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METALLOCENES FOR MULTI METALLI C POLYMERI ZATI ON CATALYSTS The i nvention

rel ates to nS¥OMBHRB6ocene conpounds conprising at |east two tPETYSPTIS
netals. Catalysts containing at |east two transition netals have been
synthesi zed. These catal ysts have been usediin olefin 5 pol yneri zati on,
for exanple, in ethylene polynerization and copol yneri zati on. The recent
literature reports catal ysts which have been synthesized to include one or
nore transition netals, bot hMETALLOCENED Gfomrummmmn.mca conbi nati on of

nmet al | ocene and Ziegler-Natta ca§€%¥§£ g égr catalysts
containing two transition netals %} F as p yS|caI adm xt ures,
unsupported or supported on a carrier. The interaction between two

difrerent souroes fe ({ApShtidn FBigkekned ReNohBtatiBLito EahpRien! the

ultimate activity and SelecilVit aracterlstics he two transition
netals. 15 Comprqﬁkﬁgrﬁ%n%?éﬁtrﬁwatE§3P§ itiepn@esatSon which i s defined

by t[le geger al hf Ercfﬂlia'ﬂ.*%é)éﬁﬁtiﬁiﬁﬁgt At 1EﬁéﬁubﬁgNtrﬁn%iﬁﬁwﬁ Ilﬂd(‘?if].fMe
nolr ety an eqcC I S C (0] nma e e_S I | nt
[0 50" 1) odeen arnhet oS  FBREe FabanvRsE have, bagn Rl s

nnleculeuSrnnanymﬁxmzatéﬁny fleti axampleR aneethwﬂenevp@lwmonhamtuqy @nsup
L to forma sé%of% EEe idRe St‘ﬁéci'beﬁan'i: ﬂtara%mr o%%afc%rtt d he

val ence of B e contalning a t wo trans tlon neta nay be
used as a 25 Which haxe ‘%‘H’Bo%Y!‘FBﬁSlz?ﬁetPr aﬁsﬂpﬁ&nom 2 oeReyitranpition

mlol ﬁcul f ]g:an R AT/ Imguetmlene EbrﬁOfBQ| maeauecehbybeﬂa Woﬁdbl&xa?]ﬁ.@iﬂ(bf
al pha ol efin used as ata zatl n _the
conp03|t|onrﬂﬁﬁéih%ﬁﬁﬁ?a?ﬁ efb?giéﬁr§8§§a WF%RQX% al u aﬁ? / or
nononerixo Al (¢dt3dlyfts convainingutwoatrahsitioal mektalsnwere prepared as

K Bl SRk ek inklsPpEatha b/ BBt B oY IchaTRle!

et hyl, butyl 1 bni S acid actrvators such as

B(d err] F er rih¢ einyerachien rpetyeen] [ Brel 8iffrrent] pparces of transition

metal in a single catalyst may affect the ultimate activity -
and selectivity characteristics of the two transition metals.

15 The invention relates to a composition which is defined
by the general formula

(M L).B _
In that formula M is a transition metal moiety and each L is
a linkage, each of which may be the same or different as

20 illustrated below; the transition metal moiety M and an atom
or molecular moiety generically defined by B are linked via
the linking group L to form a star molecule. The subscript r
is a number no greater than the valence of B. The molecule
containing at least two transition metals may be used as a

25 catalyst composition. The transition metal containing
molecule can polymerize ethylene or copolymerize ethylene
with a second alpha olefin. When used as a catalyst for
olefin polymerization the composition may be used alone or
contacted with an alumoxane, and/or monomeric Al (III)

