15- Feb-2007 1 Preparation of catalyst conpositions having inproved activity
The present invention relates to a process for preparing a catalyst
conposition for olefin polynmerization, in which a catalyst solid i

prepared in a first step by bringing at | east one support, 5 at Iej§ﬂhﬁh%907
organi ¢ conmpound having at |east one functional group containing active
hydrogen, at |east one organometal lic compdund and at |east one organic
transition nmetal conpound into contact with one another, this catalyst
~solid is then brought into contact with at |east one organoal um num

compound i N a SesRdteh SicBBlyaRembdIRoNE naliNY iRplotedteiR@pauent |y used for the
- polynerization w thout further work-up. Tﬁe i nvention further relates to
- catalyst systens for the 10 pol yneri zation of ol efins conprising such

- catal yst conpoBietpresers jnverttion felateséo 4 prpcesser preragingssr Gagelysi empegiition for defions and a

~process for thgrRh4HE, indich @Ratist bR kid pfspare@indAiindt Gteb bRBMbihg SediBndbupport,

- conpounds such %%tmet al | ocene cgrrgl.ex Fﬁgre fofti rEat I nterest as cat altysts

For ol efin bol 3 RaseDS B Gomeaid SEVIGH Ras R PreishsLiipyn avippng sripHagRRR. =

pol yol ef i ns whiashone bRgapemgialic compand andas itas oneejaanisriresition ovetdl cafpegriddnte Nat t y

catal ysts. Forcopieiith Gre SndBibr, thisotaBst Sbild® therlbrdugftlinto ARt Wi aPRAsY BRI S having a

parrow ol ar MRhedliahi oot POl S RSRLRCLALLEN by EPERROTE! S For
ab PR e S 157 3" pol'yme tion pr

- these to be ) be u succesSsTul 'y 1n riza ocesses in the
- gas phase or RoYMstizeH@Yygtheyt further wogk-yps Therinvarfiph frtagyaeletes tp eatalysi sysipms &ar thecenes
- to be used1on goymefization od biefhs c6@prisig siich@atalfsd Eorkigd€itdnk Ghértus@ fop the pelyrhedization oA 1 d

- support. Furt hcﬁ%g%)gn%& J{%%%Wﬁegéowg%%@fﬁgﬁ"@' should 20 display a high

- productivity an ea good nor phol ogy. For organic

. transition netal conpounds such as netall ocene conpl exes to be active as

- catal ysts f oromgamd transifonl nyetae tordmunds Buchi s metalidtenedmpleyesiaed of pleatinteresthe react ed
- with further c ' . J s of

' cocatal ysts co%gﬁgttggbq g’fﬁglfo&mhﬂﬁz(?@nbeeg&%%{g@ %@&ﬁt g %‘t{létggﬁgﬁ%%%&(@gﬁ‘esﬂ(ﬁ mO).

| However, t HésecaRag)ke ehtpinediusingiceamantions! %‘?Qéﬁ"N?‘I‘?e‘SPtaﬁaée: of grapwle sysingie-sHe| ar ge

. excess. Furt hegatayste Jead @polyniadiawy LTharrow meler mads kistributiga andunifsranisdoipbrationroét al

- conpounds i nt %mgﬁ&nie?g? ir-&itﬁ;lm 48R 1S lsad .@@ﬁgr[ FEbiy ARG Alodelet frtheRfad

~these can be used In stoichronmetric or Vvir stol chionetric ratios. 30
WD 99140129, \RBRRROr RyIRsnsion: T Reften 3daiassousify degrataliogegps BRe HiAddn the RimphAs t
- systenms whi ch soid, ée. édtremitabe appliad the Eolig supgora Ferttppuo—e, thessupmrtgdctatysts shqpisind
~having a fu Ctdiébfé?é n3h BioBuckiy ety Bad'd poifiidrs N&inB ¥ G5 QBHREIphoRAy. O ganonet al | i c

- conpound and an organi ¢ transition conmpound Into Ccontact with one
another. The catal yst systems display a relatively high polynerization

cactivity and Foeergariotrapeitionmestal corapoumty sachgs owtalioenseompienesit bé adjye as3atalysts

‘ for olefin polymerization, it is necessary for them to be reacted with further compounds serving as
cocatalysts. A frequently used class of cocatalysts consists of aluminoxanes such as methyl- ;

25 aluminoxane (MAO). However, these have the disadvantage that they have to be used in a large
excess. Furthermore, compounds which convert the organic transition metal compounds into
cationic complexes can also.be used as cocatalysts, and these can be used in stoichiometric or

virtually stoichiometric ratios.

. 30 - WO 99/40129, WO 00/62928 and WO D1/47635 disclose, for example, catalyst systems which
are obtainable by bringing a support, an organic compound having a functional group containing
active hydrogen, an organometallic compound and an organic transition metal compound into
contact with one another. The catalyst systems display a relatively high polymerization activity
and lead to polymers having a good polymer morphoiogy.

3B
EP-A 1 153 938 describes catalyst systems in which a modified support is firstly prepared by
reacting support particies with an organometallic compound and an organic compound having
functional groups containing active hydrogen or a Lewis base. The modified support is then
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' hal o- C7- C40- a

~or different asfhplymecAtdh, whiclopeneds piebating b caapst sdiainhidist stepyiringay, hal ogen,
. C, -Clo-al kyl, C6-Cl5aryl, hal o-Cl-C10-al kyl, hal o-C6-Cls
i ~ .

EP-A 1 153 938 describes catal yst systems in which a nodi i eéd support s
firstly prepared by reacting support particles with an organonetallic
conpound and an organi ¢ conpound having functional groups containing active
hydrogen or a Lewi s base. The nodified support is then 40 15-Feb- 2005/Fel2-2007
"brought into contact. wwth an organic transition netal conmpound and a
further organonetallic conpound. However,, there is a need to achieve a
further increase in the activity of the catalyst systems using 5 the same
starting materials while naintaining a good norphol ogy of the polyners. It
is an object of the present invention to find a process for preparing a
catal yst conp89reht e °P6tP°t WHh & 9repisorRgHoR M FBIROYINIEha R SeRRomRRE bl e to
obtain catal ystmmysdt ens having an increased polynerization activity w thout
| eadi ng to drawbacks in respect of the polyner norphology. 10 W have found

that this obj i s achiev rocess for aring a ca st .

Compos 1 | on_f Seversh BRI Sred AUt Be” R eT MEomBarY SL08 gt PAGTE SR al yst

solid in asfi thetsame etprtitgymdteniaisgihitgmaiptaining & gegltmanphelogy gl herpblymers.5' B) at | east

one organic conpound havi ng at Ieast one functional group containing active

hydr ogen, C) at C CO

of gante 't r ans Mo EoREeRRe REHD ORI o R Ao A TG A a e Broshbr h

bri ngi ng thi solefinrelyinstizatias| whithimakes itneatitieto objeiniqatalps systeffys haying asdrereasgte

organoal um nu :ﬁﬁareauﬁlécuoif wiithéut leBdingth aralvbackeh REspatker thel polyméhas Rl is

Cl- Clo- al k4 % C 5-aryl, Y r'1a| oedlﬁ% oraal kcyl r?al o- C6- %1}’%1 ar tho%y

CrC4o-aryl a CrC40 aI kylaryl, C, -Clo-al koxy or hal o- C7- C40 al kyl aryl,
%ga haysdgpnddhat thisgbigctesiactie d &y R B5egesa il PeBariRg a setelyskeempoaitigndent i ¢ al

A)  atleastone support,

15 . _
B) atleastone organic compound having at least one functional group containing active
hydrogen, ' '
C) atleast one organometallic compound and
20

D)  at least one organic transition m.etal compound '
into contact with one another, then bringing this catalyst solid into contact with

25 E) atleast one organoaluminum compound of the formula (1)

n

AR'R?R® D)
where
30 : _ ; |
R! is C4-Cyo-alkyl, Cg-Cs-aryl, halo-Cy-Csp-alkyl, halo-Ce-Cs-aryl, Crcw-arylalkyl,
- Cy-Cyp-alkylaryl, C(-Cig-alkoxy or halo-C;-Cap-alkylaryl, halo-Cr-Cap-arylalkyl or
halo-C4-Csp-alkoxy and
35 R? and R3 are identical or different and are each, independently of one another,

hydrogen, halogen, C,-Cyo-alkyl, Cs-Cys-aryl, halo-C¢-Cig-alkyl, halo-Cg-C1s-
aryl, C;-Cyo-arylalkyl, C-Cag-alkylaryl, C4-Cio-alkoxy or halo-C7-Cap-alkylaryt,
halo-C7-Cg-arylalkyl or halo-C4-Co-alkoxy,

40



pol yneri zat i o dfecBdHtsPRad hayusing Spig,patuge for jhe Rofymeizy

aryl, C7-C, o-arylalkyl, CrC4o-alkylaryl; CI-CIo-al KoXy of
hal o- C7- C40- al kyl aryl, hal o- C7- C40aryl al kyl or hal o-d -d o-al koxy, 40
15-Feb-2007 3 in a second step and then using this m xture for the

pol ymeri zati on wi thout further work-up, with it being possible to us®Fep-2807
| east one Lewis base 5 in addition to the conmponents A), B), C and 0) for
preparing the catalyst solid which is brought into contact with the

or ganoal um num conpound E). Furthernore, we have found catal yst systens for

' the polynerization of olefins conprising such 10 catal yst conpositions, the

use of the catal yst corrpogitions or the catalyst systens for the o
%MV‘P% PG VoRTUPHIBFY s

The cat al yst oeinppsssiblednsepr epared according to the present invention are

'suitable for the polynerization of olefins and especially for the

pol yneri zation of g-olefins, i.e. hydrocarbons 15 having term nal double
bonds. Sui tablq'.é mBHEESE LAVE B2 c| ude functional i zed ol efinical y

~unsaturated conpounds such as ester or amde derivatives of acrylic or
methacrylic agd £hditbitb theR¥APINeRs Af; BY CRARD) 1oTBlePARE WeRht8Hst Qbid AURICH [sBRIGH ! | 2.

Preference is given tqo nonpolar olefinic npounds, 1 ncl udi ng o
aryl -substitut %w£g8ﬁvg¢{ﬂw§?gap%arlw|m %?PWPQ/““B%gf erred a-ol efins are |inear or

branched C2-G rl -al kenes, in particular |inear C2-C, o-1-al kenes such as

“ethyl ene, promyhiRfere 2 hhvdXblrRItatalysk sP@dMsetene pbiyREXAIRM of diefhe BéRS8ing depCt ene,

|
|

J
|
i

. Exanpl es are cycfo

1-decene or. b ente

d_C2- C10. 1- al s ey S
and nonco njq Ug %@lﬁ&%@%@&% 3@%”‘%39 ‘é@Q e?i?ﬂf? glo%?p@?e{%,"s gﬁﬁé‘é’%&%%%ftgﬁ%%gtpe

conj ugat ed

1, 7- oct adi ene pelymerizatioh af defins and arsepsenfnide polyolerizationsyf glefnse or substi't ut ed

styrene. Suitable olefins also include ones in which the double bond is

I e

n no 0]

. met hyl nor bor n@R¥MeIzation efefing andresegsially far the/polymerization of groledns, bk Bydresaipnsr nadi ene

i
I

or et hyl neg boanstemitil double behda | SuflabRORsoRE® alk@infidde)iiftlidnéRzedbisfnicaiys of two or

| | f . ) | . . i ) . . . .
o, 0 11 oA SO 8k SRR 4k oSS ]

~particularly us

on of “et hyl ene

or propyl ene. SX¥NRKAFDIRAFEPLNICH RSO FRAYIQRHAR. PFRIRrensA Iseiver forpnRolRE olefinisr of er ence

- i1s given to usbmgbubdy; BudingGind-bubsttuted &-olefinst Pacticliany plefértéd erafind arp ériebicone,
; 1-hexene and/ @fanched C,-Cqz-1-alkenes, in particular linear C,-C,o-1-alkenes such as ethylene, propylene,

20  1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene or branched C»-Cy-1-alkenes
such as 4-methyl-1-pentene, conjugated and nonconjugated dienes such as 1,3-butadiene, 1,4~
hexadiene or 1,7-octadiene or vinylaromatic compounds such as styrene or substituted styrene.

* Suitable olefins also include ones in which the double bond is part of a cyclic structure which may
25 have one or more ring systems. Examples are cyclopentene, norbornene, tetracyclododecene or
methylnorbornene or dienes such as 5-ethylidene-2-norbornene, norbornadiene or
ethylnorbornadiene.

It is also possible to polymerize mixtures of two or more olefins.

30
. The catalyst compositions of the present invention are particularly useful for the polymerization or
copolymerization of ethylene or propylene. As comonomers in the polymerization of ethyiene,
preference is given to using Ca-Cg-a-0lefins, in particutar 1-butene, 1-pentene, 1-hexene and/or
1-octene. Preferred comonomers in the polymerization of propylene are ethylene and/or 1-butene.
35

The component A) used in the preparation of the catalyst solid is a support, Preference is given to
using finely divided supports which may be any inert, organic or inorganic solids. In particular, the
support component A) can be a porous support such as talc, a sheet silicate, an inorganic oxide
or a finely divided polymer powder. ‘
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1-octene. Preferred conononers in the pol ynerization of propylene=are
et hyl ene and/or 1-butene, 35 The conponent A) used in the preparation-of
the catalyst solid is a support. Preference is given to wusing finely

di vi ded supports which may be any inert, organic or inorganic solidsl5-Feb-2007

~particular, the support conponent A) can be a porous support such as talc,

a sheet silicate, an inorganic oxide or afinely divided polyner powder. 40
15- Feb-2007 4 I norganic oxides suitable as supports nay be found anong the

‘,oxides of elenents of groups 2, 3, 4, 5, 13, 14, 15 and 16 of the Periodic
‘lﬁglrrgn?fs ngcﬁjo@dm@}i:ﬁdes%m?a%@ra%Q@d?gﬂrt]s%&'b\é%n& prn&t?g'rﬂ%eo%tdg{]of S%ﬁt@'oﬁ%ﬂduﬁ@? 3of . the
- correspondi ng 051188144135&“3559&*‘%%%8?'&T*ﬁ@q’g@ mSQtF(fé%ferﬁ?ﬂe(ﬁP“@étgP cB‘ge%@'ed al one
~or in conbi natnixed ogdesiof meehmeabmmmabmmmobﬂom thiegnesiuip potitersuraandalsp or
~exanple, Zr02 c@ﬁes&?ﬁﬁg oXilirhRiufe8 (Ot indREnieé:Ries ﬁhabﬂ &R be %é&’é\oﬂ@or ih Ebrr%%ﬁdncm ar

oreterred 1 iR b etEpes Sl TR o eRannl” Ppa el Er T T e o

materi al s usedﬂhmn@foeétdam Rarticatarin the Sqyp of 4 silisa gel of 2Ryeosgnie silicarandlaiminam@eidé. Aom 10

~to 10 1000 nipleerrel Bk@badrl iy, idreiMprOcdiched ARlirdidéi@. and in particular from 200
- to 400 n2/g, and a pore volume In the range fromO0.1 to 5 nmJg, preferably

~from0.5 to 3.5 nlJg and in particular from0.8 to 3.0 m/g. The nmean.
particle size To¢ suphert materigisyused Rrefaably Bayp pspeciic sufagesres iltheyanas femdOioange from
1 to 500 np nowrﬂgabrletérafbrywm%otcosoawgEmaadcdtaafr@ﬁlzmdteuboatm’/é afdagdle t 0 100

