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invention relates to certain transition netal conpounds containin £
neutral polyhaptate ligand and a tethered or bulky anionic ligand with
the transi 5 tion netal preferably inlithe +3-oxidation state, and to a
catal yst system conprising those conpounds and optionally al unoxane,
nodi fi ed al unbxane, or non-coordinating anion activator, Lewis acid, or
the like to formactive catal yst species, preferably cationic, for the
producti on of pol yolldfilds suchCATKINIESITYTARYST S¥SYEMpy| ene and

al pha-ol efin copol yners of ethylene and propyl ene having 10 a high

nol ecul ar wei ght. BACKGROUND It is well known to those skilled in the
art that the pol yhaptate nature of tHELdDYycl opentadi enyl anion confers

uni que properties to polynerization catalysts de- rived therefromsuch as

bili Li- ' i f . I
st 1LY, Cover ol igalho8s. 0o SSERNORADN AEALESHRAN G onbifg "

coordi nation s!fgs on 't three in 1 [ .

oct ahedr al negirdi ﬁ&@ﬁm&te(}i}aﬁ@%ﬂ @@k redort iaky hhidneON 6 RAH B2 ©4H4(-r onment
is controlled and well defined. This results in nore single sited

behavi or ofiort netat piefdrytely im ghet Ehrexidatgdrastaneeartdtoe. qtal it egitem -chatprising

Ti A 4/ al um num al kyl based systens, conferring all . _the benefits of

singl e si Ptbasenafﬂ?éo"é’%éh and ontogllYi AYTHAEonGifiglh| BMOXANGeight 20
and conon e AR@nait NS -al ysit ﬁjp ri.afl.gns in
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i nventi on dpBcitd)imefemdbt cativnid, ot ywaplodtetion of pallkerfing stdtass polyegand t hat
contacts a netal center in a bonding interaction through nore than one
at om whet®ér Pelropylegs apd alpbaolefuneprobyamers of ethiriene endprppytaneihgvingut r al .
Th the " ral | yhapt.ate ligand” will con 25 tact the transition
ne?gl thr&ﬂ%ﬁhgﬁﬂ?g%¥¥m? ' at oms which are not considered to have a

| ocal i zed, negative charge or a negative charge del ocalized between them
as in cyclopentadienide. Simlar " hered or bul ky nobnoani oni c

|i gand” 2000 B066. PCT BckdKounD

It 15 well known to those skilled in the art that the polyhaptate nature of the

cyclopentadienyl anion confers unique properties to polymerization catalysts de-
rived therefrom such as stability toward ligand loss or exchange and occupation of
15 several coordination sites on the metal center (e.g. three in the pseudo octahedral
environment of CpCr(CO);) so that its coordination environment is controlled and
well defined. This results in more single sited behavior of the catalyst systems
relative to e.g. Ziegler-Natta TiCl,/aluminum alkyl based systems, conferring all
the benefits of single sited nature such as narrow distributions of molecular weight
20 and comonomer and “tunability” of catalyst performance by variations in the
polyhaptate ligand. For the purposes of the description of the invention in this
section, “polyhaptate” is taken to mean a ligand that contacts a metal center in a
bonding interaction through more than one atom, whether the polyhaptate ligand
has a formal charge or is neutral. Thus the “neutral polyhaptate ligand” will con-
25 * tact the transition metal through at least two atoms which are not considered to
have a localized, negative charge or a negative charge delocalized between them

as in cyclopentadienide. Similarly, the “tethered or bulky monoanionic ligand”



2 5 APR 2008089 PGE pol yhaptate and will have a negative charge. ggm 05
further well known that addition of a second cycl opentadi enyl i c;rn
a tethered anionic ligand to form biscycl opentadi enyl conpl exes or e.g.
di met hyl silyl bridged cycl opent adi - emg¢l-anm de (so cal |l ed "constrai ned
geonetry") conplexes results in inproved per 5 formance relative to the
nore open, |less sterically | ocked conplexes such as CpZrd 3 CpZr (OR) 3,

or CpTi cwnanble phlefhlﬂﬁﬁR@ apdivelh hgenarmgepyvesehangddbdertheowelnknows thaind
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coordi nati ng anion bal ances charge. Sone ni ckel -based systens recently

reported ipolyhabiate] tigasbwvitht a BriBget mandhdgtatbdizaatl dradrt eptiorally trédgedved
effective in the neutral form In order to maintain the favorable
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I soel ect r pidged cpdlbpenitadi idb ey Ibwsrcﬁquzaﬂlesalssub;ﬁciduytZquh @ae Cp
wi th a dianionic borrole (C4AH4BR2) allows synthesis of G oup 5 com pl exes

intheir mlfghléwe Wﬁhdathigmststmd@omtate apy aecqopepigd asbmatgprm withene
characteri referred "wel set.” stens
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state. This strategy only allows the preparation of cationic catalysts
from G oupigabdoe.ghichlerde, akikide nearbouylatece i emshe onetal; bed madeakly @r Group

4 or high ch less comon has been t str mai ntai n qne
g % Mcj:oordgnatmg artion balances cﬁarge rgeome m% elggaseg systems recenq

reported both by Johnson at DuPont and Grubbs at Caltech are believed effective
in the neutral form. In order to maintain the favorable coordination environment of
20 the polyhaptate dianionic ligand sets while using transition metals other than
Group 4, many have substituted one or both anionic cyclopentadienyl (Cp) or
amido ligands with isoelectronic dianionic analogues. Thus Bazan’s substitution
of one Cp with a dianionic borrole (C,H,BR?) allows synthesis of Group 5 com-
plexes in their highest oxidation state while preserving as many of the characteris-
25 tics of the preferred “well defined ligand set” systems as possible. Similarly Gib-
son’s substitution of two Cps with diantonic imido ligands yields chromium cata-
lysts in their highest oxidation state. This strategy only allows the preparation of
cationic catalysts from Groups 5 or higher, while neutral versions could be made
for Group 4 or higher. Much less common has been the strategy to maintain one

30 polyhaptate anionic ligand such as Cp and use a tethered neutral ligand to create
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set. This approach allows the preparation of Goup 3 anal ogues and
catalysts fromany group in the 3+ oxigation state or lower. W are not
awar e of anyone using the approach of substituting the polyhaptate
anionic ligand such as Cp with a polyhaptate neutral ligand and an 5
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concept t hagandsseemThivdaethel advaheagprofsalvtwingvendléme. tol §ffdes thtOhnionic

anticipated that. the actiye species nust be cationic or nust be in a 3+
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starting material. Rather ,ytnt he]S cat al%sgt S ]ol# t?(?si %\?eﬁﬁagg&\?\ﬁ I '%g

di & i ngui JRede framtthecordeagatimonefaformaldehsizswith aménes. t Tl codt \aliapt dike

i gand and _an.ani oni c..liga for j.ch sai. ionic tigand will_ be 20
ei t her briuéﬁ&gaf%g?%sét’%ﬁy%g&'ﬁ't%rq\gﬂﬁﬁﬁﬁceﬁgﬁg}b x’fﬁa“sﬂ“z%atﬁ BUEY 40%d sone
degree of y stenifhfiiddsemti RinRGRI VS| ¢S @3%@! gngteh con’é%}lttﬁ lis ggandi um
conpounds having two unival ent I'i gands or & bi dent at’e, valent i gand

are known biodmd ishthpipresemtinatntionOrly anooredraicijaesl, thiolhe 2BtivedEpec6 fnust69
(1990); Piers .et.al., J,. Am Chem Soc., vol. 112, pE_. 9406- 9407 (1990);
Sha 25 pi P§ @HOE Or must kejin adrrxidagion stite|becapse thasg skillgd n ftesnt wikho4) :

el £ ity 5P AR
conpl exes caragysth, S¢llos @bl kxact nature of the active species may be difficult to prove
when it is derived e.g. from a lower oxidation state starting material. Rather, the
catalysts of the invention will be distinguished in that they contain at least a neu-
tral polyhaptate ligand and an anionic ligand, for which said anionic ligand will be
20 either bridged to the polyhaptate ligand or be of a size to afford some degree of
steric protection against its substitution.

Neutral scandium compounds having two univalent ligands or a bidentate,

divalent ligand are known from Shapiro et al., Organometailics, vol. 9, pp- 867-

869 (1990); Piers et al., J. Am. Chem. Soc., vol. 112, pp. 9406-9407 (1990); Sha-

25 piro et al, J. Am. Chem. Soc., vol. 116, pp. 4623-4640 (1994), Hajela et al., Or-
ganometallics, vol. 13, pp. 1147-1154 (1994); and U.S. Patent 5,563,219 to Ya-

suda et al. Similar yttrium, lanthanum and cerium complexes are disclosed in

Booij et al., Journal of Organometallic Chemistry, vol. 364, pp. 79-86 (1989) and
Coughlin etal., J. Am. Chem. Soc., vol. 114, pp. 7606-7607 (1992). Polymeriza-




Booij et goyrmal of Organonetallic Chem stry, vol. 364, pp. -
(1989) and &ughlln et at., J. Am Chem Soc., vol. 114, pp. 760%87%872%5

(1992). Polyneriza 2000B066. PCT 2 5 APR 2005 tion with a netal scandi um
conpl ex having a bidentate, divalent .higand using a non-ionizing
cocatalyst is known fromU. S. Patent 5,464, 906 to Patton et al.

G oup-3-10 netal l ocyclic catal yst conplexes are described in U S. Patents
5, 312, 881{1@Hdw§h 457831 oanBRID cbRpMRT HaSvirfl a Bidentdid, AivladeNdand. (g 802 to
St evens et . and EP O 765 888 A2. Polynerization of olefins with
cationic @onupmémge:bedtalgsﬂplkam froen {13.Ptent 64 d9GtoRIO6/18529 and WO
97/ 42228. Bor at abenzene conpl s-of G oup-3-5 tals ar closed in
VO 97/ 23493, Cn(ﬁ‘r% nt BeRbRpY (e o abyst EPRES ?sfe epca)ted df@’g Beirwsed i n

U S Pate t 4Q7, &1 al ysts
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mulst i dent g’; earm Elaoyylsgrgggquat alysts are d| scl osed by D. H MConville,

et al, Macronol ecui es 1996, 29, 5241-5243. Mbnoani oni c and Pol yhapt at e
Li gands for CatPa)Ilyym:rszathwlf@lefepl\alch ngiappe Grgupath de:tali complexesiioniles-f or mal

6 el ectron dongrs een k e active catalysts if the
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"i soel ect @9[1%3 §ﬁ§%ﬁar§ﬁfscﬂfs@ﬂd%95/29‘@9%9 6 elec- tron neutral donor
cel e attention

| i gands has r ve elieve that the Iigand set

defined by a neuhidihatpebpiphpieatof Camprl-6phetaiadrt Widvlosdded US. dPatent
nonoani onic donor are suited to stabilize | ant hani des, acti ni des, and
~ grup 3 matMI7153tpichiyndiet al. oGragp4 bamidq cagglystoare dipel ewdiinddSaPrbns wi t h

| abil h
Lol ymact et STEE5s B ERER, A ok PR SR By Ba i o GRS L
follows: (hskloked By WKL Mcémm@ JaF MRybABRLUIBE | SHE 29 Lszmpswizwhapt ate

neutral donor ligand, E = nono- 25 , anionic Ilgand M= a netal,

preferably in the 3+ oxidation state, %— labile lig
Monoanionic and Polyhaptate Ligands for atalysis.

While replacing Cp’ ligands with dianionic formal 6 electron donors has

15 been known to give active catalysts if the metal identity or number of labile lig-
ands are adjusted to maintain an “isoelectronic” state, the practice of using 6 elec-

tron neutral donor ligands has received little attention. We believe that the ligand

set defined by a neutral polyhaptate donor optionally bridged to a moncanionic

donor are suited to stabilize lanthanides, actinides, and group 3 metals, it vl

20 cr'' Fe™ and Co™ in configurations with two labile ligands such as chlonde in

such a way as to promote polymerization activity with a suitable activator. It is

depicted as follows:

L) TEMQL,

(where T = optional bridge, L = polyhaptate neutral donor ligand, E = mono-

25 . anionic ligand, M = a metal, preferably in the 3+ oxidation state, Q = labile lig-
ands such as chloride, methyl, etc., L’ = neutral donor ligands such as ethers,
phosphines, amines, LiCl, olefins, cyclooctadiene). Versions with a single Q li-

gand for Fe'l etc. could readily be envisioned.
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with a single Qli- gand for Fell etc. could readily be envisioned. 2000
B066. PCT -5 SUMVARY 2 5 APR 2005 Thespresent invention is directed to a
catal yst systemfor olefin polymeri- zation. The catal yst system contains
a formally +3 cationic netal center stabilized by a neutral 6-electron
donor and a noqﬁﬁﬁkﬂgkq donor optionally bridged to the 5 nultidentate
neutral |igand. e netal can be any +3 actinide, |anthanide, or

G oup-3, -4, - -6, -7, -8. -9 transition let | nmet al .
I n one embodi rrgrﬂ‘ﬁprﬁ‘?é't }ﬂflef”i"?féﬁtcjifeéj o 183%‘&%t£§\£,tash/g§9't Wé%flé(;fﬁlnﬁ?lgﬁ%ufg

wher ei n LZA@I{D} &\falg?clé?ﬁt@}n QnteRad Fdihallh 93nehiomit efealalehiér 6@BllREAI Ng at
| east two oup-15-16 afons, nost preferably at least three. Tis a
coval ent Byiadgiungl GradeqprohGionontad aimancani@naudentd optiongllyobridged toltberent . E
is an anionic |igand containj ngf a Goup-14-16 e$ enent,, La[r}%d n%

