"PROCESS FOR THE PREPARATI ON OF COPCLYMERS OF ETHYLENE W TH

ALPHA- OLEFI NS" The present invention relates to a process for the
preparation of copolynmers of ethytese-ith ._al pha-olefins. Metallocene
conpounds with two bridged cycl of IHAS" BEEs| ar € known as cat al yst
conponents for the hono- and:cepgl ymer Repiiggpp reackion of ol efins. For
exanpl e, U S %%@b. 5, 001, 2057 oreas he_pl eparation of copol yners
of ethylene w'th alpha-olefins in the presence of a cataPy¥FE"@: em
conprising a bis-cyclopentadi enyl conpound of Zr, Ti and Hf and

met hyl al unoxane (MAO) as cocatal yst. The woki ng exanples describe the
copol ymer i zat i ‘BROGESSHOR THE PREPARATION OFCOPOLYMERS OF ETHEYLENDWIMged or
unbri dged (tetrhydroi nden\i%)/li rconi um di chl oride. Al though the honopgeneity
of the al pha- AHHAOMEFINSul i on in the chain is inproved with respect to
copol yners obt ai ned fromconventional titanium or vanadi um based

Zi egl er - Nat t a Thepyseentinventignyelates to @ progess for the preperatisn ofsbpedynmes\of athgler® Witk t her

i mprovenent is highly desirable. Metallocene conpounds having two

cycl opent adi erdjgha-gisfins} i es bri dged by a single atomare also known. For
exanpl e, PCT application WO 96/ 22995 di scl oses a class of single carbon

bri dged net alYerllopmme compounds rydthrtwo drdged cycinperitadistyl ghawps $rb dngyal 3snmialyatt | on of
olefins, particularly of .propylene. The class of netall ocene conpounds
whi ch i s i ndi campepentsfopthphamon prdeopstymeridation réagtion of olefne. i n pr opyl ene

polynmeri zations is that of the single-carbon-bfidged bis-indenyls wherein
the i ndenyl ndioBeiamBledy.8. RatenicNq. 5091395 disclesaethaprepseation ef vopolyitersod iethgleme si | i con
or germanium _atons_having three hydrocarbon substiluents. Ethylene

copol yneri zat i i 3irhaglefius i |thepresence)of ¢ pasalutig, systamt conwrisings bisrcyelopenpaiianyld

exanpl es of copolynerization of ethylene with an al pha-olefin wth
the specific PRRANGOf ZrsTingnd i andupethylarmeonans (MAQ) e cpeatatyetn Thé wekirtgi on, nor
is given any information about the properties of the obtainable ethylene
copol yners. paﬁxppﬁwdgs,cplﬁthe copolymerization of ethylene with propylene in the presence of bridged

or unbridged (tetrahydroindenyl)zirconium dichloride.

Although the homogeneity of the alpha-olefin distribution in the chain is improved with
respect to copolymers obtained from conventional titanium- or vanadium-based Ziegler-Natta
type catalysts, it is still not satisfactory and a further improvement is highly desirable.
Metallocene compounds having two cyclopentadienyl moieties bridged by a single atom are
also known.

For example, PCT application WO 96/22995 discloses a class of single carbon bridged
metaliocenes, and their use in catalysts for the polymerization of olefins, particularly of
propylene. The class of metallocene compounds which is indicated as especially suitable for
use in propylene polymerizations is that of the single-carbon-bridged bis-indenyls wherein
the indenyl moieties are substituted in the 3-position with carbon, silicon or germanium
atoms having three hydrocarbon .subs.tituents. Néiﬂxer are reported examples of
copolymerizations of ethylene with an alpha-olefin, nor is given any information about the
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there are no data about the conononer distribution along the polymer
chain. It would be desirable to sel ect catal ysts capable of yielding

et hyl ene copol ymers having an r’ Pf the distribution of
t he conononer units along the poly ﬁ now been unexpectedly
found that it is possible to prepage_eth PéAGEIBased copol ymers  havi ng hi gh

nol ecul ar vvelgw ‘ngln which the distribution of the cogmig ynits in
the polyneric c%al n'is exrenely honbgeneous operating at tenperatures of

i ndustrial interest. by carrying out the polynerization reaction of
ethylene in the presence of netallocene catalysts conprising particular

si ngl e at om brapgsies ofitke qbininably ethylenesepaimers Batieularlyy there prg npidata aboup 818 t | on on
t he i ndenyl group. Therefore, according to a first aspect, the present

i nvention pr o@P‘E@E’m&r‘b?"a‘E@%"l?”@rthetpﬁb'm @par ati on of copol yners of

et hyl ene, conprising the polynerization reaction of ethylene wth at |east
one conononer %@‘%@W‘F’Pgl‘ﬁ Sleprraalyresapsble fyidding @Wl%%%ﬂ&mﬁéhm in the
presence of a catalyst con r| sing .t he product obtainable by contacting:

(A a net allod@ﬂé"“é‘é'ﬁ’ﬂ af the dighripysiop of the qoppnomer units along the pqlyper phain. her e n
substituents Rlerr] are hydro en atons or err C[err]] al kyl groups,

WO 99/ 54369 has now been unexpectedly found that 1t1spos le to prepare ethylene-based copolymers

PCT/ EP99/ 02644 _substltuents Rlerr] are er R;Ler ], L
Si Rl err] R er r |hying gh@Pef@@RrveshtmflétrWﬂ{@P Blwexaa% coppBoTRsT ymitsripn dher | |
Rlerr], Rerr], Rerr] arem_xdrogen atons, (err]-Cerr]-alkyl,

Cerr]- C[ err] _pemeWps extrernely homogeneous, operatmg at temperatures of industrial’ interest,

by carrying out the polymerization reaction of ethylene in the presence of metallocene

catalysts comprising particular single atom bridged bis-indenyl compounds substituted in the
3-position on the indenyl group.

Therefore, according to a first aspect, the present invention provides a process for the
preparation of copolymers of ethylene, comprising the polymerization reaction of ethylene
with at least one comonomer selected from alpha-olefin, cycloolefins and polyenes, in the
presence of a catalyst comprising the product obtainable by contacting:

(A) a metallocene compound of the formula (I)

wherein
substituents R are hydrogen atoms or C,-C,,-alkyl groups,
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Cerr]Cerr]-alkenyl, (err]-Cerr]-aryl, (err](err]-alkylaryl or
Cerr]-CJerr],arylal kyl radicals, optionally containing silicon or
germanium atons; Rerr], Rerr], Rerr], Rerr] are err]-Cerr]-alkyl,
Cerr]-Cerr]-cycloalkyl, Cerr]-Cerr]-alkenyl, Cerr](err]-aryl,
Clerr]-Cferr]--alkylaryl or (Jerr]-Cferre] aryIaI kyl radicals, optionally
containing sili germam um atons; KRerr] and R[err r

di fferent, arelvﬁé)%’rs%égen at ons . or -CHR[err]R[err] gr oups; ﬁ%%“gnd Rl err]
can forma ring having 3 to 8 carbon atons which can contain hetero atons;
Rlerr] and Rlerr], same or different, are hydrogen at ons,

Clerr] - err] sestispents Rapes CHRR] SR'R"BY/ of GeR' YR gro@iser r | -  err | - al kenyl |

Jerr]-Cferr]-aryl, err]- err]-al kyl aryl or Cerr]-Cerr]-arylal kyI
radi cal s, whi ctheisimh Kdr &'a R'%.i RS By hydsogen t 6orss, cErGatikdi Granyblodkyban
contain hetero atoms; the Rlerr] substituents, same or different, are a
d err] - d er er |C&bdalenyl & ralkylagyl qr CoGhviaylalkylapdicals] optipratly $ontiningny | |

Clerr]-Cerr]-aryl, derr]- C[err] al kylaryl or Cerr]-Cerr]-arylalkyl

radi cal , opti Gﬂ’ﬁ?ﬂ%’%’@ﬁ%‘%ﬁ?% silicon or germanium atons; and optionally
t wo adjacent £errl, sus j,tuents can forma ring conprisin from5 to 8
carbon atoms, ¥>bBi'ngRank | " neEgSxrCrplsyh 0CitGooycloalifyl £-En- SsCaafansi ti on
metal sel ected from those bel ongin to group 3, 4, 5 6 or to the

| ant hani de or G@erdvie! gF 'FY?P“YY gadiogls.; Qpipnsllyr sestaining; siliqon or| geFRERIE (new

| UPAC version), X sarre or d| fferent, is a nonoanionic |igand, such as a
hydr ogen atomaw&‘shal ogen atom an R[err] OR[err], s err]CF[err], OCOR,
SRlerr], NRerr] or PR err grou wherei n t he .substituents Rlerr] are a
Cerr]- err] -BiapdR', same g ‘FWQESHH{SEf[Wﬂ:-C[err] al kenyl
Cerr]-Cerr]- qr Lderr]- err] al kyl ar or., G err]- aryI al kyl

radi cal , opti dhardX’ caniomm3 ringhgving 3 tp 8 sbaga Q’(‘iiwh’ﬁlih‘i"’ﬂ|'=‘r‘|’‘‘35l"l“b‘ﬁ"fs""o @8 s an i nteger

of from0 to 3 bel ng equal to the oxidation state ofthe nmetal M m nus

3 R and R, sams, prdliffgrent, gR fydiogen apmso SiSactioh 4 oG- eyslogie - 5-
WO 99/ 54369
PCT/ EP99/ 026445 Ca-qlkigyl, GelCporatyl, Cr-Copalkylaryl or C-Cyrarylalkyl radicals, which can form a

ring having 3 to 8 carbon atoms which can contain hetero atoms;

the R’ substituents, same or different, are a C,-C,alkyl, C,-C,-cycloalkyl, C,-C,,-alkenyl,
Ce-Cyraryl, C,-Cypalkylaryl or C,-C,-arylalkyl radical, optionally containing silicon or
germanium atoms; and optionally two adjacent R’ substituents can form a ring comprising
from 5 to 8 carbon atoms, n being an integer from 0 to 4;

M is an atom of a transition metal selected from those belonging to group 3, 4, 5, 6 or to the
lanthanide or actinide groups in the Periodic Table of the Elements (new IUPAC version),

X, same or different, is a monoanionic ligand, such as a hydrogen atom, a halogen atom, an
R’, OR®, OSO,CF;, OCOR’, SR®, NR®, or PR®, group, wherein the substituents R® are a
C-Cyralkyl, C,-C,y-cycloalkyl, C,-C,y-alkenyl, C-C,y-aryl, C,-Calkylaryl or C,-Cy-aryl-
alkyl radical, optionally containing silicon or germanium atoms;

p is an integer of from O fo 3, being equal to the oxidation state of the metal M minus
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(B) an al unbxane and/ or a conpound capable of form ng an al kyl netallocene
cation. The transition netal Mis preferably selected fromtitani um

zirconium and hafnium The X substituents are preferably chlorine atons or
met hyl groups. The Rerr] and R err] substituents are preferably hydrogen
atons. Non-limting exanples of netall ocene conpounds suitable for use in

t he process of jnvention are:
met hyl ene- bi s(éér:%fsﬁgg -i ndenyl ) zi rconi um di chl ori de and dr?rre/%l’ﬁgll?zf‘“

i sopropyl i dene-bi s(3-nethyl -i ndenyl ) zirconium di chl ori de and di net hyl ;

met hyl ene- bi s(3-et hyl -i ndenyl ) zi rconi um di chl ori de and di net hyl ;

i sopropyl i denéwdiand 3- et hyl -i ndenyl ) zi rconi um di chl ori de and di net hyl ;

met hyl ene- bi s(3-di net hyl silyl -i ndenyl) zirconi um di chl ori de and di net hyl ;

i sopr opy! i dendBlrngfugoxknerandioy s eonpguind capdbiegf rming ewalkyd medllastriesatiode and

di met hyl ;  nmet hyl ene-bi s(3-di net hyl gernyl -i ndenyl ) zi rconi um di chl ori de and
di met hyl ; i sde spyitipniaeta Mois preBrabily selected ifrgm titapiim, zirdenivpl and hafaivmi um di chl ori de
and dinmethyl; rmethylene-bis(3-trinethylsilyl-indenyl)zirconiumdichloride
and di net hyl ; The Xsphstipents aspaweierahilysqhivring ammsieymethyl gloupsndeny| ) zi r coni um
dichloride and dinmethyl; nethylene-bis(3-triethylsilyl-indenyl)zirconium
di chl ori de andhgRhend R substituents are preferably hydrogen atoms.

i sopropylidene-bis(3-triethylsilyl-indenyl)zirconiumdichloride and

di met hyl ;  metNpptlisntingsxamppiest of| matallagene) eqmppynds guitebly (for Alse i e pracess Ofilthsr | de and
di methyl; isopropylidene-bis(3-trimethylgernyl-indenyl)zirconium

di chl ori de and™#p#e@Ey| ; et hyl ene- bi s(3-di phenyl silyl -indenyl) zirconi um
di chl oride and di et hyl ; . o . '

i sopropy! i denevesiiensbigBmewlindspyl oside apd dimpethyli di chl ori de and
dinethyl; . 4

Printed from Neaedidensbisti-mehyl-indanyhejrogniump dighloridg and dimethyl; WD 99/ 54369

