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0732/ 980128732/98G12603 | Metall ocene nonohal i des The present invention
to specifically substituted 5 netall ocenes, a process for Q'r:@ﬁ%é]ng
them And their use in the polynerization of olefins. Mtall ocenel
iYed in conbination with one or nore cocatalysts, be used as catal yst
onents for the 10 pol yrreri zation and copol yneri zation of olefins. In
ticul ar hiall en-cont a lvc‘{]e%t nmet al | ocenes are used as catal yst
p‘Fecursors Whi ¢ can 8° con ed into a polynerization-active cationic
net al | ocene conpl ex by neans of, for exanple, an al um noxane —
( EP- A- 129368¢ . PTEGETite 1preptien ixed adesnke atpstidneslily srimmitpeedse (US
4,752, 59%; mtifa 1 Indehés? 14 ; pideess3 X076 2re e Mvgd 1B8M5 andER: i3 46865 n BfeA-
669340; I—bbtyrﬁx_rlii&taz;iiageéfeéleadms_Angew. Chem, 107 (1995), 1255; H H 20
Brintzinger et al. J. Organormet. Chem 232 (1982), 233). This can be

achi eved, I«?{aff(o nes cgi{ar egcc} l%e%yg: ?g??rﬂjt%%lt%%rcb taI nﬁounds W th

hali des of franstTioN e 2fhi um The
net al | ocenBOTH HAYSFEs P’E‘)r‘t‘r%"ép asgéﬁé?FéVPEI FHWPIRELEF| BE%n@edl chI orides, are,
in the éasEOmeeuH@azgonndn@tqqsmhyy\enrmg@tm|qu olgéénd ¢ In particular,

ansa- bi si ndehydenretoalthdobngsnetradduiceeds f are tusedprepasedliyan etetsSddei i C

pol ypropyl @recK ERn 848884veridd G543980p0 &i&@%l@n—é(@ﬁ%’ 4@83ddic general ly

sparingly ﬁQké‘ﬂc?ce%%”EBH? n@%tnﬁ bt RaR8i8l | A Aluminoxane
pol ymer i Zailaﬁ’np;alczts'% ioni c met al [ocene catal yst systens in unsupported

or suppaQr.t forman ‘al so for the purification of the racenic

metal | odéne, i.e. the catal yst precursor, by crystallization techniques,
better solublllty of the industrially interesting netall ocenes would be
35 desirabltbe piepasazncobpfctetHllitioenps eserknawmyerti sm (WS i, B2 y BEG OB
sol ubl e netalt pcenespwhishoadd eErcOPYE6S1 DN HEROSBNE86; EP-A- 669340;
ng/gf“ Zgh' /- é’ﬁdt‘%n&@?%@saig][ SRha¥watch&ast rﬂohe(ﬁ@@) ,ﬁqlzli_%@' Y@BA" zat| on
P MTElC ey §t% que% Lal yst é’avg‘ig%uﬁéét? frpetn[] 91 ?Pﬁi;,g Xaﬁ]

net al | ofené d I's ac

eve&5
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The presenEORPREHIS ot thr Bot #iaS Qo aRast AN tisd s REf g8 Jritanium,

zirconium and hafnium. The metallocene dihalides formed,
generally the metallocene dichlorides, are, in the case of the

25 industrially interesting racemic ansa-bisindenyl-metallocenes
required for the preparation of isotactic polypropylene (EP
0485823, EP 0549900, EP 0576970, WO 98/40331), generally
sparingly soluble compounds.

30 Both in the preparaticn of polymerization-active cationic
metallocene catalyst systems in unsupported or supported form and
also for the purification of the racemic metallocene, i.e. the
catalyst precursor, by crystallization techniques, better
solubility of the industrially interesting metallocenes would be

35 desirable.

It is an object of the present invention to find readily soluble
metallocenes which after conversion into the
polymerization-active species display at least the same

40 polymerization performance as the catalyst systems prepared from
sparingly soluble metallocene dichlorides.

We have found that this object 1s achieved by specifically
substituted metallocenes, namely metallocene monchalides,

15
The present invention provides compounds of the formula (I,



| 0732/ 98015627 9wch}el4 AUG 2003 where 15 Mis a netal of transition group
11, 1vV,”,Vor VI of the Periodic Table of the Elenents, in partlch@hU@'mO}
Zr or Hf, particularly preferably zirconium 20 Rl are identical

different and are each Si (R12)3r where,R12 are identical or different and
are each a hydrogen atomor a Cl-C40-group, preferably CL-C20-al kyl,

Cl- C10-fluoroal kyl, Cl1-C10-al koxy, .G6- C20-aryl, C6-C10-fl uoroaryl,

C6- C10- aryl oxy, C2-C10-al kenyl, C7 -arylal kyl, C7-C40-al kyl aryl or 25
C6- - C40-aryl al kenyl, or RLis a C1 roup, preferably Cl-C25-al kyl sueh
as nethyl, ethyl, tert-butyl, cy or octyl, C2-C25-alkenyl,

C3- C15- algkyl al kenyl , C6- C24-aryl, 4- heteroaryl, C7-C30-arylal kyl,
C7--C30-al kylaryl, fluorinated Cl1- kyl , Xfluorlnated C6- C24- aryl ,
fluorinated C7-C30-aryl al kyl, @7-C30--al kyl aryl or
Cl-C12- al koxy, 35 or two or nor may be gonnected to one
another in such a way that the radi =pd_Lh tons of the

cycl opent adi enyl ring which conn rlng syst em whi ch
may in tugrn be substituted, 40 R2 oentlcal or d|f erent and are each
Si(R12)3, where R12 are identical 0 fferent(ﬂrd are each a hydrogen
atomor a Cl1-C40-group, preferahﬁﬁ Cl- C20- al kyl\7 C1- C10- f | uor oal kyl

Cl- C10- al koxy, C6-Cl4--aryl, C6 fl uoroaryl, CB-ClO-aronxy,

C2- d o- al kenyl, C7-C40-aryl al kyl, C7- CAO-aIkyIaryI or 45

Cg- 40- aryWﬁPR%nyl 0732/980126 1 4 AU6 2003 3 or R2 is a Cl-C30-group,
pref erallsy Cl- C25- aIkyI such as nethyl, ethyl, tert-butyl, cyclohexyl or

octyl, C2MC2543l kemytal GF €tanal kydild@nypl 11E6-624vabY¥! vI of the
C5'C24'hEterOﬁ@XEio&EE(Eﬂ%1%r$kaLK¥|Elé;%h@§9'§£kﬂgf¥££hiar Ti, Zr or Hf,

particularly preferably zirconium,

20 R! are identical or different and are each Si(R!2);, where RI2
are identical or different and are each a hydrogen atom or a
C1-Cso-group, preferably C;-Czg-alkyl, C;-Cjp-fluorocalkyl,
C1-Cig-alkoxy, Cg-Czo-aryl, Cg-Cip-fluorocaryl, Cz-Cip-aryloxy,
Cz—Cm-alkenyl, C7-C40-arylalkyl, C7-C4o—alkylaryl or

25 Cg-Cypg-arylalkenyl,

or R! is a C;-Cjyp-group, preferably C;-Cys-alkyl such as
methyl, ethyl, tert-butyl, c¢yclohexyl or octyl,
C;-Cys-~alkenyl, C3-Cis—alkylalkenyl, Cg-Cys-aryl,

30 C5-Cys-heterocaryl, C;-Cip-arylalkyl, C;-Cyp-alkylaryl,
fluorinated C;-Cys—-alkyl, fluorinated Cg-Cyy-aryl, fluorinated
Cy-Cyp-arylalkyl, fluorinated Cy-Csp—-alkylaryl or
Cy1-Ci2-alkoxy,

35 or two or more radicals Rl may be connected to one another in
such a way that the radicals R! and the atoms of the
cyclopentadienyl ring which connect them form a C4-Cz4-ring
system which may in turn be substituted,

40 R? are identical or different and are each Si(R!?);, where R12
are identical or different and are each a hydrogen atom or a
C1=Cyp~group, preferably C1-Cjyp-alkyl, C;-Cig=-fluoroalkyl,
C:-Cip-alkoxy, Cg-Cie—aryl, Cs-Cip-fluorocaryl, Cg-Cip-aryloxy,
Cy~-Cip—alkenyl, Cy-Cyp-arylalkyl, C7-Cyp-alkylaryl or

45 Cg—Cyp-arylalkenyd,



C7-C30~aryl al kyl, fluorinated C7-C30-al kylaryl or Cl Cl12- al koxy, .or two or

nores/radi cals R2 may be connected to one another in 10 such a vva} 4t Méx 208 e

ragicals R2 and the atoms of the cycl dpentadienyl ring which connect them

fogrma C4- C24-gd4 i3 isyst@MOWEH fdoumy prafétalil o€, sOpstailkyl eshclRasar e
J’Cgegtzgca: kolr diddrgrente s ﬂ alf&te-%ﬁlﬂyﬁ @-};cgire?@@u@r c|1c5ty|qr ef erably 5

) - -al kyl suc or octy

C2- C25- al keny éj (;1]@%1 liﬁél %ﬁ.’i {C:G Qyﬁ 9%4 h(it er oaryl sueh

as pyridyl, 7 2grhe °t‘%(§ @%ryary (W Cé‘? raryl

f1 uori naded cf_u@fan&rc%w ¢ 1 leanp Vg e d L eef&:@at%q -Cn-&&m na¥ Hglated

C7- C30- ar yl al ksHd-Cas~d1vwicrlikyat el @y @G-8l Rer%BroyFlkxlar@laoFial ogen atom in

particul ar chl®ricieradkd»s,an el enent of nain group VI of the Periodic Table
of the 25 Elenments or afragrrent CH2, CR3 2, NR3, PR3 or P(=OR3, in

particul ar oxygen, sulfur or. Rakbi xg)g@,ghm inS
fromlto 5 vvh‘gr qiwo 06 g n1s ro% rf?é&l q;el Y:oHBScf;@écﬁtononQ 3 rlgm 1

to 5 whdh k = BICHAd RY tga?r‘if?ﬁdc 4 3 wh al? %ge atoms foromh'lf:l[ to
preferably 1, Q5 lonentaéignpt l11“C-’vv?"’thlé‘rcR corﬁlnegﬁtvltﬁﬁm ﬁo’ﬂﬁbarlcdggﬂ‘ ﬁé‘f‘ﬁl | ocene
and k = 1 gi véygren bihiidgedayeimliugcehe, sppefidudgde being given to k = 1,
and B is a bridging structural elenent between the two 40 cycl opentadienyl
rings. Exappleg of; &éﬁyf%aNnggégfké¥éQHp§ndVﬁ%ﬁ(édM& kScgar,hodroud | i con,

er mani or tip an i fare re each a
ol gg‘droca%oﬁ ;gaobwal nd R%i‘ esdéi%fs ﬁ@lch {, cutfhyq esr@rml

uc 14- aryl or
trimethyl silyl SYBPREHePEr 8bF 'ézﬁﬂ%ﬁﬂ C( CH312,
C(CH3) 2, (CH3) Q&Czacwaeé@cz(@%ﬁfsary%cﬁ%) 2Si PY
Si (CH3) ( Si R20Rat R}y 1 { CGHB) @y 1a¥RP) 0dht960-R IAYAREY PO %’rl(le:s?—%) 2Sn,
(CH2) 4Si, CB2St(GH3)21ke: CoHmoaindt@d -6y whéleoRRatedR21 and R22 are

i denti cagl or ditfey.entyddthAl @ reathodindeedC29=-bydaaral ooy - cont ai ni ng group
such as Cl-Cl10-al Kyl or -Cl4-aryl. It is also possible for B together

w th one orx rmre 5 I dicals Rl and/ortR%utlgrfg}gfgﬁngDnocycl ic or polycyclic

halogen atom, 111 pa

5 fl Ma&’&?’@ﬁ%al kyl, fluorinated C6-C24-aryl, fluorinated

ring
b4 is an element of main group VI of the Periodic Table of the
25 Elements or a fragment CHy, CR3,, ¥R}, PR3 or P(=0)R3, in
particular oxygen, sulfur or NR3, particularly preferably
oxygen,
n is from 1 to 5 when k = 0, and n is from 0 to 4 when k = 1,

30

n* is from 1 to 5 when k 0, and n’* is from 0 to 4 when k = 1,

m is from 1 to 3, preferably 1,

35 k is zero or 1, with k = 0 giving an unbridged metallocene and
k = 1 giving a bridged metallocene, preference being given to
k =1, and
B is a bridging structural element between the two
40 cyclopentadienyl rings.

