WD 2005/ 058916 PCT/ EP2004/ 013827 Organonetallic

transition netal conpound, biscyclopentadienyl |igand
weysais@igoicat al yst system and preparation of  PCT/EP2004/013827

pol yol efins The present invention relates to

organonetal | ic transition net
,Orﬂ@}%fﬁﬂaé{ic(“??s”lioﬁ el IFF?IU”‘? bisgyc OfB”t?gg ip%ﬂnﬁﬁy?t‘?r)" catalygpsystem
and presratidi/of pRgolefins 20 where ML is an el ement of group

3, 4, 5 or 6 of the Periodic Table of the El enents or

the |anthanides, 25 the radicals X are iden ?h
Thgipfesertdventiondelales toesganompialis wpmsiien gt ﬁ?j?lzféﬂﬂﬁssc“ e formula ()

5 radical, with two radicals X also being able to be
j 0oi ned to one another, n,is a patural nunber from1l to
4, 30 Z is a divalent organic group which has froml

to 40 carbon atons and toget he Lhe two carbon

atons of the indenyl rated or

unsaturated, substituted g red ring system
K having a ring size of fro 0 , Where Z

10 within the ring systemfused ta«the |ndenyl syst em may
al so contain one or nor/e, identical or different
het eroatons sel ected frQm thexgroup cosi sting of Si,
G, 35N P, 0, S Se aRd fe, Rl is hydrogen or an
organi ¢ radical having fr 1 to 40 carbon atons, R2
i s hydrogen or. an or adi cal having from1 to 40
carbon atons, 40 R3 i§ gen, hal ogen or an

15 or ganic radlcal haV|ng* 1 to 40 carbon atons,
CONFI RVATI ON COPY WR'2005/\058916 PCT/ EP2004/ 013827 2
R4 is hydrogen, hal ogen orR&n organlc radi cal having
froml to 40 carbon atons,

20 where

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

lanthanides,

25 the radicals X are identical or different and are each an orgahic or inorganic radical, with two

radicals X also being able to be joined to one another,
n . is a natural number from 1 tc 4,

30 Z is a divalent organic group which has from 1 to 40 carbon atoms and together with
the two carbon atoms 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,

35 N, P, O, S, Se and Te,

R’ is hydrogen or an organic radical having from 1 to 40 carbon atoms,
R? is hydrogen or an organic radical having from 1 to 40 carbon atoms,
40
R® is hydrogen, halogen or an organic radical having from 1 to 40 carbon atoms,
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t R5 is hydrogen or an organic radical having from1
to 40 carbon atons, 5 R6 is hydrogen or an organic
wo aasosdoihavi ng froml to 40 carbon atons, R7, PRBER2084/013827
identical or different and are each hydrogen or an
organi c radical having from1l to 40 carbon atons or
. R7 and R8 together with the atons connecting themform
R& 10 npAaRydeh| ealdaen podny@yanid radics tbsrtd ftout €6 40rcarbon atoms,
unsubstjtuted ring systemwhich has froml to 40
arbon atons and may al so contain heteroatons selected
Rf r om t hiéhypireaep or ebergrae fadigal dpviehione [ éddfeerogiatomse, N,
P, 0, S, Se and Te, Ais a bridge consisting of
adlvalen t om or BY t R3 is
hydrogengwgﬁgnOhgqgga%%éggggﬁgégH ﬂgéﬁh%ﬂ%nakngé from
3 to 20 carbon atons and is branched in the a

RPG3i t i Ofte RRALB OriaBeRVERGRNeach Bydrbgendr 6 Biaknit FdraIthading from 1

further | ates to hiscycl
havi ng tgdgﬁar On gtops of % %’rﬁ%(l):\’ﬁ o&afhteg\?n%qxe atgllg?@a%e&%g'ih%ﬂﬁorm a
conpr i sinerpcedic prerpdicydinsubdtitutatcor gpeyhpbed @d qygtem whlch has from 1

transi t{ap caﬂE@ﬁ StbmS aRPRENSISo @ntditiRtdbRsENeldcdai tRgroup
a process

o copormErR A BRTSTEAL doLBst e StPef ThY I the

presence of one of the catalyst systens of the 25

APresentig 'a@yggﬂatdoﬁﬂstma Rea HisAer bichh® kinvarkcdréupent adi enyl
| igand systens of the present invention for preparing

organonetal lic transition netal conpounds and a
apd ocess for preparing organonetallic transition netal
compounds using the biscycl opentadi enyl |igand

R h and d
B BN FY B FFARERDF GH RLCARY (o5 pBNAZL SR Ron toms and s

braachst duhao pod@nmet &F lsdgéngs, as cat al yst conponent s
for the polynerization and copolynerlzatlon of ol efins

with the objective of %Wep rlng $ ol yol ef i ns
T etabi g U | S e e PR Py TRy R o
sustuinrppitaw eatadyhesyp@asts cdbprisegrasieadions Qfdlndqorganometalllc transition
m%%%ﬂ%cinfﬂ&@ﬁc@%?ﬁg Rﬂ%leé(t%v@ﬂt\oﬂsa %%@?ﬁ‘éréﬁé{rld@%@&eﬁs by polymerization

ocene ca systens an
ob‘?oé)ﬂy/m grizatignd éfdeﬁgp%qal@‘pllm@e ﬁfeéﬁnaqeé)&o%)pf &.ngﬁtaﬁlstbsfystems of the
prestrainvatienahcaseal fretbissyspensdierapigesesysteansdy thamiesantinyention for
p%lrpgrYM Q)%qa Eﬁlﬁ ﬁeﬁ‘gm%g a?b%m}gl‘ﬂm@ raﬁ@éﬁl%t:és@@or%eparmg organometalhc

ene co ar used for
tré&s&mneta' (&gnnouﬁﬂféemg#ﬁsté%yqlweﬂﬁs'ew 5 SYS'EH- of

i npact - nodi fi ed propyl ene polyners has usually

Iﬁ%%garc%ra%g d%\ye%é]'nteFﬁn%%@egogbrg%Metéllt@raﬁmld?\rmé'@%&%ﬁotﬁﬁs in particular

nmers I ch b
AP BB LS A EHEPOTRFS Pwamﬁae@%a@acpa?wfgaw@f olefins with
15 @leichivie@prepating €misret palfoléfine haobeen prasskstendivelysotisietrsiges and in

r%&%R/ Lg%ﬁ 49%?%%%%0 glvwlg%%thywpe ng%ﬁ 9?&&%@ prepared by means of
metallocene catalyst systems and, in particular, propylene-based polyolefins prepared by means
of metallocene catalyst systems represent a dynamically growing market segment.

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

homopolymers.
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ERATCRY Bt BbPEPRBIon

EP- A- 776913 descri bes the preparation of high

nmol ecul ar wei ght propyl ene- et hyl ene copol yners usi ng
w@p@siossoe@l | y substituted C2-synmetric bi si ndePgT/EP2004/013827

net al | ocenes. 4 EP- A- 8345193 descri bes catal yst systens

Cl-sy mretrlcqlglm nden t?lloqene 5
Bigh 5}9{95 PPy %'He-egl?ylene copolymers

ugimgaypydifeaky sauhslitypedtiisyenpetdiqiydireiasy! nmﬁiio@obgmer s havi ng

high nelting points. WO 01/48034 descri bes cat aI yst

systens which, owing to specifically substitut
E'?Té\taéld’?@d@ﬁ@@es caiglyst %Fe@\stcamﬁlpw&%sy%mqgnc blsmdenyl metallocenes
wilcoaY kazeleadring lenepolppaizytvare pragylenetne prqphesgodyianeng a

[ ss and al so propyl ene

“‘ﬁ‘g"@%?&@%{g %W%ﬁl‘ﬁ%@fl ciently high nelting point

for satisfactorily high stiffness of the matrix. WO
W@ﬁd‘l@‘%%&esdr&ﬁ@ cthgst sgadnid Wisdh, Syiag enspetiliiatihsubatitétedimetallocenes,

Ly Itetgoe 5 oc'jurrg rbgtY1 %golpglegggtyw%ne %S’Jl&eﬁs Eyru‘fﬁ%@ﬂg e I"%t/mé Q@atlsfactory

are a[) eS cr nts %
m@ht r@ﬁsswaé alse BiPPHeN OUWECIHTEHBIMNG, 3 %UFftsteéﬂnytm m Ué?smtnéfor
sdbi€radomerigh §tBnédsie tha evitrixivorssioabsscrRea ibeatahlyss byssynsstveriah have a

e R a7 TR T PR (AR oL b R PR 07

the matrix. A further aspect is the econoni cal
Dé‘ébﬂ@ﬂw%'pk&gl'ésts Whigh hid¥eeh a&raév)éﬁhltr@aapme Bériinudstio b& a @éed to find new

invent i I

”IF%%S?? ?a(ﬁ(\ysﬂ@i %Ims wg‘n “1 oca %le'i/ gn Hllip%\f;zb@a%r‘? {hg%grggﬁgt%h o'f l‘ﬁgh
melat mbssat theowkbei phaemargd Stlﬁ'ﬁ@S aﬁh@ Mg a(’ch'ﬁ@%i@saec’ﬁ 8 r“ter?éPnom'Ca’
2dcRSHIRRPE thdbatdnBt dBlpdkertss of  propyl ene-et hyl ene

copolynmers resulting fromthe pol ynerizati on conpared

to the known netallocenes and at the sane tinme are .
It Fnebieot df themessset invention td Endsroarampilis Harshien geld paappounds which,
wﬁéd Js@ﬂ‘ as §atal§%{t c&rﬁﬁtu@r\tﬁ@ RY B0 BéH'l'@@@l' fNHARF incrlielidel iR @eid1® mass of

one ictr

STNAEE SRS R kR i R
mlaaavcasef\mamd at thasamlirse aisjableto ingrezrstr el/eept mpintaiiethe desired stiffness
oﬂﬁ&ﬁ@%@%bhbﬁol§nﬁé?%ﬁhé%r%& Blgaf SRl EmsBbn mefAFcompounds

for mu descrj bed at theotset ML is an el ement
Sllﬂ“ldd?e@t?ﬁ 3! eabta'aeddP agegnopiid B89M0di ¢ Table of the
El enents or the | anthanides, for 30 exanple titanium

A ﬁa@@{&h%atﬁﬂg B i#dlis ééﬁl@@éﬂl'b‘}'?ﬂe B IR tramtitah WBtal compounds of
enum or tungsten, preferably

trlelf?ré{WIad%desff'?%jcﬂ% MGRUsAtaf ni um particularly preferably
2| rconi um or hafnium and especially preferably

eﬁﬂ%nlrm E%pr:%ag '5‘@'6%1‘ %e @El‘?odﬁcdl%teb@ e EMmdhts’ Ir @feBaNthanides, for

er abl denti cal abn‘ ? (?Lg,g IP]ICO bdenum or
er%or*egfa%ﬂﬂeﬂ zg@nfuau.hefawm \’/ﬁ“? L S P T i 529 ypgenum o
tumbsten, oeefdsably iidmed, Arconpume hafniomhearticurly grefarafyegira@iiym or hafnlum and

I ; LirX gplefluorlne chl ori ne, brom ne,

elgbae wegrrag &rab y chl orine, hydrogen, Cil-C20-,
preferably Cl-C4-alkyl, in particular mnethyl,
TR rdi2Bis X ¥ @éeicallor ylfféiﬁntﬁﬁefaiablgm ticaCBnCa2-eactpanedragnidydrjnorganic
%E@:apgvgh Wo%%%cal@@ al?tger A %a£b‘x’é to BE jofiHed |t@$r*&ye|nog\ép N0 ;Bl'éf‘éfdbg halogen

fom tb%lzc logiReuh $ g, Bpsferabl
farggammg fypring, abfprm DTaReF PR BrefeAoReh %‘P%f PRy Bmp%e eranly
a,-@,-Ryl, ia patianaratethys ChiC,¢ pefaslyy Cy-Adalkerlyl, Ce-OR- PBfeyablv0s-Cro-aryl,
%Bgé&ﬂlcb ;g@ k&ogqs%g'la)ém? &ol’ﬂh SFe?er&B’l‘ffrJrﬁth@lc&b&w atoms in the
ieesiaroentiom § o P EES BIE P RS AIR O3 BOR §R o
ARPRY goraratasly -ORt ewhades tworsdidest X, referebly two radicals ~OR'™, may also be
joined to one another. It is also possible for two radicals X to form a substituted or unsubstituted
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WD 2005/ 058916 PCT/ EP2004/013827 4 diene ligand, in

particular a 1,3-diene ligand. The radicals R13 and
wRighsassieach Cl- Cl10-, preferably Cl-C4-al kyl PCT/EP2004/013827

C6- C15-, preferably C6-Cl0-aryl, alkylaryl, aryl al kyl ,

f1 uor oal kyl or fluoroaryl each havi ing from

, digre “Eﬁ%fﬂe‘?%‘l?%r 3 tanfiene 99@1“91 The 39818 Rat YR i ﬂfeteﬁ@ Gr%g preferably
Cr-adaliog|C.amg, grefonablp Ct-0,,22y1, gikyafye raaldliyl, fiioroatkybort flaorbBry! each having

frc?‘ﬁ‘[l kpcﬁﬂ) @Fe%}l){ fﬂ)n]f h{% 4aE§H>onr ﬁt%) iﬁlth H%hr‘éé%n& ?réﬁ’an t&ﬁf‘ g eferably

near ranched o cyclic radi¢
ﬂ@HQHDH%CW%@h?PmSQﬂWBﬁW‘mq$abropyl |sopropyl n-but yl ,
i -butyl, s-butyl, t-butyl, n- pentyl, cyclopentyl,

- hexyl ), e n- . |
RS o UESIRAN ol BB Pl A syt AR ey,
n-piogy|uieerreny!. eduil HaubylisHutyb kPt n-eentrlRyBeRentt: Nyl AyFeRReXYl
nBeptyidr h-b&yicase of el ements of group 4 of the Periodic

Table of the Elements, nis preferably 2. Zis a
di val ent organi c group which has from1 to 40 carbon
The indAx ndpa netggerumder figm i ta hwhiehnie regeatit esal tathsraxidatfonyaber of
i ﬁhﬂh@é‘)l | In HeaesmdieRin@hits af GralpM atteslP@lodidTaBik df B E@ments, n is
uted or unsubstituted ring systemwhich has a
p?ﬁﬁ% size of from4 to 12, preferably from4 to 8,
particularly preferably fron14 to 6, especially
Z ﬁ?sraecfl\ﬁaﬂéhbbr)éalﬁc @bu;ﬁwhléﬂ KéﬁﬁromV\hS 4@ caibdM 4tBind alid W@ gdthdd@ith the two

cag%o& ag?m ?’r‘léﬁlée mé)ernélfsé%% R/m%g g?turfxa%to? L‘P] n?LXat?A sﬁ&[&%ﬁ %l’ Ehs%.lbstltuted
ritgetyelemathinithas @ sheeited oy { hevrejerablp repHd? §tnaﬁguléﬁ'y regpferably
&R 4 18\, eBpeciblly §refe§%ly%ﬂcﬁ| 6, Rom Bt RIARINN the rindBsteM, fudddadide

in f%f%@yﬁ%ratlsloccu@lﬁ?{é(o%%gﬁrje p(rf%eragly orE ldenpce}f or different heteroatoms |
sel€tdddionChRalouCERalptirG(aRa) Geol, P, Q) Raje-a@(dR:) prisferablyepa N, O and
SbiF? g}t,&md%@al s Ra and the radicals Rb are, -

de%sgl Sk B e BIE R RRY A s~ Sha ReR S SRR s
whaelbotalthehamcengRTardrhhe]radlcﬁlsﬂfI@ ararisenersentivsef oo amqm?f ldentlcal or
akaedhGRl R g‘ﬁd ﬂ‘ﬂéié Q£Ch Iﬁpdrbé’&\eﬁeh@d'en% érhortggrﬁ‘c %H@Qiﬁ\avm(_? from 1to

connect 1 ng

ol
L AU &f P f%ﬂ@lﬁﬁ’s @P?’&&%JOQ%?W% W&@@F@W b ﬁ%gs"ﬁém form a
monamyeit ot polBQclicasubstitedadr onsubatiidtedayg system Wit s from 1 to 30 carbon
a@ﬁts Gh& ﬁta? g'éo §c§1lta‘?rpﬁe?éﬂogt5r9m3§é&?edgrrom&ﬁ’e 5@0&&&1&?3% d?fhetenz%ents Si,

enent a
OR N5 B8 & ke, k PR AHIS. R 82 et by g 2 186
piefeedtdy Byl 4y indadiculd; 3, b jpaa batoral rmbg; framd tq 4. ipgferaiat orain

pé%[ﬁ%ﬁ"z WRL a‘;eopré]feraggl @&?\W@Q OMeH a@ﬁ C%d- ih Bartlﬁﬁe{r@r@k’-kalﬂyl radical or

are era ach hydrogen, a
|3Hbsﬁ%ﬂﬁd|°élj'l’sé'r"’3t@iec€9ﬁ -G Ry ra%’( ical or 30 a substltut ed
Paferted ednspied aftzetk C6- C14-aryl radical. Preferred
exarrples of Zare HHH M M M M HHM M HHHH
*oxok K 35HHHH**H**HHH
Me Me

G D e <l

Me Me



H** ** HHHHM M HHHHM M 40 W
2005/ 058916 PCT/ EP2004/013827 5 HHHHHH H H H H H
W0120050586 H H H HH HH HH H H H Mo 10 *O H *BUT/EPM0I13827
*\ Me M@ X **OH** O**OH H** S** S preferably H
HHHH H 15 HH*OH*\ HH HH**OHH HHHHH

- HH 'npartlcull_a|rll—_|HHHHH Hy25 HH HHH 30
Rl is gen or a ni ¢ radi cal |lhaving from1'to
40 car atgrrs, f on B c1- c40- H «0 H
Cl- C10-f| al kyl , —Hl kenyl , CB-[40-aryl, H
C6- C10-f | oaryl, yl, arylalk | or alkyl )H
havi ngs H to 104« rHbly froffd toH4, egs
at ons tl_péi al kyl nd fromé6 tq, 22, H H

H H HH p T
*O H *O *O s
<O S S
*%0) H el *¥ 0
preferably
H H
H H H ] o H ]
* H * H *
H X
*x H "k H ] o) H **/
H H H : "
H H V H
in particular
H H H H
* H * H
H
s H . H
: H
H H 4 H

R' is hydrogen or an organic radical having from 1 to 40 carbon atoms, for example C4-Cyg-alkyl,
C4-Cyo-fluoroalkyl, Co-Cao-alkenyl, Ce-Cyo-aryl, Ce-Co-fluoroaryl, arylalkyl, arylalkenyl or alkylaryl
having from 1 to 10, preferably from 1 to 4, carbon atoms in the alky! part and from 6 to 22,
preferably from 6 to 10, carbon atoms in the aryl part, or a C,-C4o-heteroaromatic radical
containing at least one heteroatom selected from the group consisting of the elements O, N, S, P
and Se, in particular O, N and S, where the heteroaromatic radical may be substituted by further
radicals R'S, where R'® is an organic radical which has from 1 to 20 carbon atoms and is defined,
in particular, 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
defined as a radical whose linking a atom is joined to not more than one atom other than
hydrogen. The linking o atom of the organic radical which is unbranched in the a position is
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preferably from6 to 10, carbon atons in the aryl
part, or a C2-C40-heteroaromatic radical containing
wW@roosms®16 one het er oat om sel ected from t he gr oRPQI/EP2004/013827
consisting of the elenents ®, N, S, P 35 and Se, in
particular O N and S, where the heteroaronatic
, Prefatblyl carbay aloe. Subadicel R iscpapipulpryrrrefeiably AR dnkrancheREs oo,
préRehe dRER,-h- §Ik;ﬂ'ﬂao%rag QWZICZJ: %ﬁéf@r@kbly chgblkér@rsraﬁmm &n &rglalRQ radical

S TR S ) S R B B phd O
prgliefa‘b@rﬂ@mtB to R0, qarbeh @oatsl iythe Biybpadly Exﬁnmlesa),ﬁ emeglalm Rfeferred radicals

R'r é!fg h§Rbgethth&hy!, hs%%ll f JQEByﬂ- nIthyl"rQ-pelWle B0 bahzlIrapan hhesylethyl, in
car ﬁeun branched in the a position,

p%‘?@laémﬁ y'o‘?t@grﬂ Fﬂfof?yé\a”dc'é Khich is unbranched in the a

position is 40 defined as a radical whose |inking a

Ralg ﬂmrbg%nlopémﬁ'garjl{ugraﬁﬁgl hgﬂﬁgtefrénh an Aardh beh@gﬁfgxaiﬂbmrcw-alkw,
|

Cub OO P RsTar . ErCee LoRes BraR L8 g, DR or ity
e@ﬁmémﬁ)ﬁf&ﬁiﬁtoP@TbEﬁWfdﬂﬂB@Z?car@mmtm%m 4is! ajkyhpattang Giam 6 to 22
fr-gﬁ'w% t’bqg' c‘éﬂlon B‘i’on‘lsﬁn ﬂ’l@ral;y'l Eér'tl éfr d O’z-@JB-@lEt@Fo%kﬂnﬁén@Fédlcal

cqnéemnageat Ieagt oegh@g@afonbge gBm);l}/e@OL@é:og?l 1@939}(%? glginggtﬁ O,N,§P
aray Seain mrtigllal G\N andadlivdate thmimterm;omat@rraqmeﬂ way be substituted by further
raEfc%lg f&“@meye R B grQn oréaglc‘}?dléé%m%a@tfrgw B0 tcg\ﬁonaiatbfxﬁls affis defined,

I
ngeRY erens Pl OSSR BeY B SUBRer TR s prefeably
hyarefear red radicals 5 R are hydrogen, nethyl, ethyl, :
n-propyl, n-butyl, n-pentyl, n-hexyl benzyl and

phen Iethyl in partlcular met et hyl , n-propyl
g'ﬁ (ﬂ‘ytﬂog?éxig,qlogepegr FSOTRH r@@@eﬁ h@lrmggwn{)} E?éﬂf ice%log SFJE'% prgléérably
h&gyannier dxampk fludrmeddhiiae, eomiad @isijnef @ranexganisiradical having from 1 to

4&3 @woatc%é(?ﬁlr E&n% 6:1?10 a‘kygg ?@l Iﬁﬁ(&roallﬁ?t%? -Qiéﬁ?l % ~Cag- aryl
Cof odlRphrak wlaikmoaréauswvh%[@ikﬁ'@%%W@Hfi@d‘f%* %\%P@P&aﬁ?ﬂ{ﬁ"m 1o
4 f d269®h Btoh@ n4the amyllpan aad Bers 6 a2t prefeadblgyftompéitot 10acrlbdnragemnin the

argppa]ztzm a ﬁgtg%%%mféﬁ(ggh@?l tcgntélnqn &%&Q%hej{e%ténm sél&@ed from the

eroaromatic ra
gwenmsmlnﬂgaf He elements @b ShR et BalorarisdirERt and Pohers e
hE@ERERMERNBHISH il be butishtitealbe Fetiérgadicals\R ° SyheR R'AscknSeganic radical

w}:ugg F% rftronhg carboBS?)Pr}q ﬁd i \@Eﬁ'{e Pﬁ'te Hﬂr?gg ?Rg?ﬁgta::gurahty of
raghvels R R1%y besd%mcai Pg@iﬁ@f@“tr"adﬁ B raR EHD AL TR PSR e30
C‘é—@robé?ﬂ ra'iiﬁc@r@ afmdl,,& setetehionetdt, radi&l tantghand atcatsbone Hetekatom selected
frgp%lzﬁ group. cgﬁilsl%lng&% (ByN (ganqu9d| ?ﬂ% t%ul%(g NRY £ %h{gg%btldapﬁd is a C1-Cyor,

re
prejaiatiyerG 0By cepiel Ime Iwroevlgcaﬁpw aﬂom%tgylprﬁ%w. Wgethy 1
1Ie%ybetyP Wn@ﬂlp@ﬁt?lnb?yclogérﬂﬁ ayaiexyl ohebuagemparficutar ésopropyle

TL%EﬁdgglthﬁsaRﬂmﬁal‘éW %rﬁ{e bﬁ/ a sﬂgﬁ?di%; oq(ah%ﬁ)stlt&gd @n C%ragﬂ%cﬁba! or
atisylanpreéicaChaviddroal kipl 10, cefe@by femyde daqq@gn atoms in the alkyl part and

oM 6@6@2 %lré‘f&QMil fron%‘tﬂ@'carbw atore® m@Harfpdaatrtyd radicals also being

sls)(%je h%qgg?ag?%gﬁ ;?91? o?npirtlf@ar}§fre?é’r>éd rgoi?c%n Fb’aa\lé F\% S/lré)mly]' 3-tolyl,
4giblkly?,3-ganethyhenyl, admlreetmpr@zyl aawfr@mlﬁhfgnvf ?érﬁ"eetmpffow 3,4-

dfnddt e, @@dlh@thylb}%nylaﬁ BlieAblty)phEnyd 2,4,6-trimethylphenyl, 2,3,4-

@Qﬂ i cal

Al h&ﬁf’d?‘ﬁ%%”thre o T A

belylphemt, s-cgslohExylien aa g- trseethyisﬁylmnxl e gariieulay, phwvhﬁwa@fhvl
nd2ni 8LSL0ad i c radical may be substituted

E%eﬁﬁgT%ﬁ@i%rachals %ﬁgﬁymhere R15 is an organic

radi cal which has from1l to 20 carbon atons and is

defined, in particular, like RL3 and a plurality of

radi cals R15 may be identical or different. R3 is

preferably a substituted or unsubstituted
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C6- C40-aryl radical or a C2-C40-heteroaromatic radica
containing at |east one heteroatomselected fromthe
w@e@apssoonsi sting of 0, N, S and P, in parti cuPEr/EB200M13827
and S, or the radical R3 is7a Cl1-C40-, 30 preferably
C3- C20-al kyl radical |ike isopropyl, cyclobutyl, .
, Rﬁ_is ﬁﬁr@gﬂnp}ya@gyn,,forpxmplﬁf)lpqgig@,}phlprmel I |o(5mdy1|e,’ in particular fluorine, or
arilorg?{idﬁr)éjhi@ﬁ RbMhg frany ¢ ltoomQﬁThtbysh ato_ﬁl)é,(iflbloeb@m_)ble @IC t-alltOIGo-iudroalkyl,
particu sopr apyl . e radi | | ,
CBP Pl o e et el ey AUl bR o rom
tor1@direfatablytfromall try cariypn atoaei e tie alkgbar gnd fremb 1o 2% preferably from 6 to
1@%%1‘3&]{ abhy gftﬁ@%%:ah,(br%%cgftﬁtir@@?é}b@&g: ritadﬂcafl Béhtahikyt id28tdne
an rom 0 ,__prefer rqom car,haon .
h%{%rBﬂtgmiSﬁle?tﬁ%Fr e gbcglptc?ns‘}a%fx%gftﬂheeeq?rgﬂ]tsc | %,%alPSagd %gi l?g BartlcularS,
N3bd piieere the tbet.etmatoogémaﬂ*sd.mﬂ%aﬁm%@teﬂfbywﬁﬁ ediraly Ry, where R
is%ﬁ t%F%%IE %éJaﬁ%iMa? ﬁforﬁsl ht@b@ fm‘r%d’“&‘?‘ é’notiﬁ'i?’b%rtiéﬁ’rar,@bﬁﬂed like R™
-tolyl, Z,9-d @ e , 2.4-dl OB n ,
o] S0P g (15 25 BERERLRY AU le iy iy frogen, o,
CdCpetily inplagiaytér, an3y-akyt) iarsgbd’qiylt_epilm ppdupstituted Ce-Cag-aryl radical or a
C%C%Ih%{e(%afd}ﬁ nagitp hﬁ"atdl)ér%e]deaﬁl%{r%b 'iat Bad ofs Iﬁ{térg%t@rh Q%IE;;’(E@F&W khe group
) My T I 7 - a . T n
cofivaliat B g 1o B SOWH5p01 PRGOSt TR BRI g iooer
Cpeg;n—_alkyltoyia phtlfsmylleﬁ opurtsyb:dtiptt@@}%hgmlyhdimdix.am ples of particularly
p%fehr%ﬂ [{Et%&gl}éle 2{)&@9@_@%& bg%ﬂﬁlr,‘iatﬂ Iidd by h-bBRE R¥Exyl, cyciohexyl, phenyl,
]

: ), [ phe an o
23 S DU T TV R S0 S PO SY PEE P EHB AP Y 7
2, B-dirdetiysphiapyd r gy gimethiahangle B, 5-dfrmthyésk amph 3eb-4i( tedbitigphenyl,

 GRLAK b D& QiR i 8 nal hd drlmtprehne,
e R chr Bon”
PaRoBieRYPeAY!. RsledrhyiviPhenyl. @P@UMD%WVL PYCRABY P Bal kyl |
pG2n S/l Abteany EspeEal-pedQreeyd giveGae B1Beifd yoragan.y|

aryl al kyl, aryl al kenyl or al kylaryl each having from1

to 10, preferably-from1 to 4, carbon atons in the )
Raisibygrogrirar ap AWaRIE Ffics! aying bom 4 tefQusaspanAiqms pisgeray angpraanic
rabi@al H2@IhE @B8m ati® At cdrbont diemsa foy Exaprapie G1-Quo-atiyl, C1-Cro-fluoroalkyl,

- (40- het exo i ' Nt ad.mi
Sl QPO R E BhRan BBl B i LR g o
tae1 O pisferab!ygTomNl tog, capbeqrriongein tI]erﬁlliyb;ﬁrti ghd|frgp 60t9 Z,P@r%{?fab grom 6 to
1?,h;erben bhashehegasatd C,-Cadéte@bromalc heicalebsibining bideashyne
urther radical i gan g adi .
g T ] e
N:ﬁjnﬁta, wherathe heterqaneseptic ragdicapmay beasﬁastlglt?q erfgqtqelr dels R™, where R
i éahctifrg?afhicg?dl?aa'iwmary hébﬂ‘rdrr?féfcbtﬂo&aﬂbommoﬁhb faﬁ@lsa’nlplar&iﬂrlarj defined like R™
refer ydr agen Uorine, . 1- C10-al kyl, in

<7 Pl 81 kel RaIgy e _'éaégééﬁggrtdi'f%getngd or unsubstituted
ROB- nBAfrably yh ofgaelt tegicalyrhich hagforcade Btash WAt gRmeNdds branched in the
d'R6tisalvhee Rk digahib eadtbl WiBdSE brafded Bltes 0 abwiionsedesioddss a radical

fromthe ou consi.stin iy

TP 08 8P S e el vy Mo o el afdbny ry mrosen
ahy tetowpsnihan arle dB<ty-helg)tydmeeratembbie kiped atom is preferably carbon.
Wg%ﬁﬁﬁqiyﬁﬁﬁcu@ﬁy Rradiyd,-C.adiretably Exayphies, QFCye-, preferably

tjcul ref erred radi .
(ﬁ%{aﬁb(far’myl,g{s}%?-,’ ;R?fgrggly 85}’ 10’-arﬂ,_%k§la§4!,?@A@ﬁggﬁfﬁél%}\?lr&ach having from 1
te §& Ipciesxyy fromp fhéandy Icarbarbatoms | tlyq a’llkxlg,pqrbqarw fforr}46 too1|8y;pn’aferably from 6 to
18, Grishn R PRRAY bart, 2,-€5 dipradrid ohepyylcloalkyl or cycloalkenyl, or the

r%di%] gﬁ:’ l%tsgyag%:qqypéat%gt%d? %ﬁ?%@%&@%k%ﬁgﬁgifrkm f tg _‘I%ﬁrbon atoms and at
l@ae’rcuneb@teyda)cp’rheqmtqd’from: the grou ¢ansigtingyaf Opﬂé%)ﬁ’ and Se, preferably O, N
2Ad 8, FndrE {h@%EﬁM&y@EQ)FM%,heﬂerd&?cM]ﬁwﬂyﬂm sudsthiapdnbiytther radicals R'®, where
phenant hrenyl, = p-isopropyl phenyl, p-tert-butyl phenyl,

p- s- butyl phenyl , p-cycl ohexyl phenyl or

p-trinmethylsilyl phenyl. Especial preference is given

to R4 being hydrogen. 20 R5 is hydrogen or an organic

radi cal having from1l to 40 carbon atons, preferably

an organic
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radi cal having froml|l to 40 carbon atonms, for exanple
Cl- 40-al kyl, C1-C10-fl uoroal kyl, C2-C40-al kenyl ,

wW@2608088936 vyl , C6- C10-fl uoroaryl, arylal kyl, arpCHER®0OYD13827

or aI kyI aryl each having from1 to 10, preferably

A to 4, carbon atons in the. alkyl art 13
RE 6 %% ozgzamcrs@%cfaéw%\lm Jesiiiogy ig 1P Garpen qlgms et B Pt %??é efirea e R

arfdheplhaalt) ofpadidals RIF may ERid&ioallbetigerestromat i ¢ radi cal
E)?ag‘c[} e@'oﬂ‘ﬂ)r@\%rrg{ rad“ag\g% ?ﬂa%og%gm&@&g)m 1Sﬁgtgﬁﬁr§ﬂll fa rQthﬁﬂW

1 gfavlwtt’m @ethmlpentﬁl capiepestyl Grranexy. freutiesvalopet 8:?&&% %VC'OPe”t Benyl,
cycaﬂéménwmycl&@xslébﬁt;batrametdylwcloheoryt dipherymeitod liiphRiybyethyl, phenyl,

2 %‘?Cg{?lgl?t hS @?m&éy‘ﬂ@%‘nﬁi g Ad! 'trﬁr?éﬂym%r%ﬁ 12%?%91?‘]1#}%91

pmanthralntbleaylp‘um meFWWQWI makhvl@aw' é”fll&@"ﬁ’fwl e tHrpRimtSId atith
pé?f cufdk BrfeféFéhB& benﬁ”@gl%i th Bofro @A, & rradthyprégyl, aFrgamilitityl, acktigilutyl,

R 3ar pRBhSol fuptke R Sl AR i S e

branched in the a position is defined as a radi cal
RWE A$oden K b Brganidi=aidbibedhdirait 1 keasdardon@totis e bxaynpleairtle-alkyl,

CHR oMb e 2 OSHE e O B P

ezthdavingrom &fetlableferabhrfpont to 4Tp@bqraa§q)rﬁsalp tirsalkygpart an from 6 to 22,
@%Hbi kb oY1 0 PEBS R in 638 afyRFhrt, ofd €f-ef,dbieybaromatic radical

ganmf_;t%aﬁelogp g%mcéw&le%ggrgﬁ%pl a/rmm(co%st oﬁl!hlé %F%lerp(ts O,N, S, P
ant Seainydagdicklen@ | N excc$ wharei th@hqiqzrg@fpmathr@dlq_aﬂ)mab p@ﬁl&sg{b’[p? by further
rafdl’c;QlEanl-5 &lf‘?eréR sc@grb&?arﬁé @BBal which h@s kY ko adatbon Rebnfsraaasfin

scar bon, at
oabysePren Bk S OB of Sppg RSB R Ph B b0
pefecdblydlykepsn., or the radical RS is a saturated or
unsaturat ed heterocycl e containing from3 to 10 carbon
and at | east one het tom sel ect ed
R0 SRR P aR O R SeST BaRAE g SR ardi B8 R
4aeara1mat<8ns Mekm;tlmecycm beogeder ombraﬂqbed@t%oéwﬂr@lwﬁgﬁa alkyl

%@85%?@3% e?)%ar@ El%gl rh@di ead g‘l&efe%@r@ d{%ryl radical, an
ap&g{wl@éprymylcrﬁdlfﬁéga\fqgam to 60 1@ef&gzﬁf t8 g,scaét%)a a ogws in 'ﬁ)e alkyl
pp@sid foud &to,22dekieradly flomiaeto Rl 3arbandtoans i e atyi payt, ofR’ and R together

wh t?%e%@ TS e% h?rﬁ drrq %rﬂﬁdnS@&Jchcod'r pgllycf,yfcl‘i’c,r SiHstitufey BPTsBiSstituted ring

sg_s_t%yvhlw ?ﬁsd‘w] 1 tolff%%gibﬂg,ptsrg% gv | r%g)ia[l gcf %%7 aBu%/ <%lroaqomél selected from
tHe-gh@iplephgiaing vl the elyabopsinGy. N, PcPcE desngl(Te, pref@[ﬁbw& ,O0andS,in
ng lQ@ﬁﬁb%@ enyI cycl opent - 3- enyI 5 cycl ohex- 2- enyI

ohex

ar a-,met hyl cycl o
me%fﬁ'éﬁyq %’ﬁ”ﬁ?%/he r?‘ﬁ ab?'%r‘?\?ﬂ ﬁg % fﬁrﬂ'@'éﬁ divalegt prgpgj¢ group T having
fidmt1ab yb carbert @bryd, whre- tdgemreir bitth ﬂnlaemyd:arbon atoms of the cyclopentadieny!

n%%ﬁ’)rrﬁs % I%étlﬂF{eQ}SLmSﬂYajted 9@@(9& BMLnsut%mﬂ@Q Bih§¥)stem which preferably

Bt g T QoS p  FABToanBT MET R Pyt RPIOIA cvelgparypdiens
rip@ iy eled edntd @feefreﬂb&e idesticalgpr giffeent Heteroasaps sggted from the group
cin@%£¥f|§r§§ml P, é‘ f@ Jﬁ tp)@ferat:glky §t hyé QHJ 3" im particular S and N.

ent yI I'n particular isopropyl
%Eﬁﬂpléil%flpéﬁﬁ%f@ld'va?mW”FCSQFWEJF@&’% or an organic
radi cal having from1 to 40 carbon atons, for exanple
Cl- 40-al kyl, C1-C10-fluoroal kyl, C2-C40-al kenyl ,
C6- C40-aryl, C6-Cl10-fluoroaryl, arylal kyl, arylal kenyl
or al kylaryl each having from1 to 10, preferably
froml to 4, carbon atons in the alkyl part and from®6
to 22, preferably from6.to 10, carbon atons in the
aryl part, or a C2-C40-heteroaromatic radical 15
containing at | east one heteroatom selected fromthe
group consisting of the elenments O, N, S, P
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and Se, in particular 0, Nand S, where the
heteroaronmati c radi cal may be substituted by further

WO 25054936 R15, where R15 is an organi c radi cal PGYERI004/013827

has froml| to 20 carbon atdhs and is, in particular,
defined like R13 and a plurality of radicals RL5 may
be identical @ different. R6 is Rpreferably hgdr ogen.