PCT/ EP99/ 02644 . .. .
methylene-bis(3-ethyl-indenyl)zirconium dichloride and dimethyl;

isopropylidene-bis(3-ethyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-dimethylsilyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-dimethylsilyl-indenyl)zirconium dichloride and dimethy};
methylene-bis(3-dimethylgermyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-dimethylgermyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-trimethylsilyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-trimethylsilyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-triethylsilyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-triethylsilyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-trimethylgermyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-trimethylgermyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-diphenylsilyl-indenyl)zirconium dichloride and dimethyl;

isopropylidene-bis(3-diphenylsiltyl-indenyl)zirconium dichloride and dimethyl;
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met hyl ene- bi s(3-di ethyl silyl-indenyl)zirconiumdichloride and di net hyl;

i sopropyl i dene-bis(3-diethylsilyl-indenyl)zirconiumdichloride and

di mret hyl ; met hyl ene- bi s(2-net hyl - 3-t nnet hyl sil yl -i ndenyl ) zi rconi um

di chl ori de and di net hyl ;

i sopropylidene-bis(2-methyl-3-trinethylsilyl-indenyl)zirconiumdichloride
and di net hyl ; rret h ne- bi s(2- net hyl - 3-di et hyl si |l yl -i nde ni um

di chl ori de” and 7 %g QX—I-&E;%:%&

i sopropyl i dene- bi s(2- met hyl - 3-di et hyl si | yl -i ndenyl ) zi rconi um di chl ori de and

di met hyl ;  net hyl ene-bi s(3-benzyl silyl-indenyl)zirconiumdichloride and
di et hyl ; i sopetinope-bisg iiethylsityl-snderyhzixecbrgurh Jikhlorivd embdinethyl;coni um di chl ori de
and dinmethyl; rmethyl ene-bis(3-cyclopentylsilyl-indenyl)zirconium

di chl ori de andisaprapplideye-bis(3-diethylsilyl-indenyl)zirconium dichloride and dimethyl;

i sopropyl i dene-bi s(3-cycl opentyl silyl-indenyl)zirconiumdichloride and

di net hyl ;  netihsthydenebis@afethybl-hipiethBlsifjil-gxiénylziiconpim dichderidy dndzimethyhi um

di chl ori de and di net hyl ;

i sopr opy! i deneisdpropyiRienc-tisf2-methyli3etimethydsilylindenyldiacopininzdichloride anddivtetbyll or i de and
dinmethyl. 1In the nmetall ocene conpound of fornula (1) in which Rerr] is a
CHR R' group, pethsfiene-bisymeiybd-dipthylsilyl-idddnyRzirconiunt dichtoride dnd dimsthgly at om More
preferably, both R err] and R err] are different froman hydrogen atom
Particul arly iwmepelidenatis@roehyltictisthybiyladendirrgniam dichloddgand dimethyk t he process
of the invention are those in which Rerr] is an hydrogen atom and R err]
is a CHRerr] F@l@hﬁ@%ﬁ@chgnzylsmdﬁﬂmymmgn@wefsidbnﬂﬂt}'hgl ng to this class
are: methyl ene- bi sé ropyI - ndengll )zi rconiumdichl oride and dinethyl;

i sopropyl i deneiserirapy bwﬂﬂlyhm zreaniumclichlorideind fimgthylie and di et hyl ;
met hyl ene- bi s(3-1 sobut i ndcnyl ) zi rconi um di chl ori de and di net hyl ;

i sopropyl i denemgthdens-bi d?%@%‘%%%%@%@lﬁhhwmld@%b and di net hyl ;
met hyl ene-bi s(3-isopentyl -indenyl ) zi rconi um di chl ori de_and di net hyl ;

5 isopropylidengsbip(Frexcippeitdgilyindepd rir@pivpdichigndy apdidimgthyl;y page - 7-

WO 99/ 54369 . o . .
PCT/ EP99/ 02 64 4methylene-bis(2-ethyl-3-diethylsilyl-indenyl)zirconivm dichloride and dimethyl;

isopropylidene-bis(2-ethyl-3-diethylsilyl-indenyl)zirconium dichloride and dimethyl.

In the metallocene compound of formula (I) in which R? is a CHR"R" group, preferably R'
is different from a hydrogen atom. More preferably, both R and R" are different from an
hydrogen atom.

Particularly interesting metallocenes of formula (I) for use in the process of the invention are
those in which R’ is an hydrogen atom and R? is a CHR"R"' group.

Non-limiting examples belonging to this class are:
me’rhylene—bis(3-isopropyl—indenyl)zirconimn dichloride and dimethyl;
isopropylidene-bis(3-isopropyl-indenyl)zirconium dichloride and dimethyl;
methylene-bis(3-isobutyl-indenyl)zirconium dichloride and dimethyl;
isopropylidene-bis(3-isobutyl-indenyl)zirconium dichloride and dimethyl;

methylene-bis(3-isopentyl-indenyl)zirconium dichloride and dimethyl;
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| sopropyl i dene-bi s(3-isopentyl -indenyl)zirconiumdichloride and di net hyl;
nmet hyl ene- bi s(3-di phenyhnet hyl -i ndenyl ) zi rconi um di chl ori de and di net hyl ;

i sopropyl i dene- bi s(3-di phenyl net hyl -i ndenyl ) zi r coni um di chl ori de and

di met hyl ;  nmet hyl ene-bi s(3- bi scycl ohexyl net hyl -i ndenyl ) zi rconi um di chl ori de
and di nethyl; i sopropyl I dene- bi s(3- bi scycl ohexyl nmet hyl -i ndenyl ) zi rconi um
di chl ori de and Most preferably the netallocen s of
formula (1) arg%r?g? I ene bi s(3-isopropyl- indenyl)zi rc}rﬁ'ﬁ‘%ﬁg%g%?ehl ori de
and isopropylidene-bis(3-isopropyl-indenyl)zirconium dichloride. The
nmet al | ocene conpounds of formula (1) can be prepared by reaction of the
cor r espondi ngisoprepyidend-bib(B-irapedtyl-inddnjl)zirconinnpiidhiveidecap didethylpf  f or m ng

del ocal i zed anion on the cyclopentadienyl ring, and with a conmpound of
formul a MX[ er mpthyleresbes(3adipienyineilnydtindenyDairconiied dichitideadainethyl; The |i gands of
formula (1) can be prepared by different nethods. A particularly suitable
net hod for pr spaenylidene-bie(3 dipheidethylfindeayl)zindoniutuidjchiptiderand dimbhydy r] and Rlerr]
are hydrogen atons is described in European Patent Application No.
97200933. 6, i meﬁlﬂgmmblwchﬂqwhwhvbmdmmmmmchknpamdﬂmﬂuhl y suitable
met hod for preparing the ligands of fornmula (1) wherein the substituents
Rl err] and R seprppykidene-bis(®biseyslohexfimethyltindénmd)gicooniamdivhloiide antbdimethtled in EP-A O
722 949. In the case in which at |east one substituent X in the

met al | ocene cdwgiaueferaly the wstalloncna domipéungis ofivimpts (Dsare methdensrbis(Feisapebpyls ot her
than a halogen, it is necessary to substitute at |east one substituent X
in the netal | odenbzitsbniwn nedictignde t nd 5 s isopsepylidenbis(@isgprapyl-udenyhizirconivmn a

hal ogen. The reaction of substituting substituents X by substituents X

ot her than a Mighlodden is carried out using generally applied nethods. For
exanple, if the desired substituents X are al kyl groups, the netallocenes
can be made tMMowmmm@pmM)mmmwwwrﬂvwmpmng

6 Printed from M nosa 02/ 23/ 2000 14:26: 07 page - 8-
indenyl ligands with a compound capable of forming delocalized anion on the

cyclopentadienyl ring, and with a compound of formula MX,,,, wherein M, X and p are
defined as above.

The ligands of formula (I) can be prepared by different methods. A particularly suitable
method for preparing the ligands of formula (I) wherein R® and R* are hydrogen atoms is
described in Buropean Patent Application No. 97200933.6, in the name of the same
Applicant. A particularly snitable method for preparing the ligands of formula (I) wherein the
substituents R* and R* are different from hydrogen atoms is described in EP-A 0 722 949,

In the case in which at least one substituent X in the metallocene compound of the formula (T)
which is to be prepared is other than a halogen, i;t is necessary to substitute at least one
substituent X in the metallocene obtained by at least one substituent X other than 2 halogen.
The reaction of substituting substituents X by substituents X other than a halogen is carried
out using generally applied methods. For example, if the desired substituents X are alkyl

groups, the metallocenes can be made to react with alkylmagnesium halides (Grignard
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WD 99/ 54369

PCT/ EP99/ 02644 reagents) or with alkyllithium conpounds. In the

catal yst used in the process according to the invention, both the

net al | ocene conpound of the fornmula (I) and the al unoxane can be present
as the product of the reaction with an organonetallic al um ni um conpound
of the fornula QLR or Alferr]R err], in which the R

substituents, sane ,%{rs&y]di fferent, are defined as the subst;aét’éur]e!“rl;?s‘é‘mﬁ4 or are
hal ogen atons. The al unoxanes used in the process of the present invention
may be obtained by contacting water wth an organonetal |lic conpound of
al umi ni um of f eeganskor mitiplisyllithiugcompopmiserr], in which the R err] :
substituents, sane or different, are defined as above, with the condition
that at |east &nibe Rpalystupedinthe grogessaceonding tp Sheriniverition doth tHE rstalierenercompound

bet ween the alum nium and water is in the range of 1:1 and 100: 1.
Non-1imting efbipfanguly(l) and b slumpranesapbrprepont@$ the pepdhcd pfibe zeaghoRfwithah or
Al[err]Rlerr] are: A (M)[err], A (Eté[err], Al (Et)[err], AI(iBUTJerr],
Al H(BU)[err], metomstallic @pypmnium, compaund pk the) formafa-AIRGcer) AR’ Jin which the R’

Al (Cerr]Herr])[err], A (CH err]%er%[errg).[errll,

Al (CH err] Cive[ &fbstityepisy sape opdliffereyt.cirg delinadees dherspbstitapnts| R opyre halgger atoins. e
Al (Me)[err]Et, AlMe(Et)[err], A M(iBu)[err], .

A(CH[ er r] - CH( VEYrmpKaRgsyised it the pragess| of thpreggst imyeptionjnmyy be phtgingd by eqntacids, water
Al (Et)[err]d, AIELC [er‘rﬂlmand Al [err]_(.Et)q&err]CI err], wherein M =
met hyl, Et = eiiflypn ogggmetalliceomppynd of ghupinium of fogmida AIR's qr AbR’e<in whigh the R’
trimethyl -pentyl .  Anongst the above. al um ni um conmpounds,

trimethyl al uni FYoSRepipIe or different aus defiped,fs #hovis: it therqomlitiop thatef least one R is
tris(2,4,4-tri hyl - pentyl)al um nium (TIOA) are  preferred, The

al unoxanes useg‘%éelf‘?x“tff?im l@i?@%{g %@‘tm%{ﬁ"éﬂP&‘*WQe"t%e Riyeinines, pad, waterris iy the @rgef der ed
to be linear, lqragc{lfzofa_eid or cyclic conpounds containing at | east one group

of the type: 7

Printed from Non—ﬁr?ﬁﬁgg éxzar?ﬁ{al%sotg’ glmjﬁﬁ'iu%?éo%go&gsgo% the %o_rmula AIR’; or ALLR’; are:’

Al(Me),, A(E),, AIFI(EL),, Al(iBu),, AIH(iBu),, Al(iHex),, Al(iOct), AIH(iOct), Al(CsHs),',
AICH,CH,);,, AlCH,CMe,),, AlCHSiMe,), Al(Me)iBu, Al(Me)Et, AIMe(Et),
AlMe(iBu),, Al(CH,-CH(Me)CH(Me),);, Al(Me),iBu, Al(Me),Cl, Al(Et),Cl, AIEtCl, and
Al,(Et);Cl,, wherein Me =methyl, Bt =ethyl, iBu = isobutyl, iHex =isohexyl, iOct = 2,4,4-
trimethyl-pentyl.

Amongst the above aluminium compounds, trimethylaluminium (TMA),
triisobutylaluminium (TIBAL) and uis(2,4,4-uimeﬂ1yl-pentyl)a1uininiurn (TIOA) are
preferred.