Examples of B are M3R13RI4 groups, where M3 is carbon, silicon,
germanium or tin and R13 and R4 are identical or different and
are each a C;-Cjyo-hydrocarbon-containing group such as

45 C¢,-Cip-alkyl, Cg-Cigq-aryl or trimethylsilyl. B is preferably CH:,
CH,CHs, CH(CH3)CHp, CH{C4Hg)C(CHz}z, C(CHi)az, {CH3),81, (CHs)aGe,
(CH3)23n, (CgHs)a51, (C5H5)(CH3}Si,:Si(CH3)(SiR3°R21R22), (CgHs ) 2Ge,




R AR 78 given to bridged netal |l ocene conmpounds of the
formula (1), in particular those in which k is equal to 1 and oneqQralgong
cycl opentadi enyl rings are substituted in such a way that they forman
i ndghyl ring. The indenyl ring is prefterably 10 substituted, in particular
i n/the 2 pasHti®n, 4CHEH{11,00H,2] dCH,; ) postddHansy 2.24'—6Cpﬂhsizt.i ehsre RA,7
sitions gpn a’zncfl 3262 POSiddri@igal BY &;Lfﬁ&@ngr an@Sardi@acasaCl- C1B- al kyl or
/C6- C18-ary, ai che E ﬁzio\é%r%n m&ﬁ% b&a ts%&f akhe, icdenyky i'c&g may

b8

/ toget her rrng system Par ul I ren
alf| oé ne. To Dg’ﬁﬁgle 5 Eﬁoc %the? ’zﬁ n%wﬁ &eﬁ\/l is

system

given to

Ti, Zr of Il-fffdlcﬁélst ReAngoF Bf e‘f*%r%'tﬁ“ﬁ/ azf“PEB‘ﬁY UhC §5 RRL ’d:er‘Ttlf‘(g,aI or

di fferent sratear-ePeagbrends! - -isC30vgRroup, brisiseflerabr )l aCBnel 00BPRYRAS ®Eh as

i sopropyl ,tHeerflorbuillyl [ 1) cyiol gplaexybubdar odtode, 166wk & \ils, e@ba C2% Hetedoar yl

such as py&déixblr, bbURYLy@logtHtRali ¥hy1 Gfi et -adey babiyituttd ©F- &36h a kalyar yl ,

f | uori nat egd, (- 9%@1, abyl. af(lJHlQ{e nat edy, C&@qnaewﬁllkﬁﬂg Qs Lkg@éfmtyed

C7- C30- 25@{ artl a 3 ntica 2]d A lgeg& aqn O% (ﬁgczbsaq derogen

at om 48 g l‘br%ﬁ‘r v Clt Cﬁ%e BT ESUSH a gthyl ,

n-butyl, cBRIGHERS Sr o%tigﬂme?naro af ke raﬂsltlegscffs 2an k§'l' |R%§fyf|m“5f

C5- C18- ar yby G5C6d-8tvarpsr ourly| ashCas-2lgyrli @Y1 Csfupyd o &liensl yyo or

C7- C20- ar yhat Kk \HubsQ1326889 126 thé AbGeRPD3xing @iy ROgetiteyl adyb, fétmar i nat ed

Cl- C12- al kylng fdya@kknat ed C6-Cl8-aryl, fluorinated C7-C20-arylal kyl or

quorlnE ted C7 C20 al kyl aryI 5 R5, R7 are identical or different and are
y

each a dro en, -C20 grou fer y |k

met hyl, ef Z:;ieg} eok‘i‘esxiglwgir1 g%%ﬁ%'d%%ﬂ %ﬁ%alqut%e% Xgmgm
C3- C15- al k?fa‘fh@erﬁﬂmu B-aryl, C5-Cl18-heteroaryl such as pyridyl,
furyl or quinolyl, C7-C20-aryl al kyI , 10 C7-C20-al kylaryl, fluorinated
Cl-C12-al kyl, fl uori nated ©66-Cl18-aryl, flﬁgri nat ed C7- C20-aryl al kyl or
fl uori naped |

25
30

where

M is Ti, Zr or Hf, particularly preferably zirconium,
35

R3 are identical or different and are each a C;-C3p—group,
preferably Cz-Cipg-alkyl such as isopropyl, tert-butyl,
cyclohexyl or octyl, Cg-Cps—aryl, Cs-Cys-heterocaryl such as
pyridyl, furyl or quinolyl, C;-Cszp-arylalkyl,

40 C,-Cygo-alkylaryl, fluorinated Cg-Cys-aryl, fluorinated
C;-C3g-arylalkyl or fluorinated C;-Cig-alkylaryl,

R4, RS are identical or different and are each a hydrogen atom,
a C;-Cio-group, preferably C;-C;g-alkyl such as methyl,
45 ethyl, n-butyl, cyclohexyl or octyl, C,=Cip-alkenyl,
C3-Cis-alkylalkenyl, Cg-Cig-aryl, Ce-Cig-heterocaryl such as
pyridyl, furyl or quinolyl, Cq-Cpp-arylalkyl,




/k‘g/'f%\?{/?aoh%sand R9are identical or different and are each a
n atom 15 a halogen atom or a Cl-C20-group, preferably a |linear or
branghied Cl- Cl13-al kyl group such as nethyl, ethyl, tert-butyl, cycldhio003
, C2-C10-al kenyl, C3-Cl15-al ky al kenyl a 06-Cl8-aryl group which
may be substitutetch-dzla—@h}:ﬂamdlar fp)henyrtqtetdolcw-clzxylly?l,.,muorinated
rt-butyl phenyl, @gityllspaﬁﬁw £1Qlori fE ted Uty ophamyiialkpapht luoraaesapht hyl

/phenanthrenyl or EW}Llar -Cl1B- heteroaryl such as pyridyl, furyl or
/ qui nolyl, Cr- 020 ary aI 620 al kyI aryl fI uor i nat ed Cl-Cl12-al kyl,

f1 uori nat ed. 06- C16- ary quorlnat czﬁg | al kyl or fluorinated

C7_C20- aPk§ialyl, BFSt e e e g ﬁnh%%@%q%ﬂc aGPm

pol ycyclic ring s¢s€efzoahfxtrivaprehetyphy tf'e‘§&msat]1kﬁfﬂtt gdch yag dexhidr ogen
atom in particul aetenl ori4betyl30cicichemylebenestylof Crafnn-giésapyM of the
Peri odi c Tabl e of tbﬂ:lsElaﬁﬁji‘IﬁlﬁkeQ@la tragreaty CH2Y; -CR3Ae tARBar PRI wh as
P(=Q R3, in partigylag nyfgl 1 éH'c&MndlrleR&,—d%LBi-ﬂﬁﬁwly preferably
oxygen. 35 1, 1' afe iden} ﬁ?gtze@f&d-e Zoa%ﬁ?f 2, |88l T om

zero to*® pref era i"'a e‘a 8' ng
structural el errentcb‘ect'WééﬁY%h lthPﬁHEﬂy CA@'?@’ ac%ly OEx réé‘aB? B are
M3R13R14 groups, WAer@&owBlkglamflbon, silicon, germaniumor tin, preferably
carbon or silicon, and R13 and R14 are i dentical or different and are each
hydr ogen ohs b R@ar@QdM&qabboalﬁw&eaitniaﬂg gf@uzmdu@hhg&r@jercmﬂaﬂ kyl ,
6- Cl4- qg or tri LQyJJaéAyAtomaoksapéefcq rem 2Chig G5B
CH( CAHg) CH3)2 n%%% % Sl §0126 f 14
AUG 2003 6 (O6HB) SE2 558 ggéé’ﬁs H?\’%E%%’é OR1R22)
(CGHS)ZGe ( C6H5) 38Rt-PErp) 4 §Ycl YEB CHiF Bt eé“’é" (CGH4)2
where’ R0, R21 an€:rop-arsylebimdal aoFs s BFBh{IRM® HPECRAAY
Cl- C20- hydr ocar bonsabat atwiedy dgmopprsiucihlas pBengl - wd Kl 6&’15106 Cl4-aryl .
Very pardg cul ar pr ekekepgeeyighadipienetby bhtiedgad oetedtodenglphenyl,
naphthyl, acenaphthyl, phenanthrenyl or anthracenyl,
Cs-Cig-heteroaryl such as pyridyl, furyl or quinolyl,
C;-Cag-arylalkyl, Cy7-Czp-alkylaryl, fluorinated
C;-Ci1z-alkyl, fluorinated C¢-Cig-aryl, fluorinated
25 Cq-Cyg-arylalkyl or fluorinated C;_Czp-alkylaryl, or two
radicals R8 or R?® may form a monocyclic or polycyclic
ring system which may in turn be substituted,

X is a halogen atom, in particular chlorine,
30 .

Y is an element of main group VI of the Periodic Table of the
Elements or a fragment CHz, CR3®;, NR3, PR3 or P(=0)R?, in
particular oxygen, sulfur or NR3, particularly preferably
oxygen,

35
1, 1 are identical or different and are each an integer from
zero to 4, preferably 1 or 2, particularly preferably 1,
B is a bridging structural element between the two indenyl
40 radicals.

Examples of B are M3R13R14 groups, where M3 is carbon, silicon,
germanium or tin, preferably carbon or silicon, and R!3 and R!*
are identical or different and are each hydrogen or a

45 C,-Cypo-hydrocarbon-containing group such as C1-Cip-alkyl,
Ce-Ciga-aryl or trimethylsilyl. B is preferably CHy, CHaCHa.
CH(CH3)CH,, CH{(C.Hg)C(CH3)2, C(CH3)2, (CH3)Si, (CH3).Ge, (CHj)2Sm,




conpoundg” o7 32K88P3dR%ula (I11), 10 in which Mis zirconium R3 is a
Cl- C30-group, preferably C3-Cl10-al kyl such as 15 isopropyl, tent- g B/d
cycl ohexyl or octyl, C6-C24-aryl, C5-C24-heteroaryl such as pyri yﬂ ﬁﬂ&@w

or quinolyl, C7-C30-arylalkyl, Cr7-C3% al kylaryl, fluorinated C6- 024 aryl,
f1ughi nat egg g@O s;g qgg]yl (QfHUHﬂfs)@@t egl(@?-)@gQRzo%Izkgdz SITRTA

e T T s e Bl o
/?soprbpyl jahg, enﬁﬁb ldeﬁ*tﬁsa 0%y n*-pafe " segp ref erably —

; /methyl or QS‘%ZLOH YerfW‘ﬁPétﬁy’a*‘tﬁgéﬁ%}Poﬁ’éChF@ &ndCRo-a3dKkEli eentical or

di fferent apdarerebch a hydrogen atom 30 a-hal ogen atomor a
Cl- C20-group, preferably a linear or branched Cl-C8-al kyl group such as

met hyl etb&% cﬁrélclaqrayl gmmxe in&‘Ett}H 1bf§@g§@ Ad@n¥ene

C3- aI Ky Vi up which substituted, in
parti cul ar &n?/ s t oI rﬁ\]ha ég ?ért but yl phenyl et hyl phenyl ,

di-tert- butylphenyl naphthyl acenapht hyl , phenanthrenyl or ant hracenyl,
C5- C18- B8t éroahigh such as pyrldyl furyl or quinolyl, C7-Cl2-arylalkyl,
Cr-Cl12-al kyl aryl, fluorinated Cl- CB-aIkyI, fluorinated C6-CL8--aryl,
fluorinated 40 C7i§12if&gﬂiﬂmkyl or fluorinated C7-Cl2-al kylaryl, X is
chlorine Y is oxygen 45 1 1' are identical or different and are each an
i nt eger frgg1 zero,

theul g ferably 1, 1 4
AUG 2003 7 Bis a’ r|d Eozag%ag% gbrfelp 3bﬁv§ yég womd)é I
radi cal ¢ where B i-8° ’f aﬂ:leﬁ CYY 821@ y 2%t 'C“'ar
(C6H5) (CH3) Si, CH2 @421, Su éurid—i?r QuEng} 2l
(C6Hb) 2C, parti cul §I7+<§!305ap]?b$~bkla1bl )‘F?éC}tB-)BZSVlaﬂ-B drluCHRGk2ed 0732/ 980126
The novel netall ocepes,ohrirbe fnraninaeed and;htah@ea kgl st ghlddrdanaikey
better solubility ip_¢pestkpi&ani c sol vents than do
20
R4, RS are identical or different and are each a hydrogen atom
or a C;-Cys-alkyl group, preferably an alkyl group such
as methyl, ethyl, n-propyl, isopropyl, n-butyl, n-pentyl,
n-hexyl or octyl, particularly preferably methyl or
25 ethyl,

Rr5, R7 are hydrogen atoms,

R® and RY? are identical or different and are each a hydrogen atom,

30 a -halogen atom or a C;-Cyg-group, preferably a linear or
branched C;-Cg-alkyl group such as methyl, ethyl,
tert-butyl, cyclohexyl or octyl, Cp;-Cg-alkenyl,
C3-Cg-alkylalkenyl, a Cg-Cig-aryl group which may be
substituted, in particular phenyl, tolyl, xylyl,

35 tert-butylphenyl, ethylphenyl, di-tert-butylphenyl,
naphthyl, acenaphthyl, phenanthrenyl or anthracenyl,
Cs-C1g-heteroaryl such as pyridyl, furyl or quinolyl,
C;-Ciz-arylalkyl, C;-Ciz-alkylaryl, fluorinated
C,-Cg-alkyl, fluorinated Cg-Cig-aryl, flucrinated

40 Cq-Cyz-arylalkyl or fluorinated C;-Cjz-alkylaryl,
X is chlorine
Y is oxygen,
45 1, L are identical or different and are each an integer from

zero to 4, preferably 1 or 2, particularly preferably 1,



t he corf eopc2dios®L2et al | ocene dichiorides (X=Cl and Y-R3 = d). A 10
significantly better solubility is intended to nean that the nol ar
concgntrations in organic solvents are at |east doubl ed, preferaﬂlltyAUﬁ)Z{]&}
t had quadrupl ed and very particularlyzpreferably incr eased by a factor of

myre thangeight. A, fg;ﬁi—‘?& %QEQE!@uLél él@%lent:hse@wmpltmest% ikgergnesent

i-hvention di splay er’ 1o Crys I b W@ f y,aert organi c
.solvents, which ait 881‘3?% il %I %%t %rily ?Bﬁl )l % :i@ﬁgsopgent s for
net al | ocenes, it |(§5§$J’s?t5&rrat( st ( HéeS‘a'l iBREE 5’r | c thr ocar bons -
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i ndenyl ) zi 26 @8bHIMAORAIINCEE d8e MR G sty pryﬁﬁ rm*tl)ale henoxi de) 10
Di net hyl si Iz%eghyﬁrﬁ %&I&xhbba&@%@i (4 -tert-

but yl phenyl}indenyl) zI r coni ut, nono 0 --d|-tert-
butylphenox% mnonoc lorlde mono(trlmeth§ggk

di net hyl si |2éﬁEaPW Z“CEWFPHF%%@R%H(é?ﬁéf('éuhﬂp?wl&h?ﬂoﬂ@)t -

but y| phefyRiradehyh )manashaahieromens2otedt-porol-2 -4t i 1 pkenoxisie )

but yl phenoxiidepnikurmdmchéraigd esoref ( 216t-ak i seenes lpbencdidg) t o t he present
invention aiecskiah|aRREs ok hdie @heve hbﬁéndﬁd‘é’@i ch the zirconium

f ragment 'z&EESRDﬁM%JH?J%%B!:%% Orla(pmatal gﬂ% aﬁ@lbut rp %l&?th%)

replaced by .20 zirconi um enoxi
zi rconi um Xr%onocl‘m"“lm iget OChIIg ég n&fmot( 2B g hnzq oxi de) 2| rconi um

monochl df d&TABRLED, ‘%”IﬂChééEl%%tTH%@ﬁé‘fPBE %coni um nonochl ori de
nmono( 2, 4- diziFeenyip Hemeghdey ide i nesnirphronopid roriide )

nono( 2, 3- dizimebhyhphenochde)i@d méraarirtiFbromoicid)or i de

nono( 2, 5- diziwebhyhRhesdende) 1 d& i fidrHINLReRBP LK 10Idede

mono( 2, 6- d%l?@&ﬂYﬁﬁ”ﬁHHE@hqglldé'ﬁéﬁavﬂJQEan fgﬂl ?de)

mono( 3, Argdi;pRLhY] hfonn%@hgspdz'nn&m 4D, TRRoC Al de

nono( 3, HCG i TConi U monot e nonophenoxi de 30

zi rconi um ﬁﬁﬁSEﬂ¥%’F|%‘ FOHEE 24AetRA &ﬁﬁé?i’ﬂ%ﬁ?ﬂaﬂlﬂ&ém um nonochl ori de
mono( 3- et ﬁyFEﬁEh@mfﬁé}OChiPFé@ﬁlmﬁqmdhl ori de mono( 4- met hyl phenoxi de)

zi r coni um rEmoohi.om i oo 2detriyrdqiieeizgli de)  zi rconi um nonochl ori de
nono( 3- et hyliphenouh dRncth 12 L& NdHBrEdpeabl or i de mono( 4- et hyl phenoxi de)

zi rconi wy nonochl ori de m)no(2 sec- but yl phenoxi de)  zirconi um nonochl ori de

mono( 2-ter tthUh%l, £§ noxl g oﬁ'E&B{H %@BUQSQ ol ggustrially

nono( 3--tert enOXI rco nonoch) or i
compounds of the

nono( 4- seclﬁ‘tﬁ’ ?%o R RBADEH BT &
mono( 4- tertfolﬁﬁ‘tl}ﬁﬁhbﬁbﬂ )(IIirrconl um nmonochl ori de
nmono( 2- i sopropyl - 5- net hyl phenoxi de) zi rconi um nonochl ori de

nono( 4- iz mhepylyaBheaeih\Wiphengzl dedntaziiecght trearminec bl orddetert -

nmono( 5- |SOQh@@ibhanéﬁi&éﬂm&haﬂﬁxéﬁEﬂe aAidl @By & FENRERbAY L Bfrconium
m)no(g '458@ ,@RMk 1 §o$%ﬂ}%ﬂp§@%%&9@rﬂo%@h§b£§9@'fgncﬁé%'&QEB Q”hrgethe

mono( Il%ﬁ:%r?%%?%yﬁT né%: ])'pehenom dglgrganéragtonlc%@mmggf qui{Ql?qe 363):

nono( 2, G- di-tor

30 - Li

Cl

=

42%

40
In the process described, the reaction is carried cut at low
temperatures (-78°C), which is complicated and costly on an
industrial scale; in addition, the yield obtained is only
adequate.