~m 15 The ino, gané‘at@qgnoggrfrswwgeﬁ\@gp%feﬁ&lg ol € B ' ek i dotRdT B 0.5 O 1 ©

renove adsorbe era carri
from80 to 306G O@VQpT"éﬂ’ftﬁaaW?C'q ?@mfme "@Y&'%QS@WW W"HQ"M g “‘t?ﬁ@ﬂéf’%ﬂy}"

~carried out umBdEim,pRALSREdM SHIBO pm andlh Partidurar forG 10 ©A00 @h. i nert gas, for

. exanpl e nitrogen or argon. The inorganic support can also be calcined, in
» which case the support is treated at from 200 to 1000C to set the

' concent r at on T8 VBRI HARRE cBR e sbiestad o adhermad deatingnt 2. iptemp\efdsosed ¥iatef he
~structure of tSoeh sdyingtreathieat is y@ierily catrit oatlasonben th BeET erkferasyirapal doyo 208iCng

- customary des'%?ﬁgféﬂéﬁlgcﬁﬁeﬁt&'deﬁé%i%%res@ur%ﬁf/&m s gLM%H a§'f&y' S,

. chl orosi | anes or

methods are d&&EIEEIeT aren aTr’PBI'"QTQE"'ﬁSWS”tR?TS‘%%”‘%d T’h%h'F'thF?g‘a‘h?‘tPP%ppor t
- material can & teetethet fiohnea®d teal 009" Criwskit the echceitationsnt @Hgraaips oritbe surface amdyit  of

~silica gel 2(¥“ td%lr%@rﬁ%sltrm%oittﬁb{ udd%é aﬁaarpdan a0 wﬁea@dlch&ﬁcaq ts"@urface or

| se met um noxane ropria treat nent

treat nent I cCa

~ sul fur-cont ai ﬁvﬁﬂﬂ@f%ﬁlﬁganﬁlsg@gasm {] Wg{yﬁluwgna kélag:ﬁlgrosdanes or S!Crll,ec;r or

else methylaluminoxane. Appropnate treatment methods are described, for example, in
WO 00/310890. '

25 The inorganic support material can also be chemically modified. For example, the treatment of
silica gel with NH,SiF¢ leads to fluorination of the silica gel surface, or treatment of silica gels with
silanes containing nitrogen-, fluorine- or sulfur-containing groups gives correspondingly modified
silica gel surfaces.

30 Further possible support materials are finely divided polymer powders, for example powders of
| polyolefins such as polyethyiene or polypropylene or polystyrene powders. They are preferably
freed of moisture, solvent residues or other impurities by appropriate purification or drying
operations before use. It is also possible to use functionalized polymer supports, e.g. ones based
on polystyrenes, via whose functional groups, for example ammonium or hydroxyl groups, at least
35 one of the catalyst components can be fixed or whose functional groups can simuitaneously act

as component B) or F).

As component B) for preparing the catalyst solid, use is made of at least one organic compound
which contains at least one functional group containing active hydrogen. Examples of suitable

40



- divided polymer powders, for exanple powders of polyolefins such as

pol yet hyl ene or pol ypropyl ene or polystyrene powders. They are preferably
freed of noisture, solvent residues or other inpurities by appropri aeeb-2007
purification or drying operations before use. It is also possible to use

- functionalized pol ymer supports, e.g. one$ based on polystyrenes, via whose
~ functional groups, for exanple ammoni um or hydroxyl groups, at |east 35 one

- of the catalyst conponents can be fixed or whose functional groups can

- si nul t aneous! Yun@ehal g@SpsRIRRREN hrobds, fimay and SScoReRPAEIYr @}]nrﬁ Ea\?\ﬁrgﬁ}aeg ing the

0
catal yst solid se i s nmade of at ] east ‘one organic CO i'ch c¢ont ai ns
at | east one F'EH@PP&‘?‘?&I’”@?‘@@H’”B% ATIP YRS aaf'f'l“{?%fmﬂ M3y g’ﬁ’.’ OXEhBEMPR RANG o f
~suitable 40 pefeFeh- 2007 5 functional groups are hydroxyl groups, primary
" and secondary am no groups, nercapto groups, silanol groups, carboxyl

- groups, am_do oups and imdo . groups, with h oxyl groups being :

preferr ed.m55 5&@(’8&%&%&5&%@@%@? &",m‘PH‘dBé&E‘? @é‘?‘%ﬁ(,") conmpounds of the

P formula (I'1) (R);-A+(OHr (11) 10 where Ais an atomof main group 13, 14

or 15 of the Periodic Table or a group conprising from2 to 20 carbon

~atons, preferably an atom of mai h,group 13 of the Periodic “gable, in

- particular boron or alum num OHR3753YT1%H&y hal ogenat ed or “per hal ogenat ed
15 C, -C20-al kyl - or C6-C4o-aryl group, particularly preferably an atom of

- main groupipl3wedre the Periodic Table, preferably boron or alum numand in

~particular boron, R4 are identical or different and are each, independently

- of one another, hydrogen, halogen, Cl-C20-al kyl, Cl-C20-hal oal kyl ,

. Cl- Clo- al koxyA ©6- C=4y3p atoresf.mzingreppl 1dathypr 15 of g Regedicytablgiop # grryp comprising

- O C4o-aryl al kyl, C7- Géo-2rakoedrydnatdns| prefésatifan Adrk yil nadirygroupr13GF hé Periodic

© hal oal kyl aryl or an L R5! : : J i i L and

. are each hydrogen, hgﬁggﬁﬁ?g%?@gﬁTﬁﬂﬁ@ﬁ?ﬁgﬁ?%gB#Qﬁgﬁﬂa bmg{mgki%ﬁ%ﬁg% oxy,

- CB- Co-aryld, Cs- C2o- ratCerkyl- oF €ty dEu Pastlabe@Z&ﬁbyr%,ﬂlaqu|ﬂlam ggayp. 13 of

. C7- C4o- hal oaryl al kyl ,theGreGddie pdbley prafessbly beror(af-ahubnadnd &l pesticaiarypbronand R4 1's

- preferably hydrogen, hal ogen, C6-Cl4-aryl, CrCl4-hal oaryl, Cl-Cl4-al kyl,

Cl- Cl4- hal oal kyl , CrCso-aryl al ky, C}CBo-haIpanylalk |, CV-C3o-aIk¥IaryI or
C7-Cso- - R are identical or different and are each, independently of one another, hydrogen,

halogen, C4-Cap-alkyl, C1-Cag-haloalkyl, C4-C1p-atkoxy, Cg-Cao-aryl, Ce-Cyp-haloaryl,
20 ~ Cg-Cyo-aryloxy, Cs-Cyo-arylalkyl, C-Cyp-haloarylalkyi, C;-C4p-alkylaryl or C;-Cyo~
haloalkylaryl or an OSiR;’® group, where

R® are identical or different and are each hydrogep, halogen, C,-Cy-alkyl, C1-Czu-
haloalkyl, C4-C;o-alkoxy, Cg-Cao-aryl, Cs-Cap-haloaryl, Cg-Cap-aryloxy, C7-Cyo-arylalkyl,
25 C;-Cao-haloarylalkyl, C7-Cyg-alkylary! or C-Cyo-haloalkylaryl,

and R* is preferably hydrogen, halogen, C¢-Ci4-aryl, Ce-Cya-haloaryl, C;-Cys-alkyl, .
C,-C14-haloalkyl, C;-Csg-arylalky, C-Csp-haloarylalkyl, C7-Csp-alkylaryl or C7-Cso-
haloalkyiaryl and .
30 is particutarly preferably Cg-Cyo-aryl, Cs-Cig-haloaryl, C4-Ce-alkyl, Cy-Cs-haloalkyl,
~ Cy-Cyo-alkylaryt or C7-Czo-halpalkylary(,

y is at least 1 and is preferably from 1 to 5, in particular 1 or 2 and very particularly
preferably 1 and ‘
35
X is an integer from 0 to 41 and is particularly preferably 2 when y = 1 and particularly

preferably 1 wheny = 2.
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hal oal kyl aryl and 30 is particularly preferably Cb-Clo-aryr

- Cs-C o-hal oaryl, Cl1-C6-al kyl, Ci1-Co-hal oal kyl, C7-C20-al kylaryl or

C7- C20-hal oal kylaryl, y is at least 1 and is preferably from1 to 5, in

“particular 1 or 2 and very particularly preferably 1 and 35 x is ani5-Etikeg6o7

fromO to 41 and is particularly preferably 2 when y = 1 and particularly

- preferably 1 when y = 2. 40 15-Feb-2007 6 Exanples of preferred conpounds

of the formula (11) are borinic acids of the fornmula R42B(OH) or boronic
acids of the fornmula RAB(OH)2. Particularly preferred conponents B) al so

roups. o g TIPS PERRRERIPOP PRI s Renl s e s R 0T o

- di hydr oxyoct aftlwuoic etidspiitaa formul@BiRi@rds B) of this type can al so be used in
~the formof an adduct vvith froml to 10 parts of water These are then

~preferably co |n|n or
4.4 - F” hydr ox%@f‘gﬁrsﬁﬁf %ntls\,@ g_{@?lu& d%mbounds havmg prﬂ)ally fluorinated or
1, 2- di hydr éxy eetfledrinated a5y igrohesn ¢.0( rert2@roophenot or nonafiuorobiphenyl-1-ol or

1, 8- di hydr oxy cﬁf»! b@éfﬂ&aﬂpmehﬂ ol B ti& type can also be used in the form of an adduct

1, 2-di hyd h t.h
Furtnervor e, 3 fend B &fa%{so 1o hensislsiapeen eon i ocus S ABiES ©) i
“the prepar at i §orexanfple: 4ve-dibysraxdygotafiuarettiphgnyl- (E%*z@.ﬂ?-dlb}’@»up@%ﬂﬁ@’nm@hmsd'h@bnpounds

- C) are conpoungsdifylirokyAexafiudrdidptithadnb{sH,0Mr 1(2REhyarokyhid:@nddhapKthdidng-(s-FDRT €

ML Is an alkali n.al kaline earth netal or a nmetal of group 13 of the
Peri odi c !‘A;bl hermjgtisa‘:}mborog?]l aluminum gallium indiumor thallium R6 is

~ hydrogen, C, -Cl10-al kyl, Cs-Cs-aryl, halo-C, -Cl10-al kyl, hal o-C6-C,s-aryl, 25
~ C7- CA0- ar yl al leynerrhote, Gﬂleas&&)dé)drgiahyﬂwtalﬁmﬁp@nﬁlskz@éﬂj/as@bmbtﬁzbﬂ-dﬂn—tﬁé Sepakdiyd ar yl
. hal o- CrC4o-a hal o- C1- C10- al koxy, R7 and R6 are each hydrogen,

- hal ogen, Ci- Cl%thél %%!}St&&

- C7-C,o0-aryl al kyl, C7-C40al kyl aryl, C1-C, o-al koxy or hal o- C7- C4o-

Cs-aryl, halo-G-Gr-alkyl, halo- Cs-C s-aryl,

15  Suitable organometallic compounds C) are compounds of the formula (lll),

M (R%) (R")a (R®) ()
where
.20 .
M is an alkali metal, an alkaline earth metal or a metal of group 13 of the Periodic
Table, i.e. boron, aluminum, galiium, indium or thallium,
; R® is hydrogen, C4-Cio-alkyl, Cs-C1s-aryl, halo-Cy-Cyg-alkyl, halo-Ce-Cys-aryl,
25 C;-Cyp-arylalkyl, C-Cyp-alkytaryl, C4-Co-alkoxy or halo-C-Cao-alkylaryl, halo-
Cr-Cyg-arylalkyl or halo-C4-Cyp-alkoxy,
R’ and R® are each hydrogen, halogen, C4-Cio-alkyl, Ce-Cis-aryl, halo-C4-Cg-alkyl, halo-
Ce-Cys-aryl, Cy-Cyo-arylalkyl, C;-Cap-alkylaryl, C4-Cip-alkoxy or halo-Cy-Cac-
30 alkylaryl, halo-C,-Cg-arylalkyl or halo-C,-Cqc-alkoxy,
r is an integer from 1to 3
and
35 o ;
sandt are integers from 0 to 2, with the sum r+s+t corresponding to the valence of
M. '

Amdng the metal compounds of the formula (Ill), preference is given to those in which
40 :



30 alkylaryl, hal o-C7-Cdo-arylalkyl or halo-G-C o~

's an integer

" froml1lto 3 and 35 s and t are integers fromO to 2, vmththe sum r +s+t

corresponding to the valence of M. Anpbng the netal conmpounds of the
formula (111), preference is given to those in which 40 15-Feb-200715-FebA2007

~is lithium boron, magnesiumor alum numand R6, R7 and R8 are each
"Cl-C, Qalkyl. 5 Particularly preferred netial conpounds of the fornula (111)

are n-butyllithium n-butyl-n-octyl- magnesi um n-butyl-n-heptyl magnesi um
tri phenylaluninum triisoprenylalumnum tri-n-octyl- alum num
tri-n-hexyl al num tri-n-hut ¥8a uni num trjisobutylal um num

tri-n-propyl alumi num t 05 {UgH r|89.|néqga?ﬁum%aluppprgtaﬂ | al uni num

trispentafluorophenyl borane and trimethylal um numand mxtures thereof. 10

It is also pogsSiddhy k%0 Uske ddcxEdEgakpf various nmetal conpounds of the
formula (111). In a preferred enbodi nent of the process of the present

"invention, a mxture of at least two different organonetallic conpounds is

used as coﬁpoﬁe‘ﬁwla@y preterred inetalspmpeunds df the fasmula HIY acean-eutyjigtium, nduli-vay)- Thi s can

- be a mixture m‘ag@tsxulnefasdtynamep@dnagﬁeamm&tyﬁluﬁime\ sﬁrse@a@mmw @-ncRfypound and

Comonent G AR @Rt BANRNE fundn R E B, P A i ng

or ganonet al | i giseprapraumirim, tnaihylﬁ@mm drispenigfiuerophenylkerang and tgmethylaluminum and

- al um num cont aiiirédChepdagganor rl et al | i ¢ conpounds together w th boron-
- contai ning 1" ganomet al l'i c conpounds can al so be used as conponent C) in the

preparatlon of 20 the catalyst solid. It is also possible to add the
conponent C) #8isasappssibigrto pseaniderrp efvatinus Wptatcompeunpeoffie fermuii)- in a plurality
of steps in the preparation of the catalyst solid, i.e. a nultiple addition

of I ndividual &é‘r&%ﬁ{gé‘é Jn%n‘%o@?@&?%?éj&th%r fe@eﬁ{ Vet gf mistln @f’ﬂ?l@?& fid | €

conpounds can rlb carrie 3\ corrpound or
a mxture of &feamemaremstalli CWPHWWE%WWPP@N (§/) fgydne PLB?PG@&M“ fhecael¥Bnt act
W th one ofs t b&idOthiz@an BeodpRtuRI U 8t Ie3thrie Alumininxbataiging crganbmerlibempoirdianest W t h

thte hf g;; hg{ ¢ %%%Hf&%&-c%ta.‘ﬁ'fﬂb SBar%ﬂ%ta% Sofind B wedLeS e BN SonEE Efleah’ afbr eat ed
comprise at least two different alumlnum-contammg organometallic compounds. Furthermore
mixtures of various aluminum-containing organometaliic compounds together with boron-
containing organometallic compounds can also be used as component C) in the preparatron of
20 the catalyst solid.