The alumoxanes used in the catalyst according to the invention are considered to be linear,

branched or cyclic compounds containing at least one group of the type:

Printed from Mimosa 02/23/2000 14:26:07 page -9-
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[err] wherein the substituents R err], sane or different, are
Cerr]-C2[err]-alkyl, (err]-Cerr]-cycloalkyl, dderr]-Cerr]-alkenyl,
Cerr]-Cerr]-aryl, (err]-Cerr]-alkylaryl or (Jerr]-Clerr]-aryl al kyl
radi cals, optionally containing hydrogen atons, silicon or gernmanium
atons, or a -O r])[err] group and, if appropriate,

substituents R[@r%%% be hal ogen atons. |In particular, aﬁcﬁ%gg’gﬁ‘é% of the

f or mul a: [err] <can be used in the case of |inear conmpounds, wherein n
is O or an integer of from1l to 40 and the substituents R err] are defined
as above, or al unpbxanes of the fqmula: rid €rr] can be used in the case

of cyclic conmpounds, wherein n is an;igLeager of from2 to 40 and the

Rlerr] substituents are defined gfs/a ove. \ ]’i{ue substituents Rerr] are
preferably ethyl, isobutyl or 2,4 4-tri rretr%/ -pentyl groups. Exanples of
al unoxanes suitable for use according to the present invention are

met hyl al unoxan¥hersmahe sibsBBents, R} (aB% o ediffirengamy | Ci-Coralkyl, Cy-Cyr-cycloalkyl,
2,4-trinmethyl -pentyl al unpxane (TI QAQ and 2, 3-di net hyl but yl al unoxane. The
mol ar rati o betwkekenh CabuAvh Cuta-alkiarylios Criey-gylalkyl radicals, pptioupliveertaiaing onpound
is in general conpri sedbetween 10:1 and20000: 1, andpreferabl ybetween 100: 1
and5000: 1.  NoBYdreesn atems, silicon,or garmanium ateme, Ak @< OH(Re aEePup gpdnifgppropriate,

al kyl net al | ocene cati.on are conpounds

8 some substituenis iy cpn brfialogsmstoms.02/ 23/ 2000 14: 26: 07 page - 10-

In particular, alumoxanes of the formula:

RIE RI8
Al—0—(A-0n—AI
R18” RIS

can be used in the case of linear compounds, wherein n is 0 or an integer of from 1 to 40 and

the substituents R'® are defined as above, or alumoxanes of the formula:

RIS

di—on
can be used in the case of cyclic compounds, wherein n is an integer of from 2 to 40 and the
R'® substituents are defined as above.
The substituents R" are preferably ethyl, isobutyl or 2,4,4-trimethyl-pentyl groups.
Examples of alumoxanes sunitable for use according to the present invention are
methylalumoxane (MAO), isobutylalumoxane (TIBAO), 2,4,4-trimethyl-pentylalumoxane
(TIOAO) and 2,3-dimethylbutylalumoxane.
The molar ratio between the aluminium and the metal of the metallocene compound is in
general comprised between 10:1 and 20000:1, and preferably between 100:1 and 5000:1.

Non-limiting examples of compounds able to form an alkylmetallocene cation are compounds

Printed from Mimosa 02/23/2000 14:26:07 page -10-
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PCT/ EP99/ 02644 of the formula Y[err]Z[err] wherein Y[erre] is a Bronsted
acid, able to donate a proton and to react irreversibly with a substituent
X of the conmpound of the formula (1), and Z[err] is a conpatible anion

whi ch does not coordinate and which is able to stabilize the active

catal ytic speci .ch results fromthe reaction of the t ounds and
which is suffi cﬁgﬁ%’%ygl abile to be displaceable by an ol é’%”@@%& rate.

Preferably, the anion Zerr] consists of one or nore boron atons. Mre
preferably, the anion Z[wee] is an anion of the fornula BAr[err], wherein
the substit uesf e fmylyYCZ, whereib¥" isceBronsted|acidy ablki th fdematerdt prator and ol rexchdi cal S
such as phenyl, penta- fluorophenyl or bis(trifluoronethyl)phenyl.

Tet r aki s- pent afreyrssiiy iith g subgitent ¥ Ogtbe pranpound of the Ifyrmulp (Rifapd £isia compatible er |,
conpounds of the fornmula BAr[err] can conveniently be used. Conpounds of
this type are auecyhigiedpes pojcoudipaipand which iy phie foustebilizstbel adtive eatalyticispesies pat ent
application WO 92/00333, the content of which is incorporated in the
present descr i phickhresults fram theyeastignsef shedwvo eqmepopnde answhichris sufficiently lebile tabe o be
used on supports. This is achieved by depositing the netallocene conpound
(A) or the pro#isiscedble by olefip syhstmic. Preéarablyf ﬂwaww%wensi%smfpm@morebyrpnor t he
conmponent (B) and then the netallocene conpound t%A) on supports such as,
for exanple, sPPREMorg| neferablys theagmiens £uinh aagniogenf, the dgrmpla BARS iwheteisethe ene
copol yners, polyet hél ene or polypropylene. A suitable class of supports
whi ch can be ugWbgitpeatstAg yrhich sar bg Wdeptieal op Jifferent grpcand ragioals such #p phanyls pente-
functionalized with groups having active hydrogen atons. Particularly
suitabl e are t fpephesyl °mﬁ(@ﬂw%t¥})5‘ml-c%§ﬂwm%ﬂq°@mnﬂmeaﬁ papticularly
cross-linked styrene polymer. Suppaorts of this type are described in

Eur opean appl i E5feresh I"EF”—"B"&?W s of the formpla BAp can ¢onvenigatlytbe 3epd fepmpeunds
particularly sujtable for use according to the invention is that _of the

ol efin, particGf &P gredpimtefeor FarRic & e eyl intcmatnnal patepfagplicption WO

I nt er nat i onal ggg&gé,ca_t i ct)n v M@%ZGSGQ. ) o

9 Bieicprtent SNRGIpeated n the presentdescriptions: 07 page - 11-
The catalysts of the present invention can also be used on supports. This is achieved by
depositing the metallocene compound (A) or the product of the reaction thereof with the
component (B), or the component (B) and then the metaliocene compound (A) on supports
such ag, for example, siiica, alumina, magnesium halides, styrene/divinylbenzene copolymers,
polyethylene or polypropylene.
A suitable class of supports which can be used is that constituted by porous organic supports
functionalized with groups having active hydrogen atoms. Particularly suitable are those in
which the organic support is a partially cross-linked styrene polymer. Supports of this type are
described in European application EP-633 272,
Another class of inert supports particularly suitable for use according to the invention is that

of the olefin, particularly propylene, porous prepolymers described in International

application WO 95/26369.
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PCT/ EP99/ 02644 A further suitable class of inert supports for use
according to the invention is that of the porous magnesi um hali des such as
those described in International application WO 95/32995. The solid
conpound t hus obtained, in conbination with the further addition of the

al kyl al um nium_co d either as such or prereacted with i

necessary, can vgoes(m%ggf ully enployed in the gas-phase pol Q}%@#"?Q‘g’f{‘on. By
pol yneri zing ethylene wth al pha-olefins in the presence of the above
particular netallocenes it is possible to obtain in high yields, at

t enper at ur e ofA furthiey suitablg|clagsnafdnesisuppoits for usendegdnding torthinS@E@) is that lof khene

copol ymers having an extrenely honogeneous distribution of theconononers
in the pol ymemprousanaghesium; halides suphoas thopasiescribad inTntematiraalapplitation W Q5/32895
consecutive units of the alpha-olefin derived units is very |low. The

anal ysis of t ae dplist eomnoundofhus @btainete i | combination fWiths the further addition 9frthes of t he
i nvention has been carried out using [err] CNVR spectroscopy. The

assi gnnent s, ialkylkehminigm eongouns ¢itaereascsudh. propremasted oyith yaterif neogsars canrbei ed out
as described by J.C Randall in "Macronol. Chem Phys. (1989), 29,201. The
process- for t Heefiglylempleyadinthe gas-phase RobyEreridionaccording to the invention can be
carried out in the Iiquid phase in the presence or absence of an inert
hydr ocar bon s @3 pelymerigipg ieﬂl)'{zh%“@hsalphpﬁ’a@é. inTthe mssence ©f rto Aboye |partienlarc o -
either be aromatic such as toluene, or aliphatic such as propane, hexane,
hept ane, i sobunefalecengs ity posgiple foxphiain inthigh sgﬁlﬁgqumpzlawemﬁ indusiniab interegt @e.j s
general ly conprised between -100[err] C and +1000C and, particul arl

bet ween 100C et A°¢) ethylens copabmerpciaving an exiremely bapgesnepus disthution ofy
conprised between 0,5 and 100 bar.  The | ower_ the polynerization

tenperat ure, tUPFREOTPEIGMEE By the Rohanerie Shal, jifghdTwbes| of rseqisicgh oK Y or e

pol ymers obtai ned. | The pol yneri zation yields depend on the purity of the
met al | ocene ¢ APETHYE wits qfthe a}ggﬂ—%!p%pnvedumts is very low. The analysis of the distribufion

10 Printed from M npsa 02/ 23/ 2000 14:26: 07 page -12-
of the alpha-olefins in the copolymers of the invention has been carried out using “C-

spectroscopy. The assignments, in the case of ethylene/1-hexene copolymers, were carried out
as described by J.C.Randall in “Macromol. Chem. Phys. (1989), 29, 201.

The process for the polymerization of olefins according to the invention can be carried out in
the liquid phase in the presence or absence of an inert hydrocarbon solvent, or in the gas
phase. The hydrocarbon solvent can either be aromatic such as toluene, or aliphatic such as
propane, hexane, heptane, isobutane or cyclohexane.

The polymerization temperature is generally comprised between -100°C and +100°C and,
particularly between 10°C and +90°C. The polymerization pressure is generally comprised
between 0,5 and 100 bar.

The lower the polymerization temperature, the higher are the resulting molecular weights of
the polymers obtained. |

The polymerization yields depend on the purity of the metallocene compound of the catalyst.

10
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PCT/ EP99/ 02644 The netal | ocene conpounds obtai ned by the process of the
i nvention can therefore be used as such or can be subjected to
purification treatnents. The conponents of the catalyst can be brought

I nto contact each other before the polynerization. The pre-contact
concentrations nerally between 1 and 10[err] nol/1

net al | ocene cor’f‘fa)é)g%'é%?g (A), while they are generally bet me%%’?%bogﬁa 10[ err]
nol/[err] for the conponent (B). The pre-contact is generally effected in
t he presence of a hydrocarbon solvent and, if appropriate, of small
guantiti es of Themetaliocene bompiotwels phtained dbythe process ofitte irvertion prndigrdfdrebd wedmse a -
non- pol ynmeri zabl e ol efin such as isobutene, 2-butene and the like. In the
copol yner s obtehoadh be swbjediedthpurificaiosstnghtst he i nvention, the content by

nol e of ethylene derived units is generally higher than 50% and
preferably it The compqueits of thee catakysh car 08otmovght Ot confkte eachn | afirer defotecthe of

al pha-ol efin derived units is preferably conprised between 0% and 50% and,
nor e pr ef er ablpylymbizetivneThe potcantect Sdoeniratibheare generdlyibetweenioing d¢emaeld for thed uni t s
Is preferably conprised between 0% and 4% and, nore preferably between 0%
and 3% Non- [netallodengycampanrpt €9, whileathgyhare gensfally detwrancld andnl0dmolisfor thes
conononers in the process of the invention are propyl ene, 1-butene,

1- pent ene, 4- wempppent (B)gEheiprercontact isigeneralipeffedtedio thepresencelof @ hytirppatbprygolventhept ene,
1- decene, 1-dodecene, 1l-tetradecene, 1-hexadecene, 1-octadecene,

| - ei cosene andnd fifiapprenyieteoif emall guantitiegofimpromier. fythe pesceoniaptétds dlfo possibledpnssf i ns

ol efins which can be used as conononers in the process of the invention
are cycl opent emen-pelymdrizabiocleiin sugh as isnbutensy eutrne andthedike;opol yners according to
the invention can also contain units derived from pol yenes. The pol yenes
whi ch can be Usdhke cepolymerp plirieable with the, procesp of (hednventign.clos donteyt by moleeofpr esent

11
ethylene derived units is generally higher than 50%, and preferably it is comprised between

80% and 99%.

The molar content of alpha-olefin derived units is preferably comprised between 0% and 50%
and, more preferably, between 1% and 20%. .

The content of polyene derived units is preferably comprised between 0% and 4% and, more
preferably between 0% and 3%.

Non-limiting examples of alpha-olefins which can be used as comonomers in the process of
the invention are propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene,
4 6-dimethyt-1-heptene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1l-octadecene,
1-eicosene and allylcyclohexane.

Non-limiting examples of cycloolefins olefins which can be used as comonomers in the
process of the invention are cyclopentene, cyclohexene and norbornene.

The copolymers according to the invention can also contain units derived from polyenes.

The polyenes which can be used as comonomers in the copolymers according to the present

11
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PCT/ EP99/ 02644 invention are conprised in the follow ng classes: -
non- conj ugat ed di ol efins able to cycl opol yneri ze such as, for exanple,
1, 5- hexadi ene, 1- 6- hept adi ene, 2-nethyl -1, 5- hexadi ene; -

di enes capabl e of giving unsaturated nononeric units, in particular

conj ugat ed dieg&%w - such as, for exanple, butadienewgaambag rene, and
| i near non-conju rans

54369 .

afeg'dlenes, such as, for exanple,
1, 4- hexadi ene, cis 1, 4-hexadi ene, 6-nethyl-1,5-heptadi ene, 3, 7-

di met hyl - 1, 6- oct adi ene, 1l -nethyl-1,10-dodecadiene. 1In the case of

pol yenes ot herinveition anoomnzised inthe following ¢lassesonmega- di ol ef i ns having 6 or nore
carbon atons, these are preferably used in quantities of between 0 and 3
mol % as a second nonicpiiegatsil dikefinsebletoreiiienolymerive gach vg, fon bxample, ehexsadine g

enbodi nent of the present invention is constituted of copol yners of

et hyl ene with 1- hekéheptadiend,2-fiathyl-lai-hekadient;ief i ns.  The copol ymers accor di ng
to the present invention are characterized by an extrenely honogeneous

di stribution of t hdensoeapablant giving ynsathrated mogamsri¢ enits limparticalatonjngated disnesci sel vy,
by the fact of containing an extrenely | ow nunber of sequences of two ore
nmore consecutive fbisafonexamply, bytadiene and fFepseng,sad lingarnoponjugatedidiencs, istalit | on of
the conmononer units in the copolyners of the invention has been carried
out by means of [eaSrqommméﬁs%%‘?:mm?.cisTHée@émegﬁmﬁvlsl,m@dlm%”{-ed out
as described by Randall in Macronol . Chem Phys. 1989, 29, 201. The .

di stribution of trdimetsyl-li6rpciagiene, Hzmathyl],1@dadgqadiens/ 1- hexene, are cal cul at ed
by the follow ng relationship: HHH=T[err] EHE=T[ err ] . HHE=T[err]
HEH=S[ err] Injite-cageof polyengsqthen than sen-qopjugated Riphsmpmegaliclefinggayiag f oEMEre HHE and

HHH represent the sequence et hyl ene/ 1- hexene/ et hyl ene, 1-
12 carbon atoms, these are preferably used in quantities of between 0 and 3 mol % as a second
alpha-olefin comonomer.