7t Sdonat | myplhgentae dienyrl Heandhed BE oRyal sembgyAnY T4 gstiude, |%€uEd ami do

or phosphido |i,gands, .oxygen,or sulfur .or ot i or atons

coval ent | rB%’ﬁd%c’S’T?"ﬁP?&gr% ??S\}g ril,}élel‘:al’igerrJ’FEP%B\grﬁ%ge gélg'epr esents an

el ement from GiQUpel BmBbdimkdt, Hbemullidefitate Baont- A5 hed eRedbrmAa2.TRNd when
Jis 15 a G oup-16 elenent, z=1. Finally, each R is independently

sel ect ed fwirrigl fsabbdiky ac@edlincddriagapdizand, mefeiabbdcdehiomg atresst twot her
enbodi nent, a pol i/rreri zation process accordi nﬁ .to the present invention
(i nvent i orpepytireld alamsomopt mietesably atklgan thrge.t hds ASPYAHEMN TSI neT8HP ¢ o-

pol ymeri zati on.of efins, rises t f: trd i i ONi. Zi nQ)
P05, o ar R e BRHEE: £ A b (BRI CEnE Sapaiely gkl cBRakh ol 1

Wi th sui t%ﬂ'oﬁ%.ggégf%%%n inlRESE heRdstar hsaoentbal Andhedestyariatpyione

nmononer for pol ynmeri zation; ~ they contain nononer m xtures for

copol yner ilizahdsBubsSuittd bingid @qdetpials ligaeds, ovden vp safuranyodesligadsn xt ure
of ethylene, C3-C20 a-olefins, C5-C20 diolefins, acetylenically

unsat ur at ed atmnoreyaenthyr batrdeto TinsAlternativedy, o oM, swherpd rgategents an

element from Group-15 or -16. When J is a Group-15 element, z=2, and when ] is
i5 a Group-16 element, z=1. Finally, each R’ is independently selected from suitable
organic ligands as defined below.

In a further embodiment, a polymerization process according to the present
invention (invention polymerization process), such as the polymerization or co-
polymerization of olefins, comprises the- steps of activating (ionizing) the +3 metal

20 component to a cation (the catalyst) and contacting it with suitable feedstocks.
These feedstocks contain predominately one monomer for homopolymerization;
they contain monomer mixtures for copolymerization. Suitable feedstocks are
made up of any desired mixture of ethylene, C;-C;, a-olefins, Cs-Cyq diolefins,
acetylenically unsaturated monomers, or other unsaturated monomers. The cata-

25 lyst can optionally be dissolved, suspended, or fluidized in a suitable liquid or
gaseous polymerization diluent. The catalyst is activated with alumoxanes, modi-
fied alumoxanes, non-coordinating anion activators, Lewis aéids or the like, (alone
or in combination), with an aluminum-to-non-coordinating-anion or
Lewis-acid-to-transition-metal molar ratio of about 1:10 to about 20,000:i or

30 more. The catalyst reacts with the monomer(s) from about -100°C to about 300°C
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activated with aIuananes nodi - fied al unoxanes, non-coordi nating ani on
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5 APR 200 ut one second to abob ce a polyolefin

havi ng fr poo0abess 1d BGuOE,008880 tow rAbreWyeiph0@0:AR0 nileciidr ewsighyiid aver age
mol ecul ar wei ght and fromabout 1.5 to about 15 or greater nol ecul ar
wei ght di Eemi agqut ba.to IahOIariétmegreaﬁQIrfﬂﬁé‘FUIQFnW%hh@ﬁftﬂbUtl% nonoani oni ¢

ligand is a substit 5p dthrou nall-car on brjdge to
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Me2t merizes

?lyl ene gr?l reat gé‘bvél{ hﬁ%ﬁ%ﬁm@u”a etgr%éggﬁtlﬂroggqﬁr{aglh %%én éM( Cp2VX)

tend to drREY mgg(mga&gvsnﬁékvp)smw(i VBIta@f+ dithéth eStriabaycloabhfHei ¢ gr oup
4 anal ogues ( = counter anion). Substituting a

neut r al |seg&"fgdlrsbﬂbw@@o%ﬁrﬁeﬁethgblrenwhmuieﬁltealwdeAtChe stabilization of

i soel ectronic group three cationic species (e.g. Cp(M3tacn)jYMe' NCA 1
whi ch shoul d bblehe@sgroumthrcﬁemetaﬂochnnef"icznal\/@ﬁ)den%tmdln‘smgIanld gtremalipor e
activity. Polyhaptate structures with "hard" donor ligands will be

pr ef er r edshasv tovey antyitibether peitanid gtoopli ardlopes (¢ ¢.dPrZyMamdChe, NEgs
inclined to is be renoved by Lewis acids such as trial kyl al um num
saavengers conmehytiahlnBubstianig, a anvdraBl{igaRby8h dFhde fiarrotoaKipowpeldddnor

| i gand E need not be bridged to the neutral donor |igand, nor nust it be
nonohapt alo®  YRentabilizagomoef bispelgasrrnio gwelpnémer:alca%%rsmcmw(@gr ed

20" donor - CPOHFEY WEnteh hieiopd Be dtis rHferico s ishae %f!»? ?se?‘?'eg“' ’
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be preferred as they may be expected to bind more tightly and be less inclined to
15 be removed by Lewis acids such as trialkyl aluminum scavengers, methylalumox-
anes, and B(CgF5)3.
The mono-anionic donor ligand E need not be bridged to the neutral donor
ligand, nor must it be monohaptate. When it is not bridged to the neutral donor,

preferred structures are those that contain steric bulk to help prevent the anionic

20 donor from being removed similarly to the labile ligands. Preferred examples are
2,6-'Pr,ArO-, amidinate ligands, and disubstituted amides.

The neutral polyhaptate ligand L may contain donor “hetercatoms” from

groups 15 — 17 of the periodic table, olefins, alkynes, or neutral carbene groups.

The neutral donor may be bidentate, tridentate, tetradentate, or even higher den-

25 ticity. The donor groups may be linked in a ring as with tacn (triazacyclononane)

derivatives, in chains, to a central atom or in a combination thereof. Preferred

structures are the triazacyclononanes (9-membered ring), and hexahydrotriazines

(6-membered ring). It is expected that different ring sizes will be optimal for dif-
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tacti cit ythequiyleiptats hgard inha hewisgacidnaiannst asemgght bofanesrrnd aecutvallabes, and
a host of other properties are controlled by variations in catalyst
st ruct ur e™¥HH 2pYdtess conditions. To hope to achieve the desired bal ance

of all properti.e I | -1 QN it al ysts
behaviors is 'eistslgr?ﬁ% gﬁ.gwlttﬂ at?ds%g(%plggg‘gggﬁztoﬁ%tumt’rﬁgg%}g? g ys’t“g’ (c)(?&'? ﬁg

i ngent i onméf tdcoRfoemiohe tactitithesnifoddhsart thiradhy, evdt dthage, fiahar vhhes,
DEFI NI TIONS Catal yst system enconpasses a catal yst pr-ecursor/activator
pai r. Wetntcahastydtothey prenerties age eentraleddycyarieostidagl yrhsirugureons

ot vt O TSR o W BN LI M e
activati ofipiveh piERBS altF6adPsldcViah 8f caalydisehadnd it bReMh 1tGE eRpdeedd
char ge- bal ancing nmoiety. Cp or cycl opentadi enyl enconpasses all
subst i t ut tdt thedatahstssfitht Utveatior will provide further tools to achieve these goals.
15
DEFINITIONS

Catalyst system encompasses a catalystprecursor/activator pair. When
catalyst system is used to describe such a pair before activation, it means the un-
activated catalyst together with the activator. When catalyst system is used to

20 describe such a pair after activation, it means the activated catalyst and the NCA
or other charge-balancing moiety.

Cp or cyclopentadienyl encompasses all substituted and unsubstituted lig-
ands in which the 5-carbon-atom, planar aromatic cyclopentadienide ion can be
found. This specifically includes fused ring systems in which the 5-carbon ring is

25 fused with other 5-membered rings and fused with 6-and-greater-membered rings.
It also specifically includes ligands in which ring carbon atoms are substituted
with heteroatoms giving heterocyclic systems. The cyclopentadienyl ligand’s 5-

member, substantially planar ring should be preserved (heterocyclic or homocy-

clic), including the m-electrons used to coordinate, side on, to M. Some examples



ands in I -carbon-atom planar aromatic cycl opentadi eni dgi
f oufipobarns W R

can be foun s specifically includes fused ring systens in
5-carbon ring is 25 fused with other 5-nmenbered rings and fused with

6-and-greater-menbered rings. It alsq specifically includes ligands in
whi ch ring carbon atons are substituted w th heteroatons giving

het erocyclic systens. The cycl opentadi enyl ligand' s 5- nenber,

subst ant i alcl i I r: ( i cy-

ol o) i et i B3 Noeblaang R o RS L 3 PRGN oa BB s e
exanpl es 2@@¥B066. PCT -8 2 5 APR 2005 .of Cp or cycl opentadi enyl are
fluorenyl, indenyl, and cycl opentadi ene nonoanion itself. Feedstocks are

any desired ni ¥eadstodds a2t hyy elesiredCBriGR26: of ethelkehesC,-C4, €efink, @ ,eFjns,
acetylenically unsaturated nonomers, or other unsaturated nononers. 5
These f eedstlobts aceyteaioallpriadaniated elonooaes, oo redimerurfsaturated monomers.

DO T R TRIPTE R, gt o

tetrahydre i _vl-anili | pet ine, Iithium chloride,
or theyl i Eﬁee,[y%%gar"g%%% r%“cl)%phéés ﬂﬁg?ﬁéﬁ%@{%léibﬁ?ﬁﬁgﬁmgo optional ly binds

to one or bot h IXiswdettranl apisriage isadteasdidthy| Hhet artah gdrohgad digend
transition nmetal of the sang tyflqe as the nmetal center giving a dineric
cat al yst otandénel tysetipiphaipkise, liftiumoeiHonde, tafether ki ¢qostinaied absthar e t he

same or a bhi,netallic,.catalys [ talyst,precursor if the fransi,tion
ot al s ar St rRREnl oot Bindfidh fod BhaRhSK: I8 e wpetoBfaledtnat ea "t o
angat om t REQUGH b3 WecSiPRAARdY meRE of ﬁié@%ﬁ%ﬂ%ﬂa@és! the Fh8Ir &hker gidiggnd- at om
connection, which is intended to 15 be coexiensive with the art

r ecogni zedimedniaiglystBirden gt eremmass, if bath of the gandtios nodads dratieedmeo an

at om t hr ough substan- ti al t wo, substaFti al Ig discrete, |igand-atom

connect i orﬁ’é?‘WﬁP‘é“Eé’Pfaﬂ\YSﬂPl&%‘?‘t@\f&\% DRIl BNt fRrstls b HECEDExt ensi ve
0, e, oSSR B 0 S0 e o, e
subst ant i atanyally 86¢,8tibstartlafigntisarétenigodreahicongectibhcthich is intended to

15 be coextensive with the art recognized meaning.

Bidentate means that a ligand is coordinated-to an atom through substan-
tially two, substantially discrete, ligand-atom connections. This definition of
bidentate is intended to be coextensive with the art-recognized meaning.

Multidentate means that a ligand is substantially coordinated to an atom

20 through more than one substantially discrete, ligand-atom connection, which is
intended to be coextensive with the art recognized meaning.

Noncoordinating anion (NCA) is art recognized to mean an anion that ei-
ther does not coordinate to the metal cation or that does coordinate to the metal
cation, but only weakly enough that a neutral Lewis base, such as an olefinically

25 or acetylenically unsaturated monomer can displace it. Any metal or metalloid
that can form a compatible, weakly or negligibly coordinating complex may be
used or contained in the noncoordinating anion. Suitable metals include, but are

not limited to, aluminum, gold, and platinum. Suitable metalloids include, but are

not limited to, boron, phosphorus, and silicon. The description of noncoordinating



i ntended tgoREsGREXt ensive with the art recogni zed meaning.
Noncoordi nating anion (NCA) is art recognized to nean an ani on th'?':\tr] A@B-MS

t her does not coordinate to the netal cation or that does coordinate to
the nmetal cation, but only weakly engugh that a neutral Lewi s base, such
as an olefinically 25 or acetylenically unsaturated nononer can di spl ace
it. Any nmetal or nmetalloid that can forma conpatible, weakly or

negli gi bl ¥nAQLAN MR PLGRPR BX tHBYodMenHSERd0h HeNA4 sl
noncoor di I’lgtl ns ani olnii5 Sui tabl e rret%l s]elnnc uden bu[ﬁ argg%nozib I ?%r% ed to,

al um num igotghratad &y p¢fatdnee for piopdsadbEUBepatehoprdatidenc| ude, but are not
limted to, boron, phosphorus, and silicon. The description of

noncoor di nat i né’OZGWB@BBH ePG,UImQaSQCSAFFI 2@@51‘3&%?1&%"3“&1’%@0'1 medhy aphemar sors in
t he docurren S Clted in the ara}%g11 bove are corpora

ref er encep?&meﬁlz? o 82d oppf et pr Bcctm%aésesPB? y It P2y ‘-]Cgﬂ“ in-
eneowpassgﬁldmgyb&f??. hb%ﬂ’iéré)ﬁhd F)lrﬁé}s%di'ﬁl i N in W@Xﬂ?ﬁch&&%' on and

copol yneri zat o npasses ynmer production iR I'ng both

horopol y RS oA MSnC@RRIHER SoWiinNmehHRErsa t&H @tdn@eftotgf bIRigs dcotg fin, or
non- conj ugated diol efin nononers, for exanple ) ef ns, t20

di ol ef i ns gjofids2@ Q}ggky&.c%@ﬂsn%r QIC,{Brkalc AATrRNI Gthed 8lfel"H§alIPuHer
olefinically un’ datlirated nondner$ besi'des those specifical ly described

above may sherapl yEREmels2Reidds itige tsperifiewienddsembediodtdive shey bé @blyeeapl e,
styrene, alkyl-substituted sti/béene 10 et hyli dene norbornene,
nor bonadi &ed Usitigcthe iwysativadr@ins!s, Vorrxhopls, étyemelkywubwwth/eﬂymxene

an ot her finica unsat rat d nono cludin cyclic

ot Pro. slfide EgtpYisRe o Rhieadr ReRdor e ek SpBL R et ot borre-
nes. @pohylﬁ?élbﬁé&hé’”aﬁ@rbtﬁérsQIeﬁHEQHP%ﬁtﬁaéﬂOJn%Ebﬂer TRALSHBNOMES S of up
to 1000 or nore ner unit 5 Q are abstractable |igands or | eavi ng
groups andydiceflefing, sser as oynlbp@aﬂudsnorbonmectzem dloylt dubstitateal narbornes .