Itis also possible to add the component C) or parts of the component C) a litile at atime in a
plurality of steps in the preparation of the catalyst solid, i.e. a multiple addition of individual
organometallic compounds or mixtures of organometaliic compounds can be carried out. For

25 example, an organometallic compound or a mixture of organometallic compounds can ﬁrétly be
brought into contact with one of the other components and this mixture can then be cdmbined with
the further components of which onie or more may also have been pretreated with one or more of
the organometallic compounds. However, it is also possible, for example, for a multiple addition of
one or more of the organometallic compounds to the total mixture to be carried out.

30 ‘

. Possible organic transition metal compounds D) are in principle all compounds of transition metals
of groups 3 to 12 of the Periodic Table or of the lanthanides which contain organic groups and
preferably form active catalysts for olefin polymerization after reaction with the components A)to
C). These are usually compounds in which at least one monod_ehtate or polydehtate ligand is

35 bound via sigma or pi bonds to the central atom. Suitable ligands include both ligands containing
cyclopentadienyl radicals and ligands which are free of cyclopentadienyl radicals. Chem. Rev.
2000, Vol. 100, No. 4 describes many such compounds D) suitable for olefin polymerization.
Furthermore, multinuclear cyclopentadienyl complexés are also suitable for olefin polymerization. -

40



the organonetal |ic conpounds. However, it is also possible, Tor exanpre;
anmultiple addition of one or nore of the organonetallic conpounds to the
total m xture to be carried out. 30 Possible organic transition netal
~conpounds D) are in principle all conmpounds of transition nmetals of 184Feb2607
3 to 12 of the Periodic Table or of the |anthanides which contain organic
groups and preferably formactive catalysgs for olefin polynerization after
reaction with the conponents A) to C). These are usually conpounds in which
~at | east one nonodentate or polydentate ligand is 35 bound via sigma or pi
"bonds to the central atom Suitable |igands include both |igands containing
cycl opent adi eﬁ»wablea&ae'aF@S&ﬁfumﬁ?'ga'ﬁa@ngw)@ﬁ partieyiadhese ceriiniegt (e e ny |

radi cal s. Chemwycidpentadienyidgb@ ligara] the do@ouride havihg tlesaytibfeedieByhypsigaitise@pounds D)
L F o o JoEdf oA 5% ol cori A ERA, uslil dr Ao ion meta

cycl opent adi e Xes are so sul nerization. 40
15- Feb- 2007 80@51“9%?)@8\6}99%%% °?%%{Heﬁef‘tas'ﬁf‘¥hm’%ﬂga@cﬁm$e?m thefmav'e('Vh n
'particulars those containing at | east one cyclopentadienyl-type |ligand; the
~conmpounds having two- cycl opent adi enyl -type |igands are generally referred
to as netall ocene conpl exes. Parti “useful organic transition netal
conpounds D) having at |east one cyc i
“the formula (1V) 5 RBA RZA Ran R A A (1V) R MLAXn nn+l 15 where the
jsubstituents and indices have thga gwreani ngs: MA is titanium
~zirconium  hafnium vanadium niobiumfta talun1 chrom um ybdenum or

- tungsten, % an el enent of group 3 of ¥ q!c Tabl e and he
ilanthanides 20 X1A are identical or differedd Apd, are each, independently
3of one anot her, fluorine, chlorine, bronise, iodine, hydrogen,

- Cl-Clo-al kyl , cz Clc- al kenyl CB-CiS-arf?t C7- C4o- al kyl aryl,

' C7- C4o- arylalkyl CRNIor-NRBAR?n or two radicals XA are joined to one
janother and form for exanpl e, a substituted or unsubstituted

15 where the substituents and indices have the following meanings:

m* ' is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
“molybdenum or tungsten, or an element of group 3 of the Periodic Table and
the lanthanides,
20 ,
X% : are identical or different and are each, independently of one another, fluorine,
chlorine, bromine, iodine, hydrogen, C{-Csg-alkyl, Co-Cio-alkenyl, Ce-Cys-aryl,
Cr-Cyo-alkylaryl, C-Cao-arylalkyl, ~OR™ or ~NR**R™ or two radicals X" are
joined to one another and fdrm, for example, a substituted or unsubstituted
25 : _diene ligand, in particular a 1,3-diene ligand, or a biaryloxy groub, where

R%and R™ are each C4-Cyg-alkyl, Cs-Cys-aryl, C-Cyg-arylalky!, C7-C4o-alkylaryl, fluoroalkyl
‘ or fluoroaryi each having from 1 to 16 carbon atoms in the alky! radical and
from 6 to 21 carbon atoms in the aryi radical,

30 ;
ot , is 1, 2 or 3, with n* having a value depending on the valence of Mwhichis

such that the metallocene complex of the formula (IV) is uncharged,

R'" to R are each, independently of one another, hydrogen, C;-Czz-alkyl, 5-to 7-
35 rhembered cycloalkyl or cycloalkeny! which may in turn bear C4-Cyg-alkyl
groups es substituents, C,-Cao-alkenyl, Co-Caz-aryl, C7-Cqo-arylalkyl,
Cr-Cao-alkylaryl, ~NR™,, -N(SiR®3),, ~OR™, ~OSIR™,, ~SiR*;, where the
radicals R™ to R® may also be substituted by halogen and/or two radicals R
to R*, in particular adjacent radicals, may be joined so that they together with
40 the atoms connecting them form a preferably 5-, 6- or 7-membered ring or a



25 diene ligand, in particular a 1,3-diene Ilgand, or a biaryrexy=grotp;
where RSA and RTA are each Cl-d oal kyl, C5-Cl5-aryl, C7-C4o0-aryl al kyl,

- C7-C4o-al kylaryl, fluoroaikyl or fluoroaryl each having from1l to 16 carbon
~atons in the alkyl radical and from6 to 21 carbon atons in the aryl5-Feb-2007
radical, 30 nAis 1, 2 or 3, wth nA having a val ue dependi ng on the val ence
~of Mwhich is such that the netall ocene gonplex of the fornmula (IV) is
uncharged, R A to RSA are each, independently of one another, hydrogen,

- C4-C22-al kyl, 5- to 7- 35 nenbered cycl oal kyl or cycl oal kenyl which may in
"turn bear Cl-G o-alkyl groups as substituents, C2-C22-al kenyl, C6-C22-aryl,
C7- C4o-aryl al kyl, C7- CA8MEKipS &‘FWIfOfmﬂmF%ﬁ@ably-ﬂ\J(GSpR-rA@w@red-rWS‘a pref@SHIA3,

- Si RVB, where the radi Cadié‘orﬂnﬁmbﬁem’t’erm&e &Jnﬁaﬁ?\lr@%t RapSd didhh sk ¥ g 0gen

~and/or two radicals R A i | ar jacent radicals, may be
joined so that they toget "%'sa%%{ﬂ #16)0%%% aecr)errs connecting them form a

- preferably 5-, 6- or 7-nenbered ring or a 15-Feb-2007 g connecting them
forma pre$ ergibl y 5-, 6-may bgmmweﬁdﬁérelhiafhﬁcﬂf eadh BE € L€AY YC:T50-0yciSatiky O

7- menber ed heter ocycl e cgn al\%%?—c@%k S L tomfromthe gr oup
consisting of N, P, 0 and®S’® ¢ Cﬁ%& 9° ﬁ&e?mcal or different and
- can each be C, -G o-al kyl, C3- Cl3cycl oal kyl, C6-C s-aryl, C -CA-al koxy or

- Cs-Cio-aryloxy and R13A 10 ZA is as defined for XAor is R'"PA RDA R'A

R OA where the radicals 15 RSA to R 3A are eachl™i ndependently of one
~anot her, h?sdrogen C -Cn-alkyl, 5- to 7- nepbere cloal kyl or cycloal kenyl
- which may 'n 2*urn bear Gsa&&éﬁnaifkw‘origrourifs uents, C2-C22-al kenyl,
- C6-Cn-aryl, C7-C4o-arylal kyl, C7-C40-al kyl ary NR 4A2, -N(Si R 4A3) 2,

-0R 4A, --0SIR14A3 -SIR "4A3 where 20 the radi R Ato RS .may al so be
substituted by hal ogen and/or two.radicals RR'A tor®8A, in particular

adj acent radicals, nay be joined so that they together wth the atons
connecti ng t hewreftioy elicalpr ef erably five-, six- or seven- '

15

R¥ to R™A are each, independently of one another, hydrogen, C1-Cz-alkyl, 5~ to 7—
membered cycloalky! or cycioalkenyl which may in tum bear Cy-Csg-alkyl
groups as substituents, C2-Cop-alkenyl, Cg~Coz-aryl, C;-Cyp-arylalkyl,
CrCapalkylaryl, -NR™A,, —N(SiR'*3);, ~-OR™ —OSIR';, -SIR";, where

20 . . the radicals R to R® may also be substituted by halogen and/or two radicals
R™ to R*, in particular adjacent radicals, may be joined so that they together
with the atoms conr@ec’éing them form a preferably five-, six- or seven-
membered ring or a preferably five-, six- or seven-membered heterocycle
containing at least one atom from the group consisting of N, P, O and S, where

25
RMA ' may be identical or different and can each be Cy-Cqg-alkyl, C5-Cip-cycloalkyl,
. Ce-Cysearyl, Cr-Ca-alkoxy or Ce-Cro-aryloxy,
or the radicals R** and Z* together form an —-R",a-A%- group, where

30

35

40



menbered ring or a preferably five-, six- - 1
containing at |east one atomfromthe group consi stl ng of NN P, 0 and S,
where 25 Ri4A nay be identical or different and can each be Cil-Clo-al kyl,
C3-C, o-cycl oal kyl, C6-C s-aryl, Cl-C4-al koxy or Ce-C o-aryl oxy, or t1§&Feb-2007
radi cal s R4AA and ZA together forman -R'"A-AA-group, where 30 35 40

15- Feb- 2007 10 R16A Rt 6A R16A R16A R16A %6A RSAI, , I, 1111 is M-MM
-MM- 7 117A 117A 117A 117A 117A 117A 8P R16A RL6A R16A R16A RL6A RIBA | |
I 1 1 1 AmR 17A 117A RA RnNA R 17A R7/6A RIGARI6A 101 | 11 M C .,

-OOM RnA IR1I6A RI R 17A _BR16A - (BNRI MAR17A)-, =AlIRIM, -Ce-, -Sn-, -0-,

=S 15 -S0, -SQZ- NRLI6A-, -QBk, - PR7Gfe e - ( POR1 a?eAdghere 20 R7m R17A

- and R18A are iglantical or ditferent an|q are each a

“atom a trimethylsilyl '@r— - C Kyl grm:rp/l -61\{3-6-1:0 f | uor oal kyl
~group, a C6-C, o-fluoroaryl 117"oup, ZA

n atom a hal ogen

8- ar yl grRo 7agx1@1- C, 0- al koxy
group, a C7-Cdralkylaryl oxy group, a Cx- C, o-al kenyl group, a
Cr7- CAD arylsal kyl group, a GB-@o-ar%ds wwenyl gro’ﬁ@,\%h 157 - C40- al kyl aryl

group or two adjacent radigals 25 together with t connecting them
' forma saturated or unsa't"uflia'tfed ri—ng?——C— ' ——C—C—-—C—— '
R17A R‘lm éﬂA R17A F'Q"A éﬁA
R16A R1BA Rm
10 (, | Iy
—M—C—, —O0—M—,
éﬂl\ I'-l218A 'I!R"A

-BR™-, (BNR"™R™)~, -AR™- -Ge-, -Sn-, -O-, -
15
-SO-, -80;~, =NR™-, -CO~, -PR'™- or —(POR'™)~,

where

20 R™ R and R"™ are identical or different and are each a hydrogen atom, a halogen atom, a
trimethyisily! group, a C4-Cyg-alkyl group, a C1-Cw-ﬂuoroalkyl group, a
Cs-Cw-quoroaryI group, a Cg-Cqg-aryl group, a C4-Cyp-alkoxy group, a
Cy-Cis-alkylaryloxy group, a Co-Cro-alkenyl group, a C;-Cyp-arylalkyl group, a
Cg-Cyp-arylalkenyi grdup or a Cy~Cyo-alkylaryl group or two adjacent radicals

25 ' together with the atoms connecting them form a saturated or unsaturated ring
having from 4 to 15 carbon atoms, and '

M is silicon, germanium or tin, preferably silicon,
- 30 A i§=0-, =S~ , -NR™-, -PR"™-  -O-R™ | -NR",,6 -PR",

or an unsubstituted, substituted or fused heterocyclic ring system, where

R are each, independently of one another, Cy-C1o-alkyl, Cs-Css-aryl,
35 C3-Cyp-cycloalkyl, C-Cyg-alkytaryl or ~Si(R¥)s,
R is hydrogen, C4-Cyq-alky), Cs-C1s-aryl which may in turn bear C4-Cy-alky!

groups as substituents or Cs-Cw-cycloalkyl,

40




having from4 to 15 carbon atons, and MBA is silicon, germaniumor tin,
preferably silicon, 30 AAis -0- , -S , -NR79A- , -PR16A , -O R79A . NR16A2
, -PR16A2 or an unsubstituted, substituted or fused heterocyclic ring
system where RI19A are each, independently of one another, Cl-Clo-ghkkpdh-2007
C6- Cl6-aryl, 35 C3-C, o-cycloal kyl, C7-C, 6-al kylaryl or -Si (RROA)3, R2ZOA is ‘
hydr ogen, C, -Clo-al kyl, C6-Cl6-aryl_which may in turn bear Cl-4-al kyl
groups as substituents or C3-C, 0-cycl oal k1y1l, 40 15- Feb-2007 11 vAis 1 or,
if e is an unsubstituted, substituted or fused heterocyclic ring system
~lor0, or the radicals R 4A and R12'1 together forman -R 5A- group. 5 The
"~ radicals XA iv the fornulsa o,y issanaunpubetitetedl Bibgtititekesrifisedheterag clarriag gseher abl y
- fluorine, chlorine, brogine, Cl-Cralkyl or arylalkyl, in particular

- chlorine, nethyl or benzyl. 'Anong the organic transition netal conpounds of
" the formula (I1V), preference is given to 10 RSA Ran RA RSA (IVa), 15 RsA
1A A M X " A+lor thearAdidaR/R *DéndRdA tdgkieRG a-R¥AAfoupl Vb), RLm 25 R12A Rea RI11A
" R1oA 5 . : _

The radicals X" in the formula (IV) are preferably identical and are preferably fluorine, chlorine,
bromine, C4-Cr-alkyl or arylalkyl, in particular chlorine, methyl or benzyl. ‘ ‘

Among the organic transition metal compounds of the formula (IV), preference is given to
10

(Va),
15

20

(Vb),
25

30

35

40



30 35 40 15-Feb-2007 12 Ran RRA RIA SA R1I$A R M AXAPA (IVc) and R13A Rw
10 R1I1IA RFGA RaA RaA 15 RRA SA R\R M AXAMLA (lIvd). AA 20 Anong the
conpounds of the formula (l1Va), particular preference is given to those in
which MA is titaniumor chromum 25 XA is chlorine, Cl-C4-alkyl, qg%ﬂ_zom
al koxy or aryloxy, nAis 1 or 2 and RIA to RSA are each hydrogen or