A particular interesting embodiment of the present invention is constituted of copolymers of
ethylene with 1-hexene or higher alpha-olefins.

The copolymers according to the present invention are characterized by an extremely
homogeneous distribution of the comonomers in the polymeric chain and, more precisely, by
the fact of containing an extremely low n@u of sequences of two ore more consecutive
alpha-éleﬁn units.

The analysis of the distribution of the comonomer units in the copolymers of the invention has
been carried out by means of *C-NMR spectroscopy. The assignments were carried out as
described by Randall in Macromol.Chem.Phys.1989, 29, 201. The distribution of triads, in the
case of ethylene/1-hexene, are calculated by the following relationship: |

HHH=T,,  EHE-Ty HHE~Tj, HEH=S,;, HEE=S;;

EEE=0.5(S;; + 0.55,5)

wherein EHE, HHE and HHH represent the sequence ethylene/l-hexene/ethylene, 1-

12
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PCT/ EP99/ 02644 hexene/ 1- hexene/ et hyl ene and 1- hexene/ 1- hexenel | - hexene
respectively in the copolynmer. For the NVMR nonencl ature, see J. Carnen,

RA. Hani ngton, C. E. WI kes, Macronol ecul es, 10, 537 (1977). The val ues are
normal i zed. The higher the nunber of isolated 1-hexene units in the

pol ynmeri ¢ chai nyolbéfsggore the values of the ratio EHE/(EHI;WEF%%‘I—D becone
closer to the unit. The nunber of 1-hexene sequences seens t0 be a
function of the anobunt of 1-hexene units present in the chain. The tables
2 and 3 refer to ethyl ene/ 1-hexene copol yners obtained with a process
according to feRee/bhixsarithyieng and 1 Sexenc/Irhexeng/lhexeng respectivaly tim heccopolymerr e ar e
reported the ratios EHE /(EHE+HHE+HHH) as_a function of the nolar

per cent age of Horfheenamendlatiae, so¢diCarmen, R..A Hawingsons C/E. Wilkes MacromplotulaniOs
obtained wth_a process according to the present invention, in the
presence of th®’& 8@e%%ﬁ%ﬁmw§mw%wﬁwm&mmam

1- hexene units_being equal, the values of the ratio EHE (EHE+HHE+HHH) for
the copol ymer st °13F’T(‘JFB°qﬁ%ﬁ?W%@“ﬁl%@ﬂ?&ﬁ’@ﬁ%ﬂ&mlnﬂb%e
copol yners obtained with netall ocenes used in the conparative exanpl es,
reflecting themtqer‘ff)‘f'oved distribution of 1-hexene units in the chain. 1In

t he copol yners_accoy di to the present invention, the product of the
bEef e spen
h

reactivity rat GSUPPE of {-hexene spquetices seerps tg b a fingtion|of the amaynt gE1-hexenerunils t y of

t he conononer versus, e | ene and r2 that of ethylene versus the
cononomer, ap me ANt remely low In particular, it is generally

| ower than 0.30, .preferab I'qwer than 0.20, nore preferably |ower than-
0.15. The diad e\fﬁ’reésé’é‘{%ﬁk%?e%&?‘?’%’ﬁ%@ﬂﬁm&ﬁ@ﬁnﬂWMPIP@PF.“W& he case
of ethyl ene/ l-thgb)f(eene il he.product of the reactivity ratios r,.r2 are

cal cul at ed RIPRIFE % 9% ol | owi ng formul ae as described in J. Uozoni,

KSoga, Mak.  ChGHL & eutat 35 table 2 there are reported the ratios EHE/EHE+HHEHHE) as a function of

the molar percentage of 1-hexene in the chain for ethylene/1-hexene copolymers obtained
with a process according to the present invention, in the presence of the above reported
. metallocene compounds. The amounts of 1-hexene umts being equal, the values of the ratio
EHE/(EHE+HHE+HHH) for the copolymers of the invention are always higher than those for
the copolymers obtained with metallocenes used in the comparative examples, reflecting the
improved distribution of 1-hexene units in the chain.
In the copolymers according to the present invention, the product of the reactivity ratios r,.1,,
wherein r, is the relative reactivity of the comonomer versus ethylene and r, that of ethylene
versus the comonomer, appears to be extremely low. In particular, it is generally lower than
0.30, preferably lower than 0.20, more preferably lower than 0.15. The diads were calculated
from the triads distribution,
In the case of ethylene/1-hexene, the product of the reactivity ratios r,.r, are calculated

according to the following formulae as described in J.Uozomi, K.Soga, Mak. Chemie, 193,

13
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PCT/ EP99/ 02644 823, (1992): rferr] = 2EE/(EH)X r[err]r[err]=
A(EE[err]HH)/EH err], wherein X = [E]/[H nonomer nolar ratio in the
pol ynmeri zation bath. 1In particular, the ratio EHE/ (EHB+HEHE+[ err])

satisfies the f | .hg relationship: EHE/ ( EHE+HHE+HHH) 75
preferably: EI@%’E&@QHHBHHH) [err] 0,85 nore preferabl %/8{,.51199,&544

EHE/ (EHE+HHE+HHH) [err] 0,9. The copolyners of the present invention have
intrinsic viscosity values (1.V.) generally higher than 0.5 dl/g and
preferably hi $83(1%%an 1.0 dl/g. The intrinsic viscosity can reach val ues
of 3.0 dl/g and even higher. The nol ecul ar wei ght of the polynmers can be
al so varied by: VZEBER)Xt he type or the concentration of the catalyst
conponents or using mol ecul ar wei ght regulators such as, for exanple,
hydr ogen. GCeneta HE)/EE', ¥8@eirymer s of the present invention are endowed
with a narrow nol ecular weight distribution. The nolecul ar wei ght

di stri buti on %= B{Hkmmanermolay rafip/ia thepolymengptionbith err] which, for the
copolyners of the present invention, when the nmetallocene used is a pure

i soner, is gerfepatiur, t s EHEARHEHEHRHHED satistips the fllowipgrslaticwstip:and, nor e
preferably, lower than 3. The nol ecul ar wei ght distribution can be varied
by using m xt JHB(EFERIEHER0. et al | ocene conpounds or by carryi ng out

the polynerization in several stages at different polynerization
preferably:

EHE/(EHE+HHE+HHH) > 0,85

more preferably

EHE/(EHE+HHE+HHH) > 0,9.

The copolymers of the present invention have intrinsic viscosity values (1.V.) generally higher
than 0.5 dl/g and preferably higher than 1.0 dl/g. The intrinsic viscosity can reach values of
3.0 dV/g and even higher.

The molecular weight of the polymers can be also varied by varying the type or the
concentration of the catalyst components or using molecular weight regulators such as, for
example, hydrogen.

Generally, the copolymers of the present invention are endowed with a narrow molecular
weight distribution. The molecular weight distribution is represented by the ratio M, /M,
which, for the copolymers of the present invention, when the metallocene used is a pure
isomer, is generally lower than 4, preferably lower than 3.5 and, more preferably, lower than
3.

The molecular weight distribution can be varied by using mixtures of different metallocene

compounds or by carrying out the polymerization in several stages at different polymerization

14
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PCT/ EP99/ 02644  tenperatures and/or different concentrations of the

nol ecul ar wei ght regul ators. The copolyners of the invention are
transformable into shaped articles by conventional thernoplastic materi al
processi ng (m)lvﬂ%,mm@xt rusion, injection etc.). The fol beweigugnanp! es
are given for illustrative purposes and are not intended to [imt the
scope of the invention. GENERAL PROCEDURES AND CHARACTERI ZATI ONS The

foll owi ng abbreviations are used: THF = tetrahydrofuran Et[err]O = ethyl
ether NaOEt fempgrgtuyssand(ondiferent conceniratiops afhe mofsayla weightregulsiops. hut oxi de  DMVBO =
di met hyl sulfoxide DMF = N, Ndinethylformam de BuLi = butyllithium All
oper ati ons werl@e gerehaererd tmnrusution e Sgesiprigple igtonshaned ticles by pamventiondlenk- | i ne
techni ques. Sol vents were distilled from blue Na-benzophenone ketyl

(Et[err] O, Cahqmaqpiaptic materialppocesgipg (rojding, exjrysiongpiectipn ¢} er r | ( hydr ocar bons) ,
and stored under nitrogen. BuLi (Al drich) was used as received. The

[err] H NMVR andi fllewigs xamples,are given fopilfustralije purpesss fud gtp ngt intepded 4g limjbske 00

Bruker spectroneter errj[erre]C[err], referenced against the mddle
peak of the t 798P thf)%‘%%‘*'dual CHDO [err]

GENERAL PROCEDURES AND CHARACTERIZATIONS

The following abbreviations are used:

THF = tetrahydrofuran |

Et,0 = ethyl ether

NaOEt = sodium ethoxide

BuOK = potassium tert-butoxide

DMSO = dimethyl sulfoxide

DMF = N,N-dimethylformamide

BuLi = butyllithium

All operations were performed under nifrogen by using conventional Schlenk-line

techniques. Solvents were distilled from blue Na-benzophenone ketyl (Et,0), CaH,

(CH,C),), or AliBu, (hydrocarbons), and stored under nitrogen. BuLi (Aldrich) was used as

received.
The 'H-NMR analyses of the metallocenes were carried out on an DPX 200 Bruker
spectrometer (CD,Cl,, referenced against the middle peak of the triplet of residual CHDCI,

at 5.35 ppm). All NMR solvents were dried over P,O; and distilled before use. Preparation

15
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“before use. Preparation 15
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PCT/ EP99/ 02644  of the sanples was carried out under nitrogen usi ng
standard i nert atnosphere techniques. The [err]CNWR and 'H NMR anal yses
of the polyners were carried out on a Bruker DPX 400 spectroneter
operating at 408 5%z and 100.61 Mz respectively. The E‘gfﬁfpéogﬁ"\?\ere
anal yzed as solutions in tetrachl orodi deuteroethane at 120[err]C. The
intrinsic viscosity (l1.V.) was neasured in tetralin at 135 err]C.  The
mel ting poi nt of thé sdnipies prad camied sut (iridey nitweger usitpatndaediinéryatitbdphare ettiniguesScanni ng
Calorinmetry (D.S.C.) on an instrunent DSC Mettler, according to the

fol | owi ng net Thel*C-NMFoarki 'H-DMRpanalfses afifid pelyoiots aiereaatitd autrod oBrupaDPXe400z at i on
were cooled to -25[err]C and thereafter heated at 200[err]Cwith a
scanni ng speedpaecoometss pperating gt #09.12(WHz afdC10i6h MEz redpectivelgnliecsamples wept  at
200] err\C for 5 minutes and thereafter cooled to O[erre]C with a scanning
speed cor r espemdyzadpsiscutioBOi etradhigfadidenidresthaiidwe 120°G. second scanni ng was
carried out with a scanning speed corresponding to 10[err]C/ mn. The

val ues report Siie irinsit hiewsity (V.- hwvasentasured intetraliet 8353Cscanni ng.  The

di stribution of nolecular weights was determ ned by GPC carried out on ‘an
i nstrument WAmERQmeOPmmsGiﬂhndmmmﬁmdﬁmbwwsﬂemammd3ﬁ[Bﬂﬁ*ﬂmd SemmmgRATI ON
OF THE METALLOCENES The synthesis of

rac-i sopropyl iGenmety §3.3C) 90 pn dysyrinminh PG Wttler,raseondingniodhe Fillowingl encthodic -
‘CMve[err] (3-iPr-Ind)zZrc [err]),

rac-i sopropyl iAbentdOpyigof gmplejohtained froni thepolymerizatign Werg qoelodioi2h°@ pust themmafiere
(rac- Ch@[err](S Me[err]Si-Ind)[err]Zrdferr]),

rac-i sopropyl ihgetedent 0@‘% mdmsmﬂo?ﬁrmn“@r'ﬂlhﬁmwkeptﬂ
(rac-CMe[err] (3-Me Ind)[err]ZrG [err %ﬁ

rac-i sopropyl i288%efonf simies @pd thereafier cooledh eI Withi ar ssaming spegd eorresnondiug to
(rac-CMve[err](3-tBu-Ind)[err]ZrCi[err]) was carried out as descri bed |n WO
96/ 22995. Sy rA0MEmingte Fhep, asedond seguning avap rasried opt wifl a scanming speed caresperding

di chl ori de )
to 10°C/min. The values reported are those obtained in the second scanning,

The distribution of molecular weights was determined by GPC carried out on an instrument
WATERS 150 in orthodichlorobenzene at 135°C.

