%(lllb)
35 As an al j t he i ndanone of the forrrula (V) can flrstl react ed
to form an %ﬁ&gﬁsﬁs%ﬁﬁml ch the leaving group 'I- is sul:}"s,(:ércﬁ'ﬂ’éff’l"(“f§3 #epl aced
by a radical R3 using a nmethod anal ogous to that described in US 5,789, 634.

The novel ongrosalal Whith thathts With 98 nmét&ban@@&ﬁm&h&\fmétja"l%orf‘nﬂfuﬁybfqhe(|) act,

particul arl [ cocat sts, active
cat al yst coﬁstrﬂi] g? rmsg Bay'ﬁ%réa%&'fa%r]ygrcft?&% %Sﬁ F ag‘%?e‘%ﬂ‘f?g thelqo‘g"‘NE%e E'%’o

2005/ 058916 tW}"EPz@@J&Pm%Q into @@emh%wm%w%nwzaﬂmﬁ@m towerd eheast ouetolefin. he
no?/el Or ganametcataidlgst is tHRgire semetifizt ako RABOLRE a@tfvathbeomﬁdaﬁdgtrh@ (1) for m|5| a
pol yneri zati e, or metallic
ransi 11 an HODARAEEaRat fnkhbn RUBLEE ST (sl ded 2SR Shesel IR SHERRN Ve
toward at | é&%‘a]&?’ié"iﬁﬂ'@“ﬂha‘SU "Pf?éfe% cgcdiopirmng cnipernk or e sonet i nes al so
referred to as activating conpound. The 5 pol yneri zation-acti ve transition

metal speci gg,ql p?esfeﬁt%@ﬁ'tﬂh re@org ﬁ.@'ﬁ&?:'ro&ld?@f&lta‘%t ?ygtgmth? t rﬁ%ﬁﬁﬁ%nza of

cocatal yst is freqguent nd. The
present i hvelRM&RY Ghé?réwréﬁ%atf'%ﬁst%@Prqaﬁwtﬂﬁém&s'f@am&twpgv@toéwﬁf%muf% Qe
pol yneri 2@t iz ad¥east oheedocsatalystwihich it ablenpednseishatrodremstaliotansitisroastanedpduhd C

transition mabals,Gomm oS bRE Budrd bt oakoRflaRt | east one cocatal yst

i

which is able to conver?%pﬁ’g organonetallic transition netal compound into
a species which is polynerization-active toward at | east one ol efin.

Sui t abl e cocatiiably sdcstalysts oadatiomfofringiongocosprecxample, cofpsungxauiphe, conpounds
such as al %mrﬁﬂééﬁ'tﬁsstroﬁ%[l H@E&ﬁs‘ o) M‘e’\éoﬁ] é\ﬁs’dé’ﬁavm'g%@eﬁus%&&@éﬂdﬁ‘&s havi ng

a Lewis-acid cation or ani. oni ¢ co contai ni ng Bronsted acids as
cations. 'Pr é‘f‘é’r“é’r?&'@p‘?‘@dﬁ?c\?@'{‘”fg@r%ﬁte&ng ??c?ﬁ%fﬁ% Prejerenasdsgignysin a"l‘”ﬂ“"ﬁ‘ﬂ@ case

of netal | oceseocaaipit.exes as organonetallic transition netal conpounds, the
cocatal ysts are frequently also referred to as conpounds capabl e of f orm ng

net al | oceni Lilm i ons.
n the case of metallocene complexes as organornetaillc transition metal compounds, the

cocatalysts are frequently also referred to as compounds capable of forming metalloceniumions.
20 .

As aluminoxanes, It is possible to use, for example, the compounds described in WO 00/31080.

Open-chain or cyclic aluminoxane compounds of the formula (VIIy or (VIII)

R19
25 o . [

| ] R' (V1)

30

Vil

35 where

R is & C4-Cy-alkyl group, preferably a methyl or ethyl group, and m is an integer from 5 to
30, preferably from 10 to 25,

40 are particularly useful.



20 As alum noxanes, it is possible to use, for exanple, the conpounds
described in WD 00/ 31090. Open-chain or cyclic alum noxaqe&m%unds of the
formula (M1) or (MI11) RI9 25 )AI--OCA1_Rle (VII) B0 LF J

(virr)y o 5 where Re is a Ca-C4-al kyl group bly a nethyl
or ethyl gﬁggg{’ﬁ@gﬁ ‘?n Is an integer frogm5 to 30, pref g’pigq%ooglagﬁ%lo to 25,
40 are particularly useful. 15 NOV 78f WO 2005/ 058916 PCT/ EP2004/ 013827 24

These ol i gomesm@immammﬁane@&ﬁmnmr@mawmbﬂeu bFre%amgacdonbmn beacting a
sol ution of ’crlatlkr faﬁtn%n%@%&‘r”ﬂ. M\éntepatl \ﬁ’%toﬁggome ic alg% H& o@pfoﬁr}d%obt ned in lh Bres of

al um noxane co
bot h |i near “&Haredywefemohaixhirassf @&Mr@@r 9@# cvacmhemnqleéhlg% qafgan%len&thﬁafo m may be
regarded as tiat nEvdy. be Tofardet Wi R%A TRe al0MPOt:NE Song@tndlcamalbebar@sifa in a 5

mxture W th.ather, Eﬁﬁ&ﬂ%et&'al&%%ref&&ﬁg%rrﬁﬁj%ﬁl um num al kyl s. Furthernore,

nodi fi ed al um noxanes in wh df ocarbon radicals or hydr ogen
atons have been replaced by al koxy, aryloxy, siloxy or am dé groups can also
be used i n pudicemat, médifed aluthiroRammea navhich BErodftie: mﬂrotdniﬁanfrmmsloahyﬁidbén) or

(M11). 10 Iion@@n%v@ﬁéaeﬂ r%%d&gb}eﬁmgf ng%‘f@eﬁo%g?i%“ﬁdetg? LJI]§§ sTrHE‘ES b)'a‘a le'l ?[%ce of

organonmetal |1 c transit
al umi noxahe ReAPYIREGRe faTPernds obthe et VA YWe atomic ratio of  al uni num
from t het@l um noxane conpounds to the transition nmetal fromthe

or ganoret al Iy r%s béern%&ﬁ'dttd &hadm’t eoGsQHEEB&HQndvéi okd%n&xﬂéatfﬁ%ﬁnd‘nfn%m ddhpdurd® 1
000: 1, prefer m 2 artlful ar in

15 |
the range fr°6ﬁ?§%mﬂia{'ba'1?d'ﬁfﬂ '%&"ag? ?%W@””dEWéH%ﬂW“EQWgea@f"géa""’ﬁ ef erence
i s given to aumipouimgsthe Bluhimexsne compandsliddhe rivB)ibX2ERI ffdmdhe 2Qansvetaic MB i s an

§J ement. of  gfRuRN hidtdp borhgdBnd 8 il tRHaRgeRR| ©:1b 10681 %lré%m i thelrdhgPf6rh be 4l ar. B,
15 to 500:1 and in particular in the range from 30:1 to 400:1.

As strong, uncharged Lewis acids, preference is givep to compounds of the formula (IX)

_ MEX XX (1X)
20
whete

M is an element of group 13 of the Periodic Table of the Elements, in particular B, Al
or Ga, preferably B,
25
X', X?and X* are each, independently of one another, hydrogen, C~Cye-alkyl, Cs~Cis-aryl,
alkylaryl, arylalkyl, haloalkyl or haloaryl each having from 1 to 10 carbon atoms in
the alkyl radical and from 6 to 20 carbon atoms in the aryl radical or fluorine,
chlorine, bromine or iodine, in particular haloaryl, preferably pentaflucrophenyl,

30
Further examples of strong, uncharged Lewis acids are given in WO 00/31090.
Particular preference is given to compounds of the formuta (IX) in which X', X* and X® are
identical, preferably tris{pentafiucrophenyl)borane.

38 '

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 iwo
equivalents of an acidic fluerinated, in particular perfluorinated, hydrocarbon compound such as

40 pentafiuorophenol or bis(pentafluorophenyl)borinic acid.



or Ga, preferably B, 25 X1, X2 and X3 are each, independently of one

anot her, hydrogen, Cl-d o-al kyl, C5-Cl5-aryl, alkylaryl, arylalkyl,

hal oal kyI or hal oaryl each having from1l to 10 car bon atoms‘] SnNgghﬁmal kyl
radi cal andyfd Rig3/&séR 20 carbon atons in the aryl radi cal or fluorin

chlorine, bromne or iodine, in particy}ar haloaryl, pref 115154094/013827

pent af | uorophenyl . 30 Further exanpl es of strong, uncharged Lew s acids are

given in V\omﬂaaawa MAsUnHE hevidg LBKISE&Y B46Rs ihudd suaRk he
formula (IX)yd ,;qﬂ ﬁgoxgé X2 and X3 are identical, SF@“@?%QMQE&% of
0 I

tris(pentafl uor )borane. 35 Strong uncharged Lewi s acids which are
suitabl e as cocat al ysts or cation-form ng conmpounds  al so include the
reaction products fromthe reacti grafol.dpr oni gxpcid with two equival ents
of a triglkylalum numor the reaction products fromthe reaction of a
trialkylalumnumwith two equivalents of an acidic fluorinated, In

parti cul ar ﬁ’@\eﬁ uori nat ed, hydrocarbon conpound such as 40 pent afI uor ophenol
or bis(pentafl uorophenyl )bori nic acid. 15 NOV 2tii?3 WD 2005/ 058916

PCT/ EP2004/ 043827 25 nsSéH ’?ml%?,e P%éf?@%ﬂén%"%%‘?f@?abﬁéhﬁwﬁ' d cations

i nclude salt-Iike conpoun
[(Ya+)QQ2 QZ] d+ (X) 5 where Y is an elenent of groups 1 to 16 of the
Peri odi c 17abliéo af t he o @RSy hédti@ly mﬁg@Zngpestﬁﬁ@b trﬁlomz%am@g@r-w%lrw

charged groups such as, lﬁllaﬁéggyfa%Bha‘?tJa‘% ly haloggb&%?h%;rﬁlfrop &b X a?br%ﬁtomsrr}/l al kyl,

hal oal kyl , hal oaryl eac ﬂa
radi cal and from 1 to e zdsshendiems tp #8 sameon glomgiin thaa‘h&éadwal
C3- Clo-cycl oal kyl whi ch-Opgycloalkyt whidh ©dobeat &y-LieHlQLPSUPA SS sumbt&mdnfsumﬁgSn,

hal ogen,  Cl- C28- al koxy.c CBnGhD kY Sy, %’"Q’He%ptﬂ%h%g?t groups, 15 a is

anlntegﬁéfromlto6and zs an I ht ege romao , and 20 d
corresponds to the difference a - -but d is greater than or equal to 1.
Parti cul arl ya usef ul cawrunfsgqrfremda@bamﬂ um cations, oxonium cations and

sul fonium cations and also cationic transition netal conplexes. Particul ar
mention may be made of the tri«ifg ﬁﬂgl‘;m&t hyl -cation, the silver cation and
the 1,1'-dirfet hyl f er r SEEH)EIFEPM dy preferably have g

20 d corresponds to the difference a - z, but d Is greater thén or equal fo 1.

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

25 noncoordinating counterions, in particular boron compounds as are also mentioned in
WO 9-1109882, preferably tetrakis{pentaflucrophenyljborate.

Salts having noncoordinating anions can also be prepared by mixing a boron or aluminum
compeund, e.g. an aluminum alkyl, with a second compound which can react o link two or more

30 boron er aluminum atoms, e.g. water, and a third compeound which forms an fonizing ionic
compound with the boron or aluminum compound, e.g. triphenylchloromethane. in addition, 2
fourth compound which likewise reacts with the boron aor aluminum compound, e.g.
pentaflucrophenol, can be added.

35 lonic compounds containing Brénsted acids as cations likewise preferably have noncoordinating
counterions. As Brénsted acids, particular preference is given to protonated amine or aniline
derivatives. Preferred cations are N,N-dimethyianilinium, N,N-dimethylcyclohexylammonium and
N,N—dimethylbenzylammonium and also derivatives of the latter two,

40 preferred ionic compounds as cocatalysts or cation-forming compounds are, in particular,
N,N-dimethylanilinium tetrakis(pentaflucrophenylibarate, N,N-dimethylcyclohexylammonium



25 noncoordi nati ng counterions, in particular boron conpounds as are al so
mentioned in WO 91/09882, preferably tetrakis(pentafluorophenyl)borate.
Sal t s havi ng noncoordlnatlng ani ons can also be prepared by g bor on
or al um numyy, ﬁ aﬁ #Q e.g. an alum numal kyl, with a Sﬁ% né ¢ ﬁ [d which
can react to lin wo or nore 30 borongor al um num at o %& and a
third conpound which forns an ionizing 1onic conpound wth the boron or

al um num co ”Whlﬂﬁ'(perﬂafﬂorobﬁén?l%?ﬁlé éi'fi!l N Qﬁﬂaemi)lﬁgﬁylahmoﬂﬁjfﬁl iettr‘aﬂﬂpen?aflucfrﬂiﬂéﬁyh
conmpound Mhlﬁ i kewi se reacts with the bofon or al um num conpoun

pent af | uor op enor can be added. 35 lonic conpounds containing Br6nsted

aci ds as cations |Ik€MAS€ preferably have noncoordinating counterions. As

Br6nsted aci U, alfagdssiBib ko twdr &lofd RRgSarlichs & BEGEInddQo BictdnBiRaL 8lin &E1 dRRioR

aniline BT cations are ini

N, N- di rretﬁ B‘\“{% j&%%slz EF% i Uo(r?nq"anaratﬁ\?"ﬁ-nﬁ?%‘? °§P%‘§%§§"d§ﬁﬁﬁ‘ﬂ? Eﬁgﬂf al so
derivatives BJPCttQ*?é’ gr%ttfé?hetsmcentﬁ pRtrnertiel. i oni c conpounds as cocatal ysts
or cation-form ng conpounds are, In particular, N Ndinmethylanilinium

tetraki s(pen l_uqr: r § I um 15 NOV
20PF, WO zoog%fgg‘f%gggé}%%gé’%%%gﬁ éjtlfgﬁ’ %’Qr%ér %%ﬁ'%‘?‘g@?%? &g@agphenyl ) borate
and N, N-di“met hyl benzyl ammoni um t et r aki s( pent af | uor ophenyl)- borate. It is

al so possiabl EEhef@nholtm\Of sQbngYOichalged Biues il Adric dompbhdp Bavigd.elie-atid Catemadrher ,  as

in the diani ch Eé:gf\ﬁ/%: %)n@?h ngsf!: éns%(d(;@ﬁggszrlagon’s is suéllp‘ﬁ'oxp%niac& ?%Qd?ﬁvglg?tg an be

bound via a unc dce of a
support part pr@feéa 'lFfEH"’t h@rmseﬂF’t’%%T‘Febiséea‘ﬂ QPV%‘E%OTB?“OEEFFBW'FHPW Refelc onpounds
are |listed i ponieu@dbBiH@OMUIEAD. The anount of strong, uncharged Lew s acids,

i oni c conpounds having Lew s-acid cations or ionic conpounds containing
Bronsted acids as cations is usually fromO0.1 to 20 equi val ents referably
from 1 to'10"MHSF SUPRAFXaaysis QfCa A %H@”%W@P“WF@?WBWB%&’M'W”E‘ CPF’H?\LE‘F%) Ughal
metal  conpoendlkis(pentadudrophaui@rdxymetfiflRer Suake borgualtrabline coumeabdsl ayesdissiossd,
cation-for M RY-CONMOUNAS 98/o8440r on- al um num corrpounds such as

di [ bi s(pent af | uor ophenyl bor oxy)] net hyl al ane. “Such bor on-al um num conpounds
are disclosed, for exanple, in W 99/05414. It is also possible to use

m xtures of Hislalsdussitieicarse mitwesef alt the abeyepsntionasrcoeaialystsrer tafiondanying 0

conpoundsyy Pegsdun&d prefeﬁteurnﬁﬁurs@éampk@eam.mr@ewmmar MePREIlhHN=A, and an
met hyl al um npxane cul ar ne cont ai QfErn th

ot r 2k s( penCiF FaBPOBRA TRy abe oaRBH PesaRaPoreh Bp Sy iR AP
aci d, in par stirapgluachargedd ¢pie aciafin pastiicvjphigsipenfdiioeraphenylipprefiser ence s gi ven to
usi ng both the novel organorret allic transition metal conpound of the 25

formula (1) Eﬁs[t e .cacat al YSES catlonfor 0 g | vent, in

whi ch case a?c? e’ sH‘i)e(ﬁ'rt '?'gbb(?W%%%‘{)'F r?égafl?%et%q%g&%pncega? Og?qg@%

parti cul a#5 x{prreiled!) ansdhe encatelyels orpationdpiafngrep@gounds in a solvent, in which case aromattc
hydrocarbons having from 6 to 20 carban atoms, in particular xylenes and toluene, are preferred.

The catalyst can further comprise a metal compound of the formula (X1},

30 | M* R (R¥)s (R™) - (XD

where

M* is an alkali metal, an alkaline earth metal or a metal of group 13 of the Periodic
35 T;ble, i.e. boron, aluminum, gallium, indium or thallium,

R%® is hydrogen, C4~C1o~alkyl, Ce—C1s—aryl, alkylaryl or arylalkyl each having from 1

to 10 carbon atoms In the alkyl part and from 6 to 20 carbon atoms in the aryl
part, . ’
40



The catal yst can further conprise a nmetal conpound of the fornmula (Xl), 30
Mt (R20)r (R 21). (R 22)t (XI) where M4 is an alkali netal, an al kaline
earth metal or a nmetal of group 13 of the Periodic 35 Table, i.e. boron,
aluminum gallium indiumor thallium R20 is hydrogen, Cl-L5oN@VK3NG

C6- C15- aryl waddsybsas¢! or aryl al kyl each having from | ar bon at ons
in the alkyl partl and from6 to 20 carbpn atons in the a#’@T’EP?p?ﬁ‘f’?“SZZlo 15 NOV
2006 WD 2005/ 058916 PCT/ EP2004/ 013827 27 R21 and R22 are identical or

di fferent amRf andRBac ardiyieitica erdifidnert agedie edoh hiakbyen| Halgen, & S naryl,

al kylaryl, arylal kyl ¢ -l atogns jn the
al kyl radical and fromﬁc';il Mx%kyﬁgﬁgg gfd?glkg)!y% mhabﬂgé?mﬁgdﬁcgibon °Fsis an
integer from1 to 3, WirkvLradicR)apd fignu6 fo 20 sgrbprsatpmeimtity andragicalni t h t he sum
r+s+t corresponding to the valence of M4, 10 where the metal conpound of

the formga,(Xl) is u%‘ktggép%qu(ggtl cal to the cocatal yst or the
cation-form ng conpound. It al so possible to use m xtures of various

nmet al compounds of the forrrul a (Xl). 15 Anong the netal compounds of the
formula (Xl )andpreference is given to those in which M is lithium
magnesi um or al um num and R21 and R22 are each Cl1-Cl10-al kyl. 20
Partlcularly ferred netal ounds of the formula (Xl) ar

n-butyl I it hi aroﬂd?n but ¢[% 'Wegeé?:?c' nﬁ{? W'ﬁﬁf“’%“’ﬁﬂt@rfesﬁmﬂ@éﬁ‘iﬂ‘ﬂﬁ@ﬁ@%ﬁﬂn
tri-n-het¥lalumnum trii sobutyl alum num triethylal.um num and

trimethyl al wreRitAe ﬁhBﬁI Mbwd%thb '&%QQEXI) @@uW}%t |aedfﬁ€§|€b|th&£b@£%9¥§?9r ifd the

f or mul h
amoont -t hat PHE WS cokps: B 568 PPl RNt Svpis ML PREROTHA ol 10

from the novermuiadXganonet al | i c transition netal corrpound of the fornula (1)
is from800:1 to 1:1, in partlcular from 200:1 to 2:1. 30 Particular

[ anci o 'A%“F"EY'%B’&%%S%%% # e P "L\pzeﬁ”%é%&?n}o BEE g Cocat al yst

and additionally a support. To obtain such a supported catal yst system the
unsuppor t ed Mfat al yst sylisfieireaneshen drepeired aviit h  a support. In principle,

the order In which the support, the organonetallic transition netal
R¥and R?  are each Cy—Cyg-alkyl.
20
' Particularly preferred metal compounds of the formula (X1} are n—buiyllithium, n-butyl-n-
octylmagnesium, n-butyl-n—-heptylmagnesium, tri-n—hexylaluminum, triisobutylaluminum,
triethylaluminum and trimethylaiuminum and mixtures thereof.

25  When a metal compound of the formula (X1} is used, it is preferably present in the catalyst in such
an amount that the molar ratio of M* from formula (XI) to transition metal M' from the novel
organometallic transition metal compound of the formula (J) is from 800:1 to 1:1, in particular from
200:1 to 2:1.

30 Particular preference is given to a catalyst system comprising a novel organometallic fransition -
metal compound of the formula (1) and at least one cocatalyst and additionally a support.