Cl-C4-al kyl or two adjacent radicals RRIAtQ R Mtogether 30 with the atons
‘connecting themforma substituted or unsuBstituted unsaturated ,
'si x-nmenbered ring. Anong the netall ocenes of the fornula (IVb), preference
is given to those in which 35 MA is titanium zirconium hafnium or
.chromium XA are each chlorine, Cl-C4-alkyl or benzyl, or two radicals X
forma substituted or unsubstitut ene |igand, 40 15-Feb-2007

5
(IVe)and
| ,
10
15
|
| (vd).
!
| 20
Among the compounds of the formula (IVa), particular preference is given to those in which
’ m™A is titanium or chromium,
| 25 x* is chlorine, C4-C.-alkyl, phenyl, alkoxy or aryloxy,
| n® is 1 or 2 and
| |
r R to R are each hydrogen or C-Cy-alkyl or two adjacent radicals R™ to R** together
‘ 30 with the atoms connecting them form a substituted or unsubstituted
| unsaturated six-membered ring. '
|
| Among the metaliocenes of the formula (IVb), preference is given to those in which
| ' 35 MW is titanium, zirconium, hafnium or chromium,

xA are each chlorine, C4-C,-alkyl or benzyl, or two radicals X form a substituted or

. unsubstituted butadiene ligand,

! 40



13" nis 1 or 2, preferably 2, or, if MAis chromum 0, RFA™t6“RSA are
each hydrogen, C -C6-alkyl, C6-C a-aryl, -NRIA2, -OCSIRM3, SIiRMB or Si(RA)3
~and R6A to R13A are each hydrogen, Cl-CB-alkyl, C6-C a-aryl, -NRB"2,
-0SiR8A3, -SiR'3 or Si(R , or two radicals RIA to RSA and/ or R&4 t 95-REBA007
‘together with the cyclopentadienyl ring forman 10 indenyl or substituted

i ndenyl system Particularly useful conpouynds of the formula (I Vb) are those
in which the cycl opentadi enyl radicals are identical. 15 Exanples of
particularly suitable conpounds of the fornula (IVb) are

- bi s(cycl opent adi enyl ) zi r coni um di chl ori de,

" bi s(pent amet hyt cycl.opent éd @rﬁynréfimblzamrm ‘tis cirbroiuinge,

bi s(met hyl cycl opent adi enyl ) zi r coni um-di chl ori de,

- bi s(ethyl cycl adienyl)zirconi um | ori.d _

" bi s(n-butyl cygl g% nt adi eﬁéﬁe)aifi W Q?H‘F'h% @r -2 Eﬁ%@’y’ -NR™,, -OSiR™s, ~SiR™; or

- bi s(1-n-butyl-3-nethyl cye$l ‘avenddi enyl ) zi rconi um di chl ori de,

" bi s(i ndenyk) zi rconl um di chl or| de, bis(tetrahydroindenyl )2| rconi um

- dichloride an %A ﬁ(trlneth C p ) gLdnCO 7} Loride 25
~and the correspé ing di ﬁ’éet r?'dpré ﬂ%?h?ﬁ%@f‘rﬁb{a é" rE i E’S'Li’a Vsc'gds%‘?ul

met al | ocenes of the for mBi&" 4 Vc) are those in which R' and RBA are
ridentical or different' and are each hydrogen or a C, -Cl0-al kyl group, 30

- RSA and R1JA ar tL@ BA d are each h en or a nethyl,
“ethyl, |s?ﬂp ghﬁ }aqw?%r?o%u?n °r§ ﬁ heéwwtﬁfﬂcgpeéxa% @ ™. al kyl and
35 R A and'R Qﬂ@"ﬁk%s@aﬁwe%v@ﬁﬂﬂgﬁiﬁm or ' 40 15- Feb- 2007 ‘ ‘

Particularly useful compounds of the formula (IVb) are those in which the cyclopentadienyi
radicals are identical. ‘

15  Examples of particularly suitable compounds of the formula (IVb) are
bis(cyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(methyicyclopentadienyl)zirconium dichioride,
bis(ethylcyclopentadienyl)zirconium dichioride,

20  bis(n-butylcyclopentadienyl)zirconium dichioride,
bis(1-n-butyl-3-methylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride, _
bis(tetrahydroindenyl)zirconium dichloride and
‘bis(trimethylsilylcyciopentadienyl)zirconium dichloride

25 andthe correéponding dimethylzirconium compounds.

Particularly useful metallocenes of the formula (IVc) are those in which

% and R% are identical or different and are each hydrogen or a C,-Cqo-alky! group,
30 ; .
R*and R are identical or different and are each hydrogen or a methyl, ethyl, isopropyi or
' tert-butyl group, :
R*and R'™ are each C;-Cq-alkyl and
35
R* and R'® are each hydrogen
or

40



14 two adj acent radicals Rv' and R3A or RIOA and R 1A together forma
saturated or unsaturated cyclic group having from4 to 44 carbon atons, :
RrSA i s- MVR 6ARL7A  or -CR sARL7A-CR BARL7A-or-BR s'- or-BNR SARL7TA'1 5 MA
is titanium zirconiumor hafniumand XA are identical or different 38¢.l%07
each chlorine, Cl-C4-al kyl, benzyl, phenyl or CrCls-alkylaryloxy. 10

Especi ally useful conpounds of the formul & (I Vc) are those of the fornula
(I'Ve') RIAI5 RA RSAS RARSARA MXA (IVc')20 RA" RATR/IBA RA 25
R A ROA where the radicals RA are identical or different and are each

hydr ogen, Cl1- ; ; 3 Vegrba YA referably nmethyl ., ethyl,

i sopropyl or gbglz’%%%zﬂafl?&scg Eéo- a?ry’f. %glr, Ef e %’?‘*8 f‘%’ﬂéﬁ Pr,agﬂéb%fﬂvﬁte%?ychc
mesityl, Cr C48O¥%RNAviRg %W?t%?-"@'«feﬂ%wﬁ/l aryl, preferably 4-tert-butyi phenyt or
3,54-tert-butyl phenyl, or C3-C40-arylal kenyl, R and R73A are identical or
different andri¥e each hydppgengCls Chrabiyd_crprafrer abloy el hyloapdd et hyl ,

i sopropyl, .n-propyl, n-butyl, n-hexyl or tert-butyl, and the Tinhgs S and T
are each, ?nde%endently of one another, saturated, unsaturated or partially
sat urat ed. 40MI5- Feb- 200 titat®miTtieoriuntdermghniuarant et r ahydr oi ndenyl |i gands of
the nmetal |l ocenes of the fornula (1Vc') are preferably ,

XA are identical or different and are each chiorine, C4-Cy-alkyl, benzyl, phenyl or
CrCis-alkylaryloxy.

10

Especially useful compounds of the formula (IVc) are those of the formula (IVc")
15

(iveh),

20
25

where

the radicals R™ are identical or different and are each hydrogen, C;-Cqo-alky! or C5-C1o-cycloalkyl,

30 - preferably methyl, ethyi, isopropyl or cyclohexyl, Cs-Cog-aryl, preferably phenyl, naphthyi or »
mesityl, C-Cqo-arylalkyl, C;-Cqo-alkylaryl, preferably 4-tert-butylpheny! or 3,5-di-tert-butyiphenyl,
or Ca-C4o-arylaIkenyl.

R™ and R™ are identical or different and are each hydrogen, C,-C-alkyl, preferably methyt,
35 ethyl, isopropyl, n-propyl, n-butyl, n-hexyl or tert-butyl,

and the rings S and T are each, independently of one another, saturated, unsaturated or partially

saturated,
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substituted in the 2 position, the 2,4 positions, the 4,7 positions, the
2,4,7 positions, the 2,6 positions, the 2,4,6 positions, the-2,5,6
positions, the 2,4,5,6 positions or the 2,4,5,6,7 positions, in particular
~in the 2,4 positions, with the followi ng nunbering applying to the sl3Eeln2007
' substitution: 5 3 4 2010 Risr, 7 As conplexes (IVc'), preference is given
- to using bridged bisindenyl conplexes in #fie rac or pseudo-rac form wth

' the pseudo-rac form being conplexes in which the two indenyl ligands are 15
in the rac arrangenent relative to one another when all other substituents
?TL,[ ;lhf Oggglse?ﬁ% en&%héh%%@r%%ggwélgﬁggg tt?esmégllo e%gé claf h%l fngnlu a (I'Vllg')ee]:réJ Lreferably

~di met hyl si | an&distithtsd i theydcpositientha @i4easitions, ithecdoiriogitiondi theh2, 47 ipdsitions? he 2,6

di met hyl si | angekitishd) tne Qi 4eiRBNbns Zthé £,86 bbsioRl, R AlS 64Rsitions or the 2,4,5,6,7 positions,
dlnethyI5|Ianﬁpgxku|s %eérahlprohﬂdﬁnﬁ$%%lrcoglun1dhch“o%|d$,f bstitution:

et hyl enebi s( cYPOSEHRAE &1 PPYUPNT CEhINE FRIQTMSHIUEPF IGE applying to the Site of substitution:

et hyi enebi §(i ndenyl ) zi rconi um di chl ori de,

et hyl enebi s(t et rahydr oi ndenyk) zi rgoni um di.chl ori de, 25
tetramet hyl et hyl ene- 9-f | uor eyl cys opgntadienylzirconiun1dich|oride,

di met hyl si | anedi yl bi s(3-ter “ b- et hyl cycl opent adi enyl ) zi rconi um
~dichloride, 2 T

di net hyl si | anedi yl bi s(3-tertXbuty+<5- 8t hyl cyci opent adi enyl ) zi r coni um

di chl ori de,y di nethyl sil angdiyl bis(2-net hylindenyl)zirconiumdichloride,
di net hyl si ? anedi yl bi s(2-R"8qpr opyl i ndenyi ) zi rconi um di chl ori de, 30

" di met hyl si |l anedi yl bi s(2-tart-butylindenyl)zirconiumdichloride,

~di et hyl sil anedi yl bi s(2-net hyiindenyl) zirconi um di brom de,

di-met hyl si | anggiophdpixed RrdTIbrca 1 BRI Yo JEMG bRIBESSidHe Rl ¥or xS e YeB or

I dichloride

~di met hyl si | anBRRUSA-BP Bpm. i 7 Psedpan araeing SRR IR HBIPRLHS e nderi aanare

- dichloridels ditmebtigrranpéresnerlainelio ereznethérwhemaliethet Jubstitueotsiotitve chinplexerei de, 35

~di et hyl si | angdiyd-&dgs( 2- met hyl - 4, 5- benzi ndenyl ) zi rconi um di chl ori de,

di met hyl si | anedi ¥l bi s(2-et hyl -4, 5- benzi ndenyl ) zi rconi um di chl ori de,

. met hyl phenyl si | anedi yl bi s(2- net hyl - 4, 5- benzi ndenyi ) zi rconi um di chl ori de,

~ met hyl phenyi sEkampissiofpagicaleny-usefyrhetalio@nésdiyz) and éiM§] ihcideconi um di chl ori de,

- di phenyl si | anggiedlBiafddRioigedyBidpehtidieny)asriunei@sneride; i r coni um di chl ori de,

| 20 dimethyléilaneqiylbis(indenyl)zirconium dichloride, :
dimethylsilanediylbis(tetrahydroindenyl)zirconium dichloride,
ethylenebis(cyciopentadienyl)zirconium dichloride,
ethylenebis(indenyl)zircanium dichloride,
ethylenebis(tetrahydroindeny!)zirconium dichloride,

25 tetramethylethylene-8-fluorenyicyclopentadienyizirconium dichioride,
dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium dichloride,
dimethylisilanediylbis(3-tert-butyl-5-ethyicyclopentadienyl)zirconium dichioride,
dimethylsilanediylbis(2-methylindenyi)zirconium dichloride,
dimethylsilanediylbis(2-isopropylindenyl)zirconium dichloride,

30 dimethylsilanediylbis(2-tert-butylindeny!)zirconium dichloride,

' diethylsilanediyibis(2-methylindenyl)zirconium dibromide, ,
dimethylsilanediylbis(3-methyl-5-methyicyciopentadienyl)zirconium dichloride,
dimethylsilanediylbis(3-ethyl-5-isopropyicyclopentadienyl)zirconium dichioride,
dimethylsilanediylbis(2-ethylindenyl)zirconium dichloride,

35 dimethylsilénediy|bis(2-methyl-4,5—benzindenyl)zirconium dichloride,
.dimethylsilanediyibis(2-ethyl-4,5-benzindenyl)zirconium dichioride,
methylphen-ylsilanediylbis(Z-methyM,5-benzindenyl)zirconium dichloride,
methylphenylsilahediylbis(z-ethyl-4,5-benzindeny|)zirconium dichioride,
diphenyisilanediylbis(2-methyl-4,5-benzindenyl)zirconium dichioride,
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40 15-Feb-2007 16 di phenylsilanediyl bi s(2- et hyl -4, 5=benzi ndenyTyZireoni

di chl oride, diphenylsilanediyl bis(2-nethyli ndenyl ) haf ni um di chl ori de,

di et hyl si | anedi yl bi s(2- et hyl - 4- phenyl i ndenyl ) zi r coni um di chl ori de,

| di met hyl si | anedi yl bi s(2-ethyl -4-phenyl i ndenyi ) zirconi um di chl ori de, I5-Feb-2007
di met hyl si | anedi yl bi s(2- et hyl - 4- (1- napht hyl )i ndenyl ) zi rconi um di chl ori de,

- di met hyl si | anedi yl bi s(2-et hyl -4-(1-napht hyd )i ndenyl ) zirconi um di chl ori de,

- di met hyl si | anedi yl bi s(2-propyl -4-(1-napht hyl )i ndenyl) zirconi um di chl ori de,

- di met hyl si |l anedi yl bi s(2-i - butyI 4- (| -napht hyl )i ndenyl ) zi rconi um di chl ori de,

- dinmethyl silan | s(,2- prop (9- phenant hryl )i ndenyl ) zi r coni um
~dichloride, %%T%ﬂﬁ? @F(%@M?PW@(’WM@WW dehjoddor opyl i ndenyl ) zi r coni um
di chl ori de, dIPheelldﬂyd%wba@edetWInnhﬂes(l)ﬁafﬁudldnmﬂcbrhly,l 4-i sopropyl I ndenyl ) zi rconi um
di chi or i de, s esiybRREHMN) RbRngnBESorrbsdiohgoPr 0Pyl i ndenyl ) zi rconi um

~dichloride
di net hyl si | an@BPYysianegiibisi2eaty4-ahenyindenyairegiuaishiRtdenheny | 1 i ndenyl ) zi r coni um

~dichloridep dimethylsilanediylbis(2-methyl-4-(1-naphthyl)indenyl)zirconium dichloride,

- dinethyl si| an@ﬁlémﬂléﬂé&@@mie&téﬂwh-ﬂ “daphtnyinadhy FBRERIHAGIBNG, | ndenyl) zi rconi um

' dichlori de,

di met hyl si | ané’ﬂ?@’f'sﬂ??ﬁ%b'ﬁ@fm'ﬁoPﬁpht%‘?qe"ﬂm’?f"Hﬁ‘é’r‘??'f’ﬁ'qendenyI ) zi rconi um
-~ dichloride, - dimethylsilanediylbis(2-i-butyl-4-(1-naphthyl)indenyl)zirconium dichioride,

| gl gthlh)cl)lr Shganedﬂn&hﬁaué{eaiym&(izlbvdpy% ‘phérhthryRikbel)R@RYmldicRgRRY | ) zi rconi um
: | |

~ di met hy| si Can¥BFYSipnepyLis@mAthyhs- [sgfpmr{y@dfnygﬂml%gﬂmrf? 'ndenyl ) zi r coni um