PREPARATION OF THE METALLOCENES

The synthesis of rac-isopropylidene-bis(3-isopropyl-indenyl)zirconium dichloride (rac-

CMe,(3-iPr-Ind)ZrClL,), rac-isopropylidene-bis(3-trimethylsilyl-indenyl)zirconium dichloride

(rac-CMe,(3-Me,Si-Ind),ZrCl,), rac-isopropylidene-bis(3-methyl-indenyl)zirconium

dichloride (rac-CMe,(3-Me-Ind),ZrCl,), rac-isopropylidene-bis(3-ter-butyl-

indenyl)zirconium dichloride (rac-CMe,(3-tBu-Ind),ZrCl,) was carried out as described in
WO 96/22995. |
Synthesis of rac-Methylene-bis(3-t-butyl-1-indenyl)zirconium dichloride

(@)  Synthesis of t-butyl-indene

1le
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(a) Synt hesis of t-butyl-indene
16 Printed from M nposa 02/ 23/ 2000 14: 26: 07 page -18-

WD 99/ 54369
PCT/ EP99/ 02644 42.0 g of indene (technical grade, 94 % by GC, 39.5
g, 340 mnol), 50 % w aqueous KOH (308 g in 308 mL) and 15.8 g of

Adogen (Al dric ) dissolved in 139.7 g of - yl brom de
?ﬁé"sm at room Péﬁgpggﬂgw"

(1019.6 mmol) e I'ntroduced in this order, enperature, in
all, jacketed glass reactor with nmechanical stirrer (Biichi). The
organi ¢ phase turns green. The mxture is heated to 60 [err]C and

vi gorousl y sti rr edd2flgg of indene (teclinivel gnasier94 % by GC.E9S 1 340umbl 506 v e bar - g

i s observed) and then cooled to room tenperature. Total reaction
time is 3 h. The OKQHI08 girh308enl)) andd?Bizaof AdapenfAldrich,34 mmiobalissolved in 139ffexane
(3x200nmL) and anal yzed by GC. Conversion: 74.5 % w of 3-tert-butyl-indene
and 1.8 % of 1-t erg obuerybutylprornide (10196 comell overenititooduced 3in 7thiy ander, Thteroow| ut i on

was evapor at ed under reduced pressure (rotovac) and the resulting
dark brown vi scoustemperature, if jaclul-ciagketed glasstrpdcior with meghanippligtirrer ¢Biichidt Theg t he
fraction boiling between 70 and BOﬁ:rr]C (40 g, 76.8 % of
3-tert-butyl - i ndenwgasiedhase tusnsogresh. The mintyre isreaped-tp (912G and vigerdugly stiregyi for ( b)
Synt hesi s of bis(3-t-butyl-indenyl)nethane In a tree neck, 1 L
flask with stirri ngrodhaprs (g pressim tbpilsnpcte 3.5 bar-glig ebseyedband then @pled tayroom

[err] BuOK (92 mmol ), 400 nL of DWF, 80.6 of tert-butyl-indene (98.2 % by
GC, 460 nmigmperatyry dotahwspptiomtinge ig 3 ho%wmea@w 8 exErtewitlsteohpicgl 9 ¢

230 mmol ) were added dropwi se over 15 min. A mldly exothermc
reaction is obser vesang3x200md) gos anplyzsth by GE-{epuversion: 74.5 % aepf Iaebuiylindgiee was
stirred at roomtenperature for 2 hours, then the reaction was,
quenched by pouri n#dt k& %rpki-eridbutyhindene, wrrgcted-fodane 1187 % o Thy splatien,wash
Et[err] O (2x250 m), concentrated under reduced pressure to yield
an orange oily pr ogHgearated yoder; pdicedonresgifg (fpfovac) and the resulting Yiggqus
1-[err]Bulnd, O. 3‘%; [err]Bulnd, 2.8% target product, 78.3% the rest

iquid was distilled at 1 mmHg, collecting the fraction boiling between 70 and 80 °C

(40 g, 76.8 % of 3-tert-butyl-indene and 19.5 % of 1-tert-butyl-indene, no indene).

()  Synthesis of bis(3-t-butyl-indenyl)methane

In a three neck, 1 L flask with stirring bar were introduced in this order: 10.32 g of

BuOK (92 mmol), 400 mL of DMF, 80.6 g of tert-butyl-indene (98.2 % by GC, 460

mmol), and then 18.6 mL of aqueous formalin (37%, 6.9 g, 230 mmol) were added

dropwise over 15 min. A mildly exothermic reaction is observed and the solution turns

red. The mixture was stirred at room temperature for 2 hours, then the reaction was

quenched by pouring the mixture on ice and NH,Cl, extracted with Et,O (2x250 mL),

concentrated under reduced pressure to yield an orange oily product with the following

G.C. composition: 1-*Bulnd, 0.3%; 3-/Bulnd, 2.8%; target product, 78.3%; the rest

being byproducts. Yield of raw product: 83.6 g, corresponding to a yield of 79.9 %.

The orange oily product crystallized upon standing {ca. 1 h). This product was further

17
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bei ng byproducts. Yield of raw product: 83.6 g, corresponding to a yield of

79.9 % The orange oily product crystallized upon standing (ca.

1h). This product was further

17 Printed from M nosa 02/ 23/ 2000 14: 26: 07 page - 19-

WD 99/ 54369 '

PCT/ EP99/ 02644 purified by washing with pentane, ' ves
bis(l-tert-but y?’"9§?’f‘%“3eny| ) met hane as a light yel IP\(;&&)EE%WE‘Z , 99.8 %
pure by GC (c) Synt hesi s of

met hyl ene- bi s(3-t- but.all -1-indenyl ) zirconi umdi chl ori de 11.0 g of
pure bis(| -t ert - buPyified by Weshing witkgentane, whicigigaves bisbie)r-bwiyl-indényBméthapel 2 1 200

mL Et[err]Oin a 250 nL Schl enk tube, and the solution cooled to -15
[err]C. 40 nl of 1 2dightyellow powder;}8% pyge bEne (63.3 mml) were added
dropwi se over 15 min with stirring. The solution is allowed to warm
to room t enper & ur Synthesisof methylgnerlis(-buiyljngdesyl)zigeonium dichloridercr easi ng
turbidity develops with final formation of a yellow suspension. 7.2 g of
Zrd [err] (30.9 mdiP spépie bis(lfestutyl-p-indeymethans £9i91pacl) Wive dissplyedin20Qr es
were both cooled to -80 [err]C and the Li salt solution in Et[err]O
were qui ckly added ™lcBtOpa 230mY tahe, gng ¢he solution cooledtp 48 PE. 4f @l of b6 M 00l i ng
bath is renoved. After 20 min the color of the slurry changes from
yel low to red. TheBubliathewme f33tmne)) were added deogwisy evenil§min with stisting. The
tenperature, and . . then brought to dryness under reduced pressure.
The red powder was SSMigR s aliower to §gm to room tempergfyre gud, stirred TS thowmsArr r ed
into a filtration apparatus. equi pped with side arm(to ~allow

sol vent refl uxing) ™ tf“i%’r‘?ljy glops, with-final fopation; plje yRllpwauspension. 7.3 g off

recei ving 2@5@ \%In ttbe bott om and bubbl e condenser on the top. The
red solid was extr & 'eHfOqimpol) were sluried iy 200,ml, genisme,  The &g wExtmvRe IS hour s.

The filtrate was eva(ﬁ rat dryness under uced pressure to

d.t ... red
give a red paste wif '“&'(?ﬁt% Lo I -Sepn Kt Overeuickly adde tp)theeCl, stpney [ er r |
baste was vasheqd [ bentte: R RTg bit Bkt a0 g Be g of 15 SRYEBRES of pur ¢

product. The red S%qrel?or\}vt%pe%’fhrelrc;[acuyovg%ixtureissﬁmdovmﬁghtatmomtemperawre,and

then brought to dryness under reduced pressure. The red powder was slurried in 200
mL of pentane and transferred into a filtration apparatus equipped with side arm (to
allow solvent refluxing) connecting the system above and below the frit, a receiving
flask on the bottom and bubble condenser on the top. The red solid was extracted with
refluxing pentane for about 3.5 hours. The filtrate was evaporated to dryness under
reduced pressure to give a red paste which contained rac-CH,(3-/Bu-Ind),ZrCl, free
from its meso isomer, but containing polymeric byproducts. The paste was washed
twice with Et,0 (20+10 mL) to give 1 g of pure product. The red solid on the frit was
further extracted with CH,Cl, until the filtrate was light orange (6 hours) and dried.
"H-NMR shows the presence of pure rac-CH,(3-*Bu-Ind),ZrCl, (7.25 g). Total yield

(8.25 g of red powder) of rac-CH,(3-Bu-Ind),ZrCl, is 52%. '"H NMR (CDCl,, d,

18

Printed from Mimosa 02/23/2000 14:26:07 page -20-



further extracted with CHerr](err] until the filtrate was |ight orange (6
hours) and dri ed. "H NVR shows the presence of pure :
rac-CH err] (3JBu-Ind)[err]ZrCl[err] (7.25 g). Total yield (8.25 g
of red powder) of rac-CH[err](BJBu-Ind)[err]ZrO[err] is 52% [err]H NVR
(cbcferr], d,

Printed from [/ 23/ 2000 14:26: 07 page -20- 54369
PCT/ EP99/02644W§"§ ok ppm): s, 1.41, tBu, 18H s, 4.78,F r’°%?/, s,
5.79, 2H, Cp-H m 7.15, 2H m 7. 36, OH m 7.47,2H m 78 2H,

Synt hesi s of methyl ene-bi s(3-iso-propyl-1-indenyl)zZrcferr] (a)

Synt hesi s of 3-i sepp)kepldl. By Hikact.78, CH,, 2H; 579 285 Cp-Huwnd 1y, 2Homi T36. 94. 4 %)
in 140 nL Et[err]O were placed in a 0.5 L flask and cooled to -20
[err]C, 141 nli of 2H:Bul47, 206 798,i2H. hexane, 226 nmmol) were added

dropwi se in about 30'. The reaction m xture was allowed to warmto room

t enper at ur e afSynthésisef methylengbis@risopronyhi-indepsddrfl or ange sol ution). This

sol uti on was then slowy added to a solution of 101 niL of i-PrBr
(Al drich, Mv @3 dYynthiesis of 3-iso-propyl-1-indeng1 g/ ni, 1.07 rml) |n 140 nL Et[err]O
mai nt ai ned at O[err]C. The reaction was all owed roceed with

stirring at room t%r&@%@%%é%@ﬂ@%ﬁﬁd@@h@@% b flagkzpnd

GC anal ysis after 24 h (Indene = 12.1% i-Prlnd 56.5% (i-Pr)[err]lnd =
18.8%, 48 h cooleg t%ﬂ@n@ 141 glg of nﬁﬂh(lﬁdl\ddn@exae%ﬂ@irmmlbvzmaddsdla 5%,
and final (Indene = 4.8% - Prind = 65.3% (i-Pr[err]lnd = 16.8%.
The mi xture was polimEdsecit ool .o Tt repction migare was allowed 49 gyarm 4o oMy
extracted with Et[err]O (3x200 m.). and the Et[err] O wash conbined with

the organic | ayer ,teraperasge éhenﬁarsﬁ[ferr%l}ouarﬁwo‘w-mvsefwlmnbt%ﬁolvfm 5| vent

was renoved under vacuumto |eayv rg of avyellowoil (yield
based on GC anal yspe ﬁl‘%v%ﬁid%ma”l““m"“g@nb °6f‘P h(f’sldll#’i M%k”cﬁ/@?a Fed
(addi ng NaCOH pellets to avoi d _polymerization, 20 _cm_vi gr eux

col um) col | ect i ngt- &kt mrabin i qﬂrﬁtgogww%@ Femrﬁs%‘t“"i”éﬂwd 10

, GC. i-Prlnd (2 isoners 92. 1% -Pr)[err]lnd = 6.7% 'H NVR
?CDCI [e:’r] d, E)p Iproaee thstlrnng at roénlx temp%rgature or 72 hours. Ahqu%ts were taken for

GC analysis after 24 h (Indene = 12.1%, i-PrInd = 56.5%, (i-Pr),Ind = 18.8%), 48 h
(Indene = 4.6%, i-PrInd = 66.8%, (i-Pr),Ind = 16.5%), and final (Indene = 4.8%, i-
PrInd = 65.3%, (i-Pr),Ind = 16.8%). The mixture was poured onto 300 g of ice, the
water layer was extracted with Et,0 (3x200 mL) and the Et,0 wash combined with
the. organic layer, dried over MgSO, and after filtration the solvent was removed
under vacuum to leave 30.9 g of a yellow oil (yield based on GC analysis is 62 %).
18 g of this oil was distilled (adding NaOH pellets to avoid polymerization, with a
20 cm vigreux column) collecting the fraction boiling at 95-105 °C at 10 mmHg, 10
g, GC: i-PrInd (2 isomers)= 92.1%, (i-Pr),Ind = 6.7%. 'H NMR (CDCl,, d, ppm): d,
1.45,1.47, 6H; m, 3.47, CH, 1H; s, 3.47, 2H, CH,; s, 6.35, 1H,; m, 7.47, 2H; m, 7.3;
7.7, 4H. Major isomer is 3-i-Pr-indene.