30 compound such as the trialkylaluminum or dialkylaluminum
halides or hydrides (in each of which the alkyl is methyl,
ethyl, butyl, isobutyl) -and/or ionic lewis acid activators
such as B(C¢F¢)s, [Ph,C]'[B(CeFs).]-
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these multipetallic catal ysts for olefin polymeriza- tion or

copol yner i zXQ R nprising two or nore different catalytic BCTASI/I65IBN
site is designed to produce a characteristic type of polyner, which differ
in molecular 5 weight, nolecular weight distribution short chain

branchi ng from conmononer incorporation, |ong chain branching, etc. Wen two
or nore of such sites are conbined in a single catal yst nol ecul e, a poI yner

product which i szﬁu{:hegadﬁhltﬂm@hnwcarca@wgts bf@f'%‘ié‘ﬁiﬁ'ﬁ?
properties, and since, produced % n e cat T‘yst
at
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t he nol ecul catakytic shtesj npachi s@tbhd.spfd&sxyﬁeq)rwqmam@fat he bl en'ded
| { t es, t

oo | orchtagtlESERE bEmbe) noh Vel YAGH AELEHE T dhddhtarer o)

[err] (M erveight,|moleenlax weiphte dn]S)t[reixhqﬁﬁ(dv[ eshditt echd in ebrammmgl n

Wis silicofy ﬁioéeﬁ Sﬂéboﬂ ekpBirht! ﬂf}ﬁ? ;
and m are n%erng\ﬁlllc avgcgurp}erlhcg'%{]/aq?e}ls S‘%‘aﬁf ess %an f‘ne val ence of

W and mex+ RqBhI PRt AE FUFBnEdtes Wregamkimed cinja sirgke Merr]

and Merr] c:a;ta]:uestanelecunief,farponymd- pt-dbh?é[terwgifﬁrﬁr{fg eI imodkEr PN Mo
G era afnjum zirconiumor

Itlst an u(r)nugnﬂéy ée‘rl%'/ Lr?(?ggﬁfonbggkﬁer r ﬁé\fi l?gc %%%Ee’f)‘?Jﬁn}f f‘%"?’é?ﬁ’ € and

each iXin } yandhginge produged byow aangim aratiel yst fhobsculbe ;

al kyl of 1 tlQe@eCéibféréﬁﬁn‘ﬁol?ﬁ\egpm %rcen%s%lﬁ lﬁ?‘ﬂﬁxﬁé&f %gb&v&ggﬁgt a-

di enyl or cIo ent adi enyl subStitute one or nore

of 1to 6 c ¥ oS PBHECULRE JAVedr ShascHawraving Wﬁ%&cﬁm@d or
unsat ur at ecoropetrtiesobf 1the Bleadkanpalgifer Wricdudtor m bicyclic or

tricyclic deriv &zgssgéc#g%gg%g}aqh%nﬁﬁv(%‘égrbsu St tut eé/:l\,rPgr

unsubsti tuted i ndenyl re R and R
are 355 aI‘RWP%ﬁu‘é on vghbgbsls characterized by the emplrlcal formula

(ML) o (M7CL20) (ML) W (MY 1Y)
wherein, W is silicon, boron, carbon, or nitrogen and
derivations thereof;
X, ¥, 2 and m are numbers which have numerical values

20 less than the valence of W; and m+x+y+z is equal to the

valence of W;
each of M', M, M’ and M' is the same or different and is
MeX'x?x?,
wherein Me is a Group IV or V transition metal,

25 preferably hafnium, zirconium or titanium and X', ¥X? and Xx°
may be the same or different and each is independently a
halide (iodide, brdmide, chloride or fluoride):; alkyl of 1 to
6 carbon atoms; or Cp wherein Cp is unsubstituted cyclopenta-
dienyl or cyclopentadienyl substituted with one or more alkyl

30 groups of 1 to 6 carbon atoms straight or branched chain, or
saturated or unsaturated alkylene of 1 to 8 carbon atoms,
which form bicyclic or tricyclic derivatives of
cyclopentadienyl, e.g., substituted or unsubstituted.indenyl
or fluorenyl; or amide, e.g., NR'R" where R' and R” are