' dichloride, dimethyisilanediylbis(2,7-dimethyi-4-isopropylindenyi)zirconium dichloride,
- di met hyl si | angglétyyisnaretigibibpommyt-4s-titoprb@liddemuticbmiie Bxhiddagdenyl ) zi r coni um

- di chloride;

- dichloride,

di met hyl si | ane'aag)isbaneg 'é’b's(sz'mmh(ybtl "p'twufrﬁmeﬁh’gpriem@l? WBW&?T&H"]M‘&?S%%A ) zi rconi um

. dichloride, 2¢met yls:lanedtylbns(2-methyl-4-[3 ,5'-dimethylphenyljindenyl)zirconium dichloride,
- di net hyl siisan@détyisnaregidbismstiyl4-f-kd-bathisiehydényl)Maem dichAed)yi ) zi rconi um

%}hylel%\em |BS(% metl'\yl [4 tﬁrt bt{tépl}enyd Feqygﬁqcom d'Ch é’%ew ) zi r coni um

~ dinmethylsilane tg/ g ¥
~dichloride, dimethylsilanediylbis(2-ethyl-4-[4 -tert-butylphenyl]mdeny Zirconium dlchlonde

- di net hyl 3 il ﬁ:’lﬁd&ths(la’hednﬂﬁﬁ(lZ@mpblMA péstuighaainyenyhzrénietdiiborigs: phenyl i ndenyl ) zi
~rconiumdic

i anegl yl (2- I@%%%gaqe&ig%(%@égﬁmuﬁ fen-batélﬁhﬁylll?dfnyr#el{cﬁmf’mglc?lindeapht hyl )i ndenyl
| ) zi r coni urd? Cﬁuaﬁq\ywqrﬁ@ylb@@ -n-bu l-4-[4 tert-butylpheny ndeny!)z:rcomum dichloride

i di met hyl si | andhdetwlls(lﬂredlﬂmp(ﬁmpiyyu-{h—-{eﬂ-butwﬂﬁei'nylln'ldférwl)ﬂherﬂlyh pichaliegy! ) - (2- met hyl - 4- [
|4yl- E gr |t Sggﬁ g' d&f?&ﬁ})é A{\edl gq%ﬁdp%@' Jhﬁ%o‘éﬁ%l)qﬁ SR EnytinddniFRoR¥h Schidtida € d
~indenyl)-(2- ’H%I'I'V'S a'V‘@f'%ﬂpf@Hu‘r &"WQWHW‘HM@WHQ.@%M)ﬂ?ﬁ"&?zﬁ?ﬂnwm de,

di et hyl si | andiehtbridey| (2 | sopropyl -4-[4"-te rt-butyl phe nyl]

i ndenyl ) - (,2- @b WksTdhebRio-isciropPiaGa LR Buty;,;"hgnmwdyﬁ'(ﬁmé!tthm?é&)ﬂu%hén‘}@nl um
di chl ori de, indenyl)zirconium dichloride,

~ dimethylsitanediyl(2-isopropyl-4-{4'-tert-butylphenyljindenyl)-(2-ethyl-4-[4'-tert-butylphenyl]-
_indenyl)zirconium dichloride, .
dimethylsilanediyl{2-isopropyl-4-[4'-tert-butyiphenyljindenyl)-(2-methyl-4-[3',5'-bis-tert-
30 butylphenyllindenyl)zirconium dichloride,

, ‘dimethylsilanediyl(2-isopropyl-4-[4'-tert—butylphenyl]indenyl)—(2-methyl-4-[1'—naphthyl]indenyl)—
zirconium dichloride and ‘ :
ethylene(2-isopropyl-4-[4'-tert-butylphenyllindenyl)-(2-methyl-4-[4-tert-butylphenyljindenyl)-
zirconium dichloride

35 . :
and also the corresponding dimethylzirconium, monochioromono(alkylaryloxy)zirconium and
di(alkylaryloxy)zirconium compounds. '

Particularly useful compounds of the formuia (IVd) are thpse in which
40



di met hyl sil aned iyl (2-isopropyl-4-[4'-tert-butyi phenyl I
- ndenyp-(2-nethyl -4-[1'-na phthyl]indenyl )- zirconiumdichloride and
- ethyl ene(2-isopropyl-4-[4'"-te rt-butyl phenyl]

i ndenyl)-(2-nethyl-4-[4'-tert-butyl phenyl]indenyl)- zirconium di chl od5-&Feb2807
and al so the correspondi ng di net hyl zi rconi um : ,
~nonochl oronono( al kyl aryl oxy) zi rconi um and47 di (al kyl aryl oxy) zi r coni um
~conpounds. Particularly useful conpounds of the forrmula (1Vd) are those in
“which 40 15-Feb-2007 17 MA is titaniumor zirconium in particular
titanium and X' are each chlorine, Cl-C4alkyl or phenyl or two radicals X
are a substitdted or unsulSd¥anium S aireuirads eafisu'sq ianim @B R1SA i s- Si R 6AR 7A-
- or -CRL6ARL7A- CRlaARL7' A- AAis --0-, -S- or -NR'A-, 10 RAto R3A and R5A
~are each hydrggen, Cl-d oal r 1211 - 0= I
G Cla aryl of oS (RM 3. o plekach ‘g‘ﬁé’%gﬁ? ér{"%iﬁégﬁ"?@rﬁg‘%{%és%?'%gg‘ét}r%‘lﬁﬁd havi ng
"from 4 to .12 carbon atons, °UWnEkpsHtied Peedieap igFdf er ence being given to all RLA
~to R3A andsR5A being nmethyl. 15 Another group of particularly useful
- conmpounds of ke formula (LVAd)s1@RMPr | Sestposgqis,mhich MA is titaniumor
chrom um prePerany in the %35 dgti o!r>1'ss atE I-iEF ;h;\d XA are each chl.orine,

C, -C4-al kyl or phenyl or two radicals XA forma 20 substituted or
~unsubstit ut edabut adi ene |i gsardk, REBA HR'™S| R 16AR 7A_ or

-CR1sAR17A CR16AR17A AAis -ORISA, -NR19n2 , -PRIMA2 , 25 R1IA to R3A and

. RMare each hydroggn, Cl-Clo-al kyl, C3-Cl13-cycloal kyl, -Cl5-aryl or

TS (o 310 R G BR B B o e BN WAIoaST G AR e SN el P IWom 4 o 12
carbon atoms. 30 Such conpk-Gxesi caiSiRE):symohdstertradicas fuet hads gkuptavinger  se,

preferably by reaction of b4 GHRaRRH biBhe Wit BaHRlah frbreilce taMG biléh hyAr ocar bon

(

|
i
|
i
{
i

anions with halides of ti tﬁmtgﬁh ZL E{ﬁ%relfnéjrq\]ethyqaf ni um

15  Another group of particularly useful compounds of the formula (IVd) comprises those in which

M is titanium or chromium, preferably in the oxidation state il and

xh are each chlorine, C-C4-alkyl or phenyl or two radicals X* form a
20 substituted or unsubstituted butadiene ligand, '

R15A is _SiR1BAR17A_ or _CR1EAR17A_CR16AR17A_

Ar is ~O-R'™* -NR'™,, -PR™,,

25
R'“toR*and R®  are each hydrogen, Cy-Cyg-alkyl, Cs-Cyg-Cycloalkyl, Ce-Crs-aryl or =Si(R*)s,
' or two adjacent radicals form a cyclic group having from 4 to 12 carbon
atoms.

30 Such complexes can be synthesized by methods known per se, preferably by reaction of the
appropriately sUbstituteg, cyclic hydrocarbon anions with halides of titanium, zirconium, hafnium,
vanadium, niobium, tantalum or chromium.

Examples of a'ppropriate preparative methods are described, inter alia, in Journal of Organo-
35 metallic Chemistry, 369 (1988), 358-370. ’

Further suitable organic transition metal compounds D) are metaliocenes having at least one
figand which is formed from a cyclopentadieny! or heterocyclopentadienyl and a fused-on
heterocycle in which at least one carbon atom is replaced by a heteroatom, preferably a
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vanadi um ni obi um tantalum or chromum Exanples of appropriaté“preparative
net hods are described, inter alia, in Journal of Organo- 35 netallic

Chem stry, 369 (1989), 359-370. Further suitable organic transition mnetal
conpounds D) are netal |l ocenes having at | east one |I|igand which is fo5iFeB-2007
froma cycl opent adi enyl or heterocycl opentadi enyl and a fused-on

heterocycle in which at | east one carbon gtomis replaced by a heteroatom
preferably a 40 15-Feb-2007 18 heteroatom fromgroup 15 or 16 of the .
Periodic Table and in particular nitrogen or sulfur. Such conpounds are
described, for exanple, in WO 98/22486. These are, in particular, -

di met hyl si | ankatirgatqpiramegrenpl 1541 hef el Rerierialable @nd i§ particuiar RFPoeniopswunPuch - azapent
al ene) zi r coni ¢bMpoindslare Béserited Efor example, in WO 98/22486. These are, in particular,

di met hyl si | anedi yl bi s(2- et hyl - - phenyl - 4- hydr oazul enyl ) zi rconi um di chl ori de
and di et hyl si |l anedi yl bi s(2-et hyl - 4- phenyl - 4- hydr oazul enyl ) zi r coni um

di chl ori de. F‘ijm?‘h\éﬁ"a'@F"@Qrﬂ“ﬁhSﬂ'f"ahi%iwﬁdw’)@étdﬁpetlvbﬁ-ﬁbﬁw’cﬂsa@e”ﬁ*ﬁ"é)ﬁ"%ﬂ'@“sw t abl e

for the puspogewriad, the 10 I nvention are transition netal conplexes with at

Rize €8 15 can My RN ALl et BRI EUE S 2k W

96 0 56 Al DE“ethxﬂﬂ'af)ed'r‘b_@-eély'z%ﬂﬁnwﬂ)vwwe'Ria§°"'W‘ dichiqq de R56 R15B

Further organic transition metal compounds D) which are suitable for the purposes of the
10 invention are transition metal complexes with at least one ligand of the formulae (Va) to (Ve),

'R1B R1OB‘
R% éB s
; 8
15 CREIY g° : ' __llE
F‘Q @ 14B
(Va) (Ve)
153
20 . : R
Rgs—'{ ' RSE\ B
. - |EB lE
25 P [
R | H
Rsa R155
(Vb) (vd) (Ve)

30
where the transition metal is selected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo,
W, Fe, Co, Ni, Pd, Pt and the elements of the rare earth metals. Preference is given to
compounds having nickel, iron, cobalt or palladium as central metal.

35 EPis an element of group 15 of the Periodic Table of the Elements, preferably N or P, with
particular preference being given to N. The two or three atoms E® in a molecule can be identical

or different.
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(VWb) (vd) (Ve) 30 where the transition netal is selected fromanong the
elements Ti, Zr, H, Sc, V, Nb, Ta, &, Mo, W Fe, Co, N, Pd, Pt and the
el enents of the rare earth netals. Preference is given to conpounds havi ng
ni ckel, iron, cobalt or palladiumas central netal. 35 EB is an el emgpiFeBi2007
group 15 of the Periodic Table of the Elenents, preferably Nor P. with
particul ar preference being given to N. The two or three atons EB in a
nol ecul e can be identical or different. 40 15-Feb-2007 19 The radicals RB
to R BB, which may be identical or different within a |igand system of the
~formul ae (Va?r to (Ve),, arg as follows: R19 and R48 are each, independently
of one anot hef™® réd'lgﬁ}ﬂ%of%ﬁ bo¥NighARY bs fdepfjcalpr diffierant wihin 2 inapdisysteenobibe forpitiae
~radi cal, pref&fabpl(ye)zrhgdfoimwsr bon radi cal in which the carbon atom adj acent
to the elenent EB is bound to at |east two carbon atons, RZB and R38 are
each, independant!l y,0f one another, hydrogen, a hydrocarbon 10 radical or a
~ substituted hgdra%ér bon radi B5IE3CTWRETPENIRBE 2 PRE aReBemRYIragRreR rEdiebeRer form a
ring systefmin which one or substiutedhydrooarbanradicah prefeablyarhydrecirbon Rigaland RBB
~are each, independently of ORRCHNEEIIEIN atdh AMERERLARDIEMINRER i€ Bhun@lo Rijeast S
substituted hydrocarbon radi &%I , boRBI% and RBB are each, independently of one
another, hydrogen, a hydrocaM§§A™°? &8 al or -a substituted hydrocarbon
radi cal, 20 where R68 and R58 or RBB and Rea may together also forma ring

- system R78 ar®farh, i ndepeadendn Mddpend2hty RbRidAGther, AYRES 8 Rydraaifr ocar bon -

- radi cal or,.a substi t ut ed hyd[r%g%%r bon b "i‘tﬂ!gf@'f V\Qer ed.tw) R?éqama{ st oget her
also form § ring system 25 oL R frgeal (S H@Pﬂ% dé&A ﬁy"@ one

anot her, a hydrocarbon radi calbo tegether foga grd systen i whichone enmisehetesertams mayR11 B,

8128, R12B' and R79B are eachepredddependent|y of one another, hydrogen,; a
hydr ocar bon

R®® and R®® are each, independently of one another, a hydrocarbon radical or a
15 substituted hydrocarbon radical,
R and R* are each, independently of one another, hydrogen, a hydrocarbon

radical or a substituted hydrocarbon radical,
20 where R®® and R®® or R*™ and R®® may together also form a ring system,

R™® are each, independently of one another, hydrogen, a hydrocarbon
radical or a substituted hydrocarbon radical, where two R may
togethei; aiso form a ring system, '

25
R and R'® are each, independently of one another, a hydrocarbon radical or a
‘ substituted hydrocarbon radical,

R'® R'® R'® and R'™® are each, independently of one another, hydrogen, a hydrocarbon
- 30 radical or a substituted hydrocarbon radical, where two or more geminal

or vicinal radicals R'*®, R'®, R'® and R*™® may together also form a
ring system,
 R"™ and R™® are each, independently of one another, hydrogen, a hydrocarbon
35 radical or a'~sub_stituted hydrocarbon radical,
R and R'"® are each, independently of one another, hydrogen, a hydrocarbon

radical or a substituted hydrocarbon radical,
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30 radical or a substituted hydrocarbon radical, where two or nore geninal
ror vicinal radicals R'B, R12B, R 2B and R138 nmay together also forma ring
system R15B and WAs are each, independently of one another, hydrogen, a

- hydrocarbon 35 radical or a substituted hydrocarbon radical, R168 ah%Feh2807
are each, independently of one another, hydrogen, a hydrocarbon radical or

- a substituted hydrocarbon radical, 40 15-$gb-2007 20 R19B is an organic
~radical which forns a 5- to 7-nenbered substituted or wunsubstituted, in
~particular unsaturated or aromatic, heterocyclic rlng systen1 in particul ar
~together with_EB forns a pyridine system conpounds of

“the formula (%) being negat I%BP&?”‘T‘%@P'@%&“"‘W@F% & 'Eerﬁbe'eé‘rfﬂbsﬂtfﬁ P5 an
integer from1l to 4, preferabisybsfituted, iBpartklaPmsttiretet ardromatis,cietatocydicringi t i on

- metal conpl exes with |'gandssy@femtih%aﬁl&ﬂdﬂébaﬁer(ﬂmkaEﬁ?ns(aﬁ)idn?erﬁsterﬂOr exanpl e,
- conpl exes of the transition netals Fe, Co, N, Pd and with I'i'gands of the

formula (Va)._Particular preference is given to dilmne conplexes of N or
~Pd, e.g.: 5di (‘5 6- di - i - pr opyIsgeehith cammunts eEthdfpimatilalycilbaing dégstinelyghargadi um