Usual Iy, activation occurs when one or nore ?are removed fromthe
metal . Al 8¢ 6ﬁ@olmmeﬁﬁat@rqaﬂeﬂm HSOFedate s-plghipicgnagramopeingih ofeknt at i on
process, %éad‘ rm orrer i{Snserts into the netal -center-Q bond. Thus, the

eru . . .
Q that remain e center is known as an olefin insertion

ligand. & in Q are abstractable ligands or leaving groups and olefin insertion ligands
connected to the metal center. Usually, activation occurs when one or more Q are

removed from the metal. Also, one or more Q remains and as part of the polym-

erization process, olefin monomer inserts into the metal-center-Q bond. Thus, the

QQ that remains on the metal center is known as an olefin insertion ligand. Qs in-

20 dependently include, but are not limited to, monoanionic ligands selected from,
hydride, hydrocarbyl, alkoxide, aryloxide, amide, or phosphide radicals. Further-

more, both Q together may be an alkylidene, a cyclometallated hydrocarbyl, or

any other divalent anionic chelating ligand, or Q can be a diene. Exemplary Q in

the formulas are diethyl, propyl, butyl, pentyl, isopentyl, hex-yl, isobutyl, heptyl,

25 octyl, nonyl, decyl, cetyl, 2-ethylhexyl, phenyl, benzyl, trimethylsilylmethyl, tri-
ethylsilylmethyl and the like, with trimethylsilylmethyl being preferred. Exem-

plary halogen atoms for Q include chlorine, bromine, fluorine, and iodine, with

chlorine being preferred. Exemplary alkoxides and aryloxides for Q are methox-

ide, phenoxide and substituted phenoxides such as 4-methyl-phenoxide. Exem-

30 plary amides for Q are dimethylamide, diethylamide, methylethylamide, di-t-



20 dependefbhhyssipeg! ude, but are not limted to, nonoanionic Iigan?i PR 7005
selected from hydride, hydrocarbyl, al koxide, aryloxide, am de $
phosphi de radicals. Further- nore, both Q together nay be an al kyli dene,
a cyclonetal | ated hydrocarbyl, or any.other dival ent anionic chel ating
ligand, or Q can be a diene. Exenplary Qin the formulas are diethyl,
propyl, butyl, pentyl, isopentyl, hexyl, isobutyl, heptyl, 25 octyl,

nonyl , deBlYt!ylan?lgE,YHlylSO%T(ﬂfgllh\ﬁluH@Xéﬂd tHRhRRY| ExReNTA ,aqtlﬁﬂnm%& s %ﬁ;&ﬁ@nﬂet hyl,
tri- ethyIS|Iy met hyl “an he Tike, with trimethylsilylnethyl being

pr ef er r edylamideranghmay gthbraéubgautedtpdnﬂaythund@ ihemptiey phbsgphides fobQart ne,
fluorine, and iodine | ori ne elng preferred. Exenpl ary al koxi des

and aryl oﬁipa@éylf’msi’b“ﬁred%FIHE%WP%P IS5 endietiydp 1deyh Fimethyaehos-
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aryl am des are di phen- ylam de and any ot her substituted phenyl am des.
Exenrpl ar yra|dhlal§pfm'dm§h f@ﬂoggtlmr@re @rqmyéenel phdspimeate of diugyleneo ipertylateosphi de,

di et hyl hi de pho phi de, nd, the like.
al kyl éenﬁe e 4 opyTeng o e Pfa&jé'f%ﬁ o B FoegthT pahg-BOARNG dene.
and pr opy} hdgpeiEeDl akadine! 9elabbahed IRGaibY s wdadicrel g4l or both

Q together dre propylen [ soners o ene pehty ene 'exyl ene,

and oct yl éingethHxXERMusddyerd] eEngtHydil, jsp&zhadikm@ge&hﬁhylar 8-hkxadibng, adhéne,
1, 3-pentadi ene, 1, 4-pentadi ene, 1, 3-hexadi ene, 4- hexadi ene,

1,18- hex adLéri@xanene &}Sn@mwxra he simnle allydhigands ﬁ@pwm with gié heast onene,

2-met hyl -1, i ene, nd 10 2,.4- adi can al so be sinple alkyl
| i gands sﬁ@ﬁﬂﬁ offp+ f %F“FB%E&”@H&§“iﬁﬁg%k9£§5|IyI group. The nost
preferred Qis -CH28|Nb3. R, R, and R' enconpass: (i) Cl-C20 hydrocar byl
radi cal s; 15 28, RS, and R’’ encompass:

(1) C;-C,q hydrocarby! radicals;

(1) C,-C,, substituted hydrocarbyl radicals in which a halogen

I5 atom, amido, phosphido, alkoxy, or aryloxy group or any other
radical containing a Lewis acidic or basic functionality replace one
or more hydrogen atoms including straight and branched alky!
radicals, cyclic hydrocarbon radicals, alkyl-substituted cyclic hy-
drocarbon radicals, aromatic radicals, alkyl-substituted aromatic

20 radicals such as trifluoromethyl, dimethylaminomethyl, diphenyl-
phosphinomethyl, methoxymethyl, phenoxyethyl, trimethylsilyl-
methyl and the like; and

(iii)  C;-Cy, hydrocarbyl-substituted metalloid radicals wherein
the metalloid is a Group-13-14 element such as trimethylsilyl, tri-

25 ethylsilyl, ethyldimethylsilyl, methyldiethylsilyl, triphenylgermyl
and the hike.



(i) Cl-C2Qyspidbspdqt ut ed hydrocarbyl radicals in which a hal ogen ?%%WRE%S
am do, phosphido, al koxy, or aryloxy group or any other radical !
containing a Lewis acidic or basic functionality replace one or nore
hydrogen atons including straight and;pranched al kyl radicals, cyclic
hydr ocar bon radical s, al kyl-substituted cyclic hy- drocarbon radicals,
aromatic radicals, alkyl-substituted aromatic radicals such as
trifluoromnethyl ii i tr s - i

et hoxymet byl Byt B e e P B A e T 2 ang
(iii) Cl-c@ sydiuot aSdpatatayR't maytabs et fdridledadiedi cal s wherein the
metalloid is a Goup-13-14 el enent such as trinmethylsilyl, tri-
ethylsilyl, ethyldinmethylsilyl, nethyldiethylsilyl, triphenylgernyl and
the like. 200080%6NpPET47-Biaaggycl9gaddi tional |y, any R or R' may join
with one or nore Ror R" to forma 5 10 ring structure. Separately, R’
may al so be a I: foaydli TACN is 1,4,7-triazacycl ononane. TAN is
1,5,9-tri azanorﬁya%g.lg?’?’@alg%lof?g?'&t ri azacycl ohexane. DACN is

1, 4-di azacycl ononane. TACDD is 1,5,9-triazacycl ododecane. TNNCN is

, 3, 6-tri azacydfo0dRaNg,s-tribbiNGididhexdne2, 5-tri azacycl oheptane. TAH is
,4,7-triazahept ane. DETAI LED DESCRI PTI ON The transition netal conplex of
he

catal yst systemof the invention may be represented by the formnul a:
DACN is 1,4-diazacyclononane.

1
1
t

TACDD is 1,5,9-triazacyclododecane.
INNCN is 1,2,6-trtazacyclononane.
I'NNCH i1s 1,2,5-triazacycloheptane.

10 TAH is 1,4,7-triazaheptane.

DETAILED DESCRIPTION

The transition metal complex of the catalyst system of the invention may

be represented by the formula:

(LTEMQ,L’,

15 M 1s a metal preferably in a +3 oxidation state.

L, optionally T, and E comprise the polyhaptate neutral donor ligand, op-
tional bridge, and anionic ligand; Q (x = 0-3) are independently monoanionic lig-
ands selected from halide, hydride, hydrocarbyl, alkoxide, aryloxide, amide or
phosphide radicals. For Q of 2 or more, two Q together may be an alkylidene or a

20 ~ cyclometallated hydrocarbyl or any other divalent anionic chelating ligand, or a
diene, but may not be a substituted or unsubstituted cyclopentadienyl radical. L’

{y = 0-3) are donor ligands. It is anticipated that the number of Q may be such



(L) TCE) MQsbookodop M is a netal preferably in a +3 oxidation state. I5 R 7005
optionally T, and E conprise the pol yhaptate neutral donor Iigand,2 cﬁ?

tional bridge, and anionic ligand; Q (x = 0-3) are independently

nonoani onic |lig- ands selected from halide, hydride, hydrocarbyl,

al koxi de, aryl oxide, am de or phosphide radicals. For Q of 2 or nore,
two Q together may be an al kylidene or a 20 cycl onetal | at ed hydrocar byl
or any ot e evVab@plexaBbARi £ h8liad idhdrdel GaNdan Ofate cgﬂngl?ﬁ’ siff agmy not
be a substituted or unsubstituted cycl opentadi enyl radical. L' y = 0-3)
are donor (LTBSwE, LI’} andstinbé siipdleefdr thiahvédivensaber of Q may be such
2000B066. PCT -12 2 5 APR 2005 that the conpl ex bears a negative charge
(i.e. an "ate" [caypl pybamite abgandl dic) Sea@l BGrthin) damd ‘Hetdrbatbms™s Urdmabl e f or
the. inventive use. L is a polyhaptate |igand and may contain donor

"het er oat 8FLPSfldom! 7efothgpergdic ‘fgl%Plethé, pkypesd BcNt Ribbends opie peyieal

al kynes, B-N_pi_bonds utral , b5 ( e oups..such that the atons
botnd to frusrnettEsne e aCHi tedrd R BEHF ol Hiin S5t fehaiSe “yonor
nmay be bi dpapat eThd hG@nt ddr heY RABIALALER, Ale®MENtetAUSHIRE, GETMVELI T Y.
The donor groups may be linked in aring as wth tacn (triazacy-

cl ononanehigher desaicityedheidonohgiongs ntag bte lodwd iak ragamnvarth iann friceady- nat i on
t her eof . Fr eferred structures . are the trjazacyc| ononanes (9-nenbered

ring), anQOREREY dEBVRYEr TSRS 9 6-SrBHBRREM Pi Hgd combinagiopthereeled t hat
di fferent pri I | S i Teha ionic
donor i gg?]éc@? ecggﬁaFeerslkAé? ee'g} \%gg#cr@o-ngrg{so f%&r@%gﬂrg&n@‘ra d @gr n donors
need not deiahzihds(6sas@beRAPRE). 1108 efpecken@htidiffetent Singapabhell ®k oonat i ng
at least four electrons to M Preferably L contains two, or nore

pr ef er abl yimahfeediffgrenipnaslsoind agoric glpmor figandspr By Hakeresbwesnrbelt . t hese

15 atoms are.nitrogen. ., A preferred onetr f L is such.that,it

Coor di nat SOHENT Were el SrOPR B eRL s AT B8 STps SR PPUNRY BLIPER ect r ons

rem ni scentis @pabldoef dalifg aPfRd: Fekiranddironl SENMR NPRRRAKI Maddn®lins thvd, Br an

optional covalent bridging group containing at |east one Goup 13
more preferably three, Group-15 or -16 atoms. In a preferred embodiment, these

15 atoms are nitrogen. A preferred geometry of L is such that it coordinates to the
metal through the Group-15 atoms’ lone pair electrons reminiscent of ns , cyclo-
pentadieny! side-on coordination.

T is an optional covalent bridging group containing at least one Group 13-
16 atom. When present, it connects the multihaptate ligand, L, with the anionic

20 ligand, E, and completes a metallocycle fragment, M(LTE). T's chain length in-
fluences the geometry of the metallocycle fragment. Examples of T include, but
are not limited to, dialkyl, alkylaryl or diaryl, silicon or germanium radicals, a]kyln
or aryl, phosphine or amine radicals, or hydrocarbyl radicals such as methylene,
ethylene, and isopropylene. In a preferred embodiment, the polyhaptate ligand

25 joined to the monoanionic ligand is a substituted phenol joined through an all car-
bon bridge to the polyhaptate neutral group.