35 alkyl or aryl groups
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of L[err], L[err Llerr] and L[err] is unsubstituted cycl pentadi enyl;

cycl opent di en@’rpéﬂ&{‘i tuted with alkyl of 1 to 6 carbon atons (RHEFH§PV/16518
et hyl, propyl, isopropyl, butyl, isobutyl, etc.); alkyl of 1 to 6 carbon
atonms or al kyl ene of 5 1 to 6 carbon atoug_(e.g. nethylene); aryl (phenyl
or benzyl) of 6 to 18 carbon atons, unsubstituted or substituted by F,

al kyl of 1.to 10 carbon atons; diynyl (-(err]CGCerr]C)[err], wherein n
is 1 to 4; alkylsidathgedups, @’,by’adil eheigronpsbseaented b, d, f and h
is 0, 1 or 2 . ga " nd LS 0. 0or. 1 s | as
ncrerg < at Fodetadhenyif| FYsiorBnraeRyl mxbarinia gui el 0k St 1
conpounds, i rko alicarkenaatomnsec(methiyles ethiydr,epropiils degmpyDdn bugybe
used al one orj ghdevs SUPPL!§ » ag 5 atal §s cQrdingl t
and. supported cat alyi/ls'ts canf be ]r'rggi PE g’ctggrﬁa?\!gg il %r dewiélnﬁlen |g£n)f&% 8¢

Preferabld, thédHf rsarPeR %'E%ﬁrﬁ?-ﬂse.&elfﬁﬂ!é%ﬁgmly (Rhenyl ¢x benzyl)
Ise| ect fed f rgmﬁ he t5 c@led:ﬁH}F_&me, banhu&gti%hggd?%zgrsx&ss%wa&@a%n%

n preferre i Sp .t siljca bears . roxyl) groups.” AS a
result of itsae‘\mo‘g‘;ﬁ C%?ltgﬁtc?ﬁ OBof5EmTEd %&Y“X&cdﬁéaﬁf Vot HOeZEIN &
via reaction s bdmlisy atkylsilylsgrbape bydbyxulkylene ghtipesnposition
may be used as a VSé,wW Ah @or _wistho n gctivator. .Jhe conpositions
may be synt hesi ze?‘ibcié}4 véai;.i%Us&fre h%ﬁ%. RZSI-S %Thg' %t %dda(ﬂd synt hesi s of
conpound® i n whi cteagh |2EsA, tQp ef andedgisuf eanpsi @sndarerad atdes+d = at
L[err] and L[iegadt i®. cycl opent adi enyl unsubstituted or substituted can be

prepared as foll ng:i unsupstituted cycl og%nt adi ene or substituted
derivatives theredt *Sufftht TPt SPATER: aREERPFRHy s CAFPON: ANG GemReYNds,
are cont act edngélvdingliorganiduderivathives,t ¢theeesft.he al kal i netal salt of

th bstituted ' - Jdi . E ' f th | kal i
rotal salt fy be Hie SRS It Eon HAY RE haea bIcRe BRI VAL FundiRd 42
hydr ocaifon SRARALHSE. atAceordingly esunsupporsedr and suppeinted Cathikystst

my 35 be ica BeLthade T £3¢d88ah88 F1kd! bnkBidlventlibntan ﬂeeferably,
the carrier or support, used interchangeably herein, is
selected from the group consisting of silica, alumina or
silica/ alumina. In preferred embodiments, the silica bears
20 OH (hydroxyl) groups. As a result of its hydroxyl content
the compound may become bound to the carrier via reaction or
bonding of W with surface hydroxyl gfoup. The composition
may be used as a catalyst, with or without an activator.
The compositions may be synthesized by various methods.
25 The method of synthesis of compounds in which at least two of
the group comprising L', I?, L’ and L' is cyclopentadienyl
unsubstituted or substituted can be prepared as follows:
unsubstituted cyclopentadiene or substituted derivatives
thereof, which contain acidic hydrogens on the ring itself
30 are contacted with sodium or butyl lithium to form the alkali
metal salt of the unsubstituted or substituted cyclopenta-
diene. Formation of the alkali metal salt may be undertaken
in a suitable solvent, for example, ether or hydrocarbon _
solvents, at temperatures from -78°C to +30°C. The salt may
35 be isolated. Thereafter the alkali metal salt can be
contacted with trichloromethylsilane (MeSiCl,), in a molar .
ratio of of at least three (3) moles of alkali metal salt to



contacted with trichloronethylsilane (MeSiC[err]), in a nolar ratio of of
at least ‘three (3) noles of alkali netal salt to WO 98/ 11986