20 Rand R 8 e identical or different and, are \each
hydr ogef n or gafic %Hi&al hayi ng fr « 40
carbon ato for exanyl e a cytttc, Jpranched|or
unbranched|Cl- C20-, prgferably - C6- al kyl, , a
C2- C20/10 =radi cal, 2-

er abl y g?-CB-alkegy

preferably ,Cl0-ary radi caR, an alkylaryhoor )
arylal kyl radical having from1l to 10, prefdﬁabI)R#rom
1 to 4, carbon atons in the al kyl 25 part and from®6
to 22, preferably from6 to 10, carbon atonms in'the
aryl part, or R7 and R 8 together wth the atons

PreSH¥cti ng them form a nonocyclic or pol yeyclic,
substituted or unsubstituged ring system which has
from1l to 40 carbon ato and may al so_contain

het er oat ons sel ectg t he gr §nsisting of the
elenments Si, G, N, P, S, Se and , preferably Si,
N, O0and S, in particular Sand N. .Preference is

given to the radicplo and R6 together formng a

di val ent organic group Tlhaving - from1 to 40 carbon
atons, where T together Rith the two carbon atons of
the cyclopentad ienyl ring forns a saturated or

unsat urated, substituted or unsubstituted ring system
~which preferably has a ring size of from5 to 7 atons
inggdica2ini t hin the ring systemfused to the

cycl opentadienyl ring may al so contain one or nore,
identical or different heteroatons selected fromthe
group 35 consisting of Si, Ge, N, P, 0, S, Se and Te,
preferably Si, N, 0 and S, in partycular S and N
Exanpl es of preferred dival eqt_or ic groups T are 40
WD 2005/ 058916 PCT/ EP2004/ 013827~ 9 R12 R11 R12 RI11 *
RIO S* 10 R 12 3\** or 11 5 RIQ ** RO g/ R Rs R10 Rs
H preferably 10 R12 RIX'" Rb =or 3\ ** RI1Rs

9

R-

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 organic radical having from 1 to 40 carbon
atoms, for example a cyclic, branched or unbranched C4-Cao-, preferably C4-Cg-alkyl radical, a
Co-Coo-, preferably a C,-Cg-alkenyl radical, a Ce-Cop-, preferably Ce-Cqo-aryl radical, an alkylaryl or
arylalky! radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part, where the radicals may also
be halogenated, or the radicals R®, R', R'" and R™ are substituted or unsubstituted, saturated or
unsaturated, in particular aromatic, heterocyclic radicals which have from 2 to 40, in particular
from 4 to 20, carbon atoms and contain 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"®
and/or R together with the atoms connecting them form a monocyclic or polycyclic, substituted
Aor unsubstituted ring system 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, O, S, Se and Te, in

particular N or S.
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15 Rs in particular 20 R12 R11 R10 ** 25 s R where

R9, R10, R11 and R12 are identical or different and
wae®@smssoe hydr ogen, hal ogen such as fluorine, PCT/EP2004/013827

chl orine, bromne or iodind9 preferably fluorine, or

an organi c radjcal .having from

| to 40 bon 30 .
 PIR{SES N B IOR OB g B SHERBEF ST OB LEh dcpertioder

urSlib<ERMed, 1 prafaaicadl ¥-dGlgrede alRRpking aditstiuiedar uIGRbER s, Ce-Cao-ary!
f erapl - 8- i sfogiémrselected from th
rag%glfogpgﬁf%he%é%lﬁlg ?Ayc#ﬁc%p%btarnﬁnl a@l@!asto @er@gt meselected from the

ak /I radical’, an _al kyl aryl or
grapR poasieing of QdNcBndfavt pritiquiebth M apbS10, " preferably from
THe tabicdl R® Gafahniamt wersrab atshisstiukdayor umabstitaetiCe-C 4-aryl Bdita or an
| r [ in.
Ry P ARt O 5l G100 BB B o
& 1 ZRIPRATEDIRERM R ORIFOYRPTTRLD (8126 SeIb AP P ddigels may aiso
bdIRSsHen bl U@l pleS aitpdrialiat) Méferdhl radictd Rivzad planyl BHolyl, 3-tolyl, 4-tolyl,

articular (K t | [ ' have
e SR
3 4tdsmeihyinhenyd ohi-dimathalphangia 3 B-diige-bHURYEBA hE-rFrediBhemt- y
2,%@Ltﬁsﬁ€tﬂgplf§rn9m-ﬁi}:ﬁhthtyQEiﬁF;ﬂthN pRéRABRNG, SROSLSiHeay|gfted,

, n rti ar . r ri
ool 2B VR P/ d sl e bR her prery
1nhemind, ramdlimeoplioyi@nt e-iwi-byitrhgeyicl i ¢, substituted or

unsubstituted ring systemwhich has from1l to 40

carpon_ ato nd’ al.so &ontakn..4 :
Gt Bacie IS BLotiBonarr Ay O Ik EiodRhitPerangre o
p@ticuldNimpriagce fQ, theSeohamadization bph@viopqrdtthq;@p@pngquﬂertg_s of\jgs polymers
whieR 24 PREHEn BT LERAODE L3R 2fgand et R e S BOE RetaScofipy@ids of the

to and. R10 together formni [ bst . , . .
ML A —
whicB isbuaratiecin gl pbsitipry Pagicdarpreierems ih@vendo aresnaastaliairagsition
n‘%'fzal %}Vzﬁ%é df %@&m@?_‘(@ﬂﬂmﬁﬂ&h? raBi@Q% R&bnde® arc: di;‘ferent, in particular

- - erogaromatli Cc. ragi .cont.al ni ng. I _one
CHRR PO SR8 BPQE oG SUg BoRer e #6Ebo.

N, Sand P, in particular O, Nand S. 5 The radical R9

! | G ' 2Abh Yor 245483 bidupte@mBles of A are:
Ad%%ﬁ@itf?ﬁ%@gé%%ﬁ%ﬁ%ﬁgryl radicalboryan glkylaryl
radi cal hayi ng fronh% to b, prefggablyR&ronkg to 4,
car bon at%hs in thejal kyl| part an from16 to 22,
preferably from6 to 10, icarbon atons in thelaryl
part, whe€e—the radiCcats Sray al 50 Sbe h Iogeﬁatedn
Exanpl es pf particullarly kréferred{radi al s are
phenyl, 2:tolyl, 3-tolyl,gA-tolyl, gy R17 R17
2,3-dinet%y|pheny|, 2, 4- di met hyl phenyl , 2, 5-di et hyl
phenyl, 2,6-di nethyl phenyl, 10 3, 4-di net hyl phenyl ,
3, 5-di net hyl phenyl, 3,5-di(tert-butyl)phenyl,

2,4,6-trinTthIpheny|, R Tm Tm
M2 ) 0 M2 , M2 c
| | 1
R R17 R17 R18

-B(R™)-, -B(NR'™R")-, -Al(R"®)-, ~O—, =S~ -8(0)-, -S((0)2)~, -N(R™)-,
-C(0)-, -P(R")- oder -P(O) (R™®)-,
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2,3,4-trinmethyl phenyl, 1-naphthyl, 2-naphthyl,

phenant hrenyl, p-isopropyl phenyl, p-tert- butyl phenyl,
wW@2@shstoyé phenyl , p-cycl ohexyl phenyl and PCT/EP2004/013827

p-trimethylsilylphenyl, iniparticular phenyl,
~1-naphthyl, 3,5-dinethylphenyl and p-tert-butyl phenyl.
.inpariigilgice the steric interactions of the radicals Rl

and R5 with the grow ng polymer chain are of

particul ar igportance for®the pol ymeri zak' on behavi or

and the resulting properties of thg polyners which

can be obtaihed, preferepce is given_to irg@nonetallic

transition tal conpoungs of the formuya (1) in

whi ch at |eagt one of the radicals [RL and R5, in

particular Rey is an organic radi ca&” wR'Ch is

branched in the a position. Particular preference is
whi¥en to organonetal lic transition 20 netal conpounds

of the formula (1) in which the radicals RL and R5 are
different, in particular conmpounds in which RL is an

MO isgsitingrc gerarginioanl or viipedierpigly sitidon anedtedniim, parieularyrisfetaplygilicon, and
A is a bridge consisting of a divalent atomor a

PSR B EReb S PRT P
trirleThylsB\0 groRl, 6 (R16:-RbRaiBy WRCs-alRyl givRp, a-QypC1oefiuproplky! group, a
Cg’-ngﬂu%rsdg;ly?g J aFélggC{ —B‘:ﬁ'ﬁ%@m,' a C1B(: b zaly C1—C§bl(<84’@cu,p, a

: - -S(O) -, - ool . d -
CJ-§Q5F@_I@33_ryI%§§ou%,I@(%)-Cégol(qg%%?e@@y WN)EZ'@] %w/y&%@%a—cm—arylalkyl group, a
CRCT/-ER20@AY QBB 277a C1Lpialkylpat groeudraro RieRTadigisiogetiger with the
a!orr{g.%oﬁn%cﬂng then®rorm a satufRlel drlidsaRldted¥hg haVWh@fém 4G McdriSon atoms.

silicon, germaniumor tin, preferably silicon or
germanium particularly preferably silicon, and R16,
PRIsfrearehbBdifents ef A denltd lvabesor di fferent and are each a

L N N O D e Gt
sl taRer b ARSI 2 G5 BIONY NSy odryT el By enyidene,
dincBFintstidti@any prehdipthylmeBllide€idand dishefiydmetiligene, in particular

-.C3- . y : al kyl aryl ox roup, a
DS RSBty g B v o0 o
C7- C40-aryl al kyl group, a ‘ '
A is particularly preferably a substituted silylene group or a substituted or unsubstituted ethylene

group, preferably a substituted silylene group such asAdimethylsilanediyl, methylphenyisilanediyl,
methyl-tert-butylsilanediy! or diphenylsilanediyl, 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,
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 poljmerization conditions.

Furthermore, the éubstituents according to the present invention are, unless restricted further,
defined as follows:

The term “organic radical having from 1 to 40 carbon atoms”; as used in the present context
refers to, for example, C4-Cyo-alkyl radicals, C4-Cqo-fluoroalkyl radicals, C4-Cqp-alkoxy radicals,
saturated C;-Cao-heterocyclic radicals, Cs-Cap-aryl radicals, C,-Cao-heteroaromatic radicals, Ce-
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C8- C40- aryl al kenyl group or a C7-CA40-al kyl aryl group

or two adjacent radicals together with the atons
w@oemsestoicg them form a saturated or unsat ur at BAI/EP2094/013827

having from4 to 15 carbon latoms Pr eferred

enbodi nents of A are the bridg
, Cdrﬂhl@qohr)y] r3fligais EiCyd- arylﬁagtrﬁtycpa‘% @ﬁ9'g§rlql‘gﬁ% raWcals C,-Cap-alkenyl radicals,
catphma $ddica[§€@|7l &Jo-,arydallWBbﬁWdI@@rom(ea}ylylkenyembyéls dseniean organic

a%lcgpg dé”r!v?#1 f%/ FT’] 8ngr‘ac cOnl’po%hc?ﬁ’ %EQZ/ ewflférgﬂa’ E@ch hadfcala havmg one

ene etranet
c@bwyﬁmypﬁpmmvmmm@h@dawﬁ@mymﬁ@pﬁ@p@ﬁ@ﬂva@gﬁ@agﬂdmmewnmmw
(HicPhaaybyRE ftybl) dad BydréxymBRYI(HOO(HBY).
dlnethyIS|Ianed|yI di phenyl si |l anedi yl and et hyl i dene.
25 Ais partlcularly preferably a substituted silylene
The Eup 2ty as sasdsn the presantopnten SUAPaPRIsEs brparertHiglms multiply branched

s&0aiel hycﬂ!’)(%ﬂtﬁfn@hrhﬂchanmtﬂetc ligthretelelteas le@f RUR-GSHEKY! &fch as

G e T ———
cysinhiexyt idoaropyli isantubyy lisopérdvidspingXyl, Sqthb,utsﬁ aﬁﬁeéé’zwl Rl, R2,
R3, R4, R5, R6, RY, R8 R9 R10, R11 R12 R13 R14 RI15,

TP%K‘F@H%H%“%SOW ilnrfﬁéf: Brrefewé?o ﬁeé({ din %Pats%%st IIHE%Tp orglngly br multlply
bteetted hadrosrsbons bk & deakamC: G douprediepd, cfcs:haglr@ta ﬁwa'ﬁ? 0f§ -C double

bbhds Pwhich m§» bercufuthtdd or a@errneftlH@C“ onal groups in place Of
carbon tons or hydrogen atons without the

pol yneri zation properties of the organonetallic
The s I'dahuoriedistterbeycimpdical s ofed ihdhepresselrrontexvelatsi Bhexample, to

rr?) b&gljc‘:ﬂr anc@/ghc adshitoeg oﬂﬁls@ﬂlﬁtﬁféd hﬁir&fa@cﬁ% Q&tca® in which one or more
u

I
Cﬁ‘@?@ﬁéf}o’]? 335{ grén?p%?%ﬁ%? Eﬁgg{gﬁs qu:t%/ﬁ;elf\ Eegaiaﬁ%cf Qy hetteﬁganoms preferably

hetetastohis selatted fare tredirowy cousidtiheofs?, &s §rand PnRreferied axaapies of
‘sﬁ‘&ltlfﬁ?eﬁ of @r?shﬁét%&psaftﬁétg@ ﬁé'terocygﬁ:frb@@évs e pﬂirmllhlﬁy}fsimld-gﬁﬂidmyl

organi c radi ca n
par%wgmy' %@erlevﬁe%pﬁrﬁzwh@Oboﬁe'gﬂgmetfe*ayﬂw?”y' %ﬁ ﬁvecff%‘%y&aw'
tdt@anhydeotaiogeay! afd thedike, ah& yiko maitlylc alhgl, praiy- O&@srénydi@n@mrt#@dtyl-

E%@I%geg o%rlvaﬁ;es% I koxy radicals, saturated

eterocyc c radicals, C6-C40-aryl radicals,
C2- C40- het eroaronati c radlcals, C6 WO 2005/ 058916
TREENEPZ004d @3 82Re prbRerCidhdxt tetaro &or ykanpded tccabmatic and fused or

ur aa%lﬁrﬂég&(@%@c%bﬁbﬁl &t?stlt%égﬁcﬂ ﬁéﬂé‘%&rﬁsbb@htuted or polysubstituted

by eRa al tganc(rgd. @@mg}kyq g| ﬁwalkP%YdPéQiO?lkSPY' or halogen m garhcular fluorine.
P@er%@x%kﬂbﬁbﬂ@ﬁﬂe}ﬁtuté%d@&lb@tuteﬁwqh raglicale pggaini particula plosaly!,
pgﬁ’t]aﬁﬁ';clgﬁ n(§/l fclrng)é{l]\ﬁhe gt@&‘ngp %a 14 —E‘I'prlp;mHﬁ 4- fs&’r@ﬁ/lphenyl 4-tert-

drgani'c ra i ca one r bon % A % 3,5.di-
busty BTy dirpsthoRheRdr 1-0R Y ST S BPEAY e ShPBEgPhen -
terebligpthyl onammlLyrofethiiphend. (H3C-), net hoxy (H3C— o) and

hydr oxynet hyl (HOC(H2)-). The term "al kyl" as used in

the present context enconpasses |linear or_singly o ,
The rwmnﬁh%ﬁermrametlwadw%‘aawgq) 8 &“W%Bﬁaf&gﬂfﬁﬁﬁgf?f%ﬁ?@%%m aromatic
h@blﬁﬁarm redi&dld i6 whizgh @he benere carBorgatarenhdve bedn €hl8eal tyyiitrogen,
p%o%)gor%? oxylgelﬁqupliuﬁgtg%ls or &F%rngﬁ%g ’theflaopl’ﬁwéfée'mal m@r}ﬁé’éryl radicals, be

r@q}“@p@@@hﬁey pr pol)r_ggbsélydéqddqyémr or t?rgrgb@cb%yq:w alkglog;uf,walkenyl or halogen,
i §é}ﬁ’&ll§r ﬂuorlné sokrexat exafples bratiytl!, thienyl eaytrelplupyyiblyl, phezolyleimridazolyl,
qxiazoéyzlrfry%zoly ?H% n%rprglratzﬁﬁl R %%@Eé aﬁ@ﬂ @?ﬁ%’th NEHPPHYE, isopropyl-

rocarbons
amawfh@itsdrﬁuhséfa?ﬁ déﬁ\@’“@S@Qﬂ%bl e bond, if deS| red a
plurality of C C double bonds, mhlch may be cunul at ed
or alternating.
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15 The term "saturated heterocyclic radical" as used
in the present context refers, for exanple, to
WOoRwsoysolé c or pol ycyclic, substituted or unsubGl/EP20€0l3827
hydrocarbon radi cal s in whildh one or nore carbon
at ons, %@Eroups and/ or CH2 groups have been repl aced
'GEBseqip é‘uear%@sntwontﬁ%mfé JPoHEMals| e @bvEEPnfaIA
sdbbﬁlu@‘ﬁéwrﬁbsﬁ @ﬂﬁﬂaﬂkbl@hn@éd a arfalkyNctaittto Fhe rBmehedr oettle molecule.

Pre)f( rre )éésn&ﬁ?| c:arer %%1%@8 u'bgtHLtltgcgbe%E)p g:ﬂ%}é&mlshbgtﬁﬁeasp%EH&m gﬁjd the tike.

et &r 6
|n1dazoI|d|nyI pyrazolldlnyl pi peri dyl,
THY @Msﬂ%bf@ﬂkyl aﬁ@ﬂtﬁﬁﬁ&lryl Féfér,to bRy Faalhkyl@ aAd !alﬁyaﬁybals respectively, in which

atg%at& d r %g%hég%l pr%f{anﬁl% \Y moré/ tﬂ ignr?al UOpRO S%le%Fn oftah gydlrég}éﬁ atoms, of

the ecfﬂpecmue yibstityery bavet Q?EB depla@@f *owbﬂpr'ﬂﬂe%orﬂh g@bn’les of fuoripg-containing
sutRf; tUéntﬁ\K/N!:h ar@%réb?n%q abdfbrdulibeco HegS&RAt if@Aticidre frigdlicdrbethyll,Or

Zgéa%gr}ﬁxromy Benﬁ%lapr(%l}ﬁn% %tr@ﬁ%%r{]etﬁxjphﬁpg %Aﬁerg%oro-tert-bgtélphenyl and
thedwkeosubst it uted or pol ysubstituted by |inear or
branched Cl-C18-al kyl, C1-Cl18-al koxy, C2-Cl0- alkenyl
or_hal ogen, in ular fluorine. Pref
PiRariP S & BB G et SRR Eree B S a0y e
are, in-particular, phenyl, pentafluorophenyl
R4- nethykplge% 4- et hyl phenyl , 4-n-propy|pheny|,
4-i sopropyl phenyl, 4-tert 30 butyl phenyl,
4- met hoxyphenyl , 1- napht hyl , 9-anthryl, 9 phenant hryl ,
R3, 5- di ntstdn)orgahemgdlqal Bhish lmhs-frome3rw2bgarwrpﬁeman®rs branched in the
4- trlflggggﬁﬁthyl phenyl. The term "heteroaromatic
radical ™ as used in the present context refers, for
exanple, to aromatic hydrocarbon radicals in which
Rbne or nowerogar bon at ons have been repl aced by
ni trogen, 35 phosphorus, oxygen or sulfur atonms or
g nbinati ons thereof. These may, |ike the aryl
Rr &fl R A8 diffgient aifinosubst i t ut ed or pol ysubstituted by
|'inear or branched Cl-Cl18-al kyl, C2-Cl0-al kenyl or
Nh%l QUEMR' R Re RAT kY LA fa% YRR thEFRhaEpd exanpl es
e fdryl, 'thienyl, pyrrolyl, pyridyl, pyrazolyl,
|n1dazolyl oxazolyl thiazolyl, pyrimdinyl, -
Spycrabtelfwéncambntelneo bngkrmmmud trahsstcmn rmmtehybmpowdmﬂthe formula (1)
[ rt-butyl -substituted
BRI el RO Aons G 2005/ 058916
PCT/ EP2004/ 013827 13 The term "aryl al kyl" as used in
REIFE pr esendackbyitrexh, refers, for exanple, to
aryl -containing substituents whose aryI radical i's
l.inked via an alkyl chain to the remai nder of
Riol ecul & 2 subptigted Pratps\dishinish &s Cerasy! RAGRLTT, Czs‘%ﬂb@%"?r{’ﬂ?‘é%"‘: radical
benzyl , cphiginieg btyéast Gmdrctaiﬁnecbl@ﬁe!ﬁ@hmé genplcansistidgidk ©, N, S and
5 The t J K fluoroaryl refer to al kyl
radlcalz;gﬁ% %%?F Eﬁxlm Hﬁ respectively, in which at
| east one hydrogen atom preferably nore than one up
R'0 a naxd idivged, fladrine hy,dt pgiep, adubstByteddr unsiietituies GeCto-arg radical,
substityept h%\é%rc!%?o%tll’: ?a@‘cglcc:%ﬁltamﬁ faLlQQé't 'oﬂ@hé%r@ﬁ'ém selected from
Exanpl es of eI GT e Con g tuents which
are prefiErgeyp C@@%ﬁi“apﬁ@ N.& %”H@ present invention are
trifluoronethyl, 2,2, 2- trlfluoroethyl
e?;: 3 %F 'dnv@eﬁt ot %Fo%ﬁ?th'ab’nhé’#?ﬁﬂ%o 40 carbon atoms, where T

Pr ef er em@thegw@ he pyvotc@rt@p @éﬁ-@ﬁéﬂwgpyqlqpemaglﬁgw fin gofﬁm?‘Fé’I sggurated or
conpoundssfiratebasubaituiat @& uqdubstititedirigtdystem which has a ring size of from 5

to 7 atoms, where T within the ring system fused to the cyclopentadienyl ring may

%ol
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R2 is hydrogen, 15 R5 is an organic radical which has
from3 to 20 carbon atons and is branched in the a

w@omsHssIme R6 i s hydrogen, 20 Rl and R5 are dpET/#Pmn4/013827

and ML, X, n, Z, Rl, R3, R44 R7, R8 and A are as
defined for the fornul a reference i s

). 25
. given t 8'SBPYUABARR AT ! Cf%“ﬁﬁé?rtq'fffﬁenh%%f%w e'aﬁﬁ%%ﬁ%%’sfroarthe group

t he f or sodsstifd ¢f Si, a8 Bi A\, Be ahdi®e,above definitions in
which 26 R R are each hydrogen, 30 R3 is a
substltut ed or unsubstituted C6-C40-aryl radical or
-C40-heteroaromatic radical containing at |east one
heteroatom selected fromthe group consisting of 0, N,
d1P5 fadical, R4 is
Nﬁy%?‘oRen nud??aﬂesaS%ﬁﬁe&%%ethb - substituted or
unsubstituted C6-C40-aryl radi caI 35 or
Pﬁﬁm%&f@ﬁeﬂd&@r?@@&ﬁbio@garnardetéﬁd: trmmbramﬁart@rr@budde a.srgwe eneula (1)
se 1 the group consisting of O,
aﬁfor E&heﬁboﬁe §é%|5§9?som eFﬁrer forma dival ent organic
gr oup T having from1l to 40 carbon atons, where T
m'oget hers Wi 2rtor the two car bon at ons of the
cycl opentadi enyl ring forns a saturated or 40
unsat urated, substituted or unsubstituted ring system
mhi ch hés2.a ring size of from5 to 7 atons, where T
within the ring systemfused to the cycl opent adi enyl
Jiing My V‘grogg,?g{ﬁ%go?gga%gcenﬁarw BOREY 0 2o cdiboftbidfls and i
het er oatupbrenahel écthed pesitpm in n@rtlgﬂar@p org@@lﬁ sadﬁal Wchgfes &pm 1 to 20
Ge, N, RarbBn aloms 8fd RNfbrifchedmthe &pddkion X, n, Rl, R5, Z
and A are as defined for the fornula (1). Particul ar
preference is given to organonetallic transition netal
Réonpoundsa eifbstithied bowmb%tU(eld)Ce-C‘ar:@rer@ﬁ'??g'galtdo t he above
definitions in which 10 ML is Ti, Zr or , nhis 2,

5RLis h oenornrnir 0
to 20 ed) BBASPORE ER0 e R Al elies a*“‘?nstard Walchelh e
posi ti omporsrtrorpartl cul ar an organi c radi cal whi ch has

froml to 20 carbon atons and i s unbrahched in the a

| :
(r)yspartrcular preference is given to organometallrc transition metal compounds of the formula (1)

according to the above definitions in which

R’ R® together form

R
S*
R11 « R1°
=
R10 \ *%k RQ
Rg



R3. is a substituted or unsubstituted C6-C40-aryl
radical and 20 R5 is an organic radical which has

wo e@s03891® 20 carbon atons and i s branched i n POEEPZ04/013827
position. Very particular pfeference is given to
organonetal lic transition nmetal conpounds of the

. formul alfRyticulds according to the above definitions in
which 7$ R, R together formRl2 30 R11 RIO S or 3
R10 R9 ,R 35 40 WD 2005/ 058916 PCT/ EP2004/013827 .15
in particular R12 :: R R J10 where R9, R10, Rl1l1 and
R12 are identical or dif ent and are each hydrogen,
hal ogen or an organic radjcal having from1l to 40
carbon atons or two agj&cent .« adicals R9, R10 and/or
R11 together with the atons |connecting themforma
nonocyclic or polycyclic, 1® substituted or
unsubstituted ring systemwhich has from1l. to 40
carbon atons and nmay al so contain heteroatons
selected fromthe group consisting of the elenents Si,
Ge, N, Rhe@, S Se and Te, and A is a substituted
silylene group or a substituted or unsubstituted

ethyl en oup, in20 partjcular a substituted
i 171 eng 3T OB end v &8 aRleblo gl 5 Hacb fSoen. netogen oran
or ganomnetgahiciradidat Eaving fromr terdd edrb@raipouerdwo adiagehiradicals R, R

for mul aghd/dn RMMHgERer VIR tROLom NNV RRg theRFEH £horkdafelic or polycyclic,
scope of the inv

vEo0 ( Sesiasby hesbSiedod syston poict bes iR bie.49.prpp stoms and

- Pr - 4- Pmay ratbe goritaiy Ih@tZoaloi selected from the group consisting of the elements Si,

20

25

30

35

40

Me2Si (6,83 Wee-ct-PBe dndlTa ey t €t rahydro-s-i ndacen-7-yl ) (
2-i-Pr-4-Ph-i'nden-1-yl) Zr C12i - .
Me2Si ( 6- Me- 4, 8- Ph2-1, 2, 3,

A5-t et r alsyaisubstituted diyen gipuy br)a RibstitPed o-URhubistidied ethylghd Eoup, in
C12, . , :
Me2Si (6-pal\l/rél9%6-]r(a4s-utgftgﬁ%dn§}lwfqel%r%lfpi%, 5-tetrahydro-s-indacen
-7-yl)(2-i-Pr-4-Ph-inden-1-yl)ZrCl2i

HiuBi2ivé dxalypBsdf GevebdrgahoPletallic 2arBjton tmetat ednyduindssf thederogwla<l), which

dz 'nX’J, Mvge'vler' PJsfr%f tﬁg 'séo'Bg @ﬂhé—fnyér&i;{ Ge2T

Me,Si(6-Me-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-yl)ZrCl,,
Me,Si(6,8-Me,-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-yl) ZrCl,,
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,
Me,Si(6-Me-4-(4-biphenyl)-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-yl) ZrCl,,
Me,Si(1,1,3,3,6-Mes-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-yl) ZrCl,,
Me,Si(2,2,6-Mez-4-Ph-1 ,2,3,5-tetrahydro-s—indacen-?-yl)(2-i—Pr—4-Ph—inden—1 ~yhZrCl,,
Me,Si(3,3,6-Mes-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-y1)ZrCly,
Me,Si(2-Me-4-Ph-1H-cyclopenta[bJnaphthalen-1-yl)(2-i-Pr-4-Ph-inden-1-yl)ZrCl,,
Me,Si(2,5,8-Me;-4-Ph-1 H—cyclopenta[b]naphthalen-‘l-yl)(2—i—Pr-4—Ph-inden—1 -yhZrCl,,
Me,Si(2-Me-4-Ph-5,6,7,8-tetrahydro-1H-cyclopenta[bjnaphthalen-1-yl)(2-i-Pr-4-Ph-inden-
1-y)ZrCl,,
MeZSi(Z-Me—4—Ph-'6,7—dihydro-1H—5,8-dioxacyclopenta[b]naphthalen~1-yl)(2-i—Pr—4-Ph-inden—
1-yDZrCl,,

Me,Si(2,6-Me,-4-Ph-5H-1-thia-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-y))ZrCls,
Me,Si(2,3,6-Mes-4-Ph-5H-1-thia-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-y1)ZrCly,
Me,Si(5-Me-3-Ph-2,4-dihydro-1H-cyclobuta[flinden-6-yl)(2-i-Pr-4-Ph-inden-1-y)ZrCly,
Me,Si(2-Me-4-Ph-1 ,5,6,7,8,9—hexahydroéyclohepta[f]inden-1 -y)(2-i-Pr-4-Ph-inden-1-y)ZrCl,,
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Me2Si (2, 2, 6- Me3-4-Ph-1, 2, 3, 5-tetrahydro-s-i ndacen-7-yl
WO g¢@siosPne 4- Ph-i nden- 1- vyl )Zr C12| Me2Si ( 3, PCT/EP2004/013827
3, 6-Me3-4-Ph-1, 2,
3, 5-tetrahydro-s-indacen-7- yI)(2 I - Pr-4-Ph-inden-1-yl)
N@p&iﬁg? (5-methylfuryl))-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-Ph-inden-1-yl)ZrCl,,

MB35 M e s A o o P
B b B oA P s G AP e

M2 $i(SPie-4, 8Pt 11 iRchelitelralid)oZs-i0daven-7 VB SR A= BURindg-1§1) ZrCl,
M%ﬁn(% M@hkéb¥ﬁer& 12,3 8-tetrahydro-s-indacen7:yi)(2--Pr-4- (4-+-BUPh)-inden-1 Y)ZICly,
Mfz qqu’l% %%%es 4-PH-1, ?g 5ttet?ahy<pro s-lr}{jage(n% yI)( I -Pr- 4 a t- E!.u?’ﬂ <inden- ‘Pyl ZrCly,
W@LZ@M%4~@hPtﬁ B5-Birehyelyals-ndaden5;y8 (i el y-ELOpemeallb]) )ArCla,