45



zi rconi uph maxaRA880128 nono( 4- - nonyl ohenoxi de) 0732/980126 14 AU6 2003 16
zi rconi dm nonochl ori de nono(i sopropyl phenoxi de) zirconiunlnnnochlqr'gﬁ
nmono( pr opyl phenoxi de)  zi rconi um nmonochl ori de nmono(tri nethyl phenoxi 6 2003
zi rconi um nonochl ori de nono(tert-butylpqret hyl phenoxi de) 5 zirconi um

he

nonochl ori of 2-t - hut.yl - 4- et hyl oxide), ., zirconium nonochl ori de
nnno(2,6-dﬁ$§§2goggy %ﬁ#?%y£¥éflyz$?% M3 %nﬁh%Eh?Qﬁi9£?paratl9n of the

nmono( 4- OCtW%@EBEgﬁgﬁ i EEnE AR YbHoCHiJoRge (I1) can be carried out in
nono( 2, 6- digC8r ¥ipldsy | wherermgrrphenene de)lidesr ebmi tAATRedor bt brafecs of —
mono( 1- naphtheolfatreyld Miz¥-8éninmmumnech| soldsmtnmomro&dinaphtmioltatre) at from
zi r coni urs monoedl Drd°de pPaRdZaHlyerybphesrexitde) 10%3:r coni um nonochl ori de
nono(tert-butoxide) zirconium nonochloride nono( N nethylanilide)

zi rconi um nonochl ori de nono(2-tert-butylanilide) 15 zirconi um nonochl ori de
nmono(tert-butylam ge) zirconi um nonochl oride nDno(di-ﬁﬁopropylanide)

zi rconi um nonochl gni'de nononet hyl zirconi um nonochl ori dé nonobenzyl

zi rconi um nonochl nononeopentyl. 20 The present tion further
provi desl@n i ndu {1y yinplenentable process for ep%{ation of
conpounds of th il ae (%) an (I'1). 25 The synt h&si sNof/

di cycl opent adi en¥ N um’ ,%5-'|-terthmgutylphen1 i

PtyConi Gm 2, 6-di i sopr opyl phenoxi de_x
described in therature (T. Repo et al., J. @1‘ .
(1997), 363): 3 0 In the process described, the,rgaction {8 carried
out at |bWw tenpefatures (-78C), which is conplicated~and costly on an
industrial scale; in addition, the yield obtained is only adequate. 45
0732/ 980126 14 AUG 2003

di cycl opent adi en

8 RS
RS Rl RS I
20
R4 R4
X
X
B e
B M/ + Ml-y-R " = M\
N - MX O/ . n3
g ~ *
25 — —
/. oo (I R7
g r, ()
R ' pseudo~ac I
pseudo-ac

30 Here, M! is a cation or cation fragment such as Li, NWa, K, MgCl,
MgBr, Mgl and the other symbols are as defined above.

The metallocenes used in the process are preferably metallocene
dichlorides of the formula III as are described in the following

35 documents: EP (0485823, EP (549900, EP 0576970, WO 98/22486, WO
98/40331.

The compound Ml-Y-R3 can be prepared by deprotonation of the
compound H-Y-R3? using a suitable base, for example butyllithium,

40 methyllithium, sodium hydride, potassium hydride, sodium,
potassium or Grignard compounds, in an inert solvent or solvent
mixture.

Nonlimiting examples of suitable solvents are hydrocarbons which
45 may be halcgenated, for example benzene, toluene, xylene,

mesitylene, ethylbenzene, chlorobenzene, dichlorobenzene,

fluorcbenzene, decalin, tetralin, pentane, hexane, cyclohexane,




17 It/h/asoﬁ%/?ﬁ%?ﬁsi ngly been found that the preparation of the

nmet al | 0cenes of the fornulae (1) and (I1) can be carried out in QOPEIAUE 2003
yi el ds when nmetal | ocene halides are reacted with salts of the fornula
ML-¥-R3 in an inert solvent or solvent8ni xture at from5 0C to 200C,

pr/éf er abl yefKexs GQGHt @s l&ﬂeﬁayll(btlxérZOd%)ﬂ\dtgfleuéﬁef ﬁm@éEM tdr, dugere, M
1.5 a catiognPdo1cAt kR fL MERfo,Sueh léés g%q. ., MBr, Myl and the
‘ot her synbgjbrﬁeta}{ J.de eqqd&pmé%lf Ne, et I ocen eq’l | nt he ocess
are prefera H@%@ ocene ChISorgesst T7e For LB S 05?18 esscrl bed
in the fol F9Y *gBeh Jrﬁfgospéﬁrsa?ségzslreepd@ﬁ&@@éﬁ\fé%rﬁue@?e@?w%

98/ 224867 W}C’W @Ggﬁlaswmoﬁﬁmmﬂm{tm datobe, prraseduply as

depr ot onat ebimy bfadelteteconpormkesHeVcR3asisacrrcmisuiflabaed kdse, ahpr exanpl e
butyl i t hi Wikt smeithyhbié hiubBtasedsUnphytiiddee ROt 866N EL&ess $di um
pot assi um gg1 & nakdueoEPongscn Rnanshiteddues@! Yehts My %ﬂk\eeghﬁ m xture.
L | e fXamlas alflcﬁgéwe 2R R {05 U 1XA" S6EL AROA Mk Ry 45 MY be

uene

hal ogen

et hyl beﬁ@eﬁﬁm%lrﬁ Hi}én Vcﬁrﬂ‘ﬁil 8F8bE?1]z‘é‘?{t¢ hFF“GB?obtb?Pzté‘l’?é Hetens n,
tetralin, b@ﬁ’f%m@,mﬁé%aﬂei THEIol GHEOREREXY FNIB0EMIRME ) X tMueRedTNF, - Y- F
0732/ 98012Bedt aneXDBIE2808 dBluagte/®M& .such as di et hyl ether, di-n-butyl
ether, MIBE, THF, DME, anisole, triglyne, di oxane, am des such as DV,

di met hy| acea@rec%ouwe, oS Wi B3 suph aseDYBO: O@pa%aﬂw@s prRiesas
hexaret '1).4' r%’&‘ ggcoﬁ'cﬁ?xay da%n‘é@t by ﬁrﬁr\?‘ﬁj} % L GER“ SneniCh as
acet one, %/ et one quS SUC t tace rﬁes such
as acetonl t aF%p%‘h’ﬁld t ypé' C ntain on

unctlonal group H-Y and the radical R3 is as deflned above.

Illustrative but nonlimiting examples of compounds of the formula

20 H-Y-R3 which can be used for the purposes of the present invention
are:

2,4-di-tert-butylphenol; 2,6-di-tert-butylphenol; 3,5-di-tert-
butylphencl; 2,6-di-sec-butylphencl; 2,4-dimethylphenol;

25 2,3-dimethylphenol; 2,5-dimethylphenol; 2,6-dimethylphenol;
3,4-dimethylphencl; 3,5-dimethylphencl; phenol; 2-methylphenol;
3-methylphenol; 4-methylphenol; Z2-ethylphenecl; 3-ethylphenol;
4-ethylphenol; 2-sec-butylphenol; 2-tert-butylphenol;
3-tert-butylphencl; 4-sec-butylphenol; 4-tert-butylphenol;

30 2-isopropyl-5-methylphenol; 4-isopropyl-3-methylphenol;
5—isopropyi—2—methylphenol; 5-isopropyl-3-methylphenol;
2.4-bis(2-methyl-2«butyl)phenol; 2,6-di-tert-butyl-4-
methylphenol; 4-nonylphenol; 2-isopropylphenol;
3-1sopropylphencl; 4-isopropylphencl; Z2-propylphenol;

35 4-propylphenol; 2,3,5-trimethylphenocl; 2,3,6-trimethylphenol;
2,4,6-trimethylphenol; 3,4,5-trimethylphencl; 2-tert-butyl-
4-methylphenol; 2-tert-butyl-5-methylphencl; 2-tert-butyl-
6-methylphenol; 4-(2-methyl-Z-butyl)-phenol; Z2-tert-butyl-
4-ethylphenol; 2,6-diisopropylphenocl; 4-octylphenol;

40 4-(1,1,3,3-tetramethylbutyl)phenol; 2,6-di-tert-butyl-
4-ethylphenol; 4-sec-butyl-2,6-di-tert-butylphenol;
4-dodecylphenol; 2,4,6-tri-tert-butylphenol;
3~(pentadecyl)phenol; 2-methyl-l-naphthol;

4S5 l-naphthol:; 2-naphthol; l-acenaphthenol; 2-hydroxybiphenyl:
3=-hydroxybiphenyl; 4-hydroxybiphenyl; hydroxypyridines;
hydroxyquinolines; 2-hydroxycarbazoles; hydroxyguinaldines;



m Xt ures fc/rjni\pg@omlbstances. Preference is given to solvents or sol vent
m xtures in which the subsequent reaction with the netallocene di c’pkw“sq'm
can also be carried out. Nonlimti ng 10 exanpl es of such solvents are

t ol uene, hexane, heptane xyI ene, 1§ ahydrof uran (THF), dinmethoxyethane

(DVE), tol THE d toI uene/ The conmpounds of the
H Y- R3 typ%q}i'c{ 8\“%?3%?2 DgEBP’ ‘Hd’loé‘a?'v%% primary and secondary
anmi nes or PrivfECFYdnBeRER 'yZaHWWFé\élehteé‘Vé‘F‘%b‘F%Percorrpounds of the

H- Y- R3 t ypehosioay s ol ingriaesf,ufef i On¥ttefrahpdep Y] s hithelr anétedno®3 i s—as
defi ned abosteinolll;| pstpatoVve imgpropaheln thngnexanpées-aftagempounds of the
formula s Zﬁ&dru\éagiamgz Chutcaaibibe hﬁsgﬂoﬂ(igfrcm@hsuaﬂ@ﬁes:g&fadhbsnm -le&%tzyl
invention ;@lfol y t no

3, 5-di -terf-o Q:l.rllt nggeﬁﬂ}figzwl bes . Lzztzggg }%@ ﬁéﬁl %léwgihﬂphenol 25
2, 3-di neth 57 rioh Ipﬁenorl1 MieERiA Bifen ety

3. 4-di et i f; b o RSP A R R

3-nethyl p dl“@tﬁﬁhmbﬁ@‘rom ezhéiﬁ%bﬂmolz-eghﬂmlphenol

4- et hyl p@netﬂeﬂthyz-—secomigdmemblethﬂl{-mttolbutdyhpheheisopr&pyeahxbiﬁqnl phenol ;
4- sec- but yi phenghandiiesi bm,w-ﬁbeﬁ@thymﬁ1h§9p2owﬂtiu&?wﬂlpﬂmol'

g :zgpigpyi - R-dTRkRY mﬂﬁn.@éh y1ail$ ARt 0Pyl I% hemit but lamine;
6- dlo-tgiﬁ- n% g eﬁl%ﬁtl}ﬁ’éf’m%‘g% eno'la |sc§’pr§fé Tmuherfol
i sopro py aﬁ“%‘b?)'r é’ﬁﬁ er ’% %no‘f bepzy ol ;

3,5-tt n%ﬂﬂﬂhpfﬂ ﬁaFyl@maﬂea trigshn ﬁ-r@tthylﬁeﬂhylml

4,5-1r] nbfmwnprnenbyla@lmeamndo@t—phenmlermmymphenm

tert-butyl-5-nmethyl phenol; 2-tert-butyl- 6-nethyl phenol

ézd”EthYTﬁigﬁﬁﬂgéEE thﬁﬂé,pﬁigﬁﬁﬁgjﬁ@%Pﬂlon41§tByﬁéﬁﬁﬁyy carried out in
iisop e

(1, L Ip% %@E Al ny g to 00° C, prefer;bly froﬁ\y phen(()al;

S

eclbgf’y}&g’% ggt %Cr"ibl eg(rjllo?blzy %r&odecﬁI pbgtr%

2,4,6-tri-tent-butyl phenol 3- (pent adecyl ) phenol ; 2-nethyl -1-naphthol; 45
1- napht hol The Tkt FTGFJ-OlO%dé?‘?aEﬁPEEWBIMl'Z Ry deMasiaphepsiie halide, in

3- hydr oxy bppheimpllard « hyme oad/dyiqemensiich nymirdex  py 5+ ddhesie fhydwbxyIgisi)nol i nes;
2- hydr oxycag bpaelrad ) vhydemxy quitnabdongs: 1, 't@é32t 4801 Xaoh 4 AUG 2003 19

8- hydr oxyqeli hazal.i ne; 2-hydr oxyqui noxal i ne;

2,
3
2
3
2-
4-
2,
4-
4-

The concentration of metallocene dichloride (e.g. of the formula
IITI) or of reagent M!-Y-R3 in the reaction mixture is generally in
the range from 0.001 mol/l to 8 mol/l, preferably from 0.01 to

30 3 mol/l, particularly preferably from 0.05 mol/l to 2 mol/1.