E is an anionic ligand containing at least one group 14-16 element and may
be a substituted or unsubstituted, cyclopentadienyl, altyl, or other delocalized pi-
anion, a Group-15 ligand such as amide, phosphaimide, or phosphide, or Gf0up-

30 16 ligand such as aryloxide or thiolate.



16 atom e resent, it connects the nultihaptate ligand, L, w
ani oni c Olr'%f)gﬁaP , E, and conpletes a netall ocycle fragnent, I\/(L%‘E)&m‘?z'ﬂg’
chain length in fluences the geonetry of the netallocycle fragnent.

Exanpl es of T include, but are not l'Br[i ted to, dialkyl, alkylaryl or
diaryl, silicon or germaniumradicals,” alkyl or aryl, phosphine or am ne
radi cal s, or hydrocarbyl radicals such as nethylene, ethylene, and

i sopropyl ene. | k r . L I t |.i gand, 25 j oi ned
to the nonoani (ﬁf%rﬁlggﬁlgﬁfﬁ;'i@ﬁgé%{%%%h@h\glﬂo?{pj%g%nﬁggd Pﬁggﬂﬁhor%n al |
car- bon Bpustofy Mot g tHlexh aRtAtRoMEHH Tt kil HeOpkidt ofa pslyBEtARIWMdiRg | | gand
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unsubst i t greg, or yteopeaistdically protedted/ lagaiost pbkietutidel doamplesdoPE- inani on, a
G oup-15 |ligand such as am de, phosphai m de, or phosphide, or G oup- 30
16 | i gand chide AN(SMay)y disppreppiphemil ofNGRR, pubodsBlsmidimtes. 5 APR 2905
Preferably when E is not bridged to L it wl|.l be branched on the atom
bodnd to M or oWhemE inasybstiguedsydersmtadgny tigghd, thesubgtitution gayoccur

pol yhapt at e pi ndi n roup Or .otherw se sterical l.y protected agajnst
DObat bt PBrbe Bampreetio ey vt ARty Moy Stk S R s§rurnF
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cycl opent é‘é‘ﬁe%??“*% %etéﬁ‘gcﬁpﬁgosm%égﬁﬁ ﬁ?'mggggsﬁ,@%%&r 6)"6#1% E'Seb%ﬂlmrﬁlé)f] *keepi ng

the C5 ri Rghgelftcftkich S8 uhithg ssBARLIEM P &he rOFlafidierROF wuldiple hp@rogeh N,
creating heterocyclic conpounds (in-ring substitution). On-ring

subst i t ut atomes W'rtgmgdti‘ﬂmbfm? $igapisdoomingdiuyedsung systems suehias inoort drering

repl acenent, of at.ons. wit h. mul nt.ate |igands form ng

ltiple hyd id
f ed- r i ngueyetEdeorsnstbsltted Megre il rindeoyd 1gandx  foiBporigpCcharac-
unsubsti t yLgde offlalé?El%Eé’r{ta&lEn)}l F%@H&' s ﬂgh@ﬁ@‘ésmerﬁlﬂﬁr, RNy pthar af

teristic of a cycl opentadi enyl Tigand Is that the 5-nenber, subst%ntially

pl anar ri bg praseryaridiaesedcl(dhat lemoayclic)c ireludiogrideyckiecirons usel wa coer-t he
rr-electrons used to coor- dinate, side on, to M Q are independently
monoani ondats, §idked. eMect ed from hal i de, hydride, 15 hydrocarbyl,

al koxide, aryl oxi e ALLARHLEY nMiRaflonf lifARE: seMNCHBh RARRPRY SIS,

15 hydrocarbyl, alkoxide, aryloxide, bridging oxo or sulfide, amide or phosphide
radicals. For Q of 2 or more, two Q together may be an alkylidene or é cyclomet-
allated hydrocarbyl or any other divalent anionic chelating ligand, =NH, oxo or
sulfido, or a diene, but may not be a substituted or unsubstituted cyclopentadienyl
radical.

20 L’ is a neutral Lewis base such as, diethyl ether, tetrahydrofuran, dimeth-
ylaniline, trimethylphosphine, lithium chloride, cylcooctene, cyclooctadiene or the
like, and optionally covalently binds to one or both X. L’ can also be a second
transition metal of the same type, i.e. the transition metal component can be di-
meric if both of the transition metals are the same or bimetallic if they are differ-

25 ent.

In a preferred embodiment the transition metal complex of the catalyst
system of the invention is believed to be cationic and may be represented by the

formula:

[(MTEMQ,L",J'[NCAT



radi cal s. 2 or nore, two Q together may be an al kyl i dene,@r
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| igand, =NH, oxo or sulfido, or a diene, but nay not be a substituted or
unsubstituted cyclopentadienyl radicgj. 20 L' is a neutral Lew s base
such as, diethyl ether, tetrahydrofuran, dineth- ylaniline, trim

et hyl phosphine, lithiumchloride, cylcooctene, cyclooctadiene or the
like, and optiopgk Ly SAYRLRAHIYinY PYSx{dAONGaer Poth X. L' can also be a
second transition netal of tHe sane type, I.e. the transition netal

conponent can di- nmeric if bagt e transition netals are the sane
or binetallic ibfhet é@P"éPE’“aPhe?z EQ@I’Q&L » Tl yp?rgigéﬁepgﬂ?ye&?ﬁéa‘i“ﬁ@ﬁt t he
transitio I j | S
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+3 oxidation state. 2 5 APR 2005 The conpositions of L, T, EE M Q L',
x, Sand y @&Feupakyhepaploy sush asdnalkyd alyminpms, alkit piars.tmethsalumenaneet al

cat al yst abaye, exce th t referred will not .be haljd

o1 kox e, TSRS it e, B IS SeFE ol donPPhasingrad@hlbet b & rai n
5 group alakyds @ITMHoEKivE UHArES ohl il KdshsiBibh MnBtaM ot K YéordpIBES . Non-

met hyal unoxane, trial kyl boron, and the like. NCA is a weakly or

non- coor dicnatdimegingrangms tchedpribal-peafhomsartyhborps iahd ukimihaegareqmefetred
transition netal catal . conmpl ex rdinati Qg ani ons conpri sing

st n- CO
per f | uor odFYY¥BiSr ol s aétffdp%{r:w%b@swaﬂ@%%gfa@hg:u inddlpe payiplsdoner j s
ani! i pat G gt ok B8K hibihle 110hy s RRUF 1t Blalflect e neutral “donor - 10
t he pol yhaptat

at ons of a igand in a Lews acid manner. In a further

enbodi ment, a (alayfiBEhérzatbddimpitps @sRnatatich Pgces acbdineas e prebdivent i on

(i nvention pol ymerization lproc_ess), such as the pol ynerization or co-

pol yner i zaryearoBf{inyEatemaolymemantiiere sraches)stushsasothe ol rosrigatign @6ricact i ng

the tr ans'pblymerization of olefins, comprises the steps of optionally contacting the transi-
tion metal complex of the catalyst system with an activator, optionally contacting

15 the complex with a scavenger, and contacting the transition metal complex with
suitable feedstocks.

In a preferred embodiment, a polymerization process according to the pre-
sent invention (invention polymerization process), such as the polymerization or
copolymerization of olefins, comprises the steps of activating (ionizing) the Group

20 3 or Lanthanide metal component to a cation (the catalyst) and contacting it with
suitable feedstocks.

Those skilled in the art will recognize that some forms of the transition
metal complex of the catalyst system will not require an activator e.g. certain cati-
onic compositions or neutral compositions directly competent for polymerization

25 of olefins. Additionally it will be recognized that certain compositions of the tran-
sition metal complex of the catalyst system in low oxidation states (e.g. less than
3+) will be capable of olefin polymerization upon contact with activators or scav-
engers. For example where L’ or Q are dienes which can be formally considered

neutral or dianionic ligands, those skilled in the art will understand that polymeri-

30 zation activity may be observed directly upon contact with olefin or after treat-



tion netal I of the catalyst systemw th an activator, opti 2}& \Y
contacti néoo%gg%hpt?%corrpl ex with a scavenger, and contacting the trZE JJtRi?B‘??

nmetal conplex with suitable feedstocks. In a preferred enbodi nent, a
pol yneri zation process according to the pre- sent invention (invention
pol ymeri zati on process), such as the polynerization or copolynerization
of olefins, conprises the steps of activating (ionizing) the Goup 20 3

or Lant hapj tal: t at | Ath t.al .y d_contacting
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neutral comgosetal-aikyl dimplex|whiclonp&irenllyfter qodayiverstates highe2thaafthel ef i ns.
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actfivators or scav- engers. For exanple where L or are dr enes whi ch

can be f opstol yhegatdie rRdomRe ulik@resdfor 66 Y& tibhgZuseble b gk | | ed
in the art will understand that polyneri 30 zation activity may be

observed aierreadel up effpory desinddmixtuset df etthydénen CoiC g fitaefins; €31C,2AMeMG6. PCT
-15 2 5 APR 2005 nent with activator and/or scavenger. Likew se where L'
i s cycl ooaesyienioplly ynsaguraigd traericemess, or ghemensaomated morensoundholcetain wi | |

result in the creati f acati- onic tal-al.kyl. conpl which is
formal |y {Y%CMPB%?B@& lget Q’tsé%lv (:i’gﬂ‘éPeqdr‘? n°t ﬂ@'adli%le@u? g&ta . ‘E)rlr‘ﬁllué‘:L1 &nd nmay
b%corme;gzrsreo&sogso1pmexgmdnzcﬁmeﬁn- The Ieh@l?ﬁt it REAREQLY R GRBh QAP HGAM nat el y
one nononer for honopol ynmeri- zation; ey contaln nononmer m'xtures for
copol yner fizatluomxafts, habkeodlaatag anlos acavaonabewispcifs oamlye ldlesi(dlede m xt ure

of ethylene, C3-C70 a-olefins, C5-C20 diolefins, acetylenically
unsat ur at @ rBnofRPRInaeN)et HEth |naht WYREYThBNfEFeordmAdngarign | 95t can

optional I y.be disso . .S - fleujdi zed, 4 n j @I_quuidor
10 gaseouge‘pgl yfrcg?cf {zré@%onégjﬁpaﬁgﬁggr 'Irﬁlgo C(Jaftl é’ﬁ 9‘@5‘ 'llds t%%tb ?giaég 0@vi lt s
al unoxanemordy0The catalyst reacts with the monomer(s) from about -100°C to about 300°C
15 for about one second to about 10 hours to produce a polyolefin having from about
1000 or less to about 5,000,000 or more weight average molecular weight and

from about 1.5 to about 15 or greater molecular weight distribution.

In another embodiment, the metal complex is represented by the following

formula:

/L\M/<Q I
T\ /

Q

20 E

(A)

M is a metal in a +3 oxidation state.



fied al unpxanes, non-coordinating anion activators, Lew s acids 05 tm 2005
li ke, (al ON&BOGPCT N combination), with an SA
al um numt o- non- coordi nati ng-ani on or Lew s-acid-to-transition-netal
nolar ratio of about 1:10 to about 20] 000:1 or nore. The catal yst reacts

with the nononer(s) from about -100C tﬁc') about 300C 15 for about one

second to about 10 hours to produce a polyolefin having fromabout 1000
or less to abo 5, 000, 00 r re.wai ght. aver nol ecul. ar. i ght and
from anout 1. oot6 opeierie JRafied 81 adeehf R Bricu &t Meafion "
anot her egdoGi"en hhl, THAle SAMRb&XLYIS alkBRIdeS S BYdDYart e ofrgmo@w ng
formula: a 20 C(A) Mi$ a netal” in a +3 oxidati 6n state. 2000B066. PCT

-16 2 5 ARRI2eGcdlSTEBoth @ togethdr aheayt It &n hlkghdhe oDaaryelomutie fgatdieydrby
nonoani oni ¢ |igands selected from halide, hydride, hydrocarbyl,

al koxi de, caspyll &dny eotherrdi valem rangies chelafingeligand; o2 diengoiuh negyt ejdierier may
be_an al kyli dene, or a |.onet al | ated hydrp- .carbyl or any other dival ent
anf oni ¢ c%’gﬁtéﬁuit%gorltfnéﬁﬁ%ﬁu%? c%lg eentrtlae&,;e%{a&r?%gf not be a 5 substituted or

unsubstituted gyeh®Raat ackeNhuliidditsielligabd tSn@niigl A YeasNB, R ferabl
mul tidentate |igand containing at |east two, preferably three, Cgroup- 15

or -16 atthne, Aroup1proef-&6 aedne nlnoad prederted ¢thbxbmanptleesartomd anegritrgen. The
geonetry of is such that it cqordinates to the netal throu t he G oup-
15 atons-gqno@ep%ﬁomeéw& ﬁﬁg.chLa@5&8%’%th'ome@ifa@ovab&ﬁgﬂ@uaai [

el ectrons ) t L rl ' ty] = |

rem ni sceln?g)tg?'rg i ?%}%&%Fgggﬁ%ﬁgding%éq]geﬁJﬁﬁgsjo%&gg%ﬁgi]?\g{ P %F\gfe Erl&l? %C'n

ophi onal may &g vebiap dad mtagfsmtféerat&bm_ﬂ@,grea{inils@élﬁtofqﬁ,ec@@;sma?d%: 16

atom Wen preSent, It connects the nultidentate |igand, with the
ani oni ¢ enyl side-on coordination.