3% 9@3 lPM'1)2(3?5 'te’trgﬁydflb Emdé&qm J(zll BHla) @1 el dﬁ -inder-1-y ZFZrcsl2

H@eeﬁ ij 1yf1 33’2'[099@6‘ b]naphthalen -1 yl)(2 i- Pa}%e(4 téu¥h ll'g n- 1 yI)ErC 2,
NMEQSI 5 2 M38;-6-PNeB-celPhentetb]daphthilan-g-yi) R d-dr{4-7-ByPh) (rRien-1 BN ZrCly,
I\/%éé:)@ I\él%g% 516 ‘éh)( 5 a%? ﬁHggclopenta[b]naphthalen -1-y)(2-i-Pr-4-(4-t-BuPh)-inden-
1€ obuta[ L]i nden- 6- yI)(2 i - Pr-4-Ph-inden-1-yl ) Zrcl 2
Me,Si(2-Me-4-Ph-6,7-dihydro-1H-5,8-dioxacyclopenta[b]naphthalen-1-yl)(2-i-Pr-4-(4-t-BuPh)-
T B 4" Phe nden- 1y1) 21,01 211D, 2005 P§BO16
I\/p@rﬁé%g%%f’bfgglztﬁla -sqigdacen-7- yl)(2 i-Pr-4-(4-t-BuPh)-inden- (?g

M%Sl [ SMe24-Ph-aret-thid- d-indaden-y -y 2Pivr-4;(24-BuBh)dreien-aty) dch; s-

@ngahyﬂ gﬁyclio Eﬁ §§céc%ﬁfa o‘%ﬁg ry(gé iﬁr-hgg géﬁibh mden §1 ﬁll YZrCly,
Mepfi(2AMe-4-Rh- R PR.P. Q,-ri%@w_dgpcxglc)thtéf]@pen 1-yl)(2-i-Pr-4-(4-t- u lnden
1MB2%)I( 6, 8- Me2-4-Ph-1, 2, 3, 5- t et rahydr o- s-i ndacen- 7-yl ) (

l\/f%ézgp %ﬂ fb?'ltzg%gﬁggw'd d%ﬂdaJCeX b\ 6Pk (4-t-BuPh)-inden-1-y)ZrCl,,

M?e@@tM%’H;i@FBU%h 11%%@@'7)&% §-{pdagen Py @- it -4 (4 BHpR) dndgadnyZrCla,

MelSiy, &MEZQ 2-t-BuPh)-1,2,3,5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-(4-t-BuPh)-inden-

1|\/5§§{‘ - 4- (4-Dbi phenyl) 1,2,3,5- tetrahydro s-i ndacen
2| Pr-4-(4-t-BuPh)-inden-1-yl)Z

M@QSl ‘(13 B3 61199Bb)41~m5‘1€t@h@“531"€??9§ﬂy36¥?0’ Ry=4-(feRLBR-inden-

14yt 2- 1 - Pr-4-(4-t-BuPh) - |nden 1-yl) zZr Cl2i

Wéaéépn%ﬁéwu% B e B 00N A4 ARS8 e

1M82Sil4 3, 3, 6- Me3- 4- Ph- 1, 2,
R, S, @GJ\/@MIM @B@H)ﬂdﬁ&iﬂé’ﬂhw@é RddceRi7-yl e idra=-(BerBuPh)-inden-

1R}E%@ndm -yl) zrC12,

2- Me- 4- Ph-1 H cycl opent a| bénapht hal en-1-yl)(2-i-P
MeoAi- Meﬂ (BiErBHFh) Mteyalopantaiblyaphthalen-14/6) (2--Pr-4-(4-t-BuPh)-inden- 1- -Y)ZrClz,
M@Q@ £, Q—«Nré B=(Me B Rip-dykio saned Kiphthab b yaehirhaleaBdrhyinden-

1 ng 4 t - BuPh) -i nden- 1-yl ) Zr C12i
R)@ ?(2 I\/e 4-Ph-5,6,7,8-tetrahydro-1Hcycl openta&bénap
M Bigd- MﬁAEIMWB)JE’}B 56Pﬁie¢ta(1¥rﬂ€t 1iBgrippentaigingphihalg-yH et Bi-4-(4--BuPh)
lmgmgrd\/zb - Ph- 6, 7- di hyd

V\/EeZS Eﬁr{f*qlB e%ff iuﬁvfé'ti/?g%;@% 13L& 8 e ha st - Aa-a

EMEBBM@ 6?/&2&@24 Ph-5H 1-t hi a- s-i ndacen-7-yl) (2-i-Pr-4-
4 Hﬂ@ﬂf)—'br/w thidtsGAdHcen-7-yl)(2-i-Pr-4-(4-t-BuPh)-inden-1 yl)ZrClz,
'\Ql_e_‘z%é ﬁaé@% ,_Lazsrlt@?alfgn ? yl (]3 %CQ%YBM;Q) n%eﬁ 1 yrZrClg

M 2i8h- MS-3ME-¢IB’>UPW-ZZ‘} mhmrhytlpm;loputa[f]mden -6-yl)(2~i-Pr-4-(4-t-BuPh)-inden-
}—!{I)gy(g ] obuta[t]inden-6-yl)(2-i-Pr-4-(4-t-BuPh)-inden-1-
YZr 12,

Me2Si (2- Me-4-Ph-1,5, 6, 7, 8, 9- hexahydr ocycl ohepta[t]i nde

n- 1-yl)(2-i-Pr-4-(4-t-BuPh)-inden- 1-yl)ZrCl2i 20

Me2Si (6- Me-4-i-Pr-1,2,3,5-tetrahydro-s-indacen-7-yl) (2
i -Pr-4-(4-t-BuPh)-inden- 1-y[)ZrCl2i

Me2Si (6- Me-4-(4-t-BuPh)-1, 2, 3,5-tetrahydro-s-i ndacen-7
yI)(2 - Pr 4 (4 t BuPh) |nden 1- yI)ZrC12

R A /NN A ~ o~ o,
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1-yl)zrCl2i Me2Si (1,1, 3,3,6-M5-4-(4-t-BuPh)-1, 2,
3, 5-tetrahydro-s-indacen-7-yl)(2-i-Pr-4-(4-t-BuPh)-ind
W@ pe05a58916 yl ) Zr C12i PCT/EP2004/013827
Me2Si (2, 2, 6- Me3-4-(4-t-BuPiy-1, 2, 3, 5-t et rahydr o-s-i nda
cen-7-yl )gZ-i -Pr-4- 24 t - BuPh) I%{ZrCI,Z, )
 MaBE-118;491 6-BNBD-145.8.4.8¢5- WWLO&EVC@“SP@"]P%‘%‘/W Hife-Br&(4-fRyg h)-inden-
e@arcls yl ) (2-1-Pr- 4 (4-t-BuPh)-inden- 1-yl)ZrCl2i 30.

l\ﬂl\%%a Mec ClMoePg\ ﬁ\etral‘wgrﬁ ﬁ lndacin 7|y %éPr -4- Ig' -{- BuP(h lnderB1 NZrCla,
Mﬁzsi(ﬁa%féfﬁa—i@r 5 thgirw lrsiagan B -Rrah-(A=t gy Ph)-inden- 1-yl)ZrClz,
RS, Hs@)GQMégF!E tlwéFbﬂ) A2H8- fé&bl@lﬂrolsmdia)cém?ﬂyb@r/ PhA{(4-BuBiHRden-

1}’\1}% @ ZrCl2,
2|\/b4 (4-t-BuPh) -5, 78tetrah%€]¥T cclopen
M@Pl@ :hgmﬂg(]zwm) 1/12 p@zeﬁrahWroﬁp nqd,gcqrﬂgyj ) E’r 4 (4-t-BuPh)-inden-

ff); 1-yl ) Zr C12i
’%%g\'{ %ﬁ%gﬁt ﬁ&l gh) ?gg:‘%t?tééhlydrﬁ at:% tﬁé B 4! P@%Hﬁ&

BUR i nden- 1-yl ) Zr C12i
M@%?A 18- 46(21\“&‘#11 71 4ydio dD%Hthrfa@Hhéleﬂ—hylﬂZ—ﬁPﬂ -NORCRIPhY.indén-(-@)ZrCl,,
e £ Moo Bt B0 T realBa s 1 e

WUyl(24ClE, - BuPh) - i nden- 1-y[) Zr C12,

8 e N ey o

Cl2i WD 2005/ 058916 PCT/ EP2004/ 013827 17
Nﬂ@s& -V2-4ne-MeRh#6 7 -dBy Bio) 115, - dBx Ty Sorentatbinenltielen § o) @Hrept-(4-+
@[,;h ,ngghemy,;ZrM ) (2- | Pr 4- (4-t-BuPh)-inden- 1- yI ) Zr C12,
3@2 St yiebol Bithids it i et AR i,
2L, 6,65MBes ME(@-MbPh RS M Riig-s1nd2c By By (2t PrathifcrBoPs)-indria e Clz,
I%%%éé %0% -4, QRﬁeF‘i‘%é% otiﬁyﬁﬂlé-Pﬂ-)-éyjcBgﬁEqi%déH—é %"ﬂ Bi4-(4 5t BuPh) mden

tetra ydr o-s
(plz7- yl)(2-i-Pr-4- (4 t- BuPh) i nden- 1-yl)ZrQ 2,
W@ (2 ‘2(,2@*%134 4:6( 728, Mo Brehy droQpiBhepia] findeatiyl (20-Ry-4-(Ad:@gBh)-inden-
ol (2-1 - (4t BuPh) - |nden 1=yl ) Zr C12i

Mezgsl §,$v§é(42(25 m@zpmt %ts'\{%g},,)wro sdrbd@ﬁen z}@}éae x§j O@fhg‘ A3& €11z,
We,256, 6-Mdvia-(4d. 5\ M P, 3 B&éteyydr@peﬂaw[nﬁ}w@mrwej@uH:h)yihc)en-

‘ ﬁ/é)}éc‘Pr 4- (4I\/tEBBlAJfPh) i nden- |1le )erC12|nt o t

o) 0 B e e b R G AR DL 8L incen
M, 2- Me- 4- (2- MePh) -5, 6, 7, 8-tetrahydro-1 Hcycl openta
%g?ﬁ;étnﬁ? %ﬂéﬁ\gé/ A 22 b R iy drstiidBrR. 1) (ARPr-4-(4-£-BuPh)-inden-

szs@lez I\/E 4-(2- MePh) - 6, 7- di hydro-1H5, 8-d

Me,sa 8y Gl m@ena i raphe, baLtetﬂah&dry-ls)u(dﬁ;een—Pyl)(ZH—Em—M-—t-BuPh)—inden-

1-yNZrCly,

MeZSi(Z-Me-4-(2,5-Me2Ph)-1H—cyclopenta[b]naphtha!en—'l—yl)(2-i—Pr-4-(4-t—BuPh)-inden-1-yl)ZrClz,

Me,Si(2,5,8-Me;-4-(2,5-Me,Ph)-1H-cyclopentalbjnaphthalen-1-yl)(2-i-Pr-4-(4-t-BuPh)-inden-

1-yhZrCl,, )

MeZSi(2-Me-4-(2,5-Me2Ph)-5,6,7,8-tetrahydro-1H—cyclopenta[b]naphthalen-1-yl)(2-i—Pr-4-(4-t—

- BuPh)-inden-1-y)ZrCl,,
MeZSi(Z-Me—4—(2,5-MezPh)-6,7—dihydro—1H-5,8—dioxacyclopenta[b]naphthalen—1—yl)(2~i—Pr-4-(4-t—
BuPh)-inden-1-yhZrCl,,
MeZSi(Z,G—Meg-4-(2,5-Me2Ph)-5H—1-thia-s—indacen—?-yl)(2—i—Pr-4—(4—t—BuPh)-inden-1-yl)ZrClz,
Mezsi(2,3,6-Me3-4—(2,5-MezPh)-5H-1—thia—s—indacen—7-yl)(2-i—Pr~4-(4—t—BuPh)—inden-1-yl)ZrClz,
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BuPh) -i nden- 1-yl ) Zr C12i Me2Si (2, 6- Mee-4-(2-M
ePh) -5H 1-t hi a-s-indacen-7-yl)(2-i-Pr-4-(4-t-BuPh)-ind

we@reoioydoZr Cl 2i  Me2Si (2, 3, 6- Me3- 4- (2- MePh) - SPET/EPID04/013827
i s-s-indacen-7-yl)(2-i- Pr 48 (4-t-Bu

N@% i nden- 1- r C 2i

. @-M%B-[%S gk/eé%h Myydgo 74H gycml;aaqa@mfen -6-y)(2-i-Pr-4-(4-t-BuPh)-inden-

1hherosl obut af t]i nden-6-yl ) (2-i-Pr-4-(4-t-BuPh)-inden-

e R ] O 2 e OB AR SR T BREpEP

indepAY8ACE- vyl ) (2-i - Pr - 4- (4 t - BuPh) -i nden- 1-yl )ZrClZ
%E)—M@ﬂf% 142 é 8 téraWE@)irrd&e&rﬁyI% ety B}ﬁlydﬁeocyﬁlopém%}thlophen-

6MQ |

(2-1i - BuPh) -i nden- 1-yl)ZrC 2,
68I\/be4 25l\/b2Ph) 1235tetrahydros i ndac
MgaSi{e- IWB FH{(25Mebirh)41,3, 2 5-tetBoyRIRg-s-Indeken=/-Y{Sy rr Rhr2Me-cyclopenta-

- MVeBBlidphed-6 ;2@@ Me5- 4 (2, 5- I\/E2Ph) 1,2, 3, 5- tetrahydro s

%%%‘%@ oA wa’@%? e S i A e e L

[28-bhigbhgh-B(yRZICLPr - 4- (4-t - BuPh) - i nden- 30 1- y])ZrCI 2,

M\é%@lﬁ' 33,8 l\ﬁegMﬁﬁn -2 62, 1B & BIR)indbcéh- ByIR5 4-8t-8-2RYdn&cysiob&ik-

Pr-4.(4-t-BuPh)-inden- 1-yl)ZrCl2,
E@?' %\érr\%& 5- Me2Ph) - | H-cycl opent a[ b] napht hal en- 1-

Mdz$1(222 6-Meg-4-4h( 142, 8, 5 Brifah)drp-pritapeen-Apy D i RT3 h-2-Megelopents-
[§3 l}@;opz;]eggygz,l&@ZPh) 1H cycl opent a[ b] napht hal en-1-yl) (2

A Nll\?é§'§l :'(GZM%E’J'E hﬂgng ghcfro & "’kgla%ey ')Sy%l(ﬂt l%ra%va? Je-cyclopenta-

12, Bibithigdhepént)Afa) napht hal en-1-yl ) (2-i-Pr-4-(4-t- Bu

I\%‘élg, ggﬁri’h]ﬂ-y l:))c%?g{g['mph;))hthalen -1- 3I(I h5 a Prrsophllz—l- M5e -cyclopental2, 3-bjthiophen-

Sdidxacycl opent a[ b] napht hal en-1-yl ) (2-i-Pr-4-(4-t-
MBLSID), 5, B-Méen—l’b 7y-I' c)yZI‘oﬁZérﬂa[b]Aébhthalen -1-y1)(5-i-Pr-3-Ph-2-Me-cyclopenta-

%/g%ﬁ;&i&%ﬁﬁ 5- Me2Ph) - 5H 1- t hi a- s- i ndacen- 7-yl ) (

Ph) - i nden-1-yl ) zr Cl _
AR %ﬁutﬂ“%‘z"jfg 7%3??‘1%6-%#@5@%fhf*'s@-é—ﬂ)ﬁa&-éﬁ.hv%%
Sy§i@peintaPx 3-Uitr{obhtn-ByRALLI nden- 1-yl ) Zr C12, WO 2005/ 058916

| ta[b hth|1l5P3Ph2My
k@ﬁéqwg pﬁ@g%r N%%P?‘l |0)éacyc ocﬂeﬂ a[d]rngp alen-1-yl)(5-i-Pr e-
MFleReSiabhtiPIT¢ Pfﬂr@éfﬁz@'zw ) (2-i-Pr-4-(4-t-BuPh)-inden-
Megsi 2 &ZMel-2-PhMeR Binfa2s-Metackn{73/))(5-i-Pr-3-Ph-2-Me-cyclopenta[2, 3-b]thiophen-
Ph) 1 5,6,7,8, 9- hexahydrocycl ohept a[ t]inden-1-yl)
4-(4-t-BuPh)- inden-1-
nﬁgw MR T3 s N G0 N Ao § pltphen-
Wzr@z, Ph- 2- Me- cycl opent a 2, 3- b] t hi ophen- 6-yl)ZrC 2i M
5-i-Pr-3-Ph- 2 M I t
l@%? é Kﬂ@ 3“%1 2 ﬂ’ d(h%d%aceeﬁ/glng éw?ée 63%) 13 rPh e- cg;:/ 8pe(;‘paen
[2&: blt["%@“t@]‘ﬁ”ﬁf@phen 6-yl )Zr c2i
e 213-(16,48° Ve 8,647, FbvhdxaBydBocycloheptalflinden-1-yl)(5-i-Pr-3-Ph-2-Me-cyclopenta-
?3 ShLayd Azsi ndacen- 7-y1) (5-i- Pr - 3-Ph- 2- M- cycl open
Me,Si(6-Me-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(5-i-Pr-1-Ph-2-Me- cyclopenta[2,3-blpyrrol-
4-y)ZrCly,
Me,Si(6,8-Me,-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(5-i-Pr-1 -Ph-2-Me-cyclopenta[2,3-b]pyrrol-
4-y1)ZrCly, '
Me,Si(1,1,3,3,6-Mes-4-Ph-1,2,3 5-tetrahydro-s-indacen-7-yl)(5-i-Pr-1 -Ph-2-Me-cyclopenta-
[2,3-b]pyrrol-4-yDZrCly, :
Me,Si(2,2,6-Me;-4-Ph-1,2,3,5-tetrahydro-s-indacen-7-yl)(5-i-Pr-1 -Ph-2-Me-cyclopenta-
[2,3-b]pyrrol-4-y)ZrCly,
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10 [ 2, 3-Db] t hi ophen-6-yl) ZrC 2i
Me2Si (1, 1, 3, 3, 6- Me5-4-Ph-1, 2, 3, 5-tetrahydr o- s-i ndacen-

W(72@05/))§89-16 - Pr- 3- Ph- 2- Me- cycl opent a- PCT/EP2004/013827

[2 b]thlophen6yI)ZrC|219

-4-Ph-1, 2,3, 5-t 9/ d cen yl
Nbee%(_S 3 @Meg4 Bh ‘@ %te&r}aud@%% md%cen 7 yI)( /—Pr- -Ph-2-Me-cyc openta-
[42bByrtd-ady)oiaien- 6-yl ) Zrd 2i 15

%"@ l\ﬁ%a%g 5{2@, %P% y]é?&vtl%ieﬁ LB A2 Rrel JBSRSRI 3 Hbyrrol- -

opent a-
4fy. Z"53712b] t hi ophen-6-yl ) Zrd 2i
M%@ E(éZMM%M?hHh’l- dyblosem:é[ gp@ntg]a[eﬁy%ﬁhtmagmml-gaegcg)k(zp@ﬂﬁa- P
- - ' - 6- Zr i
[{% %i h/grcgyc opent a t hi'ophen y
%

NB%;%CZ 4@%6,7 W@WV%MHM‘['WH@%FHHP@W 1yWpy-P51hErMes
ntrak, 20 [ 2, 3-b]t hi ophen-6-yl)ZrC 2,

YEloops
P 1 I
wi\ﬁ%él 542 qgfgyc?o- Sl AR BRb G PRRENALRPRSR e
thﬂeotsﬁrﬁ*%i{)wogérﬁﬂ)ifﬁizophen 6-yl)zrd 2,
MG d- paeMiPF}ﬁth - Bials-iHidapely 9 (6 HPE 1 Shd-nxanyupkapl entady/bbin
i gt alen-1-yl)(5-i-Pr-3- Ph 2- Me-
6})'3 (lfpentaZ 3-b] t hi ophen- Y )ZrCl 2, 25
Mﬂ’e@@i @ Mes-#ARE- 5¢L13Hiua5$-m1aqem7a/ @=iiRrd fhehMe-cyqignesntai2. ehlysiol-
Rhyzeb1Me- cycl opent a[ 2, 3- b] t hi ophen- 6-yl) Zr Cl 2i

IR R RS
Z\&EEV!{@AW@Z@JzPh 2, 4-di hydro-1
Qhlphad 4 & V@@ﬁb‘x@h%#&c&@ofﬂep@[ﬂw@eﬂ) h-yBsMer-gypelopedicRpenta-

i'ophen YZrCl 2

[%\/25 41‘?&22:'2% 1,5, 6 7 8, 9- hexahydrocycl oheptalt]inde

n- 1- yI)(5 i - Pr-3-Ph-2- l\/b cycl opent a-

Thé n&n@ﬂcﬁaﬁﬂré’@mﬂﬂe @DMBQ%EG} & ring atoms corresponds to the following examples:
Me2Si (6- Me- 4- 1,2, 3,5-tetrahydro-s-indacen-7-yl) (5-i
-Pr- 1 Ph- 2- Me- cycl opental 2, 3-b] pyrrol - 4-yl)zZrC12i 35
Me2Si (6, 8- Mee-4-Ph-1, 2, 3, 5-tetrghydro-s-indacen-7-yl)

5-1 - Pr- 1gPhe2- I\/E-cycl opent al 2,3-bhypyrrol - 4-yl)zrd 2
[ 3 et rahydro-s-i ndacé
7-yl) (5-1-r- 1- Ph 2- l\/b cycl openta [2, 3-Db] py 5 4 5

rrol-42 4r C 52i

Me2SP 4- Ph-1, 2, S- s-i ndacd

) (5-i 2 Me- cycl opent.a

[2.3-b] pyrfol -4-yl)Zr G 2i Wb 2005/ 036916 o 8

PCT/ EP2004/ 013827 19 2-Methyl-4-phenyl-5,6,7,8-
I\/ELSSY"‘(HS’] 3-pBerveB2.4.5Ph- 1, 2, BVghyi-dtpherhyirthi-ovole: i ndaaerhyaryiH-cyclopenta-

) ( 5tefranppos: 'Pff?c%”% cycl opRétatpinaphghaléne [blnaphthalene

2-Methyl-4-phenyl-8,7-dihydro- 2,6-Dimethyl-4-phenyl-5H- 5-Methyl-3-phenyl-2,4-dihydr

1H-5,8-dioxa-cyclopentalb]- 1-thia-s-indacene 1H-cyclobuta[flindene
naphthalene
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4-yl)zrc 2, 5
Me2Si (2, 5, 8- Me3- 4- Ph- | H cycl opent a[ b] napht hal en- 1-yl ) (

w®» 2005058916 Ph- 2- Me- cycl opent a- [ 2, PCT/EP2004/013827
3-b] pyrrol -4-yl)zZrd 2i M2 (2- Me-4-Ph-5,6, 7,
8-tetrahydro- 1H cycl opent a[ b] napht hal en-1-yl ) (5-i-Pr-1

. -Ph-2-Me- evysl opental 2, 3-b] pyrrol-4-yl)ZrCl 2,
Me2Si ( 2- =@' 6, 7- di hydro-1 H 5, 8-di oxacycl opent a[ b] n
apht hal en y1)(5-i-Pr-1-Ph-2-Me- 10

cycl opent a[ 243-D] pyrrol -4-yl)zrd 2,

Me2Si { c5H 1-th
I S-S-TN ' %-j-Pr-1-Ph-2-Me-cycl openta[2, 3-b]
pyrrol -,4-y g Me2Si (2,

3. 6- Ne3- 4- Ph-5H91 thi a-s-i ndacen-7-yl) (5-i - Pr-1- Ph-2-M

e- cyeMepert-p{ey-13.801.9yrrol - 4-yl)zZrCl 2i 15
I\/EZSP'(‘??‘EW%CWHE‘%'@ @i hydr o- 1H cycl obut a[t]i nden-6-yl)

(5-i 9$%- 1- Ph- 2- Me- cycl opent a-

[2,3-b]pyrrol-4-yl)zrC 2,

QuisR8ied20 e -previrlusl| kv, ri7etdlogertiee dbhyayelorgancmriafie brfsitipmaetal
c@mp@urﬁéls b Be forRlia g) s 27 NB2£36Gh @R BRLBusIY Zohievabl®hholBr Masses in the

kel ot iy A0 el B S 0 gBry moros
ahdlalhmhn nn’ﬁglngpant[ﬂf e |sot®t|eﬂ,p<3ypﬂoyﬁlen6m4he2®n6)pblyl3er2:,athn of prpgylene.
21\6 |/ 2\ \ 7/ 7 789898

T%:e %{'ql]h%eiaﬂo H%%%ﬁthe_l_f’opp%@)' ng bflf\/gr{ep%ﬁ@m rghtﬁogls as desdr1§é05 in

WP Oy EBajge fihase methetds afatly produck teanrgamemetallic transition metal compounds of
tP@%ﬁ@EI%lIﬂ@MHﬂ%tﬁB%r{h@E%&Eaﬁérene 3034505434

2- Met hyl - 4- phenyl 6, 7- di hydr o-
2, 6- Di met hyl - 4- pi RS H

5- Met hyl - 3- phenyl '
H-5, 8- di oxa- cy
H cycl obuta[f]in

A M™X, M
RY R®
3 . s “
o o - .
R® R®
rac or pseudo-rac meso or pseudo-meso

The organometallic transition metal compounds of the formula (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 transition metal
compounds-of the formula (I) produce highly isotactic polypropylene, while the corresponding

undesired diastereomers generally give atactic polypropylene.

The separation of the diastereomers is known in principle.
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6 2/ 1 \57 10% 9 2-Mthyl-4-phenyl-1,5,6,7,8,
9- hexahydr o-cycl ohepta[f]in dene F 10 Conpared to the

wWEe@3ios8esé y known net al | ocenes, the novel PCT/EP2004/013827

organonetal lic transition Aetal conpounds of the
formula (1) give an increase in the previously

. The veniiab fusthemirayidasedssesiopeniadiprey| ligeapaisiamsral hgtferaygladh)
propyl ene with ethylene, and at the sane tinme give a
satisfagtory nolar mass ,and aghi gh nmeting point of
the isotactic polypropyl®ne inijthe honDponnerlzatlon
of propylene. 15 The novel ‘

(1) can be prepared q§
01/48034. These netho

formula (1) together with' a furuher dlastereoner R2
RRR2ZR3 20 R- ZRL Z s/i **Fex RA RA& Amx,, A
MLXn 25 :R6R5 R6 rac oA pseudo-rac nmeso or
pseudo-meso 30 The organonetal lic tré&hsition netal
conpounds of the formula (I) (rac or pseudo-rac) can
al so be used as a dtastefeoner mixture with the
undesi r ed diastereower§ii;>,o@aced in their synthesis
(meso or pseudo- neso) +4sA~tfe preparation of the

catal yst. The organorgtal lic transition netal

corpoundslof thahfornula (IR produce highly isotactic

pol ypr opyl ene ile the corresponding 35 undesired
‘Eﬁ%%%@?é@ﬁ%ﬁgmﬁ@nerally give atactic 8olypropylene

The separation of the diastereoners is known in '

eI 1L PliBoipd 1 M0 ROREORE KO- PETHERRADA RARRAG: n@brrfNg).
I'mvent i on further praovi des bi scycl opent adi enyl |i gand
systens of the fornmula (I1)

The substitution pattern of the biscyclopentadienyl ligand systems of the formula (1) is critical for

\

the particular polymerization properties of the organometallic transition metal compounds

containing these biscyclopentadienyl ligand systems.

The invention further provides for the use of a biscyclopentadieny! ligand system of the
formula (11) for preparing an organometallic transition metal compound, preferably for preparing an
organometallic transition metal compound of an element of group 4 of the Periodic Table of the

Elements, in particular zirconium.

Thus, a process for preparing an organometallic transition metal compound which comprises
reacting a biscyclopentadienyl ligand system of the formula (ll) or a bisanion prepared therefrom
with a transition metal compound is also subject matter of the present invention. It 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 suitable transition metal source such as
zirconium tetrachloride. As an alternative, the uncharged biscyclopentadienyl ligand system of the
formula (I1) can be reacted directly with a suitable transition metal source which has strongly basic’

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 cyclopentadieny! ligand is of particular importance for the polymerization properties

of the organometallic transition metal compound of the formula (1)
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RRRRB5RLZ R4 Ar (I1) 10$ R R5R7 R6 15 or

its double bond isonmers, where the variables Rl, R2,
WR30588891R5 Rs, R7, R5, Z and A are as defi nedP€¢ DEP10h€013827

formula (1). The substituti2dn pattern of the

blscyclopentadlenyl and systens of the formula (11)

, Indsnes of thecfaimulao(itia) Uh@lhgoub@bpwt@wa?fsﬁbﬂ‘?/f?ﬁﬁ‘l”%ﬂ't”?)on

properties of the organonetallic transition netal

compounds  cong i Ry these biscyclo&nntadﬁényl i gand

systens. The inyventipn fukther provides for| the use of

a bi scycl opent ggt i gand system

(1) for prres

compound, prefe

organonetalll ans thﬂ“ﬂEta| conpqmgd of4an efement
of group 4 of PerY odi ¢ Tabl e of ElRenents, in
particul ar zirconlun1 Thus, a process for preparing an

t II t met gl d i.ch
RethaPe Eaeer BAEL T g e S5 BEERY BATEAT Pi(Gand
systemof the fornmula (Il1) or a bisanion prepared

ctan Eé Slfep% frord k‘rﬁ\év&rhor‘”?‘eéd' l?@@télﬁétﬂg‘prgﬁksﬂrs PRIDENERE divendd & Brocess in
matter of \P

WPy Ermfefrw@& Biateees N ayﬂ%“g%?féhﬁ B bearng
Iéavinggtcaip | Whereis isngefarabasehapgeh iragariiculautrgming t Thielgaviaadroup L is
s%H&%E%Iﬂ?%ldXsérBed’ ?&%&arﬁt\g ik %@8940@91 %MQ& Bkh¥dditaPR® and the

Sui t transition nmetal sourc

reting PRATE W) s ARdugRd 19y f?f@?*ﬁ%lwf*w' wi fé's aﬁ@ﬁ%&fﬁa@deﬁwfamd togive
the aaarelcd e dradiacinig) orl(iligand system of the formula (I1)

can be reacted directly with a suitable transition

metal source which has strongly basic 354 igands, for
exanpl e tetraki ' ' [ [ [

i nport #nce for the pol ynerization pt/oper of the
organdﬂetaI'Yc transition netal coﬁ%ound&gf t he

formula (1) 40 WO 2005/ 058916 PCT/EP2004/0138a? 22
I ndenes of the formula (Ilia) or their doubl ejbond
isomers of the formula (11lb) R2 RR2

R3

s S
Z

(llib)

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

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

olefins.
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(I'lia) R4 (Illb) R4 where the variables Rl, R2, R3, R4

and Z are as defined for the formula (I) 10 can be
w@e@sasdds f r om known or readily obtai nabl e prerCr/EP1084/013827

Preference is given to a prdcess in which an indanone

of the formula ( IS converted into an_indanone

, T SOV RCT Wetﬁegdwqhﬁfge npvel|oggapehgialic Eansitien SaRGREPpundf he

fopima kel ahy a doliabageh-adtine gasyst systeat is blerd dvaverilthe organometallic

tré r?sﬁthJnrrlrgetQ QM%IHS g\? Bgé%ﬁag F'isl c;% alrr%ﬁzé{i ﬁr? g&fgg ?ogfg c:]C %@ast one olefin.
Tfaﬁ eoqar?é/sn@ fheé%erPtSPfﬁ@“m??cPéﬁﬁ’dﬁfé”‘EdJP)as ?%iW?tas&e'@amtne Trer m

pd @ elizablegdtivarrdsioh fefl b@erasl @ftehyerdehyatioat epedies. Igitiiecase, the

t he i nden the for . L 20RL Z
ot Tt s T & (o RimS bl oy B 1
~R3 300(VI)\ RL~~2Z (Illb) 35 As an

Tﬁé b%"sé}ﬂ'irivt‘rﬁlon ttl'fé@efbr@d@ﬂ@ﬂ@roﬂéestah%taﬂy@f $Wem tor\he SalyMerization of

OIPQ&% qupéh 6 rB;ﬂ'Bes th?%stt gnebor%eamome{a:lhc grgns‘?qon me\é\éh%ompou}’acs~I 3 the flormula
a3 aUsaahgneacon@tﬁh@dvfmhﬁ @J@@t@stom@rttﬂpmrgar@é@tﬁﬂlp Béf@ﬁltlon n‘@i@l compound
inBo 4 8kc34hichEpdi@VetzatRhGBMRIBIAd billast srNtdfihi on net al
conmpounds of the formula (1) act, particularly in the
40 presence of suitable cocatalysts as highly active
Sgiakid sosatalysin ot ¢atioefrrying gpmpdiedpie )fWEﬁ’XiafZla*?i @mpetinds such as
alQ:lrrﬁrfdeI%s mﬁ@@éla%’é@ 94Qis BedS, EJ‘R?QQ@%M@ 23vmg2a'3LeWbea0|d cation or

oca

= PR PR o T GRS A COR SH RN Y P to an aluminosane
as$ ovcatdist. (1) fornms a pol ymerization-active catal yst

systemis able to convert the organonetalllc

transition tal conpound into ec

e o 4 S e RSP OB st S B i B B rereie
coctaysid ars frequentyhaseffrmed mmmnwdab@@blﬁ@f ormisgimetgliqegnium ions.

activating conmpound. The 5 polynerlzatlon active

transition netal ecies is frequent
Ag phiRagangsyt tsmogswggoeusetfﬂf exaws'egﬁ%m oufs ‘}%F“é%ﬁ% [ 00/31090.
Ogles@haie berycledlintin@sine agmmnondsorf therigme g Vi The

present invention therefore further provides a

cat al yst systen1for the pol ynerization of ol efins,

whi ch conprlse3~fktleast one organonetalllc transition

of

nmet al conpound Qe[f%{nuug al) Vil
R" lia“’
(VD)
[ 1
O Im
R19

where
R is a C4-C4-alkyl group, preferably a methyl or ethyl group, and m is an integer from 5 to

30, preferably from 10 to 25,

are particularly useful.
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10 and at | east one cocatal yst which is able to
convert the organonetallic transition netal conpound

WO ni0s/0889speci es which is pol ymerizati on-acti veP€D¥RR2004/013827

at |least one olefin. SuitaBl#e cocatal ysts or
cati on-form ng conpounds are, for exanp conpounds

, T@%ﬁ@w“a@nermaimIW%WP%M&@.F@U%MP&?F@&? h_yéw%nga%is%lon of

trlatklyllamnﬁmlmtmﬂt&erhla\gleﬁ@alathb@wo&reac bldmmakdnerompouhBs obtained in this

w%g%r%rfll\ ﬁ‘ﬁe(%?_;r ec%? g&resc 91' lﬂe&%n?%&qé Eh%]% rﬁ&%&?es%%vanous lengths, so

1 ons erence i s
thebwapayl hpgegardest %Sr?é“%@sEh%@‘Ufﬁ*é?@PP é%w@n%mwésg@g pé@éent ina

nMganAnethal hétel dikyRNpreteradly ARti@lm eRpPouNnds, the
cocatalysts are frequently also referred to as

compounds capabl e of formng netal |l oceniumions. 20
Fpgheanensi modiadetuminaxanes ipwbish peree efdhafygrocpigen edisalp P@ydrogen
afohﬁ HaPETRANESad8 B¢ bikBB adyldx W&Qér&hﬁl@@group@f&ﬂ alkbBé se@lin place of
e (F|nI“C al um noxane f&]onf*ﬁ{oun v ln)e formula (V1) or

YriNoxE39 CHRPORNIKY MY Rt R19 30 (MIT1) ©

-A R19 35 where R19 is a Cl C4- al kyl group,

ltFP\é?E@Jna‘QurM t8 bE B ag&Sustd b‘éélthélrﬁ&/HIFbrga%Bﬁefélhb &ar&ﬂlon metal compound

QS@?O%@FIF Ig arfgatgia ﬁluwygﬁnepcgs%g\ﬁ@ g‘ysdf ( %}rin%ulngs t%at the étonﬂ'lg ratio of
aR@HUEFROO0 he GLBGRXanepnTHors tolhe demsition aneidl frainritpcigrnometallic

trﬁmﬁm cBhBound ah the rQr'i RRFEMH: DY 1r0©@qt brB@raBly thel tdn§&rom 20:1
trlal kg/l al um umvm% E o general t he

tcb?qogo A7 BATHGURTTH, ?(Fﬁ?ge 8@%@& &%%btained in this way

are in tht formof mxtures of both linear and cyclic

ASRAbIY, IRnsigel Bswifbciyd ﬁ?e@él‘%cle RS0 contbouhd¥ads tHR férRYIa IR )

regarded as a nean. e al um noxane conpounds can also
be present in a5 mxture with other netal alkyls,
preferably al uni num al kyW&X%ar t hefiore, nodifi ed

al um noxanes i n which some of the hydrocarbon radicals
or hydrogen atons have been repl aced by al koxy,

WAl oxy, siloxy or ami de groups can also be used in

pl ace of the al um noxane conpounds of the fornul a

MeVI L) or (M élgmer‘;’rgf g%rgudq@of%%ngﬁémgolé thlbeeElements in particular B, Al

advant ageous to use the novel organonetalli
transitiof" fBtRFfeEBMFound of the fornula (I) and the
al um noxane conpounds in such anpunts that the atomc

Xt 6%2|a9d Qb Al QHé‘ngaﬁ%m& &%ﬂégﬁ%e@ %@lrc‘)?er? @m%mﬁ tQc,saryl,

t'he transition e organone
transiti or?"‘ﬁf'éfyblary&ﬂ%ﬁa'ﬁﬂkw gr hajpa %aCF‘gﬁ\j@Q ft’?’BFn“’lt? cprbpg atoms in
1 000: 1, piecdlien edalcyl and fiolmes to a0 garbdr aiom@ Br:the aryl radical or fluorine,

chlorine, bromine or iodine, in particular haloaryl, preferably pentafluorophenyl.
Further examples of strong, uncharged Lewis acids are given in WO 00/31080.