To obtain such a supported catalyst system, the unsupported catalyst system can be reacted with
a support. In principle, the order in which the support, the organometallic fransition metal

35 compound according to the present invention and the cocatalyst are combined is immaterial, The
organometallic transition metal compound and the cocatalyst can be immobilized independently of
one another or simultaneously, After the individual process steps, the solid can be washed with
suitable inert solvents, e.g. aliphatic or aromatic hydrocarbons. ’

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



35 conpound according to the present invention and the cocatal yst are
conbined is immaterial. The organonetallic transition mets M@? ound and

t he cocatal yst can be immobilized i ndependently of one t

si mul t aneo t he individual process steps, the mashed
W th suitgﬂ)}é‘mls@gert sol vents, e.g. aljgphatic or aromat rpg%h%gor@@%?? ons.

As supports, preference is given to using finely divided supports which can
be any or gasiicatepam indrge@tigéiiety = fifay divigsalpollSer polddras. §.ipolybiafin), t he support can
be a porous solid such as talc, a sheet. 15 Nov 2006 WD 2005/ 058916

PCT/ EP2004<Ng13827 28 silicate, an inorganic oxide or a finely divided
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cor r espondi mddes whidiecami bet usee slondGriresonibinaticgranith the abaieeh@stiontd grofeeaioxlae used

al one or 'nsﬁeaﬁa'awomgam;émbhzr@, RUSITRIS. RPRRDS RHEA bagE 19X GhdipiedUPROY L S

are, for exar’%ﬁ i 2% preferred m xed oxi e is, for
exanpl e, ” Eﬂj ‘a'f‘%t aI CI te. 10 The support materials used preferably
have a s‘tﬂemflc surface area in the range from10 to 1 000 n2/g, a pore

\éggums 'B trﬁgu%%aiér@@&eé fefrablyHaleh @daelﬂ@sumrarmﬁ fhb?én@e%n?@ofaf froml to
pm Preference is speci fic surface area in
the range f? ﬁ(ﬁﬂ n% Boreg’ﬁ M) eragggg?rﬁa\‘/’éﬁ'ﬂ@g?rﬁ atrﬁeea"rpa'ﬂ‘dﬁs'ﬁ?ﬁ? %10 3.5
m/g and a Hfam. Peeferdncieds gvendo suppeitscharinng epetifc surfeen Bea ip i@5angpfremPalkot i cul ar
prefer fence b® rsfvgvsﬁoré QoRHRRAhE ?an&@h’dnﬁ‘GS@o mavg éddqa rﬁégnfpaﬁ.ae sigd lﬁ@nelréhgé he

range 1r € volLu

and a el s et Pouur BBt s kP il ey e Sput can
subj ect ed t tnge famedOfie 40 wHe.eenote volumg.in the ranamise0.8 és%0 Béaienaresan pardde Such a
drying treagpedtohgo geqnm |y carried out at from80 to 300C, preferably
from100 to 200C, with drying at from 100 to 200C preferably being carried

out under reduced pressure and/or .a bl anket of inert gas . nitrogen),
or the i nor §aainwsasigsweRrart eea ke pebiectadde abgrmst reairesmt 2@oto reraove ag)@%@d watehpr oduce

t he desi sedsadhalpfiidtreathent E%eﬁ@éwdarﬁélﬂdlﬁ)ét featsotdgnoee Sretadokbne ogeNnt r at i on
Ot he ot ' 3P wltyBAR Bl 160 B2 DGR B EREIFAl Lo fida 'St ORI Y

desi ccants suc
chl or osi | anawi’es g bisikef @f ingst gas|(as. m?@ﬂﬁl)ul %Fﬂ?ﬂﬁ%ﬁ'&ﬁ@mﬁ Cﬁ(p‘i‘?r“@bt“?%@‘émm P&t ment
et hods ar eiodiesBoto tppddutthe ew&pbtmmumfmsaa/aaaza%t thd besirbOF garmbriraianppor t

materi al Can Zé%ﬂ'Ege TFIQ p%ﬁl % 3155[}93' %Egbhe':n'?c.ra Iﬁ}%ﬁ'@gl.xﬁomé éS%EGMSu&T ESSI l ica

gel with (N Iea surface

t r eat men#d ofne |ﬁ"‘iyﬁd’fﬁ@Faé”l’vﬁ'%”H“U"‘S‘F’¥Véﬁn@'§°r?§ﬂ?ﬁeéPrrﬁ'ﬁ'g O £16¢ BEBHAUMIRPERS | ne- or
sul f ur - cont apmbphige GeatiRat heasts atadesabed $¢ exehpieg InyWw300/Ati90f i ed silica gel
surfaces. The inorganic sup port material can also be chemically modified. For example, treaiment of siilica
gel with (NH,),SiF s leads fo fluorination of the silica gel surface, or treatment of silica gels with
silanes containing nitrogen-, fiuorine- or sulfur-containing groups leads to correspondingly

30 modified silica gel surfaces.

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

In a preferred em bodiment of the preparation of the supported catalyst system, at least one of the
40 novel organometallic transition metal compounds of the formula (1) is brought into contactin a
suitable solvent with at least one cocatalyst as activating or cation-forming compound, giving a



Organi c support materials such as finely divided pol yolefin powders (e.g.
pol yet hyl ene, pol ypropyl ene or pol ystyrene) can al so be used ﬁﬂg are
preferably |ikew se freed of adhering noisture, sol verth i d or ot her
impurities f appropriate purification and drying 35 operations
before useya¥%a$@£§F§0 possible to usg,functionalized pgpgﬁgymgﬁﬁﬁﬁrts, e.qg.
supports based on pol ystyrene, via whose functional groups, for exanple

anmoni Um or s @ féoldEIe Hasteraliy so[dbﬁ?%ﬁct@ﬁ'?ro@&ct,rah‘ﬁdcﬁﬁfcﬁ‘la)ﬁﬁ*tu@p”ponentS can be
i mmobi lized. 1n a preferred enbodi ment of the preparation of the supported
catal yst system at |east one of the 40 novel organonetallic transition

met al corrpoﬂmenﬁfaﬁpm]ebtéimdmﬂés wely)is then ikesLigittihe dehyrirgetheraetsivated auppgritii t abl e
sol vent Wi t RaigfaliRRslveRNE rdhRNE] Ak YRl rositing &1k Ur@d'o%%n&ﬁet&ﬁéﬂa‘ﬁﬁﬁdcn@d’em ng
conpound EP2004/ 013827, 29 sol uble

giving a 1 5 NQV 2006 2005/ D58916 PCT/
o sl bl BT aBisp PG P HESATPD R ST BHELE! e SHAIE B ey ur o,
The pr epar atfittersupbarbiatertl.i The skrpsriadoptalyst is vsoallywbizibed ad a eetflowind ebwddr. at ed or
passi vat ed gxpRRsor thEWd8stial impldnitRtaBe of @R labbve pfRBR RSl RBthel HAND e§bd2ks NY

supported o L1 ition netal 5 cat'alyst systemis dried to
WO G o T,

ensure that 't v | etely or nostly renoved fromthe pores of
the suppdrt material. The supported catalyst is usually obtained as a

free-fl on ngfupaedRsierredmrsBinRt cafnplidae firsifydir mbiilizal tHerfotLapsnbiethd @nommﬂlrigeAabove
process are | : / [ .

further pr e?%fp?’é'ﬁjd %ﬁtﬂ%ﬂpﬁ’ﬁ%\/\% g%ﬁ%}%’ﬁ%&eq}!&rﬂg? 4“?9‘?%%%*% gg"[at%ﬁgt%gﬂc}'gat al yst

or the cati eA¥OT-BFRiNGEEMRAYADHIPFENtEH Withbe sigppraratalisdarytion) melF gomrmabquent | y

bri ngi ng t he@omingRotht pekseR@RéAbyst or this cation-form ng conpound into
contact with the organonetallic transition netal conmpound according to the
present invention. 15 Cocatalyst systens. of significance therefore |ikew se
i ncl ude Bonbroatlivsbiystens ot Honificance Bietiore thewlpe NeldRoMmPbRgtians whichare HpiIRRY bY
conponent s: cohiinireahPRNEntg codipotedist one defi ned boron or al um num conpound,
2nd conpanent: at | east one uncharged conpound which has at | east one acidic
20 hydrogen atom 3rd conponent: at | east one support, preferably an

i norgani ¢ oXStERBPYEMport  ardl leaglone defiaed Rproper i Eﬂr?ﬁ’@ﬂ?é‘{’)ﬁ" a base,"
preferably amcorgamne nitr og@&ast oae ntchargedpripaise vdish hasast least aveeertls "an ani | i ne
deri vati%ﬁﬁ or a nitrogen BLAEyGhe- 25 The boron or al um num conpounds
used in e preparation of the”Supported cogatal, sts_ar%, Bref er ably
conpounds ofdEHEPIGRUI a (HEtISpStRDS SUpRCT. p(efgrq\ y an inorganic oxidic stpport and

optionally as 4th component a base, ‘preferably an organic nitrogen-

containing base such as an amine, an aniline derivative or a nitrogen

heterocycle.
25 , .
The boron or aluminum compounds used in the prepa'raﬂon of the supported cocatalysts are
preferably compounds of the formula (XI1)
st
30 ' . (X1
"
where
35
the radicals R? are identical or different and are each hydrogen, halogen, Ci-Cag-alkyl,
C4-Cao-haloalkyl, Ci-Cio-alkoxy, Ce-Cao-aryl, Cg-Cor-haloaryl, Cs-Cao-aryloxy,
Cy-Cao-arylalkyl, C7-Cyg-haloarylalkyl, Q7-C4o-a|ky1aryf, C+Csp-haloalkylaryl or an OSIRY,
group, where
40

the radicals R are identical or different and are each hydrogen, halogen, C-Czg-alkyl,



s R23/MR23 where 35 the radicals R23 are identical or different and are
each hydrogen, hal ogen, Cl-C2o0-al kyl, CrC2o-hal oal kyl, {C:],.,O al koxy

C6- C20-aryl, C6-C20-hal oaryl, C6-C20-aryloxy, C7-C40- aryI at JWW

C7- C4o- hal ogpph@hkshe C7- C4o-al kyl aryl, C7-C4o- hal oal ky P'ﬁ’ 0;{3 %l R243
group, where 40 the radicals R24 are igentical or di f f er ALY each
hydr ogen, hal ogen, Cl1-C20-al kyl, WO 2005/ 058916 PCT/ EP2004/013827 30

Cl1- C20- hal gnal kylcrd;alhaﬂamu@l kpme,am@r é?@zoafyba-cg-ﬁraﬁ&far batganisky,

C6- C20- aryl oxy, \/ I | aryl,
C7- C40- hal oal kyl ar'y &ﬁaﬁ‘@ ba%1°¥g'°?{6%k Cb“a"lé%&% C‘g%ﬂa‘%ﬁ‘# %E‘araéyw al kyl |
and 5 M6 is boroH‘Y@’Pge&leﬁrﬂW‘Ob?E@@?@Bﬁy #um num Particul arly preferred
conpounds of the formula (XII) are trinethylalumnum triethylalum num and
triisobugyl pyal um; gdqwag onpounds whi ch have at |east one
acidic h?fdr[ggen a{%gbr# l%ﬁ%@?ﬁﬁ ]Lﬁﬁm"(?grrpounds of the fornula (XIl) are
preferably conpounds of the formula (XII1), (XIV) or (XV), DHRS-DH
(R25) 3-n 8- Pédtiddarly prefBxd@2€ompokhdslof thp fdmbid/iXilf 20¢)rimetiylaluntirere triethiiglumiacth eal s R25
are identi C%|so&ﬁyiﬂlnfﬁuﬁ{ ent and are each hydrogen, hal ogen, a boron-free
organic radical” having froml| to 40 carbon atons, e.g. Cl-C2o0-alkyl,

Cl- C20- hdl oal kyl, Cl-Clo 20 al koxy, ©6-C20-aryl, CG C20- hal oaryl,

C6- C20- atyl ﬁmncl@?ged:dmmtylhah'klyﬂ havéli’el@@benemahmawb@hlam arﬁ%asﬁé@etwltlkyl aryI

C7- CA0- hal Oglntshids ¥l the BAmSS ORF L3 ﬁ@é?é&@éowf%ur@s oot (kf@%r?ﬂ wher e

R27 is a boron-free organic radi cal having fromdl cafbon atons, e.g.
Cl- C20-al kyl, Cl1-C2o0-hal oal kyl, C. 1 Clo- aI koxy; CS C20 aryl,
C5- C20- hal oaryl 2a-C20par yl OX)%iyqrh aryI 1| g;d_,Rw_cg@r hal oaryl al kyl,

C7- C40- al"kyl aryl gyl C40- hal oa
havi ng f{om 1to 4 Ear bon at ons, Cl- C20- al kyi e

Cl- C20- h#l oal kyl ene, C6- C20-aryl ene, C5-C20-hal oaryl ene,

C7- C40- aryl whatg| ene, C7- C40-'hal oaryl al kyl ene, C7- C40-al kyl aryl ene,

C7- C4o- hal oal kyl aryl ene, Dis an elenent of group 16 of the Periodic Table

of the El_ enﬁg trasdlcglrs Rﬂgrel\llngr?ncglro? HiRérent and are each. hydrogen, halogen, a boron-free organic

Z,h an R26 is %dl val ent organi c group

radical having from 1 to 40 carbon atoms, e.g. G4-Cag-alkyl, C4-Cop-haloalkyl, C4-Cig-
20 alkoxy, Cg-Coparyl, Ce-Cop-haloaryl, Ce-Coo-aryloxy, Cy-Cyp-arylalkyl, C7-Cup-

haloarylalky!, Cy-Cg-alkylaryl, C;-Ca-haloalkylaryl, an Si(R¥); radical or a CH{SIR?4),

radical, where :

R"? is a boron-free organic radical having from1 to 40 carbon atoms, e.g. C+-Cae-alkyl,
Ci-Cyp-haloalkyl, Cy-Cyp-alkoxy, Ce-Cop-aryl, Ce-Cop-haloaryl, Ce-Cop-aryloxy,
25 C?-Cw-a'rylalkyl. 'C7-C4o‘haloarylalkyl. C-Cyp-alkylaryl, C;-Cyp-haloalkylaryl, and
R* is a divalent organic group having from 1 to 40 carbon atoms, e.g. Cy-Cap-alkylene,

Cy-Cyp-haloalkylene, Ce-Cyr-arylene, Ce-Coo-haloarylene, C7—C4n-arylalkylene,
Cr-Cyp-haloarylalkylene, Ci-Cyp-alkylarylene, C-Cyg-haloalkylarylene,

D is an element of group 16 of the Periodic Table of the Elements or an NR* group,
30 where R% is hydrogen or a C;-Cap-hydrocarbon radical such as C4-Cyyralkyl or Ce-Cag-
aryl, or is preferably oxygen, and
h is1or2,

Suitable compounds of the formula (XI1) include water, alcohols, pheno! derivatives, thiophenol
35 derivatives or aniline derivatives, with halogenated and especially perflucrinated alcohols and

phenols being of barticular importance. Examples of particularly useful compounds are

pentafluorophenol, 1, 1-bis(pentafluorophenyl)methanol and 4-hydroxy-2,2°,3,3',4',6,5' 6,6'-

nonafluorol.aiphenyi.

Suitable compounds of the formula (XIV) include baronic acids and borinic aclds, in particular
40 | borinic acids bearing perfiucrinated aryl radicals, for example (CeF5),BOH.

Suitable compounds of the formula (XV) are dihydroxy compounds in which the divalent carbon-



30 where R25 is hydrogen or a Cl- C20-hydrocarbon radical such as

C - C20-al kyl or C6-C20- aryl, or is preferably oxygen, and h islor2.

Sui t abl e conpounds of the fornmula (XI11) include water, ll’csggglvs !ﬁhenol
derivatives, thiophenol 35 derivatives or aniline der| va 28

hal ogenat ed vegpehosssyefs al |y perfl uorinated al cohols and ﬁg@g%@ 5)@ ng of
particul ar | nportance. Exanples of pargjcularly useful Y 267
pent af | uor ophenol, 1 , 1-bi s(pentafl uorophenyl) nmet hanol and '

4hhy]gr oxyI 2, ﬂtagnagroai jspréferably halogenaBdfil pseicoBi @h@lﬂhrﬂatedstaﬂ &apbie oFéE:l?iPQulr‘dS of 0
the formul a {xhMnhd! | igds and In particular 4
borinic acids bez;r .'S;ﬁ WF%&E)??@%Q ar 3?& gglggqngl%yggte exarrpl e (C6F5) 28CH.

Sui t abl e conpounds of the fornula (XV) are dihydroxy conpounds in which the

di val ent carbempltSoiNObRenHs YWRoRPOMIO BaRslBrmieET klﬁ%ﬂ%&@&ﬁwmeﬁi&mﬁl@@hm ni ng

Juch’a SC*SLS&%E‘QQ ARG AL P oRBlenly by B LA BB B e ny |
hydr at e. F@E' e %‘MH{HWW%WQW 2.8 Gt RIS Boongiverobighenh a (X1 1) with
conpounds Of trlQﬂhulaltﬂmrmm[ pant{fbrbpHenoiStriesbuly)dmirairoentafluorophenol and

trimethyl al um nnrwmw hQQOA 3, )
tri met hyl aI am w 4 ;&E;nt a uor 0 ﬁE 6(? octaﬂuoroﬁgher‘yl hydrate, giving, for example
trimethyl al Jﬁ?cﬂfﬂﬁr%j“ﬁ'? lgwing tyge. 3' 5 5',6, 6' -nonaf | uor obi phenyl ,

tri et hyl dPum nuni pent af | uor ophenol tr| i sobutyl al um nunt pent af | uor ophenol
and triethylalumnum4,4'- di hydroxy 2,2',3,3,5/5,6,6"-octafl uorobi phenyl

hydrate, giving, for reactl on odu L§u of th ol lxowi ng type. 10
i-Bu F5C6 0~ | I/F('{),{%e(é FSEK%\A;}I ~O~C@|?@/q'?\7eAlf 'OBu O~ ,0 15
FOC 12 Al ClzFe Ies 6 & reactl on pfoducts ?romtlhe rea‘i‘:t"l on of at

| east one corrpound of thMef arrmula (XI1) 20 mMdut h at | east Bne conpound of the
formula (XIV) are:.1-0- C6F5_ o Cﬁo|01 A(0O'1 if "C6F5 F5C6 I '-O~ 11 | |
F6C6 Me F5 F5C6 .. Et CﬁB{ F\ii\l F5Ced ~O' | C6F5

Examples of reaction products from the reaction of at least one compound of the formula (XII}
20  with at least one compound of the formula (XIV) are:

FscS\B/O\ O /CGFS Fﬁcﬁ\ A0, A0 /'

[ ] A
25 FiCs Me  GgF; FCs .. Et CeFs
Fg B\T/O\TI/O\IIB/CEFS
FC, - FBU  GCgF,
30

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

If desired, the reaction products from the reaction of at least one compound of the formula (XII)
with at least one compound of the formula (X1}, (XIV) or (XV} and optionally the organic nitrogen

35 base are additionally combined with an organometallic compound of the formula (VIT}, (VIT), (IX)
and/for (X} to form, together with the support, the supported cocatalyst system.

In a preferred variant, the 1st component, e.g. compounds of the formula (XII}, and the

2nd component, e.g. compounds of the formula (XII), (XIV) or (XV}, are mixed, a support as
40 3rd component and a base as 4th component are mixed separately and the two mixtures are

subseguently reacted with one another, with the reaction preferab!y taking place in an inert
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25 Ingeneral, the catalyst system is used fogether with a further metal compound of the formula (X1),
which can be different from the metal compound or compounds of the formula (XI) used in the
preparation of the catalyst system, for the polymerization or copolymerization of olefins. The
further metal compound is generally added to the monomer or the suspension medium and

serves to purify the monomer of substances which can adversely affect the catalyst activity. It is

30 also possible to add one or more further cocatalytic or cation-forming compounds to the catalyst
system in the polymerization process.

The olefins can be functionalized, olefinically unsaturated compounds such as ester or amide
derivatives of acrylic or methacrylic acid, for example acrylates, methacrylates or acrylonitrile, or
35 nonpolar olefinic compounds including aryl-substituted a-olefins.

Preference is gi\;en to palymerizing olefins of the formula R™-CH=CH-R", where R™and R" are
identical or different and are each hydrogen or an organic radical, in particular a hydrocarbon
~ radical having from 1 to 20 carbon atoms, in particular from 1 to 10 carbon atoms, or R™and R"
40 together with the atoms connecting them can form one or more rings.
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mean residence times are usually from 0.5 to 5 hours, preferably from 0.5 to 3 hours. As molar

mass regulator and/or to increase the activity, hydrogen can be used in the polymerization,

30 Furthermore, customary axdditives stich as antistatics can also be used. For the polymerization,

the catalyst system of the present invention can be used directly, i.e. it is introduced in pure form

into the polymerization sy stem, or it is admixed with inert components such as paraffins, olls or

waxes to improve meterability. '

35 The novel organometallic transition metal compounds of the formula (1) or the catalyst systems in
- which they are présent are very particularly useful for preparing polypropylene/propene-ethene
copolymer mixtures.