{b)  Synthesis of bis(3-iso-propyl-indenyl)methane

1s
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1.45, 1.47, 6H m 3.47, CH 1H s, 3.47, 2H, CHerr]; s, 6.35, 1H; m

7.47, 2H m 7. 3- 7.7, 4H Major isonmer is 3-i-Pr-indene. (b)

Synt hesi s of bis(3-iso-propyl-indenyl)nethane
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WD 99/ 54369

PCT/ EP99/ 02644 In a three neck, 500 nL flask with bar were
introduced in tB? &%¥%er: 10 g of i - Pr-indene (92“%&'@23& 58. 3
mrol ) dissolved in.250 nL of DMBO, and 1.42 g of t-BuOK (MW 112. 82.
12.6 mmol ). The yellow solution turns green. 2.56 nL of aqueous

formalin (37% MNIBE.IGE: netkl 5@ mixdhsk with stirfingbar wre Dite@cedinghiniorderd1d grof

15°. A mldly exothermc reaction is observed and the solution turns dark
brown. At . t HRs-indene 2% MW 1384813 namo!} dissolvestin 25 mL of RME8Peandd 2 gt i r r ed
for 16 h at room tenperature. The reaction was quenched by pouring
the m xture on 2000fg-Bu@K MW h128231%6 Mol Fhie @ellow solution tuifls green @A imd ¢fr oduct
was extracted with Et[err]Q the water |ayer was washed with Et[err]O
(3x100 m.), the orgmm“&fm§1@K%7VeM|3ﬂ@%i31@MMIBVQNLWQMSQWE}WW¢WH ed and

concentrated to | eave 13. 65 of yellow oil, which contains. 32% of the
desi red- pr obflich midly e if fegqtion is opeeyved arcthe selutipnsturys dark brown. At
met hyl ene-bi s(3-iso-propyl-indenyl)Zrd[err] 13.6 g of raw

bi s(3-i so- propyl - 1the endeo {he pddition MWW@WWM@%W@P%WO in

a 250 nL Schl enk tube, and the solution cooled to -80[err]C. 33.3 nL of 2.5
M BulLi i 'ﬁ@@a%téor(%.qzeww powsing theamjsure on 3P ire with &3 gINHGLn with
stirring. The soI ution is allowed to warmto roomtenperature and
stirred for 5 hour'§heWcﬁ&dﬁ‘éwsﬁa‘mtedw‘ﬂ‘EEPUWBW&P%WYCHW%“(Mhtl%or| nal
formati on of an orangoe preC| pitate. Et20 was renpved under vacuum
and 200 L of t ol uSxELELy o@&nwglayerg cewblﬁdadmé g2 BeS0g, Sitiered and 41. 62

nol ) were slurried in 200 of toluene. The t m xtures were both
concentrated to leave 13.65 g of yellow oil, whxch contains. 32% of the desired

product by GC analysis.
(c) Synthesis of methylene-bis(3-iso-propyl-indenyl)ZrCl,

13.6 g of raw bis(3-iso-propyl-1-indenylymethane were dissolved in 200 mL Et,0 in
a 250 mL Schlenk tube, and the solution cooled to -80 °C. 33.3 mL of 2.5 M BulLi
in hexane (83.2 mmol) were added dropwise over 15 min with stirring. The solution
is allowed to warm to room temperature and stirred for 5 hours. An increasing
turbidity-develops with final formation of an orange precipitate. Et,0 was removed
under vacuum and 200 mL of toluene were added. 9.7 g of ZrCl, (MW 233.03,
41.62 mmol) were slurried in 200 mL of toluene. The two mixtures were both
cooled to -80 °C and the ZrCl, slurry in toluene was quickly added to the Li salt
solution in toluene. The cooling bath is removed. The reaction mixture is stirred
overnight at room temperature, Filtration: the residue was a sticky glue (eliminated).

The filtrate was evaporated to 25 mL under reduced pressure: the solid precipitated

20
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cooled to -80[err]C and the Zrd[err] slurry in toluene was qui ckly added

to the Li salt solution in toluene. The cooling bath is renoved.
The reaction mxture is stirred overni ght at room tenperature.
Filtration: the residue was a sticky glue (elimnated). The

filtrate was evaporated to 25 m, under reduced pressure: the solid

preci pitated :

Printed from MYDSA%/ 23/ 2000 14: 26: 07 page - 22- "‘2'9?1?6’"3&/'54369
PCT/ EP99/ 02644 was isolated by filtration: "H NWR (CDerr]dJerr],
d, ppm: 92% neso: ps-t, 1.31, i-Pr, 12H, quintet, 3.32, CH 2H,

quartet, 4.84, 4. 9ss i®lagd bySiltogon: JH NMBRED.L],- brpu) 92%amess:. 84, 1.31, i-Pr, 2H,-
Cp-H, t, 6.9-7.0,2H, t, 7.06-7.15,2H, m 7.47-755, 4H. See Figure 2.

The filtrate was di2Hequintes, 1132 EHa2H;aplartst, 4BKR\A.% 05.01d 508, 281, GH,-bridge;ch5.8ks

di spersed in 30 m. Et[err]Oand mM CHerr]C[err], and filtered at
O[err]C. The resi di¥b Opdd t. @Sl 2Hy, H06rB151 21§; mf7.47-755, 4H. Jeedfigydder . [ err] H- NMVR
shows the presence of chemically pure CHerr](3-i-Pr-Ind)[err]Zrd[err]
(80% racemn, 20% rBwditratd wesdripd wngive(aas) gicky ©lid 6§ ), which ppndispersed in. 307,
1.21,CH3, 6H, d, 1.31,1.34, CH3, 6H quintet, 3.13-3.20, CH, 2H S,
4.82, 2H CH2- bri dgsl E4O aml gl CH,CL, and@ltqred@wg The resilugwasairiedtozive g of
7.25-7.30,2H d, 7.47-7.52 2H d, 7.60-7.65 2H. Synthesis of

met hyl ene- bi s( 3- t ricéReWigr sH-NMR mﬁ@ewse;m qf@m@lh’mﬁﬁdwﬂéhdwlz

Synthesis of bis(l-trimethylsilyl- 3- i ndenyl ) net hane 9.56 g of

bi s(I -i ndenyl ) et H&p% T{GSBOQZO%T@FS?) "B BIMR (@4Chsd, el ds b47,i 1216} ﬁHsﬂvs 10,
were dissolved in 70 Bt[err]Oin a 250 m_ Schl enk tube, and the solution
cooled to - 131781‘5 C @Hrﬂ“méﬁ 32131??49! %L?H’lsn“ﬁ?e)?grgﬂwgs SABE) wer e
added dropwi se, over 30 tes under stirri The obt ai ned

sol uti on was al | owsd Qedhvnardh713 %6(7’125‘7 30, 2H di7e"r7p79?2a%l'grde7 6hi6%:ABn stirred
for 3 hours, thus obtaining a brown dark htIy cIoud .

sol uti on. 10. 5Srwtbsﬂs'tfm%‘W!fP?-Pﬁ@ttﬂw@Ylﬂb(hE“\d Dzirconigpmdihloride di ssol ved in 50
m Bt[err] QO he two m xtures were both cooled to -78[err]C and the

Li salt sol uti®h |ﬁyq£'eqs§f'ﬂ}ii§1m§ethylsﬂyl-3-mdam a&er 20 ninutes, to the

chlorotrimethylsilane solution in Et[err] G the col or of
9.56 g of bis(1-indenylymethane (39,1 mmol), obtained as reported in Synthesis 10,

were dissolved in 70 ml BEt,0 in a 250 ml Schlenk tube, and the solution cooled to -
78°C. 33.0 ml of 2.5 M BuLi in hexane (82.5 mmol) were added dropwise, over 30
minutes under stirring. The obtained solution was allowed to warm to room
temperature and then stirred for 3 hours, thus obtaining a brown dark, lightly cloudy
solution.10.5 ml of chlorotrimethylsilane (82.7 mmol) were dissolved in 50 m1 Et,O.
The two mixtures were both cooled to -78°C and the Li salt solution in Et,0 was
added, over 20 minutes, to the chlorotrimethylsilane solution in Et,O; the color of
the solution turned from brown to maroon. The cooling bath was removed and the
reaction mixture was stirred overnight at room temperature. After 20 hours, the
solution, lightly clearer, was quenched with a few ml of MeOH, filtered and

concentrated, thus giving 11.28 g of bis(1-trimethylsilyl-3-indenyl)methane as a

21
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the solution turned frombrow to maroon. The cooling bath was renpoved and

t he reaction mxture was stirred overnight at roomtenperature.
After 20 hours, the solution, lightly clearer, was gquenched with a
fewm of MeOH, filtered and concentrated, thus giving 11.28 g of
bi s(I-trinmethylsilyl-3-indenyl)nethane as a

\2/\%) 00/ 54369 WO 99/54360 Printed from M nosa 02/ 23/ 2000 14: ch_[()gpg%g‘g -23-
PCT/ EP99/ 02644 brown dark oil (74.2%yield, neso/rac = 1/1).

"HNWR (CDCl[err], [err], ppm: -0.04 to -0.03 (s, 18H CHerr]); 3.35-3.45
(m 2H, CH or brownd@ﬂq[odl(ﬂz"/bylﬂég@)iﬁ/ms 94)-4.00 (bs, 2H, CH err] bridge or
CH); 6.30-6.40 (m 2 ;. 7.10- 7.50 (m 8H). (b) Synt hesi s
of met hyl ene- bi s( @t%%)w},sﬁ PRm)- pmrtm&p;u; ZIBHC@U,LMS-%I‘}SCM éHi g or
CHerr](3-MeSi-Ind)[err]zrd[err]

bi s(1-trinethyl sil degehééﬁ‘#loj’ﬂEt%ﬁ@zP&‘!BOGT%WO-%%(W%GP-@ *Wported
above, were dissolved in 70 M Et[err]Oin a 250 m Schlenk tube, and the
sol ution was 7.50 (@o¥Ded to -70[err]C. 10.6 m of 2.5 M BuLi in hexane
(26.5 mol ) were added drg_gw se under stirring. The sol ution was

al | oned t o waflth t Sypthesis t ofnyethylene-bis@r{pimethylsilyl-1-indenyhzingonipm Jichlogide . An
increasing turbidity developed with the final formation of a br own
dark suspensi on. %@U“ﬁi‘@h@?‘err] (12.6 mol) were slurried in 50 m of
pentane. The two m xtures were both cooled to -YOgerrIC and the Li salt
solution in 490§$féﬁflr@%%15ﬁﬂi3dﬂe9ylm {56 ool gbigined g repatedr ry i n
pent ane; then the cooling bath was ved. The reaction m xture
was mai nt ai ned undé?veswr?%%b{e%‘aépml&h&)%%ﬁ’aaﬁpmenkwb%antiémﬁ pUATIIFEE and t he
col or of the suspensmn turned to maroon. After filtration, the

resi due was concerfeplsd &u-"8rfct Y0ferrl O% 250t B \ip derang, (3fenmmel) wery @dded pi nk- r ed

powder . The [err] H NMR anal ysi.;s showed the presence of nesq/rac
CH err](3-Me[err] gmqwxqeﬁg:;er gmx}gzm sPl@pqn]was allowed to warm to room temperature and

stirred for 3 hours. An increasing turbidity developed with the final formation of a

brown dark suspension. 2.94 g of ZrCl, (12.6 mmol) were slurried in 50 ml of
pentane. The two mixtures were both cooled to -70 °C and the Li salt solution in
Et,0 was quickly added to the ZrCl, slurry in pentane; then the cooling bath was
removed. The reaction mixture was maintained under stirring overnight at room
temperature and the color of the suspension turned to maroon. After filtration, the
residue was concenl;ated and then extracted with toluene to give a pink-red powder.
The "H-NMR analysis showed the presence of meso/rac CH,(3-Me,Si-1-Ind),ZrCl,
= 75/25. The filtrate was dried to give a brown dark sticky solid and pentane was
added; the obtained mixture was stirred at room temperature for 1 hour and then
filtered. The residue was ﬁnaliy dried to give 1.87 g of an orange powder. The 'H-
NMR analysis showed the presence of rac/meso CH,(3-Me,Si-1-Ind),ZrCl, = 81/19

(27.0% yield).

22
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= 75/25. The filtrate was dried to give a brown dark sticky solid and

pent ane was added; the obtained m xture was stirred at room
tenperature for 1 hour and then filtered. The residue was finally
dried to give 1.87 g of an orange powder. The 'H NVR anal ysi s
showed the presence of rac/nmeso CHerr](3-Me[err]Si-l-Ind)[err]ZrC[err] =
81/ 19 ( % yield).