The duration of the reaction of metallocene dichloride (e.g. of

the formula III) with the reagent M!-Y-R3? is generally in the

range from 5 minutes to 1 week, preferably from 15 minutes to 48
35 hours.

Furthermore, monocaryloxymonochlorozirconocenes of the formula
(II), in particular, can also be prepared by the method described
in the German Patent Application 199 12576.7 of March 19, 1999,

40 whose disclosure is hereby incorporated by reference into the
present description.

The novel metallocenes of the formulae I and II are highly active
catalyst components for olefin polymerization. Depending on the
45 substitution pattern of the ligands, the metallocenes can be



2- hydr oxy%-{ 2e/n%% %J%gm; 2- hydr oxydi phenyl net hane, 1- hydroxyi soqui nol i nes,
5,6, 7,8-tetrahydro-I|-naphthol; nethanol; ethanol; propanol; i soprop‘?ﬂab'z
but anol ; tert-butanol; 5 isobutanol ;2‘% but anol ; hexanol ; cycl ohexanol, 003
oct adecanol ; benzyl al cohol; 2-net h%/ ber]@él a cgpoéén 3- g?:teh 1I_,bgnrz‘%l

al cohol ; obfaideRy PEeh Yt H RSl FSANTTT ne; “N"ret hyTani 1.1.ne, b-tol ul dine;

2, 3- di net¥sadiin iigemeplaa i dtngl ARTT | FRF t?FSPEl?'Wé?Waé:rﬁc’lni'ne;
2,6-dinmethylaniline; N-ethylaniline;, 2-ethylaniline; 10

N- et hyl - Op t ot diedicre i s Ngi edhWo mstiabutite neseuioi-sepr bpyears loifnghe —
2- propykaxﬁéxl[iﬁ%ce%eé, Get £hdrBidprhiani kine; 2-tert-butyl aniline;
2,3-dimethyl-N-ethylaniline; isopropylamne; tert-butyl am ne;

di et hyl am ne; N-nethyl { sopropyl am_ne; N | i.s opyl an ne;

di i sopr op¥ramue?! &eﬁeﬁ?&’fe t°-afglﬁge|, g?ﬁ:rﬁ%l!y:gbgﬁé ?yrre%%il gr?i ne, 15

2- met hyl beazyiamiate; ss-%ﬁ%?%@/@osemﬁghﬁj%,t%- Fﬁﬁ?%%ﬁ"zyﬁ amcne; Jof

1- pheny| ebhybanine paddole bhen e PRYVERT HeAt Iife Ofr BE eSSV PReOpFELRM"

i nvent i1@Nths genasrlel ypcar caedlyeut conpr is irgpdr deare PBGCRLSAYOE 277
+200C, prgfefably JdeoMedQCié0emd FRCrhpapiimisdear by pnefmrasieng from 60C to
110C. Thei%&é‘{i{rﬁt 't%eofﬁ_ehﬂ?p lﬁg\%;%'lfza%c%a&cd@a@abal bogene halide, in

particulai to al I'ocene Lealorid (819 the fornula I11), is

gener al | y PPPBRY 5YReT 33516 ge 0 (CORS T Sr aBTY from2 : 1 to 25 0.9 : 1. The

concentration of netall ocene dichloride (e.,g. of the fornula .l orfof

r eagentlsMrhy- Revéh netallegereorehivtheuferrelgenesdd yir ntn tFFf‘ettﬁﬁHg Ttfom

0. 001 nol ket 6oBmumd /1T, prefleeabdad fiogntde RCkBNIG-23tA0N /AL & PFCUPET | y

pr ef er abl y1£:k9RE O 5 H®D | flolrmti Da 2xFami~tH-The wherat Rdraraf R hare datanitdgadf

met al | oceng. Gh@?&ﬁéwe&n(deage efch thayiaebauh aatdn Jorwiat hythecaeage haviig Y- R3

s generally iy Lhe, rafgg.lLomo, Mkt ibo1d: ek 1DEG & ahlzbokr om 15
ours. Fu

m nutes_t thernore, I Q& es of
t he for%laé-_omelrl ?‘?dl% Gé)]d.tf{%utrOﬁe 85 w:lgﬁg%arLy a(?:)é}ﬁgoggr? &rgé Eﬁ@lﬂqgﬁ‘n

e _prepar.ed t fe -had
descri bed fqom phe CRrTREE PACSAt AHHIRICH PgnS‘i@g c%f%é‘?? ¥? Orlcrgﬁtlikgm 1999,
40 whose disdlngsare 4 drabeipy ataRdr R5efeEdPhby ?%‘?"érzer’fé’elﬁn?%r He 2 pr8sent
descri pti ofbr Erampow edtietenl boopers, of-butenteor PeRtemeand-1¢x2M% hi ghly
active cajaltsly 1CODPORNEMS oron -ot enay malyyreei zdidrors. sDepeadli ng on the 45
Substitydi o RAKLREDA0! 1 Nerlchaandse, tieyTRbebbonanes roabobeadi®d®/ 980126 1

gl’ :\]EJSI, g.bl )?;et’:%xoyln%l%tbglrxqggigée 3 g ¥LHL & of1 dSQBBESeh e d®bakhesenes are

tetracyclododecene or methylnorbornene. Preference is given to
homopolymerizing ethylene or propylene or copolymerizing ethylene
with one or more cyclic olefins, e.g. norbornene, and/or one or
30 more dienes having from 4 to 20 carbon atoms, e.g. 1,3-butadiene
or 1,4—hexédiene. Examples of such copolymers are
ethylene/norbornene copolymers, ethylene/propylene copolymers and
ethylene/propylene/l,4-hexadiene copolymers.

35 The polymerization is carried out at from - 60 to 300°C ,
preferably from 50 to 200°C, very particularly preferably 50 -
80°C. The pressure is from 0.5 to 2000 bar, preferably from 5 to

64 bar.

40 The polymerization can be carried out in solution, in bulk, 1in
suspension or in the gas phase, continuously or batchwise and in
one or more stages. A preferred embodiment is gas-phase and bulk

pelymerization.

45
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used in isonerically pure formfor the polynerization. Preference is given

to using the pseudo-rac isoners of the 5 netall ocenes of the forgrlﬁ Id
The novel netall ocenes of the fornmul | and Il are, in particul A 6 2003
suitable as constituents of catal yst §stens for preparing polyol efins by
pol yneri zafhoragrlaet| eakd Rﬁﬁ?eéPéFVnC?WP¥H§thén9r@%éHEE“@Fagle%ﬁ%ﬁyet
conpri si ngeapduadst cbnehe quzsaingstinveutict. |T¢ass aheo rmEtsalibdeebe.ufeor t he
pur poses afittigepr esetio omveitel aatal hecdmy mopebyihies | ZAatlg.0loe NEASRAILIRS

bot h  honopol yHTRKE: 23t hePidnth &RBahY SN heitirdallRo Tie Mrke i get ablocrnes —of
the formulae’l and I, in particular of the fornmula Il, can be used for

t he pol yiheri zati on _of one or re..olefins of the fornmul a Ra. RO
wher b R 2HE GOSPEATIERITRA TOPCHIPT cF BN g VAL M EHAH G RGP bGRHF atom or
a hydr ocar BifHaviIngr FFofRams Fheocebeboit SYGTED FAPRrrSEScatate?$oR™ to 10
carbon 20 etmgysindand Rae andirRRoxeget hepe vt l2 Lewiatamed eonaeciPmiE t hem can
form one ofonprumdr wRAgah Bxargy edtbf asweta Dlcedfeinestar @odvenitefiitnsntdayvi ng 2 -
40 carbep a{OhicPeehgbay from2 to 10 carbon atons, for exanple ethene,
propene, 1-butene, 1-pentene, 1-hexene, 4 _nethyl-I-pentene or 1-octene,
styrene, d'engf such_as 25 %fS-Q%Eaggqukal%%-ge§adien%i Vi n Ingr or nene,
nor bor nadi €he* - TEt Y EASH ¥ Tadicene andT eyl ic oFaf? ns SUERYES Rorvbdt nene,

t et racycl offd®teénd V8& ) et hyl nor bor nene. Preference is given to

honopol yneri zi ng et hyl ene or propyl ene or copolynerizing ethylene wth one
or norelsycRixlml.efi n¥IIeL. g. norbornene, and/or one or 30 nore dienes
having from4 to 20 carbon atons, e.g. 1, 3-butadiene or 1, 4-hexadi ene.
Exanpl es of,such GARGLY B! $1. @ i€ox8hBY| ROE/HMOT BRLNERENERPOIYBRES  as in
ethylene/pgggélengv%gpolyners and ethyl'ene/ propyl ene/ 1, 4- hexadi ene

copol yners. H% pol ymeri zation is carried out at from- 60 to 300C
preferably from50 to 200C, very particularly preferably 50 - 80C. The
pressuré® s fromo0.5 tJ?ZOOO bar, preferably from5 to 64 bar. 40 The

pol yneri zat i _be_quiLed out in solution, in bulk, in suspension or
in the gas phase, continuopsy or batchwise and in one or nore stages. A
preferred enbodi nent is gas-phase and bul k pol ynerization. 45 0732/980126
14 AUG ZOOgvg} The catal yst used preferably conprises one of the

”Eta|'0$E”or linear as in formula (IV)
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35 or of the cluster type as in formula (V)
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45
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The aluminoxane can be prepared in various ways by known methods.
one of the methods is, for example, to react an aluminum-
hydrocarbon compound and/or a hydridoaluminum—hydrocarbon

20 compound with water {gaseous, solid, liquid or bound - for
example as water of crystallization) in an inert solvent (e.d.
toluene) .

To prepare an aluminoxane having different alkyl groups R, two
25 different trialkylaluminums (AlR; + ALR'3) corresponding to the

desired composition and reactivity are reacted with water (ct.

S. rpasynkiewicez, Polyhedron 9 (1990) 429 and EP-2-0,302,424).

Regardless of the method of preparation, all aluminoxane
30 solutions have a varying content of unreacted aluminum starting
compound which is present in free form or as adduct.

as Lewis acid, preference is given to using at least one
organoboroen Or organoaluminum compound containing C;-Cze—-groups

35 such as branched or unbranched alkyl or haloalkyl, e.g. methyl,
propyl, isopropyl, isobutyl or trifluoromethyl, unsaturated
groups such as aryl or haloaryl, e.dg. phenyi, tolyl, benzyl
groups, p-fluorophenyl, 3,5-difluorophenyl, pentachlorophenyl,
pentafluorophenyl, 3,4,5-trifluorophenyl and

40 3,S—di(trifluoromethyl)phenyl.

Examples of Lewis acids are trimethylaluminum, triethylaluminum,

friisobutylaluminum, tributylaluminum, trifluoroborane,
triphenylborane,

45 tris(4-fluorophenyl)borane, tris(3,S-difluorophenyl)borane,
tris{é-fluoromethylphenyl)borane, tris(pentafluorophenyl}borane,
£ris{tolyl)borane, triS{3,S-dimethylphenyl}borane,



hydr ogen 873%3881]'%6 or n-butyl preferably being present in a 15 pﬁgpﬂ;ﬂ&n
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branched or_.unbran W Aaldedeongr8d Mty baspsopydn dssopropyl ,
isobutyfood;attlrof]%?ug?‘%?rtet.lﬁﬁ,s gﬁggﬁ% tiéﬁnegrg %ﬁ%ngg aryl or hal oaryl,
e.g. pheny‘re,tl"tY&Fg‘F'f“?beWy lr_legl%ou 5, ﬁl r Qﬁet | ard3n3ndi f1uorophenyl,

pent achl oropiedhylLani barf afiRoFs E@lﬁ < ,’_%,‘g-??:‘% jorophefyl and 40

3, 5-di (triddretoydenyng pherathyERRRPP eSO PCBUFE MU We are”

tri met hyl ahdtFyldiphehy pirirenl pyrndane . tr-birespot yi = mathydpniline,
tribut ykal Y num-t, KLALHOTBhmANERe, t £ phenybbosnEe 45

tris(4-fluor ANg,  tdiiphedy DpkbdHigkgphenyi)icanépphene or the
tris(a-fl u%?%%ﬁi:")ﬁﬁgﬁ o iphedy Spkede

| ).ba tris(pentafl uorophenyl) borane,
tri s(to|y|553c}?r%?é’?i°€ﬁ E%{é%‘g-%f‘%%g’flﬁw phenyl ) bor ane, 0732/ 980126 1 4 AUS 2003

23 tris(3,5-difluorophenyl)borane, [(C6F5)2BQ 2A -M, [ (C6F5)2B0]3A1
and/ or triEBxSnehes fi SREDr W CTEEE ﬁ%.aﬁ)farti cul ar preference is given
to trisepestaétiudraposnyh) berer@hely ASPPRA% cocat al ysts, preference is
given to usipgucpneaden centaipmenglabmoxtcoor di nating anion, for exanple
t et r aki s( pept af L yiorQRRenyh) boral @1yl eboaptenyl bor ates, SbF6-, CF3S03- or
0104-. 10 r&ﬁgglf&ﬁﬁ“ﬁ&ﬁr£ﬁ9§aH§ﬁ§lQBSIQE@IOnated Lewi s bases such as
n?thylan]nthéggki*éﬁﬁo hﬁe%e¥£$¥9é%%ath8££%%éH?10%ora%éﬂEthylanlIlne,
dlphennggntributﬁlammoniumytggéa(gg%tafluorophenyl}aluminate,

tripropylammoniumr tetra(dimethylphenyl)borate,

tributylammonium tetra(trifluoromethylphenyl)borate,

tributylammonium tetra(4-fluorophenyl)borate,

N,N-dimethylanilinium tetra{phenyl)borate,

30 N,N-diethylanilinium tetra(phenyl)borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl)bora?e,
N,N-dimethylanilinium tetrakis(pentafluorophenyl)aluminate,
di{propyl)ammonium tetrakis{pentafluorophenyl}borate,
di(cyclohexyl)ammonium tetrakis(pentafluorophenyl)borate,

35 triphenylphosphonium tetrakis(phenyl)borate,
triethylphosphonium tetrakis (phenyl)borate,
diphenylphosphonium tetrakis{phenyl)borate,
tri({methylphenyl)phosphonium tetrakis(phenyl)borate,
tri(dimethylphenyl)phosphonium tetrakis(phenyl)borate,

40 triphenylcarbenium tetrakis(pentafluorophenyl)bora?e,
triphenylcarbenium tetrakis(pentafluorophenyljaluminate,
triphenylcarbenium tetrakis(phenyl)aluminate,
ferrocenium tetrakis(pentafluorophenyl)borate and/or
ferrocenium tetrakis(pentafluorophenyl)aluminate.