The invention therefore further provides a process for preparing polypropylene/propene-ethene
40  copolymer mixiures in the presence of a catalyst system as described above.
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polymerizing a propene-ethene copolymer which has an ethene content of from ™15 to 80% by

weight and, if desired, further C4-Cg-alk-1-enes (e.g. 1-butene, 1-hexene, 1-octene, 4-methyl-1-

30 pentene) onto this, In general, the amount of propene-sthene copolymer (which may comprise
1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene as further monomers) polymerized on is such
that the copolymer produced in the second stage makes up from 3 to 60% by weight of the end
product.

35  The propylene homopolymers and copolymers prepared using the catalyst system of the present
invention have a content of meso-configured diads (measured by means of BC.NMR
speciroscopy, see examplee) of at least 90%, preferably at least 95% and particularly preferably
at least 97%.

40 Random copolymers which have been produced using single-site catalysts (e.g. metallocene
catalysts) have a number of particular properties compared to, for example, copolymers produced
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25  [n addition, a combination of the abovementioned features leads to the polymers (homopolymers
and copolymers) prepared using the catalyst system of the present invention being eluted within a
narrow temperature range in 2 TREF. In the case of the homopolymers and random copolymers
prepared using the catalyst system of the present invention, from 80 to 100% by weight is eluted
within a temperature range extending from 15°C below to 15°C above the temperature at which
30 maximum eiution occurs (“peak temperature"). The range preferably extends from 15°C below to
10°C above the peak temperature and particularly preferably from 10°C below to 10°C above the
peak temperature.

The polymers (homopolymers &nd copolymers) prepared using the catalyst system of the present

35 Invention are suitable for producing hard and stiff shaped bodies, fibers, filaments, injection- '
molded parts, film's', plates or large hollow bodies (e.g. pipes} having a high tensile strength. The
'shaped parts display, in particular, a high toughness, even at temperatures below 20°C,
gombined with a high stiffness.

40 Shaped bodies (e.g. injection-molded articles) comprising the biock or high-impact copolymers
prepared using the catalyst system of the present invention are generally produced by the
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at 23C and Pebieripnmipided adiolgepropyce e fie@bpve-dgpayibrd PSS gangielvroltaiBf t he
test speci rastohey adgitivecabe o tidse 3RMed InMthe af &L stabifzeBONPlcanE Blidmyld ekbse 10

t he transpar y. 0 :

accor dan%g Va%%ﬁé/ A%%%%%?g%&&t%nstﬁc?gﬁg ICIZEIJS r%é@ aﬂmjegts%?ﬁa%emetﬁﬁgnt | yst
system of t WéStW%@H‘?U"TSn‘O@ﬁF?'@nth?&?%'@?@%?@L’IV'@Q;@{&’@%‘H” 2"(3% Pr%‘ﬁ*tqbtﬁj’leérl y
preferably liessvdediamm iB3Bepolyhbezatidn, ect i on- nol ded articles produced fromthe
above-descri bed polymers generally contain custonmary additives known to
those skilled in the ar . stabilizers, lubricants and nold rel ease 20
agents, fil|%eigmanygiapi ?&fﬁ"ﬂf@”‘%@é?ﬂ"?a"t&ﬁﬁq‘éf sleriqally hinderadiphenols, processifes |

pi gment s 2&r sidbtizees suel aw phasyitiies oriphosptigtitesyacly sanegetssucH a5 gleiversidaratd dieise ar e

i ncor por at ec&te%feldw.n &QHieaEt‘eﬁH%uﬂL c{ene‘a Fhrn%E'U&fV abtigkred gehé?ameé/\gsgyle%@rm in

the pol ynerizati on. s onar Izers._inc ant | oxi dant ?h P as
sterically iﬁDPfﬂyé}eéBo"tpﬁﬂli'ﬂ'}F &c o&}:%g Ipﬁa@ent invention contam one or more of establ jzers

in amounts of up to 2% by weight.

30 Suitable lubricants and mold release agents are, for example, fatty acids, calcium or zinc salts of
fatty acids, fatty acid amides or low molecular weight polyolefin waxes, which are usually used in
concentrations of up to 2% by weight. ' ‘

Possible fillers are, for éxample, talc, chalk or glass fibers which can usually be used in amounts
35 of up to 50% by weight,

" Suitable nucleating agents are, for example, inorganic additives such as talc, silica or kaolin, salts
of monocarboxylic or polycarboxylic acids, e.g. sodium benzoate or aluminum tert-butylbenzoate,
dibenzylidenesorbitol or its Cy-Cg-alkyl-substituted derivatives such as methyl-, ethyl- or

40  dimethyldibenzylidenesorbitol, or salts of diesters of phosphoric acid, e.g. sodium
2,2"-methylenebis(4,6-di-tert-butylphenyl)phosphate. The nucleating agent content of the



25 stabilizers such as phosphites or phosphonites, acid scavengers such as
calcium stearate or zinc stearate or dihydrotalcite, sterically hindered

am nes or WV stabilizers. In general, the propyl ene COpOH%@fZEWSI tions
according to the present invention contain one or nore of i zers

in amounts WO 20ps/s8918% by wei ght. 30 Suitable [ubricantspyapgd, %m}/{ﬂ a{z’?' ease
agents are, for exanple, fatty acids, galciumor zinc sa]f)ts 0 atty acids,
fatty acid am des or | ow nol ecul ar wei ght pol yol efin waxes, which are

usual Iy useghrdpylenegolymeindomabdifon s geheraly ipdo B Welyri ght . Possible fillers are,
for exanple talc, chalk or glass fibers which can usually be used in

anount s 5 of up. t,o 50% by wei ght. Suitable nucleating agents are, for
exanpl e, &Pﬂhﬁ#ﬁ@veaam qegRY CoTDRCiAYY pvgligble and jaredesesiet derlexemplsd t s of
nonocar boxyIGachterﬂ\nupeJ_rl BissticdabdditivestHzmabslsk, 4te E@itionS Behst PublisAG,alichr 1984, UM num
tert-butyl benzoate, di benzyl i denesor bitol or its Cl-Ca-al kyl-substituted

derivatives uch et hyl - or 40 di net hyl di benzyl i denesorbitol, or
salts of did ?@Yeé‘?‘?ﬁ’f'gﬁ‘r‘ﬁ%tﬁﬁw fhe b RYing "@"@'t'”%‘%i@mﬁ%ﬁ:

2,2 -nmet hyl enebi s(4, 6-di -tert-butyl phenyl)phosphate. The nucl eati ng agent
content of Egnd NOV 2006 WO 2005/ 058916 PCT/ EP2004/013827 37 propyl ene
pol yner conposition is generally up to 5% by weight. Such additives are
generally conmmercially avail able and are descri bed, for exanple, in

Gacht er / NI [GeperalP| asti cs Additives Handbook, 4th Edition, Hansa Publ i shers,
Muni ch, 1993. 5 The invention is iIIustrated by the fol I ow ng nonliniting

exanpl es: The letter "c at the beqginn an
exper i nent Eﬁ‘ﬁ%@? Ptjig%%qgﬁ‘ﬂ'ﬁ? Pl sgperimestetesh degiuialiee asB@Fﬁ’%F‘? ARIRES or
subst ances Wwkiedineny & sulstangesodviatiiaregnat ecaohding e the ereserit mveniioh emd renelbdeave been

i ncl uded forncm@éaﬁ@rc%béfgw@rjﬁrp&@gs 15 Preparation of the catalyst: 0.206
nmol of net al | ocene dichloride were added at roomtenperature to 4.33 mol

of MAO 0% strength solution in toluene, fromAl bemarle). The sol ution was
al l oned to &repmaticoweihacgdlystat room tenperature and was subsequent!y dil uted

with 10.9 mozoé mheuldﬂen@tan&ib@e mhkouaswe@%ugdlavrbom&m;?&atar@rt@i 83 himoRAMRE to 10 g
of silica ( |ne tlcuar

a ntion
“as paid 1 oo ReeT e Blse da R AP o s p bR s Serthial
support mat é?omatﬁmpwtwre gndgaspubsereantly didedith R anf[tduwewﬂq Fluted saluliprywas
suspensi zmn B&sfulRaRRIH elg bisiica IGREPUINME,icBIEINGNEl 606FC] Bsin BRick); Péridif aRhwAt  Of

vol atile r’ra §£ éa% tolﬂ'%q:olg?eggol[lt%g%gﬁg uF‘u%rml?gl“gtnﬁlﬂgc{1 Ové%hg Xupwgrlt %Q{eﬂal ﬁéler

Pol yneri zati o
10 minutes, the flask containing the catalyst suspension was connected to a vacuum line and

dried until the content of volatile material had been reduced fo less than 5% by weight,

25  Polymerizations: ]
Homopolymerizations were carried out in a 10 | reactor charged with 3.5 kg of liquid propene. The
reactor was made inert by means of nitrogen before being charged. 8 ml of a 20% strength by
weight solution of triethylaluminum in Exxsol (from Witco) were introduced into the reactor and the
mixture was stirred at 30°C for 15 minutes. If hydrogen was added, its concentration was set fo

30 0.5 standard liters per liter of liquid propylene. A suspension of the respective catalyst in 20 ml of
Exxsol was introduced into the reactor. The reactor temperature was increased to 6§5°C and
maintained at this temperature for 60 minutes. The polymerizations were stopped by veniing the
reactor. The polymers were dried overnight under reduced pressure before being analyzed.

35 Copolymerizations were carried out in a 10 | reactor charged with 3.5 kg of fiquid propylene. A
20% by weight solution of triethylaluminum in Exxsol {(from Witco) was introduced into the reactor
and the mixture was stirred at 30°C for 15 minutes. A suspension of the respective catalystin
20 ml of Exxsol was introduced inlo the reactor. Ethylene was introduced into the reactor (total of
180 g). The reactor temperature was increased to 85°C and maintained at this temperature for

40 80 minutes. The pressure in the reactor was maintained at 32 bar by continuous addition of
ethylene (about 47 g of further ethylene introduced). The polymerizations were stopped by



Honmopol ynmeri zati ons were carried out in a 10 1 reactor charged with 3.5 kg
of liquid propene. The reactor was nmade inert by neans of, nitrogen before
being charged. 8 mMl of a 20% strength by weight solution bb NOV 2006
triethyl al UgigYeedskuEXxsol (from Wtco) were introduced into the reactor and
the mixture was stirred at 30C for 1541 nutes. |f hydr dfetERRAY/O4HARG, its
concentration was set to 30 0.5 standard liters per liter of liquid

propyl ene. , AerfiGRE RBLIONTIRS polyBrs MRARPERHIVENGA LAY flduidy bSbre bEE SOl was
i ntroduced hggtlégeé he react opr?y The react oor rt“grrper atu?e mﬁ%s%cr ergsgﬁéto 65C
a

and maintarn t this tenperature for 60 mnutes. The polynerizations were
st opped by venting the reactor. The polyners were dried overni ght under

reflu_ced pr gsswrfa pkmeédureefdaeierhnuﬁiﬁ@iﬁtﬁ@ﬁl;hésis?&faﬁwehwmf_ ré-ﬁkiti%b%bytﬁ{cesz:gea/rgi ed
out in a .0 ged, Wi : of | igui ropyl.ene. A o by
wei ght sol ut l!l]eogr‘\/ﬁ@%mt Jrrﬁdé 'r%aquhﬁo%ﬁ§Wﬁta@§?g@PurPg P B‘ﬂ{hg\f?tg%ﬁts WEsea e P¥duced
into the reXEh®clusiemef a ae maisturg padaggegos {glqve bek aud SBlien teghniiBesyiAsbleants A .
Slﬁls pensi on oﬁedtvd&&] PRSP @R Aryéh hatiddy Sler inBleclifr Bikves hefoiedsa! Téﬁﬁ@dio}fﬁrérfllgg@,e;j i _T_LO
t he reactor , r intq t reactor (total. Q). e
reactor t errglgﬁté ﬁ'? 'gé}’\%%ﬁﬁ%_@%gg%g&? gsoggg%aeﬂ%%ﬂ%n%ﬁ?’ﬁeﬂtg g c{r'ﬁgg"e{ enper at ur e
for 40 60 AYdHTREEzoPPENglyiglwae and dighiqreraethang wes iriafeyerpaicivindiyevi burefligdngbar by
conti nuots &ud ntrhigen ofdfouretany thereivdrabatre sdosequenty disindderanakloyddeng 4ant r oduced) .
The pol yner ﬁ%[édegg-@ égere stopped by 15 NOV 2006 WO 2005/ 058916
PCT/ EP2004/ é? 38 venti ng the reactor. The polyners were dried overni ght
under freduced pressure before being analyzed. CGeneral procedures for the
handl i ng andnigyrthashisunoficiadriie, irmiate E5HSiuE) andB e mbisvitiysy beirmieqesss pue)The
synt hesi s a@:@re?ﬁ?d&%&ﬂ&nﬁhﬁriéhﬁfgﬁfc&%}%ﬂ%ﬁﬁl | ic conpounds and the catal ysts was
alr a

carried out wth exclusion o nmoi sture under argon (glove box and
Schl enk techni ques). All solvents wused were purged with argon and dried
over nol ecuMass peamesrerefasured ustng.a Hatistbibacklhrd tariea A8 Thdfimentaihiet lwgd et her and

t ol uene wer quﬂjpgggitrpélﬁﬁeé@%Hggs%g&%ﬁ:@%nﬁw)l pentane was dried over
&

sodi unif benzg enone/}rl %j ynE and dichl or omet hane was dried over cal cium
hydri de by ISESATA G ALEFN eGP AIMIMGERIIC SPMPRINFSWer FRICFRECBVFEAL s wer e
subsequent | Ynity30 NMRedearbhetamrad reptndeederetuer ThtAhemiohlebifth are repodedslativerdy dr ous
al um numd r ggfal ori de, indane (95% pure) and 2-bronoi sobutyryl bronide (98%
pure) were procured fromAl drich Chem cal Conpany. 15 Mass spectra were
nmeasured using a Hewl ett Packard series 6890 i nstrunent which was equi pped
with a seri Bstemgre8omadde nating podmr (El, 70 eV). NWR spectra of organic and

or ganonet al hh&m&ﬁ%@!ﬂﬂﬂ%a%ét@mﬁﬁe@%yﬁ%&n@& abStahéANrelRhiiY a8 RaMRith 10 _
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25  crystallization at a cooling rate of 20°C per minute down to 25°C and a second heating phase at a
heating rate of 20°C per minute back to 200°C. The melting point was then the temperature at
which the curve of enthalpy versus temperature measured.in the second heating phase displayed
a maximum.

30 Gel parmeation chromatography:
Gel permeation chromatogréphy (GPC) was carried out at 145°C in 1,2, 4-trichlorobenzene using
a Waters 150C GPC apparatus. The evaluation of the data was carried out using the software
Win-GPC from' HS-Entwicklungsgesellschaft fir wisjsenschaftliche Hard- und Software mbH,
Ober-Hilbersheim. The columns were calibrated by means of polypropylene standards having

35 molar masses ranging from 100 to 10° g/mol. The mass average molar mass (M) and number
average molar mass {My) of the polymers were determined. The Q value is the ratio of mass
average molar mass (My) to number average molar mass (M,}.

Determination of the viscosity number (L.V.):
40  The viscosity number was determined in an Ubbelohde viscometer PVE 1 fitted with an S 6
measuring head (both from Lauda) in decalin at 135°C. To prepare the sample, 20 mg of polymer



The nelting point T, was determ ned by neans of a DSC nmeasurenent in
accordance with 1SO Standard 3146 in a first heating phaﬁ@ NgVazmati ng
rate of 20C per mnute to 200C, a dynamic 25 crystallization at a cooling
rate of 20Cwaesoeddsesike down to 25C and a second heating e heati ng
rate of 20C per m nute back to 200C. Thge nelting point \Ag@f‘lr@ﬁ‘b‘{lﬁﬁé?
tenperature at which the curve of enthal py versus tenperature neasured. in
the second hestdissgveshasemiif siptaiy el 357 BBEXhdtsT5 B0f GR! soRBETIRAS HIadRd i the
chr omat 0gr aRRYsmetE? bnd s Ak LK MBSt GRE S QUL at 145C
PRTGAES BRI iR L by

in 1,2,4-trichlorobenzene usin a. al uati on
of Lhe' dat a {18 RPRAGESAES HESh RPN T ¥iitre Soowplnd b erping-ou imes by

HS- Ent wi ckl utegsde delrelatiohsbipt 1. V. ar(tind X Ve ndielea £ e bighdainsing-aun timSef thadiuiorTb H,
Ober - Hi | her shehésn o f i L, ; f. pol yor opyl ene

st andar ds ha{/kierr\g ngﬁétﬁglbélgﬂa?séﬁ%ﬁﬁg%gi{’énng °?‘§°§%“%‘8ﬁt%g‘ﬂ§8‘3”t8ﬁ Mrﬂl The nmass
average nolar mass (MAN and nunber average nolar mass (ML) of the polyners
wer e det er nmiB¥edplesThe Q value is the ratio of nmass average nolar mass (Mw)
to nunber average nolar mass (M). Determ nation of the viscosity nunber

(I.V.): 40 The viscos] er eterm ned. i n.an Ubbel ohde vi_sconeter
PVS 1 fi tteg' Wi th'%‘aeﬂ"y@%e "K@Eﬁﬁﬁ%‘%@'ﬁ”%ﬂ@f’ﬂ"i'?'Bﬁit?_tfﬂmﬁ%{?'s1"}‘?a‘ifé€aﬂ')i n at
135C. To1dr epar el2tisppropdri{# ' dert2otylpopngl-1-pobyiaircodBmNBDIEEOB) WO 2005/ 058916
PCT/ EP20041013827 39 ,were dissolved in 20 mM of decalin at 135C for 2
hours. 15 m of the solution were placed in the visconeter and the
instrunment carried out a m ni mum of ee runni ng-out tine neasurenents
until a consistent result had been obyaned. The I.V. was cal cul ated from
the running-out tinmes by neans of th elationship I.V. = (t/to-1)*1/c,
where t sz nmean of the running-out tine he solution, 5 to = nmean of the
runni ng-out tine of the .solvent, c: ntration of the solution In g/n.
Exanples 1. Me,si” 2rCl C
Di et hyl si | anedi yI - (6- net hyl - 4- (4" -t éxft Jbut yl pRenyl )- 1, 2, 3, 5-t et r ahydro-s-i n
dacen-7-yl)- 10 (2-isopropyl-4-(4' ut yl phenyl ) -1-i ndenyl)-zirconi um
dichloride (1) 15 Mezsi; Zrc (.~) O la Preparation of

2-met hyl - 3,5, 6, 7-tetrahydro-s-i ndac 1(2H)-one (1 a) 25 50.71 g (377 mmuol)
of anhydBbus al um numtrichloride slowy added at OC to a mi xture of
19.3 g (163 nmol ) of indane and 38. 379~of 2-bronvoi sobutyryl brom de in 500
m of nethylene chloride over a period of 30 mnutes. The reaction m xture
became dark red. The suspension was stirred at roomtenperature for 17
hours and subsequently poured onto 200 g of ice. The phases "were separated.

The organi ¢ 1phasgrep@sionesIedmgEss, WidibhydRls-fdacei-1 HRORS@E) hydrochloric acid,
25 50.71 g (377 mmol) of anhydrous aluminum trichloride were slowly added at 0°C to a mixture of
19.3 g {163 mmol) of indane and 38.3 g of 2-bromoisobutyryl bromide in 500 ml of methylene
chloride over a' period of 30 minutes. The reaction mixtu_re became dark red. The suspension was

stirred at room temperature for 17 hours and subsequently poured onto 200 g of ice. The phases
were separated. The organic phase was washed once with 200 ml of 1 normal hydrochloric acid,
30 {wice with 200 ml each time of saturated sodium hydrogencarbonate solution and twice with
200 mi each time of water. The organic phase was dried over anhydrous sodium suifate and
filkered. Removal of the solvent under reducead pressure gave 30 g (99% yield) of the compound
" (1) as reddish brown oll. According to GC-MS, the content of (1a) in the oil was 89%.