22 ‘%”%J‘ypri nted from M nosa 02/23/2000 14 26707 Bage - 24-
WD 99/ 54369

PCT/ EP99/ 02644 err]HNWR (CD{err]Cl[err], [err], ppm: 0.22 (s,
6H, CH err]); 0.34HN} D,Cl3e pph)y 0.22 (§ $H, CH,)CPPRA (s, |6H, CH,); 4.79 G, dFe, 2H) :

4.93 (q, CHerr] bridge, 2H); 6.47 (s, Cp-H 2H); 6.57 (s, Cp-H 2H); 7.06-
7.72 (m 16H). PCridee )R AP (CHkridge: [2HD; 0ri3 (0 G-H, MROP.57 £5, CpHnEDCTH6- (Wt co)
10 % tol uene solution was dried in vacuumuntil a solid, glassy material
was obt ai ned whi ch’- W@ 1¢Hely crushed and further treated in vacuum until
all volatiles were renoved (4-6 hours, 0.1 mmHg, 50[err]C) to | eave a
white, free-f BOGYMERHAHON  Trjs(2, 4-trinethyl-pentyl)al umnum (TIOA) A
comercial (Wtco) sanple was used diluted to a 1 Msolution in the
i ndi cat ed sol \Methylalumyyaup(MA®) £t hy| ene/ | --hexene copol yrmeri zation A 200 ni
gl ass autocl ave, provided with magnetic stirrer, tenperature indicator and
feeding |ine 4 gemmereial @Aipeleie% tojane solption; wag dripd inr yeguue il wisolid, Iglmwne at
35[err]C. At roomtenperature, 90 nil of heptane and 10 m of 1-hexene were
i ntroduced. Teatesiat was,qbigined weich wyagfimely sashed fnd fupther, tesgied dny vacpum gt allyf
hept.ane by consecutively introducing 0.22. m of 1 M . L

volatiles were femoved (4-6 hours, 0.1 mmHg, 50°C) to leave a white, free-flowing

powder.

Tris(2,4,4-trimethyl-pentyl)aluminum (TIOA)

A commercial (Witco) sample was used diluted to a 1 M solution in the indicated solvent.
EXAMPLE 1

Ethylene/i-hexene copolymerization

A 200 ml glass autoclave, provided with magnetic stirrer, temperature indicator and feeding
line for the ethylene, was purified and fluxed with ethylene at 35°C. At room temperature
90 ml of heptane and 10 ml of 1-hexene were introduced. The catalytic system was
separately prepared in 10 ml of heptane by consecutively introducing 0.22 ml of 1 M
toluene solution of MAO and 0.1 mg (2.04x10° mol) of methylene—bis(3-iso—propyl-1-_
indenyl)zirconium dichloride solved in the lowest possible amount of toluene. After 5
minutes stirring, the solution was introduced into the antoclave under ethylene flow, the
reactor was closed, the temperature was risen to 70°C and the reactor was pressurized to 4.5
bar with ethylene. The total pressure was kept constant by feeding ethylene. After 15

minutes the polymerization was stopped by cooling, degassing the reactor and by the

23
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t ol uene solution of MAO and 0.1 ng (2.04x10[err]nol) of

nmet hyl ene- bi s(3-iso-propyl-1- indenyl)zirconiumdichloride solved in the

| owest possi bl e anmobunt of toluene. After 5 mnutes stirring, the solution
was introduced into the autoclave under ethylene flow, the reactor was

cl osed, the tenperature was risen to 70[err]C and the reactor was
pressurized to r wth ethylene. The total pressure const ant
by feeding ethy %%@FR%fter 15 mnutes the polynerizationp§g%m§ o%ped by
cool ing, degassing the reactor and by the

23 Printed from M nosa 02/ 23/ 2000 14:26:07 page -25-

WO 99/ 54369  introduction of 1 ml of methanol. The product was washed with acidic methanol, than with :
PCT/ EP99/ 02644 introduction of 1 nm of methanol. The product was washed
with acidi c nmethanal| andt finglly Wiiedhin geenhatn@PC aumderf vaowint. yTher yield was H3eig at

60[ err] C under vacuum The yield was 3.59 g corresponding to an activity
of 769. 3 Kg/ gZeiespopkiag tonanyactipity of 7695c%g/gZnj. Dife intrivsiqyiiscpsity of tha polythewasd| / g.
The characterization data of the copol yner so obtained are shown in Table
2. EXAWPLE 2 1.2dHgmple 1 was repeated, but with the difference that. instead
of 10 m 1-hexene 5 m_ 1- hexene were introduced. The polynerization
condi ti ons ar e'he elscterzatipndataps the capolyniprfe obinedare hpwn imTabla2dat a of t he

copol ymer obtained are shown in Table 2. EXAMPLE 3 Exanple 1 was

repeat ed, but EXAMPLEZ djfference that instead of MAO 0.27 mvls of
TIOAHerr]O (Al/Herr]0=2.11 as nolar ratio) were used. The yield was 0.73
g correspondi riemple 13yps aepeates, byt with thodifferency theyinstead of H8 mlrjchekepsiScml/l-scosity
of the polynmer was 2.58 dL/g. The polynerization conditions are reported
in Table 1. Theeenewaeimodcedati on data of the copol yner obtained are shown

in Table 2. EXAMPLE 4 . .
The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 3

Example 1 was repeated, but with the difference that instead of MAO, 0.27 mmols of
TIOA/H,0 (AVH,0=2.11 as molar ratio) were used. The yield was 0.73 g corresponding to
an activity of 123.2 Kg/gZr.h. The intrinsic viscosity of the polymer was 2.58 dL/g.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 4

Example 1 was repeated, except that 0.22 mmols of a 9:1 mixture of TIOA-O/MAO was
used. TIOA-O was obtained at AIV/H,0=2.07 as molar ratio.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 5

Example 1 was repeated, but with the difference that 0.12 mg Me,C(3-iPr-Ind),ZrCl, and

24
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Exanple 1 was repeated, except that 0.22 mmols of a 9:1 m xture of

TI OA- O MAO was wused. TIOA-O was obtained at Al/H err]O=2.07 as nol ar
ratio. The polynerization conditions are reported in Table 1. The
characterization data of the copol yner obtained are shown in Table 2.
EXAMPLE 5 Exanple 1 was repeated, but with the difference that 0.12 ng
Me[err] C(3-i Pr- r]Zrc[err] and '

24 W Sisufb Printed from M mosa 02/23/2000 14: 2B P%ESE - 26-
WD 99/ 54369

PCT/ EP99/ 02644 . 0,24 mmols MAO were used. The polynerization conditions
are reported iG24MmulsMAO weRisedehar act eri zati on data of the copol yrer
obtai ned are shown in Table 2. EXAMPLE 6 Exanple | was repeated, except
that 0.12 ngy Ghepeymsrizgion conditiopsarq reportpdin@abletr | and 0.24 mols of a 9:1
m xture of TIOA-OQ MAO was used. TIOA-O was obtained at Al/Herr]0=2.07 as
nol ar rati o. Thypharagisrizatien dataof the gonelymer abtained arg showndmBable@d in Table 1. The
characterization data of the copol yner obtained are shown in Table 2.
EXAMPLE 7 ExZESAMPEE@Ls repeated, but with the difference that 0. 2 ng
Herr]C(3-Me[err]Si-Ind)[err]Zrd 2 was wused. = The pol ynerization
condi tions ar ExpEpiel ey Tepsstedegrpept that 0.12 g %M&F"a}cﬁféﬂ)a%ﬁli f 04 mumaly ofiah e
copol ynmer obtai ned are shown in Table 2. EXAMPLE 8 Exanple 1 was
repeat ed, excépt mpxpg of TIPAQIMAQ w3s wasd. | AN Quwhs obtained at AHH (5207, asagmolarang t hat
0. 23 : :

ratio.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 7

Example 1 was repeated, but with the difference that 0. 2 mg H,C(3-Me,Si-Ind),ZrCl, was
used.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 8

Example 1 was repeated, except that 0.1 mg CMe,(3-Me-Ind),ZrCl, was used, and that 0.23
mmols TICA/H,0 (A/H,0=2.07 as molar ratio) and no MAO was used.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 9

Example 1 was repeated, but with the difference that 0.12 mg Me,C(3-Me,Si-Ind),ZrCl,
was used.

The polymerization conditions are reported in Table 1.

25
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mmols TIOAH err]O0 (Al/H err]0=2.07 as nolar ratio) and no MAO was used.
The pol yneri zation conditions are reported in Table 1. The
characterization data of the copol yner obtai ned are shown in Table 2.
EXAMPLE 9 Exanple 1 was repeated, but with the difference that 0.12 ng
Me[err] C(3-Meerr]Si-Ind)[err]ZrC[err] was used. The polynerization
conditions are reported in Table 1.

25 WO99/5436% prj nted from M nosa 02/ 23/ 2000 14: 2BSTHEFIU%EM - 07

WD 99/ 54369

PCT/ EP99/ 02644  The characterization data of the copol yner obtained are
shown i n Tabl &h&charaéstixhiRinidati Of thédopylimeerebtiinaldreshowt m¥ably2er i zation A 260 m
gl ass autocl ave, provided with magnetic stirrer, tenperature indicator and
feeding |ineEXAMRIE10:t hyl ene, was purified and fluxed with ethyl ene at
35[err]C. At roomtenperature were introduced 86 m of heptane and 4.1 ml
of 1-oct ene diEsiyldnk/dactenexopdlyniéridationr | . The catal ytic system was prepared
by consecutively introducing MAO (0.21 mmol. as 1M tol uene solution) and
0,1 ng (0. 0002050 my giass amodlavef provided with alagretestierer) femporatng lirglicitos oid\feeding | n
toluene (the | ow anount as possible). After 5 mnutes stirring, the

sol ution was din¢ fot the ethylene] Qasrpurifigdtand Feyetd swith ethylenevah 35°Cn tAt osbictediperstore t he
aut ocl ave under ethylene flow, the reactor was closed, the tenperature

ri sen to 70[ eweieGnigvhicedr8swiief hepting andM.banl of Tiveteneodistilled praxJiaith. s kept
constant by feeding ethylene for 20 m nutes. The polynerization was

st opped by coctalytiy, syster)awasi pepated dy rconsequtivelin introducing iMA@ (B.AL minend. &f 1M nl  of
nmet hanol . The achi eved pol yner was washed with acidic nethanol, than with
met hanol and doelvenelsdlytion)aad 0,1aug @OPR20F Ing aty Zdef the anstallocenelof @8ample bolyed| ymer
was obtained (270 Kg/gZr/h) with the following characteristics: IV. = 1.82
dL/ g; 1-oct endxtoferrthedéw gmoulhas possibky.c AR§r@, mimes s§RBing,/ the solution was diluted

to 10 ml with heptane and was introduced into the autoclave under ethylene flow, the

reactor was closed, the temperature risen to 70°C and pressurized to 4 bar. The total

pressure was kept constant by feeding ethylene for 20 minutes. The polymerization was

stopped by cooling, degassing the reactor and the introduction of 1 ml of methanol. The

achieved polymer was washed with acidic methanol, than with methanol and dried in oven

at 60°C under vacuum. 1.68 g. of polymer was obtained (270 Kg/gZr/h) with the following

characteristics: LV. = 1.82 dL/g; 1-octene= 5.73 mol.%, Tm= 92.5°C; AH= 63 J/g;

Triad distribution in mol.%:[EXE]= 5.73; [XXX]= 0; [XXE] = 0; [EXE}/X,,= 1. Where X
has the meaning of 1-octene.

EXAMPLE 11

Ethylene/1-decene polymerization

A 200 m] glass autoclave, provided with magnetic stirrer, temperature indicator and feeding
line for the ethylene, was purified and fluxed with ethylene at 35°C. At room temperature

were introduced 85 ml of heptane and 5 ml of 1-decene distilled over LiAIH,. The catalytic

26
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Triad distribution in mol.%[EXE]= 5.73; [XX]=0; [XXE] = 0; [EXE]/ X err]=
1. Where X has the neaning of 1-octene. EXAMPLE 11 Ethylene/l-decene
pol ymeri zation A 200 ml gl ass autocl ave, provided with magnetic stirrer,
tenmperature indicator and feeding. I|ine for the ethylene, was purified and
fluxed wth ethylene at 35[err]C. At roomtenperature were introduced 85
m of heptane of 1-decene distilled over LiAlH e catal ytic
26 %8”755&1 Printed from M nosa 02/ 23/ 2000 14: 2%&%’5"%@5‘5 - 28-
WD 99/ 54369
PCT/ EP99/ 02644 system was prepared by consecutively introducing MAO (0. 22
mol . as 1M t eysteanwas grghased by Fonsesuitivelylintreducioy OO (G22rgmel.. asZAM tolfienehe
net al | ocene of exanple 1 solved in toluene (the | ow anount as possible).
After 5 m nut eslutirm) prd By mg (PD08205 og.abnZihaf thei rhetallockne of exaplel 1 walvad ihept ane
and was introduced into the autocl ave under ethylene flow, the reactor was
closed, the t doipme fthelow amours as passivie) efiet Lmintés phrrings the isotutipntwas diliged to  The
total pressure was kept constant by feeding ethylene for 10 m nutes. The
pol yrer i zat i o0 avith thetiiane @ndyyyas intendinded ipto e epieciave yndetyihyleng owr thexeartarhe
i ntroduction of 1 m of nethanol. The achi eved polynmer was washed with
aci di ¢ et hanovas closedythefempergiare migende 7Q g pressarized tood/ban The tedd pressufecvasunder
vacuum 3.2 g. of polymer were obtained (1045 Kg/ ?Zr/.h)_ with the foll ow ng
charact eri st i degpt constant by feeding gthylgne for 4@ snimtes. Thesmlymerization pigg: stppped [b¥r r | C;
[err]H= 63 J/g; Triad distribution in mol.%[EXE]= 7.48; [XXX]= 0; [ XXE]
=0; [ EXE]/ X[ erceqling,]degassing thet 1aactor gady thie rigjroguction g6 & apl cof methrpelySThe achieved
(comparison) Exanple 1 was repeated except that L.
rac- CH[ er r] ( 3-polmer yep) washedwathpifis methaggl.Shagydth methepel apdixjaddn pyegiat 6HC
conditions are reported in Table 1. . . )

under vacuum. 3.2 g. of polymer were obtained (1045 Kg/gZr/h) with the following

characteristics: LV. = 2.01 dL/g; 1-decene= 7.48 mol.%, Tm= 72.8°C; AH=63 J/g;
Triad distribution in mol.%:[EXE}= 7.48; [XXX]= 0; [XXE] = 0; [EXE)}/X,= 1. X has the
meaning of 1-decene.