45 pPreference is given to triphenylcarbenium
tetrakis(pentafluorophenyl)borate and/or
N,N-dimethylanilinium retrakis{pentafluorophenyl)borate.
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A S U] DE_A_%%I&:&OQS 5 7, 8-di car baundecabor ane(13),

25 The support component of the catalyst sytsem of the present
invention can be any organic or inorganic, inert solid, in
particular a porous support such as talc, inorganic oxides and
finely divided polymer powders (e.9g. polyoclefins).

30 Suitable inq;ganic oxides are oxides of elements of groups
2,3,4,5,13,14,15 and 16 of the Periedic Table of the Elements.
Examples of oxides preferred as supports include silicon dioxide,
aluminum oxide and mixed oxides of the two elements and
corresponding oxide mixtures. Other inorganic oxides which can be

35 used alone or in combination with the last-named preferred oxidic
supports are, for example, MgO, ZIOz, Ti0, or B203;, to name only a

few.

The support materials used have a specific surface area in the
40 range from 10 to 1000 m2/g, a pore volume in the range from 0.1 to
s ml/g and a mean particle size of from 1 to 500 um. Preference
is given to sSupports having a specific surface area in the range
from 50 to 500 m2/g , a pore volume in the range from 0.5 tO
3.5 ml/g and a mean particle size in the range from 5 to 350 um.
45 Particular preference 1s given to supports having a specific
surface area in the range from 200 to 400 m2/g, a pore volume in
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conbi nat i ophaM ddhdife chaste NédR@ ,PEALERT S IXI1G €egSUPROIArSmal exo fOr

exanpl e, MQLr02, TiO2 or B203, to nane only a few. The support
materials used have a specific surface area in the 40 range from 10 to 1000
n2/g, a pore vqurremtheran omO0.1 to and a nean particle

5
si ze of frBRFIY%-1560°Mm dﬁ%‘f%%&n(’f ?%P%?%ﬁ‘attSréﬁg SLRRVPREH S fi ¢
sur f ace 28r et i by tHEriaAGereIrDRYSTCREE 509 Y gdsoaPedretesl aR8 T8 t he range
from 0.5 tby@rdxyill /gycapd an nden spafercel el zaitablaepasmgatingm&erits -350
..M 45 Panéifddadiopr efenettee dassdiviennd créam}mnr tRalbbed RGeahgPOEFl C
surface ar géows the HeabgRvEF QA 20@phetd0P o2/ Brtaab0f &M@l WMRGHR which
0732/980126, Jq4 /UR2003,28ve lh&err%eggoﬁéqm  8nb0cBe D1 yUi1cd129da & {RAD

part'C'Essééﬁkégsf'§¥?ta§§e passxvé{lng agents are, for example, silicon
halides and silanes, e.g. silicon tetrachloride,
chlorotrimethylsilane, dimethylaminotrichloresilane, or
organometallic compounds ¢f aluminum, boron and magnesium, for
example trimethylaluminum, triethylaluminum, triisobutylaluminum,

30 triethylborane, dibutylmagnesium. Chemical dehydration or
passivatioﬁ of the support material is carried out, for example,
by reacting a suspension of the support material in the absence
of air and moisture in a suitable solvent with the passivating
reagent in pure form or in the form of a solution in a suitable

35 solvent. Suitable solvents are, for example, aliphatic or
aromatic hydrocarbons such as pentane, hexane, heptane, toluene
or xylene. Passivation is carried out at from 25°C to 120°C,
preferably from 50 and 70°C. Higher and lower temperatures are
possible. The reaction time is from 30 minutes to 20 hours,

40 preferably from 1 to 5 hours. After the chemical dehydration has
proceeded to completion, the support material is isolated by
filtration under inert conditions, washed one or more times with
suiltable inert solvents as have been described above and
subsequently dried in a stream ¢f inert gas or under reduced

45 pressure.



| f the supPdd2/a802real used naturally has a | ow noisture content 5 or
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sol vents as have been descri bed above and subsequently dried in a stream

of inert gg§ Oﬁrégg¥%tlo%d%%eg téyf%%%% ?cOggE%¥§%%o%%§ture in a suitable

solvent or suspension medium, with the metallocene component
preferably having cne c¢f the above-described structures,

30 T
b) application of the metallocene/cocatalyst mixture to a
porous, preferably inorganic dehydrated support,
¢} removal of the major part of solvent from the resulting
35 mixture,
d} 1isolation of the supported catalyst system,
e) 1if desired, prepolymerization of the resulting supported
40 catalyst system with one or more olefinic monomer(s) so as to

give a prepolymerized supported catalyst system.

Preferred solvents for the preparation of the metallocene/
cocatalyst mixture are hydrocarbons and hydrocarbon mixtures

45 which are liquid at the reaction temperature selected and in
which the individual components preferably dissolve. However,
solubility of the individual components 1s not a prerequisite as
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above-d %crlinbggl structures, 30 b) application of the netallocene/cocatal yst
m xture to_a. ~porous, Ot# BPEPELR IIMIRGFG AR cPERIRFRISEedS SEBERY tto eFinenpval
of the maj dP¥paFreRFtis SOtERECRT ok ttiPdupBE oIl RéwRYer35 the xtss ext dpii sol ati on
of the suppgérepgtiadiursrnsyss emsceposbidesired, prepol ynerization of the
resulting supported 40 catal yst systemw th one or nore ol efinic nononer(s)
SO as t0 gbYetRe FRRIYRELZL] SUPRRELEH st gy referred,
2RISR sten U,
hydr ocar bops and hydrqcarbon i xt].;]:jr es 4 VR care T Juit AR Len8o et on

t enperat ur € a6l ect ed andin. W o £h&Ci i 37 FGal- e oRpbAERCE DY ef er abl y

di ssol ve. BERBRYRYSLY 4By GbFPit3P S SrA¥erhdRRA didiseaBapblietos cogbhne this

prerequiSiﬁ@laghgyggﬁgggmg6aluminoxane solution. Preference is given to
using toluene.

25

The preactivation time is from 1 minute to 200 hours.

The preactivation can take place at room temperature (25°C). The
use of higher temperatures can in individual cases shorten the
30 preactivation time required and effect an additional increase in

activity. In this case, higher temperatures means a range from 50
to 100°C.

The preactivated solution or metallocene/cocatalyst mixture is
35 subsequently combined with an inert support material, usually
silica gel which is in the form of a dry powder or as a
suspension in one of the abovementioned solvents. The support
material is preferably used as powder. The order of addition is
immaterial. The preactivated metallocene/cocatalyst solution or
40 the metallocene/cocatalyst mixture can be added to the support

material or else the support material can be added to the
solution.
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14 AUG 200g434/9k8Rgeas it is ensured that the reaction product of

net al | ocene and cocat al yst conponents is soluble in the solvent selected.
Exanpl es of suitable solvents include al kanes such as pentane, ib{p62e3e,
hexane, heptane, octane and nonane; %gloalkanes such 5 as cycl opent ane and
cycl ohexane; and aromatics such as befiZzene, toluene, ethyl benzene and

di et hyl benZ&he’o\gey Ofafbhe cRiTeACt iypsedr ek ich §FveR ERF t ol uene. The

amount s of metakiorexerecaatalmttalrictene cdediaeedhé0l® pf apar abkeh wmired he
supported calwne/sif 2Yiet eupsart hateadibedused him elaewt st veaange toPreferemnce —+s
given to aipdl @t d1abbeeofictlmdi numto transition netal in the netall ocene
of fromid0 : 1 to 1000 : 1, very particularly preferably from50 : 1 bis

500 : In the ¢ se of al um_nox prefe ence |s iven to using
30%streng?ﬁa ¢ ARGt e ot TSR SR oRECAT 3R Ber engt h

sol uti ons ?%t%%%§§PEPEalW “t%“ﬁ?eh%tt?%ﬁh(?mmmec?\"étaéftl Yébheti% the
form of a seppert Matpgigissar wadyi wighspl atiangeofrenel afuniffokariovieayey,

sui t abl e sbbwentar hHahevetempdraturakserposkidim@sisdbdessol ve t he netal | ocene
separateby in a suitable solvent and subsequently to conbine this solution

with the akuinoxane Sobyiign.nJAeler @H&eséﬁnﬂ'ftvgg EQmoxHe"d oot yene. 25

The preact|vat| rom.1 m nu ur reactjyvation can
t ake pl ace SEEPY rtE& aﬂ%a&¥s§ Te ) E& fle letQFe E Eanpgra Tres can

in |nd|V|dﬁﬁfr%%%égmkhdﬁt%ﬁs% '3615Pe5%??%én|§ﬁ?fFFﬁgl¥edﬁFWeB &nd ef f ect
an addi ti onafipIerrreperitpon aef ithie polvant Mrd cdse, the gheaPardiper BERAEY
means albangetie oursd ofoti®OMprHye prearial aned rewputd orRemoval of the
net al | ocengbrosnd Aarsbentatbiad icut 3h subseairaribng 1 CasiidedsWnyhréduderer t
support nepeLidlre Usidably r18ihifa «deh Wheeh da% | Bothgg fHdN@F iagdry powder

or as. a SUE 89@#1&% ' Qh%nﬁl Euf@%a@p%\ée ﬂ{ Q:ﬁo Mgn%y,se EQ@LV@HPF}&%;

material i era tion IS

as
i mmaterial ! gﬂer?W%ﬁﬁﬁ % %&ﬂ%% yb&éﬁ%?c%ﬁﬁﬁ §§t3so T &% 8r 40 the
met al | o@&neresested fﬁ"PﬁFﬁF‘ﬁ’F% arfree 38ded &%C th"éh%ufﬁﬁ&r golyeRterisalthsy
el se the suppbpie rmomorgionant bwolygdédinotihanizdyirgt i ber YUB PuOPE¥DBELL26

the present invention, residual solvent is the proportion
enclosed in the pores.

25 As an alternative to complete removal of the solvent, the
supported catalyst system can be dried only to a particular
residual soclvent content, with the free solvent having been
completely removed. The supported catalyst system can
subsequently be washed with a low-boiling hydrocarbon such as

30 pentane or-hexane and dried again.

The supported catalyst system prepared can either be used

directly for the polymerization of ¢lefins or it can be

prepolymerized with one or more olefinic monomers prior to use in
35 a polymerization process. The procedure for the prepolymerization

of supported catalyst systems is described, for example, in

WO 94/28034.

as additives, it is possible to add a small amount of an olefin,

40 preferably an a-olefin (for example a styrene or
phenyldimethylvinylsilane) as activity-promoting component, or,
for example, an antistatic, during or after the preparation of
the supported catalyst system.
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/
1 4 AUG 209832P98dgeVvol une of the preactivated solution or of the
net al | ocene/ cocat al yst m xture can exceed 100% of the total pore volune of
the support material used or else can be up to 100% of the total pdreAls 2003
volune. 5 10 The tenperature at whic he preactivated soluton or the
met al | ocene/cocata st mxture is brotght into contact vvrth t he support

mat eri al thi 288 ridn gEURE O B2 4% FoBCT FOWRR &5, @ MBWRt TR thi gher

t enper at ur‘é% %déaélagoa‘pb%sraoln@ta$u5§é‘quéfr1t4“}hf&m-lb? afdst aBf 2he sol vent is
renmoved fromyamenesuppon t &k icetaaliyst asy damnrineth fére araxpdee bmi ng ableto
be stirrecp-and, 6i36,d8sired, also heated. Preferably, both the visible
proportign of the solvent and also the proportion present 15 in the pores

of the Supﬂs)er&nofm&er%@koaé@ J&‘ﬂ‘%‘i@g sty '109tangh§omp%9ré,)sgg&ffgghpggcgmr{'hed

out in a conv nt i man er ed _pressure an

i nert gas. PSR ?’hé gfy H’f&’ g@dg&g tHe FPRY P oY B8 tKeat ed unti |
the free sPf8/&af é[sfrB‘éeh r@r?m‘r'@dNM| th usually takes from1 to 3 hours
at a 20 preferred tenperature of from30 to 60C. The free solvent is the
Vi si bl e1proporgresenef isekneitn ialsbheravidey e procethetqruippesesing at he
present I nﬁr@mdl@rf,mr 861 HYBmexGl4@Abnl 1 tdiee wroperél SlerignCligsedei n the

por es. @gt &l b %rga&armsqt%% laﬁtgorﬁ %lg of wa?sts%\éeek twe

supported St System ca to artr Sul r es
sol vent coft% ¥“ “fhRe- ?ree SOl \;%’t“u av g 6Ze% gt et?(;?termved The

suppor t ed %%‘F%ﬂ”ﬁ’tt s?QFem%ﬁr@ﬁS?eaE&ﬂ? )Prﬁéeﬁésﬁ‘éﬁe%‘ﬂ’i‘ atP®vEDDt | i ng

hydr ocalBopo bigesy igg t30n pepyenfe bothhbegapre BimterdeprEdcngdih. The support ed

cat al yst syspEipmmrépatédncan either be used directly for the

pol ymeri zation of olefins or it can be prepolynerized with one or nore

ol ef i 3' c n@&wﬁeﬁ Rl %Et@lmfo Iaamééuagpolwrnlozrgil @%ﬁa&p@ssf&irﬁ@

procedure tor e p [ o ﬂppﬁr atalyst is
%?rmulae ﬂg% 8 X”Fg&fi%igﬁ. t %%Iag t.%E §¥§ QQB

descri bed, es, It s.B ssible to add
Sl | Bbbliort SriSREHER B denPARAPEb Y Aok RITH T o §xg%r c a
styrene or PRheMAGinFerRYRITSY | Liardag) a§e‘§t‘%t‘r]\ﬁ“t§'“ppb‘hdﬂq’?§l€6 Rbonkatt, or,
for exanpl solegnlan wetightcexdiaduslples afregnt-he preparation of the
supported catal yst system

The catalyst system described can be used as sole catalyst

25 component for the polymerization of olefins having from 2 to 20
carbon atoms, but is preferably used in combination with at least
one alkyl compound of elements of main groups I to III of the
Periodic Table, e.g. an aluminum alkyl, magnesium alkyl or
lithium alkyl or an aluminoxane. The alkyl compound is added to

30 the monomers or suspension medium and serves to purify the
monomers of substances which could impair the catalyst activity.
The amount of alkyl compound added depends on the quality of the
monomers used.