T is an optional covalent bridging group containing at least one Group 13-
16 atom. When present, it connects the multidentate ligand, L, with the anionic
ligand, E, and completes a metallocycle fragment, M(LTE). T's chain length in-

15 fluences the geometry of the metallocycle fragment. Examples of T include, but
are not limited to, dialkyl, alkylaryl or diaryl, silicon or germanium radicals, alkyl
or aryl, phosphine or amine radicals, or hydrocarbyl radicals such as methylene,
ethylene, and isopropylene.

E is an anionic ligand containing at least one group 14-16 element and may

20 be a substituted or unsubstituted, cyclopentadienyl, Group-15 ligand such as ni-
trogen or phosphorus, or Group-16 element such as oxygen or sulfur.

When E is a substituted cyclopentadienyl ligand, the substitution can occur
on the ring, keeping the C; ring intact (on-ring substitution), or can occur in the
ring, creating heterocyclic compounds (in-ring substitution). On-ring substitutions

25 range from simple unitary substitution up to the replacement of multiple hydrogen
atoms with multidentate ligands forming fused-ring systems such as in- or on-ring
substituted, or unsubstituted, fluorenyl or indenyl ligands. An important charac-
teristic of a cyclopentadienyl ligand is that the 5-member, substantially planar ring
be preserved (heterocyclic or homocyclic), including the 7-electrons used to coor-

30 dinate, side on, to M.



|'i gand, E, | etes a nmetall ocycle fragnent, MLTE). T s chai
L "L arpie

length in 1 uences the geonetry of the nmetallocycle fragnent.

of T include, but are not limted to, dialkyl, alkylaryl or diaryl,
silicon or germaniumradicals, alkyl_jsqr aryl, phosphine or am ne

radi cal s, or hydrocarbyl radicals such as nethyl ene, ethylene, and

i sopropylene. Eis an anionic ligand containing at | east one group 14-16
el ement and may: ; ' r It 0 di enyl ,
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|'i gand, the substitution can occur on the ring, keeping the C5 ring

i ntact (ol§nHy bindsupone oubpdn. Locacalgo beagecand transitiopimeial afteaisdme
het er ocyc).i ¢ conpounds...(in-r.i substjtution). On:-rin stitutions 25
anget ) olvpEi B2 ARy Tt RGh Atk bF sl T oE B b O ¢ e
hydrogen np@f:@dgethd anfbl biARMIAL B thdydaBdsrdefm ng fused-ring systems such
as in- or on-ring substituted, or unsubstituted, fluorenyl or indenyl

| i gands. An i nmpocdtamic fumar ascctivaed sdndefod pal ymecizapen tlediranition megand i s
that the 5-menber, substantiall | anar, ring be preserved (heterocyclic
or honocy®dMelex is bdjcyed Hyhaveghe é’lg’l“é’é@ fomwldised to coor- 30 dinate, side
on, to M 2000B066.PCT -17 5 Z 5 APR 1005 L' is a neutral Lew s base such

as, diethyl ether, tetrahydrofuran, dineth- ylaniline, .
trimet hyl phosphine, lithiumchloride or the like, and optionally cova-

|l ently binds to|one or Efth X L n gl so be a second transition netal
of the same type, i.e e transktyon |metal conponent can be dineric if
both of the tranpsiti met §I fe the |sane—or—binetalljc if they are
different. In catiohic form

ctivated far O'EQE” pol ymeri zation, the
transition netal coﬁplex i béﬁkgved tjo hdve t fol | ol ng formul a: NCA
(B) E L' |

(B)

10 M, T, E, L, Q and L’ are as defined above and NCA is a weakly coordi-

nating or noncoordinating anion that balances the cationic complex’s charge.

In yet another embodiment, the transition metal component of the catalyst

system has the formula:



10 M T, E2000BOGBmH L' are as defined above and NCA is a weakly Zggtwims
nati ng or noncoordi nating anion that bal ances the cationic conpl ek®
charge. In yet another enbodinent, the transition nmetal conponent of the
catal yst systemhas the fornula: 2000B066. PCT (CR !Jx CR'~x [/ (CR'Ox
-18 RX //n/R ... L,nnnurrrrllQ (C R-~X (CR2)x CR'nx /'S R av, M
..nnnirdrl11Q 2 5 APR 2005 (D) 2000 B066. PCT 2 5 APR 2005 _19 M T, E,
L, Qand C are as defined above. AlterRatively, as in structure D, Eis
JRZ Jis a Goup 15 or 16 elenment; z3Fs 2 when J is a Goup 15 el enent
and | when J is a Goup 16 el errent-.-rR R and R' are defined below. R
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RM . "~ Q5 (E) 2000 B066. PCT -20 (CR' ~ x 2)x Jz(cR :
"unrrnlil 6)0&%5{{&}:#)“2 5 APR 2005 In yet another enbodi nent, the ?SI\ﬂPR 2003
nmul tidentate ligand is joined to the nono- anionic |ligand through a
substituted phenol joined form ng an.@l.l-carbon bridge to 5 the

mul ti dentate neutral portion of the ligand. See Fig. 6 The structures
shown bel ow represent exanples of |igand and/or catalyst precursor that
are within theygc 0 i & E Oy 1S |list does not define the
full scope of Pﬁ’eﬁi@g&égér@n@bﬁg\é?g%ﬁa E}b:sgbée'xerrpl ary only. 2000B066. PCT
21_c /1 7' S -c~ AN/ Cre "C

Alternatively, as in structure D,.E i1s JR’,. Jis a Group 15 or 16 element; z
is 2 when J is a Group 15 element and 1 when J is a Group 16 element. R, R' and

R" are defined below.
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In yet another embodiment, the multidentate ligand is joined to the mono-
anionic ligand through a substituted phenol joined forming an all-carbon bridge to

5 the multidentate neutral portion of the ligand. See Fig. 6

The structures shown below represent examples of ligand and/or catalyst
precursor that are within the scope of this invention. This list does not define the

full scope of the invention but rather is exemplary only.
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conpl exes according to this invention can be prepared by vari- ous
conventional routes. The netal conplexes (catal yst precursors) according
to the invention are suitable for polynerization when activated by
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Al kyl al u d nodified al kyl al unoxanes are suitable as catalys
activatopg§%%§%€??ularly when the abstractable ligand is a halide.&)é &HQﬁ@
Al unoxane com ponents useful as a catal yst activator are typically

ol i goneric alum num com pounds represented by the general fornmula (R2
Al-Om (cyclic) or R3(R4-Al - O MALR5 (linear), although other structural
variations may exist. In a general alu- noxane formula, each R2-R5 is

i ndependent | y dhenaalGommgits acenrding todbisdarentioorcan beaxepaptdby matihy| |
ethyl, and isoners o ropyl, butyl, pentyl, hexyl, heptyl, octyl,

nonyl , de89§9”ﬁﬁa%%véf‘ﬂﬁﬂecyl, tridecyl, tetradecyl, pentadecyl,

her adecyl, hep y Vet AQD I ' Vibo : m.i s.an
i nteger from| TP %%gﬁg'u%o%‘%§§£3§§‘¥ly Str E%?‘ggﬁz ,ac%?ﬁgqﬁsth?réé&%&flggnage mis at
| east 4. kditadle fkrlpplynadrizaiion mhaalacdeated by usehbdsrkrioe ial therencadi®ocene

preparation, R2-R5 can also be halides. Al unoxanes can 20 be prepared by
vabi ous paibceSititable katowiors tymiealyamncludecrlumpyans eompgundb.umpdifad albkyl nmay

be treated with matenggiss lved in _an inert organic q#ve t, or it may be
cont act ed™RFERF SOHPA U BE HTHZINE L?EPP“agreﬁk}rdP%P‘ger%‘ﬂ'ﬁ%e ats%}?sf‘?% ®8uspended
i i t. ' t ' . V. h

pr epar ed. TehiTe PR PG R anc sl Aalh M O o SRR Wb o1

wat er yi ebglgg@bhlaR@ag ndfdboddin S drGvalkiBiidatitgdioe. Modified and
unnodi fi ed net hyl al unoxanes are pre- ferred- M xtures of different

al unoxanes and Algdaluired arsdsuarsik medgiadaglkglabmbpraneu gredsuifble fsicatabyst
descriptions, see U, S, Pat nt§§4,665, QS. 4, 52,510, 5&041,584,
5,1801, 352actyaisy Prgerulasly yhcy s dbgtrasapbls Mgand;sghbelideg Alymgyang gam-

' ' ivatdr ohtgtm alurhi ' .and
0 561 47ePHRERT R, o2y dilg®r i gcall ol oo i O e

VO 94/ 1018610 dR0RPRAGRPEY 1123gehebal ABRNROFRVALID)L hecyrbit) watRY(RI s lan

al unoxane, the m ni mum netal -conpl ex-to-ac- tivator nolar ratio is equal

to about &)5009, (liRe4s,aN@blyh ahetiiirikt®@0vANEion® Elay Rk - 125 @BhdrapBRUL
1:100. The maxi mum netal conplex to activator nolar ratio is about 1:1

and nost  RfoRh&Y RRMIABRH RARGs ifdegdiRlch®y BC O B diodaby N éhdacul Ofdtr 1S
recogni zed to nean an anion, as rep-
15 example, methyl, ethyl, and isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, hep-
tadecyl, octadecy!, nonadecyl or icosyl, and m is an integer from 1 to about 50.

Most preferably, R2-R’ is methyl and m is at least 4. If an alky! aluminum halide
4

is used in the alumoxane preparation, R?-R’ can also be halides. Alumoxanes can

20 be prepared by various procedures known in the art. For example, an aluminum
alkyl may be treated with water dissolved in an inert organic solvent, or it may be
contacted with a hydrated salt, such as hydrated copper sulfate suspended in an
inert organic solvent, to yield an alumoxane. Generally, however prepared, the
reaction of an aluminum alkyl with a limited amount of water yields a linear and

25 cyclic alumoxane mixture. Modified and unmodified methylalumoxanes are pre-
ferred. Mixtures of different alumoxanes and modified alumoxanes may also be
used. For further descriptions, see U.S. Patents 4,665,208, 4,952,540, 5,041,584,
5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018, 4,908,463, 4,968,827,
5,329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031 and EP 0 561 476 Al, EP

30 0279586 B1I,EP 0516476 A,EP 0594 218 Al and WO 94/10180.



resent ed byygsh& myinbol NCA above, which either does not coordi nat tﬁ%ﬁfﬁﬁ
nmetal cation or that does coordinate to the netal cation, but on 9
weakly enough that a neutral Lewi s base, such as an olefinically or
acetylenically unsaturated nonomer can displace it. 10 Descriptions of
ionic catalysts with a transition-netal cationic conplex and a
noncoordi nati ng anion, suitable for polynerization appear in U S. Patents

5,064, 802, 5, 13¢h&Bthe £til@Br &0dn alamd%Enel 10 mbriddin HGl-SongAdx-A84c-
5,408,017, 5,599,671, and WO 92/00333 and WO 93/14132. These teach a

pr ef er r ed tiyaiopmolaraetions eptahtodationt w3068, prefezdtilnaioned : Sﬂoarﬁrm(mr]mfed by
noncoor di nat{ ng an 15 precursors ch that an. al kyl dri de group
o 2bet r oGl frBi NG BRI TR THal B iR a SRATNG BEOBOHEaL | oni ¢
and charggs bﬁkﬂﬂgﬁﬂh9¥“ﬁﬂ€aaﬂﬁqq®rdl nating anion. Since simlar |igands

may be present I's 1nvention's nmetal com pounds, simlar

polsymeri zat i on Thattédny Skor@obidigdting nunitet' e dscoghiyed & mehh anation, Berepyl is a
preferred abstractabl e hydrocarbyl radical. 20 Using ionic conpounds

| acki ng arﬁsa@tteii\be the sxmhol Wut ai)@rse,bwlecmeltbfrrdim%mﬁgcomhtean the metad rret al
cationic co ex and a non oor ating,anion, ossi - .ble. e,

Epe A0 26Nt Al o BPeTgs tal ! SRAE et BnBe3Culs SRaen trite >
trative i Qg GR0ROBRLS suaﬁea%%lMefﬁa@énmﬁa&tyuerheauyolmssu&é}@aﬂm&%er ot her
than the Bronsted acids, include ferrocenium silver, tropylium

tri phenyl car deplaceritand 25 triethylsilylium and al kali and al kaline earth

nmetal cations such_as sodium nag- nesiumor |ithiumcations. A further
cl¥ss of suit a@eé“lli&fﬂf’éo?fdioﬁa% Fﬁglyaﬁﬁl whh g Bansitierspiesl gagomgdromplex sal t s