EXAMPLE 12 (comparison)

Example 1 was repeated except that rac-CH,(3-tBu-Ind),ZrCl, was used.
The polymerization conditions are reported in Table 1.
The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 13 (comparison)

Example 1 was repeated except that 0.3 mg rac-CMe,(3-tBu-Ind),ZrCl, and 1.15 mmol
TIOA/H,0 (AVH,0=4.18 as molar ratio), and that 15 ml of 1-hexene were used.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.

EXAMPLE 14 (comparison)

Example 1 was repeated except that rac-CMe,(Ind),ZrCl, was used.

27
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The characterization data of the copol yner obtained are shown in Table 2.
EXAMPLE 13 (conparison) Exanple 1 was repeated except that 0.3 ng
rac-CMve[err](3-tBu-Ind)[err]ZrC[err] and 1.15 mmol TIOA Herr]O
(Al/Herr]OC=4. 18 as nolar ratio), and that 15 m of 1-hexene were used.
The pol ynerization conditions are reported in Table 1. The
characterizati og,odgkaq0f the copol ymer obtained are shown in Table 2
EXAMPLE 14 (conparison) Exanple | was repeated except t hCT/EP9/02644
rac-Cve[err](Ind)[err]ZrCl[err] was used. '

27 Printed fromM nosa 02/23/2000 14:26:07 page -29-
WO 99/ 54369 The polymerization conditions are reported in Table 1. .
PCT/ EP99/ 02644 The pol ynerization conditions are reported in Table 1.
The char act er i 2§chassrtegization data ofithe cerpltmey pitsined|steshovadn Fabde Zhown in Tabl e 2.

EXAMPLE 15 (copparison Exanpl e 1 was repeated except that
rac-CH err] (I L Mhas used. The pol ynerization conditions are

reported in Table 1. The characterization data of the copol yner obtained
are shown in Teigmple] was repeated except that rac-CH,(Ind),ZrCl, was used.

The polymerization conditions are reported in Table 1.

The characterization data of the copolymer obtained are shown in Table 2.
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CLAI M5 A
havi ng t he product
0. 30, conprising the
bast one

yocess Hllllll DALY len o o

polynerlzatlon reaction of

al pha-ol efin, and optlonally Wi th one Ore nore polyenes, in t he
presence of a ¢ # § obt ai ned by contacti ng: (@% a netal | ocene
conmpound of t heV a (1): T/EP99/02644

CLAIMS
1. A process for the preparation of copolymers of ethylene, comprising the
polymerization reaction of ethylene with at least one alpha-olefin, and optionally
with one ore more polyenes, in the presence of a catalyst obtainable by contacting:

(A) a metallocene compound of the formula (J) :

wherein

substituents R’ are hydrogen atoms or C,~C,,-alkyl groups,

substituents R? are CHR''R", SiR"*R’R* or GeR"”R'"*R"” groups,

wherein: R", R", R%, R" are hydrogen atoms, C,-C,-alkyl, C,-C,;-cycloalkyl,
C,-Cyralkenyl, CgCyraryl, C,Cyralkylaryl or C,Cyarylalkyl radicals,
optionally containing silicon or germanium atoms;

R%, R", RY%, R" are C,-C,-alkyl, C,-C,,-cycloalkyl, C,-C,.-alkenyl, C,-C,,-aryl,
CrCyralkylaryl or CrCyrarylalkyl radicals, optionally containing silicon or
germanium atoms;

R? and R*, same or different, are hydrogen atoms or -CHR’R® groups;

31
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[err] —-whetrei n substituents Rerr] are hydrogen

at %[m; o, gﬂq"ﬁﬁﬂ “%/I g]roups subsit:%uenits Rl err] are
CHR err err 3 j Rl err err] groups,
wherein:*Rern Bd T&]i@ mgﬁ%hn at ons,
Clerr]-Cerr]-alkyl, C[err] C[er

Cer]-[err]-al kenyl err]-Cerr]-aryl, (err]-Cerr]-al ar
Clerr]-Jerr]- A58 radi cal s, optlonall'glﬂé'?%’l'“ﬁ?‘ﬁl ng
silicon or germani um at ons; Rlerr], Rerr], Rerr], Rerr]
are CJerr]-(err]-alkyl, (err]-Cerr]-cycloal kyI , C[err]-C[err]-aI kenyl ,
Clerr]-Cerr]-aryl, R*andR*can form a rifgh@vitid 3 fo 82¢atbpn @by WhiEl/dan @éntain hetero :
Cerr]-Cerr]-arylalkyl radicals, optionally containing silicon or

ger mani um at ons; atoms; Rlerr] and Rlerr], same or different, are
‘hydrogen atons or -CHRerr]R err] groups; Rlerr] and R err]
can forma ring havi Rtpnd Rf,cani®: ot diffirent, a0d Iyti®genhaionds, € a0)-aligh) Ci-C,.oaddlkel,

Rlerr] and Rlerr], sanme or different, are hydrogen atons,

(err]-Jerr]-al kyl, CELgalkinyLICoClyaryl; \G:ACpailkiyliy] or C-Cyarylalkyl radicals, which
Cerr]-Cerr]-alkenyl, Cerr]-Clerr]-aryl, Cerr]-Cerr]-alkylaryl or
Cerr]-Cerr]-aryl al kaplformading hdving 3wd8 etbon atoms which can contain héted atoms;r i Ng havi ng
3 to 8 carbon atonms which can contain hetero atons; the R er]
substituents, sanme othedR’f dubstiewdts, same of differenty reGl €-Cl-alylk -C,-cycloalkyl,
Jerr]-Cerr]-cycloal kyl, Cerr]-Cerr]-al kenyl,
Cerr]-Cerr]-aryl, Clegnlkenf], €pC-aml, &yCpalkylarglior CLE-srylalicy] eadichl; aptiphadiy Ky |

radi cal , optionally containing silicon or gernmanium atons; and
optionally two adj acemtainiRigesilijon or germanium atgushsihd toptionblly ¢ afljiseemt R'ri ng
conprising fromb5 to 8 carbon atons, n being an I nteger fromO
to 4; M substitwents tcemforh a aing campsising Gom Feiv 8| cabork gomg a Heingrant hose
bel onging to group 3, 4, 5, 6 or to the | anthani de or actinide
groups in the Peri odintegEfioind tofh; t he El enents (new | UPAC
version), X, same or different, is a nonoanionic |igand, such
as a hydrogen atom M isah gerepfa transition metal selected from those belonging to group 3, 4, 5,

6 or to;:{he lanthanide or actinide groups in the Periodic Table of the Elements
{new IUPAC version),
X, same or different, is a monoanionic ligand, such as a hydrogen atom, a halogen
atom, an R%, OR®, OSO,CF,, OCOR®, SR®, NR®, or PR?, group, wherein the
substituents R® are a C,-C,;-alkyl, C,-C,-cycloalkyl, C,-C,s-alkenyl, C-C,p-aryl,
C,-Cyalkylaryl or C,-C,-arylalkyl radical, optionally containing silicon or
germanium afoms;
p is an integer of from 0 to 3, being equal to the oxidation state of the metal M
minus two; and
(B) an alumoxane and/or a compound capable of formihg an alkyl metallocene cation.
2. The process according to claim 1, wherein said alumoxane is obtained by contacting
water with an organo-aluminium cempound of formula AIR®; or ALR®, wherein the
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atom’?ﬁw] oSO err]CFlerr], OCORerr], SR err], NRerr] or
PR[ er t he substituents R err] are a
qerr KRR

Cerr] - C2[ ererf| TS SHERT MyAs BEeR F20- &l kenyl ,
i cal

C2o0- aryk, aryl al kyl rgdica na containing silicon or
germanl um at ons; pis ani from® to 3, being equal to
the oxidation state of the netal M m nus two; and B)
an al unoxane arf¥?¥543%° conmpound capabl e of formi ng an al kyPCHE¥I264cene
cation with the netall ocene conpound (A) of formula (1). 2.
The process according to claim11, wherein said al unoxane is obtained by
contacting R’ sWiiRfit@énts)daind oriffdRinfifdiPeath oiher, Helidinc@gOUNd of fornmula .
AlIR% err] or Al[err]Rlerr], wherein the Rlerr] substituents, sane
or different f3om BRGRcas irérdingfoRlate ], Wheidin@f nidlar ratio between the alumind¥@k &1d i S i n
the range of 1:1 and 100:1. 4. The process according to any of clains 1
to 3, wherein sai dwadriyiRhafagd of 1:VA63 100:1. TI BAO and Tl OAO, and sai d
or gano-al um ni um conpound is TIOA, TMA and/ or TIBA. 5. The
process accordi ng Tie mwdcldsiechrdinghi6 lafly 6f didiRs ¢ QSTPOWlkRebirt PdMfoxte it MADNY a
met al | ocene al kyl cation is a conpound of formula Y[err]-, wherein Y[err is

a Br]nsted TIBAIOGand 0D A0, 0d @did Srgsnohutiinduin ddipolusl i& TEOA, TMA Qu®6rSi bl y
with a substituent X of the netal |l ocene of fornmula (1) and T is a
conpati bl e ani on, WBAch does not coordi nate, which is able to

stabilize the active catalytic species originating fromthe reaction of
the two conpounds, Thenghostks bordisg ®uéldiinci, owtietejn the abihgouid cdpablebf Grhing fae
renoved from an ol efinic substrate. 6. The process according to
claimb5, wherein tinealkoinealiolcatumip b icamguahe fomullioy e, e Y is a Bronstéll ONs.
7. The process according to any of clains 1 to 6, wherein in the
met al | ocene conpouaill, able to give @fprétar andl @ réde) irfelrgsitily stk iat subgtituamtt X8 lof Nhel S
selected fromtitanium zirconiumand hafnium 8. The process accordi ng
to any of clains Ilmettalloéenewhiformmlan(l) andZhis arempetible arig whizhjdossmot coordinate, Of
formula (1) the substituents R err] and R err] are hydrogen atons. . 9.
.The process accor dwhich is@ble keestabilids theadtive catalyitin sjebies orighnating dioerthe mmmmulhd of
formula (1)
the two compounds, and which is sufficiently liable to be able to be removed from an
olefinic substrate.
6. The process according to claim 5, wherein the anion Z* comprises one or more boron
atoms.
7. The process according to any of claims 1 to 6, wherein in the metallocene compound
of formula (I} the transition metal M is selected from titanium, zirconium and
hafivivm.
8. The process according to any of claims 1 to 7, wherein in the metallocene compound
of formula (I) the substituents R' and R’ are hydrogen atoms.
9. The process according to claim 8, wherein in the metallocene compound of formula
(D) the R? substitueénts are carbon, silicon or germanium atoms substituted with two

alkyl, cycloalkyl, aryl, alkylaryl or arylalkylgroups having 1 to 10 carbon atoms.
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____’_’________,
the Rl err] substituents are carbon, silicon or germani um atons substituted

o
formul*a €1)“th® X substituents are chl pTHHe SHERIHAS, yl groups. 11.
1 to REPLAGERr ein

The process according to any of clains he netal | ocene

conpound of formula (I) is T '
met hyl ene- bi s(:?’v ?@ﬁ‘%pyl -indenyl ) zirconi um di chl oride or PCT/EP99/02644
I sopropyl i dene- bi s(3-isopropyl -i ndenyl)zirconiumdichloride. :M 12.

The process according to any of clains 1 to 11, wherein said process is

carried out atl0a The process haeorging taiy 6f olairigOl fo9ewheledi nalermetalloénedothpouddO[ err ] C
and at a pressure conprised between 0,5 and 100 bar. 13. The

process accor di ng dfdoranly (Ipthe X Isubistiteents ate@hldihe atoine 6ranathyl greupgol ar rati o bet ween
t he alumniumand the nmetal of the netall ocene conpound is -
conpri sed betwen Te:plocessatcording to any GFORARE 110 10, ¥lerein thé etajiiceeeanpanadeft di ng t o
any of claims 1 to 13, wherein the al pha-olefin is selected from
the group conpri sifegmyber offy| éne methylnethis{Pisoptoppicndeayllzircobivive x dicldoridé- n&t hyl - i -
pent ene, 1l-octene, 1-decene and 1-dodecene. 15. The process according to
any of claims 1 t oisdpiopylickesrtasi(hisernepybingshyl)zirtopfumidichieride. hexene.
12.  The process according to any of claims 1 to 11, wherein said process is carried out at a
temperature comprised between -100 and +100°C and at a pressure comprised
between 0,5 and 100 bar,
13.  The process according to any of claims 1 to 12, wherein the molar ratio between the
aluminium and the metal of the metallocene compound is comprised between 10:1 and
20000:1.
14.  The process according to any of claims 1 to 13, wherein the alpha-olefin is selected
from the group comprising propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-
pentene, 1-octene, 1-decene and 1-dodecene.
15.  The process according to any of claims 1 to 14, wherein the alpha-olefin is 1-hexene.
16.  The process according to any of claims 1 to 15, wherein said process is used for the

preparation of homo- and copolymers of ethylene.
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