35 As molar mass regulator and to increase the activity, hydrogen is
added if necessary.

In the polymerization, the antistatic can be metered into the
polymerization system either together with or separately from the
40 catalyst system used.

The polymers prepared using the catalyst system comprising at
least one of the novel metallocenes of the formulae (I) and/or
(II)}) display a uniform particle morphology and contain no fines.

45 No deposits in the reactor or caked material occur in the
polymerization using the catalyst system.



45 | 073 /09)%(}1 UG 2003 29 As antistatic, use is usually nade of a
m xture of a rre/t%%d]:éaﬁ of Medialan acid, a netal salt of anthrani.lll'ifuﬁazﬁﬁ}d

and a polyam ne. Such antistatics are described, for exanple, in
EP- A-0, 636,636. 5 The nolar ratio of additive to netall ocene conpound (I)
is preferably from1l : 1000 to 1000 301, very particularly preferably
from1l : 2@heoc@0alyst shBtEhegpresanilymeventi@n a1 $01PpONH A HRL9RESs for
preparing an petyabsiinndiyypelyresiaaidseacofi oNng %&d”?é?i@ﬁgﬂ%c'ipy. he
presence of a catal yst system conprising at | east one of the nové

met al | ocen o] rmyl.a.l or lI_as transition netal conponent. For the
pur poses of%ﬁe Eté%%&ﬁgé% i%?é OB M 4% 3dl PhePPLER$ G dévers both

the pres
honopol yﬁePngf?‘g{]arar’P(fPlY@éBBV TRT i A4 GRAT TpvRdZed -t ént ber widvalag , cbyrpounds,
the novel EBRPBUMYS tGICtikatyf 6FRulans ch Bnebgutipndbspl ay-atsdreadt equal ,
but soneti FESPSe himgiter (RAGt Whith esan bet Het@ohiqaayr ifzahi o abcolgf i ns, and
the pol yokgécnsaobtai ned display a reduction in the undesirable | ow
nol ecul ar wei ght extractabl es content. The catal yst system descri bed can be
used as 1p0ke.cat-al st nept_for fhe polynerization of olefins having
from2 to gge ggf gﬁ saltgegcrfscr%”%%te f“éasg?reef&erlgblaym &S Piconbi nation with at
| east one &F&§H %roo%ﬁ‘ﬁﬁlde{}? WL et et HCHETegheDsat al@vRERdof t he
Peri odi ¢ THEBFRSTE-H e 4d %Al it mikh dPkyIMR wpgaest urd aibey podppropytlinem al kyl
or an al unfadRbrfe. MeRsaratikyte conipdumnad el suaiite d Heo rdfoh Meca QAR So OF
suspensi ondjreditrmcandrsetvas 1@ pursfyl gy RENOME{S&@f substances which
could ingair the catalyst activity. The anmount of al kyl conpound added

d d N . .. 35 | |
and to i ﬁ?”‘"é?é‘% sy oL LD faﬁ{'?@%q@%§¥ﬁgp AT Ci e RGN R
i. Soranahs SAgppde ot

——

I e

pol yneri za aﬁQ(g'éq%tsé’F‘éHr‘?rﬁt’d’ fhe Tpoys feranz 38i ba
syst em ei t hBrPROGEhEF 2R PR oS Sseffar Gt eR§ndaldm PRéYmaD Seashgst system
used. The PergFRiRticapafedbensi iy MReMetted ySicagysi e P oy iesi ngriat | east
one of 2Relfd¥ela nrabkoténes. afodaleliny nul @ jol,) Fand/ Govey,

Macromolucules 8 (1975), 687-689; H. N. Cheng, J. A. Ewen,

Makromol. Chem. 190 (1989), 1931-1943. Three successive

l1-2-inserted propene units whose methyl groups are located on the

same side in the “Fischer projection” are designated as mm -

25 triads (4 = 21.0 ppm to 22.0 ppm). If only the second methyl group
of the three successive propene units points to the other side,
this is referred to as an rr triad (8 = 19.5 ppm to 20.3 ppm), and
if only the third methyl group of the three successive propene
units poinps to the other side, this is referred to as an

30 mr-triad (& = 20.3 ppm to 21.0 ppm). The triad tacticity is
calculated according to the following formula:

TT (%) =mm / (mm + mr + rr) - 100

35 If a propene unit is inserted inversely into the growing polymer
chain, this is referred to as a 2-l-insertion; cf. T. Tsutsui, N.
Ishimaru, A. Mizuno, A. Toyota, N. Kashiwa, Polymer 30, (1989),
1350-56. The following different structural arrangements are
possible:

40

45
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(1) displgysg/egeipsm particle norphology and contain no fines. 45 No
deposits in the reactor or caked material occur in the polynerization
using the catal yst system 0732/980126 14 AU6 2003 30 The cat al yst 4 Ast#knh
gi ves pol yners such as pol ypropyl ene ?fVIng an extraordinarily high
stereospecificity and regi ospecificity. The stereospecificity and
regi ospecificity of polyners, |n 5 partlcular pol ypropyl ene, are

characteri zed, |ngfit|cular 5 T %d t%§€h0|ty+(TT) and

proportion o seﬁ%§$ q&open i t e detl rnlned from
the 13C- NVR EZgéect he spe é?%zne dgﬁm xture of

hexachl og obut adi ene and d2- tetrachloroethane at eIevated tenperature (365
K)y. All 13C NWR spectra of the pol ypropyl ene sanples neasured are
calibrated using the resonance signal of d2-tetrachloroethane (6 = 73.81
ppm as standard. 15 To determine the triad tacticity of the pol ypropyl ene,
the methyl resonance signals in the 13C-NWR spectrumin the range from 23
to 16 ppmare exa@GHjedy &f. J. C a;aa dald g Po rCS&guence DTy m natl on:

Car bon- 18 N thh res 1 , P.
Locatel |i, }éajo gk ZﬁqBov§§F ﬁé@ron&iunulg ?%SYS)CFQnggég H N
Cheng, J. A. Ewen, Makronol . em 190 (1989), 1931 1943. Three successive
1-2-inserted propene units whose nethyl groups are |located on the sane
side in the "Fischer projection” are designated as mm 25 triads (S = 21.0

ppmto 22.0 ppm). If only the second nethyl group of the three successive
propeneldinits poi nCH.to the other side, t i's C${referredc}% as an rr triad

(5 =19.5 ppm¢to 2 nlyzg et d thyII oup of the
three successtie pgﬁgene Hﬂl?gtpOI FE Hhe Vde s ¢EzTeferred
to as an 30 nmr-triad (6 = 20.3 ppmto 21.0 ppm. The triad tact|C|ty i's

cal cul ated according to the following formula: TT (%9 = mm/ (mMm+ nr + rr)
- 100 35 If a propene unit is inserted inversely into the grow ng polyner
chain, #Ris is referred to as a 2-1-insertion; cf. T. Tsutsui, N

Ishinaru Phe MropegtiAn Q%y%nkrlﬂﬁerkﬁgrﬁﬁmPenPoPyhﬁ$ RX) €298Dy, 1350-56.
The foIIombmgndhkbarantosdhupﬁmraheafmhhgenemﬁsrmnba:possible: 40

RI (%) = 0.5 Iu,B (Ia,a + Ia,B + Ia,8) - 100,
25
where
Ia,o is the sum of the intensities of the rescnance signals at
8 = 41.84, 42.92 and 46.22 ppm,
30 .
Ta,B is the sum of the intensities of the resonance signals at
5 = 30.13, 32.12, 35.11 and 35.57 ppm
and
35
Ia,d is the intensity of the resonance signal at & =

37.08 ppm.

The isotactic polypropylene which has been prepared using the

40 catalyst system has a proportion of 2-l-inserted propene units RI
< 0.5% at a triad tacticity TT > 98.0% and a melting point of
> 153°C, with M./M, of the polypropylene prepared according to the
present invention being from 2.5 to 3.5.

45 The copolymers which can be prepared using the catalyst system
have a significantly higher molar mass than those prepared
according to the prior art. At the same time, such copolymers can
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The proportion of 2-1-inserted propenezunlts (RI') can be calculated
according {o the follow ng formula: RP g@@ =0.51a,13 (la,a + l1a,13 +
la,b) 100,° PEERHES “IEhahighem@roghcotvite dntiedsstreslof fiddeibesonance
siénals at Pr@cesy pagame19r9 2w irftbut6 dgopptn £ Bfindtd onJ By i s idie tsm of the

i ntensiti esabdlydte syssemance signals at 8 = 30.13, 32.12, 35.11 and 35.59
ppmand 35 1a' 8 is the intensity of the resonance signal at 6 = 37.06

' ' I I.C s.been prepared using the 40
pom ihes et st yesgnrlons shoh inr Poo) WP v ne e 80
at a triad_facti |t3jf%'?T S %8&.’ %-ard ‘" ef 4y 9SiAe ®fgeedizeEsiketh M, /M
of the polgﬁﬁ%ﬂﬂﬁﬁénéoﬁrﬁb%TQ&F ddb6rdr nfiianatts . presentori-medntdopabai Ng
1

from 2.5 tblENS shsetReok opar gaiied lawi bddomn (eegpr pppeed usi ng the catal yst
system have a significantly higher nolar mass than those prepared

cordi g Tiee tihweprior 2§til Wstiriees {ld B0 nSHED £ORQ) Y IBLS can
8332/ 980%2&%,A82 2003 32 be preSa?‘g% W th hi gﬁef proquct rVrty at

I ndustrially feasible

General procedures: The preparation and handling of the
organometallic compounds was carried out in the absence of air

15 and moisture under protective argon gas (Schlenk technique or
glove box). All solvents required were purged with argon and
dried over molecular sieves before use.

Example 1: Dimethylsilanediylbis(2—methy1~4,S-benzoindenyl)~
20 zirconium monochloride mono({2,4-di-tert-
butylphenoxide) (1)

20.6 g (0.1 mol) of 2,4-di-tert-butylphenol in 200 ml of
toluene/20 ml of THF were admixed at room temperature with

25 37.2 ml (0.1 mol) of a 20% strength solution of butyllithium in
toluene. The mixture was stirred for another 1 hour at 60°C. At
room temperature, 28.8 g (0.05 mol) of dimethylsilanediyl-
bis(2—methyl-4,S-benzoindenyl)zirconium dichloride were added as
a solid. The suspension was stirred for 3 hours at 100°C and

30 subsequently filtered hot through Celite. The filter cake was
extracted 3 times with 100 ml each time of toluene {100°C). After
evaporating part of the solvent, the yellow solid which
precipitated was filtered off and dried under reduced pressure.
This gave 31.1 g (83%) of dimethylsilanediylbis(2—methy1—

35 4,5-benzoindenyl)zirconium monochloride mono(2,4-di-tert-
butylphenoxide) (1}.
IH-NMR (400 MHz, CDCl3): 8.05 (dd,1H), 7.75 (m, 2H), 7.65 (dd,
18), 7.60 (1H), 7.5 - 7.15 (m, 6H), 7.1 (m, 1H), 7.0 (m, 1H),
6.85 (s, 1H), 6.8 (d, 1H), 6.65 (m, 1H), 5.45 (d, 1H), 2.82 (s,

40 3H), 2. 45 (s, 3H), 1.45 (s, 3H), 1.35 (s, 3H), 1.25 (s, 9H),
0.95 (s, 9H).

Solubility comparison:

45



process papaaBl/egywg hout deposit formation by using the catalyst system
5 The polyners prepared by the process are suitable, in particular, cU
produci ng hard and rigid noldings having a good tensile strength, HﬁrA 6 2003
exanple fibers, filaments, injection- ggl ded parts, films, sheets or large
hol | ow bodi_es ée%gi pi pe % 10 The invéntion is illustrated by the
nonrestri ctPvB medhyphaf bape el an 2 preeutinde § -banzopr epar at i on and
handl i ng ofngfRyl b’#lgfm%tﬂaﬂwfthmﬂﬁodﬁasow campilete bytin 24bhalabdsence of
air 15 andtpbistaira: uoder tpnpéstiunee (abfobi s, belhtenksd ealni/gqye or gl eve
box). Al solvents required were purged with argon and dried over
mol ecul a ghexs sopecfoq{é%uuaeur% HRLE dn P%%Q 1y in ml of

1

Di net hyl si | gngg(%rxl nfp LTeLhyl ¢ u% ?e@zm n %4 rconl gt PonSRATBH de
mono( 2, 4- di-t er VI phenoxt d&) (1) “207 6 {1l ) of

2,4-di-tert- butg phenol in 200 M of toluene/20 mM of THE were adm xed at
room t enpeF8fHP€ Widh CR523ysP prenagatinpl §sfg d 120%gt paelelr iget v on of
butyllithiumin toluene. The m xture was stirred for another 1 hour at

60C. At 10r oM tRFPEr. AT Bmo2B. & o 1G0+w85e MOt Irafy dimet hyrhsiclfa@@@i yl - _

'lI)'Ih Z(guggg Egkrémg‘icrb%@plse%ey%a r{ctgapgﬁbdt&f)ﬁr%é nese aflged @gfya%hsf't ;?e 4
hot througﬁb%g %% %ﬁ?u:? % ‘% RS géraecx %gg?g 3 35%? gfghatlold; Of + each
time of tol e%ar('ldd)c ouﬁﬂ VeI B\ PAYSPRPRY P AdIeHt CherEbIapEntNet he yel | ow
solid whi Cﬁ‘lxb'i”@,%l"ﬁst stagrodsiay |a dusgherflGmirgteed Thderclvedtceas

pressurd5 r#npeedaive a3l ollgpd@ldaceiamdi net hyl si | anedi yl bi s(2- et hyl 35
4, 5- benzoi ndenyl ) zi r coni um nonochl ori de nono(2, 4-di-tert- butyl phenoxi de)

(1). 1H NVR 400 M‘%ea@k@%%as 851%h(eédfi'fﬁt »71&.5:1&%0%3 Eg & 65 (dd, 1H),

(7d601(H)1H)’ Ségé '13—113' U?Z 5%%“71 g}idsghzrg?e 46‘(1 lq‘g‘s% 1 42 °
(s, 3H), 1p§gp t StHeog ltsm A =€ 13le ¢edonpari son:
45 0732F@8@T258ﬁplﬁ nEOUBXEHFe!§§SW§ dfred for 15 minutes. Subsequently,

di net hyl si khaeapsysbiontalyet hgysers(BefBb-g) resuspended in 20 ml of

heptane was injected and rinsed in using 15 ml of heptane. The
reaction mixture was heated to the polymerization temperature of
60°C and polymerization was carried out for 1 hour. The
25 polymerization was stopped by venting the remaining propylene.
The polymer was dried in a vacuum drying oven, giving 470 g of
polyprepylene powder. The reactor displayed no deposits on the
inner wall or stirrer. The catalyst activity was 0.53 kg of PP/g
of catalyst x h.
30 “
Comparative Example: Catalyst preparation using dimethyl-
silanediylbis(2-methyl-4,5-benzoindenyl)-
zirconium dichloride and polymerization

35 27.1 mg (0.047 mmol) of dimethylsilanediylbis(2-methyl
-4,5-benzoindenyl)zirconium dichloride were stirred in 2.1 ml of
30% strength MAD solution in toluene (AlL/Zr=215) for 60 minutes
at room temperature. 2 g of 8i0; (Grace XPC2107, pretreated at
140°C, 10 mbar, 10 hours) were subsequently added thereto and the

40 mixture was stirred for a further 10 minutes. The solvent was
removed in an oil pump vacuum.