Com 5! BP0 S8 T By FRHLAIR, By DS RaRE! nat e

ani on as descri OVE ar e I'ng the

net al - cat lsco)wsogceomlm)t | NPHM QNS5 saulw sbzmoer 5 morozexasrmmomy
2000B066. PCT -24 2 5 APR 2005 h dronS|s of the connerC|aIIy avai | abl e or

readi |y syRPA&dilzadl MO P2[085p3 p;ld]WO D3GR yihese saph iz (nafeyRy 'prdd@pf p) 4] -
MERRA TR QUG HILCHE T e SR
15 precursors such that an alkyl or hydride group is abstracted from the transition
metal compound making it both cationic and charge-balanced by the noncoordi-
nating anion. Since similar ligands may be present in this invention's metal com-
pounds, similar polymerization catalyst activation methods may be followed.
Benzyl is a preferred abstractable hydrocarby! radical.
20 Using ionic compounds lacking an active proton, but capable of producing
both an active metal cationic complex and a noncoordinating anion, is also possi-
ble. See, EP-A-0 426 637, EP-A-0 573 403 and U.S. Patent 5,387,568 for illus-
trative ionic compounds. Reactive cations of the ionic compounds, other than the
Bronsted acids, include ferrocenium, silver, tropylium, triphenylcarbenium and
25 triethylsilylium, and alkali and alkaline earth metal cations such as sodium, mag-
nesium or lithium cations. A further class of suitable noncoordinating anion pre-
cursors are hydrated salts comprising alkali or alkaline—earth metal cations and a
non-coordinating anion as described above. The hydrated salts are made by re-

acting the metal—cation—noncoordinating-anion salt with water, for example, by



coor di nat izagpB96aptex may be used or contained in the noncoordinati g‘&P 0
anion. 5 Suitable netals include, but are not limted to, alumn E} &JIQ;
and platinum Suitable netalloids include, but are not limted to, boron,
phosphorus and silicon. The descriptibn of noncoordi nating anions and
their precursors in the docunents cited in the paragraphs above are

i ncorporated by reference for purposes of U S. patent practice. 10 An
addi t i onalhydetlps offthermisinngertibily avaivabi oo nealiBCsynarshel IRF fB(RH)
catal ysts uses ionizing- anion precursors that are initially neu
Lewi s aci dehitluyieldsLigts 09 4t [Bepipg, [rplinds peamplusiophBaly|dr DR HeAAL | NG
anion, or a Zwitterionic conplex upon reaction with the invention
conpounds. For ‘xanpsta,or metaldgipehdtafahformphenypatibikg vagak By o@hetlighslgn act to
abstract a hydrocarbyl or by 15 dride ligand to yield an_invention
cationi c REPEINRBEFENPlER A& BHiUES Oh GORGHEoIn- thei racPerdinating raniaee
EP-A-0 42 - 5 2 for. illustrati.ons of an-_al ogous

G dup- 4 merarfs ARt Bl L8Pl gt R A AR 2R AR o
EP- A- 0 498uidle dr@alldias mRhideNb@fard Wt 18 te@md L0 ogous
G oup 4 conpounds see U.S. Patents 5, 624%%%02%35@%%@&%%%% 929.
The 20 dedbeidssé¢ramionf oframeoadiiatiag iangpnamndnbeiapccuivory inpthe Aot SAERsi N

t hese docunents .are incorporated, by reference_ for purposes of U S

Pat ent pr 5’6?‘{]%?}‘6\%?\@’? f 8Hs “l?f’rﬂ?é?iﬁ‘?)gﬁ’ defagncadonnumasgsrafcddSsors are
Br onst ed ?gtleg(s rastiGh as protons or protonated Lew s bases (excluding
water), o d%ci ble Lewis acids such as ferroceniumor silver cations,
orioal kal i or alAwmlaidigionsr mbthoet &l maRinigonss 2o-eau6Hs astitO PS8 a8k UM
magnesiumor lithium _the transition-netal -to-activator nolar ratio may
be any raf3talysiisce Iq@Engmanen prechEsOrseiiat aikdnidially ighiral, Lavkie acidds tiutum i s

pr ef er abl ut,..1: 10 re eferably about 1:5 even nore.pre- ferably
about 1: 1?.&?'%53}7'&%%]%@%1& Fan. |{etxi fi‘)nnc'(:i ng:??rélr?i]ﬁg\f"&f% o LIRS s
pref erabl yoraprut Wbonlredtbr MAef ethablivveabBH! camboufeN NBYre REGLRS ably
about 30 1.2:1. The nost preferred, transition-netal -to-activator nolar

ratio i s tis{penGfinoroiGROB oRET or 2BiMinEmMARR R04)5tract a hydrocarbyl or hy-
15 dride ligand to yield an invention cationic metal complex and stabilizing noncoor-

dinating anion, see EP-A-0 427 697 and EP-A-0 520 732 for illustrations of an-

g?’al

alogous Group-4 metallocene compounds. Also, see the methods and compounds
of EP-A-0 495 375. For formation of Zwitterionic complexes using analogous
Group 4 compounds see U.S. Patents 5,624,878; 5,486,632; and 5,527,929. The

20 description of noncoordinating anions and their precursors in these documents are
incorporated by reference for purposes of U.S. Patent practice.

When the cations of noncoordinating anion precursors are Bronsted acids
such as protons or protonated Lewis bases (excluding water), or reducible Lewis
acids such as ferrocenium or silver cations, or alkali or alkaline earth metal cations

25 such as those of sodium, magnesium or lithium, the transition-metal-to-activator
molar ratio may be any ratio. While the molar ratio may take any value, the
minimum is preferably about 1:10, more preferably about 1:5, even more pre-
ferably about 1:12. The maximum transition-metal-to-activator molar ratio is
preferably about 10:1, more preferably about 5:1, even more preferably about

30 1.2:1. The most preferred, transition-metal-to-activator molar ratio is 1:1. Com-



bi nati ons @bpdoBepdescri bed activator conpounds may al so be used f?r5 PR 7005
activation. For exanple, tris(perfluorophenyl) boron can be used#i rf‘
conjunction with nmeth- ylalunmoxane. The invention's catal yst conpl exes
are useful in polymerizing unsaturateds-5 nononers conventionally known
to undergo netall ocene-catal yzed, coordination polynerization such as

sol ution polynerization, slurry polynerization, gas-phase

pol ymer i zaihfbns dFdhd uw&rlgé@aswmrp@irywnu; @hdyodlso bhased Eatakivafisn. may be

sup- ported and as such will be particularly useful in the known,
fi xed- bed qumxramgle wes(perfluaiaphbmd) betamr ¢ap, beousedanuonpmctipre math mgtl'm)des
conducted in sin series, or 10 parallel reactors. Generally, when

usi ng thi sziﬂHV'é?ﬁ fn' s cat al ysts particularly when they are inmmobilized
on a support, t e ta?eﬂh Wal i se
one or nore sca@gengl?%loglg B ﬂ%ﬁ 1&3é§ égltﬁyelrl[r%ebtagjcnflaf%/rel 1rlll)g{Sagl(f;)}‘qrrgp%gunds"
Means ConpRokers RakvenaoRMB Ra td rm&lerrgdi infegalfocens-¢dislyzRiaebordination
environnment. 15 Inpurities can be inadvertently introduced with any of

t he pol ymmolyratrizstion sadt ivsoludampolyerrisatignassturoupelyingrivation, gaepkastvent
nononer and, cat al st fe % These inpurities aﬂlersel af f ect, cat al yst

activity é’ﬁ@’rg?féﬁi' PR 3 'r%'ypra?surerrpﬂ YR TGP} eﬁ%ltcéta stsalgY iR SR vity,
particul ar o}‘teM‘Q‘ﬁB s QEF WAf b%%é?ﬂc@&ﬁf%@fm $n tHRCEdoA] %&B%eﬁahﬁ‘alv}’r%
system Polar inpurities, or catalyst poisons include water

met al i npwed] fleid; bedt slurdyr of eslatwbry ppgrating yiodgs sdejustedda uingdefseries, or
i ntroducing reaction conponents to the reaction vessel. Such steps

i N@ ude cerliehreattosat rrent or careful separation during or after the

vari ous CO”pone(I’f'én%ral Qg%lsﬁﬁt? 159?\?691%[)1@'5 c}it'a Igts g 1c1§|¥ﬁ »\ﬁ'ntegl?ﬁer%%unds

rarely allow polymeri zatron usin av- ng co

Normal Iy, ifnetRiededonrd apbbAMNhPCO e@éthl'ystsiyﬂsiehl Nﬂﬁacﬂixtld)ﬁa@tcox‘r?;ﬁlsé mal |
anounts of scavengi ng conpounds. @gﬁpl call'y, the scavenging corrpound will
be an or ganomstmbte scagonrgogisdmpeunds. aslertdhGterup w3 venye compahndst

d f U S Pat 5,153, 157 1 A- 91/ 09882
VO he 94/ OSSES GBPRIYS) it 305G o h JppF e S P BsTE Se TP ast
CORPOUNS 11l eShitHlerhtNuckd vth k) opﬂfe%mgf@zahﬁh'ré&?i'dhw

al um num th y al unbxane ty al um nunbxane, and tri-n- octy
components, particularly with the solvent, monomer and catalyst feeds.

ygen,

These impurities adversely affect catalyst activity and stability. They di-
minish or eliminate catalytic activity, particularly when tonizing anion precursors
activate the catalyst system. Polar impurities, or catalyst poisons include water,

20 . oxygen, metal impurities, etc. Preferably, purifying steps occur before introducing
reaction components to the reaction vessel. Such steps include chemical treatment
or careful separation during or after the various components' synthesis or prepara-
tion. But such steps will rarely allow polymerization without using some scav-
enging compounds. Normally, the polymerization process will still use at least

25 small amounts of scavenging compounds.

Typically, the scavenging compound will be an organometallic compound
such as the Group—13 organometallic compounds of U.S. Patents 5,153,157,
5,241,025 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132, and that of
WO 95/07941. Exemplary compounds include triethyl aluminum, triethyl borane,

30 triisobutyl aluminum, methylalumoxane, isobutyl aluminumoxane, and tri-n-octyl



2000B066. Rodsosd®c?2 5 APR 2005 al um num Those scavengi ng corrpoundzsh%\éizﬁ@
bul ky or C6 C20 |inear hydrocar- byl substituents covalently boun

nmetal or netalloid center are preferred to mninmze adverse interaction
with the active catal yst. Exanples itmglude trieth- ylalumnum but nore
preferably, bul ky conpounds such as triisobutylalumnum 5
triisoprenylalumnum and | ong-chain |inear alkyl-substituted al um num
com poungamimueh Tassd scavinghiexydrapourds baying rbuty @cC yCallinganhydroedr- t ri - n-
dodecyl al um num Wen al unoxane is used as the activator, any excess
over t hat bylsubsitderity Fovedentiyaiqusd teithe metah we mypsalloig enten ars pasfemmadi® t i onal

b dded
T ScavendiTig o e P EL i PAarRar Oy Eragpls mﬁagam ioxane,
[ M, HNPh] |k R6RhPh4 b Rbre ﬁéi%fren)lﬁ bRy E&h?o&ﬁa‘é%ﬂélﬁ Q1ri i Sty ISRk

scavenglng agent Is used to enhance ac- tivity: pure enoug ee s’ avoid
scavengi ngiisgestyldhthoged, hend léﬁl@chmneMaaomllthsabytﬂn&dcalmnbmmuD@:ﬁrted for

gas- phase, bulk, or slurry_po- merjzation_use, or otherw se as needed.
Numer ous wéért sWet hdds Hie- h@ﬁb mwm,ortrbat%m}@t@mm herol Ei-in
copol ymer ticularly alu e activated cata any are

SR Lbe 4Rt Rafhivn, RPhE, Fihdicane BSER AE I RE VAR SRS kRt fhae ° ™) &

Pat ents 53dREdd 4dDac@VtiBn 24T} %Oeng%ﬁuﬁ,mmsearﬂf AR ts88kven gm céat al ysts
appears in WD 94/03056. U. S. Patent 5,643,847 and WO 96/ 04319A descri be a

parti cul apdtyidefrﬁactbﬂvmmetdamd Albuokarms dlscurrmzyy be odded insicaygenging
invention's sup 20 ported netal conplexes activated with_ al unoxane can be

udld for @ERjilieneiththasaciruors,BiermabyBbseriaped e R Bptmis or
5,001, 205 _and 5, 229, 478. Addi- tionally, those processes suit this

i nvent i onB@@at dnysis igyHtions on@mwugblsw@ﬂgmarﬁgenﬁ §oPghMe EndBrcades- may
serve as su orts, as, i.s kno in the art. S. Patents 5,422, 325,

5, 427, 991V1H: pyE deyeh fiepds 24eE seAENe HWCPEFWI Pﬁﬁ Fbnal publications 25 WO
93/11172 and V\ﬁxgﬂvgzt?&??atﬂygts(&ﬁntb@%ﬁﬁp&%@lwgﬁ%re BJIES S r@&?g_ by

reference for purposes o patent” practic err e di ment s
enpl oy t higneaitatiotstises ps brrwite hbh @actdeguiNumpé@ae support methods are known

15 for catalysts in the olefin copolymerization art, particularly alumoxane-activated

catalysts; any are suitable for this invention's broadest practice. See, for example,

U.S. Patents 5,057,475 and 5,227,440. An example of supported ionic catalysts

appears in WO 94/03056. U.S. Patent 5,643,847 and WO 96/04319A describe a

particularly effective method. A bulk or slurry process using this invention's sup-

20 ported metal complexes activated with alumoxane can be used for ethylene-

propylene rubber as described in U.S. Patents 5,001,205 and 5,229,478. Addi-

tionally, those processes suit this invention’s catalyst systems. Both polymers and

inorganic oxides may serve as supports, as is known in the art. See U.S. Patents

5,422,325, 5,427,991, 5,498,582 and 5,466,649, and international publications

25 WO 93/11172 and WO 94/07928. All of these documents are incorporated by
reference for purposes of U.S. patent practice.