35 1b Preparation of 4-bromo-2-methyl-3,5,6,7-tetrahydro-s-indacen-1(2H)-one (1b)
31 g (162 mmol) of 2-methyl-3,5,8,7-tetrahydro-s-indacen-1(2H)-one {1a} were added io a
suspension of 50 g (0.37 mol) of anhydrous aluminum trichioride in 200 ml of chloroform while
stirring vigorously at 0°C. After stirring for one hour, a solution of 8 m| (160 mmo!) of bromine in
20 ml of chioroform was added dropwise io the mixture at 0°C and the mixture was subsequently
40  stirred overnight. The reaction mixture was poured into 500 g of an ice/water mixture, The organic
phase was separated off, washed with 5% strength sodium hydrogencarbenate solution and



30 twice with 200 ml each tinme of saturated sodi um hydrogencarbonate
solution and twice with 200 m each tinme of water. The r5gani c_phase was
dri ed over anhydrous sodiumsulfate and filtered. Renov 80Vt Bélbsol vent

under reduc e gave 30 g (99%yield) of the conpound a) as
reddi sh br oa\/\%zg?f@%ccor ding to GC-MS, ,fhe content of (l%ﬁT”Fl??O‘i“F?égséfl was
99% 35 | b Preparation of

d- brromo- 2. TRl hidySeeliuchy Sl 80 i &eﬁu%ﬁ&@’?’lﬁl&% Z@oorerao&a}iﬂgr o bheft uhdb?

mmol ) of 2 tetrah
a suspensi (5"??”# pBEl‘is'ﬁ @’33579%? 8t Sy dnalyis ingh Eﬁh”terqﬂéﬁﬂ"%’rqd&é%roﬁ 200 m

of chl or of othedakiied eompmrnd r‘lbhgrd\74'3@ofmm'bmrcatby{bfbdua%\fm-ermrﬁnnewas Bgpafated bpne hour

a sol ution @hudn Srorkal&ffa thcQEellﬁér BeyleRt chioRdd'hs & an? HhRI9Ofs added
e o

dropvvrsestolg f(rr_}rgture mxture was su seque rred
over ni ght®, THRE FEESPTBY ure was pour ed into 500 g of.an |ce/ wat er

m xture. ThéH dMGdmiabloroiimak & 40es 1H)eh2l (dtletH)oF.98 (mpaish 2d4 v t 1) 39695 dd; éiigt h
sodi um hydr ege bosategol uti on and 15 NOV 2006 WO 2005/ 058916
e

Filtration S S st d e RN O o

Filtration a
red oil. GC3HBHL3na9.\28P4 #612di cated that the oil contained 84% of the desired
compound4d 1 b) and 14% of a di bromni de by product The m xture was separat ed

Thi s gave 1607 or CAAgna 4P apEhu oS mEROt ST R iR C SR B U
(d1-chl or of (9r3r@0ng patiadign @@etatQH)mOP@) 28 0.7 & o triphpfyiphosphBe (hinoPiHperezdded tg an  1H) |
2.59 (dd, I1kfs-stirdd hixtufd of 12g)0.04b.n%R of Abrodid)2-méBfaEe - {et‘H,h yaR) Sih@dcen-1A)- 208. 19,
152. 44, 15 kngég) %ﬁ?g 0376? optg %Ip%e Ib?rérqlc ac%f"andélig 49 (O ‘Igémolggbf sogﬁﬂ‘n 34,

33.19, 25,6

4-(4-terfa b@@@?"ﬁ?ﬁ*é‘i‘riﬁo)m[zﬁ W@?ﬁ%yet@f@ﬂ@{l Fybemoiwpier he repptipn etrure peplwee (1c)
0. |3 /é; of palidradbwsnpagred nloavate 3andextrigedadich @etﬁyl@re@ﬁloﬁdei(ﬁhﬁﬂ@’hphﬂhﬁﬁ&?md( 6

nol 99 were ] o]

4- br ono- 2- ng’@%ﬁ?p@gﬂer%l?éhﬁ‘t”wsr rﬁ@@éf&%ﬁ&&&&mﬁ%@&@r a%? {)%)Mrll 2 g (0.063
nmol ) of ter ﬂﬂaﬁﬂﬁsg}‘mrﬁﬁﬁﬂﬁ AfeReve %@P@"éﬁl’ﬂ- thescrudeprocyctinas cﬁ@rraafosrap&eéenum

car bonat e i Bilidaif3l (kxand/chibroreinmxy4t feane THRN k3 1 GG (70t yidid)weihe Eompblosd (ne)actr on

m xture yas rgéug%ﬁ:d for 6 hours, poured into water and extracted with
met hyl ene cr;rl or1 x 100 m). The combi ned gdanr c phases were washed

wi t h™ sodi um ¢ ¥MBdsheprlercsasmiit i58 (5 A’ %ﬁe“ﬁﬁ@“ﬂ?r“@ Sl 2etypiedh i 390 f at e.
Af t er rem)vadrd o), 2.5e(d8,HY, @H0,(mf 11, 56 eke 1Y, 24T ¢, 2R S| IBHs, GG Flzee, on
silica gel ﬁxane/ chloroformfrom41l to 1/1). This gave 10 g (70% yi el d)
of the conpound (1c) as 20 a viscous oil. 1H NWR (dl-chloroform: 7.59 (s,
1H), 7.46 (d, 8.3Hz, 2H), 7.40 (d, 8.2Hz, 2H), 3.21 (m 1H), 2.99 (dd, 2H),
2.84 (dd252H)l, 2P@Parbtion of 4f4-te2biBBphem)-E-mpthyl2l, DT 5-¢atrah@iF-s-inla®8e (18) 9H), 1. 26
(d, 7.2Hz,  186%0.031 mol) of 4-(4-tert-butylphenyl)-2-m ethyl-3,5,6, 7-tetrahydro-s-indacen-1(2H)-one (1c)
were added dropwise at 0°C fo a solution of 0.6 g (0.016 mol) of lithium aluminum hydride in
100 ml of diethyl ether. The reaction mixture obfained was warmed to room temperature and
stirred for a further one hour. 50 mi of 5% strength hydrochloric acid were added. The organic
30 phase was separated off, washed twice with water and dried over magnesium sulfate. The
" residue was dissolved in 200 ml of benzene and, after addition of 0.5 g of p-toluenesulfonic acid,
refluxed for 15 minutes. The solution was cooled fo room temperature, washed with a 5% strength
solution of sodium hydrogencarbonate and dried over magnesium sulfate. Evaporation of the
solvent gave pure 4-(4-fert-butylphenyl}-6-methyl-1,2,3,5-tetrahydro-s-indacene in quantitative
35 yield. )
'H NMR (d,-chloroform): 7.41 (d, 8.2Hz, 2H), 7.30 (d, 8.2Hz, 2H), 7.10 (s, 1H), 6.45-6.43 (m, 1H),
3.29, 3.17 (s, 2H), 2.95 (dd, 2H), 2.78, 2.84 (dd, 2H), 2.06 (s, 3H), 2.02 {m, 2H), 1.36 (s, OH).

1e Preparation of dimethylsilanediyl-(4-(4'-teri-butylphenyl)-6-methyl-1 .2,3,5-tetrahydro-s-
40 indacen-7-yh)(2-isopropyl-4-(4 -fert-butylphenyl)-1-indene) (1e)
8.5 g (21.5 mmol) of 4-(4"-tert-butylpheny!)-6-methyl-1,2,3,5-tetrahydro-s-indacene (1d) and



25 1d Preparation of

4-(4-tert-butyl phenyl)-6-nmethyl-1,2,3,5-tetrahydro-s-indacene (1d) 10 g
(0.031 mol) of 45 NOV 2006
4-(4-tert-butyl phenyl)-2-methyl-3,5,6,7-tetrahydro-s-i ndacen-1(2H)-one (1 c)
wer e added WHomslseiat 0C to a solution of 0.6 g (0.016 &iolsss-ni um

al um num hydride in 100 ml of diethylyether. The react ipggh%)‘lzxfwgreiﬂbt ai ned
was warmed to roomtenperature and stirred for a further one hour. 50 m of
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hydr ogengar 99%§Fro§ys.QQQ-tQJ-ﬁu?ﬂpﬁ’e‘ﬁﬁf.1 TRANRRh MRS ARG, wilt AR 8L fepaRla oy e

sol vent gave

4- ( 4- t ent - bieyngYIRe HgIoyineg IMWOHY(4BA34 eanple S prasiffdp 80G | ¢ digthukather yas added

g ugnt it ngt—il) Veveda pyiicdlotlone’ hibuNIViR rédtiiod hlxufeolersifred oferhigh( &l rooth teingeratidie]) 60 . B?d ((j d,
. 2Hz, , 0.4 , : ,

2H), 2.78, é’.?‘ﬁaﬁ}‘gr("%? adé%afnd Jrefteds ,Woééﬁ%aé{%‘sz %g%%ﬁffﬁas%.a’?%& ssh%h%ﬁ} ooy

Pr epar at i ‘on Chyater. The combined aqueous phases were extracted twice with a total of 100 mi of diethy!

di met hyl 0 | athed Tlyd cofnllingdlorgdnt ghadeistwerepdrien pler nfagmeastubmyduifdte. Aft8; lembed ofdifey dr o- s-

?g 1' gdmri %gl%(ér&, b sRRBWAPY e F dnorrdufib badinh® ML ¥ A videoh VAGRA) isdit&d). TR © 9

4- (4" -tert - GIEY PRAHEHYAs PugTerby Aypmatograrhysn slica eeoh(arape/shipRipae itk T 88¥eand 15

NOV 2006 WOSz(684 (8831 Bie RiZht ERRADAIEDEIBAR ured] d@BlerpgndEoroerp e fodm efgani de

toget her wi t,3.20Q; M of diethyl ether were placed in a reaction vessel and

10 M (25 | ) of olutj.o f n-bu lith in,h 2. r) were
added at 12 70RMRHR A EBFBR Ak BB Tkt St Ellrelin E0ARR B TBh e

t enper at ur e 3Hads, 2H), 2.62@.85 ¢, i), 2ANS-0E8 (o), 2281411 FhaH)rBRe200 (m2HXtIBBe was
cool ed back 1GgWad (@, 18 H)G.2864.504 WoN 101 08319, 022, G12B! b.161s, BH), _
2-1sopropyl &&@4 -tert- bgéyl -phenyl)-1-i ndehyf di net hyl chl orosi | ane, which
had been pr Ee&t).d@’-ﬁpﬁ #eod described in WO 01148034, exanple 5, page
58, in 200 m of diethyl ether was added over a period of one hour. The
reacti onggn xture was stirred overni ght at roomtenperature. 60 m of water

wer e added gnd the ases .. .sSe t ed. r i shed with
100 of at er PrRRERE hit rae SROEL Rt l LR PR S ST
total of 100 m &Hacen-EvbigtisoporfHé ert-ndprhenyibl-Rarnydrgentine dipteideswer e dri ed
over Wﬁg:’\esb%l?(@!éf'n%ﬁofﬁohﬁén dTﬁ?B&Wﬁ{hjLﬂfintdﬂﬁneQ@Mﬁﬂﬁwerﬁh&ddd%i??}ﬁﬁé\aas gri ed
in an oil, punp.va -0 v ol 1 SO d., e crude
product was sg'ﬁ?‘%“ r%g%@%W#bﬁ{mﬁrﬁ%ﬂ%?a@%uﬁ ?‘J‘lnlcbéﬂ%rgﬁm} )ﬁée)@%hﬁﬂ t::zhal'é(;_r of orm
511). Th?% deipbyor-gindasand yi@fisapopy-4tifder-pydptendybindene) (ig) in 490 B ot e of
doubl e bond gieames @adtibn inlkerd wdsusdeqaently stBeo aisroan tkempiiaturd-FoNB/Roust 08 MHz,

CDCl 3): 7. 5%%%{,&,-,%1[}% g;%éggo?dgug&(%r’cﬁwﬁ ﬁ%i()%)\ séé__%lnsé%' 91 gQ4.§Znn€§?of Hitdbniuf- 01,

3.89, 3.68 H) | v 2.0 . .m 1H%, .22, %.11 (s,
3H), 2. 06- 2.tgwclieqde pi3pml of nagentang wag addpd apfl the reagion pixiurg wogslgwly wammed toyy
1.12-1. 09 (dpordtdnperailre2ad stin@d 2&rnighld. Thé ofapge Bedipitalddvasdepaagie] off P filteati@q 8
( C47H568i36 thi'ough a G3 reversible frit and washed with 10 ml of diethyl ether. The orange residue in the
reversible frit was dried in an oil pump vacuum to give 3.2 g of the complex (1) in the form of a
pseudo-rac/pseudo-meso mixture. Recrystallization from toluene gave 540 mg (14% vield) of the
pseudo-rac compound (1).
TH-NMR (400 MHz, CD,Cly): 6.67 {d, 1H), 8.62-7.60 (m, 2H), 7.49-7.47 (m, 6H), 7.41 (s, 1H), 7.33
35 (d, 1H), 6.07 (dd, 1H), 6.98 (s, 1H), 6.65 (s, 1H), 3.36 (septet, 1H}, 3.00-2.95 (m, 3H), 2.86-2.80 '
{m, 1H), 2.91 (s, éH), 2.00 (m, 2H), 1.354, 1.347 (s, 18H), 1.34 (5, 6H), 1.11 (d, 3H), 1.05 (d, 3H).
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20 | Preparation of

di net hyl si | anedi yl - (6-nmet hyl -4-(4'-tert-butyl phenyl)-1, 2, 3?%Nﬁyrzﬁh\$dro-s-

i ndacen-7-yl) (2-isopropyl-4-(4'-tert-butyl phenyl)-1-indenyl)z o] m

di chl ori de ywhoodnssotd (9.6 nmmol) of a solution of n-butyl]ithiumin toluene
(2.5 mol ar) were adgqed at -70Cto a sglution of 3.1 g {P&JT A10338%%

di met hyl si | anedi yl - (4-(4' -tert-butyl phenyl)-6-nmethyl-1,2,3,5 25

t et r ahydr o- 9 i ndBiERMyZiNédy-&:rhamme SRk *ﬂz,é,%QtétFaﬁF&rﬁ-?—%&e‘ﬂbﬁﬂyl(bls‘oérawelﬂ-e“e)

(le) in 100 M of, diethyl ether. The reactjon m xture was 'subs ntly
stirred at room @éﬁ%’gﬁ’tggwp\g)'#ﬂgew)'ﬁ'E?ﬁ‘?“éf" d\QH?”der(@bcti on nixture was cool ed
back down to -70C. A suspension of 1.1 g (4.8 mml) of zirconium
tetrachloride in 50 m of n-pentane was added and the reaction m xture was
slowly warned to room tenperature stirred overnight. The orange
precipitate was separated off by fi ation 30 through a G3 reversible frit
and washed with 10 ml of diethyl eth he orange residue in the
reversible frit was dried in an oil vacuumto give 3.2 g of the conpl ex
(1) in the formof a pseudo-rac do-meso_m xture. Recrystallization from
t ol uene gave 540 ngy (14%vyield) O ¢ psedtlo-rac compound (1). ' H NVR (400
MHz, CD2C12): 6.67 (d, 1H), 6.62 m 21-1), 7.49-7.47 (m 6H), 7.41 (s,
1H, 7.3® 35 (d, 1 H, 6.07 (dd 6.98 (s, 1H, 6.65 (s, 1 H, 3.36
(septet, 1 H, 3.00-2.95 (m 3H), 86-2.80 (m 1H), 2.91 (s, 3H), 2.00 (m
2H), 1.354, 1.347 (s, 18H), 1.34 6H), 1.11 (d,- 3H), 1.05 (d, 3H). 40 15
NOV 2006 WD 2005/ 058916 PCT/ EP2004+£813827 42 , 2. -
D net hyl si | anedi yl - (6- net hyl - 4- phenyl -1, 2, 3, 5-t et rahydr o- s-i ndacen-7-yl)-(2-
i sopropyl -4- (4'-tert-butyl phehyl)-1-indenyl)-zirconiumdichloride (2) I
Mez$S %Z{Clﬁ%Z) 10 15 2a Preparation of _
4- pheny! 1%2- fibt hyfrerarajiogotA-hanyl-2meHy s 50 T idpbetio-indppergfidieoafealio g (37. 7
mrol ) of 4- B 9837 2mmiitohig4BroB10R-16etid-8.66/7 ateyyrahydross-indaderc HAH idr2 i) b) kg (488) , 5. 59
(45.3 ol hnpf om@@woa%gaa,%.egﬁccse fnrré}) 81 SoafuRCoalBERkid, agfmn%PQhwgneggéé?Qﬁba_t e, 80
c under’ a

m of ethyl gecgl col anld 12 of water were E ace | ot ective
argon at m)sg Bl L waRHvH R BRcsd Updsr g BteteciiRiaraen almosphera gnd gt dReS°G Whiss hi y
prepared casdingyigooudhuitesun prepar@catalysichl yian biRdimgnf pllafiumdBtaastete, BOGhgal of 20
3,3 ,3"-:mhos,bﬂ,smpﬁlaeﬂ@mgdeﬁgﬁeﬁ%ﬁéﬁmlcfaawtﬁsoaﬁh%ﬁ (roPO8) iHWnst 8 wiaidr WeR aabed N 4 M
of water we;get addﬁd f-ﬁ t he tr eacttl on ang th@ gﬁaga on m Xxture was refl uxed
for 3 hrs. RAPLPILELATIRYE 58510 BIRI R WP APET or 3 hipoAiar coping iorenm (pmeealifed and
t he et hyl ené0 @quweﬂer%@@éed\mgt@mhyammcl phaeewes exiracied tteeaim_es)wwab{alofmo m
<2)[5 Ot(r)nl ue]pe- 2mo¢@me3%c%ﬁa@d &%mapﬁi géegwﬁwmwﬁﬁtgtgmg%two?fsoamw ﬂ ?f
o} ueous .sodi.um c ri,de i over of sodi um at e.

romoval Cof BUPSBBARE e SR el er B & oS BlRl, Remo e soP etk o 5% s
cryst al 145z edf t(@vngqjl,v@hm@; gradually crysiallized (7%, GC-MS}. -

'H NMR (400 Mz, CDCy): 1.26 (d, 3H), 2.08 (m, 2H), 2.52 (dd, 1H), 2.68 (m, 1H), 2.81 (m, 2H),

3.00 (1, 2H), 3.17 (dd, 1H), 7,31 (d, 2H), 7.39 (dd, TH), 7.45 (d, 2H), 7.61 (s, TH)

2b Preparation of 4-phenyl-6-methyl-1 ,2,3,5—tetrahydro-s—inda‘cene (2b)

30 9.6 g (24.4 mmol) of 4—phenyi-2-metﬁyl-3,5,B,T-tetrahydro—s-indacen-’l (2H)-one {(2a)and 2.10 g
(55 mmol) of sodium borohydride in 40 mi of toluene were placed in a reaction vessel, The
solution was heated to 50°C and 7 ml of methainol was added slowly and the reaction mixture was
stirred at 50°C for 3 hours. After cooling to room temperature 12 mi of water and 40 mlof 1 N
sulfuric acid were added and the mixture was stirred for 30 minutes. After phase separation the

35 water phase was extracted with foluene. Organic phase was evaporated and the residue was
taken up in 100 ml of toluene and mixed with 100 mg of p-toluenesulfonic acid. Water was
distilled off from this reaction mixture by refluxing for 2 hours on a water separator until reaciion
was complete. The reaction mixture was washed once with 100 mi of saturated sodium hydrogen
carbonhate salution and dried over magnesium sulfate. After removal of the solvent, the residue

40 was dried in an oil pump vacuum. This gave 11,5 g of brawn oil. The crude product was purified
by column chrométography {200 g of silica get, 1 | of heptane : d?ethylether =g:1).