- dichloride, 15 di (di-i-propykraardi=dd 3- di met hyl di azabut adi eneni ckel
~dichloride, di(2, 6-di-i-p ropyl phenyl)-2, 3-d inethyld iazabutadi enedi

met hylpalladiyu m di(2, 6-d i-i-propylp hen yl)-2, 3-d inethyld

i azabut adi enet n‘ethy| ni ckel ,iS an integerfrom 1104, preferably20r 3.

di (2, 6-di net hyl phenyl ) - 2, 3- dinethyldiazabutadienepalIadiunldichloride,

2 S W S R ENIGR G P i
di (2, 6- di met h%aﬁ'ﬁ'érF}?P‘Pb@S °Bth€Iif??é'E‘?fyP%ﬁ hE%EGt“&cﬁdeﬁﬂéBF w@t"aandﬁpfd'keefprmula

di (2- met hyl pheay PartidliaB pdierantdiy bidinaa aibwiiecdinpBig af NiaePdj@gdi chl ori de,
~di (2- met hyl phenyl ) -2, 3- dinethyldiazabutadienenickel di chloride, d

i(ZJnEthyIphené&) 2, 3-dinme | d i azabut adiened inmethylpa | lad i um 25
di (2- net hyl ph@ rﬁ-*—wwﬁwﬁ? Rty isgahuizdieesraiziivBuictiPidec kel | _
~di phenyl - 2153- di{dRigirdpyibitingiz2, B-dimethyleinzpathdierehickel dichiditier i de,

- diphenyl -2, 3- gineed b slichadh g sashyRpkadeebielamithiiohidgum,

' di(2,6-di-i-propylphenyi)-2 3-dimethyldiazabutadienedimethylnickel,
di(2,6-dimethyiphenyl)-2,3-dimethyldiazabutadienepaliadium dichloride,
di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadienenickel dichloride,

20 di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadienedimethylpaliadium,
di(2,6-dimethylphenyl)-2, 3-dimethyldiazabutadienedimethylnickel,
di(2-methyiphenyl)-2,3-dimethyldiazabutadienepalladium dichloride,
di(2-methylphenyl)-2,3-dimethyldiazabutadienenickel dichloride,
di(2-methylpheny!)-2,3-dimethyidiazabutadienedimethylpaliadium,

25 di(2—methy|phenyl)-2,3-dimethyldiazabutadienedimethylnickel,
dipheny!-2,3-dimethyldiazabutadienepalladium dichloride,
.diphenyl-2,3-dimethyldiazabutadienenickel dichloride,
diphenyl-2,3-dimethyldiazabutadienedimethylpalladium,
diphenyl-2,3-dimethyidiazabutadienedimethylinickel,

30 di(2,6-dimethyiphenyl)azanaphthenepalladium dichioride,
di(2,6-dimethylphenyl)azanaphthenenickel dichioride,
di(2,6-dimethyiphenyl)azanaphthenedimethylpalladium,
di(2,6-dimethylphenyl)azanaphthenedimethyinickel,
1,1-bipyridylpalladium dichloride, :

. 35 1,1-bipyridylnickel dichloride,
1,1-bipyridyl(dimethyl)palladium or -
1,1"-bipyridyl(dimethyi)nickel.
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| E; :) ?rgg L ';] :j gnvmn‘le{g?&é,bf: %USQQ 5_%7!@“.-!3 g?q’?qg pIF)ieQ of f ﬁ?{rénsﬁé” et i€ Ee 3 Nt togﬁt in

Cim nophenoxi d%a"ttcﬂﬁiﬁeexes whose Ilgands can be prepar ed for exanpl e, from
- substitutes or unsubst ituted salicylal dehydes and prinary amnes, in

di phenyl - 2, 3- di net hyl di azabut adi enedi net hyl pal i adi“im
di phenyl - 2, 3- di net hyl di azabut adi enedi net hyl ni ckel , 30

- di (2, 6-di met hyl phenyl ) azanapht henepal | adi um di chl ori de,

di (2, 6-di et hyl phenyl ) azanapht heneni ckel dichloride, di (2,6-d i 15-Feb-2007

et hyl phenyi )azan aphth enedinmethylpallad ium di (2, 6-dinethylph en
-yl )azanap hthened inethylnickel, 1,1"-bipyridylpalladiumdichloride, 35

1, 1' - bi pyridyl nickel dichloride, 1,1'-bipyridyl(dinethyl)palladium or

1,1 -bipyridyl (di met hyl )ni ckel . 40 15-Feb-2007 21 Particularly useful

corrpounds (Ve are those described in J. Am Chem Soc. 120, p. 4049 if.

(1998). J. iculgpusefulgompPUNGS, fiielre thessolgscriberin J.am. Ghe.cSoe 80, 0ofAdP Bxes wi t h

li gands (Ve) (1898), Ji Gher0 S6¢. [Bhemt Corbius. 2396829, Asiprafam@) Bdhﬁdléilyﬂ withagaepesitof the

can ransitiron ne OUﬂ are

particul ar ?Uﬁﬁt‘nértc

conpl exes wt

n%swfw&%gp Bd uste&lgsetggan% %Lﬁ% HEEI ﬁﬁp@\ﬂﬁ' § ion netal

eroatons in 10 the pi

a
' system for RPN e@° q?é%‘&’?’@? éﬁ’ﬂ%ﬁ?i‘%ﬁ‘n‘és q:qn@glﬁ@pargqﬁ é‘" BWP!?F fam shstdfedsr t he
phosphol yl anursubstitutedsalieyisdehyries esbmimasy amings) i garticolansebstituted omitsatstitatedrpounds

D). Transitiogmmhal Tﬁmgmagﬁco%em'“&np%@dm.a@&h@m oRE o fiesn of the

~ present inyen

I ncl ud nonocycl opent a e

nmonoi ndeny', {I?Bﬂ'(??'ﬁt%?% FYAMP the, Raraianspzeae @ﬁ%fh&cﬂy . F“' tr}?@ﬁ?ﬁ?@%%’“‘ﬁ‘f

: chrom um m)lgdoabnmsadaSuggmtansninqnnmluirnpamndb@ast one of the substituents
' on the cyclopentadienyl ring bears a rigid donor function which is not

~ bound excl h d i tons, Th t
XS ks gty e A sl s e et BFond R iy MRS
- sp2- hybri di zeigcludgsthstituiad ovnocpsiepeatadidsiyly mpnoindenyh sotafiuerenybes hetezeyeipbantadienwd d

carbon  at1gMmBeomplaRes@®k erﬁ&ﬁ.urhlrﬁﬂfﬁg&uwoefu s@lawwmr& ahéasneaatné@mmu&r@;mnéﬂoubl e
bond, an aronat, arti

o urn o RbaeqRiieRRride e 3 S oo b A ndt RABE e BRAN VYR ot

conpounds, t heybddjze ezprbqﬂoae'lmn ploms Thg mestgirest kindbagedo the H@"toéf'-'@%'%m%e contains at
' least one sp- or sp 2_hybridized carbon atom, preferably from one to three sp 2_hybridized carbon
atoms. The direct linkage preferably contains an unsaturated double bond, an aromatic or

20 together with the donor forms a partially unsaturated or aromatic heterocyclic system.

In these transition metal compounds, the cyclopentadienyl ring can also be a heterocycio-
pentadienyl ligand, i.e. at least one carbon atom can be replaced by a heteroatom from group 15
or 16. In this case, preference is given to one Cs-ring carbon atom being replaced by phosphorus.

25  in particular, the cyclopentadienyl ring is substituted by further alkyl groups which can also form a
five- or six-membered ring, e.g. tetrahydroindenyl, indeny!, benzindenyl! or fluorenyl.

Possible donors are uncharged functional groups containing an element of group 15 or 16 of the
Periodic Table, e.g. amine, imine, carboxamide, carboxylic ester, ketone (oxo), ether, thioketone,

30 phosphine, phosphite, phosphine oxide, sulfonyl, sulfonamide or unsubstituted, substituted or
fused, partially unsaturated heterocyclic or heteroaromatic ring systems.

Preference is here given to using substituted monocyclopentadlenyl monoindenyl, monoﬂuorenyl
or heterocyclopentadlenyl complexes of the formula (V1)
35
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pentadi enyl ligand, i.e. at |east one carbon atom can be

heteroatom fromgroup 15 or 16. In this case, preference is given to one
C5-ring carbon atom being replaced by phosphorus. 25 In particular, the
cycl opentadi enyl ring is substituted by further alkyl groups which cds-Ebsz07
forma five- or six-nmenbered ring, e.g. tetrahydroindenyl, indenyl,

benzi ndenyl or fluorenyl. Possible donors2are uncharged functional groups
contai ning an elenment of group 15 or 16 of the Periodic Table, e.g. am ne,
i mne, carboxam de, carboxylic ester, ketone (oxo), ether, thioketone, 30
phosphi ne, phosphite, phosphine oxide, sulfonyl, sulfonam de or
unsubstituted, substituted or fused, partially unsaturated heterocyclic or
het ercaromati c ring systenBFZPLeIﬁ¢£n§§ i $ here givenp4o using substituted
monocycl opent adi enyl , nonoijndenyl, nondfl tiorenyl or heterocycl opent adi enyl

~conmpl exes of the formula (M) 35 40 15-Fe#-2007 22 1 r ¢ C-XZ -M-X"c J
(M), Lnme_5 where ne is chromum nolybdenumor tungsten and 10 Zc has

thefmwmé(Wa)RH:mc E'cc 15 Ac- Rt~E E ac (Ma) E4CRyc R 4C 20
where the varwaskes have the foll ow ng neanings: E c- Es are each carbon or
not nore than one atomE ¢ to Esc is phosphorus or nitrogen, Ac is -NR Rec

-PRacRec -OR ¢, -SRSC or an unsubstituted, substituted or fused, 25

partially unsdturat eds?fé?'@&"ﬁrd’gpéﬂbf’%‘“@ﬁw&qs@f‘éﬁq omatic ring system RCis one
of the follow ng groups: Rrc Rac Rac.Ricc Rnc 30

10 2° has the formula (Via)
R'C
\1c ) R
E/ —_— Ezc
15 AS RCc— E° \ ' (Via)
k N\ g%
g% TN R
/
RS

20  where the variables have the following meanings:

E'®-E*®  are each carbon or not more than one atom E'® to E*® is phosphorus or nitrogen,

AS is =NR¥*R®¢ —PR%R® ~OR%, ~SR*C or an unsubstituted, substituted or fused,
25 partially unsaturated heterocyclic or heteroaromatic ring system,
R® is one of the following groups:
% R'C REC R -R1C R1.1°
—C=C— , —C=C—1%~
L.
35 and, if A® is an unsubstituted, substituted or fused, partially unsaturated heterocyclic

or aromatic ring system, may also be

40



Rl2c 35 and, if Ac is an unsubstituted, substituted or fused, partially
unsaturated heterocyclic or aromatic ring system may also be 40
15- Feb-2007 23 R 3c 5 1140 where L10, L20 is silicon or carbon, 10 kc is

1 or when A'c is an unsubstituted, substituted or fused, partially 15-Feb-2007
. unsaturated heterocyclic or heteroaromatic ring systemnmay also be 0, Xc

are each, independently of one another, fjuorine, chlorine, brom ne, iodine,
15 hydrogen, Ci1-C, o-al kyl, C2-C, c-al kenyl, C6-C20-aryl, C7-CA40-al kyl aryl,

-NR scRsc OR 6¢C, -SR sc -S@BR,sc -OC(O R sc, -CN, -SCN, p-diketonate, -CO
- BF4 , PFfi or a bulky noncoordinating anion, R ¢- R 6c are each,

' independently of one another, ,gydrogen, Cl-Czo-alkyl, Cz-C20'al kenyl, 20

. C6-C20-aryl, C7-C, O al kyl aryIR,

~the alkyl - part and 6-20 car AQ:I’I atoms in the aryl part, SiR17CG3, where the
~organic radicals R 6-R 68 mgy al so be substituted by hal ogens and two

al kylaryl having from1l to 10 carbon atons in

gem nal or vicinal radicals R.C-R sc may al so be joined to forma five- or
si x-menber®d ring, 25 R17c aRe each, independently of one another, hydrogen,

' Cl- C20-al kyl, C2-C20-al kenyl, Ce-C20-aryl, C7-C, o-alkylaryl, and two
- gem nal radi Cv%Se R77c. may also be joined to forma five- or six-nenbered

ring, nc is 1, or 3and 30 neis 1, 2 or 3. The transition netal M is

| particularly preferably chromium 35 Exanples of organic transition netal
- compounds of t'Re®¥ or nadiidord dlcirbéd, €

1- (8- qui naojyyl ) - 2- et hyl - 4- met hyl cycl opent adi enyl chrom un(L11) dichloride,

1- (8- quinolyl)s 3-isopropyl - 5-1lzret hyl cycl opent.adi enyl chrom un(I11) dichloride,
1- (8- qui nol ylI §~ 3- t ents bAitMen 5-" ifeanipsuestititedpeetiidecen jused parfialy Hispiufajed
di chl ori de, heterocyclic or heteroaromatic ring system may also be 0,
x° are each, independently of one another, fiuorine, chlorine, bromine, iodine, _
15 hydrogen, C4-Cig-alkyl, C,-Csg-alkenyl, Ce-Cao-aryl, C-Cao-alkylaryl, ~NR'*°RC,

-OR™°, —SR™C —SO;R™, —~OC(O)R'*°, -CN, —SCN, p-diketonate, ~CO, BF,", PF¢
or a bulky noncoordinating anion,

R'®-R"™  are each, independently of one another, hydrogen, C4-Cxo-alkyl, Cx-Cao-alkenyl,
20 Cs-Cap-aryl, C;-Cyo-alkylaryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the ary! part, SiR"C, where the organic radicals
R'™-R® may also be substituted by halogens and two geminal or vicinal radicals
R'®-R" may also be joined to form a five- or six-membered ring,

.25 R' are each, indépendently of one another, hydrogen, C,-Cz-alkyl, C.-Cx-alkenyl,

R17C

Cs-Cao-aryl, C;-Cypo-alkylaryl, and two geminal radicals may also be joined to

form a five- or six-membered ring,

n is1,20r3and
30

m® is1,20r3.

The transition metal M° is particularly preferably chromium.