PCT/ US97/ 16WIB98/U980Nne nol e, of silane to forma triscyl opentrayuseyiesis
conmpound, e.g. tris(cyclopentadienyl)-nethyl-silane. The silane conpound
in which the precursor chloro groups (of_fhe trichloronethylsilane) have
been repl aced by cycl opentadi enyl 5 grotips may then be deprotonated by
reaction with one, two, three or nore equivalents of a suitable base, for

exanpl e butgh |ﬁ5f§ ”ﬁftgffaﬁgnﬁacksgm“%tQrQQEXQERE gﬁagggﬁ o %goﬂﬂhal

salts. The salts transition rine‘or
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ol ysubsti twu cl ppent a
Eyc%/opent ac}?%ﬁ’gﬂ r()ﬁlbil%ﬁﬁgﬁe"ﬁd% %iﬁgy et Fai 'Eﬁf—'lcr%?nz%? @dranched
C[err]laiEHkltetmatlgphmpsthihéraysitmentndtamyéamtsunaﬁabebgaahag arFart
f b I t h ralhydroi ndeny
[l uoreny! G TPL Eraho HHEbhniBOS Katbl el BEERY ne, TopEY/ 08, 1P
part of a sqmmmn'eadiaenybl growp, tuneybst&tubeét or spbstitintefl Mithr],

X[err] and afwey I]ofmy €6 6heafBsR Qﬁoﬂéféfrﬂgky P@ siéshgaeaffai' %By% groups
can be also br| ed pol neth%£§ne or ané ups, .such

-CH err] - Err¥ eCﬁ?ﬁPrER'R°mPSGnd %ﬁeﬂéaR and
R' ar e:l.ShorreatMI:aZglbzl@tion, hsdbbgnatloﬁl é£Hbehet) kaithble means. The
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zirconlum, hafnium or titanlum, and admixtures thereof.
When the X', X’ or X’ of MeX'X’X’ is a cyclopentadienyl, the
group is an unsubstituted, a mono- or a polysubstituted

20 cyclopentadienyl group. The substituents on the .
cyclopentadienyl group can be preferably straight-chain or
branched C;-C; alkyl groups. The cyclopentadienyl group can be
also a part of a bicyclic or a tricyclic moiety such as
indenyl, tetrahydroindenyl, fluorenyl or a partially

25 hydrogenated fluorenyl group, as well as a part of a
substituted bicyclic or tricyclic moiety, and each of X!, X2
and X’ may be the same or different. The cyclopentadienyl
groups can be also bridged by polymethylene or dialkylsilane
groups, such as -ch-, =CH,-CH,~, -CR'R"- and -CR'R"-CR'R"-

30 where R' and R" are short alkyl groups or hydrogen,
-Si(CH,),-, Si(CH,),~CH,~CH,~-Si(CH,;),~ and similar bridge
groups. The alkyl groups are preferably straight-chain or
branched C,~C; alkyl groups, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, n-pentyl, n-hexyl or n-octyl.
Suitable cyclopentadienyl groups include indenyl
cyclopentadienyl, pentamethylcyclopentadienyl,



branched C[err]-Clerr] al kyl groups, such as nethyl, ethyl, n-propyl,
|sopropyl n- bug& i sobutyl, n-pentyl, n-hexyl or n-octyl. Suitable

cycl opent adi é’“?l ﬁups i ncl ude | ndenyl cycl opent adi enyl PCT/US97/16518
pent anmet hyl cycl opent adi enyl WD 98/ 11986