Particular preference is given to compounds of the formula (1X) in which X', X* and X are
identical, preferably tris(pentafiuorophenyl)borane.

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

pentafiuorophenol or bis(pentafiuorophenyl)borinic acid.



10

15

20

25

30

35

40

15 to 500:1 and in particular in the range from 30:1
to 400:1. As strong, uncharged Lewi s acids, preference
WO 200g/0889m6 t 0 conmpounds of the fornula (1X) NMMIXRK®04/013827
(IX) 20 where M3 is an el évent of group 13 of the
Periodic Table of the Elenents, in particular B, Al _
, Sl@tpb@dgnicpp@mmua@ Iy.avigg LQ\BiS-ﬁﬂd catipng inglusessalirlike @qmq?’unds of the cation of
thé fsteRenstent |y of one another, hydrogen, Cl1-Cl0-alkyl,
C6- C15-aryl, alkylaryl, arylalkyl, haloal kyl or
hal oaryl each having from1 to 10 carbon atoms in the
al kyl radical and froi8)@@ 28°Car borXlat ons in t he
aryl radical or fluorine, <chlorine, brom ne or
i odine, in particular haloaryl, preferably
WBSISt af | uor ophenyl . 30 Further exanples of strong,
uncharged Lewi s acids are given in WO 00/31090.
yParti cul afs fr &dfdie aﬁﬁoupé 19b Y& Bf thOP&RERTHRE S E Eleh@nts,
formula (1 X) in which X1, X2 and X3 are identical,
Béeferably tris(pentafluorophenyl)borane. 35 Strong
QUnc®ar ged atesssicls siagly degative!cthasged geups stsh @s te Ci—Cog—alkyl, Ce-Cs—aryl,

cocat al yStgyaf, Qgtailk?m&@aﬁm, REIo&OMBROMAS g fRhStoi20 ehieatoms in
the reaction ﬁro ucts fr

omthe reaction of bor oni ¢
T o s era anediorol lar2batops siars gt f ARy iEAD:
t he react iCet ¢eyoldaley! s/hich oray bba Ge@etalkyiorafpsas substituents, halogen,

trial kyl aloyrg nuiow €h-d,waryid&d Winidt @Blksotdt s, ac dic
fluorinated, Tn particular perf uorlnateg, ydr ocar bon
conmpound such as 40 pent afl uorophenol or :
abi s( pent afid andntegdrdmyl ) odrandi ¢ aci d. WO 2005/ 058916

PCT/ EP2004/ 013827 25 Suitable ionic conpounds having
Lew s-acid cations include salt-Iike conpounds of the
Zcation of 'S ¥MBEEHIRM ACOGY (ya+t) Q @. .. Qa]d+ (X) 5
where Y is an elenent of groups 1 to 16 of the

qPeriodic -EQPéS%OQC{S i Be FHRITBOL S, bhy gbtr]etager %REF Equ8AEH.

singly 'negatively charged groups such as t
Cl1- C28-al kyl, C6-Cl5-aryl, alkylaryl, arylalkyl,
Phrad @adiykysdeful bxaibeedry lcaratim bativhs gxémwnrdiotarRGuteiunoeations and also

{ QIS i Dot L cadi . :
o B SR g
caigp. thegiversatien 9'3‘}5/11'11%9“ -girstipierpseny| grdiet t hanrreeraR iNden,
néat oCRBabhKeyiteriéiE: Bhartialiy b@xon cosipbytlds as armiscapntidned in

Wy 3A¥/8§882;§referably tetrakis(pentafluorophenyl)borate.

Salts having noncoordinating anions can also be prepared by mixing a boron or aluminum
compound, e.g. an aluminum alkyl, with a second compound which can react to link two or more
boron or aluminum atoms, e.g. water, and a third compound which forms an ionizing ionic
compound with the boron or aluminum compound, e.g. triphenylchloromethane. In addition, a
fourth compound which likewise reacts with the boron or aluminum compound, e.g.

pentafluorophenol, can be added.

lonic compounds containing Brénsted acids as cations likewise preferably have noncoordinating
counterions. As Bronsted 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.

Preferred ionic compounds as cocatalysts or cation-forming compounds are, in particular,
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethylcyclohexylammonium
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ais an integer froml to 6 and z is an integer from

O to 5 and 20 d corresponds to the difference a - z,
whoiosa58986 gr eat er than or equal to 1. Parti cul B€T/EP2004/013827

useful cations are carboni @m cati ons, oxonium cations

and sul foniumcations and also cationic transition
. lehrgtialpeniaiorapreny)) batetand i Nrdimewibporylamimeniven tetgakis (reptaflpsophenyl)-
bdr&tephenyl met hyl cation, the silver cation and the

1,1 -dipethyl ferrocenyl cation. They preferably have

25 noncoordi nating counterions, in particular boron
It saiporasdibleds tap er mbre doratenaniana &b jainedND 09e an@IgB S8, in the dianion
[(OUFE],B8Iab)-y(ches, Paki $ié B&aieahlod @69 BOSEIME VR Hibge havilglaSuitable

havi n nonc?ordlnat%n%lanlonﬁ,can al so be prepared by
fuﬂ?tﬁ”ﬁggr%t”%% RSP UgPCe G PRI P28 pound, e.g. an al uni num

al kyl, with a second conpound which can react to |ink
ForMRr QlitBRBcata Gt c%ﬁorpﬂbrnﬂh%‘éﬂn{ﬁémcﬁt%edﬁn QO YR 1@b0.

and a third conmpound which Tornms an ionizing ionic

conpound with the boron or al um num conpound, e.g.
Ther aipben pi ivhg nonietrdrinewisl avidadoiit campourds Haging téwis-acid cations or
ofif u'&%ﬂmﬁB%d‘é@brﬁEﬁGihg E%é‘{%t%@ 825 SidistibluduBRy RAF €4 150 equivalents,

um conmpound, e.d. ent af | uor ophengl . can_be
PrahdRRY TS 1 o) RIRBIEPUPRTET BB HELPY ﬁ@g%%%@'t%@"%?fﬁkm%@
cagidund of the kemuladl).pr ef er abl y have noncoor di nati ng
counterions. As Bronsted acids, particular preference
IS given to protonated amine or aniline derivatives.
Fisther spifable cosihitis OB NOND RS FREARY IS AT PoFPYRAminum compounds such
ad\iNbisd paredfinyloplyely bbexy) Inasthyizikne n$weh dboron-aluminum compounds are disclosed,
i amoni um and al so derivatives of the
mF%%%ﬂQQEig¥J§%ﬁ%¥éferred i oni ¢ conmpounds as
cocatal ysts or cation-form ng conpounds are, in
It pad1Ed passidle,to udd Mixtlirgsedr Blyihaabdviemientioned cocatalysts or cation-forming
' WA , , :
R A R el s e A os s ey g yethiatuminorane, and
iopicCTHOFPYBY NP EE g pIar onggontaining the tetrakis(pentafluorophenyl)borate anion, and/or a
sttodignilshrggeindnad Adith Tropiteont friberatfeiomptenyl)borane. :
N, N- di net hyl benzyl anmoni um
tetrakLs(pentaf!uorophenyg)- borate. It is also
Psfrysnes is oivert totuaing bpth s rovelsyeanemalalie iansttign pete eanpagnd ¢ the
fRAGIaaN @hd®E codlalysts drivatidhifamiim confpounds in a solvent, in which case aromatic
C6Fb5) 2B- C6F4- B e '
BRI A L Bl age ALt Lot Mo Rl Al Bl GRheD s refered
to the surface of a support particle. Further suitable
Tﬁ@@ﬁb7&t}b§ﬁ furtfér dofiphieda fetaNdorpotaygichaTosutr (Xl)| i sted in
WO 00/ 31090. 10 The anmpunt of strong, uncharged Lew s
acids, ionic conmpounds haying Lew s-acid cations or
i oni ¢ conpounds cont aiMifg-®Br &t ed d48Vds as cations
is usually fromO0.1 to 20 equivalents, preferably
gron11 to 10 equival ents, based on the novel
W8¥'Fanonetal lic transitional netal conpound of the
formula (1). 15 Further suitable cocatal ysts or
veat ihon- f 0ri%mgk?mﬁmau?f@kaaﬁ@iﬁmr@aw umerwmgmrmh | leu;ntﬂns Periodic
suc as i s(pent af| uorop bar : yl al ane.
Such bor og'l-?% Culri ﬂrﬁp’caéur%%uunﬁgsaﬁg%‘é (g?rg)é?/%él@ " “for
exanple, in WO 99/06414. It is also possible to use

RPA Xt ur es qf h@ldgeh e, —shoxemente gned, Mot al arasisyl 6sch having from 1

cation-f ortcgn189arbon atoms in the alkyl part and from 6 to 20 carbon atoms in the aryl

part,
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20 conmpounds. Preferred m xtures conprise
al um noxanes, in particular nethylal um noxane, and an
WO oS o58906pound, i n particul ar one containi ng PGIEEP2004/013827
tetraki s(pentafl uorophenyl pporate anion, and/or a
strong uncharged Lewi s acid, in particular

. RY 1and Roent arlidaofiesh pretiargr apchre eaqﬂfﬂé‘ﬂ@ugé%@élos@ gitemmaky

usi ng bgt be-bﬂ%rﬂ Mg landrganemetamoky eachhaviag frénd M taTet @kbon atoms in
n
ot Dont of et e Bid ) Rt 1 O IR o

aromati ¢ hydrocarbons having from6 to 20 carbon
r atons, i nisRAndikgerbréh Pybenes and tol uene, are
preferred. The catalyst can further conprise a netal
conpound of ‘the formula (Xl), 30 M4 (R20)r (R21)s
arfdR22)t (XI) where M4 is an alkali netal, an al kaline
earth metal or a metal of group 13 of the Periodic 35

s %—ﬁ ﬁl |e|’ uirri e@fggg{egsnfﬁ%bgg% N%W&f%aw+§mlg Ire%%?%m r@%%the valfance of M%,

al kyl aryl or aryl al kyl each havi ng froml - to 10
whé&k %&5!% pbtﬂ\dtoh Fredbrkila (Rf?fstus nbf |@éﬁt15al t&h@@ocﬁ&rybm the

Cﬁi’@’i’fcﬁiﬁlﬁ?@ﬁ?”@ﬁ‘@gz'?'s a%? pﬁ?ﬂtﬂ%ﬁd‘sﬁ rgsré V?%Dé’ﬁ{“e&aéi’c’”&pounds of the
fodn@lé @lent and are each hydrogen,  hal ogen,

Cl- C10- al kyl, C6-Cl5-aryl, aIkyIaryI aryIaIkyI or

al koxy each haV|ng from on 0
AGPR I ESTEHRE 1T B0 E G PSS TR

aryl radical, 5r is an integer froml to 3, and s

pmand tare; 'llﬂ\tuﬁtg%a%ngé'lmbpalﬂrgml%n aWith the sumr+s+t
correspon ing to the valence of M4, 10 where the

nmetal conpound of the fornmula (XlI) is usually not
Rf'dadtR*Tal ateceatinG,-cneatkgl yst or the cation-formng
compound. It is also pOSSI ble to use m xtures of

vari ous netal conmpounds of the fornulaé é @@%
P@Weu'we/tpaqaferm@a'ﬁe@pwdﬁ er"hF SRR £ 3R YRR *?‘é?éh
o@ylmgndsmn't has ey Hrnhedyliebgnedidmi, si-h-+hekylaminwragriesbiutylaiuorinum,
tr% h&[&luﬂ#ﬁﬂn@ tﬁaé't]bgglgmﬁ%% a‘%ﬁ%nﬁﬂ’@&h%o@lo al kyl. 20

I cul ar preterred nmetal conpounds of the fornula
(XI') are n- butyillthl um n-butyl-n- octyl magnesi um
V\'heh latnyétalmonlﬁﬁcmny lomg ResuERX!) tsrused) ithepcyfeablymprasamhin the catalyst in such

ﬁr?kﬂ“ﬁtt %\e%oﬁprﬁfér& K‘rEr\w%rM‘a%ﬂzmt%%ﬂlcﬂﬂ%tal M from the navel

num an Whe
oxfg@ﬂqpet@l ifen oetal s rogidRf|the fery@u’a {)ds h%goo 1 io1 13 in particular from
200.etezr.ably present in the catalyst in such an anount
that the nolar ratio of MA@ fromfornmula (XlI) to

transition netal ML fromthe novel
Particular preference is given to a catalyst system comprising a novel organometallic transition

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 transition metal
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.

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
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, sllicatgsan Iw@ar@@@aﬂ%Pw%ﬂ

organonetal lic transition nmetal conpound of the
formula (I) is from800:1 to 1:1, in particular from
WQO@s058906 2: 1. 30 Particul ar preference is gi VROI/EP2084/013827
catal yst system conprl sing2& novel organonetallic
transition netal ound of the formula (1) and at
nErﬂﬂ”%&d’PWi“Sh%"W der (5 9P To

obt ain such a supported catal yst system the

§|&:‘ %%ER ?dox%%g %l ¥%% fo%X? %'%g?’oﬁ?@g oQ@eS o\?\g %ﬁts rBtﬂPSQ 3,4, 5,13, 14,

1& emé 1@ ohia® aeélp@w Fialde pirtha5lereats: Ef@males SBOW@ﬁﬁEiﬁwd 2§ SUPPO“S
méi@dé@'lidbrﬂﬁo%@e tdnmmrnemug ahmmemmixemom df the etaeatsablyiai,

ahtjrplgwg s,[yqb%'h FH%C_{I']SFIUTE 8 msts Hra and Tlh$ ﬁoer%zs:%c@@&g%&ﬁ% Ln'ng’uresb Other inorganic
ox§iderwbich Farelde Hsrieaienede mqowb@ﬁtlor@ﬁ@ tlgﬁﬁﬁOM@flerﬁlpned preferred oxidic
supl M'%@'ﬂﬁ@*é}rm}e B errot, o) dra, o). AippdferRidaRiRsSoxRie &) for example,

ai d%ol |tdI gtan be washed with suitable inert solvents,

cing KPBREEi ¢ or aromatic hydrocarbons. 40 As

supports, preference is given to using finely divided
TR rﬁaté‘\hél@ DsdaieBRbR MYvOS SRAKE s iace bid@ QA& FRge frdhen 0 to

1 ﬁ@(i qn%g apewe gcgur{\%dngl!m rg‘ngehgche 8&% g Hgg%ﬁcgggfgﬁpgrgclg 8% of from 1 to

5(RGIT. PRIQOE it IBRT to 2Ppeyts| Hawing @ spewiiiciswircg ardadn Hirirange pm 50 to
56 hiid %lpbfreq}d(dnq?ﬂ t%ﬁé@ﬁonﬁ’@%@@ﬁ 5 (g @nd RAIYO b@fic’sldﬂélze in the range

O P oo ol e ords B SgbSl FRIRe i Surepg areain e
raagelirdh6 2@ to t490 nPéy; B pdieroialslirthefrangh érorElOe&fbeﬁtOsmvmr@m@@ parﬂcle
SIEgof%hdl@§o Ro§f/rred as supports 5 include silicon
di oxi de, al um num oxi de, and al so m xed oxi des of the
elements calcium alum.num silicon, magnesium or
Thd ibhaparimaugipdrt abrs e subjackd oa therrgg! bratoientng.o.tta reseove @dypeged water.

shd@x &ﬁg&;{t?eat%hﬁﬁaeﬁ@tﬂugi B%@gdﬁn%u,ﬁ%t ﬁ»bz@@b B30, Qfefér%bly from 100 to
Z%Eﬁ’ﬁh‘jﬁy“}ﬂ at framy }004Q g% peore Rfﬁ%y %ﬁ Qﬁepmqe{ wu?) er @B%Ed pessure

afy@faetanies afiinceidiae xd. gl aitiogen)f @rthesra@pplicesupperbtan heedicined at from 200
WAl % @lgf&&ﬁg thel&subestﬁxgﬁ%ftthéﬂgﬁc?édd%r§etl{§é9@esned OH concentration

pre er abl y specific surf area in ? )
of {hg syriage {Tdersuppert ﬁ@/aéso be tsgted ORTgaHs UF A P%é"“?%&eé'c Fgiuch as
mdtalalkyls, preferaigly amdhirannaigs, paorbsiehes & SR, of el§er oethyialgrainoxane.
‘AE&QprB#Q treg{rﬁglﬁrn?eﬁll%%s bR c%'séfr%@d LiGr XHR BQ r|ﬁ Wd‘@é’/éﬂﬁo a

i C surface area 1n rang 500
Thwgrgarac Wﬂm%@%ﬂ@'%@ CP%(ﬁkj@ 1ﬂ?°8 6 F@f ?’@"5"65 "Rt of silica
gélnGth NHBBIF Jpedds ite fierisdtoe of the tiliea geangiecd, 5r freatmers of Wicd§els with
31%%3 f %{a 5 ?‘J\l%gew SL&T NG uliS-BhMfRg bRUSHRRA b %or#b%}eférﬂi%gly

e, area In the range from200 to 4
WWQW@S”QEIQ%'(%”"@E‘F%ME in the range from0.8 to 3.0 m/g
and a nean particle size of from10 to 100 pm The

OI #E%rc%ﬁ@) ft rmRRAL %ucﬂ%@ flpﬁy 319@&?&&%%% Bov?detrsh@ 2(;'Tﬁcl)lyethylene ‘

@I‘WPW@HF P'éatﬂmgmene)é;a@ é'ﬁ%P%P?GV RS pé%feratalt/ "‘éﬁw'srer @ﬁﬁ’ gigpanering
o tud) Q6venp redi@rcabl ythémiapurliodby mearR@D&prayriate rurifjdatioy at! drying

oPeratlong' ge%rteous%oﬁ)g aﬁ’Joﬁ:g%glﬂQ l&/lg@?urggon%ﬁ’z;ea 'p@lgmgﬁgupb@féeé g. supports

ress I ner

‘bﬁ$qdr00@elmt¥r%‘ﬁ \iehesa GG HPNIAES 8 YRSpOF BXaERIP %@“?ﬂg%?fﬁlé{a Xy groups, at

IdaB100Me 200 cbalydt RCHéms @naguesobieddesi red structure

of the solid and/or set the desired COH concent ratl on

on the surface. The support can al so be treat

Icheriesad ¢ badmegt & J@t%?ﬁ&if%}loa gkipe. %Q%edsqﬁlalys%@/stem at least one of the

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
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25 nmetal alkyls, preferably alum num al kyl s,
chl orosil anes or Si Cl4, or el se nethyl al um noxane.
WO 21088916 at e treat nent net hods are descri bed, PEDEP2004/013827
exanpl e, in WO 00/31090. The inorganic support
material can also be chemcally nodified. For exanple,

 soluplerinsatublef prsferablysoluglel reggtion PIORKRL) ZSdrert PeaBE S

fI uorl nat i on of the SI I | ca gel surface, or treatnent
LR i ﬁhathe de drUa tr?ggsnsfvated support

Trfel %?a\r?{é?” © P'”&ﬁl ”ftb'rs W@?S hstt TG gr oups
metetial b oridinh §lrym@Gdmpd treiresdItisy Fw@artwrgwrffew@éransmon metal
cedi ﬁ@@*sﬁ‘eﬁ 4RIAGY to dFBle RN seN&H |%mfpleﬂs$) of nﬂﬂsw r@ﬁ@ved from the pores

I ers pal_y,

o P oieBRe st D s B b s B RE R g Pvcer
E)taﬁmﬁlcééleﬂmc@emlal |mblea1§htg’nancg therpbpest pIpaess areldeegtibed in WO 96/00243,
WORSRIAH4€S o0V Npuri ti es by neans of appropriate

purification and drying 35 operations before use. It

Is al so possible to use functionalized pol yner '

A Suippopréfsredergbodiugp oo wriseb firsiydmorebificing/the peaaiatyst aritie cation-forming

ch'bgﬁﬁd Bﬂﬂgghﬁbﬁlmﬁér%ym subSdquént 'Eﬂrhg‘-?ngqm%déﬁé@éocatalyst or this

0X r ou | east
e iSGHBB LS PEARES FARRSON' DBGIoaTo iy Brai b et pompoune
adoodingen thegiesehignyanégar at i on of the supported catal yst
system at | east one of the 40 novel organonetallic
transition netal ounds
Corelightysisitse” EQRFAOES Pareipre %WtSMCL’%% 8?%?%"06& hygre obtained by
cdnebirSitg tha®llowicatahysentas acti vating or cation-form ng
compound, giving a WD 2005/ 058916 PCT/ EP2004/ 013827
29 soluble or insoluble, preferably soluble, reaction
S PIBRRENT an addéb?a%P”%deﬁ’ﬁ%{ RRTRN ORI TR AR RO %
2mloaiparshti N t hi at laay ohsurichargedtorgabund wiictt tes adl Bhstidnabedc
or passivated sy ? %gl &Wterlal the solvent is
renoved and the e ng supported organonetal lic
e e e e A
that the sol venbpﬂlc&aqumpﬂtrectoeippnm amsam; bgefarﬁﬂmemjgémmnogen-
the pores of “3 t&HR U%\‘gé'énae! indl 3 ﬁl"ﬂr%ltlﬁge or a nitrogen
catal yst is usua Iy o a| ned as a free- fa ow ng powd
Exanpl es of thehPieGE¥s-i al inpl enentation of the. above
process are described in WO 96/00243, WO 98140419 or

TI:']:M%OQQA Qrsa%jrgmurgfgi)l’ﬁ‘pgu%é E%eeld npt'hgéfel'bﬁr%% ecgf%déugﬁcmed cocart]alysts are

i Ses e cocatal yst or
pr@@fﬁihﬂhcqf@oﬁﬁqﬁg)f”@dﬁfﬁ“é‘iﬂ{&”bn the support material and
subsequently bringing this supported cocatal yst or
this cation-formng conpound,into contact with the
organometal lic transition mefal conpound according to
the present invention. 15 Co atalyst(ﬁystens of
significance therefore |ike i ncl ude conbi nati ons
whi ch-are obtai ned by Gﬁﬁgw ni ng-r“he fol | ow ng
conmponents: 1st conponent: at |east one defined boron
or al um num conmpound, 2nd conponent: at |east one
whgrehar ged conpound whi ch has at |east one acidic 20
hydrogen atom 3rd conponent: at |east one support,
preferably an inorganic oxidic support and optionally
thesadiedis RS mproidenticalr @lﬁgrénfansra@rﬁcagwow RAIQPE R (¢r-Cao-alkyl
Ni t 1 @Q&Y)s-hAEUMRIONNFaIBRS ECSBIGBryRSo-Bh)-Taaltaryg Co@o-afibtyi ne
deri \@td,;o-ary%rkyl Cr- b}o-rh%%arylalkyl C7-Cao-alkylaryl, Cr- ~Cyo-haloalkylaryl or an OSIR*;

group, where

the radicals R** are identical or different and are each hydrogen, halogen, C4-Cxo-alkyl,
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heterocycle. 25 The boron or al um num conpounds used
in the preparation of the supported cocatal ysts are

w@e@bessaé y conpounds of the fornula (XI1) R23PGDER2004/013827

(XI'l) Rz3/R23 where 35 the radicals R23 are
identical or different and are each hydrogen, hal ogen,
Cl- CX- ca& mnalkyc&@ea!h@qyo%r%ypryl Ee-CaitRlag ik Sxfo-aryioxy,

CB' -G I@C%Q >t a8 ) 07@0-%%@{ 4@ Yialoalkylaryl, preferably

0 %é%&a%ﬁlkygfﬁoﬂ%fﬂg Iy|a|ary| or an OSi R243

group where 40 the radicals R24 are identical or

mdi ffeg @cﬂ&n &@urﬁfn@me@@ﬁréﬁé/@&gﬂﬁm. hal ogen,
Cl- C20-al kyl, WO 2005/ 058916 PCT/ EP2004/ 013827 30

C1- C20- hal onal kyl, C1-C10-al koxy, C6-C20-aryl
Pe(ﬂﬁ}U@FPQ)plhfarredapyﬂnpou.(ws Q20e tormplla 41) are@'}memyjal@mwra] tsthylaluminum and

tnggbuﬁng warylal kyl, C7-CA40-al kylaryl,
0- hal oaI kylaryl, preferably hydrogen,

Cl- C8-al kyl or Cr7- C20 arylalkyl, and 5 M6 is boron or
Tra unohangetcomp e bretsaiion realeiatileRshoneResidid ydiogen gtopread exnyreert with

W&Fﬁ? R U xfiPA B Wleferdnt) c!o)np@[u‘?dst& lH@érhMlanMEl()nvmr (XV),

um num and triisobutylalumnum 10 T
unchar ged conpounds whi ch have at | east one acidic

hydr ogen_: and conpgyindsref tiheg

f or mul a E ﬁn are 3 )f"?é L_ymcwr‘]?poungg of formul a
(X111 XX V) or (XV), D-H (R25)3_h B{@H)h H D
"R26 D-H (XI | 1) (XIV) (X\/) 15 where the radicals
wié are identical or different and are each hydrogen,

haI ogen, a boron-free organi c radi cal having from1l

to 40 cgrbon atons, e.g. Cl-C20-a ¥
the1adealy-faare i aejeal Otfifffmfé aQ‘é)”SleEEB(‘Q/Vd BB (B399} 7 Poron-free organic
C6- CZl%dlbé;lh@\ahg'l‘romG&e @QGaradsryétmg',,e dCT+-C4alian, h-Ehddyaloalkyl, Ci-Cqo-

8; agk%(g :r d(ydgb—hg’g éﬁ@ (‘Ja Ebﬁlho%]}d =C|4o -arylalkyl, C7-Cao-

CH( Si 'P@OPBdaEWLr o%alky'aﬁxh@rgwﬁf*}@alk%'a%(‘ B0 SRk felical or a CHISIRs)
or ganiagicslagtieral having from to 40 carbon atomns, e.g.

<81- C20-al ;3?4 jfr%QW%d,P§|h%d%¥J&1 %Bgééao@g%%ye g C1-Co-alkyl,

06 c2B82a P/ x&
C1 Czo- aloalkyl C1 C1o-alkoxy, Ce Czo-aryl Ce Cgo-ha Oary Cgo-aryloxy,

C;-Cyo-arylalkyl, C7-C4o-haloarylalkyl, C+-Cao-alkylaryl, C;-Cgo-haloalkylaryl, and

R is a divalent organic group having from 1 to 40 carbon atoms, e.g. C1-Cao-alkylene,
C,-Cy-haloalkylene, Ce-Cap-arylene, Ce-Cop-haloarylene, C;-Cyo-arylalkylene,
C,-Cuo-haloarylalkylene, C;-Cyo-alkylarylene, C,-Cao-haloalkylarylene,

D is an element of group 16 of the Periodic Table of the Elements or an NR* group,
where R? is hydrogen or a C4-Cye-hydrocarbon radical such as C4-Cyo-alkyl or Ce-Cao-
aryl, or is preferably oxygen, and

h is 1or2.

Suitable compounds of the formula (XII!) include water, alcohols, phenol derivatives, thiophenol
derivatives or aniline derivatives, with halogenated and especially perflucrinated alcohols and
phenols being of barticular importance. Examples of particularly useful compounds are
pentafiuorophenol, 1, 1-bis(pentafluorophenyl)methanol and 4-hydroxy-2,2',3,3',4',5,5',6,6'-
nonafluorofaiphenyl.

Suitable compounds of the formula (XIV) include boronic acids and borinic acids, in particular
borinic acids bearing perfluorinated aryl radicals, for example (C¢Fs)2BOH.

Suitable compounds of the formula (XV) are dihydroxy compounds in which the divalent carbon-
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25 C7-C40-aryl al kyl, C7-CA40- hal oaryl al kyl

C7- A40-al kyl aryl, C7-C40-hal oal kylaryl, and R26 is a
wal2awalossete or gani ¢ group having from1 to 40 caP®GDREP2004/013827

atons, e.g. Cl-C20-al kyl en8l Cl1-C20- hal oal kyl ene, :

C6- C20- aryl ene, C6- C20- hal oaryl ene,

. COORINDY@ AUP)ib aﬁelf\%vilité)hi&ﬂloge@tempqﬁmu@apgﬁllaqnﬁ?qe@pp@ example of such a

co%o&?ﬂﬂs akkyhairylyenes, 303 sd-obaherddprean Weas, D is an

el enent, of group 16 of ‘the Periodic Table of the
El ements or an NR28 group, 30 where R28 is hydrogen or
Exam@les GP@niyinktionsasflsompeunds ctthe forroiia &41) @ith Grapaanggaf therformula (Xl

gﬁvg?t;ngn%ﬁ%'laéug%un‘w/ﬁerﬁéf%&%bﬁ’éh'o trﬂﬂ@%ﬂbm)l(?{h?/’lJB:s(np::élntﬁgdebFophenyl)
R S RGRIT SO BB Bt %at’{"%sea rbRTBRRRR 55

trieteylalvrainin geniafluaephiensl gridenitieatnives/pemiituordea¢nog@ndat ed
tn@tﬂﬂal@rﬁﬂ@uﬁ}'ﬁ |d}ﬁy@r%§)f b oy 4 Bat £ 6. RIHONEHiShRAN ?/drﬂ{%eémhgg for example

el ng | cul ar rtance. Exanpl es o

mﬁﬁPPP@ﬂW&?PVhﬁgﬁ@ﬂpgUggpounds are pentafl uorophenol,

1 ,1-bis(pentafluorophenyl)nethanol and

4-hydroxy-2,2‘,3 3',4,5,5,6,6'- nonafl uorobi phenyl .

Sui t abl e npounds of the formul a W) nckyde

boron¢%/a%$d§|§gd~ r|n|Cngigg¢ufﬁ partgpﬁTarAl46\C;:

bori ni*c®aci d$ beari®ny perfluorldated aryl radic¢als

for exanpl e WE6FS5) 2BOH.  Sui t abl €éBaonpounds of Ehe

fornula (XV) are di hydpoxy conmpounds in which the

di val ent carbgog@[fZ@OSTﬁéSplG PCT/ EP2004/ 013827 31

containing group is preferabﬁy hal ogenated, in

particul ar perfluoriMrated. An exanple of such a

conpound is

4,4 -di hydroxy-2,2',3,3",5,5,6,6'-octaf | uorobi phenyl
EWeatoeceaEbmrmbcﬂ&tsdﬂonﬁbﬁ”bianmiOOBiSeasf oreEospPamdisof gfe forinala (XI1)
fo | the formula (XI11) 5
W@}&(%%;n%§€E%O&%%?H&ﬁgﬁﬁ#ﬂgu&%éentafIuorophenol trim

et hyl al um num’ 1 - bls(pentafluorophenyl) met hano

trim

ethylalﬁﬁfhu Q\h dPOﬁy(? 25 3, ?'BZ\BSI%KAﬁ'G*gﬁBna?Iu

or obi phenyl , E hylplunlnunipentaqluor¢phenp
triisobuty}t paﬂt fluorophe@qg andet CeFs
trlethylaluﬁfnun14 4" - ydroxy 2,2°.8'3 5,5 6.6 -0cC

t af | uor obi phenyl hydrate gi vi ng, f or exanple :
reaction products dfCthe /ﬁLLomp 5 10 i-Bu OO
F5C6 11 CF5 F5C6 QAl/ F5 Q%E i-Bu Et 15 F9Cz
O A /O ClaFs M Exanpl es of reaction products from
the reaction of at Iea§ﬂ%one‘5@npo # of the formula
(XI'1) 20 with at | east one conpound of the fornula
(XIV) are: F5C60 ~Al'0' C6F5 F5C60 ~Al"OMC6F5 25 F5C6
Inl priBciple GRS coripdhehts cdBbScombined in any way.