H NVR (400 MHz, CDCI3): 1.26 (d, 3H), 2.08 (m 2H), 252 (dd, 1 H), 2.68

( 1 H, 2.81 (m 2 3.00 (t, 2H), 3.17 (dd, 1 2 739
(dd, 1|_DH)’ 7. 45((d |2_D|'|), 7.61 Es, 1H)H) 2b Pr(eparatul;?] of *t5 oV Qgﬂjd)

4- phenyl - 6- R , 3, 5-tetrahydro-s-indacene (2b) 30 .4 mmol ) of
4- phenyl - 2- ﬁgtzﬁ%/g(%%% , 6, 7-tetr ahydr 0- sgi ndacen- 1( 2H) -onePC(TgF&%mngqd’sﬂ 10 ¢

(55 nmmol ) of sodi um borohydride in 40 mM of toluene were placed in a
reaction’ vesgaiur (dbMHS ebekl 204 Was), Be €%t 2 AT aNY t was
added slowy mghd( R% I_iaﬁé%) Bzgnm re V\(/as 15st| ?r eﬁﬁgﬁygg%l)%ﬁ@ %@3&2 Af ter
cooling to Y {dipet %74 nh15)of water and 40 ml of 1 N sulfuric acid
wer e added and the ‘mixture was stirred for 30 mnutes. After phase,

v aporat ad and. & O e e ROE R it
100 ng of p-tol uBrﬁ@ggTS(Jf'gtfﬁ% \ﬁg'yf)d"'"c{%ﬂ%#%s distilled off fromthis

reacti on m XeuP8 gtde.& emplusidrpbyerfybf-methyloli 8 5-tatrabydims-dacsep Rbharort 38 my (1.5

reacti on Wadnd)@MRIpBér@yanitd @) h&@@ﬁwl@&etﬂ%eﬁwb%ﬁé&@éd d@ﬁh@é&toﬁ@@ 1847thd (4500 M of
saturated s n_an nagnesi um

sul fate. Af ?@#c’%?&e%vaci?g%&yl 'tﬁgménrf "ﬂ'{e %%%Olu %%%l"%wa/ﬁ*sedg"n “®87in an oil
punp vacutimtemeraiurgjangestirted) e 3grepat rPRRAmPErEiUre. T'F?@ te thg gelutinnonig eddedat-T§0Fi fi ed
ST 5 P 0 Lok e UL B i 5 b
CDCL3) | g tir % 15 (s
2H), 6. 47 (Paured| infayan aquepas qnamonium ghiorie wﬂ?ﬂ A tpeprosiy ‘EEQEWPF WpRPAMiton of

di met hyl si | drieg] bydd-of<t-spdi@nylifaie anehb ydl vénidwse Evapa'erealﬁygive)zsssg dﬁfdaﬁeprysﬂoc( 21- 5

propyl -4-(4 YA
i ey ﬁl&“*’g PRSPl RS ey g b o8 o S ERRY (D o)
of coppe 8?( /Fn 400 m of diethylether was added dropvm se at -70C
18.7 m (45 HM(}OWHQCBCM af226,~-0 tB87\s| dHYN. 10nm, BH)N .88 xareel), THI., Sob( i on was

sl oWy var mgg tz(bsr(fﬁojm? ztﬁr@ogﬁﬁw ?seaeﬂqgi b%éeé 96% @hg@s 3%69,1940M o7 (s

t enper at ur e. 10 14 g (42.8 mml) of
chl oro- ( 2- 125' 8&9165@@4""3 Gﬁuﬁﬁ%ﬁéﬁg/l?)“ 7d%1r(9'1 1318 met hyl si | ane and the

sol ution mﬂ&SMmcﬂM#@ZrﬁaHlaSErrperatdre and stirred for 5 hrs. The

resul tinggback slurry solution was poured into an aqueous ammoni um chl oride

Ul fat e and & ho EOPYaRnE! SBHE bR BrEa Y5 bRVE 25 BB e Bobcuct
This was puri fi e(R-bsprapptiriertbutdphatidie-apenyl)¢it@0i0mgliobiorigd §2) ca gel , 12 |
Hept ane: CH2Gh4 g 1":55 hino) gﬁilm\@tr@sﬂ’eneéﬁ Bk I764m3‘@1yl—11 H INRirk QJ EMTEace i-3)‘ :
0,225, 0. L2l By Pobdl A i 4 B g e B o1
3.69, 3.89, =@dwiat g0 °C wik)14 ng (3Hanma) ob3-butyllithiumigpluti (85 M @, r@?"?@ ) Aftenfhe 7,17 -
7.51 (m 13HY4idR Wl cbRndtd, theWirure 92s terea k8 Podrs aB@om temperature, The reaction
mixture was cooled to — 70 °C and 4.1 g1 7.‘5 mmol) of zirconium ieirachloride suspended in 100
m! of n-pentane was added. The reaction mixture was gradually warmed to room temperature.and
stitred at room temperature overnight. The orange precipitate was then separated off on a 33 frit
30 and washed with 50 ml of n-pentane. The orange residue on the frit was dried in vacuum to give
'5.5 g of crude complex (pseudo-rac / pseudo-meso = 85% / 15%, vield: 40%). Recrystallization
from toluene gave 1.14 g of pure pseudo-rac-compound (2).
'H NMR (400 MHz, CDCly): 1.07 {d, 3H), 1.10 (d, 3H), 1.32 (s, 6H), 1.37 (s, SH), 2.00 (m, 2H}),
2.20 (s, 3H), 2.82, 2.96 (m, 4H), 3.35 (septet, 1H), 8.65 (s, 1H), 7.01 (s, 1H), 7.06 (dd, 1H), 7.31
35 (t 1H), 7.35(d, 1H) 7.38 (s, 1H), 7.41 (8, 2H) 7.46 (d, 2H), 7.54 (broad, 2H), 7.62 (d, 1H), 7.64
(d, 2H)
MS (direct): M* = 750 (Cy3H4eCl2SiZr)
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2 Preparation of

di met hyl si | anedi yl - (6- met hyl - 4-phenyl -1, 2, 3, 5-tetrahydro yl)-

(2-isopropyl-4-(4'-tert-butyl phenyl)-I-i ndenyl ) -zirconi umsrﬁmzaﬂé (2)

10. 4 g (17.woHslodsepd

di met hyl si | anedi yI - ( 4- phenyl - 6- met hyl -4, 2, 3, 5- t et r ahydr 3o T AGACER ) (2-1i -

propyl -4-(4-t-butyl phenyl)-1-indenyl) (2c) in 150 mM of diethyl ether were

placed in g3f | astimahgsilarsiyhgcteshyii-phenfd1 ﬁ}S‘Mtétféhﬂd% Bndbeka- ?ﬁqt)soﬂﬁpyldb

n-butyllit hi um s,g..le b e '( zﬁcMqu@nJﬁﬁéﬁsﬂ After the addition was .
ours

conpl ete, the mxtw,e was ‘stirred at room tenperature. The
reaction mxture was cooled to - 70 C and 4.1 g (17.5 mmol ) of zirconium
tetrachl ori de suspended in 100 nl of n-pentane was added. The reaction

m xture was gradually warmed to room erature. and stirred at room
tenperature overni ght. The orange: precipitate was then separated off on a G3
frit 30 and washed with 50 m of n-pents The orange residue on the frit

was dried in vacuumto give 5.5 g q @ﬁ conpl ex (pseudo-rac /
pseudo-meso = 85%/ 15% vyield: 40%s: ¢
2

cryshgéilzatlon fromtol uene gave
1.14 g of pure pseudo-r ac- conpound

(400 MHz, CDCl 3): 1.07 (d,
3H), 1.10 (d, 3H), 1.32 (s, 6H), 1. : .00 (m 2H), 2.20 (s, 3H),
2.82, 2.96 (m 4H), 3.35 (septet, 1 6. 65 (s 1 H, 7.01 (s, 1H), 7.06
(dd, 1 H, 7.31 35 (t, 1H), 7.35 ( 7.38 (s, 1H), 7.41 (t, 2H), 7.46
(d, 2H), 7.54 (broad, 21-1), 7.62 ( H, 7.64 (d, 2H M (direct): M4 =
750 (C43H48C1 2Si Zr) 40 1 5 Nov 2006 WD 2005/ 058916 PCT/ EP2004/ 013827 44 3
D net hyl si | anedi yl - (6- net hyl - 4- phenyl -1, 2, 3, 5-t et rahydr o- s-i ndacen-7-yl) -
|1 Sogr opyl 4-33 phembthii(4- bﬁhﬁametr).etﬁm,@gym-tum@ur@hhmahéi@] €3 bropyla-phBMEiy1 Zrcl (3)

a
D et hyl - (4 phenn?eng) Sn@t%?fi 5-tetrah dro s-i ndacenyl )32 i -propyl - 4-phe
nyl -1- 15 |ﬁaé%§/$§59§wcarvé4wptwyl Bmetm 18@P§@vﬁﬁqx§rwda§¢ne(2b) and 150 mg (1.5
4fpheny| 6- mtohwcoape?c@nﬁet!pmawmmfaemysbﬂndmraeda(dﬂaapmm@tlﬁﬁczgm(($75 m;rglc)
of copper c e se at -
23 m (57 m|)g&4ﬂn%f Wéaumnb[%exlg'll'l?ﬁgl%oﬁﬁh&\kas xﬂggﬁ'gq'ﬂégés?%vi ution was
slowly war n&ﬂ‘Pﬁfét”Fec?éHﬁf"feé rﬁsérhéﬁ%f@"atﬁ@w@twﬁr‘éﬁn fihe soliog wae agdge gy —70 °C
t enper at 20' e .16.4 5 €50 nindoitclh ehi ol 2t prapy-4vpieenpidhatie syladim etfiflsilhe24hd e sblution(vexd mml) of
chi or o- (2-1 s/ahayd oty RRREXk] I S o 1 Y Fesbib B 200 BRGRlAGLS

warnmed to roomte erature an % slurry
sol uti on wad W@H‘é‘ﬂ’”s PRT BNy chiRfide Seleion ArbHE QIRRin YT iMge wagfed itk '“érﬂﬂ'e@ he

or gani ¢ | ayever vaisimveiiie dndthd sohenismere etapoedied i0give 28 gdf erndesubduatt Thisawed t he

sol vent s wer, Thi rified
by col um1 Ch%ﬁd’ﬁ%{@h%ﬂh&%gb%@ég& Sfof?i%%gqglﬁé g@b—}p?léngq&%% %Qg 5:1).
Yield: 9%%

59
é‘? NMR (400 MHz, CDCly): -0.21, -0.17, -0.13 (s, 6H), 1. 10 (m, 3H), 1.24 (m, 3H), 2.05 (m, 2H),
- 2.22 (s, 3H), 2.71 (m, 1H), 2.80-2.88'(m, 4H), 3.67, 3.68, 3.90, 3.99 (s, ZH), 6.49, 6.54 (s, 1H),
.78 (s, 1H), 7.16-7.57 {m, 14H)
MS (direct): M* = 536 (CasHy0S1)
30 ‘
3 Dimethylsilanediyl-(6-methyl-4-phenyl-1,2,3,5-tetrahydro-s-indacen-7-yl)-(2-isopropyl-4-
» phenyl-1-indenyl)-zirconium dichloride (3)
4.32 g (8.05 mmotl) of dimethyi-(4—phenyl~6—méthyl—1 2,3, 6-tetrahydro-s-indacenyl)(2-i-propyl-4-
phenyl-1-indenyl)-silane {(3a) in 150 ml of diethy! ether were placed in a flask and added at - 70
35  °C with 8.4 ml (16,1 mmol) of n-butyllithium solution (2.5 M in n-hexane). After the addition was
complete, the mixture was stirred for 3 hours at room temperature. The reaction mixture was
cooled to - 70 °C and 1.9 g (8.05 mmol) of zirconium tetrachloride suspended in 100 ml of n-
pentane was added. The reaction mixture was gradually warmed to room temperature and stirred
at room temperature overnight. The orange precipitate was separated off on a G3 frit and washed
40  with 50 ml of n-pentane, The orange residue on the frit was dried in vacuum to give 2.5 g of solid



25 (35 9% 'H NMR (400 MHz, CDCI3): -0.21, -0.17, -0.13 (s, 6H), 1.10 (m
3H), 1.24 (m 3H), 2.05 (m 2H), 2.22 (s, 3H), 2.71 (m F?N@?'@ﬁsz'%'(m
4H), 3.67, 3.68, 3.90, 3.99 (s, 2H), 6.49, 6.54 (s, 1H), ' 6.5 @80 1)

7.16-7.57 direct): M4 = 536 (C39H49Si 30
Sodffeff (4150t S (Sl

Di net hyl si | met hyl - 4- phenyl - }4 2, 3, 5- t et r ahydr of STER&HEAR7 1 ) - (2-

i sopropyl -4- phenyl -1-indenyl)-zirconiumdichloride (3) 4.32 g (8.05 mvl)

of di et hyl ,-;{oomm@swne&-wmh%;yiad;azegr{. tRd pRAYA s %idr%%ﬁgdﬂ'i}{ lt&ufeﬁé fo" ﬁ;eppyl -4
150 of diethyl ether were p aced in a

phenyl -1 -i nden -si |l ane a) in
flask and agfgé'%ﬁ"é?“’-"m?ﬁu"dgé'c with 6.4 m (16.1 mmml) of n-butyllithium
sol ution (2.5 NUR @OhMHaGRE):.1.087d 8H), 1.nE{da@b), 11138 s, s 1084p] 242, 20t @HR Xt ur e

vvasl sé [ [re‘d Z.&Pr(m31ﬂﬂplli5(n6}BHﬁ e.emsaﬁapﬂ?,ast.efsr @, iHheod eﬁftﬁ)i 204 @lmwr 1S ded
cool e - . ZILI.C mte or I de suspende
in 100 rr105 ofﬁﬁ'-?'%@t;?@hé%gg@dg% o J-“?é’&‘c#%ﬂg#{’x@%ﬁrgﬁg@‘* @r as7l (9' war med
to roomtenpdPature and stirred -at roomtenperature overni ght. The orange
preci pi t at e mBgliresyprlr asecobl.ceosza G3 frit and washed 40 with 50 m of

n- pentane. The orange residue on the frit was dried in vacuumto give 2.5 g
of solid 15 NOV 2006 WD 2005/ 058916 PCT/ EP2004/ 013827 45 powder (rac I neso
= 89%/ 11 o yi SrepthvisianediyitBraneliyidd bt butyrizenyl-telrapydredytippeathltmephiotlenshe- t o

gi ve psddo- r ac isopopo-adqe-tdriXiutyiphihy N deni) Szitbitum GBXbrRk(4)1. 05 (d, 3H), 1.11
(d, 3H, 1.32 (s, 6H), 1.99 (m 2H), 2.20 (s, 3H), 2.82 (m 1 H), 2.95 (m
3H), 3.34 (septet, I H, 6.65 (s, 1 H, 6.96 (s, 1 H, 7.07 (dd, 1 H, 7.31
(t, 51H), 7.34 (t, 1H), 7.35 (d, 1H), V.38 (s, 1H), 7.42 (m 4H), 7.53
(broad, 2H), 7.64 (d, 1H), 7.67 (d, D. (direct): M = 694

(C39H33d 2Si zr) 4. .

D net hyl % | anedi yl - (2-nmet hyl -4-(4-t-bu
t hal ene) -%2- .10 isopropyl-4-(4'-tert-bti henyl ) -1-i ndenyl)-zirconium
dichloride (4) 15 Mesl:'\ To[ (4) 2eS4ackrepar ghyi on of ’

2-net hyl -2, 3,5, 6, 7, 8- hexahydr o- 1H cy¢l ghent a[ b] napht hal en-1 -one (4a)

Met hacryl chloride (37.5 m, 375 @“’74 added at -70 Cto well-stirred
suspensi on of A1013 25 (100 g, 750 pl ) in CH2Cl 2 (600 m). After 20 mn
t et rahydr onapht hal ene (49.5 g, 375 mn was added. Reaction m xture was
allowed o warmto roomtenperature, stiirred for 16 h and poured into ice
water-HCl (1 11150 m). Organic | ayer ¥as separated, water |ayer was
extracted - by CH2Cl 2 (2100 m ). Conbi ned organi c phases were washed by

wat er, aq. NaHCQO3, dri-ed over

4a Preparation of 2-methyi-2,3,5,6,7,8-hexahydro-1H-cyclopentajblnaphthalen-1-one {4a)

Methacry! chloride (37.5 ml, 375 mmol) was added at -70 °C to well-stirred suspension of AiCl;
25 (100 g, 750 mmol) in CH,Cl, (600 ml). After 20 min tetrahydronaphthalene (49.5 g, 375 mmal)

was added. Reaction mixture was allowed to warm to room temperature, stirred for 16 h and

@ | )-tetr ahydr ocycl opent a[ b] naph

poured into ice water-HCI (1 1/ 150 ml). Organic layer was separated, water layer was extracied
by CHzCl; (2100 ml). Combined organic phases were washed by water, ag. NaRCO3, dried over
MgSQ; and evaporated. Vacuum distillation {(130-140 °C/0.5 Torr) a mixture of ketones. After |

30, storage within 5 days desired isomer stays liquid and can be separated by decantation. The yield
30 g (40%).

4b Preparation of 4-bromo-2-methyl-2,3,5,6,7 ,8-hexahydro-1H-cyclopentaiblnaphthalen-1-
one {4b)

35 2-Methyl-2,3,5,6,7,8-hexahydro-1H-cyclopenialb]naphthalen-t-one (3a, 30 g, 150 mmaeal) in
CH,Cl (50 mi) was added at -20 °C to the suspension of AlC!; (40 g, 300 mmol) in CH:Cl; (250
ml). After 20 min of stirring, Br; (7.7 ml, 150 mmol) was added. Reaction mixture was allowed to
warm to room temperature, stirred for 16 h, poured into ice water / HCI (500 mi/ 70 ml), Organic
phase was separated, water phase was extracted by CH,Cl; {(two times 50 ml), combined organic

40 fractions were washed by water, aq. KHCO,, dried over MgS0, and evaporated. The residue was
distilled in vacuo (175 - 180 °C /0.5 Torr) vielding 31 g {74%) of product.



MySO4 and evaporated. Vacuumdistillation (130-140 C/().5 Torr) a mxture of
ket ones. After 30, storage within 5 days desired isoner s‘lgyﬁ i 'Bd and can
be separated by decantation. The yield 30 g (40%. 4b Prepar atl on" of

4- br ono- 2- 2003, 5, 6, 7, 8- hexahydr o- 1H cycl opent a[ b] - one
(4b) 35 2- I@{)MS{%@%S 6, 7, 8- hexahydr qg1H cycl opent a[ b] ﬁ’iﬁﬁ#ﬁ@r‘@%’#’ one (3a,
30 g, 150 mmol) in CH2C 2 (50 mM) was added at -260C to the suspension of
Al Cl 3 (40 g, 300 nol ) in CH2Cl 2 (250 m). After 20 min of stirring, Br2

(7.7 m, 150 to warmto room
t enper at ur e, st f reg%falfoglpp%@qﬁ)uﬁp i %a“?mw %Yg 5%3%?‘5‘?3’#0 | (500 ml / 70
m). Organic phaﬁbpvmb]wb&ﬂlam-é@neml er phase was extracted by CH2CI 2 (two
Ej i rrez 50 m )Pd(%WW3@1’oﬂ%‘j'aﬁdﬂﬂ1Jﬂ@@@ IGARS, WYBhePe m&@%qnl/ei,lmétlr\@trﬂﬁture%fib-( T?gOB
ried ov | uo -
180 C / 5%@‘% 5 995 éﬁﬁ%@i?@-cw%%ﬂa@fnaﬁﬁ%%ﬁ? °“EC11 @g W*3005/ 058916
PCT/ EP2004/ (Métﬂ'mem argnic apid (RF.& palSatninaah) aptl Na:CO; (31.8 g, 300 mmol) in DME (380 mi) /

4- (4-t - but ylHpberspiny): Rremedulivg mRius &aﬁefmx&nhmhmgrdash ddvoled, poured into water

cycl dpent a[ Roqb%{%ng%xt%@te& aﬁbe %4?)1 tu?'l?s(éPAﬁa %d@ sulthg%’olugor*rWaf fﬂt%/r%d arr]id PPh3

(1.73 g

nmet hyl - 2 3 vaportss. Hheesae wes QW'&%*W@Q@WPa{‘lﬁﬂnﬁfaﬁmﬁﬂ?éﬂ@ﬁ-gﬂ@n@x@ﬂﬁtl CHadla g, 110
mrol ), teot -1:Hhuthelipbeay g @owg acid (26.7 g, 150 mmol) and Na2CG3 (31.8 g,
300 mmol ) in DVE (380 m) | H20(130 m ). The resulting m xture was
refluxed with stirring for cool ed, poured into water (700 m) and

extract ed bytdbenZeRwaion of $- Hetgrt EHFW‘PWYW‘)“E“'R&WIBTW@“W i on was filtered
and evaporat ed cyclopermgelipatharases(4apt ai ned by col utm chronat ography (silica

gel 60, hex %gﬁ %\ oﬁgra}aci]d)ad a??@’“gy !}ﬁllggolm &g &@teﬁ B(J@R,?{Qnyl ‘/’lqnc-ﬁ{y?par ation

of 9-(4- tert
oycl opentd] amﬁfsﬁ%na@w g oIl iRt e BB e TG ERRME B - 20C 1o

t he sol uti orResditing-n{idure @ad allButdb plaemid rperd temperaipks antl Stirred for additional 1 h. Then

ét 205(253 ?71'5'9/? gwdfnﬂb vJa'gFaGaéG'tﬂ@%@h!ﬁrﬁﬁlm%ﬁktﬁé&e&w@ﬁo(ﬁﬁne@ #somf mMol) in

m xt ur e m t.o er at ur e
and stirred #W'“S%‘HFTW' gﬁes P’VET‘F.WE‘?H%YWI%E ‘Tﬁwm% ar\ﬁ/fga@éag;éjdgnrg
resul ti ng m{sa0umieandas SéxXt.5 aloveeeiaduled End Ges(iBng SOIm(sn s rEﬂllXﬂd yith De@p tﬁﬁriﬂmad

or gani ¢ E@a S‘o?ltréﬂ'%{; ?Ld"%éﬁ}@ﬁb f@{oﬂl@i % with4i 1 En MRS re&(ﬂtﬁ@%olam VRN dRGHAbEd

cerzene b e o R N

within 4 h. TEBar{8t%jefpredual. t i ng sol uti on was washed by water, aq. KHCGS,
water, dried over M504, -passed through silica gel and evaporated giving
12.8 g (81%  of roduct a }

[ 4- (4-t-but Y phe pyratipn; °§ég‘?'g%‘§>ﬁp ﬂ“?ﬁ%Pé?PVT et 1{4 PP R E ny 1 ) - 2-
25 met hyB55, 6, 7, &wethetsGhierehyirori-tgslopgéaitlzapbhalap iy %thﬂslla'}q (fei et hyl si | ane
(4e) Solution of 8-(4-tert-butyiphenyl)-2-methyl-5,6,7,8-tetrahydro-1H-cyclopenta[blnaphthalene (44,

2.97 g, 9.38 mmol) In Et;O (50 m]) was cooled to -80 °C, and n-BuLi (1.6 M in hexane, 6.04 m,
9.67 mmol) was added. The resulting mixture was allowed to warm to room temperature, stirred
for 3 h, cooled to - 80 °C, and CuCN (50 mg, 0.55 mmol) was added. Aftér 15 min, solution of

30 chloro-(4-(4-tert-butylphenyl)-2-isopropyl-1H-inden-1-yl)-dimethylsilane (9.67 mmal) in E0
(24 ml) was added, and resulting mixture was allowed to warm to room temperature and stirred
for 16 h. Water (5 ml} and hexane (200 ml) were added, organic phase was separated, dried over
MgSO,, passed through silica gel and evaporated. The product was dried in vacuo and used
without purification. '