PCT/ US97/ 16518 -5- n- butylcyclopentadlenyl gl so-butyl cycl opent adi enyl ,

di nmet hyl cycl opent adi enyl e, i ndenyl ), 4,5,6, 7 tetrahydro-1- indenyl) and

et hyl ene- (bis(4,5,6,7-tetrahydro-1-indenyl)) The ethyl ene resin,

honmopol yrer  er-butydlcpalopartatiiatyl ) ise-puegrepel opentadipayit,i on
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r] will contdindenydi)d@ans Ethyianeolipos(4i906, Tftetrthrdnpainlﬁd@@wﬂd)4500
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Copol yners of, ethy ene mn contain as a_ c lefin
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phase, forpequla (praviided cb}bdd M, i M eaxbrMY)al Copmlomers té éthylene
bed reactor [ t e e pol ymer
tc%m%l -3 &W:ﬂ f QéeiéQSt SHP. b3b¥5iR Qhi
To |ns

particles. ure that sintering not occur, operating tenperatures
bel ow t he si ReRtaids S e&%r%a%h@ 0%%?#‘%(1 preferably: auhutese ol -hexanae
copol yners i gyt Regereafss of the present invention an operating tenperature

f 60 to 115 f d t t f_75[ o .95C
< most pr ef orr ec TSR RRIVIOLLISFIP8 BEkr e CHPAETEAKER: 15k SR AR,

150 to 350 pslg:,rnm tdr ayees gihase at Wﬁmheghpleneepenyneruattioh Langes

favoring hea | essu C unl t

vol une heat E:ca acl ty%ﬁ%ﬁg&baﬁf %&I‘}gf%? n‘?"&r‘ an éfp%g 52@? ét}e3 '?:lﬁ) 10

pol ymeri zat i G@¥barn atpmanwsﬁxn¢%¢#4kﬂmrlnhﬁheoad$tpbﬂ§ebnfpneexample. in

pol yneri zati gn f1RAW Hed, TNt Jid UsddeBfal aFo bEpaLat8JEHe 216%R. bRA rédctor

at a temperature below the sintering temperature of the
polymer particles. To insure that sintering will not occur,
operating temperatures below the sintering temperature are
desired. For the production of ethylene copolymers in the
process of the present invention an operating temperature of
60° to 115°C is preferred, and a temperature of 75° to 95°C is
most preferred.

The fluid bed reactor is operated at pressures of about
150 to 350 psig, with operation at the higher pressures in
such ranges favoring heat transfer since an increase in
pressure increases the unit volume heat capacity of the gas.

A "diluent" gas may be employed in the polymerizations.
It is nonreactive under the conditions in the polymerization
reactor. The diluent gas can be nitrogen, argon, helium,
methane, ethane, and the like.

In fluidized bed reactors, the superficial gas velocity
of the gaseous reaction mixture through the bed must exceed
the minimum flow required for fluidization, and preferably is
at least 0.2 feet per second above the minimum flow.
Ordinarily the superficial gas velocity does not exceed 5.0
feet per second, and most usually no more than 2.5 feet per



met hane,- ethane, and the like. In fluidized bed reactors, the superficial

gas velotity of the gaseous reaction m xture through the bed nust exceed

t he m ni nuwao bsinesequi red for fluidization, and preferably ipcHUSINESIS O. 2

feet per second above the mininmumflow Odinarily the superficial gas

vel ocity does not exceed 5.0 feet per second, and nost usually no nore than

2.5 feet per WD 98/ 11986 ' =6~

PCT/ US97/ 16518 -6- second is SUffICI ent The feed stream of gaseous

nmonomner, wi_th or. withouyt..in nts, is into the reactor

whi o oper segen g SRfzdcleRt J7 ARG Heed, A ein S5 SEatE HOTPRERD: C
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| ubri cants, brlizer Il1rzers, pignents,
etc. Theseppaagévfhs?ué'dﬁubécerﬁﬂ%yaf thed (epdiumee t he product s agai nst
oxi dati on._For m ot oinc RO iy A00nd20R ang Bender ed

phenol (s); 2000 osphltes 250-.1000 | S s and 250-1000 ppm
st ear at es, "PG °é.‘&de’1%d’?it 8 frenvanti é)‘g?:ala"b% gﬁm

pel l eti zat campo“éliexmdsymm @ lubricebak s, nmi-qtabca bta)hmi.zém, ext ruder,
e.g., a Sterli.n der I I C o]