Preferred embodiments employ the catalyst system in the liquid phase

(solution, slurry, suspension, bulk phase, or suitable combinations), in high-

pressure, liquid or supercritical fluid phases, or in the gas phase. Each may be

30 employed in singular, parallel, or senes reactors. The liquid processes comprise



(éol uti on, 2¥PBR46FCTsuspensi on, bul k phase, or suitable conbinati ozz) ’PRi?_Et‘.S
hi gh- pressure, liquid or supercritical fluid phases, or in the g A
phase. Each may be 30 enployed in singular, parallel, or series reactors.
The liquid processes conprise 200080667-PCT -27 2 5 APR 2005 contacting
ol efin monomers with the catal yst system descri bed above. The reac- tion
is carried out in fsuitable di | uent or solvent for a tinme sufficient to
produce tHiaGRG et mosorspotvithehe catBlysthsyalenptesciibechnbibvar ofiwd ieac-
hydr ocar by I r. ui.tabl.e: hexane and tol uene_are preferred.
Typi cal ly, l?n?\gbu; Ié&gﬂlgl Iglaﬁur'{f}%%r%@egbg%§@¥?nt{}%%a I“i”tﬁﬁ"ﬁ‘ﬁﬁ'ﬁﬁ‘o_ rogpesr ry
contacts (i isueRRsabpeRhRly Shsth MtaRbERCaRIRcESIRRI LY DICaLL L ise 8
e

supported catal yst and are conducted I n any sultable man &t hyl ene

hono- or copebigmbexanatdndntoludnk use patfienred. e XapiKally, BYulRearddoBdyifoc Y. S.

Patgnt s 4,543, 3@% 4,588, 790, 5,028,670, 5,382,638, 5352, 749, 5, 436, 304,
453, 471,55%7d1 lipaad gwgomsr glupg cpsiastsgthe supperted icatal ystsorGas-phasel pey-

ref erence : e . tent practice. Polynerization
reaction tcee;rr%éfr( tltcjalr3 sl%g%n&\?gzr)?/%é %ﬁael9 'ar?:ar?ﬁ??r??'@téfﬁ'teﬁé%a“lf Siblemgnaer; s
about -50@ feie HIlmo- tdi e opb ii§n.a . i m, -

r pthe mbo opb Rinka#PaiiSn. 2APOKKrari 40 Exa @sf %o‘?f‘ %gtmpr of -

tenperature i s about 250C preferably at or bel ow abou
erably, tHR&Sr Eatenisof,Sd3AP8r ASEBFON 5)02BST0L SBB2J668,098 SHP4g. 2096304.5

Li near polygthy).ene, .includin i.gh-_ and_ul tra-hi gh-nmol ecul ar - wei ght
pol yet hyl e"'n“é%ts?z%grle apg éd@f?e‘?& b?‘g%%r%?/@%?’i diieh infgomsratet &y rpferame or
nofee ot helfor FRPOIRFU.& Dafert SRRELON vessel with an invention catal yst.
The pol yners can in- c$ ﬁ)éle n[)g'?‘ﬁ 1ho'm)pol yners and copol ynmers with other
a-ol efin, a- ol dflyrmerizitiohekanion &mp&m;::@@&hmg&(}%d Idieoﬂn%{ihﬁn{"?f&@ﬁ& for
exanpl e C3-C20 olefins, CA-C20 diole 20 fins, C4-C20 cyclic olefins, or
C8- C20 st VFBIFIaUE} Brabrat —3he: prajemblydhe srinmhwmtis dlwout f +208€. STher magid Wi t h
or dissol ygagh kdx v as_hexane or, tol uene. t often,
cool i ng renoves 1%(){?@#9]?{%89 f%%dageparf Er ?ﬁo?fa%eio‘ﬁé‘gg/%'@ét iNestesef-be con-
duct ed, f erabiy alieactidntempsaRire MAWS at bt B1Biv28dnhRMeC 9as- phase react or
operated between about 200-3000 kPa and at about 60-160C, using hydrogen
asl’a reaction Linear polyethylene, including high- and ultra-high-molecular-weight
polyethylenes are produced by adding ethylene, and optionally. one or more other
monomers, to a reaction vessel with an invention catalyst. The polymers can in-
clude both homopolymers and copolymers with other a-olefin, a-olefinic diolefin,

or non-conjugated diolefin monomers, for example C;-C,, olefins, C4-Cy diole-

20 fins, C4-Cyq cyclic olefins, or C4-C,, styrenic olefins. The invention catalyst is
first slurried with or dissolved in a solvent, such as hexane or toluene. Most often,
cooling removes polymerization heat. Gas-phase polymerization can be con-
ducted, for example, in a continuous, fluidized-bed, gas-phase reactor operated
between about 200-3000 kPa and at about 60-160°C, using hydrogen as a reaction

25 modifier (100-200 ppm),ra C;-C4 comonomer feedstream (0.5-12 mol%), and a G,
feedstream (25-35 mol%). See, U.S. Patents 4,543,399; 4,588,790; 5,028,670;
5,405,922; and 5,462,999, which are incorporated by reference for purposes of

U.S. patent practice.

Ethylene-a-olefin (including ethylene-cyclic olefin and ethylene-a-olefin-

30 diolefin} elastomers of high molecular weight and low crystallinity can be pre-



25 nodi fi 64506423200 ppm, a Ca C8 conononer feedstream (0.5-12 n?ISO/RDR 2005
and a C2 feedstream (25-35 nol% . See, U S. Patents 4,543, 399; '

4,588, 790; 5,028,670; 5,405,922; and 5,462,999, which are incorporated
by reference for purposes of U S. patgent practice. Ethyl ene-a-olefin

(i ncluding ethylene-cyclic olefin and ethyl ene-(X-ol efin- 30 diolefin)

el astoners of high nol ecular weight and |ow crystallinity can be pre

2000B066. p4rEd uéfhgdhe iAV2RtidR RaBAlsAthdds traditioh8 JoMURAL pRPmERSMo¥Slon- under

traditional solution polymerization con- ditions or by introducing

et hyl ene da®ns ot byansbdducing ethylpot gaemitz atslwry df polenieriantbn dibiemk yad. The

pol ymeri zati on diluent contains a-olefin nononers, cyclic olefin

nmononer s, casglysthelhe rpokinerezation wdifupatheantains ynelefin ahdronagrsl cyclic olefin

non- pol yneri zabl e 5 pnononers. In this casle, anlé);{rreri zation reaction
ESHf

pressure PRPPRSTS £ eI MIFHES Withiothkn b § SndyicPyypenstlar; a
pressur e flngincteatt a0, Yolyrbizafidn FRlfion Elshle! flies MBS el SRL DI Y.

the reaction pressure Is at ast about 1. h max! num pressure is

about 250fisafum prdsbura iPaRss 0108 1 Abanagireshausf at 6LGt St 09-bdrignvref erred.
The nost preferred maxi num pressure_ i s about 500 bar. Typical to ethylene

pr essur esPifdrtedpeMyst wesderably, disdreagom pesisyire 692698 by [dhban héhgo-

| yneri zation. di | uent tenperat will.typically be between -10 and 160C.
The: pr ociedimaia Feluis SRR RAOB A b SR B e ShRE- Sy B8ct o
operated jB §6fnR3. THe RRSEPrERIred FRBiMNM PROGIEs BRFISOEWaE @Ifypiéaﬁ-

Pat ent 5, 001, 205, which is incorpo- rated by reference for its

dagcri pt i ethylehe podsynres ivaHtieoretpeac 6 sed 1 000 misig @6t68%atldtay andShampd- usef ul

scavengi ng conpounds. Slurry or gas-phase regction processes _can use
pre-poly mez&@il%rh%Hpeatﬁsmpgﬁﬁﬁsgwﬁdwmﬁh@ tefingt Psandk EOFGr ¢ g

control pg,ll?}csﬁggrcaﬁ afsk iacgtﬁreﬁgéﬂb@a&gy, ’ qr?lg%lgséh%ﬁ( BN oL Ry LRE ARl in dePEs

exanpl e, reaction can be acconp y pre- polynerizing a C2-C6

cc- ol ef i nof guraléel] ISt tigdpdrerat disElddyleasfd) SoRE@AT 5,00 h20% Lich issdc@Pocat al yst
at between -15 to 30C and et hyl ene pressure of up to about 250 psig
(1724 kPalptgdopy rderenee fos iieasriptiongd] BREY TG EANEN BREEsTRg, 9Ria dlvalaspor t

(39. 000~ .1d useful scavenging compounds.

Slurry or gas-phase reaction processes can use pre-polymerization of the
supported invention catalyst to further control polymer particle morphology, as is
known in the art. For example, such reaction can be accomplished by pre-
polymerizing a C,-C; a-olefin for a limited time. Ethylene contacts the supported

20 catalyst at between -15° to 30°C and ethylene pressure of up to about 250 psig
{1724 kPa) for 75 min to obtain a polyethylene coating on the support (30,000-
150,000 molecular weight). The above polymenization process can then use the
pre-polymerized catalyst. Additionally, polymeric resins may be used as a support
coating, typically by suspending a support in dissolved polystyrene resin or simi-
25 lar material followed by separation and drying.

Other olefinically unsaturated monomers besides those specifically de-
scribed above may be polymerized using the invention catalysts, for example, sty-
rene, alkyl-substituted styrene, ethylidene norbornene, norbomadiene, dicyclo-
pentadiene, vinylcyclohexane, vinylcyclohexene, and other olefinically-

30 unsaturated monomers, including other cychic olefins, such as cyclopentene, nor-



150, 000 nologerlsaPrcwiei ght). The above pol ynmeri zati on process can t?gn FEE@
the pre-polynerized catalyst. Additionally, polyneric resins nmay eA 915
as a support coating, typically by suspending a support in dissolved

pol ystyrene resin or sim- 25 |ar mat-é?tal followed by separation and
drying. O her olefinically unsaturated nononers besides those
specifically de- scribed above nmay be polynerized using the invention

cat al yst s, baragneeradnlky]-ssbsyituted merbaahdnes - Eupslyintritaidnsdayr Ase incifyl i dene
nor borrene, nor bornadi ene, dicycl o- pentadi ene, vinylcycl ohexane,

vi nyl cycl dR&&REEMmBagerRonowkesiofnipdal 0Pl 30 mers meunzitsed nononer s,

i ncl udi ng ot her c%clvi oF ol efi ns, such. as c%/cboge tene, ngor 2000B066. PCT
229 2 5 APR 2005 00V REHE At ORROSLIoRS £49 bE Biedadisali es described
Copol yrer izpald p Ga i - a-ol.efi-nl omers of up to
1,000 or nore net uzli)??tﬁﬁgqldhe%?{ng/gﬁtri%&%a?@#@gtﬂégﬁpn%gl?ggﬁg &R 6e used
i ndi vi dualpojyraer esds: | Medomaband catalysase! aiof Aot sWolyin@tlend KROW:-

pol ynmerization catal ysts to prepare 5 polyner bl ends. Mnoner and

cat al yst é’é’l“e‘é’iqeér?"é%/q“@% apyPgelsr ththose Ysingpdividuabsauahder  Pohdindrsons

anal ogous t.0: i Wdi vi dual catal ysts. Polyners. . having |ncreased
MAD for i #}%?‘3%23@%? %?eg/gf’%g" nd B HhE pfqu%ﬁ“ﬁ Sﬂ‘gl‘)t%éﬁ@fj?‘toé‘al Q@&‘Fé‘ébl e
from pol yaeiitabl@dempdlfimeis xemieGatRbadd i gved.
EXAMPLES 10 The fol Ypovm%r:g exanpl es are %ﬁ%ﬁn %ﬁrﬁg%ﬁpﬁﬁtgf?gﬁ%@he'

di scussi on _above. Al though the exanples may be directed toward certain
enbodi mentXAMRBRIFES pres- ent invention, they do not linit the invention
in any specific way. In these exam ples, certain abbreviations are used

to0facilitate tlhe fddsweirigpeiammlesThrespresamtddideillstrandhe disehendCabove.

abbreviatigns for the elements and certain conmonly accepted 15
abbr evi at {ONOUSH therexgmplggemay Eétdhr)?FthE?Wifdeffeﬁ‘W“,e dempuis yof thepres- phenyl |

R QLTRSS o0 T8 LT o Gk SROAS cpomy o,
Al nol ecpleay caveiighbbreaiation® aghtiscaver fgHitae! the Wealripeh 9NtheddliRasdot h-
standard chemical abbreviations for the elements and certain commonly accepted
15 abbreviations, such as: Me = methyl, Et = ethyl, Bu = butyl, Ph = phenyl, MAQ =
methylalumoxane, and THF = tetrahydrofuran.

All parts, proportions, and percentages are by weights unless otherwise in-
dicated. All molecular weights are weight average molecular weight unless oth-
erwise noted. Molecular weights (weight average molecular weight (Mw) and

20 number average molecular weight (Mn)) were measured by Gel Permeation
Chromatography, unless otherwise noted, using a Waters 150 Gel Permeation
Chromatograph equipped with a differential refractive index detector and cali-
brated using polystyrene standards. Samples were run in either THF (45°C) or in
1,2,4-trichlorobenzene (145°C), depending upon the sample's solubility, using

25 three Shodex GPC AT-80 M/S columns in series. This general technique is dis-
cussed in "Liquid Chromatography of Polymers and Related Materials IT1" J.
Cazes Ed., Marcel Decker, 1981, page 207, which is incorporated by reference for

purposes of U.S. patent practice. No column spreading corrections were em-

ployed but data on generally accepted standards, e.g. National Bureau of Stan-



erw se not &@UBNKIPETuUl ar wei ghts (wei ght average nol ecul ar wei ght MPF@E@
20 nunber average nol ecul ar weight (M1)) were neasured by Get Per i
Chr omat ogr aphy, unl ess ot herw se noted, using a Waters 150 Gel Perneation
Chr omat ogr aph equi pped with a differerffral refractive i ndex detector and
cali- brated using polystyrene standards. Sanples were run in either THE
(45C) or in 1,2, 4-trichlorobenzene (145C), dependi ng upon the sanple's
sol ubi | i t ydardssiPeyetteylener 47 ShivdeonsGREd AT pBOIsMiSwithl Ormenitsnfsreri @81 Thi s
general technique is dis- cussed in "Liquid Chromatography of Pol yners
and Rel at edhivatEss edleulpted fram el@aoresinied. ,Niaedel dDebker weldpdsfopaae 207,

whi ch is incorporated @}r/ referen{(\g}:ﬁgj{bL‘aofraé Rurposes of U.S. patent practice.