35 Examples of organic transition metal compounds of the formula (VI) are
1-(8-quinolyl)-2-methyl-4-methy(cyclopentadienytchrbmium(lll) dichloride,
1-(8-quinolyl)-3-isopropyl-5-methylcyclopentadienylchromium(li}) dichloride,

1-(8-qUinolyl)-3—tert—butyI-5-methylcyclopentadienylchromium(lll) dichloride,
40 '



40 15- Feb-2007 24
1-(8-quinolyl)-2,3,4,5-tetranet hyl cycl opent adi enyl chromun{111) dichloride,
1- (8- qui nol yl )tet rahydr oi ndenyl chrom um(111) dichl ori de,

1- (8- quinolyl)indenyl chrom un(l11) dichloride, 15-Feb-2007
1- (8-quinolyl)-2-methylindenyl chromun(lll) dichloride, 5
1- (8- quinolyl)-2-isopropylindenyl chrom ung) 1) dichloride,
1- (8- quinolyl)-2-ethylindenylchromun(ill) dichloride,
1-(8-quinolyl)-2-tert-butylindenyl chrom un(I11) dichloride,

- 1-(8-qui nol yi )ben2| ndenyl chrom un(111) dichloride,

- 1- (8- qui nol yI ){&a4RalyiéSrisramsinpydaretedianrichremiymall) disbloidede, 10

1- (8- ( 2- met hy Nqquirolyteyghydeinddniigtirondiuripl) Biglisige,| opent adi enyl chromi un(111)

“dic

| hl ori de, 1-(8- , [
- 1-(8-(2-net hyl , qumo'y)nmeny%hr%[mﬂm(gl) dlcmorgﬁ‘et hyl cycl opent adi enyl chrom un(ill)

~dichloride, 1 eﬂy"’tﬁ'ﬁnyﬁﬁmwmkﬁq’ﬁﬂﬂﬁdrm ndenyl chromi un(111)
~dichlori de5 1-((-&3m(o@9 erisbprgpytidengithydmigr(mplgietydried)r omi un( 1 1 1) di chl ori de,

1-(8-(2-meth [11) dichl d 15
1- E8 EZ rrm\;t hzh%uﬁg&yb%%w%d%kn%hggﬂ ('HLI&Q{ ghmr lcj)m um(? I tI)Cdl gL: 0r6| de,

(8(2- et hyl § %‘PW‘}% ”?“&i'?ﬂ?ﬁ!‘%&?@ww HP @(111) dichloride,

(8- (2- met hy i{frivinolyjehdind@nlahrdmidm(tity dichieidsyy | chr omi un(1'11) di chl ori de,
. 1- (8- (2-net hYJ(BCHMnB lbY-He)h E}&In-a%ﬂb(rbr‘ﬁﬂﬁ@ [fald rLdlel) di chl oride or

(8- f enétﬁ

1 (2- met hyl qu benzi n romunm(l11) dichloride. 20
The prepar®ti o1 '(%)T"e%'ﬂ%f%qu g‘l"g“e% ?}‘F“VFF@'&HH‘Q”) offeen known for a

_long tinme. Vaﬂ-(ed@l@ethslymdfm-R64ﬁdettaewthvlcycbmmlecmnmn&m(mgdnbﬁlcgi&é)ds are

- descri bed, fOﬁ M@fh&l@um&%)tMahﬁﬂ&:ﬂeﬁyl&bmﬂn(ﬂlﬁdnchgﬂ&‘é’ﬂ Ber. (1996), 129,

- 459- 463, or #ré_tzeg,l '2;‘}’?5 'éd/s?gﬁme ‘P"ﬁ L é{ O gnet. Chem (1995), 500,
175-185. 25 TH&B( y'a p chrani ML ATAAES, chr oni um conpl exes, can be

~ obtained in af @f(ﬁﬂeﬁﬂylﬁmﬂh@)Zﬁythylmé%{wbmrwglumﬂié diellpidepr i at e net al sal ts, e.g.

~metal chl o de@,(zmethhqﬁukw)}-maﬁépyﬁrweﬁv&h&ﬁw%m higa§drods anal ogous to the

~exanples in Dﬁﬁz E‘V‘ o?yﬂ;f% th§ dnlhr & @hé{gg?(ctlon met al conpounds D) which
are suitable Tt §HNCEHE %’5 ?WSenti on are i ni dochrom um

- conpounds of 1ﬁg(Z-ff@thM}m1@Iy())ﬁ-te)’ebutyhndenylchromaum(lIl) dichloride,

-1-(8-(2-methylquinolyl))benzindenyichromium(lll) dichloride or
1-(8~(2-methylquinolyl))-2-methylbenzindenyichromium(lll) dichloride.

C1-
1-
1-

20
The preparation of functional cyi:lopentadienyl ligands has been knoWn for a long time. Various
synthetic routes to these complexing ligands are described, for example, by M. Enders et al. in
Chem. Ber. (1996), 129, 459463, or P. Juizi and U. Snemellng in J. Orgmet. Chem. (1995), 500,
175-186.

25 '
The metal complexes, particularly chromium comiplexes, can be obtained in a simple manner by
reacting the appropriate metal salts, e.g. metal chiorides, with the ligand anion (e.g. by methods
analogous to the examples in DE-A 197 10 615).

30  Further transition metal compounds D) which are suitable for the purposes of the present
invention are imidochromium compounds of the formula (VII):

/NR)D
?/(\ v

X° p

m

- 35

where the variables have the following meanings:
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LDyo,,, //(NR)OD C 35 | (VI1) D X MO where the Variabres-t: Py

'foll ow ng neani ngs: 40 15 Feb-2007 25 RD is RIDC=NR2D, R1C=0, R oC-O( CRZD)
R1IDC=S, (R1D)2P=0O, (OR ID )2P=0, 802R O RLDR2DC=N, NRYDR2D or BR7DR2D,

- C7-C2D- al kyl, Cl-C2ocycl oal kyl , C2-C20-al kenyl, CrC20-aryl, 15-Feb-2007
Cr-C40-al kylaryl, hydrogen if this is bound to a carbon atom where the
organi c radicals R10 and R2D may al so beakgi nert substituents, 5 X are each,

i ndependent | y of one anot her, fluorine, chlorine, brom ne, iodine, -NR3DR4D,

- NP(R3D) 3, - - OSi (R3D)3 - SO3R9, O(‘(O)RBD p-di ketonate, BF;, PFfi or a
bul ky weakl ord nat napcoor dj nat on, .10 RID- R4 are each,
ul Ky y Q%J I a hﬁ:gﬁ@%zn ap 'ng a,[;“

i ndependent 'y

[
- (
O

[

f one 1C‘®I5 &FRAR &% &' Rer. (OR'B:PER, SORI°,
Cr-C4(-al kyl aryl, hyd® d@fgﬁ"ﬁ NRfrfﬁiz%orlBRmﬂfﬂ,lodcg,-élkﬁ G;&rzmeloaﬁypmq-cyatéﬁé@l the

groanic radical s R g b NGBk O k oS A LR by, gng O
~metal l ocene conpl ex &a"Fﬁ%d'CFBﬁm?'Q'Y\/P?’ﬁa'§°§’eﬂr'ﬂ§ﬁéidf§éfﬂe"t§_ i s an unchar ged

donor and 520 y is fromO to 3. Such conpounds and their preparation are

- d i bed, foi® I t R
’ tre;ﬁg : t|eon ngltxalexggprrp#e ‘E‘iéﬁ 1?%%%&23%(3 al?oﬁhe'r:'ﬂﬁén*ﬂg hl§rere t?tmwﬁe ?odﬂ?ﬂhﬁ R
~tridentate nmacrocycli 2# a%tn '8

(ri?“ls')S '-tsbcl)a ° -oc
3, 3 (O)R B-dlketonate BFy, PFs ora

[1,3,5-tri(nethyl ) 1,bglkpweaklyzperdipating higoasveidinktinghivmm t ri chl or i de,
d(et hyl)-1,3, 5-triazacycl ohexane)chrom umtrichloride,
o 4&35t zac cloh xanelchrom umtrichl ori de,
ogecy - f! %eagﬁ e?ﬁ‘é%ﬂ}'&?c?ﬁ%?  CriFaainC ekt Fn%ﬁo'arﬁld
( ( benzyl) - §r§4¢§"ﬂ’@wébmf¢9§h #shisriehavhd torzicarvon atbro hirerei tniforgamc

radicals R' to R** may also bear inert substituents,

, 3, 5-t
, 3, 5-tr
, 3, 5-tr
3, 5-t

PR

n istor2,
15
m® is 1,2 or 3 and is such that, depending on the valence of Cr, the metallocene
complex of the formula (VII) is uncharged,
L° is an uncharged donor and
20
y° is from O to 3.

Such compounds and their preparation are described, for example, in WO 01/09148.

25  Further suitable organic transition metal compounds D) are transition metal complexes with a
tridentate macrocyclic ligand, e.g.
[1,3,5-tri{methyl)-1,3,5-triazacyciohexanejchromium trichloride,
[1,3,5-tri(ethyl)-1 ,‘3,5-triazacyclohexane]chromium trichloride,
[1,3,5-tri(octyl)-1,3,5-triazacyclohexane]jchromium trichloride,
30 [1,3,5-tri(dodecy!)-1,3,5-triazacyclohexane]chromium trichloride and
[1,3,5-tri(benzyt)-1,3,5-triazacyclohexane]chromium trichloride.

It is also possible to use mixtures of various organic transition metal compounds as component
D). |

35
In a preferred embodiment, a Lewis base is used as further component F) for preparing the
catalyst solid which is brought into contact with the organoaluminum compound E). Suitable Lewis
bases F) have the formufa (Vill),
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trimethylam ne, triethyl g I ' Layi~ne [t '

- N, N-di mrethylaniline, N, Nagl_d]@a el BEAR <2 4°9Nalwlal%|(drrr§tﬂ h%ldqmcllggiﬁaésxor '!atrq%ee
- Particularly preferred Lé@d
- N-benzyl di met hyl anmi ne, Nn$enzyl di et hyl ami ne, N-benzyl butyl ani ne,
- N-benzyl -tegt-butyl am ne, N -benzyl-N, N-di net hyl et hyl enedi am ne,

It is also possible to use mixtures of various organic transition netat
conpounds as conponent D). 35 In a preferred enbodinent, a Lewis base is
used as further conponent F) for preparing the catalyst solid which is
brought into contact with the organoal um num conpound E). Suitabl e La®Eeb-2007

bases F) have the formula (VII1), 40 15-Feb-2007 26 M2RR1IOR11 (VIII)

-where 5 R9, RlL and R' are identical or di®ferent and are each a hydrogen
atom a Cl-C2-al kyl group, a C7-C2-haloal kyl group, a CrC4-aryl group, a

- CB-C4- hal oaryi group, a CC4-alkylaryl group or a C-C4-aryl al kyl group,
'and two radicals or all three radi cg,lz,%R@u R1 and R' may be jgh ed to one
- anot her via C2-Cmcarbon units, and.1l lg

. Periodic Table of the Elenents. R9, R10 and R' are preferably each
- C1-C2-al kyl, ®de€4-aryl or C -C4-alkylaryl. Particular preference is given
"to at least one radical R9, R70 or R' being a C7-C4-arylal kyl group, for 15

" exanpl e benzyl g I.Sypreferably nitrogen or phosphorus and in particul ar
" ni trogen. ga 'I%%'"&? Levﬁr%'dﬁg'gégrqyieé‘?ﬂ‘g AEAFHH B atapea Grltap3hybgioure,

is an el enent of gr 15 of the

ani line, dinmethylam ne, £b-Aibidakylamnupe Caisayilarupra GiGighalddypdieupyd am ne,

C ne.

EE O R U R

N- benzyl et hyl epedi am ne, .\-b 1.SOpr l.amg ne 5 benzyl met hyl am ne,
N- benzyl et hyl gvﬁi ne, N ber'léz\%nl e?%%L%ﬂVﬁ%ﬁ%mﬁiﬁeﬂ%@ TabiE of e B e
N- benzyl - 2- phenyl et hyl am ne and N-benzyl pi perazi ne. According to the present

i nvention,. t h& R'tme S afosrefprablp adoh 0g-Colikycofab-dgtor SRL], Gy Bdiicake br ought

i t tact w ) 1 t bri '
theconponent S8 PEARRATt MR FEIRHI, Mg iy Sy S RE anot ner

in any ord& . ®RMPEdSMbnent s can be added

M2 is preferably nitrogen or phosphorus and in particular nitrogen.

_ Examples of Lewis bases used as component F) are methylamine, aniline, dimethylamine,

20 diethylamine, N-methylaniline, diphenylamine, trimethyiamine, triethylamine, tripropylamine,
tributylamine, N,N-dimethylaniline, N,N-diethylaniline and N,N-dimethyicyclohexylamine.
Particularly preferred Lewis bases are, for example, benzylamine, N-benzyldimethylamine,
N-benzyldiethylamine, N-benzylbutylamine, N-benzyl-tert-butylamine, ,
N'-benzyl-N,N-dimethylethylenediamine, N-benzylethylenediamine, N-benzylisopropylamine,

25 N-benzylmethylamine, N-benzylethylamine, N-benzyi-1-phenylethylamine, 4
N-benzyl-2-phenylethylamine and N-benzylpiperazine.

_According to the present invention, the process for preparing the catalyst solids which are brought
into contact with the organoaluminum compound E} is carried out by bringing the components A)
30 to D) and, if used, F)into contact with one another in any order. All components can be added
individually in succession, but it is also possible for individual components firstly to be mixed with
one another and these mixtures then to be brought into contact with other mixtures and/or
individual components.

35 A preferred way of bringing the components into contact with one another comprises firstly
bringing the organic compound having at least one functional group B) containing active hydrogen
into contact with the organometallic compound C), with part of the organometallic compound C})
or, when a mixture of varioué organometallic compounds is uesd, with at least one of the
constituents of the component C).
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- stepwi se fashitRfiimd Bewnlch tﬁe%ﬁ:?ér@ﬂts%ﬁﬁﬁav& Qéentbk"ﬂi'lgﬁtr]'ﬁ’d Sdn@btalith Sﬁe%?r'éth@rra?e usual I'y
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' 2:1, in part iffemlt@miniiesimbhoarsWhen the compor@ntsiaee cambingd in astepwissf faghiogathg c
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- hydrogen of t S B) is preferably from1:0.1 to 1:100 in
- particular frgﬁn {fIPF:)ﬂ'furTOO The reaction product obtained after t he

.conponents A) to D) and, if used, F) have been conbined 25 can be a solid, a
- noi st solid orrh@msmmrasarqmewﬁlaa@H)&@e@&d@ﬁ»pwnedmtprmnymmm tag:15nich, i f

, appropriate tgg&u}l}aﬂm%&qtgm.t her constituents of the catal yst system in
t he secondzost or

The molar ratio of organic transition metal compound D) to functional groups containing active
hydrogen of the compounds B) is preferably from 1:0.1 to 1:1000, in particular from 1:1 fo 1:100.

The reaction product obtained after the components A) to D) and, if used, F) have been combined

25 can be a solid, a'moist solid or a suspension. This reaction product can be used as such, if
appropriate together with further constituents of the catalyst system, in the second step for
‘preparing the catalyst composition, i.e. bringing the reaction product into contact with the
organoaluminum compound E). The reaction product is usually worked up beforehand, preferably
by drying the solid. The solid can be separated off from the liquid phase beforehand, for example

30 by filtration and/or washing. However, it is also possible for the solvent to be taken off purely by
evaporation. Drying is generally carried out at temperatures above room temperature. Preference
is given to applying a vacuum during drying. The dried catalyst solid can be used as such orin
resuspended form in the second step for preparing the catalyst composition.

35 Inthe second step for preparing the catalyst composition, the catalyst solid obtained by bringing
the components A) to D) and, if used, F) into contact with one another is brought info contact with

at least one organoaluminum compound E) of the formula (1).
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at al yst saolid obtained by bringing the
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times of froml m solld-angl t he orggv[\oal uni num
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compound B) al B RIS, THasABERPIY HE (e AT RBHES Bt AR
't enper at ur es pmughhieto centagtwifhrapgreRai@Catten@E@iresin the eanabirgm -101E o 1B Cr prefg@blf r om
- 15C to 75C. 2Q yaU4sdge@bias@ to récci S possible firstly to prepol ynerize the
~catalyst solid with a-olefins, preferably linear C2-Grl-al kenes and in
. particular ethylene or propylene, before or after it is brought into
- contact wia0h FEurbergrotgaihie abasivierfiptly loprapolymetizeihe safelyst balid witha-gletinst tefergldg ul t i ng
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onto it is us

catalyst solid in the actual polymerization. The mass ratio of catalyst solid used in the

prepolymerization to the monomer polymerized onto it is usually in the range from 1:0.1 to 1:200.