If desired, the reaction products from the reaction of at least one compound of the formula (Xih
with at least one compound of the formula (XIII), (XIV) or (XV) and optionally the organic nitrogen
base are additionally combined with an organometallic compound of the formula (VII), (VII), (IX)
and/or (XI) 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 (XI11), (XIV) or (XV), are mixed, a support as
3rd component and a base as 4th component are mixed separately and the two mixtures are

subsequently reacted with one another, with the reaction preferably taking place in an inert
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F5C6 C6F5 F5C6 il Bu 16F5 30 In principle, the

conponents can be conbined in any way. |If desired, the
WO e@sssIme products fromthe reaction of at | eaBCT/BPM04/013827

conmpound of the formula (XBR) wth at |east one

conpound of the formula (XII1), (XIV) or (XV)

, satyetli ay Rias Hepsidm @eg&plgaThecsunpqrted gg@atal;@sfom%cbcaarb@ freed of the inert solvent

or%quehélgrﬁ‘ ﬁleHMmodef@é f %Qeﬁﬁédmlﬁﬂh@ﬁﬂémg@lg?biram@ trEGYTRN thaehl
ol ot Pitede K 1 et it ARG B e &P ave e

caahsyaterst system In a preferred varlant the 1st
conmponent, e, g. conpounds of the fornula (XII), and

M e LT T —
Ceonaiients amtin aatiaga eltyloft br popyenecartd theneio wpx tng resulting
pr@ﬁcﬁﬁﬁ(ﬁlggé Xatﬁ[)sq sbifdn ¥h\é/%cﬂhl)goﬂlﬁﬁﬁzé%ﬁ The W28 € FH46 BE da¥alyst solid used in

the gkeipﬁlémﬁ{lz‘;@%n ﬁorgno&mﬁmeh%qlxm%é%% /t 538 ehgt;nl tge ra% grom q*% 1yto 1:200.
PCT/ EP2004/ 013827 32 sol vent or suspensi on nedi um
FJ BEmRHE Fﬁogrﬁﬁl%n%‘aﬁtac}f ah ¥kin, p%ﬁ‘é@ﬁy é:@&LoQﬁn ffcfr%ﬁgn&é VIBﬁé%Iclohexane

nert vent or susp ensi on di um ? | i
StyrgBr e H S e HBreS. aémfgm%%omor%ﬁ 'taf‘éﬂgﬁf?tIC&ﬁaﬁ‘éFBF ine
canTpeLnethel atwe of oif canlbe sdtdd amediditivé dudipg ior &ftbr the pnepetion of the

lgo%gpe%%g?%)%} ?Jste‘ﬁw frﬂ%( Mlafratidhy aq‘d@v&' tY %rgtancﬁnetglf?ct Bdn¥@ibn metal

eW Se possSl irs g}
ccm*r@paaﬂ FeRordingeo theeresspiinypst 0%'6P%‘@"WFQ%1AO§P 1 f0:1, preferably from
1prefer.ably linear - C2-Cl0-1-al kenes and in particul ar

et hyl ene or propylene, and then to use the resul ting

epol ynmeri zed catalyst solid in-the ac

Eaamc;m*mrgazr@meaﬂlc trptiGiereatal campRyings ofdhg far%% <')s<25|fheo°aE?éyébsystems in
whibBh thberepdredeal raetitabtforaiie adynninaior or mloymenzaz:emof@mnus

it iswusually in the range from1:0.1 to 1:200.

Furthernore, -a small anount of an ol efin, preferab
Theprasept ivemion thereferg alsp PEVIEEHY POGRIS A SKPRENT P%Bt%ﬁrf'[é%fé)/or
p&hﬁéﬂébﬂjmtcbydlyhhéﬂuét@hIoaﬁeeasasnerﬁmlnfryuha gresemnpone nstalysi Bystem

c_.or

c%pprls‘np Ugﬁstg@e Hgghgv%m g &%ﬂ%‘ie{/ﬂgt%ﬂ%ﬁ’x%el%Uﬁpoﬁs % rmula (1).

uring or
preparation of the supported catalyst system The
H@Jn%l ﬁﬁstdaﬂalﬁf syatddi ib w@ﬁogéﬂhda wgias Qmbeahétaicotnpansi of the fiormula (X1),

TS PRI 2508 BB UG s v
pep&atian ithelcatalystsystsis for leRolvEIpeEatipy Prccoe?'arﬁgwta?/wf Rigtingt The
f&@%ﬂ%n@guﬁ&]@gérﬁeﬁw badedltd thermdnbRecatiad yspersips tredBm and

L
o ?RSTVHBP”& e %%{Po%{e?gpsﬁgiﬁg%g? %&g %Hnéog? sgl?/ E?éct {hle%atgly 'II activity. It is
ajsp esssite iorpde ¢ o1Merk éﬂ@ﬁmoeafalwwrﬁﬁf&VIrf@réengeFOmP%%éo the catalyst

sf<Mm PP RS R& AR pbREd. ns by pol ymerization or
copol yreri zation of at |east one olefin in the

presence of a catal yst system conprising at |east one
Toé olefine a@0\be lfurctieralinsdeelefinicaly unsatHeiadicomPerEda BUERRFSIEhefemide

dBfivatiig off 9rglé! R melhacrylic acid, for example acrylates, methacrylates or acrylonitrile, or
nonpolar olefinic compounds including aryl-substituted a-olefins.

Preference is givven to polymerizing 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"
together with the atoms connecting them can form one or more rings.
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. Excopish ghaeieh glgfins @ve dfolesine having. fromhe

25 In general, the catal yst systemis used together
wth a further netal conpound of the fornmula (Xl),
waniosissoam be different fromthe netal conmpounBCDEP2004/013827
conmpounds of the fornmula (%) used in the preparation
of the catal yst system for the Polynerlzatlon or
o 40 prefseblyfergd to 10, carbon atoms,
e.§ QHRA! MebpSe, IBNRER] hypereicd- hbﬁerfehehémmn%ctaﬁe t1kv@cene or

SRR A s S BR GA f LBUayor
argicstyiranie tdgrivatives jog dgDesibush apééshumd@n?d “abekagigee. gy’ ?ﬁﬁd@ne

554 leQr?é'-z ﬁ&%ﬁé@%bﬁ)oﬁh&dl@@é bfh?ln&r@ﬁﬂﬁhdﬂ@we%mmﬁ BRSnstDch &e
rocess

The
ke S PHHE DIRAD P et E1THERGF 5 t chef, propere.
1-tisree, (Hheteed ovbmpdiuhdoesianh as ester or an1de
derivatives of acrylic or nethacrylic acid, for

Tlg%c%%%&e)sdgtg%%% t@feqsf'ﬁ?egt legeﬁxggﬁlﬁ qart F%%r[y&%%%rékl? Uéetar t!) Ihgrhop%llrymerize
prapgrk-osethateicar cipedyreerak efhenswitPEefer-elelies sush g$ mrepeneot-butene,
1%%@“@9{ hé('eﬂ&anQil/Srf 1 DSt anﬁh‘)?cfc@cf ma'ﬁn@ SE@H égh'r_o%l%ne aH‘d)@rro%nes

are denti cal or

di f
hqw'grfrauﬁéiﬁo &P caorlkhorb Ia@gﬁl &9y a"dﬁ‘?‘ﬁp'e”‘? Horlggrp?? glm S&ylg@nenorbomene or
ethytrigereieoe or mash praferdbintd ngpdymeEnzd Proper2OVitD &tsoa ar/asrigoutene.

EJ(%‘np%@roF éLﬁ,H t:@d'olyfﬁé?g‘a drébehfefdhd QFbpéﬁ@‘lTEuteﬁ)é efREhandeRne, ethene-

toget her w't atons nnect can form

1SN GPORIGTES Fith G B DO ORGP E PO YR B TS 8F-
1,33ezdenplegplyokrsuch ol efins are 1-ol efins having from

2 to 40, preferably from?2 to 10, carbon atons, e.g.

et hene, propene, 1-butene, enten %h exene, . h
The pRetRion endiat eafeied ouf tﬂ‘ead‘é‘ﬁ@ grnng ”'h'%Ll J1 SUERERRy R g 9as Phase
o ayiedsdal iedigch io thesubisinatyuéatbry useglfertiomnpdingerization of olefins. It can
b%é’!me%ﬂ%@b&%@ c?%ée?f%r}éﬁlgG&tmmglxﬂ P ?noﬁj@ﬁé@é@t $H@Bn Bfocesses,

I enes suc - hexadi ene,
SUSPYISISR PEAIPEAE SIS OB PIASP BORRSSSS HGIPBBRRS W Idized-bed processes are al
pE3bROANGeRITE su Shdhgion atebiomnadipesebleto usy dlertdydioedrbans, for example

lsgaﬁ%ea&els N LI 0&R %?ter\seﬁlgélgéyN ododecene or

Inor or nene. erence is given to ethene,
propene, ' 1-butene, 1-hexene or 4-nethyl-1-pentene.
THSOBolGRTi2dtpS bansyes taeddut bhfeonpeesesto°C aue ptebanes is the range from 0.5 to

3 %86 Bar%gf‘g{elné{et E g‘?\feﬁ @@r%)erléﬁﬁgs ih %engﬁgéﬁr%lrrygﬁ% bg®c, hQarticular from

ropene or rrze €

6@:@1@8%3@51 RIPSSHESSSID &1 ra@@edfoabéwemofabm@ﬁgu'af in%é%Pe?Hé’af The
mbah R¥i8&Re BMES @’é l]suéﬂlytf&iﬁeo aRdd bsurs; pedfdrablpireh Difgo 8 bols.as molar

mg\?sr r%wé)lglaqgrna%d%q regéegtﬂg gcthlWWcﬁ(%p“ gm)e uéeg m?-fp\e ?)@Il;nh%atlon

Féﬁmqf@@ww@@rmdﬁ@ﬁ%s BEh averiyleHes B Aliadr Hirel. Fefyihgrpplpmerization,
trfércefa@mbétym 'bﬂthé qia@eleme\wnm Qhopessd Mictty, o4, iténietradudédan pure form

r% Re 8 %merltz%tlon %{}Ete%s 01Q is %%Eufﬁmlkgﬂ?{ﬁpoﬂéﬁs uch as garafﬁns, oils or

ené; ~ propene- ene ene- exen
W@Wﬁé%@wmﬂeﬂﬁﬁﬁ@b'@ copolyners and
et hene- propene- et hyl i denenor bor nene or et hene-propene-

T%%P?vep (Jjgaguﬁ%gt%lhé %ra !(Sc}’n”n‘?ét% compgunlag \ytﬁgforrﬁﬂg Qﬁ&r tﬁéa&atﬁ%t systems in

- vihigh the aigasesphi@se vewyartiquiarysisplet ioF prepaiap P%FHPEWﬁ”PWqPﬁ'ée -ethene

cEpbRhfRbUrdseact or s used for the polynerization of

olefins. It can 20 be carried out batchw se or

preferably continuously in one or nore stages

T8 Inugritiomthpietstels s Providssespesss [oF a@é@,@@g)o'vefiowl?f@éofopene -ethene
cHRMRN ARSI IPFRSHBSerRE o0RGtINaSBIdM &8 dHisziedd bdle.

processes are all possible. As solvent or suspension
medium it is possible to use inert hydrocarbons, for
exanpl e
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i sobut ane, or el se the nononers thensel ves. 25 The

pol yneri zati on can be carried out at from-60 to 300C
wa@paspsscures in the range from0.5 to 3 OOOPGHEP2004/013827

Preference is given to tengératures in the range from

50 to 200C, in particular from 60 to 100C, and

) Tl?ﬁ@yg@fségeremaftﬁéalqodp@@olymeﬁh pEepRed s g %catquﬁt system of the present

inpexkibrl @Piara b t@fﬁh ﬂa&tr&l@ mbfbhbiagy antiltentaifig@dHinés Slodie péits or cake material

o%l.urg‘r? ﬁgapéﬁmue‘?’rga jon ﬁsrnqmﬁ cgtaést S sténrw IEPM %{esgﬁt?rf gﬁn%*ﬂ' y from

hour's. or and/or'to
i ncrease the activity, hydrogen can be used in the

Tmbwaarmezetob@mabra Qslﬁgl ﬂreftararyetrs@stemtwthewsréntaﬁi@hﬁdn\rmde both

BPHERe 2O TGO THEY G Al Y SreT gy LRt ParblG ueagyed by oo
parmeation copmetagrapby)us edhejranea:frqn‘qu 008 to it 00¢ 80Q grmplcﬁﬂldél“@rj My/M,
(Measiped & Jep bmméanémcmhﬁatwéwﬁg inztﬁé tPBe HYH t1€8’fb 4@r pﬁeterabs/ from 1.8

to?&% gr\;\éc%pgly%%@go% onegam siu%? @ma%§n§]§cﬁétaﬁ Wgndmers wﬁ‘ch can be

capplymnrinee with Iprapete, dorsixempla Corbt-ak-1comp suahices effene Hebutene, 1-pentene,
1580y brk- rh!a)hyp’f pdrfigheC ﬁrsaér%%sﬁmeroem thdlor HbHe @lfelchedsnidhémers,

resent ar cularly useful for preparing
BU}@ﬁR%ﬁ?r %g%%éﬂe%gﬁﬁ@ﬂ%%e?opolyner m xtures. The
i nvention therefore further provides a process for
TIY GRAJs! Jrgteﬁpéfm heyén@m%r%m@ %Eﬁﬁc@érﬂ%gful BPpre IRk YEMEpolymers of

m xtures jn presence o stem as
PR BAVAISEE FIE 2B 05 DS SF RIS LA FOTIE Dol kenes
haVing up&d § cegben éthms eTheabpaymas sipréren prsl rpnaansgopplymprgroe block or

hrgﬁ |nfbgctth§ol9rﬁ£r§| Y&HE céb(o?}n?éﬁ &fprdpgﬁe Fr‘éi\)%saer@ﬁdoni aMRRfd, My generally
uni form partic

CoHES 1 B RS b4 v Ao GBEGHET IR Lo o 5% b
weightyaTethez Bralkemesusaving up kes caltaml aysits, SystriEmiaoéthertee 1-butene, 4-methyl-
1?%&&%% a T IMERtds gfhenéav%@"? R&t&r%) BARLYIES b Sralee U Jﬂgrethyl 1-
e catalyst systemo e present invention include
Y honopol ymers and random copol ymers of propene.
The|r nmol ar mass M N (neasured by gel perneation

T%J]%O%U%Qr? rp‘?%%)@d dsﬁrlg'tlﬁ%vali‘a@ys( Qf@gﬁn cff r&%?rél&gt |9\Q=91tr$rpm;y Q&poe block or

neasur e X ]9 %er nmeat | on
h'@'l*rl‘“&?ﬁttcé&?'&'ﬁﬁry?)"f ProPENe WG %f%\ﬂtaen?drteymnf gippiagegpreparing a
pppgdremabbyolimernr k. r&dohmoﬁolﬁnerﬁapmommmrmﬁ@ tof15% by weight,
pr@Fe?Jhg/r}%rlrrgéje E{% Eg e d N r?eﬁ@%%ﬁl%s%a%? UBWr@oanUn‘rJ‘(e g.

ropene or exa
cEeCh PR T IEde SR BRI BL AT e, 1 e aistage.
pdiyti@ixag e pedpede-Btichy bopblypenteitiehaslan dttfsenalcsgenos®on i £tot&d% by
wg?ﬁ‘r ahwf O%Elr(gg)lhﬁthg (f: 5@1 eﬁ%%omﬁéne 1%%% § Ia@t@ne 4 -methyl-1-

terpol yners e cat al g@
peymeé@ﬁwﬂsr Hbeq@ﬁeéérﬂamwbﬁtwﬁn? §th‘ﬁf%?r°t°ip€'bjm§rr(r"’9‘°ﬁ y ggmerise
1fhotengd M eRd i d) §-cbRAB POyt 1spedfene aéfur:therpmremrs) polymerized on is such

oGPASHISR Fha TR S e 4 8l v

PREes . The copol yners of propene are random copol yners
or block or high-inpact copolyners. If the copolyners

TR&I %r?é/?e?rgﬂgn}lgg&%a%s gﬂ@ m%adﬁwtelrs%%éé?eed’ uer{&%(e &é@ﬁﬁ:ﬁ é&}s e\‘rbtil: the present

Ir\xertlghhave@aﬁan%lh@fawsy Cﬁnf@w&d@tﬁdy wswdéw?@ns %e.CgH'V‘
sctr@dchBf sde alakRIR P of tl \aBtPOUp pieerdblyCa Ndaepsat amarticnlarly preferably
Hg&ﬁbﬁylar et hene, 1-butene, 4-nethyl 20 1-pentene or
XtUre of ethene and 1-butene, ethene and 1-hexene
or ethene and 4-net hyl - 1- pent éne.
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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The copol yners prepared using the catal yst system of
the present invention may al so be bl ock or

whe@hossyp@act copol ymers of propene which are OPCHERP®A4/013827

by, in the first stage, pré@aring a 25 propyl ene
honopol ynmer or a random copol yner of propene with from

, by e@0s oftZipglehNattaycajy gk and hqumsfaem@ewbtﬁ COMPTRNIEL COBEB% by

melghtA of other 1- alkenes haV|ng up to 8 carbon atons

rrgrthH§/|00aO )6[&[& %?]ng n{eﬁlg%ofxsww% S[l]ts Cg’[gg ﬁéweta cgomonomer
pol yaiRgblutidmghich mmruf;@ern@vertthﬁemoleromﬂsyneqtrumﬁm a@siribygon can be
et heprRALd, ?Jr"exé?rfplé r%ﬂté&?\s boa &KbY PoMR rﬁéﬁsu%ﬁﬁnt i f
desired, further C& k-1 -enes (e.g. 1-butene,
1- hexene 1l-octene, 4-nethyl-1 30 pentene) onto this.

- I n gepspomerstthaiueath iy tneaifs qisioplersite eatdivsis theogeoioperpgrs are randomly

( V\’h : &%lb‘ﬁ@éfﬁt@l@”th@ %aselofk%%cﬁﬁﬁers drobsoLang me&n@@ftz%%r-Natta

entene as further

on .C@t%/aehthe EoRANONRE SEEH ) R?dwfpﬁf%%ﬂﬂe é’ﬁ) t%?e“teﬁ gﬁ%“é S%Pf%!“ma
st agententk €hetpmbroanerobtentBOemidtys oy et snudfil exiget ikthelfractions

proqu % dse?’ésuma@n rlQ@él f}%rt'&ﬁ@ﬁ&\gtym% Yof ﬁ@%tgl%gh}émﬁﬁe case of

prepar usi n e cat stem gh t . th
" v e $95R RSP SRS @S HI B R EBTE smf@tﬁt@ ShTargtinventon, the
( me astoesch dryomtera fsctofted BCa MsRmusipd d 0eoetemply aseaximum of 5%,

exargélrtﬁﬁl)arl ;g/ret@rtabl 897 xn%grr@of Pﬁ‘%f @é't\ﬁ@érﬁ/th@ﬁaét@ﬁ’ssr‘epr%ée/ﬂll@d‘éj

particul a prefera least 97% 40 Random
copéWVﬁ@F@”ﬁH?E@p%HQ% been produced using single-site
catalysts (e g. netallocene catalysts) have a nunber

ass
coparrulsatedbans) (i3 s EBEsE e %m%é%?%‘t%g'” "
35 wstm@amewacziré'gt genetRh Mylincis 5 %P8 t OPSHET SR RGPy means of
CONBEAH! N:ttE OB MR EVCIRBdden tnolaT s, distdpuibysnersactor.
produced by nmeans of single-site catalysts have a
conmononer distribution which is uniformover thei
ol aruriersere peretyMERs Prodedsd By aiests ¢singlecie E%fﬁ‘yﬁéhavé a low
det efroponem,of §6Mble6?(éfé'ﬂlalethry1UmalﬁcSof@ﬁheae taslidenthcGPGater, the

gfﬁzﬁgjré;?orrrt? rr‘wtof eth?- FBFE.%?e %55?{13? |sqes%q%e§i/o B}’ \gggﬁtns of

e conmononers random y
distrlbuted mhlle in the case of copolynmers produced

In l%}ddlm?\aé] §0rﬁl§ma&bl€@‘|ﬂ% 'abalefr@ntldhad adaisdsdeads e the eoipmengtomopolymers
an(?&ﬁ%(ﬂ etﬁalape Ht?.leﬁ t Se cafjﬁqyest %ﬂte%gﬁheeefrggenghvergwﬁ being eluted within a

norner cont
nafrtow@rwmrzégreoﬁfngy s TREE nialthe aaxe aiibe hamenqlymersRidirgigem copolymers

pr@&sﬁf&f usﬁ% tie éialtglyfst §s 6 bithé pregnt M@rﬂﬁhtftcﬁn&( @t100% &g tveight is eluted

W@Hb/% ewg,srra ureprraa%e el)%%wcj r¥ r?ﬁom 1 a? bFaB% & ‘?§"% s n%e tgg (?em grature at which
medmum elubiereensys ( P?ﬁke'ﬁfmpélﬁitur‘t hahe &oee AGTRIFDILBATEA{TOM 15°C below t

1 (f £ 46 bVah& Sedh Yerfberat terBampatic A& Hopréieabip framl 4° @ berax tomdhe above the
5% part|cularly preferably a maxi mum of 1.5%
S

e fractions representing a 15 sufficiently
| arge proportion. Copolyners produced by nmeans of

T}‘?é W@Tﬂhb@o%@ts&’éﬁ@cd&a Re) Prapdreudity 1@e caragst system of the present

lnéer%?n areaﬂtq%{}ﬁzgr?pégde?gttgu Egaang sgf? Qn Sr.li ?Ms’ {I:MP? 'flEmI\Bs |rgect|on-
moedibarist mb.aplatesior @ageholwbadlem p@ieg)thawaw inigh dengile strength. The
sHBBE b5 -dispfy, in particular, a high toughness, even at temperatures below 20°C,

combined with a high stiffness.

Shaped bodies (e.g. injection-molded articles) comprising the block or high-impact copolymers

prepared using the catalyst system of the present invention are generally produced by the
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Furt hernore, copolyners produced by neans of

single-site catalysts have a | ow proportion of
wagodoalobsierat eri al . \When 10 nol % of et hene has BPEERP2004/013827

i ncorporated, the proportiden of ether-sol uble

material is |ess than 5% by weight. 25 I h addition, a
, customiyrisiedtion mofdingEocessasdwew fodhese skibegt in thesarl anddheve @novel property
cdnthalR F Rfnesd RAUIRRAL YRR frénsparBRcyCAB Glsy IRHRY 1ithé SRAE @litening.

usi ng t,he catal yst system oF the present invention

being eluted wwthin a narrow tenperature range in a
THeREdeuIUE Iof ¢limticityaae a ofeasure ohibersifinbsae tie capelymers @apared using the
o;ﬁé?ﬁ@%e%{éﬁ{ of th r&%ﬂﬁ Sh WbastBginCAbAiIY $dst @é%&ﬁéan@é witth&0 527 is

res I nventi on rom ob
OB 1 the RegRfErRPOR t8 6/09A a/é”aesz%ﬂﬁgi'yrfa“ﬁ%?ﬁgéf 9 f%%toﬁgwa
velﬁﬁérmin@\ﬂyapréh:eabtyelmﬂ@rramgﬁrfmnasow\‘b|1@1!@0 8®anmaxi num el uti on
occurs ("peak tenperature"). The range pref er ably
extends from 15C below to 10C above the pea
ThesrHAE AT pRck e g5 RS iBcTR 3R HIEPT e dPuspagss©f ‘ih? aﬂﬁ’%@%@??ﬂ?d using
the @at3IPT spdaen of théd respra drlveht@npeeaslteddn acEhelapd withdB© 179-2/1eU, is
>£d&9<g)ﬁ1@ lé/":n&r dggﬁ)rﬁg'ﬁoétyfﬁaésare@: PN MrdchRe of the test

cat resent 5 I nvention are
SReGiMea P'égfe@?rdﬁci 8P ng hard and stiff shaped bodies,
fibers, filanents, injection- nolded parts, filns,

Tﬁé %g Ss %Bmkl%gn‘fta@(val E\% ﬁig %\ﬁ%ﬁ‘eﬁcyg % Pérf%ﬁac‘r)anmv% Mdze= 100%),

tens parts displa
dﬁarrrmeé N apeordancii v A YR Aekof tf&/@ﬁo’éﬁ“erﬁéfﬁﬁ’é t“ﬁ%%ﬁ‘e catalyst
sReOWiIRQesentavEdtreld prdférBbivlels Hhan 80% f fanesmrly gréfeBivlypesd than 30%.
bodi es (e.g. injection-nolded articles) conprising the
bl ock or hig npact copol yners -prepared using the
Theiniastipstmolded ﬁélﬁieéfprqdhéeogm@ﬁ?b?%sﬁl@ﬁ‘ifibsﬁ PalyRerg Srsrall egrtain
ctﬁ%‘fdﬁ%ﬁdhtlbé‘s %b@n%ham%&&gﬂ@ar?@ﬂ ERRiGOAY, 0b3&RT and6nold release

a%q?? |, ﬂ g (jsr ?{Lf,]cllelahrgqcég:,eir)lps an %g(\%% plggt%%\%r%ls&%s Wté & ﬂtallﬂg%?ardants in

cestamsEnnanowis. bfgeseiat, ﬂﬁé@ gre lmqgu:@rﬁﬁ@g@na% grapyla%@ﬁép@ﬁaﬁuct obtained
irdRAd&ism ifinePo@nditdtbh.e stress whitening. The nodul us
of elasticity, as a neasure of the stiffness of the
copol ynmers prepared using the 5 catal yst system of the
Cpstesan stabilireeiné! ode antiexidanissich As afet'@ﬂls%r“éef? Rftenplf, processing
s@6iFRFARBC 8 M’Io&;ﬂhdeggr Srdéphcnites) 8O Eéﬁvéb@eté’buﬁ:h @s tdcIge stearate or zinc

B3O 0 RN BERE o DB AT LR oo

cormlyger anpositoe chorgmgwhwpr@senrﬁye@qapgyam ,Qp%l@&more of the stabilizers

il SHARESES 1025 By WBGRUre of the toughness of the

copol ymers prepared using 10 the catalyst system of

t he present invention, nmeasured in accordance with | SO

SLie@le2ulirieuits sl moig 0deded faentnare BT @RI BOD aRdY, fRCiyn or zine salts of

fattg Qs Peftt?fa&a SRfcfes 'o?lo@'n’(&ébuta@w&@htfﬂo@rﬁltam war@k, Witieh dresdually used in

eci e cord d at 23C. The haze, as

Cegﬁﬁfa@?@rﬂ HP{}%\/&I W¥EB" t he transparency (%

transparency + % haze = 100%, 15 determned in

P%Qé?kﬁer ﬂl@l@%?e \Mrte!?a LD chAR3r ?Ess”tb@rs@rﬂﬂbh'Cﬁﬁﬁﬁlﬁallpb@ﬁk%ﬁadamounts
g he caé system of the present invention is

OEYpetP Py yeiorl than 40% particularly preferably |ess

than 30% The injection-nolded articles produced from

: &%I&Q@M&m@%ﬁ&ﬁb Q%dfopgk o H@raablh\)és%gmﬁtﬁlc silica or kaolin, salts

cust onm

oém@nocgrpggéflq ‘P?@P@ar%f”ﬁ}’ﬂ? ?cacésth stao aj%qnaoate Pl alumm%?ertq:!’u‘ylbenzoate
digeyticenedartitolenr &s m@maé(altamgltlagﬁémrwaﬁvaﬁﬁw%ltaétm%‘?;/' ethyl- or
AR IdiehZRdhes YRS, or BAIGHR BkSteRl0f phaRPRorit @biar slgrbgiumi N

2,2'-methylenebis(4,6-di-tert-butylphenyl)phosphate. The nucleating agent content of the
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customary anmounts. In general, these are incorporated
during granul ati on of the product obtained in powder

WO 0051058916 he pol yneri zation. Customary st abi | | RET/EP2004/013827
i ncl ude anti oxi dants such 8% sterically hindered
phenol s, processing 25 stabilizers such as phosphites

, prapyleph palpherbmessitionds wknscdly emipei’s bysweibhtas cal ci um

stearate or zinc stearate or dihydrotalcite
sterically hindered am nes or $ ze |
SugB Aedit) F’-S a&%@ﬂ%ﬁ'Hﬁym&%@ﬁ'w&ﬁ%\%}'ﬁ@f‘ 8@#&8@ S 3 exBmple, in
GabtoMdiengPldstics Alitipesisantbobin vinriditon, ldanse é’uhhst)ere Munighp i €93.
of the stabilizers in amounts of up to 2% by wei ght.
30 Suitable lubricants and nold rel ease agents are,
Thedrveatiog igillustraied by (e flipwing negiiingAgMPEPne “sal ts of
fatty acids, fatty acid am des or | ow nol ecul ar wei ght
E gkﬁglefin waxes, which are usually used in
concentrations of up to 2% by weight. Possible fillers
are, for exanple, talc, chalk or glass fibers which
G&mfiusual |y be used in anmbunts 35 of up to 50% by
wei ght. Suitable nucleating agents are, for exanple
i norgani c additives such as talc, silica or
Thedettes'c” aiftherbraino e I9b%,PFREMBENYMPEEATERGIatiEn 8"61 %!’é’sta%cegdem‘es
expOHheH® RQDERRCEs WHictadre Motababidiay to the pydskreirneation,and have been
i den itgl or its Cl-CS-al kyl-substituted
m%%gﬁgg¥°v %aﬁégkggégnethyl , ethyl- or 40
- di met hyl di benzyl i denesorbitol, or salts of diesters of
PIRPASHAQF § lh@ cé‘tﬁly@{ e.g. sodium

eb i s(4, 6-
e H A s
<3%ﬁ*@mw'm8wenesm Ao ThrateR Wb RISISR1G S verioht a
rOGQWQﬁ@rétNreléﬁd ves %?ew @hted wBHab.oasl @t foiuees Tae @iluted solution was

lﬁ/é@éf—lf%tf)g8mrﬁsmc %%’ﬂ %Q L\gd %QB%O%’ ﬁorq%géét) tVé‘#ﬂcular attention

|ast

,wadamitﬁo&e colprdy sBHition keing weiiaEwly HislHPyiaheyes thel\?HHW%ﬁ“ati@%é\ﬂer

1(5mT1h@s YRRk b&ﬂ’enﬁnﬁg fhé Eé%tyétadugﬂenb}én tvae chdrpletiotormgvacuum line and
drieéj uniﬂ{tﬂet%gr%Btég ﬂgtll%aatg{l%gg)e(%nerreélg%ggsg%%éﬁ,’gar-\r Q‘% dy%&eﬁg‘?\'{

desi gnation of a substance denotes experlnents or

pgupgkgnﬁgs mhlch are not accordlng to the present
| hventian

HBmPng'@gzatli%s \fg?.rg 5%?'3‘{3 ?Lgr\n l ﬁac‘ia’(oracthg eg @ﬂiﬁ’g 5%@ gyw propene. The
reaftorwasgt el ineridiyenaging b mtrqme baf@reebemcr@argaﬁ & Blohe 20% strength by
whig FRef.Adrr ?ne?h?laﬂ]m?’r?&lrrﬂﬂ@xxﬁj‘l (FMAQVitdod ApeShtFcRINGEdInto the reactor and the

solution in marl e Th
mgqtqr%v@%stirrsd gtt %Pn@ ?oasgmm@?ﬁ, ﬁaf‘lgy&ogl;e&o n%staéi ag I[t% ?J)n%ghtpaqom% set to
0\Basangart $tlegpupeniiteryof tguidstredy'enet A sagpeosian ofdlﬁe eepesdyfecatalyskin 20 mi of

E%lsloWa%%tn%QLdéﬁ'nﬁ@th\é@@ac@ ﬂ@r@édﬂr'té’m;ﬁﬁ@{@@ vi=@ inkfbagedio 65°C and
i ca

n]g%atheg ﬁ? t?ﬁ t%{{l)qeéﬁxtlrfagq{ 68 rvvalét glha p? 6m%r%gtlon8|w®r%&9p%zi ‘by venting the

rexolouThe polppesra gergniritdovaryigiti L@df#rlrtﬂ}tcé@ pigvrre befere Haippanalyzed.
material. After

Copolymerizations were carried out in a 10 | reactor charged with 3.5 kg of liquid 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 respeotive catalyst in

20 ml of Exxsol was introduced into the reactor. Ethylene was introduced into the reactor (total of
160 g). The reactor temperature was increased to 65°C and maintained at this temperature for
60 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
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10 m nutes, the flask containing the catalyst

suspensi on was connected to a vacuumline and dried
waniosiosgoe content of volatile material had beRP@I/EP2004/013827

reduced to | ess than 5% by 3%ei ght. 25 Pol yneri zati ons:

Hormopol ymeri zati ons were carried out in a 10 | reactor

. veofirartoperdagiprt Theolymiers wfre |diieglip\grighd p@j@é redyprd pressyetgfore being

and@sedrade inert by neans of nitrogen before being
charged. 8 m of a 20% strength by weight solution of
triethylalumnumin Exxsol (from Wtco) were

Génatal pucasigtss fantie hehdling eadlswh@»ﬁdbftilh@nd mogture-gengiiye substances:

Tratsyhh &5k Al n3Rind Gfinelotgdf a8 colpolNtd AGBR carS sRAREdarried out

ItS concentratlon vvass I.ter

WiBeOIHTRne’ abend MR BTy ?fP%h@%"% weﬁﬁfaﬁgﬁm"i%@ All solvents
use¢ gpeqligee wiasgbryatd drind 20entholerfular Bxyesdlefonmuse. Metrabsdrercgn (THF),
didthVi QnbNg, “tcfﬁ%?\% Qkre dTQ@ ové%ﬁngﬁlﬂeﬁ{%ﬁé%ki I Ben¥RE was dned over

|ncrease and - maj nt ai hed s te g% by reflu
Sopl I B0 A 83 PR ] VAT BRSO et e Vg by refoxin
foveminibiegottHoers, and det iventShesrgsitbgaprestiyvstdedio el stored over 4A
magg{apgg under reduced pressure before being
yzed. 35 Copol ynmeri zations were carried out in a
10 | reactor charged with 3.5 kg of |iquid propyl ene.
Arkydrd (9aitryinue trighibriceoihddrieo(®5 Bipute) med Brptoal cisvbuiymyl bromide (98% pure)
duced into the reactor
Wgéé%gwgéh&ﬁmgﬁy&lm%m%??ﬂ %ﬁ}gt 30C for 15 mnutes. A
suspensi on of the respective catalyst in 20 m of
MEsoEpedtrawase hedsued usieg a iHewett Faekare aertes 68 9ENBiylneant wigls was
drwebgggwcggenws&g%%s LeagiorE(fphg! of 160 ). The

erature was reased to 65C and
N%.Sﬁ@%ﬁ@é@rgmc Etnﬁuogaﬂ@ﬁﬁt@a‘“afweouws% Werg Be9Fedion i AN The
UiRItyes98 MIVIR dpBetiohtel eaob tempaatel TiteadheadbabshifB2ard sapottad relative to
Siﬁfntinuous addi tion of ethylene (about 47 g of further
ettiyl ene introduced). The pol ynerizations were stopped
by WO 2005/ 058916 PCT/ EP2004/ 013827 38 venting the
D@tgm,ﬁgﬂbn of item@MgypsmeES were dried overni ght under

e mggné; doo% 13 usr el’gepr%L 85 gpllﬂ'nee'angof (f% M\é%{rrerﬁ@rﬁ ﬁ':réécordance with ISO

proc s 0 hesi alr-
qu‘l%fd @?@-t%@ﬁgﬁ hepting @a%ﬁs%awfaeégng f@teﬂi SO°EyRRT Y% AR’ TS dynamic
c@ﬁaﬁﬂatld@t@fcodhhg? rofd ga0mTpkahihite dowmp@snd andadeddne heating phase ata

?,?g%\@{ ur e1“3_0 Ser %%ru[e b%g %“ﬁoo a‘,\hthla rr?e)ft(ﬁb éﬁfhfw ft‘\erﬁa{h'é té?ﬁ%rature at

under argon ove box
whiglt thaiceve f)enthaloy vws\zermogratm@eaweqden Bersgerndicetngphgrsifisplayed
aadin@dm ed over nol ecul ar sieves before use.
Tetrahydrofuran (THF), diethyl ether and toluene were
dri ed over sodi unf benzophenone, pentane was dried over
Gsloimentipeeivapdieanamie/ t ri gl yme and di chl or onmet hane was
G@fdeﬂﬁeéﬁ&%hr&%t&dréﬂm byl ) des Riyriddedul sxisBT b0, 4 strichlorobenzene using

oI R s AP Hh Sy L6 SO BB BHRBFANEHA e sone
WinB§ 8 foudiSEniwicdunessesetsahait fiawissensahatiichedtyg-pind Sptusig mbH,
OgermhFBgf@heﬁ@ bitHe )b MnO e SiBbraR8 Yy Rk Ry of POl p®pPEacitdredrds having

> [&nd numb
TREBEEED TR GOR R Gl O PR/ A S R Rl o number
ajanagerruai@ miassvilE bf theapolyneera imsredtapiningd.al e} value IS gp3atipe snass
2P MASEr b (M.J & rMiber NMRageRekimaseMQr gani ¢ and

or ganonet al | | c compounds were recorded on a Varian

Determination of the viscosity number (L.V.):
The viscosity number was determined in an Ubbelohde viscometer PVS 1 fitted with an S 5
measuring head (both from Lauda) in decalin at 135°C. To prepare the sample, 20 mg of polymer
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Uni ty-300 NVR spectroneter at roomtenperature. The
chem cal shifts are reported relative to 20 Si Me4.
wDedosossom@t i on of the melting point: The el tiPQI/pPion4/013827
Tm was determ ned by neans3®f a DSC neasurenent in
accordance with 1SO Standard 3146 in a first heating
. Wesh gigwolvael ins2Otelef daeplin at B350% fop@dower15iplefithe splytigpprre pigced in the
visbyasi £hd tRDinSiufdnabdriigadut @ middurd ot Bfei riighing@dI@ tif e m2@&irements

r m.nute d 0 25C.and ' .at_ a.

o eehgen e e b B ik 3 B Pl it PR R oufumes by
means ©f the retationshipdald =t(tierl) f lsevhesizemagruefdheaunnipgrpieimetpgthe solution,
t, § He¥€oiQhe RIAKIRAbBMIMERST HéSsolveRIPE et dehtPatidR 85tHE €6lutionnin §/Ae

second heating phase displayed a maximum 30 Ce

pernmeati on chromat ogr aphy: Cel pernmeation
Bahpesat ogr aphy (GPC) was carried out at 145C in

1,2,4-trichl orobenzene using a Waters 150C GPC

1 .3 g b r‘%tgﬁiﬁéigg?cﬁvge{-gwl eﬂ&ﬁ%—?%&%tqu&ygoﬁﬁe%t- o YRS CALELED QUL 7y
HS- Eafssbokyi4rgsgadetylpbemdf tindany!)-airconiemstitiddride (‘G he
Hard- and Software nbH, Cber-Hi |l bersheim The col ums
were calibrated by neans of pol ypropyl ene standards
havi ng 35 nol ar masses r tng from 100 to 107 g/ nol.
The mass average nolar na M w) and nunber average
nol ar mass (Me) of the pol rs were determ ned. The Q
value is the ratio of mass age nolar mass (My) to
nunber average nol ar nmass — Determ nation of the
viscosity number (1.V.): 43 The viscosity nunmber was
“determ ned in an Ubbel 0 viisconett8r PVS | fitted
with an S 5 neasuring oth from Lauda) in
decalin at 135C. To pr re the sanple, 20 ng of
pol ymer WD 2005/ 058916 PZH EP2004/013827 39 were
di ssolved in 20 nl of de in at 135C for 2 hours. 15
m of the solution were ed in the visconeter and
the instrument carried out a m ninum of three
runni ng-out tinme nmeasurenents until a consistent
result had been obtained. The |I.V. was cal cul ated from
t he runni ng-out tines by means of the relatioqnship
13 . v, Prepgration9f 3-yrethyl:3.5\fisteliakydo-spdacent! <%F§'é°“? éﬁ?ﬂi ng- out
50.7 @307 minteh) os@lHyidicns aluirtuen trichieide wefe sidvay addediah@fCdaw mixture of
: ¢ o : P T .
1%% H‘g1/6§1mntlgf)r:o)g ﬁi%l?{ggﬁdlw% g SPNGERALEA U bRImild R 580 kb Rdihyiene

a .
clmrﬁ@pwmsgefim &py‘pinl(tgs. fee fﬁ@ptjo,ﬂg_n(iﬁtur_catb@pqm%gﬁr§ ﬁﬁihgpﬁﬁu)spefsmn was
stird 3t fdorh &drfiibatehedorst7i Hadacean sibsgtyentlylfoured onto 200 g of ice. The phases

- -A4- ! rt- | i 17 . .
HETRR T 1 UERN oo denat 600 s
tveige vith 8P R Pach tiB1egof patpiefqdaangimaVeopgaoerate S?'%%P-aaﬁ friqewith
260 mPfachiing 3 viatdr3Tie sradili) pleke aadiyrtbdausr alhydrburusndium sulfate and

fil e%éd%ﬁér%%djgﬁ% tllfngﬁ%ﬁ\se%lo Menggﬁ%%gﬁegglggg@ye%@% {@b%ty}t’é'kﬁ o@fhe compound

e

O .
(1R by reRTs kIR ‘W chcqjﬁiagﬁoo(éc-ﬁ%, %@o%nt@?ﬁ@é@ﬁ% @hvéas 99%.

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-3,5,6,7-tetrahydro-s-indacen-1(2H)-one (1a) were added to a
suspension of 50 g (0.37 mol) of anhydrous aluminum trichloride in 200 ml of chloroform while
stirring vigorously at 0°C. After stirring for one hour, a solution of 8 mi (160 mmol) of bromine in
20 ml of chloroform was added dropwise to the mixture at 0°C and the mixture was subsequently
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 hydrogencarbonate solution and
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chloride over a period of 30 mnutes. The reaction

m xture becane dark red. The suspension was stirred
wa@eoosossye enperature for 17 hours and subsequePCT/EP2004/013827

poured onto 200 g of ice. ®e phases were separated.

The organi ¢ phase was washed once with 200 Ml of 1

. Waierrane kulispalrenthhdried iover awguesiuB0 stilate Eiltydtiom axDemelvalehidh solvent under

re&dc’g@ r%gsﬁéaé%%t] %Q)f §%€§'dﬂr@(‘flb(ﬁk§ Ql%f;‘s%aﬁché&@ttﬁaﬁl% Mtdoﬁfa\med 84% of
anl c

W t
S e Caurd G S0 e B ES Db e e Separited by
Cdunintoﬁroemtogﬂ@hwv:amnoafget Using sottirderte ahivdde as eldant. e‘lans gave 18.7 g (44%

ylm%ﬁsﬁ%rgmﬁg%g 89 9 (99%yi el d) of the conpound (1 a)

G B e s i 5504818 4 BCae e, LBl
2.45 pr2viyo-2-(getHyl - 3, 5, 6, 7- tetrahydro s-indacen-1(2H)-on

13 1 b4 °1f51 81, 14578, 137.09, 118.72, 117.84, 42.34, 35.48,
01 Bl 58,

t et rahydro-s-indacen- 1('2H) - one (1a)
Mk 23 3388411524 suspension of 50 g (0.37 nol) of
anhydr ous alum numtrichloride in 200 mM of chloroform

' ! @repaﬁéﬂo‘fw \‘E?ﬁl %Hg%lg'f‘@\gy%?tﬂg3 L traﬁ%dr& Siif@edi@f(2H)-one (1¢)

br om n
0. Qe oﬁwa"acfwre HF%?"B\(%’PW‘\)\E@ Gog e r&PF%ﬂHthQ hing (¢ mo'"#i W&f%?‘gjed toa
wélkstied @xelrd bres 215 (8,048 oINS -Lrobeexyt eth§i3)s,8l0-tedtahydred-indacen-1(2H)-

on%v?tgh 1931% 0. 6@3%3'[)90@%%1 bgg/lpﬁr%rﬁlwrgmam ij'ﬁezfjg d‘%z% n%?)Q)f Podium

cagl@:@a’qeeﬂ @ raffof dimgieretnang (OM lg)%t‘smlrcé W@ieﬁ T§‘8 dﬁqﬂwn mixture was refluxed
fohy BELPE BG4 PeNAdtE afe bxtiacod waihdndiDIs2@@blbAdEBS 26100 ml). The combined

orgacTé gﬁpé V%rg W28eb w]gtg'? Mf:&a{ rtb%]aqe §6’mr%ﬁ He QL eyaﬁH cﬁr%@toy]er

nes um sul I on an r enoval

maglesemEUIeIdfer eegrt eidnpiorent e gedreraduch et chiopiggraphed on
siRalge! (FExaNSiciagalobts frém undd 0@t emhistdaas 10 §€700i Yieldpsfittes dvaghound (1c) as
84% of the desired conmpound (1 b) and 14% of a
dPBI' Y381 de by- product. The nixture was separ at ed

"o righ- cehrcmraﬂﬁ JedpHyh). grb $d| 8.8z @bl 7fi (Rch- 2t RY): é"r?é (m, 1H), 2.9
(cahdiprd. g’cﬁ(daSzrsly@JWgn 1FU1!236 gay eH)18.07 (18, 444068 &, gH)eh dd (dhf.2Hz,
3 he compound (1 H NMR (d, -chloroform: 7.48 (s,

JH), 3.28 (dd, 1 H), 298(m 4H), 2.74 (m 1 H),

2.59 (dd, 1 H), 215 (t, 2H), 1.32 (d, 3H). 13C NMR

1d d1- sRbAERINE B)4-1eRBBtyib é? Qenyﬂ@méﬂwllﬁz 4 58dtrahdkb-sA@acene (1d)

1%@206023 oélogﬁzg %t]q%yrp W afez’tdﬁgl 33?§ FBatranidtodndaadh-13H)-one (1c)
wére(addadetropwiset 3t Dfhiorasoltignaigt.tg (O 163n@) of Jithim alkptirp nydride in
1(5111@% Biethyl(c2td):. 'l@n@@ea(ctlon%nxtur@ é"oth&f wz{%&bdrﬁéd Woare edradetature and
3 T2k B TSGR BREDRALER, 8 TA e
pimesk Wag fepsrated off, washed twice with water and dried over magnesmm sulfate The
rdsRIPwAsS (ﬂ?stoméb Tn3.305 b oftsch &né @darer §dd|tfdﬂ@$@8~glof (chbll):ene@Jthc acid,

f tert b 0
efgwfe)g f%{#é q@ﬁ% gh? %??’LTQ%W%%O E) googuuﬁ%p%gﬁ\g%r gﬂ%u{w iff a 5% strength
sdJton ot scofundiydeigbrmribendia ar c(rw Ry BEgNEsiusuliRie. eﬁvapqrh@n of the

s&l@éﬁ%dv@ Rufd UL WASheh Rf-8- Mt 11 DOr5-@BtrkiydFoSs-inBiehe fh quantitative
@to wat er and extracted with rrethyl ene chloride (5 x
Y0 m ). The conbined organic phases were washed with
"4 BHIRY da-ahdordFonmat B4 1s(0] &2H2H)aTcdB0Vet &2Hza ), drliodel 16\ 45-6.43 (m, 1H),
3B ESE WN) SHbg («’aBezH)&f 165 84 EADBA), 2% (& 138) SLdV@NLH), thBe (s, oH).
crude product was chromatogr aphed on silica gel
(hexane/ chl or of orm f rom4/1 to 1/1). This gave 10 g
1€ 70%Pyeperation gilindiyistaepigifd4 (et putaisherg-6anethdd dukss- tﬁtrﬁhydro s-
indacen-7-yl)(2-isopropyl-4-(4 -tert-b utylphenyl)-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
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"H NWR (di-chloroformy: 7.59 (s, 1H), 7.46 (d, 8.3Hz,
2H), 7.40 (d, 8.2Hz, 2H), 3.21 (m 1H), 2.99 (dd,
WQ@RHo5/02898¢! (dd, 2H), 2.69 (m 1 H), 2.56 (m 1PEH/EPDHOT13827
(m 2H), 1.38 (s, 9H), 1.281(d, 7.2Hz, 3H). 25 1d
Preparati on of 4-(4-tent-butyl phenyl)-6-nethyl -
. 61 ;@ 0Bedppdr@) ayatiyedtogetissr iwiti20e me of diethy! éDegwre pRBAd inairpactién vessel

l a
aﬁ@ {o4m|t Jwgklsfyé &hﬁg&y§f)n-§uég@ﬁ ¥l I??ex%nriﬁza @gagg?«@yedgo%eé i-70°C.

T%qeacftlpra, Rixgere Ua%s%s%e@tj_yelv%psl todporp it Wrg@a%ﬁq%for ae}urther one
hdvy difnie dezcliom midt0@ wis codied badkitplvn éd 1T6TC. ATdokitioreaf 4 @ (22 mmol) of
2 rgofSrtoF’)yl ? b[ér‘?btﬂ?%h% 1‘“@55@&1 rﬁ&hfl%%%sﬁl%@ﬁi@ﬂ Hé@be%ﬂ%quepared by

Y% St ren
theyesthod HP%‘f'PQﬁ I WQIOUEROS4 etrama'e STRROCGSg RO M3 07 Jipthd Bingpges added
o0& ppedddet oef Hour. Was kactidrwhigiereMdshstimed everragid athobra denpegature. 60 ml

{Wﬁé}%t)enzé&éxﬂﬁ$phal§§were%§g§g@d YA o@g%xse%swsﬂ@d with 100 ml

ene and
ofyiates| TherrerbingchrlgorPh@ses wase F’éff?ét?df%'fse B Aok P00 mipdiethy!
cthel Tid @mbivas o@@m& pihs& O we Rt 6V efaghesien suiaRhAfirwerhdvabof the

sog\/enis :tﬁe rQ&}ue wag(a n|1 an oﬁhﬂ%? gécﬂgﬂnry\g 49 g &Rg 915?:919 @Fl ﬁ/el%r?gnlated The

er nm ne Ium su
cryee vei@uct epReirifirgry chrommteasgnhy @Uﬁwap@?é Hw‘c)fleéchl?éﬂtfwm /1). This gave
9%, (@4°/3y15ld)tcﬁtﬁealbwr§95t§ml (nehas eneixiufe of deutld bardiisoemedSin the form of a
v "H NWR (d, chloroforn) 7 41 (d 8 ZFE 2H) ,
'%°§6°' 8.2k, 2H), 7.10 (s é
"HANMR (3002@Hz SDCh): (1~ (m 212005 a(edsde SQH) 1H)2 6-,5@ 6. 7%4%1) 4.01, 3.89,
36@@!; 2»2)l-l) 95-2.83qm( 8H), Brb-2.83 @2 16m2.22H).11 b, 36), £ 96-208) (m, 28), 1.38,

ep [
1 P18 e 7P 4 3H 4 L8 Ty e BT -
M$, (giregt) 5\4 244846y dsbl) s- 40
i ndacen- 7- yI)(2 i sopropyl -4-(4'-tert-b
utyl phenyl)-1-indene) (1 e) 6.5 g (21.5 nmol)
of 4- (4' -tent -butyl phenyl) -6- nethyl
11, 2, Bresara@mroaﬁwmm@neﬁwa@@mhw 44y -tethertyyepgb 5L GoBIg @ dro-s-

PCT/ RE#QR4,Pd3 7op |441(zﬁ%rtfm1tﬂ5heﬁﬂp’pﬁa6érhy))zuﬁc)baaum%hlonde (1)

b2
oL Bl L0 T B DL BhP Y« YB35 B 6 Hl o
soiutivatof3. 1 o (43 wmol) nf diestmeilghadiB-(Akd’ éﬁ'f}buh)éwf@nﬂﬁ@l@wmﬂ 2,3,5-

tetréRfero-s-ihB&eh €36 2L|%rodﬂ—¥-(4ﬂz‘@1 H@ﬁp@ﬂ?ﬁ%&i@ﬁ@)'(ye Wwat gvasl of diethyl

eI oD BRLTY B WPRePB el oPel e i g T
rea¢(@@.mi¥iurs elas toated etk @own ty -{TL. Mmsvspengén & 1.1 g (4. 8 mmol) of zirconium
tehrabiiERE ARl 6t R-fentdRibasidbyd a8 Ydaknich- rhlﬁtdﬁérWalsCQldW Withed to

chl or osi | ane,

PELEPPRRY R 5B RN o A Sl Jgp reton
thmbugb'e Qi reteigile Bt irerwashisd aih 82im| cvistnyhether Tisorafgegpgidue in the

re{@/ggmetf@%ggig%ﬁl& 'SF? Bil ;mnxls %c@uw i9d &, Q@Qﬁth&‘éﬁ@ﬁl’egm ) irfthe form of a
PRHELES FiRE ng%ﬁavﬁwr%d?e%ﬁ&"ﬁv‘%aﬁ of BHeES Ve Gkt vie orre

pyautlbirab@Ompdund ¢f). wat er. The conbi ned aqueous phases
W’ﬁf\/ﬁ?{ (@MM@QWCF%@?@WW 621 08R(m, of), ¥96-71d7 @ edj eUAYY, 1H), 7.33

ned or -
SR e GO 20, S a1 ééﬁ? Wepee200
(mesH) s (svelst) rdoe(ch, Rit), drs5éi 1.347Usp 8¥adBdrts,dhidl, 114! (@, &), &05 (d, 3H).
viscous oil were isolated. The crude product was
purified by chromatography on silica ge
(hexane/ chloroform 5/1). This gave 9 g (64%yield) of
the ligand system (1le) as a m xture of double bond
isoners in the formof a viscous oil. 15 "H NVR (400
MHz, CDCl13): 7.51-7.15 (m 12H), 6.85, 6.83 (s, 1H
6.59, 6.57 (s, 1H), 4.01, 3.89,



10

15

20

25

30

35

40

3.68 (s, 2H), 2.95-2.85 (m 4H), 2.75-2.63 (m 1H),
2.22, 2.11 (s, 3H), 2.06-2.00 (m 2H', 1.38, 1.39,

waQa 2eb8/088916 18 H), 1.28-1.26 (d, 3H), 1.12-1.09 PdI/EB}p4/013827
-0.23, -0.22, -0.16 (s, 6H#2 Ms (direct): M+ = 648
(CA7H56Si) 20 1 Preparation of

. 2.di rre@imptmlisimn@m(@fmeﬂﬂﬁl ~eitehyH 1.2 3 f4etrahudrp-sindagephrabn2-sopropyl-4-

34l B 94 zirconium dichloride (2
i ndacen— 7%?’;%2& s'gdSPﬂpy" 4-(4' -tert- g)utyl phenyl)-1-in
denyl ) zirconiumdichloride (1) 3.8 M (9.6 muvl) of a
solution of n-butyllithiumin toluene (2.5 nolar) were
added at -70Cto a sol on of 3.1 g (4.8 mmol) of
di met hyl si | anedi yl - (4- (4*¢t ent - but yl phenyl ) - 6- net hyl -

1,2,3,5 25

tetrahydro-s-i ndacen- 7- me i sopropyl -4-(4'-tert-buty
| phenyl’) - 1-i ndene) (3gk- |Zm, 100 m,_of diethyl ether.
The reaction m xture was/s bsequen)tly stirred at room
tenperature for 3 ho h reaction m xture was
cool ed back down to -7C. A suspension of 1.1 g (4.8
mmol ) of zirconium te chloride in 50 m of

n- pent ane was added an he reaction m xture was
slowly warnmed to room erature and stirred
overnight. The orange precipitate was separated off by
filtration 30 through a CB reversible frit and vvashed
with 10 ml of dieth her. The orange residue in t

23 ev ePrEPHRIONOf #-PheRy E‘PP hé'd“ 38 7atﬁff%‘|y1’f°;§uﬂ=if°9%&@b%°?eo 2a>
1@4 (68 73niRolgofafBrohe 2 easth-8.8 GGlﬂetramydtdqslnﬂmemMﬁH)a)ne (1b), 5.5 g (45.3

m&%ﬁ%%eﬂ)ﬁ&{r %3%8108 Ig!?g‘:‘(g | Sl g dlﬁfgérﬁcﬂa@ bb E@Bt’ é?lﬂ/lefnre%m:ol and

uene gave
1%@h&fjwwdw§rf)placeq_pqq@1:@ P@gz@ lvwgormef re e@dé\?at(aa to %_6: While
stfrifgRigbrdadly (reahlyArpared. cdiyét sbiutionof BHhg of7pafiddirs (I1) Bkbtate, 260 mg of

3% 33%Eoﬁwléygétg%be?)zeneguI%ﬁlc%gﬁbtrléogr%rb ag 'g%fsﬁiln% F%ﬁwa@er@v%re added

togheggagtiop Grnd they reactipq) mixp| re3\1a5(r§flu>@p|)for 3hrg) (j\ft(shgoom to room temperature,
43 mB&idvatel wadddddes an&tﬁH)athyl%n&ély&cﬁ phdsEwas bxttabteddhred tines with a total of
2%) ml50f (o?dene ':Il)ne com bme orgzagl%%/hQégsg\}ge‘a/gﬁegp\%gg &/tﬁ);?’(ﬁé Z)f 2ﬁ2ml of

a@ienes $o¢lusi dhigriesrng| driedovas f F/@ ofisqshiensifate, Bersovsl efsplvepts geve 96 9
off Pavir dilNFREERasgradubiiy cyst-HIREd QIYh, GE-MS).

I | o
t{éy t(%ogvn%eg%c’?f‘q%@ i,ﬁlfrbge% 2?14)562‘{2?%6‘ é rzgétac(%h%}f 981 (m, 2H),
340 Bhdy3.1 Dty 3 IR, 773&(@tdra+h>yaﬂé<c§2Hﬁae@aéﬁ WYoH) - o
ne (2a) 10 g (37.7 mmol ) of
é' Br B@ara%onéf %E l—%—he%1 f !3 hﬁ(%ré/grol sbl(h)&r]aggﬁee &b%( 2H) - on
0§ g( 204 mmsl) of ‘&rbh@weﬂ mmhmlérﬂaﬁaﬁéﬁteahyge-snmdaéﬁn é(@ngP@w@a and 2109
(%l rb/r?&j ?f@:&ﬂum @&ol’f@dn@é in\48 Inf? bf t&@lége ﬁbr@@ﬁ%@e@l mdekadion vessel. The
r ptectiv an eat e
x[JtloP valaﬁb %?@88@%8 @'PIpE aBPI ewaaslrae odsl(% aY §19cﬁh Y¥§ {IO% mixture was
styfed 20 5A% fof 3 prard. éﬂ@ruml(ng It9 rogcetﬁ@p@ratU%t? m‘gof yrtepgnd 40 miof 1 N

s@ﬁu?rc ac.;?d whb @mdré'ng}ﬁ'é%lktbl%(m@@ REGEELHRHEE mmuf‘es After phase separation the
ri so

e R R e T e
taker bR @80 fbof t@uedneaind mixee Wit BP Mma gt P@'Méwlfp@ﬁﬁ@ﬁ é@’@i?’éwas

distilled off from this reaction mixture by refluxing for 2 hours on a water separator until reaction
was complete. The reaction mixture was washed once with 100 ml 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 11,5 g of brawn oil. The crude product was purified
by column chromatography (200 g of silica gel, 1 | of heptane : diethylether = 9:1).
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40 M of water was added and the ethyl ene glycol phase
was extracted three tinmes with a total of 240 m of

W 00868916 The conbi ned or gani ¢ phases were WasPETEPM0¢E@13827
with a total of 250 ml of 43queous sodi um chl ori de and
dried over 150 g of sodium sulfate. Renoval of

, "HS MR 4R0Migza CBCR): 8.0 (122H)02.0Bm ). 8i77 (t, @K, 897 WgaH), 3.15 (s, 2H), 6.47

(s Cg@dﬂaé {sg@rm-ﬂhé bbz,%d%(w% GC-M5). "H NWR (400 MHz,
13):,1.26 (d, 3H), 2.08 (m 2H), 2.52 (dd, 1 H),

2.68 (m 1 H, 2.81 (m 2H), 3.00 (t, 2H), 3.17 (dd, -

2c§]_ H) Prefargtion (ofldim2Hylsilafied®®-(4-gblenylt6-Fethyi?1, 2.8, 5(tdtral@#fp-s-ifdagenyl) (2--
9105)%4 b ﬁtﬁﬁmmﬂ maergf) (écphenyl 6-nmethyl-1,2,3 ,

5tetra ro- si ndacene

ER LALLM awam%r%s-'rrqaaee@ﬁ%@zw%omg (15
mme!) eRapparganieXl) ingt00 (18 b diestblylpthef wascdidedilopwisb g+ 7082 18."iml (45
mﬁ%l)m 2 80 draley mm.umjﬁ 6 heiag%e%é Dok @Q&Elb@? m)éﬁﬁécﬁt'o mowne

ution was hanol
tegwgBir s phAtelA 1A g rP%'ﬁéEifi“B‘ﬂa‘Hexi”Eﬁ“éO essolLEph prighdsg 70 °C
150 @2faarimd) bfebio®-(2-Aplopyl-4¢o0ibutypheryl)firaenyi}- dimeéyaiane@nd the solution

wgé er eWﬂ)t B5m Sdgrg)edé%rggnqogtlrrég IN%r Ssh% fTHE ké‘suﬂﬁé gadﬁpsru?ry @QQ{%‘H was

e m Xxt was stirre m nut es.

p%eds'etoeé gaveRHs FRAMPHE SEoret ﬂuﬂﬁfhe%deth%@aelﬁﬁary%wedNW%W“h
biire| dredever@ogjan isGifapeme ehasbvedisaens atapdragnido ive 28.8 giod trede product.
THE s bENED B chhellrby Lol g e R P e 5
Y oi‘ﬁ%ﬁ(@ %leaction mxture by refluxing for 2 hours on
1+aNmat(mo MI&:Q@ID@tsptO 208t iol157 Qg,caH) om0 (wasHY drepl(et eH), Thes, 1.400 (s,

ol [ Wist 0 f

et iteatity Hﬁ*“@%‘bef 1B e B T g aep 200297

2'd)r F3é8 GeRAdp, 1%@1‘-@3@ é@r(Ssu*I*)fBﬂé Mt @ ¥ dhoval of the
vSqbeniv® £ b2 fed,diae 40 was dried in an oil punp

vacuum This gave 11,5 g of brawn oil. The cr ude

product was purified by colum chromato
20f sPleperatioper d'mﬁthvlsweﬁéﬁﬂ?éhw 419hetyhi/l2é?%fe afﬂd@ Sllydacen -7-yh-
WO 2@Q5dp&§§941 ' BEDUEHBREHIH/ 10 3SR -zircbBiurmHtidiMdRide 400 MHz

%QC'( mm§6) 52%‘* éthﬁsz%edlyégsq‘e%tll E)"Sr'ﬁ%th 2. %5%;@ idﬂli nﬁbaggnyl)(z e
pPIPP@EF=(F- t h@;ylplmnylﬁ}l-{)ndgmyl)p@cé Imaﬂ@ mb.ﬁ digfhy ether were placed in a flask and

agicamt hyd ﬁ‘.t WﬁﬂﬂdﬁlXﬁS &1\4709 beLityfithiiet ddykion (2.5 M in n-hexane). After the
[ O-S-

%cptboa)y\{as &or(\a!et? q%%wwu %\gar,]s ﬁ?sre?%r)\%&oursla} 50 t mﬁleratfbe ahe reaction
m40e Gasreasled tof 7aGansidy1 9 6 7niemm¢| ) of zlrconlum tetrachlonde suspended in 100
mlonn aie&m& hg aid O Sedchshaaige aDgraduitlly Wabndio (cbnbtemperature and

ey aera;s)ep %We géerggﬂ%éri%gnefégﬁ%lt?f afs tﬁler] %efﬂx faﬁeg %g OIQ/Ia G3 frit
aod washbdww 50 mif omeitana Thexeanes revldee soihgthitoyes\gagd §|vaguy to give
SWJT%QM& @orﬁ@&r(bsetu%f%r/ §§éé6@ n@éeg —315%/”%% iard: 0%y, Re@¥stallization

rp enpe 1aure t he gion was added at

R RGRRy i § 9218 Ty g omond ()

"i¢ NIV (60Q 11, -GRCup i 074, (344, t1~ Hutdy Bih &89 (9 BHhd eTy(s, )i 288t (v, 2H),
2¥b$d, kANe sanded ke 480k Uk (RPtet WAS, 86 BELH)L RoT @OAM), 7.06 (dd, 1H), 7.31

sl ol et T S e e T b

(¢RHpride solution and the organic |ayer was washed

(](ili‘ect ot Beso @rhed,ewar sodiumsulfate and the

vents were evaporated to give 23.6 g of crude
product This was purified by colum chromat ography
(1200 g of silica gel, 12 | Heptane:CH2CI2 = 5:1). 15
Yield: 17.8-g (74 % 'H NVR (400 MHz, CDCl 3): -0.226,
-0.157 (s, 6H), 1.10 (m 3H), 1.25 (m 3H), 1.393,
1.400 (s,



9H), 2.05 (m 2H), 2.21 (s, 3H), 2.71 (septet, 1 H),
2.86 - 2.96 (m 4H), 3.65, 3.69, 3.90, 3.97 (s, 2H),
W@ 2009/059163 (s, 1 H), 6.81, 6.83 (s, 1 H), 7.1FCFEP2084013827
(m 13H) Ms (direct): M- =4592 (C43H45Si) 20 2
Preparati on of
. 3di meRimpihgbilaapddi(§ methgl-4rafamyt 1.2 3 SHetrpydre-sandacen-{-¥b(aRgRiopy! 4
ro- SpHeHﬂﬂQerénﬂ) Mlepnium dichioride (3)
(2-isopropyl -4-(4'-tert-butyl phenyl)-1-indenyl)-zircon
iumdichloride (2) 10.4 g (17.5 mol ) of
di net hyl si | anedi yl - (4- phenyl - 6- net hyl -
1,2, 3, 5-tetrahydro-s-i ndacl Y(2-1i -
propyl -4-(4-t-butyl phenyl)=t{l -indenyl) (2c) in 150 m
of diethyl ether were plac F J)a flask and 25 added
at - 70 Cwith 14 nl (35-#p of n-butyllithium
solution (2.5 Min n- hemagerrerol2 After gt he addition was
conplete, the mxture was _stirred for 3 hours at room
tenperature. The reacti 'xture was cooled to - 70
{ zirconiumtetrachl oride

Cand 4.1 g (17.5 mol)

suspended in 100 m of ent ane was added. The

reaction m xture was graadwdlly warnmed to room
tenperature and stirred at roomtenperature

overnight. The orange precipitate was then separated

39f f @ifﬁe’?ﬁy@_[gfwéﬁy‘ -5-3&t-ANd 2 WasiBeshy Woldin@fefy (RE propyl-4-phenyl-1-

n- pent ané he orange residue on the frit was dried in
vaculifesiGé2 5.5 g of crude conpl ex (pseudo-rac /
Tpsedid(E0mesd) of 48He6y-6 108ty 26, Fietrdif)3o-s-indacene (2b) and 150 mg (1.5

mﬁ%ﬁ 5’5’0%‘)94 |l Zadel 9% 456rrﬂ'9f bied hﬂ@m@r WEVRiddd %p\gISQEt 8F®23 mi (57
rac-com CDC1

mjpob?f 2(§1M c{gpﬁbutyﬂ_&yg 1(1 8 heggzbe The %c%m %wa%g;\%ly yagme room
tehipratuze £ sfimed BH) hrs alro@6 t¢rpperdibe, T2n82 theZoBGor{ was z&jel)ad at-70°C
16?’4 g%oﬁﬁ} &%hlggo (’Z'Dé gro?%rl@épl{eﬁ I- |rgdehgzsd|¥1efpi}lsﬂa%e akd fb:soilidMGvas
wgm].q? to r?omienmeratge ﬁjld st-yrre@éor rs | IQ)E resyltlgglb?o&sgjéra solgt‘ubg‘n was poured
int. d2q(€bus 2mkdoniurh. dBrid € ﬁblut@H}andvae(ocbameday)ar widtwash@& @ith brine, dried
o%%c%%ﬁglfgélazﬁ }he sélger}@@w%g%é&#ﬁg&@ d:) gj8%°&@%e%ﬂtﬁ§&7Thls was