To's mi s, ShrdSkABAES T comrd A RS, o, FobS, o TiBEp raRTaHksL
here may ak:sm be enpd oyed mﬁtahidrimrm@rodtmt%xmiestboummﬂenng,
inj ection 'ﬂlxd'e%myler Ol vy putidddged rf@iﬁ@shgﬁl-ﬂﬂcbhﬁpﬁ' tes of

the multinetallic catalyststo roduce ules with sired

poI
properties h@-@‘d&redrrﬁb@aﬂla{rs)vm P=20R8 mﬁ/aﬁhm}bﬁ?e%r s???ﬁﬁppenppg'hort
chain or Imi@m tmahczsmg.o‘cmrp retedrdtes) Cfort ddiypoenotor ehens

produced by SbHeLE, b U \H4! 6L gh TREE A fghooomnd badRlk
can be added directly to a blown film extruder, e.g., a
Sterling extruder, to produce films having a thickness of
about 0.5 TO 5 mils.

The resins produced using the multimetallic catalysts
described here may also be used for many other purposes, for
example, blow molding, injection molding or rotomolding
applications. By designing the sites of the multimetallic
catalysts to produce polymer molecules with desired
properties (e.g., molecular weight, molecular weight
distribution, short chain or long chain branching from
comonomer, etc.) the type of resins produced by the catalyst
may be tailored for specific uses. This would provide a
significant advantage over the current technology.
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nor e conononer i ng the residdescoit a xcOposi ti on of

(Merr]L[err]) [err] (Merr]L[err]) [err] (Merr]L[err]) [err] W
(Merr]L[err]) [err] wherein Wis silicon, .3aron, carbon or nitrogen; m X,
y, and z are nunbers which have nunerical values |less than the val ence of
W and mtx+y-z is equal to the valence of W each of Merr], Merr], Merr]
and Merr] isgiaMsme or different and is MeX[err] X err]X err],. wherein M
Is atransition netal, preferably hafnium zirconiumor titaniumand each
of Xferr], Xerr] and X err] nmay be the same or different and each is
|ndependently a halli-de; Zrhomonglygien op PRRIYREr RHnethylens witheppecpr
i's unsubsti t UpRi-ef WonifiHer Bt Lining | OReias fiws St bat bbipediiont of

| east one alkyl of 1 tqg 6 carbon atoms Straight or branched chain, or
unsat ur at ed ortRE TR al kyl ene of 1 to 8 carbon atons, which form
bicyclic or tricyclic derivatives of cylcopentadienyl each of Ll[err],

Ll[err], L[err] and L[err] is upgi 3 c n hen
cycl opent di enyl substituted mn?% EH% gﬂ gbpé aFE@ﬁ h?@uﬁéxhw 1 to 6 carbon
atons (nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, etc.); alkyl of 1

to 6 carbon atons é.lé% Qi‘eléﬁsa.lli&or@ Q568K LMo Cofl nﬂeiaaééﬁne) aryl
(phenyl or benzyl) of to 18 carbon atons, unsubstltute or substituted

fluorine, alkyl of R t>b 1 ANDF HORUNRETS Wh J(‘é‘é:[’@Yj'rd“e}‘sF?-fel)t’éP'Pfs
wherein n is Jletss 4:ha:lrk»&1fe |y 1dHcdIRSE W ; Rdnd | nst-epez Oiouaguakatd eheb, d,

f and h is O, each of a, .c, e and gis 0 or 1, as long as

atcte+g = at |€&§““f 98/ 11986

PCT/ US9716518 each of M!, M’, M’ and M' is the same or different and is
MeXX?X?,

wherein Me is a transition metal, preferably hafnium,
zirconium or titanium and each of X!, X* and X’ may be the
same or different and each is independently a halide; or
alkyl of 1 to 6 carbon atoms; or Cp wherein Cp is
unsubstituted cyclopentadienyl or cyclopentadienyl
substituted by at least one alkyl of 1 to 6 carbon atoms
straight or branched chain, or unsaturated or saturated
alkylene of 1 to 8 carbon atoms, which form bicyclic or
tricyclic derivatives of cylcopentadienyl