25 '
Furthermore, @ small amount of an olefin, preferably an a-olefin, for' example vinylcyclohexane,
styrene or phenyldimethylvinylsilane, as modifying component, an antistatic or a suitable inent
compound such as a wax or oil can be added as additive during or after the preparation of the
catalyst composition. The molar ratio of additives to organic transition metal compound D) is

30 usually from 1:1000 to 1000:1, preferably from 1:5 to 20:1. -

The catalyst compositions prepared according to the present invention can be used as stich or
together with further components as catalyst systems for the polymerization of olefins. If the
catalyst systems comprise further components in addition to the catalyst compositions prepared
35 according to the present invention, they preferably further comprise at least one scavenger as
component G). For the purposes of the present invention, the term scavenger refers to an
organometallic compound which is added to the monomers used in the polymerization before they
~are brought into contact with the catalyst composition prepared from the components A) to E) and,
if used, F). Suitable organometallic compounds G) are, in particular, organometallic compounds of
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morphology being adversely affected.
Examples

26 Example 1
a) Preparation of the catalyst solid

1 mi of a 20% strength by weight soiution of trimethylaluminum in a high-boiling dearomatized
30 hydrocarbon mixture was reacted at room terﬁperatﬁre with 1.5 g of bis(pentafluorophenyl)borinic
acid in 13 m! of toluene. After stirring for one hour, the solution was added to a suspension of
0.3 m! of dimethylbenzylamine and 1.5 g of silica gel (XPO 2107 from Grace) in 30 ml of toluene.
After stirring for one hour, the supernatant eolution was separated off by filtration, the solid was
washed twice with 20 m! of toluene and then dried at 50°C under reduced pressure. After the solid
35 had been resuspended in 10 mi of toluene, a solution of 50 mg of dimethylsilanediylbis(2-methyl-
4-(4'-tert-butylphenyl)indenyl)zirconium dichloride, 0.25 m! of a 20% strength by weight solution of
triethylaluminum in a high-boiling dearomatized hydrocarbon mixture and 0.44 miof a
20% strength by weight solution of triisobutylatuminum in a high-boiling dearomatized
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r-aetivi-ty,
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Exanple 1 a) Preparation of the catalyst solid | m of a 20% strength by
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o Hodst

dearomati z 'Bdn mi xture and the resulting suspension was stirred
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“of PP/g of ¢ atpalyg;glgnt g@yqrqpylenmpoggmg,@ aeppgfﬁjlpllg' of 13.6 kg of PP/g of catalyst solid.

correspon

Comparative example

20
Adry 51 reactor was flushed firstly with nitrogen and subsequently with propylene and then
charged with 3 | of liquid propylene and 1.5 standard fiters of hydrogen. 8 mlof 220% strength by
weight solution of triisobutylajuminum in a high-boiling dearornatized hydrocarbon mixture were
added and the mixture was stirred for 15 minutes. A suspension of 55 mg of the catalyst solid

25 prépared in Example 1a) in 10 mi of heptane was subsequently introduced into the reactor via a
lbck and was rinsed in with 10 mi of heptane. The reaction mixture was heated to the
polymerization temperature of 65°C and polymerized for 1 hour. This gave 374 g of pulverulent

* polypropylene, corresponding to a productivity of 6.8 kg of PP/g of catalyst solid.

30 Example2
Example 1 was repeated, except that 42 mg of dimethylsilanediylbis(2-methyl-4-phenyl-
indenyl)zirconium dichioride were used as metallocene and 0.32 ml of a 20% strength by weight

solution of trimethylaluminum in a high-boiling dearomatized hydrocarbon mixture was used in
35 place of triethylaluminum and triisobutylaluminum in the preparation of the catalyst solid.

This gave 870 g of pulverulent polypropylene, corresponding to a productivity of 14.1 kg of PP/g

of catalyst solid.
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20 A'dry 51 reactor was flushed firstly w th-nattregensand-subsequent|ly with
propyl ene and then <charged with 31 of liquid propyl ene and 1.5 standard
liters of hydrogen. 8 nl of a 20%strength by weight solution of
triisobutylalum numin a high-boiling dearonmatized hydrocarbon m xt “rTs-‘ﬁ%p-%m
added and the m xture was stirred for 15 m nutes. A suspension of 55

the catal yst solid 25 prepared in Exanple la) in 10 m of heptane was
‘subsequently introduced into the reactor vih' a lock and was rinsed in with
10 mM of heptane. The reaction m xture was heated to the polynerization
‘terrper ature of 65C and pol ynerized for 1 hour. This gave 374 g of

‘pul ver ul ent pE)tampiedpyl ene, corresponding to a productivity of 6.8 kg of
PP/'g of catalyst solid. 30 Exarrple 2 Exanpl e 1 was repeated, except that 42
nmg of dinethyl | bi s(2- net i ndenyl ) zi rconi um di chl ori de
were used as né’faﬁ‘lp[égé'\?ﬁéepﬁﬁ  gxeget "ﬁ/ﬂ“%'f'&éth?égfo’“ﬁ"?“@ﬁd’y Weight soltiog et triisebyivkit i on
cof tri et hyl al alurhinwminiarhigh-bhilingdebrombtizad)hyderarborariktare dvelwydedia eelzotivatiinxt ur e was
used in 35 place of triethylal um' num and triisobutylalum numin the
‘preparation of_the st, s Th| ave 870 g of pul verul ent

‘pol ypropyl ene, T%%'F?”&%‘{)’Bﬁépﬂﬁt'i"g %@&E?’FWW’V%”’PZL 1 kg of PP/ g of
catalyst solid. 40 15-Feb-2007 31 Exanple 3 Exanple 2 was repeated, except
that 12 M of EhmpRQ% strength by wei ght solution of triisobutyl- al um num
‘in a high-boiling dearomatl zed hydrocarbon m xture were used in the -
‘activation. 5 This resulted in a productivity of 15.8 kg of PP/ g of catalyst
'solid.  Exdfpl kxample@ war sappated. exopetidhat bp eelyresiization wagrarrieth aut withasit ydfogerer i zat i on
rwas carried out - without hydrogen This resulted in a productivity of 8.6 kg

‘of PP/ g of cat | i was repeated, except that.
112.9 M of a m}/é%u#te:ﬁafgrogﬁv I'g ?Egsd%ﬁllgEiﬁ%FsPﬁ octylalum numin

"hexane were used in the activation. This resulted in a productivity of 7.23
kg of PP/ g of Bampkyst solid. 20 )

15
Ei(ample 2 was repeated, except that 12.9 mi of a 20% strength by weight solution of ri-n-
octylaluminum in hexane were used in the activation.
This resuited in a productivity of 7.23 kg of PP/g of catalyét solid.

20

Example 6

Example 2 was repeated, except that only 6 mi of the 20% strength by weight solution of tri'isjo-
butylaluminum in a high-boiling dearomatized hydrocarbon mixture were used in the activation

25 and the remaining 2 ml were used as scavenger in the polymerization, with the 2 ml of the
triisobutylaluminum solution being introduced into the reactor after it had been charged with liquid
propylene and hydrogen and the mixture was stirred for 15 minutes before addition of the catalyst

composition.

30 This resulted in a productivity of 15.5 kg of PP/g of catalyst solid.

35
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Exanpl e 6 Exanple 2 was repeated, except that only 6 m of the 20% strength
by weight solution of triiso- butylalumnumin a high-boiling dearomati zed
hydr ocarbon m xture were used in the activation 25 and the remaini ?g.p%b%m
were used as scavenger in the polynerization, with the 2 nml of the
triisobutylal um num sol ution being introduced into the reactor after it had
been charged with liquid propylene and hydrogen and the m xture was stirred
for 15 m nutes before addition of the catalyst conposition. 30 This
resulted in a productivity of 15.5 kg of PP/g of catalyst solid. 35 40
15-Feb-2007 \W claim 100 A process for preparing a catal yst (mpposition
for ol efi Hvep‘iﬁ"f}'rrerl zation, which conprises preparing a catalyst solid In a
first step by bringing A) at |east one support, B) at |east one organic
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group, are | tical or different and are each,
i ndependently of one another, hydrogen, hal ogen, Cl-C2c-alkyl,
C, - Czo- hal oal k§) , Catleﬁsloneaﬁunmty, Cs- C2D-aryl, Cs-Cw hal oaryl, CrC2-aryl oxy,
CrC4rarylaikyl, CCe haloarylalkyl, CrC4ral kylaryl or Cr-C4o-hal oal kyl aryl

or an OSI R35 roup a different and are each

hydr ogen, hal og)en, Y\%g"e °'€%§f?%'%pﬁs%tf}”ﬁ' Fé@l Ky C, - Clo- al koxy,

CB- C20-aryl, Ca-C, -haloaryl, CG C raryl oxy, CrC4r aryl al kyl ,

C7- C4r hal oaryl al kyl , Cr C4a- aI kyl aryl or C7-CA4rhal oal kyl ar yI y is at | east

1 and x-is an integer from Oqapo_ 1__( at | east one orggnonetal |ic conpound
~and D) at |east one organic ’an5|tio nmet al conpound

where

A is an atom of main group 13 of the Periadic Table or a partially halo-
genated or perhalogenated C-Cxp-alkyl- or Cs-Cqg-aryl group,

rR? are identical or different and are each, independently of one another,
hydrogen, halogen, C:-Cyp-alkyl, C1-Cac-haloalkyl, C4-Cyo-alkoxy, Cs-
'Cyg-aryl, Ce-Cog-haloaryl, Ce-Cag-aryloxy, Cr-Cag-arylalkyl, Cr-Cao-
haloarylalkyl, C;-Cqc-alkylaryl or C;-Cao-haloalkylaryl or an OSIRS®
group, where

RS are identical or different and are each hydrogen, halogen, C1-Cxo-
alkyl, C1-Cag-haloalkyl, C+Cyy-alkoxy, Ce-Cog-aryl, Ce-Cop-haloaryl,
CsCag-aryloxy, CCye-arylatkyl, C;-Ca-haloarylalkyl, C7-Cao-alkytaryl

or C-Cqo-haloalkylaryl,
y is at least 1 and
X is an integer from 0 to 41,

C) at least one organometallic compound and

D) at least one organic transition metal compound

into contact with one another, then bringing this catalyst solid into contact with



into contact with one another, then bringing this catalyst solid into
~contact with 15-Feb-2007 E) at |east one organoal um num conpound of the
formula Q AIRLR2R3 0) where is C -C, 6-al kyl, C6-C saryl, halo-GC -Cralkyl,

" halo-CrCf-aryl, CrC4crarylalkyl, CrC4ralkylaryi, C, -Cl(-alkoxy or 15-Feb-2007
hal o- Cr C4o0- al kyl aryl, hal o- C7C46-aryl al kyl or hal o-C, -C, 6-al koxy and RZ and

- R3 are identical or different and are each, independently of one anot her,

- hydrogen, hal ogen, G -d aal kyl, C6-C, 5-aryl, hal o-Cl-C, o-al kyl, hal o-

- CGrC saryl, CC46arylal kyl, Crc46-al kylaryl, C -C, a-al koxy or hal o-

! %-Ural kylarygy haét@a&@&gﬁ%&bﬁﬁmﬂbﬂwm&k@mﬁ‘%ﬁ' koxy, In a second step
- an

d then using this mxture for the polynerization t hout further work up,
erein the catal yst solid obtained by bringing the conponents A), B), O
~and D) into contact wth one anAR&R’and the or ganoal um num c@npound E) are
brought into contact with one another at from-10C to 80C for a period of
fromO0.5 mnutes to ,10 hours before the reaction product Is used for the
pol ymeri zation. . v process for preparing a catalyst conmposition for

ol efin-polynerization as clained In claim1, wherein F) at |east one Lew s

~base Is used In addi'ti on to isGa-Giealiy)OeCisaryhhaloB)-Cr@lkyk hslo-B)-Claryi, pr epar i ng
the catalyst solid which |schegugikyl, a;,gm_g[g‘g;,?gé?wojaﬂc%lsaf{é?g_g’_ 0al um num

compound E). 3. A process for _prepari a catalyst co ion Tor olefin
| polng/)msriza%i on as EI ai med Inalé‘ﬁ%ﬁ"ﬁ'i'ﬁ""&é o-gyla ei/fa'%?f-&gal%m%r mula (1) of
~the organoal um num conmpound E), R Is C3-C 6-alkyl and R2 and R3 are each
f h?/-d][ ogen or C3-C 6‘R3|a|ﬂki I4. ard identical orSilifefelitsdng Bveleaén, Ejnhqneﬁaﬂ,lnwrarohea{oueﬂ off
~olefins, conprising a'cata i r S | | ny o
claim 1 toB 15 feb- 2007 *rrRaRbr B BN Crariaie CrCh gy D Y oy
~olefins as claimed in clai m &skistah Wﬂ#ﬁ%*%&nﬁmaﬂ%‘ﬂm» ©)-Catalkpxy05 halorm e

- further organonetal | ic conpogpGpmikylaykbiaingeC aiyialkyln haikCi-0g-alkmyoner s ar e

- brought into contact before they cone Into contact with the catal yst

- conposition prepared . as 'clained | n f clains 1 to 1.
‘ P P lng second step and then using ﬂ'llré n%ere?or the polymerization without further work-up,

wherein the catalyst solid obtained by bringing the components A), B), C) and D) into contact
with one another and the organoaluminum compound E) are brought into contact with one
another at from -10°C to 80°C for a period of from 0.5 minutes to 10 hours before the reaction
product is used for the polymerization. .

2. A process for preparing a catalyst composition for olefin polymerization as claimed in claim 1,
wherein

F) at feast one Lewis base

is used in addition to the components A), B), C) and D) for preparing the catalyst solid which
Is brought into contact with the organoaluminum compound E).

3. A process for preparing a catalyst composition for olefin polymerization as claimed in claim 1
or 2, wherein, in the formula (1) of the arganoaluminum compound E), R'is C3-Cqp-alkyl and
R? and R® are each hydrogen or Cs-Cyg-alkyl.

4, A catalyst system for the polymerization of olefins, comprising a catalyst composition
prepared as claimed in any of claims 1 to 3.



8. The use of a catalyst conposition prepared as clainmed in any of clains 1
to 3 for the polynerization of olef us. 7. The use of a catal yst system as
claimed In claim4 ors for the polynerization of olefins. 8. A process for
the pol ynerization of olefins In which a catal yst conposition prepdSeebaz007
claimed in any of clains 1 to 3 Is used. 9. A process for the polynerization
of olefins in which a catalyst systemas clainmed in claim4 or 5 is used.

5. A catalyst system for the polymerization of olefins as claimed in claim 4 which further
comprises
G) at least one further organometallic compound

as scavenger with which the manomers are brought into contact before they come into
contact with the catalyst composition prepared as claimed in any of claims 1t03.

6. The use of é catalyst composition prepared as claimed in any of claims 1 to 3 for the
polymerization of olefins.

7. The use of a catalyst system as claimed In claim 4 or 5 for the polymerization of olefins.

8. A process for the polymerization of olefins in which a catalyst compositlon prepared as

claimed in any of claims 1 to 3 is used.

9. A process for the polymerization af olefins in which a catalyst system as claimed in claim 4 or
5is used.