PSR RYRPIUSIN GRFREEAIEraPhe (FA%Rf slicp %ﬂ#éﬁweata@e ‘QHLI P NPl 959
(3506)s- | ndacen-7-yl) - (2-isopropyl -

@h@ﬁgio pgzgf%)ogﬂ r&%ﬂ' géﬂ % s, ﬁ) 54 ME2B) 2,05 (m, 2H),
232 (3, B2 T o(T ) B D208 mgé*é )aés..3%56§|<s ﬁHbﬁéﬁ%ny 545, 1H),
615, mieu)enyb)rﬁsl(ﬂnamei (3a) To 12.3 g (50 nmmol) of

M%r%m?@g‘l‘ —S%Eh){ho%l 2, 3,5-tetrahydro-s-indacene (2b)

) of copper cyanide (1) in 450 m
of diethyl ether was .added dropwi se at -70C 23 m (57
3mol DinethyRildnedlyIqb-netHytit phéryi- N2 BrB-tetratyd toesxiadeean-T 8 -(2-isopropyl-4-

sol uéﬂeg{l]f §@§hglygoxlywl%qdé ﬁé&r oom t enper at ure and

stir m tehperature. Then to the
453 B (@ Peomma T el (4rpherybb-methpl 4.8 SAettphye-srifdRos I f2--propyl-4-
pﬁé’hlylof inddngh-sitpEe eazy In- 1o phenyibth i reenyble-picee hhylesk bahaded at - 70
%1 ég I a%l‘l%ljnglpof%%tylhthlum 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
with 50 ml of n-pentane. The orange residue on the frit was dried in vacuum to give 2.5 g of solid
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warmed to roomtenperature and stirred for 5 hrs. The
resulting back slurry solution was poured into an

wa@ouwsoss1@nmoni um chl ori de sol ution and t he orB&mER2004/013827

| ayer was washed with brindd dried over sodium
sul fate and the solvents were evaporated to give 28 g

. payideciracd engsp 6@@%t/.11%hiigd Wa%). Therarédustivasyrecolstalined in toluene to give
Apé’eb&@ﬁag&g &RBY5) (800 g of silica gel, 10 |

58S MLy ) S 0o 67 el a0

2.62r{m, 3H), 2.95.( ®43iﬂ)mﬁ 38H)39tet2'lfﬂ)56 @fm(s AH),,6.96Xs,21H)( BO7 @) 1H), 7.31 (t,

1#3?) 734 §x“ﬁlH 17';%5 (d21 @07 e (% ,4H?),- 72337%0%’%;(@82141)?%89(@1, 1H), 7.67 (d,

.57 (m 14H) I\/S (dlrect) M+ = 536 (C39H40Si)
MSQdI@Ct) M =694 (CagH3gClelzr)
Di net hyl si | anedi yl - (6 nmet hyl - 4- phenyl -1, 2, 3, 5-tetrahyd
ro-s-indacen- 7y|) -4- : ‘
4.phenymetyisiapediyi§-me e/'cﬂoﬁrtﬁﬁﬂvla?:erw*b tstghydrapycigpepialpjnaphthalene)-(2-
(8. OiSopmnyl-3-(tertebumprhbry)-1(iddepyipay tonfmueitiiyride (4)
1,2,3,5-tetrahydro-s-indacenyl ) (2-i-propyl -4-
phenyl - 1-i ndenyl )-silane (3a) in 150 m of diethyl
ether were placed in a flask_and added at - 70 35 C
wth 6.4 mM (16.1 nmol) of utyIIithiumsqution
(2.5 Min n-hexane). After the addition was conplete,
the m xture was stirred for ' at room
tenperature. The reaction- e was cooled to - 70
Cand 1.9 g (8.05 nmol) m@s.zmgonl umgetrachl ori de
suspended in 100 mM of n- ne was added The
reaction mxture was gra y warned to room
tenperature and stirred roomtenperature
overni ght. The orange pre itate was separated off on
a & frit and washed 40 w 50 m of n-pentane. The
orange residue on the frit s dried in vacuumto give

\

. 2.5 g of solid WO 2005/ 058916 PCT/ EP2004/ 013827 45

powder (rac / meso = 89%/ 11 % vyield: 42%. The
rod I [

B MBI L S A SO Sl Rlnpaeyge c
M@tﬂacrg iploride, @15@3 378 m)'nol) ]{vaggdctegl ateﬁy °C tp vapg-s lrﬁe?d Qqsyensnon of AlCl;
(130 3075©$nm<§ﬁ)| CH,@, 880 (i Arter +9 m|r2te95h)(dmnaa’rﬂ)aler% (395 g, 375 mmol)
w%s iﬁ?ﬂeg 7Re§it|ol_|)nhxtgrefva’s_l%l?o‘w?% gp'}/)/s(r m fo rg?_rb(x ?emf]e%g ds?m%? E& %jh and
pqurgBntodce watghHCI 71 1445 mh Orgaq)o Iayerygas@@p@ja@d vzq,tBr laypr ggs extracted
b Or,Cl, (000 nfl). €bmbthed ordibic PHasdsdi &RCHgshedly WatéD4éq. NaHCO;, dried over
M%?Wvgmr%ﬁ%&aydunt cﬂstﬂ%’tko 30 14(0 4°C{O %T?r))la mlﬁture ?f ketones. After
stoeape witiyolp geysscgjeglwmoa‘[ebgstﬁﬁpmlﬁ aind ﬁ:él) b({ gepag_a@ed by c¥ecantatlon The yield
3 §@4@b/gpyl 4-(4' -tert-butyl phenyl)-1-indenyl)-zirconium

dichloride (4) 15 MeA .. ZrCl2 (4) 20 4a Preparation

of

412 - e Plepérationf §;benTo-Bmhiex &R/l 6- Sthexehdrop sy aPnspistiitarhthalen-1-
| en- dne a% (4a) Methacryl chloride (37.5 m, 375 mmol)

2%%&9 g% 78& hexadero C}\/A%pentaﬁtta]ln%%ﬁtﬁalgryﬁ%%g .a(,)go 8,f15'8‘ lm(%lwo?f) in
CH,Cl, (50 ml) was added at -20 °C to the suspension of AlCl; (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
fractions were washed by water, aq. KHCO;, dried over MgSO, and evaporated. The residue was
distilled in vacuo (175 - 180 °C /0.5 Torr) yielding 31 g (74%) of product.
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25 (100 g, 750 mmol) in CH2CI2 (600 m ). After 20 min
t et rahydr onapht hal ene (49.5 g, 375 mmol) was added.
wRe@sH589m6 i Xt ure was all owed to warmto room PCT/EP2004/013827
tenperature, stirred for 186h and poured into ice
water-HCl (11 / 150 m). Organic | ayer was separated,
. water |layer was extracted by CH2CI2 (2100 nl).

4@orrbpré@s#aﬁzfnq,am<4:t MW%%@rn%twmb%,m _h¥¥@h@dro-180.

and evapor at ed. Vacuum
d| st F\{cfogf:qt%m]n %efigg )5 Torr) a mixture of
PREYoREE 74 gAf3tnan1 930and Peha e g, 16hnncrh %) kg sddgdso wellistirrsd meprture of 2-
m%‘if@b@a el I%xﬁgvgro%ﬂ%péﬁg[ﬁfn%rﬁﬁjalm1 dec@ptAtd afo miRS, tert-

b%tleIF%wBorgmgéq %S;F@?zg fg‘s%m@ ghllé&g?ﬂ;%}%g 1300 mmol) in DME (380 ml) /
HED ¢A\BO Ino)pEiret rafuliting apptidr atas mefluxecomith tidimp f@%B h, cooled, poured into water

%Dl\rﬁ)tmlext?ac% % @er&e%a i Y4 8 rhiy. Resultln%solutlon was filtered and

ent a one

eyarpo?/ ezpr? et vyﬁs)ob%dé)d &@Hmaphro%@m@*apgy @H@a gel 60, hexgne / CH,Cl,
1suSperisideas 08.3 45°3. (40 g, 300 mml) in CH2CI 2 (250
m). After 20 m n-of stlrrlng Br2 (7 7 m 150 mol )

dded. Reaction m xture warmto

o oo P eaRBIanGY o T BITSRH R L BB Se A o | Ce
wat etyclopékthbjoadhaidne (40 mM ). Organic phase was

Lﬁ?rpngé @%%@5 %as%@@e%eat"\%c%(¥h'é%8ﬁxﬁr d?ﬁ (%ﬁyl&ﬂe‘?@) 2-methyl-

ned organic actions
2 BB G- B1-OY e IR N NEIET 4B\ Gr® MBEGIMBlN E:O (150 m).
Restatmo matterd wag' Hewee s viliren toasom @Binpeiaturedhd stirredouedditbnsl +-h. Then

T

Campineq CrBRiGANGPREATS WSS bh patep, dyied over MoS! hé&%ﬁ‘&ﬁﬂ?@tef Benzene
(380 nQy4hl @pmt(ab I3} waphtibed, and esoitiey {oftipn Wa{ BAEea w(ith . DA4n Stark head
o%h rcﬁf bﬁLC b dzeﬂgfjllitgpggi 1&%%% ggw Tr?enWRé resﬁlngvg%ﬁﬁoﬁglgg\gaéhgd by

r're
Wﬁ’@f lag KHC D, watey, griegoMerxdes/ar BasER ByHab slier e BIchRisReRieH &iving
1985918 of pldducBl g, 110 mmol ), tert- butyl phenyl boronic
acid (26.7 g, 150 mmmol) and Na2C33 (31.8 g, 300 mmol)
in DME (380 ml) / H20 (130 ml). The resulting m xture
49ms Pepprgiaad! @@ rbsyiphenyhg-iseprory- HH-indewl wli4-(fn rfrféwlphenylﬁ
I nt 0 m\éﬁwme 7.6 Yéﬂ@wd& rawm@pwamrta@dthb&nhq,nmamyl(smante|(4ms

Solut 0610? g?l grt b?ﬁ? Henryag ?t%};\étsé 'gg é@i%ﬁ@rd IgF-I %&cﬁ?peﬁ{éfjn]na{phthalene (4d
2@ﬁ 19098 BYPh pHERY (§D mi)gasgrepled tp, -6h ek cane rvBL@HZ@l ' in heyane, 6.04 ml,

91-67 :h’)mol e aYdeR! thavasuitih® ndixi@re(waid Wiowdttto Waﬂ‘ﬁ)&f @b @ rature, stirred

t 6, 7,8 t
fd_|_3 Ccoo egéen Fb%ﬁﬁgh#l% gﬁ% %%ﬁgjmd_) %&ﬁ_ﬁidgﬂ ghgﬂ%%,\s lution of
chlmf(& (4nigr-buldldesahyir-isopOEYt i-inHen- S§)-dimedtylsigne (9.67 mmol) in Et,O

(H rﬁlfrwéﬂoﬁe@%d’ le@ﬁ]ﬁélﬁfﬁtktu?e WES dglved fb5/varm to room temperature and stirred

fctrléhg\Natér (§61 rﬁ‘?é%f qnﬁ?%@%l?%irg%%%% < gu%ehm?als se n{)dlr?t%d dried over
Mgg9.. dr$sgiditougb silieer 9ol arad e\@@mateénﬁ@rmm%wm'eém Yacegjand used
whtBdut ngmbatnb@nal 1 h. Then 5%—|CI (100 m) was added

e EREL 0y R B AT TALEEEH RS T G e B o 000
(e {2, ;CHatide’d (veP9 W@S@B (ahéi 9é\@éﬁi2h| a?@ébIS'} B@ﬁi@néZg (s3 (. >C-CH3},
3180.2.8NgHoRs Jr el 1.65- 5753 dogdq. mw#odp%?o ) ‘{ngCHMez and -

I s&ni A PR R RED 580 wow

of e§ul $I+G1rg Sompaeund norvkass *lystied Iprners




10

15

20

25

30

35

40

water, aq. KHCOB3i water, dried over MgSH, passed
through silica gel and evaporated giving 12.8 g (81%
wotoosssduct . 4e Preparation of PCT/EP2004/013827
[4-(4-t-Dbutyl phenyl)-2-isopfopyl -1 Hinden-1
-yl][4-(4-tert-butyl phenyl)-2- 25
. 4met hPimeByBilgnesiyi(@mreditvr-ébt-Rutylphenyl)- tetrahydrocyclopentalb]naphthalene)-(2-
H cy%b&@ﬁmm{ RdroaphsHealiendenl Aesmin vlcaiblidng) (4e)

OB ey PP HpRens Wl o B RGN - e 67

telﬂat;)yjm tpevstoaprisalhimphiithedneg] dimethylsign®@@Eegs. 6Dg, 387 mwbl) wasdissolved
m@t?&(ef)% mo)ed“é@ﬁlogg%rﬁiq\ B0 i (P8 fr he%‘r?é A1 Bolkd), 1%144%%0 Whas added.

hexane, e resu

REASHPY Pﬂgt%@asaﬁ"%a%@ Vfaémvx%fmhfsmf’%{awee & 8?%&%}? 3 Suapdreted
Restiduerved sugpendai i perdarad (60D hb), cood taG60 aﬁdar@m4 (5% 9§,22 mmol) was

alldedn ln‘)in ¥aS (Bdf fes aiﬁfeﬁ qﬂiesjuﬁmg}r{&turé Waé‘%fl%d% w§rQn to Joom .

chl b -1H
%P‘Tpf%glf?‘?ré{"fﬁﬂ] fgr,tq%rgtt;gnal(lj t@é{ gfnﬂﬁ%tfe PdResgf ora%/ eﬂxp\ly g%gcgar was dried,

Davideeh) mxanehl rielg0.Btg) wereradedd, med thasniglileoves deftueedvaitistirring for 6 h. The
r Berci Ped) Id of

progg%ggﬁﬁﬁ%o‘ %/rs% n%aqerﬂ'écws%jhzatf idh grroérgDnIpE a}rﬁ@as eCl\gNa St The yield o

r@é‘@@?‘&ﬁs@ass Hetéd)lover MySO4, passed through silica

'lg 8RO OCR VAP OY: ateFel. 04Tl up bl t2H, \DAS-HY 7. (Bctsl ™)VEaeuE, ahydcs ring-

h b -
z% r};"‘%@ E @P‘Ahﬁé#%ﬁkgﬁﬁc&ﬂ Nﬂ b M@Pz% (s, 3H, C-
C@@s {36 55481 (GEHo). 159 6, Chs)" §3z<ﬂ3 >d>‘ﬁ|£§“s}zﬂ 183 z%sdd "5, GRH(CH)
(s); 4.02 (s); 3.95 (s) {2H =CHSi}; 2.39 (s); 2.29

g ;)r O{agwl._étqy?sr% gg'?ll(g é*neihy?g 8%1 %@n{)g r%‘@ te‘ﬂ%@@m -S- é_lgéen]'? }Z? (2-isopropyl-

. CHR CHECERpipheny) swanyéglrww&malcwr'd§ (8hd d, 24 H,
CH(CH3)2 and -C(CH3)3); 0.12-0.10 (group of s, 6H,

-CH3). Conpound contains ak|yl-vinyl isonmers. 40 WO

2005/ 058916 PCT/ EP2004/013 47 4

Di et hyl si | anedi yl - (2- met hyI -£4-t-butyl phenyl )

t et rahydr ocycl opent a[ b] nap ' e) (2-

i sopropyl -4-(4'-tert-butyl pfien 1-i ndenyl)-zirconium

dichl oride (4) Obtained "o et - BBty

phenyl ) - 2-i sopropyl -1 GCJ

H i nden-1-yl][4-(4-tert-\autyl phenyl)-2-nmethyl-5,6,7, 8-

tetrahydro-1

H cycl opent a[ b] napht hal e

C1Dyl1di met hyl sil ane (4e,
5.82 g, 8.78 mmol) was dissolved 5 in Et20 (60 nml),
cool ed to -40 C, and n-BuLf (1.6Min hexane, 11.52 m,

dded., R I t
%’{egara 6%}#‘?% nggbrf)rgf)urnée a?IBiSm%'trX%)}él}gs-ﬁ@gce% 4(%oq1e Qa
S@W@Pfa@féé 2 g Ael (A2 nrlsn 396 p@@f@é@rqf%mpféﬁﬁt@ﬁt@dmtbdw (240 mmol)
of )neth9l®é @d-tétr@hyo@&s—@.da@dm Zm)%r{é §2.il P500m! & cRBroremmla) 0 °C under

v‘ggrgm; %rrﬁ‘na /i\rfltextsfdp%g M% g:lr "% Oé gm re) wa ea?e%dcﬁ%])wmely with 24 ml (0.48
- modrpperoming ireg0 rsitdf chlerdfofra for 4@ diin Bidh4l, CQCGIH% bath Migs removed and the

shildidne¥=8 GiirrddaRtnighN Fh&fattaf iRl e%s@@%@ intovas wélter 86h exd@cted with

R &N BT et WA R PE 1FTIe] R Al R vater and wes

dpedakgcigSRs Tbscditine dap yvaperigtaside éWﬂe&se@ﬂVS@awm to-iedt$ g of dark oil,
Jhrcﬁma%d@m cr%t@@e% Thistrddd prw@;t Whehb @rﬁdedrracoofralrdfmmagane and

gr](edrﬁ)rghf(ﬁ lglt roeﬂrterilﬁerath}re@g& ﬁ@?(laiﬁ)’z g oégp xyn 01%7%7 0%45%% (L]J R was
deferiginedHily, G@MA80 ¢ontaid Enost00X ftgroet ppm{)cgﬂd Yleld 63%) The filtrate was

coltddR G A Gidsalne prockdurt Was fegdated @& 3D g o thb&olB(totdlle2 G, Yield:
CH3); 1.35 (bs 18H, -C(CHB)3); 1.34 (s, 3H): 1.33
% 3H) {Si-CH3): 1.13-1.10 (dd, 6H, - CH(CH3)2).
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5.
Di et hyl si | anedi yl - (6- et hyl - 4, 8-di phenyl -1, 2, 3,5-tetr
w@boodiossose i ndacen-7-yl ) - (2-i sopropyl - PCT/EP2004/013827
4-(4' -tert-butyl phenyl)-1-i48denyl )-zirconi um
dichloride (5) 20 Me2Si zra, / \ ~5) 25 5a
WMBMMMMC@{:M 1.31 (d, 3H), 2. 16 (pent,, 2H), 2.53 (dd, 1H), 2.75 (m, 1H), 3.07 (m,
-2-nmet hyl -3,5, 6, 7-tetrahydro-s-i ndacen-1(2H

”?w%aﬁfwafo%ﬁfs ot nde 5 b a0 Sl Db s, 13090,
1470A8|, J52.%5F 154.64, 205.54

2- met hyI 3,5,6,7- tetrahydro S- |ndacen 1(2H) - one (1a)
in 150 of chl orof orm at

SRyt ?reﬁ@’atlom gmetyi b3 PoRgYlat: 5@& tPB?hmerﬁ ',ng%Oﬁ@ TAHens €0
inwezd d (0eaz ed)) df KQninsselnyt ofwdtler, Merenddded 18.8 g (B Mmot)fof 4,8-dibromo-2-

mQ{hginé‘ 4187 lte@raﬁ&%rcm m8£ceﬁ hgz% oh Qr(%ﬁnoloolnq o@hnﬂme%x%tr%ne 19,09 (0.156

tron was stirre
gl B AP BHROTO RS O 1 TG PP RS8R RR PG Hiseq pgmechanical
stinat. @he asadtionniixtave vad vadutihed Sndritilel yite agyoo Bho thied 6.6 g (2.67 mmol) of

p%&@\ﬂ'(lg gg'[gtg Ma@%@ded%ﬂ!ﬂ ﬁwteﬁ %@%ﬁlk@gﬁs\’@t}@ a0 %5%3 @Hzﬂer argon

Ut I ONn was
atg\papltsreat RN 'tvesaScfpgﬂﬁ%@goqmtf@?Pe\/a&ws@ﬁﬁi PeHrEd ko Ypfipegpater, extracted
wittatolaiobd0, mi ok evasiogt@shchbrgynic phyest alak wasttkd withiveater to become

&{trﬁpgn ragg g&atf Lg?e% t? blect RS ﬁgf gaﬂk@olgdo thru&; pr?a {E@ R/Eéf}frlﬂgcp\glth

re and
CUET CispraRiperaRbY delcwa@;' r@ﬁﬂé@%@kﬁﬁ@ tpEiviRel€-4 SoRE e SR Yield: 97%).
"NV 0D COTRS: ai2n (& 13Am 20 21P6%0, af), baBrged, 1epEmaumd1H), 2.86 (m

iltrate was 40 concentrated and the
4*(')ab%gdd /934 ?Q&gﬁ mhzzat ed to get 10 g%of the so

id
@tNMFg[IQ)q/MBQ C@CIg}(ﬂ@{Bé 25 8'953/6 98 \%190’@5&57/% 61.627.33, 127 47 127.63,
18G7H @2@4éé)3b38,23757 48, 8I7H1M/E€ (14608 M4z 00 CIGLB) 1351973137.34, 138.25,
ﬁig %l'—(% %%]‘9 pent 253(dd, 1H, 2275 (m 1
12 322(dd 1 H 13C NMR (100 Mz,
16. 47, 23 31, 34.73, 34.92, 35.77, 43. 34,
5@-15 5r13par3\t16% c@&meﬂr@& 8QiphenlA 1 2%-tekBR/dis- mﬂi&,‘éns'ﬂﬁc
Q b Pr
152 Rty Rols BBRY g8 Lty sCePR L2 hene (e 209
(108 menq() 3t podiumt hprmdrgjeOm@lrgl mlyer@qu@laq:qgi 8O repﬁctl@"fvessel The
sc\,ﬂ@f{oﬁ KNlas H@é%&:l t@‘éd‘@ﬂatnli&z‘inl of &\Eiﬁamai sioWly4d8edarartpaizaction mixture
ne - etr ace
o0 2L ARG 7ot NG o280 i 0 FaEoN PNl solcs
wpieamsdpiiated iz anl at;wqjerand 89 mg oyt (\lgulmmﬁ}:ld @fere added and the mixture was
sfirfeld @h@@'f&@@mé&%ml obinktryRee BiofRGRRdEEd arkbrganic phase was
s%alfqrﬁédgz{n& c%apé)'%ed? a::qztg hﬁege%nd%tag%é#@vﬁﬁoﬁﬁcry lg@"%%t?m‘i’ o{ tollu(gne and mixed
with 190 rag eft retbigeneasifcaddeid. \Watgr whedistiing offfram dih*l%rqm@n mleure by
re“flbkuﬁd B Rdur P2 @a{e%epﬁramr §ntlﬂ|?9éféflorﬁwiﬂ§36bmp'ﬂitm& Ricfon mixture was
eratu ure
BUTALR N NN e i
maghdsivheswfate Mfier iecheval ntthesajearit shepivaidee wasdriggdmariolwpuntp vacuum.
'T}’w\@b@\fe 1t8QJ de50Rwn 6L T orudl heducRREs BYHBObRAESG @nr@ﬁétography

vl e Rl S PUOHMEL s QUL S o 2

$thm3de)1 2, 2344\1(61 87). 4 g of brown solid (Yield: 97%.
1oy M?—Q i‘ ): $BEE3)43.0B, 321.061,14868,, 148.3021 dopp@Ni38,54, 133.45,

12527 128. 54 1&8 86, 1 8'_24 1%8 641£gn83 15'23 61, 1'2%627 51949 32.75, 32.50, 31.88,
31.45, 26.14, 16.77
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4H), 3.18 (dd, 1 H), 7.34-7.50 (m 1 OH 13C NWR(100
MHz, CDCl3): 16.35, 25.80, 31.98, 33.10, 33.75, 43.07,
wWa2005838914.27. 47, 127.63, 127.78, 127.93, 128.BCT/EP2004/013827
128. 57, 128.87, 128.98, 129908, 131.99, 135. 46,
135.97, 137.34, 138.25, 20 143.83, 150.15, 151.61 5c
, 5%Pr eplarpaqre’rmq o(f_)glmethyl -(6-methyl-4,8-diphenyl-1, '2,3,5-tetrahydro-s-indacenyl)(2-i-propyl-

6- met- tWtLbLAy,I;&eﬁ%ll Pﬂllﬁd‘ehlylj &x]a’heQScﬁ t et rahydro- s-i ndacene

b Pl 3 Syah 815, BBy Shane 2 s scdssene (9 apg 400 mo o
cadperaeni¢eddy)in @m)dnlgaf glegijyle\@gopjumm) ofJﬁFy@@,agﬁed dropwise at -70°C
1081 @D W) de2.5 M &QQ)uWIllthQJ‘m 1rOd-H&ARe. WRE GOIDthdh(iﬁé sloWlywarmed to-room

ion Vv sol ution
R ST RURLR MG CT Oy AU NG I PRREET b o e
syppisipn avas wadedst 70 €d1 3t g S3Fanmel ofThlernu2y-paardl-4-telrbugiphenyl)-
inH SRR HWhE R8I OREs wikHel rkgrogﬁlltélﬁbéigtuﬁa@nb @ﬁrred over the

wgSierane bt Yar o U En e F REeT R ol T pphionce
s@ittioB B! the prgddic iryenntas yvasR@Owit] brivk, driet ydrendiumishiate arel the solvents

w@@%v%%&h Qﬁ‘gcr%egﬁ&hﬁt WPRASGiN@By coRfRpddeslo@Bshy to get 17.0 g of
evapor at ed residue (18.0 g) was taken up In

a@@@ S@P(WSHJ@'é)and m xed 30 with 100 ng of

"HoNKBI Yeniisial GRGH) Ciscusr chixtueks.ep.6Qa8.60,i-8.6#|-P&d (&Fch sfGHHm.99 (d, 3H),
1t16'1szr1r(§§cgg§r gﬁ')ofb%mﬁsﬁeilﬁhas baf, 11 WAl 180 fR2H, 2h6?3ui§ 1@I(ba@h s, 3H), 2.35,

S unt i

2 2B 0 G 2 e Tl S Bt TR s (i 4.2, 4.
(emalt &1 8l all) Bodi, 616,16y (eapdrs, CHr boyatl.42-86R (mi Bi)and dri ed
N@V@kc TRangsl BLse)fate. After renoval of the solvent,
. e5|due was &rled in an oil punp vacuum This

gave 18 g of pale brawn solid. The crude product was

5pur i binethyBifanediyiEametHykoaaliphgnap 123, 5-BFatiydrdNiRdéetd o -WH2-isopropyl-

CDC]'%—%_}W% tQJgI Zf&‘gﬂyl zll_up_'sien%r Q‘]‘c&nﬁ:(n &wlondg (§)4 (t, 2H), 2.90

755 B4 ey (OGN VD I0NPLST laSoA ) vERSpade 1y S gnd acded
afl-4740 Q6yith140mB582.8 Ikih)dDn-bLBDiHARY sdAB8n 5215 MLB &lubhe). After the addition

%%g ng{ete % gére VJ%% Z@e@i’ fg%gg%@ré gt r%grﬁ t%eréltgr@ ﬁ% 1reac‘uon mixture was
comiedtia - 79 6C And 266 v\b12100973@Bééffen"tﬂﬁ:ﬁtféﬁ*ﬁ?f@&/sﬁi@éﬁeﬂ '“&@ mi of n-
p&tlarRrvepatadd. Dine @bction mixture was gradually warmed to room temperature and stirred

aﬂjagﬁ E ﬁ agug g\?etr 'E%' Wﬁ%kéddﬁ'RQ%Xée Jregp éteﬁNésqlérﬁJ@ﬁgrrafed%ﬁ'on a.G3

frij apdpeg Bcbwgth tﬂfemf n)oentan%JeﬁyrangerqSEHeOfc Bg)frityes fliegingacuum to
giv8b. 7% dieibg mefallocene (5) (pseudo-rac / pseudo-meso = 61% / 39%, yield: 67%).

1§ F%donélf?% BluBKlfJBOL 380 gfrggbf ?her?%&! biécﬁ)np% h@%?cene

A Cs 0705, 269, OO, hERISStlh Al 3ag 36 (K

178 Qs B4) 160 dm, (AN 217874, BHNf2.42. (I, MHD R 8a{rbutH)] 3.02 (vh, UiM),i3arD9 (m, 2H),
0 0 t

Gﬁgﬁp*ﬂgg 5o LS80 1 I T P R SRS PO i
“%%@F$%meT&%HCy@gﬁeﬁ§ron). Then to the suspension was
added at-70 C 13.4 g (35 nmmol ) of
chl oro-(2-i-propyl-4-(4-t-butyl phenyl) -
i ndenyl ) -di nethyl silane and the solution was warmed to
roomtenperature and stirred over the weekend. The
resulting brown slurry solution was poured into an
aqueous ammoni um chl ori de 10 solution and the organic
| ayer was washed with brine, dried over sodiumsulfate
and the solvents were evaporated. The crude product
was purified by colum chromat ography to get 17.0 g of
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anor phous solid (yield: 64 %9. 1H NVR (400 MHz,
CDC13): isoner m xtures, -0.69, -0.66, -0.64,'-0.51

W@ e@siossie 6H), 0.99 (d, 3H), 1.10, 1.21 (eachrdr/EBdp4/013827
1.37, 1.38 (each s, 9H), 1504, 2.09 (m 2H), 2.06,
2.13 (each s, 3H), 2.35, 15 2.50, 2.60 (each m 2H),

.62, 92D(rrmthyBH®ned12I (©61ethgl- -8, Secéraeﬁw@hedyl H,2 %\51t§lta)1ydr3-51rgiacen -7-yh-(2-
(m %od’r@pyl ﬂﬁﬁ%ﬁ-%ty%er(ﬁalclhdeﬁyz%orﬁdnh ?ﬂ'll:l)lono@ (5)0 6.61,

(each s, 2H, "vinyl)

(dlrect) Mt = 669 (C49H52Si) 5
Di met hyl si | anedi yl - (6- met hy}=4, 8- di phenyl -
1,2,3,5-tetrahydro-s- indac [1)-(2-isopropyl - 20
4-(4' -tert-butyl phenyl)-1- |nn -zirconi um
di chloride (5) 7.63 g (11. t’ﬁﬁ; of (5d) together
with 100 m of diethyl ethefx were placed in a flask
and added at - 70 C wi &) /1% (228 mmol) of
n-butyl I'ithi um sol ution (D,n‘in toluene). After the
addition was conplete,f!B: m xture was stirred for 3
hours at room tenperaturel _The reaction m xture was
cooled to - 70 C and 2.6(11.4 nmol ) of zirconium
tetrachl ori de suspended in 60 m of n 25 pentane was
added. The reaction m xturé was gradually warned to
roomtenperature and stirred at roomtenperature over
t he vveekend The or ange pr eC| p| tate vvas then separ at ed
of f on a.

6he Bwaﬁ@téonrcéémﬁml ‘b&? %ﬁ'@ewpbeww fa‘? Fé%r%hwdfe éd’ﬂﬂi’ﬁ?rt HZH -one
gi ve@d) 7 g of crude netall ocene (5) (pseudo-rac /

A%@)@t&ggogﬁﬁﬂ% 30. @ é ﬁ’o? S?h%l) )ydf eJ:—grom(é) 2-@n§th8 -3,5,6,7- tetraﬁydro-ZH s-indacen-

cryst om tol uene
1 ES B HS B ATRe B0 S O B PRIO( AU Pnemhearaye acid, 200
g{ 1 birhol) & potd3sum Bydd¥idé dnd BHh oflwatér wed deFddsed dndliBe flssk atmosphere

re%‘é):edg\} h%‘ﬁt?g%rb %tmng w%i)mlt%&e(jggd]o é_(') %(2’%6 rgﬂ'ngS 8?2pa21ac'i_um a t§t§ and24g
(Rt mgmp m trighayylphogphyre vase a@ep.b'l’heﬂeggpop Wturg Wap S’[ll’?&d(% SC for4 h.

Aftertdboling, tB3m(xtire Wdd)pouréd &fo Watbbafdiihe bfhic pfadevasrsepatbied. The

a&z{gagg%gg%é %@%@%8‘2&5@@@%@ ogc{h?oron?’eﬁha‘h% WL combined organic

frExtines Wee giiedsane gplyants rempvadiop|a- wiqeyamraeaididAa 9 ?fh:rude product. The
c@ﬂybr))ddc.t Qasgdl&otvﬁa ihahydfometahs dac arerdd Yitougll 2-plug of silica gel to give

24 3 9RGRRY mp@} EIAE %vgyéfegﬁﬂgggthéiwg@k/)y.éaasera'owme

lnpﬁ@‘ﬂérfa‘lelstﬁfiméﬁ“a@”ﬁ*ét hyl - 4- (2, 5-di m et hyl

ERE RV 0%)206 (@, T00) &b @d’zydmw(zsaj maxeenzdb((iﬂ) mm(e (6a) A

m xt ure cont ai ni ng 30 0 g (107.5 mol ) ) of

4- br ono- 2- net hyl -3, 5, 6, 7- tetrahydro 2H s-i ndacen-

6l - onBreparationmf Gafethyi- ﬁ(%ﬁw@wethw@h@yl 2. B5{ptiehgho-g-indreany (6b)

4Q§ 52)m%tﬁijl ﬁﬁin?l?; Izmmwi 5 bqft&fﬁhy‘dﬁlﬁ'l—ds indBce-1-6he((B21 ghI8d6 mol) was

dlgsol\Pg 2§®|”An}< ét?\ er thu le%heéazg twﬁtegtmdx\@é ﬁho% t@eggaﬁt?’oﬁ%f LiAIH4

ace
('S ¢-946rioehal °F rifier %WF@G aawamoesmer@tt(@hﬂ il ! Qifa M HC soluton
whahdRdicHioadetras Srg@iidphasdwss separated and the water phase was extracted two

times with methyl-tert-butylether. The combined organic fractions were dried (MgS0,) and

evaporated to an oil. The oil was dissolved in toluene (200 ml), p-toluenesulfonic acid (0.5 g) was
added, and the mixture was stirred at reflux for 11 h. After cooling, the reaction mixture was
washed with a saturated aqueous solution of N@aHCO,, with brine solution and was dried
(MgS0,). Evaporation of solvent gave 20.4 g of product (92 % yield).