A dry 2 1 reactor was flushed first with nitrogen and
subsequently with propylene and charged with 1.5 1 of liguid

45 propylene. 2 ml of TEA (20% strength in Varsol) were added
thereto and the mixture was stirred for 15 minutes. Subsequently,
the above catalyst system (0.897 g) resuspended in 20 ml of




i ndenyl ) zP7&3{19&M & &l ori de di ssol ved conpletely in 240 ml of tol uene at
roomtenperature (solubility about 0.36 mmol/1). 5 50 ng of corrpoqrvfimmﬂﬂ}
di ssolved imediately in < 5 m of toluene at roomtenperature (solubility
> 13 mvol /1). Exanple la: Catalyst pRdparation using (1) and

pol yneri zakbehne 1Was5inljetgefOatd 7r ivvasld) iof uging ver alsefrherrang-2Them of
30% strenghi. MO SOkulicORabNhe taten® (Ak/ Borpih)i zaoiot O engritessirat of r oom

tenmperature..2 g, qf - SRR ie @&y eated Bbudd@Be 10 nbar, 10
hour s) vversg) %u%rgjecﬁfel?ﬂ%lg%?%‘? y an

t her ] Hem@d for a-
further 1®P9HREF&EE2THML Wsaﬁl_\?gﬁfp%/as@l%e%gqnég%? n@%ﬁ'{&ﬁ%’;ﬁ%ﬁ/ yym A dry
2 1 reack dhenpslyresHeRF dief with ‘Fﬁ‘i‘ﬂ”&‘gggyé‘h% Ovsel?bsgguen%ll vm'agtch

propy| ene mrigpchay yene watder.-5The ofeagtqs disprofiA éifed Eoﬁi't%fonl'é&e( 20%
strength ifhndar sall)l sersiadeed 2BetdrvaetandtivietnivesuPel fakd i PFET for
15 m nutes,r JURseguenkly, the above catalyst system (0.886 g) resuspended
in 20 M of heptane was injected and rinsed in using 15 m of heptane. The

reaction m xture was heated to.th rhzaki 1 it Y &ofum 60C and
pol yner 19 & ¥3P Mg ‘ car P17 % I}tSl?%gec% lﬂt}%(zTﬂ&%lw@ Je i foltan

I [ S
stopped by venting the®PRAFENIERGE pPORS e‘r?e'.m_%e pt%%ﬂ”?eb\égi%ffé ina
vacuum dryi ng oven, giving 470 g of pol ypropyl ene powder. The reactor
di spl ayed npp3lepqsi modn she, d-dnetematputnlpsenptein halcafar9stenftivity
was 0.53 kg of FPhar 9breaiahi@ld xthrodf tEmpparatryeviBranpBé: mEat al yst
pr epar at pon, urﬁ{lorig, g,ifm;t gyg - s ShdrRfReds ¥ i sd-ofebly) 1 i irikeniei ndewyrs -
zi rconi um di chl ori de and pol ynerizat Lo 35 27 ndubUaf P47 BEDJordf
di met hyl si FARERBABTS 2 %hyﬁ&%ﬂ%@ €0¢ ol ndsAvh L2 Leanigydichl ori de were

ene

ne
stirred i ntemaeratuge. 3048 s¥rehg ; sol’_tgfl on-in (A = f or
60 ni nut es (2 atetrmormndenyd) at eI §ighley (“’@Fﬁc%‘s%o? S}%ﬁ% igljla@téd at

140C, 10 mbaspeddidoums) swereed issequbRery HddOC (st SEESEARCTHE 40 mixture
was stirjgedifipéréd fuyd hakolfh ntellittes. Thaet siererekpadas refiFesdeAn an oi |
punp vacuum A dry, &1l 10ea¢t scmasinde ughesidérest(6wfe h. miftteogenapgerhtion
subsequent | y W i c?f qRy! engvand, chayr ged1vitfoilicb wvhish pispipd cdSepropyl ene.
2 m of TERY(Z01 LENGLT D Y37 S0ld- WBhECaE qactsslber ot anghiehe BT xg Ur e

was stirrediftsrrad of . SERENt Y ot e ahov : tem (0. 897
g) resusperi@d)int R B ‘%‘%ﬁ‘%ﬁ’é@%ﬁlg%%éﬁt‘mﬁy (

25 monochloride mono(Z,4-di—tert—butylphenoxide) {2).
1H-NMR (400 MHz, CDClz): 8.03 (dd,1H), 7.6 (dd, lH), 7.25 - 7.2
(m, 2H), 7.15 (m, 1H), 7.1-7.0 (m, 2H), 6.9 (m 1H), 6.8 (s, 1H),
6.75 (m, 1H), 6.7 (m, 1H), 6.3 (s, 1H), 5.55 (d, 1H), 2.65 (s,
34y, 2. 3 (s, 3H), 1.3 (s, 3H), 1.25 (s, 9H), 1.22 (s, 34), 1.15
30 (s, 9H}.

Solubility comparison:

5¢ mg of dimethylsilanediylbis(2-methylindenyl)zirconium
35 dichloride dissolved completely in 50 ml of toluene at room
temperature (solubility about 2.1 mmol/l).

50 mg of compound (2) dissolved immediately in < 5 ml of toluene
at room temperature (solutility > 15 mmol/Ll).

40 '
Example 3: Dimethylsilanediylbis(2-methyl—4,5-ben201ndenyl}-
»irconium monochloride mono(2-isopropyl-5-
methylphenoxide) (3)

45 2.7 g (17.4 mmol) of 2-isopropyl-5-methylphenol in 20 ml of
toluene/2 ml of THF were admixed at room temperature with 6.5 ml
(17.4 mmol) of a 20% strength solution of butyllithium 1n



34 heptan@7d@g9Bol@st ed and rinsed in using 15 m of heptane. The 00
reaction mxture was heated to the polynerization tenperature of 66(5 AW'H
pol ymeri zation was carried out for 1 hour. The polynerization was stopped
by venting the remai ning propyl ene. 53%he polynmer was dried in a vacuum

drying ovege)gyd n&nélﬂlgtgé? P YR 99&&65@: eTellle (-1 Thr?odze%&t Qp-di %&' ayed

Eg g?pgf:} th on t a?]rat er A,[CP é)@a%”ey othedlmes:gl ¥sSJElaza'nCe lgxs( s 0.46

Di net hyl si g8h *&ﬁ B ¥>€22ﬁé?%wmféﬁﬂ°ﬁwc%&ﬁfumrlﬂﬁnﬂw #qdge as a -
mono( 2, 4- dpot&dt W?PEQEH@W@I@HS( 2rirred Py 3 mepky of 100°C and

2, 4-di -t &r subsegdgitdyolf il heddd Motofthirohgeng#lite . .nThef £ THeWernteadas Xxed at
room tenpeeatiicred thite8hivh AP o(i5e@vhl pimd & 20%ushs en@dic$ol AMddegn of
butyl i thi H@Lb&‘rattqldﬁe'a? aifbeofneﬂeu %1\4\@&8%@%1&8& tcr%r i&phour at
G ert 1 BB L ERA UGS £ 42 Srh (a0 oh). Oof ALTet il sldane dlylbi s-
(2-nethyli a/é QZII’C nlum‘;g ojU"rO %; CF ed a PTYR&

suspensi on LYF rfed Fof sdlé{‘fa B9 Ja]riad’esdl}lé’égdﬁé%T“i‘%FhQ’é filtered hot
t hr ough 1@eli b eberApd nPeny &) 2 E6KE IWEs TeRPF At efiel MopAe3- AT Py inl each tinme
of tol uenes5t89Q)ylhenexideapo?nti on of part of the solvent, the yellow
solid which precipitated was filtered off and dried under reduced

pressure. TRLgu@aVR OMB¢, doné B3% 7ofa diaeidy! si.kanedi v 8(727nferxbylmdenyl)

zi rconi um 354 ri qe45mno7(20 ggpt éaLgsyI( he@Q NI\/R (400
$n4z1 7(:([))(}I 3)6 Emg (hgg(' “9 ¢ 72 m3§t§ g .3
(s, 1H), 5 §$ (41 1‘ﬁ) rT5)65 (%7 (53 32 s(srsﬁ)i,rlos‘-’(s(dfs )110

9H), 1.22 (8, %fﬂ-b-, .15 30 (s, 9H). SoI ubi I|ty conpari son: 50 ng of

di met hyl si | anedi yl bi s(2-- met hyl i ndenyl ) zi rconi um 35 di chl ori de di ssol ved
conpl et el y sonubf1idy @bmpakiuese: at room tenperature (solubility about 2.1
mol / 1) .50 ng of conpound (2) dissol ved irmedi at el y in <5m of toluene

at room't enper at

Di met hyl si %}n%éﬁy{ E%hgél%ifﬁﬁl ) nd]Dn?] ZOJ' nsyleihr}’g%urﬁt%n
nonochi ori 5 I

of 2-isopr GRYM- BQIFﬁ,ﬁtWPEHehBPl‘PWlZGYnPbB‘FttQ)13lfeﬁE‘P of THE were admi x)ed

at roomtenperature with 6.5 m (17.4 mml) of a 20% strength sol uti on of
butyl |i t28 B ng OF 3XPBAHA6(3) dissolved in 4 ml of toluene at room

temperature (sclubility about 18 mmol/l).

Example 4: Dimethylsilanediylbis(2-methylindenyl)zirconium
monochloride mono(2-isopropyl-5-methylphenoxide) (4)
30 o
3.2 g (21 mmol) of 2-isopropyl-5-methylphenol in 20 ml of
toluene/2 ml of THF were admixed at room temperature with 7.8 ml
(21 mmol}) of a 20% strength soluticon of butyllithium in toluene.
The mixture was stirred for another 1 hour at 60°C. At room
35 temperature, 5.0 g (10.5 mmol) of dimethylsilanediylbis(2-
methylindenyl)zirconium dichloride were added as a solid. The
suspension was stirred for 2 hours at 100°C and subseguently
filtered hot through Celite. The filter cake was extracted twice
with 25 ml each time of toluene (100°C). After evaporation of part
40 of the solvent, the yellow solid which precipitated was filtered
off and dried under reduced pressure. This gave 1.36 g { 22%) of
dimethylsilanediylbis(2-methylindenyl}zirconium monochloride
mono (2-isopropyl-5-methylphenoxide) (4).

45



1 4 AUG 200333%98hbabgene. The m xture was stirred for another 1 hour at
60C. At roomtenperature, 5.0 g (8.7 mml) of dinethylsilanediyl b'lﬂi(ﬁfBZl][JJ
met hyl - 4, 5- benzoi ndenyl ) zi r coni um di chl ori de were added as a solid.
suspensi on was stirred for 4 hours at 3400C and 5 subsequently flltered hot

h h Ce d h
E)fr'?glgueneEt h4%,Rf bgt?er%]g Sn?")é;{ 2? g;lwklﬁg iQﬂlo)ltve t?’ue ye ItIO\r/rve
sol i d which )prfétﬁf‘pl(ldgt'eélﬂ?/vas ‘f]I I(tseréH)of “Brid drted f:m?je(rherpé"du(l,gﬂ

pressure. 2ThP s(gavd)2. 8.g28 494 ) dPrdBhig sidtnedi §I b% s (Fnethy? O —
4, 5- benzoi adenyl )zi(colHWmM droFocld,oBHJe nono( 2-1 sopr opyl -

5- net hyl ghenoxi de) (3). 1H NMR (400 MHz, CDC13): 7.9 (dd,1H), 7.81 (m 1H),
7.74 (m 151))“1) lﬁcé;)(:@hp Heod: 45 - 7.08 (m 8H), 6.65 (d, 1H), 6.55 (s,
1H), 15 6.35 56 (d, 1H), 2.58 (s, 3H), 2. 35 (s, 3H), 2.3 (m
ég?ub?|}tgggoﬁ%dyq§Hﬁetgglgb{2&FQﬁylblg{2—mg2hyllnden§9)z;ggonlum62 (d, 3H).
di net hyl si Bapedexidsi sizsaeveg| cm-eperyot Adehyt) CfzitpéepraAtdir€ATor i de

di ssol vad compérdtaine i(3024Bihitwfakoglituéné mmolildgom t enperature (solubility
about 0.36 mmol/1). 25 50 ng of conpound (3) dissolved in 4 m of toluene

o oo | Smars b dsghty || bl om0 B3R ! zoon
BRI T i hpetn

nono( 2- |sopro yT- rret hyI pheno (21 mol ) of

2-1 sopropyl - 5-net hyl phenol in 20 of tol uene/2 m of THF were adm xed at
roomte IE&?E}Pée =t h ?18GHPY1%’21PW%%V}bb‘Ff%’W&%P@ﬁ@l’h’ SFCGPLOR of

butyl lithiumin tol uensonoFhkomide moaowdss sdimeddyiloheagwidedr (3)hour at
60C. At room 35 tenperature, 5.0 g (10.5 mml) of dinethylsilanediyl bi s(2-

met hyl i nderlylo) gl @Qf“nh'r[@lq' chl 914 deineme1pdeesh as @osali 8f JhRensuspensi on

was stirred 1364190G and sequent lethf i3l beped shczt B pUgH
! F dhni%kd 1%'1&? (
ol lers 2918 f'E SFTEI Gy AP EL P Pus °§gﬂ¥% 1}, 232 0ka 0 ﬁ@t%ow

solid whi cﬁ’aﬁr ééihﬁ%datféﬁ \ﬁﬁgtf*?ﬁ]er*@d‘f BFf i &Fi Eac"ﬁn*ueé‘}PeF&aﬁ’é%d 1.9

pressure. THi.§ g@gh)jpﬁﬂ§yge@h22g@lQﬁedlylbls(2 -methylindenyl)zirconium
di et hyl si ldredbyidé s{eemetidgtii aslen\ddldidr cBhe usnsnsmsdhhovéaglestirred for
nmono( 2-i SO eRY ks Saveddtyl phenoxiddeendly #bltered hot through Celite.