35 H NMR (CDCly, 20 °C): 7.86-7.22 (group of m, 12H, CAr-H); 6.94 (bs); 6.92 (bs); 6.41 (bs); 6.39
{bs) {2H, -CH=}; 4.13 (s); 4.09 (s); 4.02 (s); 3.95 (s) {2H, >CH-SI}; 2.39 (s); 2.29 (s) {3H, >C-CH3};
3.00-2.66 (group of m); 1.95-1.75 (group of m); 1.36-1.14 (group of m) {oH, -CHMe, and -
CH,CH,CH,CHo-}; 1.52-1.35 (group of s and d, 24 H, -CH(CHy); and -C(CHa)a); 0.12-0.10 (group
of s, BH, Si-CHs). Compound contains allyl-vinyl isomers.
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Sol uti on of

9-(4-tert-butyl phenyi)-2-nethyl-5,6,7,8-tetrahydro-1H cya 88&&1@35 lnapht hal e
ne (4d, 2.97 g, 9.38 nmol) in Et20 (50 mM) was cooled t Z08md n- BuLI

(1.6 Min 4 m 9.67 mml) was added. The r ' ure was

al | oned tor\&g%&ﬂgg}'gomterrper ature, stirred for 3 h, (@35@{9%-85(60 C, and
CuCN (50 ng, 0.55 mmol) was added. After 15 mn, solution of 30

chl or o- (4- (%tertmkamy)éha%@ X5 )ne&yluzs(@mﬁewhen}lhémfmoc}cMd,e)nfa%]ﬁyaﬁthm&%? izane

(9.67 mmol )" in Et20 , was a

warmto room tenﬁ@?rﬁ'fyu? é4 fﬁt)d’"' S ?Wﬂ’g“’"“}%?}) 7f8°'H”m 9@?]@&’ and hexane (200
m) were addédsinedigirérebyptirenyviaisorsepattainden-1-yi4- @dembl&tylphdvy)s@mahpid?@?s"éﬁi
through silitgmngRd- wmaogyramﬁ@ah&men TJp t%ﬂﬂﬂéll%ﬁe %delnnnar)%ge.s@md used

ot LT ot O Rl s, 5Tt f Bl 12

4.09 (s); 4 RE2ction nixiupe 98 Fligyed 12 Wam-OrcE) lemparag e, stisied fop szlgar(cbeyaqqmted >c- CHS}

3. 00-2. 66 (giéald@e@éssmpenéed% e%ta%é (108 §ooq%fdtcmsb °d., a%@ZﬂGIJ—(é 16%@%%@'(\%@?‘59"'

“CHMEZ and -
and - O o) FPED S ST B ana' = a&?’é En8 B B 3s ABfreti i Ko o
al l'y[ -vinyl tP@l@ﬁﬁ%W@. stirgg fqrﬁdﬂwamaﬂﬂlﬁ"@@@516(95@@1‘83%@?#@2@@'#%82@‘ 47 4

Di met hyl bl amgeli1gd ml Bndﬁlﬁélw B gﬂwéréadde@ Wn e i@Mie was refluxed with stirring for 6 h. The
t et rahydrocycl ent

Sopropyi o et RS il o BT T
bt ai ned 14- fththF@eW@S-Qﬁﬁt %Fﬁéhyl) 2-i sopropyl -
H-i nden- 1- yI"H[MwR 4}D'C(§rEtO-‘b}JU}BV-pmr@gbe)p-o?mmﬂmﬂAf-ﬁ)603 (§-1HY; @147 g W Ely {85 ting-

H cycl t gf,b. h Y/ I

i ssol ved. SUHRLLYN LM L PReShRT R AR, o Bl il BB GRS
11.52 o ,1518(?%111@%&5)1 RaS (Gl 34 Re%ﬂiti'6%(3n?ﬂaﬂ§'r%*ahé§3éﬂl% GHe-GH{iddekt t o
roomtenperature, sti rred for 3 h, and evaporated. -~ Residue was suspended in

pentane (100, m) D éh&isﬁ%e& g g-%thgui %ﬁ%e@l%“a . ?e’(rélxll;\(dgy-s Aadcen A |2-is¥Rshy.- added.

After 5 mn t20 m xt ure was allowed to vvarmto
room . tenperat drig ’ter%’?qt%‘ﬁhé’&yl)fwf‘de&é’fh?“f’lo@waFj Higridg (Gland filtered. Resul ting
orange-yel | ow powder was dried, 10 DME (100 m) and LiCl (0.3 g) were added,
and the mhxture was refluxed vvlth stir g for 6 h. The product was

obt ai ned by subsequent recrystallizati from DVE and CH2CI-2 / Et20. The
yield of rac-formwas 0.88 g (24.4%. (CDCl.3, 20 Q: 7.67-7.04
(group of m 12H, CAr-H); 7.03 (s, 1 7 (s, 1 H {C5ring- H; 3.48
(m 4H); 1.12(m 4H) {8H, -CH2CHZCH2GH 77 . (m 1H, -CHW2); 2.18 (s,
3H, C 15 CH3):' 1.35 (bs 18H, - C(CH3J 3/ 4 (@ 3H):; 1.33 (s, 3H
{Si-CHa}; 1.13-1.1'0 (dd, 6H, -CH( CA3IQ)-

Di net hyl &5l anedi yl - (6- net hyl - 4, 8- di enyI 1, 2 3, 5-tetrahydro-s-indacen- 7 yl)
-(2-isopropyl- 4-(4'-tert-butyl phenyl -1 ndenyl )-zirconiumdichloride (5)
20 Me, 81 zZrCc 2 / \ (5)

5a Preparation of 4,8—dibrorho—2-methyi-3,5.6,7-tetrahydro-s-indacen-1(2H)-cme (5a)

3¢  Suspension of 73.2 g AICI, (0.542 mol) in 290 ml of chloroform was treated with 45g (240 mmol)
of 2-methyl-3,5,8, 7-tetrahydro-s-indacen-1(2H)-one (1a) in 150 ml of chloroform at 0 °C under
vigorous stirring. After stirring at 0°C for 1 hr, the mixture was treated dropwisely with 24 ml (0.48

* mol) of bromine in 50 ml of chloroform for 10 min‘at 0 °C, cooling bath was removed and the

solution was stirred overnight. The reaction mixture was poured into ice water and exiracted with

35 methylene chloride. Organic layer was isolated, washed with ag. NaHCO3 and water and was
dried over MgSOQ. The solution was evaporated to dryness under vacuum to give 93 g of dark ofl,
which was gradually crystallized. This crude product was suspended in 100 ml of n-heptane and
stirred for 1 hr at room temperature and filtered. 52 g of brown solid was obtained and it was
determined by GC-MS to contain almost 100% of target compound (Yield: 83%). The filtrate was

£0 concentrated and the same procedure was repeated to get 10 g of the solid {totally 62 g, Yield:

75%).



25 H5a Preparation of

4, 8-di brono- 2- met hyl - 3, 5, 6, 7-tetrahydro- s-i ndacen- 1(2H) - nggd\ilif) 30
Suspension of 73.2 g AICI3 (0.542 nol) in 290 m of chlor w88 t r eat ed
with 45g ( ziﬁf%’s 916 Of 2-nethyl-3,5,6, 7-tetrahydro-s- IT}Q%?‘T?Q one (1la)
in 150 m ?)?Bch oro ormat 0 C under Migorous stirring er sgg%rlng at
OC for 1 hr, the mxture was treated dropwisely with 24 m (0.48 nol) of

bromine in 5QNWR @do wi, epef,r1.; {dosH) liimp@matmpz@a (P 9l1), BYs kAR, \Wag (hemoved
and the sol#lﬁ 3%&&%@ stl rred overnight. The reaction m xture was poured
e

into ice wat ‘racted with 35 rrethyl ene chloride. Organic |ayer was

i sol at ed, MWWUP MFBCPD%H@@: 2338 3Matle s h 85 FAL3-34r116§10MBPB.NESEM. The
sol uti on wasi4evapse. A, esk d4p20dlsyness under vacuumto give 93 g of dark oil,
which was; gradual Iy crystallized. This crude product was suspended in 100 m
of n-heptane and stirred for 1 hr at roomtenperature and filtered. 52 g of

brown sol id 3Ras Bisparireg! amathyid risny-d&iSef-ierawdrotsyindgcenii2tibonedd)ai n al nost
100% of t ar getb 2€@[OB72 Adl) 6HCGH 16 80 MBOKwateF veerd bdded a8.8 g\EEBMAO) eraB@stbhat-ed and

era oo eSSl R htal e ok A ddfuiPbrdesh® RO KTk (a0

MHz, CDCl 3) :o}) oBphepyjooranigjacid and 3 g fkmnol) obtfighengphgsphinggand sfifjed by mPSha(‘Fr? 1H),
3. 07 (m 10 4Hjirrer3rh2 2eatitbe mixkbed: wés?ﬁchdhﬁd (b kilihivtth akgbCad) therd 6.6 4 (2.628mB)lof 34. 73,

34.92, 35. 7}6[Iaﬁﬁm‘?(ﬁ)’ac&tgd§ w'ééLaddé& §n00t§en tﬂg’ ?nu&ﬁ’e was]slq'Zred)gt QOJ“E‘ %)or 491rs ujngér a@g%n 205. 54

5 5b Prepar

of t - met hyl @t@sﬁlﬁé‘?\ﬁe@‘5956’°°ie"c*8f9°ﬁ'ﬁ§)'8f’%fa’§fe|Eﬁﬂa?;‘t-t'-?fj e IHp! Bruaten gttt o 20 g
(0.312 nol) vdth tdéDHE00MI@Omathylete chlatiderand wegasic plibge dad Baghed with @atemio bgcoo .
%8019' 3: Orr?h%utraétdﬁtgideﬁﬁlev oéle@to ettﬂi &%WQF@TH@%PO%?@S RRRdWRR) 1N 4gog
(9 ol ) 1ot SLMBREADROHELR RO EAtY FPPP‘adzdsytoﬁ@&ﬁiﬁ.geﬁm%ﬂé'?ﬂ'g%gw Orhe
reaction ni XHMNMR WRGMYaCOGRE 6l 22 (4 3H)i 2.02 theni, 2H), 255 G, A 26k &m 181),8.8§ (1.2. 67
nol ) of  pajh adism, Gibyl 7.38¢68 &, qomyas added and then the m xture was stirred

at 90 C for , iﬁ@M @ r 2 ;5h ?ﬂ om
tenperature %Gﬁ(p ﬁ '|C?Ptog ?6 Egéggﬂtg’ %\ER)a:fS y %17& %%@?281?’9%1 47t g%-; 600 m
of net hyl enel2¢ A8, GET. 8k 128737, Hi8gdn128.8p11A8 &8RS 0RISHER, VBB th, %ﬁ@érmi’ & Béﬁ:%ﬁma
neutral, -driggsand.eyaposated. to get 22 g of dark solid. The crude product
was purified with 15 colum chromatography (silica gel, nethylene chloride)
to give 17.4 g of brown solid (Yield: 97% 1H NWVR 00 WHz, CDClI3): 1.22
(d, 3H), 2.0 (p&raparatigniaf 5-methgiat, E(djdwende)Z 3 5teahydrars-iopgceneo(g6 (m  4H), 3. 18
ggd 0“‘%3 7. 3% \Z}Bﬁﬂm()ljrbf 21kdth ll@@tp 4,60, 7Nbfrahy &b elindihcenlR2iBmne 2b) £0,3.834L. 98,
19, 33, g e i ot el g
1357, 3o o myalier s ol ytbo g o ofiche ek flackdyn dfefliriyesté s '
143. 83, 2£50. sptgtlony@g hgq;ed to 50°C and 22 m! of methanol was slowly added and the reaction mixture
was stirred at 50°C for 3 hours and-then at room temperature overnight. During stirring solids
were precipitated. 12 ml of water and 80 ml of 1 N sulfuric acid were added and the mixture was
stirred at 35°C for 30 minutes. 200 mi of methylene chloride was added and organic phase was
separated and evaporated and the residue (18.0 g) was taken up in 200 ml of foluene and mixed
30  with 100 mg of p-toluenesulfonic acid. Water was distilled off from this reaction mixture by
refluxing for 1 hour on a water separator until reaction was complete. The reaction mjxture was
washed once with 100 m! of saturated sodium hydrogen carbonate solution and dried over
magnesium sulfate, After removal of the solvent, the residue was dried in an oil pump vacuum.
“This gave 18 g of pale brawn solid. The crude product was purified by column chromatography.
35 'H NMR {400 MHz, CDClg): 2.00 (t, 2H), 2.04 (s, 3H), 2.84 (1, 2H), 2.90 (t, 2H), 3.24 (s, 2H), 6.44
(s, 1H), 7.35 {m, 2H), 2.44 (m, 8H) ’
3¢ NMR (100 MHz, CDCly): 145.67, 143.03, 141.08, 140.58, 140.30, 139.92, 138.54, 133.45,
129.67, 129.54, 128.86, 128.24, 128.06, 126.83, 126.61, 126.27, 42.49, 32.75, 32.50, 31.88,
31.45, 26.14, 16.77
40



5c Preparation of 6-nethyl-4,8-diphenyl-1,2,3,5-tetrahydro-s-indacene (5c)
17.4 g (51 nmol) of . 1 ‘%Q‘U 89”5a

2- et hyl - 4, 8- di phenyl - 3,5, 6, 7-t et rahydr o-s-i ndacen- 1( 2H) -'0 nd 3.8 g
(100 nmol) i borohydride in 100 m of tol uene din a
reaction vegge . €25 solution was hgated to 50C andwzg‘}“?m?\anol was
slowy added and the reaction m xture "was stirred at 50C for 3 hours

and-then at ydoonpﬁe@afaﬁﬂn%tr Hiﬁn@thﬂl(@h@!hgm agjwny:mgz S kdirahydeo- §Fﬁhéc‘é§yl)(2¢ﬁﬁc§)yla .
ed an

preci pitated. 12,nj 1'N'sulfuric acid were ad
the m xture was ° tb”}yéoga'ﬁ 13’%%"\")05?"35?)(5 nutes. 200 m of nethylene chloride

was added an® 134gd#h-TmpnheiS-neiky-4.8elirient-¢d. 3drigirabyveiperindacenednl anch90magif due
(18.0 g) wa&omk@amu@( j 1 3GA0R oPdietRfieth & pig 20 n‘ﬂiﬁﬂ'Hﬂ-‘lw&@@d@&i dewseJawortg of
p-tol uene§ul 6%?8&) ni}ﬁ ofzmﬁg-bm@thgh%E Inlhle he s?lutﬁ:rrpvJas s@w&% R rogllnXt ure

by refl uxing er sep arator an reac corrpl ete.
The react i orfempeiatyie and giged fﬁh%matremeéewmetaﬁwq@dlombrw syigpanpign)ethes dheim
hydr ogen cardageadier s lavddden-zrrd 1dmge(c;5m|) ofcfmgﬁ@a4pwww(l4ﬂaw!phaﬁwer renoval

of the sol Vq%n%)l-cnﬁetﬁs%ﬁérg%ﬁd g\@‘iot h%swérn?éd & ,'oo Qéjrg&bﬁ%léﬁﬂnne; me:?thgave 18 ¢

of pale bra was pur|

chr omat ogi* aptfgkendsthe gesniing TW'WO'UW@)WUQ ity a(ntaqug]q)a ampopjum cidoridgry - 2 g4
(t, 2H), 18. %Biufidn,an@ tHe orgdni2 hyéravas Zbhed@uitd Brine( dried btrdr sodiurd Sulaig an He,solderdsd (M
8H) 13C NMWR el 4 .
139. 92, 138. VEE’“QQ?%@%% rg%e”é% 1 é%’iﬁgfgg"' "@%@%’fﬁq}'ig’%g& 74@&1%8 83,

126. 61, 126. a;mprp a‘?*"&!ﬁ(v's'ﬂ 6’14@“ 32.50, 31.89, 31,45, 26.14, 16.77 40 15 NOV
2006 WO ZOOQHMMOW/@WQOMH.@W% DBo5¢).68r-0p4r-0.61 (mactod, 6H), 0.98 (d, 3H),

2' E"it Pylbu§§ Pﬁ}t ‘M é‘ehfi:r QH #‘Qrﬁ'sa%eagﬁ @gtﬁézﬁ QB 9H§2'd3d@¢§@¥éds(iﬁ 2,88 opyl -

I
ey P S Dkt 557 258 e o 06, s 18 <maﬂﬁn%%%
copper cyanl d@h(‘sl‘DH eliyl) 0B, 651, 664 (Haeh layarb ving), 7 02-662 20, 17H) of THE was added

dropw se at - MQ@,r@t)lﬁm‘sag((égHggpl) of 2.5 Mof n-butyllithiumin n-hexane.
The solution was slowy warnmed to room tenperature and stirred for 3 hrs at

room tenperature (yellow brown suspension). Then to the suspension was
added at -706 C 1®ivetyls{@Bdip®impthp4, &-Hipkanyl-1(22,3-tetyplydiars-ndgean-yinR-igonstpgny | ) -

i ndenyl ) -gdi met hyl4s(u=1t@pﬁ, dn )hqnﬁﬁylrﬁlr@mumﬁhlmr@d to roomtenperature and
o o o B A e SRR E oo a ot ey el B d (i AL o

into an aqueo
washed with #r-i7AeC withr. bal (a%rnrr@bai flxhvthh'ﬂ'atS@’Ut&ﬁéP@Mé” ?&ev@rﬁf?rthm%ﬂon

evapor at ed. Jé&%mﬁﬁlé&@ﬁthmmk&rﬁas\éﬁ&d por 3 Hourdt RYmGehperaure e nedctitgimetang wee get
ﬁ,‘?X?u?egf ) acrgglég)gouiéGE lad %aég 18 4%:?)401‘ %wmﬁh%%%&gg%dgh&gﬁh%} 10' S‘i’m;g_
(each d, Z8H) pen@ngvyas a_gdggTIQ@'ggqﬁo%mlxquB was|gr al!yzvatljgect tﬁlrooz]_bempga@@ ang stf@ (each
s, 3H), 2. 35z rookAempdrilure véd the(W@aicd. Mhedrdnge Bre8Rtalerwas2in, seBardi6d ofBor0HGE each s;
1 H allyl ) fném&%aéh%h w&l‘?"loll%!’ of ﬁ'pgrﬁan Tﬁe orange residue on the frit was dried in vacuum {o

give 6.7 g of crude metallocene (5) (pseudo-rac / pseudo-meso = 61% / 38%, vield: 67%).

Recrystallization from toluene gave 350 mg of the pseudo-rac compound {5).

30 "H NMR (400 MHz, CD,Cly): 20.115 (s, 3H), 0.87 (d, 3H), 1.16 (d, 3H), 1.18 (s, 3H), 1.35 (s, 8H),

1,75 (m, 1H), 2.01 {m, 1H), 2.28 (s, 3H), 2.49 (m, 1H}, 2.89 {m, 1H), 3.02 (m, 1H), 3.09 (m, 2H),

6.79 (s, 1H), 7.04 (dd, 1H), 7.06 (s, 1H), 7.33 (m, 2H), 7.38-7.55 (m, 12H}, 7.65 (m, 2H)

MS (direct): M* = 826 (C4gH50ChSIZr)

35
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(each s, 1H, ally[), 6.50, 6.61, 6.64 (each s, 2H, vinyl), 7.12-7.62 (m
17H) MS (direct): M+ = 669 (C49H52Si) 5 _

D net hyl si | anedi yl - (6- net hyl -4, 8-di phenyl -1, 2, 3, 5-tet rahyarﬁ)NﬁW dtlcen- 7-yl)
-(2-isoprop q(4' -tert-butyl phenyl)-I-indenyl)-zir ' ' oride
(5) 7.63 g Plz.oégl%nssrgolﬁ) of (5d). togetheg, with 100 ml of df(gﬂh%%‘g(il%g% wer e

pl aced in.a flask and added at - 70 Cwith 9.1 m (22.8 mmvl) of

n-butyll'ithjgim 5QjirHétﬁ;fPsﬁlar(eaiyﬁﬁMeih?l%t(ﬁ,l5lﬂﬁf@)1ylpréf1§ll)eff,2,ﬁ,@@et?aﬂﬁﬂr&-is,—%ace\‘}@%dmze-

conplete, the m xture stirred r 3 urs at roomtenperature.
reaction nixture 'Sﬁﬁ?pyl%g%Ttﬂéb%ykﬁgny%"'@e%hlgz’ff"@@“ S‘C?]Tirgezia)rrrrol ) of zirconium

tetrachl ori de suspeﬁded in 60 mM of n 25 pentane was added. The reaction

m xture was gradually warmed to roomtegperature and stirred at room
tenperatuge over the weekend. The ora .@- ecipitate was then separated off
on a. & rit and washed with 10 m of pent ane. The orange residue on the
frit was dried in vacuumto give 6.7 ude nmet al | ocene (5) (pseudo-rac
/ pseudo-neso = 61% 139% vyield: 67% .cryst—al lization fromtoluene gave
350 ng of the pseudo-rac conmpound (8% AG:' H NMg)(400 MHz, CD2Cl2): -0.115
(s, 3H, 0.87 (d, 3H, 1.16 (d, 3H, : (s, 3H, 1.35 (s, 9H), 1.75 (m 1
H, 2.01 {m 1 H), 2.28 (s, 311), 2. m 1H, 2289 (m 1 H, 3.02(m 1
H, 3.091%tm 2H), 6.79 (s, 1H, 7.04 (dd, 1H), 7.06 (s, 1H), 7.33 (m 2H),
7.38-7.55 (m 12H); 7.65 (m 2H) M (rect): W= 826 (C49HSDCI zSI Zr) 35 40
1 5 NOV 2006 WO 2005/ 058916 PCT/ EP2004£013827 50 , 6.