"H 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).
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(9.1 mol ) of triphenyl phosphi ne were added. The
reaction mxture was stirred at 78 Cfor 4 h. After
W@ owbiossy16 t he m xture was poured into water aneCT/EB2004/013827
- organi ¢ phase was separatedl The aqueous phase was
extracted two tinmes with 200 m of dichl oronet hane.
. ETM&: ro/o(Pb) 276 dMO1BRINRES (4B);, 881t (261 81925k 189 (8adI68109), 152 (8).
sol vents renmoved on a rot oevaporator giving 45 g of

d The 2
S P NG G YR P o R Y T RS
gel tlrtdatgﬁnylﬁz i-Brdp\g-dof- ttbaty@eenyd:)dnrpdﬂmk)}mmeaﬁt)m | after
@(é%mawl ‘Bﬂergrf etnh@mﬁqlszmet(awa"/e wr\%g&nw@g Y bhe) 1) was dissolved

|rlc gﬁ_ﬁﬂlcqe{g@)ar angérgate@wth 5%)417L ?f@r’yﬁt@%m(@ﬁnes ) K/l(%%? mnﬁg@t -78 C.

Af8) stirrB@ abborRtang@rattiiedor 30f, 95 micro liter of N-methyl-imidazole were added by

s@n bRy e %gf 18 AR AY (Rhei¥) vad edied: a@O‘ICettorg%%CHé%'r Sclution just

acene
szor(tga@'tlgﬂ {PhgHoTBRiRG II5SoRbIRERIRA- 444 irigButhpBERAIRyapRseRY i H-indene
(35-g] recremnh Laodieso(v24.iDeter (60 BB@6A Medtgd withss.2 chl siswityitigndim in

Hfgan%?& 5“ﬂ/| %fo rgﬁglﬁ%{ —afoeé tAf@r”s? e%talp ?d'omqglflaérﬁﬁ?et f@ld?) W 1t5|'é rslmol of

t1on
d&:thlocpd@etnﬁstlaé\e werg aqded gy a¥”"|966tﬁ718&r68? g't')ﬁll”é Ve Ft"?dﬁor 1§d§’ at room
tefhpeodtura, filertl HGH sslobnts redtovedunvaaddmeh tbaﬂltraieuﬁvy\g am laenorphous solid

DS QAM G g?éb%ét%a%@%sﬁf@?@ﬁn%@dc&%‘é b hﬁs “&% hV\Q'ISether/THF

extract
<PV s iR AR PUSAE) S £ 8 te@m)s iipgene
resranRdhatedribad 2bvediThe mhii@e Oiak wamseddo 8ol temderaturd alduwtined

o(/grg(g)?trge ote eBéH r%qﬂg ?éélc{lo%wéi@ @ﬁ”gé % Peﬂtgra@oj ra\é@éc#s @%ﬁifog'rof NH,CI. The

%@f@lcmhgse wag éer?aé%teci |Vt?ﬁh?ﬁ Wit A0emh 4 8rina seltiei offpe (19$04), and
evapoiétt 16 en AN WhansatS@rhpHyioarilied (1DHIRBI, imhdphariey gave 7.0 g of product as

S dr| ed (MgSO4). Evaporation of
\w't\%éﬁ?%@ﬁgel fﬁ.‘é)roduct (92 % |elgg 40 'H NWR

Um@cﬁﬂd 870(3“(??\“> 64)949544(114;2 ) 8.8 z(gn BH2.7 (5, 3H),
(3-91,2.58m( BH), Bblkm, Bp02.0i4 @meHRH) , 2.3 (s,

b 84 skt A4 rg e B g

(M+, 100), 258 (43), 231 (29), 215 (25), 189 (8), 169
(9) 152 (8). 6c¢ Preparation of dinmethyl-(4-(2,5-dim

ngl?g%y a?c? f)dlmet%SI{;X%Ply gLB mé@&l 4- (?%Ldérﬁg ;EI?en?I?1 ﬁ} q etrahydro S-

i | anddeern)7-8)-@-{opray - f@tqntynmymmewﬂ inge fZigAnium dlchlonde( )
[imatm?», cﬁcztﬂuﬁnaﬂﬁwméaw 6Lrﬁ1éia,¢e 23 &-@trdhy@ro-slAddceiipb-)-poByg-4-(4-t-
g A L G
and tregigq with <4 nf cpﬁbnyllﬁ'tlum vdwexanefied i {i%-@ mmen). Attey stiging at room
tBin 6drurk iidr@rh, chlveN:erérBYémdv% Oiadzep teRuydiesa didemd Rlconium(IV)chioride

aéz ar}’(gﬁefg g{N @d{e(g F\iréy dlm Elig tei%rture%s%?r@é%nﬁ%?%%f pentane for

‘tooniewdesi and drent4 h‘éefbhrl vc:ﬂf@ascﬁdedraéo Hedke F'b‘é‘oﬁnﬁépﬁiﬁﬂts Were Warmed to
Bork énlp@ﬁa?w@éﬂdy[he @E@t“ﬁﬁ' ixtdrel sHOSY &@nghl HFHe’}Qﬁﬂﬁhg yalbvi-Fafye
Presbted iR e S Eod G Aot b Bty grgores
MeFuol(3.09 )i Proditct wagreCrysiafiigesrin g:jqe\ng gcgl\gq1 b g @finetallocene (22% vyield,
foennedeaicdtbenf or 3 h, 15. 6 mml of

| si ne S
SN GRTY 5 ddne v, e ) Rty ess e )
F.3-B.6 éneldt), ?aﬁw@loémlakénﬁé(meﬁbv%a(a AHVv d&us Woﬁﬁ’fm}@*‘l 1.9 (s, 3H), 1.2-
{4 |stgratses; gaad RO 1an@raphous solid product. The
product was dissol'ved in THF, cooled to -78 C, and
treated with an ether/THF 15 solution of the lithio
salt of 4-(2,5-dinethyl-ph enyl)-6-nethyl-
1,2, 3,5-tetrahydro-s-indacene
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prepared as described above. The m xture was warnmed to
roomtenperature and stirred overnight before
W e@soksong t he reaction with 10 ml of a sat ur aP€mEP2004/013827
aqueous sol ution of NH4CI . SThe organic phase was
separated, washed with 40 m of brine solution, dried
. 7( My SO#)ethyssitahedigh(a{Yer-atiftreB-Plocymivrentb[2, 3eiithionesndyy HpMe-tefrh-1,2,3,5-
Si Il e@ak hRYe. GHd2bdndn 1At OHRRE @BRdric@aye 7.0 g of product -
as 20 a white solid (84%yield). 1H NVR (CDC13):
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,/~H 8 (s, 9H; 1.5 (m
3H, 1.2 (m 3H), 0.0-0.4 (m CEIMS: mz (% 620
(M+, 4), 331 (100), 291 (19), 9), 243 (7), 215
(5), 191 (2), 165 (2). 25 6@&(} ation of
di net hyl si | anedi yl - ( 6- netﬁggy 2, 5-di m et hyl
phenyl )-1, 2, 3, 5-t et r ahydr 0-3%,f ™
i ndacen-7-yl)-(2-isopropyl g
ndenyl ) - zi rconi um di chl ori
i met hyl phen yl)-6-net hyl -
5-tetrahydro-s-i ndacenyl) |-propyl 4-(4-t-
but yl phenyl )-1-indenyl)-silane (5.5 g, 8.9 mml) was
di ssolved in 50 m of ether, cooled to -10 C, 30 and
78 r eaPegamtidrof (6-He-8iPi10f 2B B-¢trbhydu-sHndadenygx-SeasiP(-2-Pb-6M

18 2 tenperature f 4
o 2R E B bE T Shd, f8duced pressure and
Zé\ﬂerwm%i’r?ﬁ mdmr%ﬂpe@éaﬁ (-pltgrhgne §.Gg. r?rﬂ? Mph SreRBIge gs described in
'):0) d:rlgmaseav)d@e dis$dned iih X6 bl ef st aad tréaitecdwitm1 YUOmdf bofyllithium in

hg%geg&% M (H %Q%r& ?% eﬁfte?&ﬁn@% Fbo‘r]rpteﬁluiperg{ureeﬁohfﬁ JM\?rrn&ture was

CPWré@rﬁe?r&W 8l @dd 4 o digblerogimativisiianeavease syringsy into the flask.
Tﬁe' eaeaetiog fﬂrtrxturl;hv%s werdied fongony &l pertos, anged 13516, ditérpd, taad eolitles

rem 8 90 (t?h f‘ﬁd teo/ﬂ va% %l ?ﬁe %Sld{re &éser‘édééﬁ%‘é' P&jﬁm"\é&r‘%a to -78°C,

187 | OPent ane
am* E@RWW'W%THF@@F%V §‘PM'P“ ofdee Fthium @Plﬁj@fﬁe’w?'@ Pﬁ'r ® 3 p-tgrafydse-s-
indetenk | @ﬁrﬂln@ Oﬁéyr%l Mrépsted a?@&%lb’ea%rdiwcmft@rsnf}mg foH18\IWVR room

téﬂ’rl_%erajfuﬂe &O_/m é’f n?turétﬁ)d aq'g%dspé selﬁtlon C‘_DMIﬁg §dq§d 3Th¥e o‘ilgaagfractlon
W2s Sergrated wesr@pbwrth briae gefytion, aqp dried @19S9.). Bigark lgm@n ?5(1 g) was
redoleredaffdr é\FBpor% .thel s8ivérts oBdiatoslapbratd0 THs &ufespro@id was

%ﬁ?ﬁ%ﬁ@a@é&%ﬂ@% 0¢ /1 f%—?&gin he&gﬁesy@g%/%(?% rg)rgrﬁ%'gia as a white solid |

(Di-hetM¥D.-si | anedi yl - (2- Me-5-i Pr-3-Ph-cycl opento[ 2, 3-b] t
RN e DTy ). éﬁeg{a 84 rﬁ’helz &9 (’m 52H) 3.9-4.2 (4 singlets, 2H fotal), 2.9-3.3 (m,
il

4k}gt2r7a£1¥?m IJ—@IZ i g enl)f)l%) Zéaé’ Wodd gﬂmﬁl{idleq%‘ 3( r}gleﬁs 6H total).

rep rat 1’0
(6 Me- 8- Ph-1, 2, 3, 5-tetrahydro-s-indacenyl ) (2- Me-5-i Pr-

Fb'tl@n oﬁ'&llﬁé-@f}%qgo@ B0t Pdhgard- sb%&d&él@{bhﬁlﬂmﬁrsb‘di vbe2 (7a)
7]179 @ gg rr6>l) 652\/@3 }%l Ber&EL? gﬁctgt(r) ecrj]roas[ g%a%grpg \;/Qe %BE‘&J&% in 60 ml of

ether and treated with 11.8 ml of butyllithium in hexanes (2 5 M, 0.295 mol) at 0 °C. After stirring
for 4 h at room temperature, 230 pl of N-Me-imidazole were added by syringe and stirred for 15

tert-butyl phenyl)-1-i
6) Dinmethyl-(4-(2, 5-d

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.
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WO 03/ 045964) was dissolved in 75 m of ether and
treated with 11.6 ml of butyllithiumin hexanes (2.5

wOR008/0882% nol ) at OC. After stirring at room PCT/EP2004/013827

tenperature for 4 h, the mSXture was cooled to -78C,
and 5.0 m (0.414 nol) of dichlorodinethylsilane were
. 7syr i Rgeatation of dirhethfldilasddiyl-(ZMe-5rikrat Ph-oyeloapextpld Bebliigghen-6-yl)(6-Me-

var nggy t1 D § @Qénath?ara%n@da%@y; zﬁédnmne&lcm&rde; h,

f
A R T AR SR gg@FVeﬁi'”?%@B%)l?ﬁMeéf'LW%Eﬁ o "
hyroalyelobet (2, 3-8 Ehiopten d-1)iStdd. ectradisselvad iR/ retohethersiodatgd voth 9.9 ml of

b&’cf/lhtﬂ b& i ﬁéﬁhyﬂz@dﬂt 0. @548%&%6«'@%&8@@% a5rotoﬁ1ttérﬂbaf§la@ V&4 h.

I hdacene

descri b
SBIéeFWer%fqré?vegtfromtpﬁ@raf\%q slligl E %ﬁ% r%gh,](Z { g,rpp@@é?ch)rv&as added, and
tH2Onixtlre o/s atised in4ane df pespitEme Ui 18 olintteso Bthef (4NM)Glas\eedes and stirring

c@‘ﬁigﬁe% forzlé% %Q:ufgné !]QISJV 'sQIPils WERSCoRETRRY d%te?goseWﬁfﬁtQ@ﬂmnel washed
i ihergape g ko 155 B NNAE s P i st osgrighdredominately
theq@lssenirscomc frm OledMapowat evapordthe tooyelide opngdsntits (halgy). NMR

afrdl s%rgﬂﬁv?e% @EQE@t:&ﬂg}%E Ia'n%ﬂu&%@thfa %s%gc%n%/cn& H@Wﬁ%) plGSQmpurmes

Tge yellowquRbles (vmfg.)xed 171 %\ﬂ%wgh t H,]g oj_lfp'j for éhff@r otlrhq the insolubles
waH)c,olIe%teQéan?a {\dsegiffitigh @irmel a2H ekictcteld with ZicBloBnRtiant (108H)!), In-situ

%apérag ror e F’?@C Qa%e é% a Pgwpselfbld)raceqmgﬁl\ﬂel 8 2(4!7(33 5%')3 Ph-

cy:m,loQBrgp[gﬁT qugf\erBGW_egﬂqaﬁ %22 335-{etrahydro S- mdacenyl)}ZrClz
"BAVEL T @bydl) 0 (seddvdacay forrh) ¥ RiTemmy s eid), aligy,eH), B.8(sgiH), 3.15-3.3 (m,

g e 20 B o e

3H|8sC§éHX/@§’5| ﬁ 3613 (seesto- mé%"tf@fmzir?d @%dﬂéh% (En1H8-4 ﬁ11H ). 2.9-31
afaHh Wt erd Bithiiyreians ey anes, §9), a2 (Bh, 205 1rgh,)3Ht1. 35 (€.3H), 1.2 (s,
3‘%&?\5&% tirring for 4 h at roomtenperature, 230 | of

I'm dazol e were added by syringe and stirred for
"15 35 mnutes. The mixture was cooled to 0OC and THF
THWeRIcvilad ettihddehestvére ©18¢d ifl SheoSA@tivatioh ég@rimdssm ). The
solution was used inmediately in the above reaction.
40 WD 2005/ 058916 PCT/ EP2004/ 013827 53 7 Preparation
Msfallocene (MC) No. Structure
ﬂi nrethhyl si | ?;?di y Imd, 8 évere 2= (b =13 Blp, 3 5-cdtapging- @{r@a&nb}m)(z-‘lﬂm-

i ophen-6-y 6 t

8-Ph-1,2,3,5-tetr RB&r 1'”?‘?ércczéfror?fxazn?prl%1nl um .
di cBl ori de (7) 6. g\gazgl(q Mefﬁa_tm %15)tet€ﬁ¢1ydro s-indacen-7-yl)(2- 'Pr-4- (p- Bu-

(6- Me- 8- Ph- 1, 2, 3, r)-atisampdimmsetargacyny| ) (2- Me- 5-i Pr -

3- Ph- 6- hydrocycl gpe 4
G 8ol ved in b mGE GRS AERBT B Hdaghltp Sy P o
butyl l'ithiumin hdrdaés (rgm sxaPle2)0248 ol ) at 0C, and
stigred at room t epneraldieptmLPH-tdrahforbyeRbentalelhphthalenyl)(2-Pr-

renmoved fromthe o ngiqngirg[zg%n}ﬁxa BRUQ. Zrd4 (2.7 g,

0.012 nol) was added tre”’ was stirred in
40 & of pentane fMeSI®Mei4RiPls,2 & rirahydrersiidpcenaky!)(2-Pr-4-Ph-1-

added and stirri ngnd)zmt(frmeg{an{&ga% h. The resulting

yel Low sol i ds wer Cgéf% E{Igatf&gfmez h)— éﬁ)%%qetuhg&rg%q%dagen 7-yl)(2-'Pr-

fumq’el washed w d'in
g) . NMVR anal ysis showBetPhhi- @d)‘zr%ic(tffpmrﬁxﬁ@mééht ai n

pregonminately 10 tm&s@@%‘iﬂﬂ LRI Sodediom, 3-Tihmophén-6-4/X6 @le-8-Ph-
was evaporated t oh‘?@g 3?'?"%% tlng%:enﬂ)%r(glg&frém@(arp&l%%

anal ysi s showed t
pse@do racem c & né&BSi( 2Merﬁs(Pp$LuBh)r1n*ﬁQ)n(2 Fr-é<p- BUﬂFWé1 -Ind)ZrCl,

yel logw i nsol ubl es wgeg2, BMézuxstBuLWh)Ewﬁj b4 Tp-Bu-ghef-Ind)ZrCl,
Li Gigfor 5 h. AfteMeZ%?ﬁ’g'vWegzt L 08 A0S éJP) B24-(p-Bu-Ph)-1-Ind)ZrCl;
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were collected on a closed fritted funnel and
extracted with dichloronethane (100 m ). In-situ
weraposaté on of the extract gave 0.5 g of pur ePCT/EP2004/013827
pseudo-racem ¢ {Me2Si (2- Me5%-i Pr-3-Ph 15
cycl opent o[ 2, 3-b] t hi ophen-6-yl) (6-Me-8-Ph-1,2,3,5-tetr
. ahy dtamapelymeidezbonsl anil Zoigbar anabkibivVR 8 ( CDCl 3) :
éxaﬁl‘ﬁiéd%%aﬁ;%uﬁﬂmgr% 78 (mAc%té T 6 71(/33 M), a
2729NC(m 1 H), 2.55 (s, 3H) 235(33H) 2.0(’m
PH), 1.8 (s, BB:B-i)ng 13.4kgs, 3Hd & d,0 3H),150.0953(7d, 3EH8 2.7
F(?ZEU?OT ”ﬁsﬁbz;f)é’g@ 375297 6 (’)%l—i) 1]391") 61§§§(S'18]3 "')2%1 , 27
%’ 3H) 2. 35?%m93|.§5kg_ 8 2 np (m'l OZH) 167 (&113H) 591 3.4
A435 (2 3H) 394mg (%5 kg 20 3He& d,3.43H). 6B f @ld2owi ngs 3.5

et al | ogenes e int polydrer i zggon 5
experi msnts 5% alu‘?oc% WS 1 Strﬁctgure 25 1 559 2.4
RB2Si (62 Me- 45039 3.5kg yes s 229 19

RBu-Ph)4 1, 2, 30®mget3.akydr o- Nd ndaczen 7 1355)7(2«4:—Pr-4627 3.1

t Bu- Bh) - 1- | from

i 2Si (6Jql\/e 42%%)'% q% é t et r&ﬁydro s- éacenz'; é 34
PPr- 4- (pt Bu- 5P 1-35 k&) zr cno2” (firom ex1§Pfﬁ| e227)7 2.1
Ae2Si (65 Me- 4455’I?ng1 23 8kd-tet ry@hydmces |mdacen-2b6yl)(223 1.9

F;I\D/gzgl (p.rz15 %/le igg%{b Z:{-"ﬁigt é”a ydr Iopent a[b napht I 28

o c
Ryl ) (A" Pr- 40mh- 135 w)ZrCWES(ero‘%exa Myrds 219 22
AMa2Si (6 Me- 4,588 Pg2-d5Rg3,  no 13 1540 349 474" 3.0
1tetra(_l;11ydro 59 nd?gﬂ 7- y1){(2-" Brg 4- Phly | ndZr Cles 53
' om exanp %5“ g '
Si (6C1M=_~ 45(5@""5 MeD kW) - 1, 2es, 5-2t7etrah13561|30 d-¥ndaééh- 22

cP-y1) (=2 Pr- 74e kgt Bus Ry) - 1- Iad) Zr@d 2 (fsem exsaompl €469 2.4

Céé428| (ZC%\/E 56|59>P"93 ‘Opgk%ycl od’ to[229 3-b]t 3 |30 hen 6- )%3 ( 25
oB-9ve- 8-Fh- 1,520 895-3-2kg ahydrne- s --1|‘hdace1ﬁ9l7) Zr2€§72 (FPbm 25

@l ecy) C2ssmg 3.5kg 7.1 158.2 1.80 214 2.1
Me2Si ( 2- I\/E4(ptBu Ph) - 1- Inc?,)(z Pr - 4- ( pt Bu- Ph) - 1- 1 nd)
ZrCl2 40 C2

Uvtitg 8nq betﬁeweﬂﬂAétﬁ)’itBMm% melting peint(TRF “4 visgpsBunupvet (L.V)): diig;
W@B#é@gge rhotar mass (M,,): 10° g/mol; polydispersity: Q=M,/M,

Me2Si (2, 7- Mee- 4- (r()téu Pr?) 1- Ind)(2--"Pr-4- (ptBu Ph) - 1-

I nd)Zrd 2 WD 2005/ 058916 PCT/ EP2004/ 013827 54
Honypetizatiensi andtrplymer anatysipol ymer anal ysi s Exanpl e MC

FERp IR I\WC‘NBV' @l’r‘rﬂ)uh{z A@Ic’u\)(t ty Tovl . Vo My Qo No.T,P 1 Ic2 content

angfs 3 g yes Batis 11 sg 240 7 ' 557 B 25

$Bno 20 157.285Mmgll B9 3.4 P94 2 3B nPo3. 5143@ y ehs?
qug 1557 2.22 298 3.5

P15 4 210 mg 3.5 5.82 883 3.3 128.3 4.0
P16 5 40 mg 4.2 4.3 504 231 1081 6.2
- P17 6 40 mg 4.2 4.95 994 3.7 119.7 47
P18 7 210 mg 11.9 3.92 574 291 118.0 5.0
cP7 C1 209 mg 3.4 286 - 433 23 1256.8 3.2
-cP 8 Cc2 207 mg 54 3.71 608 2.7 122.8 34
cP9 C3 196 mg 7.0 3.25 452 2.5 118.3 4.6

Units and abbreviations: Activity: kg/(g*h); melting point (Tr); °C; viscosity number (1.V.): dl/g;
weight average molar mass (M,,): 10° g/mol; polydispersity: Q=M,/M,; C2 content: % by weight
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P5350nmg 3.5 kg no 1.5 155.0 3.6 559 2.4 P 6 3 50
my 3.5 kg yes 2.4 155.7 1.9 229 1.9 10 P 7 4 608 ny

W@205k889N0 1.2 155.7 4.3 627 3.1 P 8 4 243 ngPGI/EP10g4/013827

Yes 5.8 156.5 2.2 271 3.4 5 7 5 50 ng 3.5 kg no 1.9
160.3 2.77 355 2.1 P 85 50 ng 3.5 kg yes 3.9 159.1

. Ve 06mM253 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 Pl1 7 598 gnol % 474' 3.0
cP™ “@1”@7”9%@"'8”5”%8@”&&? 3 cgnRayhd 8“59 ém%'% cP 2
Cl 650 ng 3.5 kg yes 2.7 1§$ 3 1.94 240 2.2 cP 3 2
730 ny 3.5 kg no 1.2R155.4 OO 458 2.4 20 cP 4 C2 650
ng 3.5 kg yes 2.9 153. cP 5 C3 590 ng
3.5 kg no 1.4 155_7 6 C3 286 ng 3.

kg yes 7.1 158.2 T.80 and

abbrevi ations: Activit (g™h) neltlng point (Tm;
C, viscosity number (f.W): ﬂl/g, 25 wei ght average
nol ar mass (Mw): 103/g/ polydlsper3|ty =M /M
Copol yneri zations a »ger anal {5i s Exanpl e MC No.
Amount Activity |.V. Tm C2 content P 12 1 199 ny
7.4 4.80 909 3.1_123. .8 30 P 13 2 205 ng 3.1 4.91
728 3.9 123.5 4. % 3 P15 4 210 ng 3.5 5.82 883
3.3 128.3 4.0 P 16 4.2 4.3 594 2.31 108.1 6.2
P17 6 40 ng 4.2 4* 4 3.7 119.7 4.7 35 P 18 7 210
ng 11.9 3.92 574R2 91 18 050 cP7Cl209 ng 3.4
2.86 433 2.3 125.8 3.2 RtP 8 C2 207 ny 5.4 3.71 608
2.7 122.8 3.4 cP 9 C3 196 ng 7.0 3.25 452 2.5 118.3
4.6 40 Units and abbreviations: Activity: kg/(g*h);

mel "§& point (Tm); C viscosity -nunber (1.V.):- di/g;
wei ght average nolar mass (Mw): 103 g/ nol ;

| 0
280 Ioggg2_%5‘{5%&7"%3%\%%%%383%9@%§H§V@er@§¥%¥@ 'o?ih& EM@ents or the

or ganonet d#Mth&ideBansi ti on netal conpound of- t he
formula (1) R2 R3

the radicals X are identical or different and are each an organic or inorganic radical, with

two radicals X also being able to be joined to one another,
n is a natural number from 1 1o 4,

4 is a divalent organic group which has from 1 to 40 carbon atoms and together
with the two carbon atoms 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, N, P, O, S, Se and Te,

R’ is hydrogen or an organic radical having from 1 to 40 carbon atoms,
R? is hydrogen or an organic radical having from 1 to 40 carbon atoms,
R® is hydrogen, halogen or an organic radical having from 1 to 40 carbon atoms,
R* is hydrogen, halogen or an organic radical haviné from 1 to 40 carbon atoms,

CONFIRMATION COPY



5R~Z R4A 10 AMX () nRBR5 R7 15 RS where M
is an elenent of group 3, 4, 5 or 6 of the Periodic

wadamsessefic t he El enents or the 20 | ant hani des, PCT/EP2004/013827
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radicals X are identical o6different and are each an
organi.c or inorganic radical, with two radicals X

.al so Mei ng isibdeogenotas qr@ﬂnmadwabh@wr@ fermot théP car@sn afoins, a
natural nunmber froml1l to 4,  Z is a divalent organic
grou vvh;chrpsfromlto bon at o nd t oget her
o AR he. CRNEIEEON BCGRIdPnEe RAGH] o4 SHatH Agrie
a saturated or unsaturated, substituted or

unsulgtr® utpdidgitieg oﬁbﬁﬁérgmah@‘él‘e%c}@h)fdh:@;gn & az'neorégmc réd?(?l Aaving from
30 to 12 at [in thi%stem use

to the indéd {’/TEO %%Afg?rb%‘?%? PalaggR E’@‘Fﬂ’%ﬁ PP GRFpgEting them form
i denti cal ermahofyfcia apblyhetic sastiores oseiselettiritbdfring systdn@ which has

group congipsti 9o ehrbsl ator@@anc”na)P alsoooonérn rc?a'ﬂffln &Iecgd from the
i s hydrogen or an E@ggam c radical havin rom 40

carbon at offPUP Ca%isEad oidne SPRRR: Gf Naf: gf%aﬁf"r‘@@d rTSoll cal

having from1l to 40 carbon atons, R3 is hydrogen,

hal ogen or jany Q%Hsfétlﬁga(ﬂ %Walentaéfé grgn’il\%’gnltg%[?p 40

car bon atons, 'S rogen, hal ogen of an

organi c radi cal havi ng from 1 to 40 carbon atons,
CONFERMATI ON COPY WD 2005/ 058916 PCT/ EP2004/ 013827 56
R5 i s hydrogen or an organl c radical having from1 to
40 carbhon atons drogen or an organi c radical
havi 5 fsrra{pﬁogeq 81%6{ @ﬁn%%ngtrgﬂ%al wglcrp-\ﬁes {9l 3loL0 carbon atoms and is
i denbiapetiedadn thdiofpbsiti@rdnd®Ric regeach hydr ogen or an
organi c radical having from 1 to 40 carbon atons or

R7 and R8 to ether with the atons connectlng them form
& nonBEFENTB Betglic oy meRcompayKkaf fhgiaui ) as claimed in claim 1
unsubstituted ring systemwhich has froml to 40

car bgn,done and may al so contain heteroatons sel ected
fromthe

R* is hydrogen,

R® is an organic radical which has from 3 to 20 carbon atoms and is branched in the
a 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 ().
3. An organometallic transition metal compound of the formula (1) as claimed in claim 1 or 2
in which
R% R®  are each hydrogen,
R® is a substituted or unsubstituted Cg-Cyo-aryl radical or C,-Cyg-heteroaromatic

radical containing at least one heteroatom selected from the group consisting of
O, N, S and P, or R® is a C4-C-alkyl radical,
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group consisting of the elenents Si, G, N, P, 0, S,
Se and Te, 10 Ais a bridge consisting of a dival ent
war@sssdl@ di val ent group, and 15 if R3 is hyPCDERI0)4/013827
then R5 is an organic radi dal which has from3 to 20
carbon atons and is branched in the a position and R6
i 1s hydrogen. 2. An organonetallic transition netal

conpfund Q§ h}d’r‘&;eﬁ GluBtHeac(- t)o—aﬂ(§l g astedd loﬂur%h@étlmtel'i Cedf)p-ary!

in which R2 dro

whi oh has ek SEEECIE o iR (BRI & BELER peferogrom
the 25 a v@gteﬂ|fr9m,th¢womrscon§¢%tmggéa,,N F%lardrﬂzl R5 are
different and 30 ML, X, n, Z, Rl, R3, R4, R7, R8 and

A ar § eflne formula (J).. 3. An
o gihofot AP (T ivEleD o SHRtEr e AR OBt A caroon ators, where
formul a (17 toagther|véth thedwp narbéredtems ofdire Gcloéntadienyhing Forms a

R2, R6 ar esaﬁ!?é?c@d &m&&%ﬁd Qﬁgstlkﬁeoeor%H%EﬂltétH& &b Q5tem which has a |
unsubsti t ut ed

SR A e TREIAS S SR ————
one het er catlopanssienytrieg may alm tdnisirgereunp mmsiesmqatrg different
0, N S angdidoaths Ehcled 1BmGHe é%lngé/dngroﬁ@ ealn, @ s, seand Te,
2005/ 058916 PCT/ EP2004/ 01382 7 R4 'S hydrogen,
fluorine, Cl-Cl0-alkyl, a substituted or unsubstituted

. C6-C@0-aryl radical, or C2-C40-heteroaromatic radical
contai ning at | east one heteroatom selected fromthe
gro consi;sting of 0, N S a R7 R8 together -
for#&a \Sﬁm%nggﬁqﬁﬁfﬁ‘?dﬁ?’ﬁﬂﬁor‘c}g’eﬁam“u"?g“)fromI to 40
carbon atons, where T together with the two carbon

At On'éa\rpérgéria%e%me kRIS Atk B polih &k e b A1) a%%ﬁ%ﬁé@tuﬂfgny of
or unsaturated, substituted or unsubstituted ring

syst '%l&%?’has a ring size of from5 to 7 atorrs
where T within the ring systemfused to the 10

cycl gpghtadi enyl ring may al so contain one or nore,
identical or different heteroatons selected fromthe
group consisting of Si, Ge, N, P, 0, S, Se and Te,

and 18 N&Ti, Xormf, R, R5, Z and A are as defined for

-the formula (I). 4. An organonetallic transition netal

conponunoil gf the formula (1) as clainmed in any of
S 1

R" is hydrogen or an organic radical which has from 1 to 20 carbon atoms and is
unbranched in the a position,

R® s a substituted or unsubstituted C¢-Cag-aryl 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).
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claims 1 to 3 20 in which ML is Ti, Zr or Hf, nis 2,
25 Rl is hydrogen or an organic radical which has from

wo 26408/0201€ar bon atons and is unbranched i n t hRCEHEP2004/013827

position, R3 is a substituts®d or unsubstituted
C6- C40-aryl radical and 30 R5 is an organic radica

, 5Swhi c Anlkeaenémaaiicdransiti@Ometardompownt ofthe &ameiuip ) B elaitiae oh any of

the cginROsibyi on and the other variabl es-and indices
are as defined for the formula (I). 35 40 WO

2005/ 058916 PCT/ EP2004/ 013827 58 5. An organonetallic
trangiwhign netal conpound of the fornula (1) as
claimed in any of clains 1 to 4 in which 5 R7, R8
together, formR12 R11'R1I0 S 10 or 3\** R10 RO RO

15 wier'e RISEIBM R11 and R12 are identical or
different and are each hydrogen, halogen or an
organi c radi cal havinggftom 1l to 40 carbon atons or
two adjacent radicals R9, * R10 ang/or &11 together
with the atoms cBnrecting them ffor nmonocyclic or 20
pol ycyclic, substituted or unsubstitied ring system
whi ch has from1l to 4Q _carbon at ons/and may al so
contain het eroat &% seNéct ed from Rhe group consi sting
of the elenents Si, e N, P, 0, S, Se,and Te, and A
is a substituted silylene group or a substituted or
unsubstituted et hyl ene group;, 25

where

R® R, R"" and R"? are identical or different and are each hydrogen, halogen or
an organic 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, substituted or unsubstituted ring system which has from 1 to 40 carbon
atoms and may also contain heteroatoms selected from the group consisting of
the elemenfs Si, Ge, N, P, 0, S, Seand Te, and

A is a substituted silylene group or a substituted or unsubstituted ethyiene group,
and

the other variables and indices are as defined for the formula (1).
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and
for

the other variables and i ndices are as defined
the formula (1). 30 35 40 WO 2005/ 058916

weANsBFR004/ 013827 59 6. A bi scycl opent adi enyPCT/EPZpas10i13827
systemof the formula (I11)3%R2 R5R Z R4 Ar (1)
10 R Rs R R 15 or its double bond isoners, where

.8t he
are

system for the pol yneizati oR
conprises at |east one
nmet al conmpound as cl ai
| east one cocaR
organonmetal lic transiti

at

f Biskygloperdadieny! ligend gstempd thefgmeg, (I0R7, R6, Z and A
as defined for the formulga M 20 7. A catal yst
of ol efins, which
organhonetai | ic transition
clainms | to 5 and

speci es which is polynerization-aétive toward at | east

one

olefin, 25 8. A cafal ystRsystemas clained in

claim7 which furtheraconprises a support. 9. A

process for preparing
copol yneri zati on of at
presence of a cat &?
8. 30 10. The use of
system as cl ai ned |n
organonetal lic tr

pol yol ef i ns b?|polynerization or
| east one efinin the
st systemas clained in claim?7 or

*e*%'sc%§lopentadienyl i gand
for preparing an
tign netal conmpound. 11. A

v,

process for preparing anvorganonetallic transition
nmet al compound, which conprises reacting a

bi scyeitseant BsHaaserd | gand system as clainmed in claim
6 or a bisanion prepared 35 therefron1mﬁth a
transition netal qpound

10.

1.

where the variables R1 R R*R® R6 R7 R® Z and A are as defined for the formula

M.

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 able to convert the organometallic transition metal compound 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 polyolefins by polymerization or copolymerization of at least one

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

organometallic transition metal compound.

A process for preparing an organometallic transition metal compound, which comprises
reacting a biscyclopentadienyl ligand system as claimed in claim 6 or a bisanion prepared

therefrom with a transition metal compound.