each of 1!, 17, L® and L' is unsubstituted
cyclopentadienyl; cyclopentdienyl substituted with one or
more alkyl groups of 1 to 6 carbon atoms (methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, etc.); alkyl of 1 to 6
carbon atoms or alkylene of 1 to 6 carbon atoms (e.g.
methylene); aryl (phenyl or benzyl) of 6 to 18 carbon atoms,
unsubstituted or substituted by fluorine, alkyl of 1 to 10
carbon atoms; diynyl (—-C=C-C=C-),, wherein n is 1 to 4
alkylsilyl groups or by alkylene groups;

each of b, d, f and h is 0, 1 or 2; and

each of a, ¢, e and g is 0 or 1, as long as at+ct+etqg = at
least 2.



-8- 2., A process for production’ ofjﬁ ners or copolymers of ethyl ene
i

conpri S| ng contacting a feed conpr mlmuﬂml nder et hyl ene
pol yneri zat iwo9sategst i ons, with a i si ng (M emduajssmnésts
err]L[err])[err]

[err] (Merr]L[err]) [err] (h{err]L[err])[err]

wherein, Wis silicon, boron, carbon, nitrogen or derivatives thereof; m
X, VY, and zZis a nunber mhlch has a nunerF@‘ val ue |l ess than the valence
of W and mtx+y+z is equal to the valence of VV each of Merr], Merr],

d t '
Merr) and Mertlals (ReopiRall ol Clalloit ' Al X o Ui thers
titani um andotaethylengerphprisdng ma)qtémq anfessk comprisingrethylenent

and each is 4R4EPCEERPILNepBAyde1zation Fonditidhs 2T BRI L EompBsition
wherein Cp is unsubgaltuted cycl opent adi enyl or cyclopentadlenyl

substitut ed BYmB¥+$LRLt one al kyl of 1 to 6 carbon atoms straight or
branched chain, or alkylene of 1 to 8 carbon atons, which formbicyclic or

tricyclic derivatives of cycl gpent adj $ .each. of k §ch,, Llerr], L[err]
and L[err] is unsubstituted ctP ﬁin{@ﬂ?‘/’eﬂyf‘,ﬁ e&yérjf! gr?ﬁ:'dl)ényl subst i t ut ed
with one or nore alkyl groups of 1 to 6 carbon atonms (nethyl, ethyl,

propyl, isopropylgnBubyh af’kg Utehys tooé%r;(ylcﬁb%%?mq‘%éfgéggn? tons or

saturated or unsaturate ene o arbon a yl ene) ;
aryl (phenyld@Fivekiyes §hegepfiig carbon atons, unsubstituted or

substituted by F, mal kyl ny ahd @ i@ eaibel michlibay | a (nGher 141 GrarukC )
b ) 1 and JePs Shdn, Bngi vEIPASH o 0P HEE hxied (Y GG P E80ERe "
a+tc+e+g = atvadbemce2o0f W;\WO 98/11986
PCT/US97/16518 - 9adn of’MP! OMCtMP RN 320 BY thBesRRACETS ale £Erdrt and is
MeX'x?x®,
wherein Me is is a transition metal, preferably hafnium,
zirconium or titanium and each of X!, X’ and X’ may be the
same or different and each is independently a halide; alkyl
of 1 to 6 carbon atoms; Cp wherein Cp is unsubstituted
cyclopentadienyl or cyclopentadienyl substituted by at least
one alkyl of 1 to 6 carbon atoms straight or branched chain,
or alkylene of 1 to 8 carbon atoms, which form bicyclic or
tricyclic derivatives of cyclopentadienyl
each of L', 1%, 1’ and L' is unsubstituted
cyclopentadienyl; cyclopentdienyl substituted with one or
more alkyl groups of 1 to 6 carbon atoms (methyl, ethyl,
propyl, isopropyl, butyl, iscbutyl, etc.); alkyl of 1 to 6
carbon atoms or saturated or unsaturated alkylene of 1 to 6
carbon atoms (e.g. methylene); aryl (phenyl or benzyl) of 6
to 18 carbon atoms, unsubstituted or substituted by F, alkyl
of 1 to 10 carbon atoms; diynyl (~C=C-C=C-),, wherein n is 1
to 4; alkylsilyl groups or by alkylene groups;
' each of b, 4, £ and h is 0,1 or 2; and
each of a, ¢, e and g is 0 or 1, as long as atc+e+g = at
least 2.