Di net hyl si | anedi yl - (6- et hyl - 4- (2, 5-difrét hyl phenyl )-1, 2, 3, 5-tetrahydro-s-ind
acen-7-yl)-(2- isopropyl-4-(4'-tert-butyl phenyl)-1-indenyl)-zirconium
dichloride (6) 5, M2Siy rCl (6), 10 15 6a Preparation of '

ATt 8o 7 Redrerat B By en s 5 etaydro s ndmcem i ong (O
4- br ono- 2- et hyl {&)5, 6, 7-tetrahydro- 2Hs-i ndacen- 1-one, 410 m of _
czibrrgt hgngtz Qﬁmr@&nf@inag Ead.gg i&%mar) ) of 43:rtgfaéj2-m%fh§ﬂ)ﬁ,Q@?ﬁiah@%ﬁb—ﬁg&%h—géd

: ( - ium. X ] [
and the flask®%t %5‘3%‘5@“%"?@5?‘%3@ (G\%Std% "‘mL’ﬁP@%ﬁ?megty&PP‘?ﬂYﬁ@f%&@gn?‘f‘? at ed
and 0. 60 g (@321 mmol) §f potasgiuat hydekiderrraia tmd tof walativad, degapseq @ditheiiask ime$phere

Z r ihphe mzph%ﬂ&iea witw\ﬁttrr&geﬁdsﬁﬁhg wEB RitkRa&id 080 BT MF8I) WAsallSditnh &Rehteddnd 8 oC f Or
. er q

ol i the XLure was ed 1nto water d.t Qar i C phase
wat separ at o PO R Bs e St CRBL b Seeptt e Fen Ry S8 YN ©of
di chl or onet hafigecoolingethe oiMiireiwes ponrgaintogvater rage theraanipehasedvas sapasiet. Al vent s
renoved on azduBdud PNRBE WaSb@Ected Wb B8eARithQ00mI of dichbrdndisiite! Thel&fnbined organic

fractions were dried and solvents removed on a rotoevaporator giving 45 g of crude product. The

25  crude product was dissolved in dichloromethane and filtered through a plug of silica gel to give
24 g of target compound as an oil after evaporation of the soivent (77% yield based on the
indacen-1-one starting material). _ '

EIMS: m/z (%) 290 (M*, 100), 269 (92), 247 (43), 226 (31), 203 (22), 165 (8).

30 6b Prepération of B-methyl-4-(2 5-didmethy Iphenyl)-1,2,3,5-tetrahydro-s-indacene (6b)
4-(2,5-Dimethyl-phenyl)~2-methyl-3,5.6,?-tetrahydro-2H—s-'indacen-1~one (24.0 g, 0.0806 mol} was
dissolved in 300 ml of methyltert-butylether and treated with 46 mi of an ether solution of LiAH4
(1M, 0.048 mol) at 0 °C. After sfirring at room temperature for 2 h, 20 ml of a 2 M HCI solution
was added cautiously, The organic phase was separated and the water phase was extracted two

35 times with methyl-tert-butylether. The combined organic fractions were dried (MgSO) and
evaparaied o an oil. The ofl was dissolved in toluene (200 ml), p-toluenesulfonic acid (0.5 g) was
added, and the mixture was stirred at reflux for -1 h. After cooling, the reaction mixture was
washed with a saturated aqueous solution of NaHCQO;, with brine solution and was dried
(MgS0,). Evaporation of solvent gave 20.4 g of product (82 % yieid).

40 "M NMR (CDCly): 7.0-7.3 (m, 3H), 6.9 (s, 1H), 6.5 (s, 1H), 3.1-2.8 (m, 3H), 2.4-2.7 (m, 2H), 2.3 (s,
3H), 2.0-2.2 (m, 2H), 2.1 (s, 3H), 2.0 (s, 3H).



25 crude product was dissolved in dichloronmethane and filtered through a
plug of silica gel to give 24 g of target conmpound as an oil after
evaporation of the solvent (77%vyield based on the indacep éwzye starting
material). EIMS: nmz (% 290 (M+, 100), 269 (92), 247 (43)% J (am 203

(22), 165 (Wb-206Kdsfiks Preparation of . PCT/EP2004/013827
6- met hyl - 4- (2, 5-di dnet hyl phenyl ) -1, 2, 3515-t et rahydr o- s-i ndacene (6b
4- (2, 5-Di et hyl - phenyl ) - 2-net hyl -3, 5, 6, 7-t et rahydr o- 2H s-i ndacen- 1-one (24.0

g, 0.0806 npEMonas (%pi7agat ves, 258 (38)231i29pf21medshvibe tegribe ytyb e her and
treated with 46 ml of an ether solution of LiAIH4 (1IVl 0.046 mol) at 0 C
After stirring at_roomtenperature f a M HCI solution was

added caut i ofis| y.Prefseation efsmethyhitige- C\P%eéhyé"@ﬁﬁ’f ﬁt’@ﬁihy&i‘lﬁ %%@tr%@féﬁ phase was
extracted two 35 itdapewi(@i-plopyrat(iy-butilghehyltingdrgh-kimine (Epe conbi ned organic

fractionsgweye, ﬂblh@ﬂyl%g%ﬁgé)riﬁm1 2%‘@@95!12(5 P—?—ﬁdgce?l@ é@éb 15??%@ \Lasvé%%ivc?ge d.

dlssolved in t onic a

e a8 iy e ith £ 0T PTIT N hRrar Ceoll T b 78t on
m xture was Afw@siig aiobh tenmeatture &tr 8d, 2guierolisr sfdl-raéthyhimiddzoNatd@Ridedwyt h bri ne

sol ution ands a‘F\EI ki 1k MO minhles, EQ raﬁw%)%s Qigea ot U“%ﬂ%}gﬂé‘! %Ie%@olﬂnog I]—f{

product (92 5 q
is, 1H), g 1 pr %tl)lonéq_ﬁ'\e ckﬁorasnlgné, e(sFﬁlbeg pﬁlow 4 (é-te(#g utyt-gpﬁ y!)-g—:@p@p 1@ |’ﬂ
2.1 (s, % 0 12. smmBhfvas disoNENInZ0B6(5NDN200 50SBathE. PalTYf Eﬂﬁ(ﬂ@wﬁ®13827 51

EI NS iz (%ex@r? ﬁmf 131@:%05) 815&0@:4%}ters%§éd dt 25 terR gatir@Fdr 3 hL 886 kfhbiof 169

9), 152 8 rat |
((le 3ret hyl - ) E"ﬁ%m d?d BY YEPIRA -7 G T8e e paTSHpe o 18 h &t room
i ndacenyl ) ( 2tamppwgqsyﬂlte@d (amd solentsfepheadyil yacue Frqrrdféen?ltr;te dfaviagman gneerphogs solid
4-( |2) 5-Di mst Baéhucphﬁéwwuct@vagetswbedln 2H|3,c50|éeab r-adwlaﬁa tseatdadatﬁ@netnérmﬁ‘ g. 12.1
nmo was IS r..an
butyllit hi um"iﬁlﬁI gg?ﬂg% S(ag {? (iglogi ‘Eﬁ‘ﬁﬂ%ﬂyﬁ (ﬂe yggg&\gﬁte%ﬂdm's “} ?Crep? ng at room
tenperat ure PGpargia§ despgbad abpvs. The @WtufﬁWEN-W@E'ﬂWP 1901 terapaspiereped elirgdded by
syringe and s¢e|rrrghe&éf5r@djueﬂ;&mgltﬁwteeamn Wit ileof a SSlurals) ad@ustieidn eNHXEL THe gi ve

a clear solu gﬁ’n{‘c @H? vrasl% [!)a?gt?Cﬁ %fél%‘é'mﬁth %‘mf &f}_ﬁbesogj%:%ﬁ%f (P@Qé yagger i bed

bel ow. 4-(4- 12. 1 nmol )
was di ssol ve@vappiated ﬁ@f‘ ou wrwa}omv P} %'&ﬁé@"fwlﬂﬁ'zw @pfﬁne)(ﬁa\%fﬂwof PPORFidh i n
hexanes (2. 5abhitelsdlidQe4mwpbly). at -40 C. After stirred at roomtenperature for 3

h, 15.6 mmol i r t I r 7/82C. The
m xture was I&l}/ﬂﬁﬁdﬁ'bﬁ 10%6{'?? 1%% %5r%§qﬁé%ef4a€rﬁr e)dz?yal 4’?@ 'gﬁﬂ@?ﬁ% Sg)oﬁsent S
renoved in v&c% ﬁ@wﬁﬁh&ﬁw?ﬁ)a@%ﬂﬁé'a#ﬁg an anor phous solid product. The
product was dinesalz\ausdovT Hi; 33 ¢ oabpaot(09); 778 (8, 24arT), 21548), ¢l (), tist (@n et her/ THF
15 solution of the lithio salt of

4-(2,5-di met hyl - phenyl ) -6-nethyl -1, 2, 3, 5-tetrahydro-s-indacene prepared as
descri bed®®above. The' mi xture was warned to room tenperature and stirred

over ni ght bebBor e Rregratibn ofgindteylslemdyl-(EmeltiytH(2dimthdfheays b 2.8/5d¢tblydeccgreous

solution of NUCgslher m@ylw@&eﬁmﬁp@ﬁﬂp{ Phh)-HaRRALNke @0 M of

e oo s B oy o

butylphenyl)-1 mdenyl)~snane (5.5 ¢, 8.9 mmol) was dissolved in 50 ml of ether, cooled to-10 °C,
30 and treated with 7.4 ml of butyllithium in hexanes (2.5 M, 18.2 mmol). After stirring at room
temperature for 4 h, solvents were removed under reduced pressure and zirconium(IV)chloride
(2.07 g, 8.9 mmol) was added as a dry powder. The mixiure was stirred in 40 ml of pentane for
10 minutes and then 40 m| of ether were added at 0 °C. The flask and centents were warmed to
room'temperature and the reaction mixture stirred overnight. The resulting yellow-orange
35 precipitete was collected on a closed fritted funnel, washed with ether, pentane, and dried in
vacuo (4.05 g). The product was recrystallized in toluene to give 1.5 g of metallocene {(22% yield,
>90% racemic form).
'H NMR (CDCly); 7.5-7.7 {m, 2H), 7.4-7.5 (m, 2H), 7.3-7.4 {m, 2H), 7.0-7.2 (m, 3H), 6.35 (s, 1H),
3.3-3.5 (M, 1H), 2.8-3.0 (m, 3H), 2.4 (m, 1H), 2.3 (s, 3H), 2.2 (s, 3H), 2.0 (m, 2H), 1.8 (s, 3H), 1.2-
A0 1.4 (s, 9H; s, 3H; s, 3H, d, 3H), 1.1 (d, 3H).



20 a white solid (84%vyield). "HNW (CDCI3): 7.1-8.0 (m 13H), 6.5 (s, 1H),
4.0-4.4 (m 2H), 2.8-3.4 (m 6H, 2.7 (s, 3H), 1.8 (s, ﬁNQKa@@ 3H),
1.2 (m 3H), 0.0-0.4 (m 6H). EIMS: mz (% 620 (M, : 1 , 291
(19), 271 (Yo %7 , 215 (5), 191 (2), 165 (2). 25 6_Preparation of

di met hyl si | ﬁmeﬁ%’ﬁs - met hyl - 4- (2, 5-di get hyl phenyl ) - 1, 2, SVEECEPPUR¥Ar o- s-

i ndacen-7-yl)-(2-isopropyl-4-(4'-tert-butyl phenyl)-I-indenyl)-zirconium

dichloride (6)  Dimethyisilanediyi-(2-Me-5-IPr-3-Ph- ~blthi -6-yl)(6-Me-8-Ph- -
R T i S B SRR T i) (2

D net hyl -(4-(2,5-d hyl phenyl ) - 6- net hyl -
i -propyl -4-(4-t- tﬁ{ﬁ%& Biie 9/?05"% AR FiShiie fde’ (5.5 g, 8.9 mmol) was
di ssolved in 50 m of ether, cooled to -10 C, 30 and treated with 7.4 m of
butyllithiumin hexanes (2.5 M 18.2 mmol ), After stirring at room
tenperatuge for 4 h, solvents were renovadsunder reduced pressure and
zirconium (lV)chloride (2.07.g, 8.9 muol) added as a dry powder. The
m xture was stirred in 40 m of pentane @3 m nutes and then 40 m of
ether were added at 0 C. The flask and TB nts were warned to room
tenperature and the reaction m xture ETZ?"{_ overf{fight. The resulting
yel | ow- orange 35 precipitate was coll n aclosed fritted funnel,
washed wi t'h et her, pentane, and drie vacuo (4.05 g). The product was
recrystal{o zed in toluene to give 1.5 of netallocene (22%yield, >90%
racemc form. "HNW (CDCl 3): 7.5-7. m 2H), 7.4-7.5 (m 2H), 7.3-7.4 (
2H), 7.0-7.2 (m 3H), 6.35 (s, 1H), 3.3-3.5(m 1H, 2.8-3.0 (m 3H, 2.4
(m 1H, 2.3 (s, 3H), 2.2 (s, 3H, 2.0 (m 2H), 1.9 (s, 3H, 1.2- 40 1.4 (
9H, s, 3H, s7a 3H,Prepardibh of (8-M-B{relh-1,3)9)5-teitdhydEN indOGHYWOMRAOBI-DEBE-16
PCT/ EP2004/ 013827,,4 tal2 3-blthi B-v1\Si
D net hyl sj | aned%’?y- Syopental2 gplttjoptenS APMeT8or 2. 3- bj t hf ophen- 6-y (6 Ve-8-P
h-1, 2, 3, 51 t eMERHE T Br-&hvdrerciRpemials 1-0FapRened AP 8i EFA7E Mol areparsd 2 desaribed iy
(7) 10 ~1 W@ (R8p¥pvasalissdfed in 75 ml of ether and treated with 11.6 mi of butylithium in
515;1 ?/ﬁé gé rgb é!lj]%(ar?es@.g Bit ?ﬂﬁﬁﬂﬂ)%ﬁﬁ‘é(‘:@ﬁ@glﬁﬂmg Mr%%%’rf@én‘afﬁrré 8¢ PR mixture was
e b S 1ot i B Ao 1 el bislone i yepasre it
prepared as @eserdtiretixiure waa@e08dM 5@Evgmpraatu Siged foeth b, filtétéd, aid \ofiteet her and
;d[ teat edt Vgt hreilnlhw?i 5 1R it kzédtdoh*rr'ré][méﬂhe Jﬁg@%@&veﬁﬁ S onHﬁ,%%oléHl)tb )d—7at%, O%C
er stirring ,at, rogm rature r 4 h, re cool e o - :
and 5.0 m (B4R oM FF R Ap e Ry At e 6 b a0 ¢ he
flask. The indzgetd (6&mhi002eH reoilaspared arsigsaribed katow. téienstiring or Bh grdonr ed for 16
h, filtered, tmpétaif 24 hes a eRurkieemyesbut Ehitloh BrNH, I wedrab@ish NTHE dfgde frahiéh: I €si due
was, redi SSo\lvgses%pérgteg,%ag?\ed%th E)rrll_ir!n:é so?u |8r|1,eagd ér%dih%és%‘;). A dark brown cil (15,7 g) was
'25  recovered after evaporating the solivents on a rotoevaporator. The crude product was

chréma‘tographed on silica (10 % CHCl; in hexanes) to give the product (7a} as a white solid

(11.0 g, 71%). ‘

"H-NMR & (CDCly): 7.3-7.8 (m, 11H}, 6.7-6.9 {m, 2H), 3.9-42 (4 singlets, 2H total), 2.9-3.3 (m,

4H), 2.7-2.8 {m, 3H), 2.2-2.5 (m, 4H), 1.2-1.6 (m, 8H), 0,0-0.5 (muitiplet & 3 singlets, 6H total).

t

m

S,

30
Preparation of 6-Me-8-Ph-1,2,3, 5—tetrahydm—s—indacény! lithfum used above:
7.1 g (0.285 mol) of G-Nletﬁyl-s—phenyl-'i,2,3,5-tetrahydro-s—indacene were dissolved in 60 mi of
ether and treated with 11.8 ml of butyllithium in hexanes (2.5 M, 0.295 mol) at 0 °C. After sfirring
for 4 h at room temperature, 230 pl of N-Me-imidazole were added by syringe and stirred for 15
35  minutes. The mixture was cooled to 0°C and THF was added until all solids dissolved (ca. 15 ml).
The solution was used immediately in the above reaction.

40



and treated wwth a THF/ ether solution of the lithiumsalt of

6- Me- 8- Ph-1, 2, 3,5-tetrahydro-s- indacene (60 m, 0.0295 u% %r\fagﬁﬂaed as
descri bed below. After stirring for 18 h at room tenperat 3 of a
sat ur at ed agy ution of NHACI were added. The org

separ at ed, %ﬁ@sgﬂ%h brine sol ution,gand dried (Ngsm)aﬂ}'llﬁ%é\@@tl%?om oi |
(15.7 g) was '25 recovered after evaporating the solvents on a

r ot oevapor ator. F@arﬁﬁ&ﬂj@f cﬂﬁé?ﬂh‘s%ne\ﬁ@ls(z MplH lﬁﬂ@afaﬁ—gfcﬁiagﬁg[z ql ri‘.)}tﬁ!gﬁhbﬁ -8 Xl é@le%

CHZCI 2 in hexane g, 71%.
"H-NMR 5 (CDA 3) %)P"?‘ 1295481 E:H‘Yﬁi'g" Ce“tﬂ) 57“’%) ﬁ“%‘ﬁﬂ%fg?d 3.94.2 (4 singlets, /()ZH
total ), 2.9-%58% (QﬁﬂS mgl) 4f)(6-Me-S7RIR1, aS@ﬂqtrasmrqa-md@ewm Webrpr-3aMg- 1.2-1.6 (m

81-1), 0.0- Ohyar b 81njthio 6hi
8 I\/E) N Ph ! % o&yﬁld[!)éntaﬂ It ﬁae%@@é1@1@§wer séd%alln)ao m! et Rafka WP Q.Eod* po5

r ahydr
O Pl L Rty &1 GE B gt et B8R i, L 2250
m of et herSoafﬁnis Were seTaovedifion tielorgngeisiuny mbfﬂ@”?l ZrCh KA. Tgn 0.04 2 Inoh waeedded agd M
0.295 nol ) ate Rixiore wokts@Fredihiad il B@ent&@éfomohnmeg e@.e@ (T4@ Wad hdte® andstfing  Of

N—I\/blmdazolevve t|rr Hﬁg he

T Xtur o vas XeBihel B A7 Ahe RbuBid Ve AR LA ot cicsBy el el B "C o
15 m). Thevibgihgs ErstEnigddn vesse (33 medyiR aralypis showerd dhissirsiien te eentain ipdomiratelys: NOV
2006 WO 20054858060 oA 0K RABSRE ovdparaiba RY wIH-aiah gt soRds (5.4 g). NVR

di met hyl si | n
8 Ph-1 2.3, e ghﬁ“’ga"r W miedla B §e£’ ecé’f%?gg%éa"%ﬁ'?]é%g%&?g‘ "’g %@M"g? 0.0118
O L2 3 e o i e o o o P

hydr ocycl opemra¢aecidla]r ddiceb etedyihgl SiddxBacteiveth dichibinethdnd 1M06A).-siof et her,
treated wit he ?po?atm of(?lf'le eﬂrang%w b ?é'&# %ﬁﬁ@%@éﬁﬁé{ él\h‘é -5~ 9’1’9%8 mol ) at OC

and stlrreda rmvedfromthe
orange sl'8r r%}’C'PH‘F“W@@tRJth‘OZP@tQ'Y'l@MP &Ph-bH2.B ¢ tRpydro- MQ"""&B@ Ckand the mixture
was stirred HINMIOS (ti:leJ) (peetcanacefri fork() Tm-mtnesHHEB s, 10Y%6. smé )1H)4va.35 -added and
stirring cofpy eﬂ(}#f (fTPrsstz %‘;f]g@b% %%‘E!'(é bﬁﬁz%@ daﬁlgvmm 9f), Y8IL 30 I’I%Ct ed on

a closed frit} @Hq glKJO é) .

anal ysi s shotedd3h): Q%(Q&H)OWS?WOWE’H’W TFﬁ'Jéﬁ GEN 81635'15)'15ﬁ & u%j% racem c
form The fi alé)t 26-2@ImeviApRA LS, 6H), 23 (5, &H), d'd-2® (amgid), $81(d, @), (15545 g 1 ABR

anal ysi s sghoneglgtdp) s fraction to be a mxture of the pseudo racemc & nmeso
forns plus inpurities. The yellow insolubles were refluxed in DVE with 1.0
g of LiCl for 5 h. After cooling, the insolubles were collected on a closed
fritted funntiefandnewetatioteaes wire bsediicthe paoredzdiiamexpedoentsii ). In-situ
evaporation of the extract gave 0.5 g of pure pseudo-racemc