25 After evaporation of the solvent to leave a volume of about 7 ml,
the yellow solid which precipitated at -30°C was filtered off and
dried under reduced pressure. This gave 0.65 g (29%) of
dimethylsilanediylbis(2-methylindenyl)zirconium monochloride
mono(2,4-di-methylphenoxide) (5}).

30 1H-NMR (400 MHz, CDPCls): 7.96 (dd,1H), 7.6 (m, 1lH), 7.36 (m, 1lH),
7.31 (m, 1H), 7.29 (4, 1H), 7.1 (m, 1lH), 6.99 (m, 1lH), 6.94 (m,
14y, 6.88 (s, 1H), 6.75 (m, lH), 6.65 (m, 1H), 6.06 (s, 1H), 5.93
(d, 1H), 2.4 (s, 3H), 2. 24 (s, 3H), 2.18 (s, 3H), 1.85 (s, 3H),
1.35 (s, 3H), 1.24 (s, 3H).

35
Example 6: Dimethylsilanediylbis(2-methyl-4,5-benzoindenyl)-

zirconium monochloride monc(2,4-di-tert-
pentylphenoxide) (6)

40 0.85 g (3.5 mmol) of 2,4-di-tert-pentylphenol in 10 ml
toluene/1 ml of THF was admixed at room temperature with 1.3 ml
(3.5 mmol) of a 20% strength solution of butyllithium in toluene.
The mixture was stirred for another 1 hour at 60°C. At room
temperature, 1.0 {[lacuna] (1.74 mmol) of dimethylsilanediylbis(2-

45 methyl-4,5-benzoindenyl)zirconium dichloride was added as a
solid. The suspension was stirred for 4 hours at 100°C, diluted
with 40 ml of toluene and subseqguently filtered hot through



0732/ 98012@7:12?9%@28003 36 1H NMR (400 MHz, CDC13): 8.0 (m1H), 7.81 (m

1H, 7.3 - 6.8 (m 6.55 (dm 1H), 61(s 1H), 5.9 (d, 1H), %47U03

(hept, 1H), 245(s 3H) 2. 25 (s, 3H), 2.18 (s, 3H), 1.4 (s, 3H), ;ALGz%y

(s, 3H, 1.1 (d, 3H), 0.95 (d, 3H). Sol ubi l'ity conparison: 50 ng of

di met hyl si | aned| yl bi 5%2 met hyl i ndenyl ?EI rconji um, di chl ori de dissol ved

conpl et el Y*§H- 550" dhReo l%’bﬁ”ijéﬁé‘eaf”aﬁo%ﬁ?’i@tteé’rrﬁ@ﬁ%?dﬁeﬂ( 461 thi pREYy HWHSUt 2.1

mol /1) . 5@frrg>lorren@o@@&r¢d -(Aftef ssipaE@tiiansof thyf spdvaenetatleaayems

t enper at ureowse wifi R0t ¥l abthet yellowobsl)d WiSchxamplipitated was filtered —

Di met hyl si b anediaghbias &2t es fmlatrideewai Z# § G¥el Bhd @A h@dedereduced

nmono( 2, 4g ége,__..tul})él phen gx?g@ 2k 1;( %;9&2 mml) of 2, 4-di net hyl phenol in

20 m of t e%l b \é/a ”lrfds% Qom, L enn erature with 3.0 ni

(8.2 mml )0 At %¥]é Hat! Y 1 oh ot BaeyITs ? R 8 uene. The

i xt ur e \Aﬁ%“%‘:’cl'llﬂréaef B?“%h%t‘“ﬁé’r‘- Ieﬁbuﬁ’e%ﬁyl@@emﬂ "F’oo(rﬂ tenperature, 1.9 g

(4.0 mmol ) 1fNMH éORyMEE | aFiedisy | bP s¢ Q- trbt il i ﬁdéﬁyﬂ‘}rzﬂﬁdmnl’/uﬁﬁ-mﬁ,?hl ori de

wer e added(ms &i)sol7i.d5 Fhe.suspensSHon7was (t.i nHed T0Y0 (&h,hadns &t9%60C and

subsequept [, fid)t,ecedshes, tfm)oughs@ekat e1H)2,5 éAEbefagyapor,asi.ep od, tihg,

solvent to,|lgg v(e\S asj ql uge of abou f cﬁ%ry_el I sql igd Whi chyy

preci pi t at ed vva I ter 0 d d re ed oPLE 's Sur e.
g%(gr%ﬁ%g fﬁi { %%) E?P Ib| (g %g t§

Thi s gave I"si. [ anedi y| in ény[ zirconi um
nmonochl or i ¢@! - 2‘54 aVInEQ'I"rVI Brend®) dej- ?(/ H5) & 38 ’_LH- NVR (40Q MHz, CDC13):
7.96 (dd, 1H), 76(m1H) 7.36 (m 1H), 7.31 (m 1H), 7.29 (d, 1H) 7.1
(m 1H) 156s@BulfifityHrpompadilsqmy 1H), 6.88 (s, 1H), 6.75 (m 1H), 6.65 (m
1H), 6.06 (s, 1H), 5.93 (d, 1H), 2.4 (s, 3H), 2. 24 (s, 3H), 2.18 (s, 3H),
][-)i-85t I(‘lsi 3!’:‘& c?i5d(1§xet§ s:.ﬂalr?e4h blg -meth 1| 5= benzo:.nden l -

met hyl si | apedi.y 5@0@ i
nonochl orlggr%gdno digglg?i&%/ dl% g(géﬁ )él i mg'S%f él‘g&@
2, 4-di - t er FOPRNTSISHENYF € hs‘i]d“ 8 R&Y 1 f—fE’Was adm xed at room
terrperatzare with 1.3 m (3.5 mml) of a 20%strength sol ution of
butyl | it hi 6 ng ¢fblapgpeund The) Miesgleedasn st imdr e tokusnfotdteromhour at
60C. At roeginpéeipaicat(gbeubil iy lavounal 7 (1 .mwblomol ) of
di met hyl si | anedi yl bi s(2 45 net hyl - 4, 5- benzoi ndenyl ) zi r coni um di chl ori de was
added as a

25
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solid. The suspension was stirred for 4 hours at 100C, diluted wth 40 m
of toluene and subsequently filtered hot through 0732/980126 14 AUG 2003 37
Celite. The filter cake was extracted twice with 25 mM each tinme & AUG 2003
tol uene (100C). After evaporation of theigolvent to | eave a volune of 10
m, the yellow solid which precipitated was filtered off, washed with a
little cold toluene and dried under reduced 5 pressure. This gave 0.85 ¢
(63% of __dipethylsilanediyl bis(2-nethyl-4,5-benzoi ndenyl) zirconium
‘monochl or¥Wa&ladno( 2, 4-di -tert - pentyl phenoxi de) (6). 1H NVR (400 MHz,

CDCl 3): 8.00 (4,1 774 (t, 2H),.7.64-7.57 (m 2H), 7.45 - 7.27 (m

5H),7.148[(s, m°?$?&6d8ﬁlh%1fﬂf'?%.@ 10 (m 1H), 6.78 (s, 1H), 6.65 (d,
1H), 6.52 (dd, 1H), 5.38 (d, 1H), 2.78 (s, 3H), 2. 41 (s, 3H), 1.46
(quart., 2H), 1.41 (s, 3H, 1.30 (s, 3H, 1.22 (m 2H), 1.14 (s, 3H), 1.13
(s, 3H, 0.91 (s, 3H), 0.88 (s, 3H), 0.57 (t, 8), 0.39 (t, 3H). 15
Sol ubility conparison: 50 ng of 5
di et hyl si | anedi yl bi s(2- et hyl - 4, L. Zi rconi um di chl ori de
di ssol ved conpletely in 240 m of tg g ool tenperature (solubility
about 0.36 mvl/1). 20 25 3@,% ‘
of toluene at room tenpera
2003 38 W clairn: 1. A compound of
of transition group 111, 1V, V or VB, of the Pe
R3 is isopropyl, tert-butyl, cyclohe
C.5-C24 -heteroaryl, Cr-
Cl-C25 -al kyl, fluorinate | uorinated C7-C30 -arylal kyl or .
fluorinated C7-C30 -al kyl a : re identical or different and are
each a hydrogen atomor a Q) 5 0 -group, 15;720 '

’)
about 17.7 mol/1). 45 14 AUG
alla (11X 5 where Mis a netal
i odi ¢ Table of the Elenents,
i.a CS-Ci s -al kenyl, a
6-a ¥l , fluorinated

=<

R™y (")
5 where
M 1s a metal of transition group II, IV, V or VI of the Periodic Table of the Elements,
R? is isopropyl, tert-butyl, cyclohexyl or octyl, a Cs-Cas -alkenyl, a Cs-Cy, -heteroaryl,
C?'C]U -arylalkyl, C;-Cyp -alkylaryl, fluorinatcd C1-Cys -alkyl, fluorinated Cy-Cyq -
aryl, fluorinated C,-Cjq -arylalky! or fluorinated C,-C;, -alkylaryl,
10 R* R" are identical or different and are each a hydrogen atom or a C)-Cayq -group,

R*, R7 are identical or different and are each a hydrogen atom or a C1-Cy -group,
R, R’ are identical or different and arc each a hydrogen atom, a halogen atom or a C;-Cy -
group, and two radicals R® or R? and the atoms of the cyclopentadienyl ring which

connect them may form a monocyclic or polycyclic ring which may in tarn be

15 substituted,

X is a halogen atom,

Y is oxygen or sulfur,

L1 are 1dentical or different and are each an integer from zero to 4, and

B is a bridging structural element between the two indenyl radicals.
20 _

2. A compound as claimed in claim 1 wherein, in the formula (T,

M 1s Ti, Zr or HE,

4 56 - . -
R, R areidentical or different and are each a hydrogen ato, C,-C)s-alkyl, C;-Cjp-alkenyl,

Cg-Cm-&l'yL Cs-Cis-heteroaryl, C7-ng~ary]alkyl, C']-ng-ﬂ]k}’lﬂf}'l, fluorinated C,-



R5, R7 are identical or different and are each a hydrogen atomor a Cl-C20
-group, R8, RO are identical or different and arc each a hydrogen atom a
hal ogen atomor a C -C20 - group, and two radicals Rs or RO and th

of the cycl opentadienyl ring which connggt them may form a nonocyclic or
pol ycyclic ring which may in turn be substituted, X is a halogen atom Y
is oxygen or sulfur, 1. 1" are identical or different and are each an
integer fromZero to 4, and B is a bridging structural elenment between the
two indenyl radicals. 2. A conmpound as clained in claiml| wherein, in the
formula (11), Mis Ti, Zr or HH, R4, R' are identical or different and are
each a hydrogen atom C, -CE; 1-al kyl, C2-C10-al kenyl, Co-Cl18-aryl,
CS--Cis-heteroaryl, C?-C20.arylal kyl, Cr-C20-alkylaryl, fluorinated C, 39 1
4 AUG 2003 C12Catayy!, fppriesiet&e-6ds-and Aerinagdd C+Cuoaryhlityd dr GroiROed Ly CGabky |
or quorinated1E7m 0- alkyl aryl, R5, k7 are identical or different and
are each a hyd?oée atom C, -Cl15-al kyl, C2-Cl10-al kenyl, Cry-Cl8-aryl,

C5- C18- Itet, 8 oadry lidertitalGRQt e ithedddyire 6atr s:a?d@gkrymw IG,-¢ k@b el ed-fieny?, C
12-al kyl, fluorinated C6-Cl8-ayl, fluorinated C7-C20-aryl al Kyl or

f1 uori nat ed CTCCEo-aylk (b-&nyheterRsrYIRE A p-drietiyl, c Eb-Cor-alltiytatbr dhiorianidd af e

each a hydrog g | At l.i near branched_.C, - C18- al kyl
aroup. G- CLo-ariaeth MahBeete G afh sRatis R Gl BB SLBS LGy o
C5- C18- het er oadlyylaryl,/- C20- aryl al kyl , C7-C20-al kyl aryl, fluorinated Cl1-Cl12
10 al kyl 4 fLhuorinated CG G s-aryl, fluorinated C7-C20-aryl al kyl or

fluorindt el crresdentigpiqn &ifprent andl argerchrihydiessmepanhaigepratem, atideary
atons of the ngagi e 00 Mmhkcl ect~ ther r

nonocycl i c orq%g+§%§cFigh??%gl&ﬁ#@h(%ngpﬁﬁggﬂr%Rﬁéfgg%g?éphﬁégﬁé&[P?’bc ‘
chl orine, 15 ‘ubstiwiedy s (Ox-hetwatdany], Catid;-btalkelr €,iGealkiytall, QuordhdtéeCent,-and

e each | or 3., A cat gl yst, conprising a east one conmpound as cl aj ned
?{9 claim! or aik%fnd]%r@ﬁﬁgogt'tca%ﬁ% Foré‘gaé‘?‘i éjd: 2&'%6@%’@"93@‘!“‘2’8‘3&. CA%N‘
process for prapaaiylOard fQ) Xl 8Fd fadidhid RE oP RESHAGRe Blond %@lc\&élbfaﬁa&k@}med

is claim3. 5. The use of a catalyst as clainmed in claim3 for olefin
pol ymeri zat i orfing which connect them may form a monocyclic or polycyclic ring which may in

turn be substituted,

x is chlorine,
15 Y 15 oxXygen or sulfur, and
1.0 are idenfical or different and are cach 1 o1 2.

3. A catalyst comprising at lcast oue compound as claimed in claim 1 or 2 and a support and,
1f desired, a cocatalyst.
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4. A process for preparing a polyolefin in the presence of a catalyst as claimed in claim 3.

5. The use of a catalyst as claimed in claim 3 for olefin polymerization.