4. A catalyst or catal yst precursor sing (Merr]L[err])
[err] (Merr]Lfers err] l\/[err]L{QMHWIrlmmﬂmr]L[err])
wherein, Wi s“gq Jc‘é?f[ boron car bon, i troden™orsdetivatives t%&&é@?ﬂﬁ,ﬂs
X, y, and z is a nunber whi ch has a numerical value | ess than the val ence
of W and mtx+y+z is equal to the val ence afgW each of Merr], Merr],
Merr] and Merr] is the sane or different and is MeX[err] X[err] X[ err]
wherein Me is is a transition netal, preferably hafnium zirconium or
titani um and each af. X[ & igrodjct rjpraduiced eby | theypbecebs sfme€ladimliZ.f er ent
and each is independently a halide; alkyl of 1 to 6 carbon atons; or Cp
wherein Cp is unsubstituted cycl opentadi enyl or cycl opentadi enyl |
substituted by at Meas® snEadiyst oF catalyst Prefunserscompesdiian
branched chai pom P&-i@i iy ene of 1 to 8 carbon atoms, which form bicyclic or
tricyclic derivatives of cyl copentadi enyl each of L[err], Ll[err], L[err]
and L[err] is unsubstituted cycl opentadi enyl; cycl opentdi enyl substituted

with one or nore al kyl groups ¢, L‘.;)Q(Ezca’.éj)l}qu:‘pm(m‘hy,l. et hyl ,
propyl, isopropyl, butyl, isobutyl, etc.); alkyl of 1 to 6 carbon atons or

alkylene of 1 to 6 carbon atons (e,g. nmethylene); aryl (phenyl or benzyl)
of 6 to 18 carbon whexei Mn%bﬁlauw@r lgqmmtqeahony t;pmn ®rilto

10 carbon atOEEri@h)EGXrles( tq‘ﬁrggf}qerr]c-) [err] vvhereln nis1to4
al kyl silyl groups or éé/ al kyl ene groups; each of f and his Q, 1 _or
’

2; and each of a, & &ra¥s % D HF n%b?ﬁnﬁhéghahE%@g““"‘&E‘H"éa"st"a}.“e

less than the valence of W; and m+x+y+z is equal to the
valence of W;
" each of M, M), M and M* is the same or different and is

MeX'x’x?,

wherein Me is is a transition metal, preferably hafnium,
zirconium or titanium and each of X', X’ and X* may be the
same or different and each is independently a halide; alkyl
of 1 to 6 carbon atoms; or Cp wherein Cp is unsubstituted
cyclopentadienyl or cyclopentadienyl substituted by at least
one alkyl of 1 to 6 carbon atoms straight or branched chain,
or alkylene of 1 to 8 carbon atoms, which form bicyclic or
tricyclic derivatives of cylcopentadienyl

each of L', L?, I’ and L' is unsubstituted
cyclopentadienyl; cyclopentdienyl substituted with one or
more alkyl groups of 1 to 6 carbon atoms (methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, etc.); alkyl of 1 to 6
carbon atoms or alkylene of 1 to 6 carbon atoms (e.g.
methylene); aryl (phenyl or benzyl) of 6 to 18 carbon atoms,
unsubstituted or substituted by F, alkyl of 1 to 10 carbon
atoms; diynyl (-C=C-C=C-),, wherein n is 1 to 4 alkylsilyl
groups or by alkylene groups;

each of b, d, f and h is 0, 1 or 2; and

each of a, ¢, e and g is 0 or. 1, as long as a+ct+et+g = at
least 2.