{Me2Si (2- Me-

cycl opento[ZM?‘fa'gfet”ﬁ %%hé?r 6- y e Re- 8- Ph-1, 2, 3, 5-t et rahydr o-s-i ndaceny! )}Zr
Cl2. '"H-MER S (GDCI 3): (pseuddteSiddin- *&:(PFB#—H@) 172,35 V%trehx(dm-s indacpy)-7- YW*%’

6.5 (s, 1H), 3.15-3.3 (M 1Hyp'ed-Ay RrefrdiGrodtlampl - 2. 9 (M 1H), 25 (a

3H), 2.35 (s, 3H)2’ 2.0 (m 2H ’Melsé I\ﬁe—zl PF?‘H)Z’S SJtet‘}ahg(érb-s indacen-7-yl)(2- “Pr4- (p—‘Bu-

Ph)-1-ind)ZrCl, (from example 2)

, 3 Me,Si(6-Me-4-Ph-1 ,2,3,5—tetrahydro—s-indacen—7~yl)(2—‘F’r-4-Ph-‘l-
30 Ind)ZrCl; (from example 3)
4 Mezsi(z-me-4-(p-‘Bu-Ph)-’tetrahydrocyclopenta[b]naphthalenyl)(2-'Pr—
4-Ph-1-Ind)ZrCi, {from example 4)
. 5 Me,Si(6-Me-4,8-Phs-1 ,2,3.5-tetrahydro-s-indacen~7-yi)(2-‘Pr—4~Phu1-
Ind)ZrCl, (from example 5)
35 6 Mezsi(B-Me-él-(z,5-Me2Ph)—1,2,3.5-tetrahydro-s-indacen-?-yl)(z-'Pr-
' 4-(p-'Bu-Ph)-1-Ind)ZrCl; (from example 6)
7 Me.Si(2-Me-5-iPr-3-Ph-cyclopentol2, 3-bJthiophen-6-yl){B-Me-8-Ph-
1,2,3,5-tetrahydro-s--indaceny)ZrCl; (from example 7)
C1 ' Mezsi(z—Me-4-(p~lBu-Ph)-1—Ind)(2-'Pr~4-(p-‘Bu-Ph)-'I-lnd)ZrClz
40 c2 ' Me,Si(2,6-Mez=4-(p-Bu-Ph)-1-Ind)(2-Pr-4-(p-'Bu-Ph)-1-Ind)ZrCly

c3 MeSi(2, 7-Meg-4-{p-'Bu-Ph)-1-Ind)(2- Pr-4-(p-'Bu-Ph)-1-Ind)ZrCl



3H & d, 3H), D.95 (d, 3H); (pseudo-neso form 7.2-7.6 (m 11H) 6 6 (s 1H),
6.45 (a, 1H), 2.9-3.1 (m 4H), 2.6-2.8 (m 1H), 2.4 (s, 3H),

1.8-2.2 (m 2H), 1.4 (d, 3H), 1.35 (s, 3H), 1.2 (s, 20 3H iﬁiND:V UUbThe
fol |l owi ng s were used In the pol ynerization

Met al | ocemraw?%@%ﬁﬁ%esuucture 25 1 Si (6- NE 4-(p ?&%ﬂz%‘%iﬁn

j Bu-Ph)-1, 2, 3, 5-tetrahydro-s-indacen- yI)(2 Pr-4- (p JBu-Ph)-1-Ind)ZrC 2

(from exarrpl e 1)y ‘;“dgg'§3§é’(zgl‘¥gfﬁd‘?‘{k T & Q- tetrahydro s-indacen-7-yl) (2

jPr-4-(p' Bu- P e 3

Me2Si ( 6- Me- 4FBHPE M@ 5. AR Ky mpéegeun'avace ety o2 3PHY4- pida- 38
I nd)ZrCI 2 (from exdiml e 3) 4

Me2Si (2- Me-4pp- " Bug Ph) - %ﬁ%&@hﬁdﬁf@cyd opent (gl napks hal gyl ) (sl Prayz
4- Ph- 1- I%)Zﬁgl 2(from ex

Me2Si ( 6- Ph2-1, 2, 3: g‘})[f'%t PEPdr o- s¥¥nddcen- 7-91§ (218 - 25Pn- 127

Ind)zrd 2 (fFP8m eva'rpIe 592185 6.5kg no 1.0 157.8 4.1 591 34

'XE(ZSI (g Ngh;lpéﬁl 5d;\é325h)23§-'h]:r3 3,3%|$get|rah96@ér<73~33rl ndagen- 7294 ) (298P - 35
p-  Bu- n r rom npl e

Me2Si ( 2- Me- 5¢ r’l’Pr 3-Ph- cyéé@ﬂen@?’[ﬁ‘? 3- b] %hi ogtfen- 6-5%9 (6% Re-8-BR- 24
1,2, 3, 5- tétraﬁydro %- - i n@dmanyB)5A0Cl 2 (Yessom2ekanpl1€s.7) €8 229 1.9
Me2Si (2- M- 4pGp-' Buy Ph) &od rlﬂgl) (73 gPr - 4- (Y tBl&- Ph) -1&5.¥ ndy gr C 25240 Ca. 1

Me2Si ( 2, 6- Megy4- (p PPI;% 31”£ In%) k(% Pr - ¢% aBu Pgﬁzg | g) Zr

Me2Si (2, 7- Mee-4- (p * Bu- 2 ' Pr fid) Zr |21 *Nov 2006
WD 2005/ 0589R & PCT/EPZOO@&DU@SS@ ka54 I—b’ﬂﬂ)poﬂﬁrerl yil:| 30n§7énd 3581 y e+t

anal ysi s Exappl e M& Anousb mir opyd igne Hz2yeAct |3vg ty Tead. Ve.odv @5314010P 1 1
603 mg 3.5 kgono 1.0 159 7 8 2.7.5 1 yes,3.9 157.6
86 351 5. 7P 9R’s P50 59 mg L3N} 2 T 262G 1 1Pecadr ] ) 2?9

3.5 kg yé§ 3P40155.8 2. 22 pgg .59 p 5 !@Sso% 3 583" Pr641 #1955.823. 6 559
2.4 P6 3 591ng 3.5 kg pesmg. 4.54G5. 7 1nd 228 1.9 1500 P 3748 6084nmg 305 kg No

R Pgmg 4335&923 5,k9 Y5 5 85356. 5522 261 324 P 7 5

>0 g 3.5 g 160 yes 2.7 1543 194 240 2.2
cP 3 c2 730mg 3.5 kg no 1.2 1554 3.00 458 24

20 cP4 G2 © 650mg 3.5kg yes 2.9 153.3 187 235 25

cP 5 C3 580mg 3.5kg no 1.4 165.7 267 401 2.5

chP8 c3 2868mg 3.5kg yes 7.1 158.2 1.80 214 21

Units and abbreviations: Activity: kg/(g*h); melting point (Tr); °C; viscosity number {LV.}: dlfg;
25  weight average molar mass (M,): 10° g/mol; polydispersity: Q=M./M,

- Copolymerizations and polymer analysis

Example MC No. Amount Activity LV, My Q T G2 content
P12 1 199mg 7.4 4.80 009 3.4 1233 3.8
30 P13 2 205mg 3.1 4.91 728 39 1235 47
P 14 3 '
P15 4 210mg 3.5 5.82 883 3.3 1283 4.0
P16 5 40 mg 4.2 43 504 2.31 1081 6.2
P17 6 40 mg 4.2 495 994 37 1187 47
35 P18 7 210mg 119 3.92 574 291 1180 50
cP7 C1 209mg 3.4 286 . 433 23 1258 32
P8 c2 207mg 5.4 3.71 608 2.7 1228 3.4
P9 c3 196 mg 7.0 3.25 452 2.5 1183 48

40 Units and abbreviations; Activity: kg/(g*h); melting point (Tr,); °C; viscosity number {LV.): difg;
weight average molar mass (My): 10® g/mol; polydispersity: Q=MwIM,,; C2 content: % by weight



P8 ' 5 50 ny 3 5 kg yes 3 9 159 1 2 06 253:1.9 P 9 6 50 ng 3.5 kg no 2.0
157.4 4.57 795 2.8 15 P 10 6 50 ng 3.5 kg yes . 3.9 159.3 1.74 219 2 2 P11
7 598 ng 3.5 kg no 1.3 154.0 3.49 474" 3.0 cP 1 Cl1 570 ng 3.5 kg 8
152.5 2.53 356 2.3 cP 2 CL 650 ng 3.5 kg yes 2.7 154.3 1.94 2h& i !ZHﬂﬁ 3
C2 730 ng 3.5 kg no 1.2 155.4 3.00 458 2.4 20 cP4 C2 650 ng 3.5 kg yes 2.9
153.3 1.87 235 2.5 cP 5 C3 590 ny 3. g no 1.4 155.7 2.67 401 2.5 cP 6 C3
286 ng r$éﬁqyes 7.1 158.2 1.80 214 Z Units and abbreviations: Activity:
kg/ (g* h) ing point (Tm; C, viscosity nunber (I1.V.): dl/g; 25 weight
average nolar mass (Mw): 103 g/ nol; polydispersity: =MV M
Copol yrrerlaatArmmnarnstam}aﬁmnrﬂaallcyﬁb&nééﬁn% J}QfNO- Amount Activity I.V.
Mv Q Tm C2- content P 12 199 ng 7,4 4.80 909 123.3 3.8 30 P 13 2 205
my 3.1 4.91 728 3.9 123.5 4R7 P14R§ P 15 4 210 ng as 5.82 883 3.3 128.3 4.0
P16 5 40 ng 4.2 4.3 594 2.31 108 6.2+« P 17 6 40 ng 4.2 4.95 994 3.7 119.7
4.7 35 P 18 7 210 ng 11.9 3 8.0 5,0 cP 7 C1 209 ng 3.4 2.86
433 2.3 125.8 3.2 cP 8 & 4 3.717z608 2.7 122.8 3.4 cP 9 C3 196 ny
7.0 3.25 452 2.5 118.3 4.6 4 faZand abbr evi at i ons: Activity: kg/(g*h);
melting point (Tm; C, visco |t5 niinber | 1.V.): di/g; weight average nol ar
mass (M v): 103 g/ nol; polyd sprrsR?y Q=Mv M-; C2 content: % by weight 15
NOV 2006 SS W claim 1. AR or;anonetall tran3|t|on nmetal compound of the
fornula (1) RZRZIRZ R4 2k Q&Cs -

RB
R®
R?
RS
where
w is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or the

lanthanides,

the radicals X are identical or different and are each an organic or inorganic radical, with fwo
radicals X also being able to be joined to one another,

n is & natural number from 1 fo 4,

Z isa divalent organic group which has from 1 fo 40 carbon atoms and together with the
two carbon atoms of the indenyl system forms a saturated or unsaturated, subsfituted
or unsubstituted ring system having a ring size of from 4 to 12 atoms, where Z within
the ring system fused to the indeny! system may also contain one or more, identical or
different heteroatoms selected from the group consisting of S1, Ge, N, P, O, S, Se and

Te,
R? ‘lé hydragen or an organic radical having from 1 to 40 carbon atoms,
R? is hydrogen,
R? is hydrogen, halogen or an organic radical having from 1 to 40 carbon atoms,

r* is hydrogen, halogen or an organic radical having from 1 to 40 carbon atoms,



RB where M |s an elenment of group 3, 4, 5 or 6 of the Periodic Table of
the Elenents or the Ianthanides, the radicals X are identical or 'different
and are-each an organic or inorganic radical, with two radi cqiad@b@ ﬁlﬁ
being able to be joined to one another, n is a natural nunber 54 Z
is a dival ent organic group which has from1 to 40 carbon atons and together
with the two carbon atons of the indenykesystemforns a saturated or

unsat urated, substituted or unsubstituted ring systemhaving a ring size of
from4 to 12sato to the indenyl
system may al so (r:r%n é(}’Q n%ﬁé %r?a"mrad'catl pagg'ﬂkrlaga‘{l%g% argt?n%?oz%ent het er oat ons

sel ected fromthe group consisting of Si, G, N, P. 0, S, Se and Te, R is
hydr ogen or RAn or gapdregenadi cal havi ng from1 to 40 carbon atons, Rl is
hydrogen, R3 is hydrogen, halogen or an organic radical having from1l to 40
carbon atons, R4 is hydroge hal ogen or an organic radical having from1l
to 40 carbof -4t on#'eides g@'@"@“t%aieseaww‘@%?’é?O'Eﬁ"'%ﬁﬁﬁﬂlhé""l‘gémgq’ havi ng
from1l to 40 car bmwcmHmmnsRSRfdedwgB@emlthm&muodmt:mg:taémfmrmdln‘foﬁ@rent and
are each hydrogenggf. g o!?x{x&li@@uﬁstﬁﬁéy&%subﬁﬂéagmé Eﬁ{@n‘gwﬁs& haé@‘mﬁqrtpon atoms or

R and R8 together wt tons connectin a nono- clic or
pol ycyclic, substﬂqcfﬁr'?é’ﬂafﬂmslfﬁgﬂﬁﬁ?ﬁ?w&ﬂ”}e ﬁ’@“’g?ﬁléﬁ? ’Eﬂ‘elﬂéi’é'p? sk 1 to 40
. carbon atons and inayf thé glemednBiabe NNt @rSH &6 emkTesel ect ed from t he group
‘consist- ing of the elerrents Si, G, N P, 0, 5, Se and 7e, A ls a bridge

consisting qQf a djv ent at val ent and if R3 is hydrogen,
then R8 is org%ﬁ' §eL87 %PQ%C@W Efzoq?ﬁrﬂq@%f'&% carbon atons and is
branched In the a position. 2. An organonetallic transition netal conpound
of the formghdd (1) as claimed in claiml in which RZ is hydrogen, RS is an
organi c radi cal which has from3 to 20 carbon atons and is branched In the
a position, Re is hydrogen, R and R5 are different and M, X n, Z R, R3,
R4, R7, Re gﬁals}qycggggnatgeru%f|$ qumra@r%wﬁu@yhﬁgﬁrgm@my 20 carbon atoms and is

branched in the a position. :

2. An organometaliic transition metal compound of the formula (I) as claimed in ciaim 1

in which

r? is hydrogen,

R° is an organic radical which has from 3 to 20 carbon atoms and is branched in the
¢ position,

R® is hydrogen,

R and R°® are different and -
M', X, n, Z, R', R®, R*, R", R® and A are as defined for the formula (1).
3. Anorganometailic transition rﬁetal compound of the formula (1) as claimed in claim 1 or?
in which
R%, R®  are each hydrogen,
R? is a substituted ar unsubstituted Cg-Cyp-aryl radicél or C,-Cyp-heteroaromatic radical

containing at least one heteroatom selected from the group consisting of O, N, S and
P, or R? is @ C4-Cap-alky! radical,



- 3. An organonetallic transition netal conmpound of .the fornula: (1) as.clainmed-
‘inclaiml or 2 in which R2, RS are each hydrogen, R3 is a substituted or
unsubstituted CB-C4oaryt radical or CrC45-heteroaronatic 7 gq\iwlzﬂﬂpont ai ni ng
at | east one heteroatom selected fromthe group consisting of 0, N, Sand P,
or R3is a Cl-C48-alkyl radical, 1 5 NOV 2006 R4 is hydrogen, fluorine,

Cl- Clo-al kyl, a substituted or unsubst¥iuted C6-C46-aryl radical, or

CZ- C40- het eroaromati c radi cal containing at | east one hateroatom sel ected
fromthe group consisting of O, N, S and P, R7, R8 together forma dival ent

organi c gropp T haujdrsges,MOAnd, 6,48k A'sDB Al QFBnsubdiRlcd CL.c fRgRidRar oW th the
two carbon atons Qf t'F% 8%rcrln0ﬁcen%%?| eﬁ%l rkn% Lorré?e atsateir?t gd 3[_5

unsat urat ed, subs 7ol B el et fYRng o E é %93}5 NGRS TR ng size

of from5 to 7 agreupsonsiiiog of O NaBErd R the ring systemfused to the

cycl opentadi enyl ri-ng may al so contain one or nore, identical or different

het er oat ons,5eb e t r =Sl St I N , S. Se
ond Tor anaRofy < ot ffTa iR e 505 T Rty o, €6 abarmiiorll phere ;S
4. An or ganonet al PPgather wihige iwosarbep atams eGhpevaiaeeniadiep ang fevmad s#iuatgd ¢is cl ai ned
in any of clains uhshtorated, substidfedadn uhdlibstisuteliiring gyfstedt wiih, has B rihgsize dRfrom S tdydr ogen

or an organic radj I I I ' i branched
in the a positi oﬁ’, &%s'%brgq-s‘ﬂ@@tﬂﬁ@gggt%&ug%stﬁ g?ﬁ%@%ﬁ&@ﬂ@aﬂa ?g radi cal
and R6 is an or gaiPMEinCae PIRereNBRNESR! ersiferepiipietoaiansAgleciad o theOrmiR cdnd i s
branched in the dstippsfisiGenNaP\®, Shee atlfer vari abl es and indices are as
defined for the formula (1). 15 NOV 2465 5. An organonetallic transition
nmet al compound of the forrmula (I) as clainmed in any of clains 1 to 4 in
which R1, RE% ogether formRl2 RI1 RID$ or

M', X, n, R!, R®, Z and A are as defined for the formula ().

4. An organometallic transition metal compound of the formula (f) as claimed in any of claims 1 to
3

in which
M' s Ti, Zror Hf,
n Is2

R' is hydrogen or an organic radical which has from 1 to 20 carbon atoms and is unbranched
in the a position,

R® is a substituted or unsubstituted Cs-Cyp-ary! radical and

R® is an organic radical which has from 3 to 20 carbon atoms and is branched in the
a position

and the other variables and indices are as defined for the formula (1).



3 RI0O RR9O where R9, R10, R11 and R12 are identical or different and are
each hydrogen, halogen or an or- ‘gani c radical having from1 to 40 carbon =
atons or two adjacent radicals R, R50 and/or Sl11 together with the atons
connecting them forma nonocyclic or pol ycycl ic, substi- ism%ﬁ
unsubstituted ring systemwhich has froml to 40 carbon & §ray al.so
contai n heteroatons sel ected from thesgroup consisting of the el errents Si,
G,-N P, 0, S Se and Te, and Ais a substituted silylene group or

subst i tzut ed . t lLes and
i cod ar o Se RIS VIR pl B Ry 2 il R Bl of Bk
blscyclopenﬁadlenyl | i gand systemof the fornmula (I1) RZ R3RZ R4 A (Il)
R5 R R5 or its double bond isoners, where the variables R, R2, R3, R4, R5
R6, R7, RS, n4mfd A are as defined for the formula (1). F 7. A catalyst
system for the polynerization of ol efins, which conprises at |east one
organonetallic transition netal conpound as clainmed in any of clains 1 to 5
and at IeaBﬂﬁﬁnt@bnarmlyst which is able to convert the organonetallic
transition metal com pound into a species which is polynerization-active
toward at | east one olefin. 12 A catal yst systemas clainmed in claim?7 which
further conprises a support. B. A process faqt, preparing polyol-efins by

pol yneri zation or copolR/ tion of B q%t one olefin in the presence
of a catalyst systemas cl drned in¢ﬁlain17\pr B. 10, The use of a

bi scycl opent adi enyl Ilgand systemas claingain claim6 for preparing an
organonetal lic transitirf metdt conpoundr®11. A process for preparing an
organonetal lic transition net conmpound, which com prises reacting a

bi scycl opent adi enyl |igand systemas clainmed in claim®6 or a bisan- ion
prepared therefromw th a transition nmetal conpound.

where

R® R', R and R" are identical or different and are each hydrogen, halogen or an or-
ganic radical having from 1 to 40 carbon atoms or two adjacent radicals R, R*® and/or
R"" together with the atoms connecting them form a monocyclic or polycyclic, substi-
tuted or unsubstituted ring systen'i which has from 1 to 40 carbon atoms and may also
contain heteroatoms selected from the group consisting of the elements Si, Ge, N, P,
0, §, Se and Te, and

A is a substituted silylene group or a substituted or unsuhstituted ethyieﬁe group,
and

the other variables and indices are as defined for the formula (1).



8.

10.

11.

15 NOV 2006

&

A biscyclopentadienyl ligand system of the formuia (II)

or its double bond isomers,
where the variables R', R% R®, RY, R* R®, R”, R®, Z and A are as defined for the formula ().

A catalyst system for the polymerization of olefins, which comprises at least one
organometallic transition metal compound as claimed in any of claims 1 to 5 and at
least one cocatalyst which is abie to convert the organometallic transition metal com-
pound into a species which is polymerization-active toward at least one olefin.

A catalyst system as claimed in claim 7 which further comprises a support.

A process for preparing polyoiefins by polymerization or copolymetization of at least
ane olefin in the presence of a catalyst system as claimed in claim 7 or 8.

The use of a biscyclopentadienyl ligand system as claimed in claim 6 for preparing an
organometailic transition metal compound.

A process for preparing an organometallic transition metal compound, which com-
prises reacting a biscyclopentadienyl ligand system as claimed in claim 6 or a bisan-
ion prepared therefrom with a transition metal compound. ’