No col umm 'SP RRGEEERE wedtasnay o Wrisrderrporatiga: dhetergeipsidl | v

accepted st : : ' I f_Stan 2000B066. PCT -30 2 5

APR 2005 da%gfl%rﬁglégiet rg‘?‘ﬁ@éﬁ‘g’gmﬁgm‘%rﬁa Og'tﬁ)méerﬁg‘gl '®Bion with 0.1 units

fors MW M,  whi&h pregmiraiing wWead perféied et i@ﬂehhﬁ@@gen-atmﬁgﬁ{eir@%sir%nal yses
S

were perfornmed using Expert Easecg]) software available from Wate
Cor por at i 3HRndFKkS¢hdenk opgiayebox ¢fcdnEjues unitess dindritiened tatledrwivee Drursel-

Iting f ition. 5. Al l at | f d und
o ner 0 onep Bk BARRGuaNEoh AueR it ou BB 4 GeR ok oo vgrodatsared
techni quesnd Wikess #RRTRACHRT BdiNhARnzddh¥nsR) pllfﬁ“&ise:h‘s“y‘?%‘?hegmﬁhased

from Al drich in anhydrous, air-free formand were degasse Vicuum

t r ansf er r @tofusopensediel (IhbeR EeR hanemne) (oT"fast Rhie) SEReE )usp_hq? the or us

pent oxi de (nethylene chloride) or CaH2 (pentane) before use. ese 10

addi t i onalkdditiepal sieseverotot aken ssmrrompoPaisndge WBESvaDaLfor@d ntQubRr m
on_handl.ing_in solution. The toluene used in the

insoluble,. |ight ppt.
LQTSWEH géth) ‘éxgppoﬁésﬁngrgﬂ%éné?ﬂ‘ﬁﬂ"-p@? tajugnegisedix drevpdlly medh@irinced- Co. )

was passed.t: . - f rted re ed copper ,scavenger and
mol ecul ar gglltl@\%ggq?léﬁ C rgﬁﬁbﬁ%ﬁﬁﬁl@[&&\}a éfgu%zﬁ_l#ﬁ‘ﬂgaf E’gﬁe‘é ,thIBf’%fg%ﬁ{inn 1) .
Et hyl ene @hinglof puppdrediredupebesppdviabaventé fAaafbleatialledes W@k yLickSWnge
purified. Rexene obtained anhydrous and air-free was furtﬁer par ged
wi th nitr 8gfefrtedoumenatbasic sBrogkmasn g Etidégyadbarh mnity arn ExxonMobil

15 Chemical Co.) was likewise purified. Hexene obtained anhydrous and air-free

was further sparged with nitrogen. Deuterated solvents were degassed and vac-
uum transferred from sodium/benzophenone (THF) or CaH, (benzene, toluene,
CsD;Br, methylene chloride) before use. ScCl, was purchased from Aldrich and
YCI, from Strem, while Y(CH,SiMe;);(THF), (n~2.3) was prepared according to
20 ‘the method of Lappert and Pearce (J. C. S. Chem. Comm. (1973) 126). The lig-
ands Rtacn-6-CH,-Ar-1-OH (L? R = Me, Ar = 2,4-'Buy; L’ R = 'Pr, Ar = 2.4-
Me,) were purchased from an outside supplier and can be made according to the
method of Tolman et al. (J. Am. Chem. Soc., 119 (1997) 8217). Triethylhexahy-
drotriazine, Et;htz (1,3,5-triethyl-[1,3,5]triazacyclohexane), was purchased from
25 Aldrich (drid over CaH, and filtered). The parent triazacyclononane, tri-
aza[1,4,7]cyclononane was purchased from Aldrich or Macrocyclics. The tri-
methyl derivative 1,4,7-trimethyl-triaza[1,4,7]cyclononane was made by treating
the parent macrocycle with formaldehyde in formic acid as described by Wie-

gahardt et al (Inorg. Chem., 21 (1982) 3086). The potassium salt of 2,6-



uum t r ansfeooBest. Aatom sodi unf benzophenone (THF) or CaH2 (benzene, iﬁﬁ&ﬁ%
C5DSBr, net hyl ene chloride) before use. ScCl3 was purchased from I
and YCI3 fromStrem while Y(CH2SI Me3)3(THF), (n-2.3) was prepared
according to 20 the method of Lappert3land Pearce (J C. S. Chem Comm
(1973) 126). The lig- ands R2tacn-6-CH2-Ar-1-OCH (L2 R = Me, Ar =
2,4-"Buz; L3 R="Pr, Ar = 2,4- Mee) were purchased from an outside

suppl i er ahgbﬁa;bylbh?eriamdliﬁd?%@ﬁld'(hn) as hiade byetchasl tfe phehoBwitelexddss (J.

Am Chem Soc., 119 (1997) 82 7; Tri et hyl hexahy- drotriazine, Et3htz
(1,3,5-trikdH hyTHF. 1, 3, 5] tri azacycl ohexane), was purchased from 25 Al drich
(drid over CaH2 and filtered). The parent triazacycl ononane, tri-

aza[ 1, 4, 7]1cycl ononane was purchased from Al drich or Macrocyclics. The
tri- met hMA&Eﬁ@PA&?-tH net hyl -triaza[ 1, 4, 7] cycl ononane was made
by treating the parent macrocycle with formal dehyde in formc acid as
descri bed by We- reqt2 lhorg., Chem ~ 121, 2) 3086). The

pot assi um sal YVSQ)PH%%E%%%OE)@@%%R%&I&E%% é%#%%bbgﬂgfl sopr opyl phenol
(2,6-"Pr2C6H3OK) was made by treating the phenol with excess KH in THE
EXAMPLE LI GAND+d.: t ' T Ko ( M, t ¢ . - -+ Bu2s -|-OK). 5
To°0. 208 g NbZFéc%‘E%géj(%%éﬁgﬁBéaég &%‘t@?’? ?%Eﬁﬁn%”ﬁ%gfo'}m%T@ﬁagl ow y
added 0. 0gugy Qhqdsth 6895 1P K HIRFusFYOL ALV i ohD Mllo ) 0458 ggmwwawa

S
| i kew se added. After stirring over night the orange-brown solution was
filtered livewisCadidéde, Afesbeding dver hifht alnd otange-Hedwie Bblutiensws diltreer
vacuum The residue was stirred with pentane which was stripped.

At t enpt ed Viadestifetwashed stithohHEand §x solvept rmepgd andpr vasupme Thstresidyst al s so

t he sol ve AN ondi 0L 9 i,el-d)._af orangesbrown
mat eri al \%lS %:\ﬁ'%‘\a/\&égmhgtg gg%g&ljehég htd‘gg%séﬁ? %eéi ’ dlg%%nrzééa ;r)érlccl}ydgtﬁ%%lzaiﬁh t_ﬁlﬁ/&
angl ysi s. yigkNRIgEs GaT AbY&Tsthls saytht ReSkst whs kidPpéd dffording 0.177 g (77%
((Me2tacn-6- CH2- 2, 4- " Bu2- C6H3- 1- O) ScCl 2) . s g (77%

yield) of orange-brown material which was determined to be the desired product

by '"H-NMR analysis.

EXAMPLE CATALYST 1:

Synthesis of L2ScCl, ((Me,tacn-6-CH,-2,4-"Bu,-CH;-1-0)ScCl,).

15 ScCl;, 0.066 g, was added to 50 mL refluxing THF, refluxed about 25 min,
and removed from the heat. The entire sample of L°K from the previous example
that had been taken up in about 1 mL of THF-d; was diluted with about 20 mL of
THF and slowly added dropwise to the ScCl; solution with stirring. The next day
an aliquot was removed for 'H-NMR analysis and the remainder stripped under

20 vacuum. The residue was extracted with methylene chloride, filtered on a medium

frit to remove red-brown solids, and the filtrate stripped to dryness to yield 0.142
g (70% yield) of light solids whose 'H-NMR was consistent with the desired

structure.



15 Scd 3, 20008@6.R§,T was added to 50 nlL refluxing THF, refluxed abozt5 Aﬁ?@%
mn, and renoved fromthe heat. The entire sanple of L2K fromth

previ ous exanple that had been taken up in about | nL of THF-d8 was
diluted with about 20 nmL of THF and-®l-owy added dropwi se to the ScCl3
solution with stirring. The next day an aliquot was renoved for 'H NWVR
anal ysis and the renai nder stripped under 20 vacuum The residue was

ext ract edENAMPIE BA'BABYSHI Z5ri de, filtered on a medium frit to renove
red-brown solids, and the filtrate stripped to dryness to yield 0.142 g
(70% yield) of _|ight. so|ljds whose. NIVR 1.C istent with the desired
structure. 200§§B%’6§‘F’€‘?’M%‘2°‘2(A56méﬁ%“%l\ﬁf’%%SCATALYST 2: Synthesis of
Me3tacn( ArO) ScCl2 (Ar = 2,6-"Pr2Ph). ScCl 3, 0.350 g, was added to 50 niL
refluxing THF, refl ux about mn, _a rempved fromthe heat. After
Cool i ng. 0. 41050 br UNEBeatss 40 400k S1Huxt D rey ol Somt dSahinsol | d

2, 6-1Pr 2Ph causi,ng a transient. | avender oratj.on. After  sticLring

over ni ght Tres vobed LA et SEPREE D Bk dien Whg 2t Bl e
repoved [ €y g0bi i - | | ene
ch_Fnc))r i de_u]%\%% fic%ﬁﬁ\l;/g?%?gﬂso%@d” § ng}é?ﬁgggﬁﬁy%g a@%ﬁﬂdé\%\tf\gg g@éi? ﬁtﬁ)r% at ed
uni ntenti QRal Li¥rrinl JRmiE WiLC oM@t GRRYG NI HRAGNUM aiRd shiRnt

nmet hyl ene chloridé trittra 10 tion repeated. The residues were tﬁen

ext r act edwanteonavetl ydemeccihantd dise soidistwree tnituxtted @ith mdierled: ddodderedi um

porosity frit, washed with nethylene_chloride, and the filtrate reduced
to drynes¥NiGROWAS GRBOYRS ¥rsleyivardm. 78he golids werrertuptsghprigtenygndby (73%

EaaLvsT S 7 T YA Bs PRSI ke ot U RS bR e 6 a0
giowas adgsfirdpeatl. Nther Eibued WereTthen ekghdtek aflo aaktle@bclilofide anddhé emoved

fromthe heat. After cooling, 0.412 %Of Et3htz (triethyl hexahydro-
tri azi ne)mugsreadiderad fos|d BwgignbporosBYIrig vsheb il petbylepe 2hleode, add er

stirring tﬁ'lg%ltrate reduced to dryness under vacuum to yield 0.784 g of a yellow-white

powder (73% yield) whose "H-NMR was consistent with the desired structure.

EXAMPLE CATALYST 3:

s Synthesis Et;htz(ArQ)ScCl, (Ar = 2,6-'Pr,Ph).

ScCl;, 0.350 g, was added to 50 mL refluxing THF, refluxed about 25 min,
and removed from the heat. After cooling, 0.412 g of Et;htz (triethylhexahydro-

triazine) was added followed by 0.509 g of solid 2,6—1Pr2PhOK. After stirring the
solution appeared milky. The solvent was removed under vacuum and the solids
20 were triturated with methylene chloride which was removed under vacuum. The
residues were then extracted into methylene chloride and the mixture filtered on a
medium porosity frit, washed with methylene chloride, and the filtrate reduced to

~ dryness under vacuum to yield 0.780 g of a white powder (73% yield) whose 'H-

NMR was consistent with the desired structure.



sol uti on appaakescyi | ky. The sol vent was renoved under vacuum and gh@
solids 20 were triturated with nmethyl ene chloride which was rem)vg Iﬁongﬁ
vacuum The residues were then extracted into nethylene chloride and the
m xture filtered on a nediumporosity;frit, washed with nethyl ene
chloride, and the filtrate reduced to dryness under vacuumto yield
0.780 g of a white powder (73%yield) whose H NMR was consistent with

t he desi r%Mp@Et@@rqumBQ_GG- PCT -33 EXAMPLE CATALYST 4: 2 5 APR 2005
Synt hesi s "0f LT Y{CHZSIMVE3)Z ((' Pr2tacn-6- CH2-2, 4- " Bu2- C6H3- 1-0)

Y(CH2Si Me3)2). A -35 C solution of 0.204 g L'"Hin 5-10 nL of toluene was
added drop- 5 Viiyshesist ook I:éﬁf(CPbSlMe;)pn(dprzmcﬁﬁgcgz-y(@m@a\gﬂag)mw)2 3
in 5-10 nL of tolu ene. After warmng 2 hr the sol vent was renoved under
vacuum TRECSHSIMs;);were triturated with several nmL of pentane and cool ed
to -35 C. The precipitates’ were collected by filtration and dried under
vacuum affording 0.223 g white soli ds (69% yi el d) whose 1H NVR was

consi stent wi t I t¥eCdeditiondofsd 2ot gut'#l inl6- IBXAMRIfHoReh WaRIad4dd @hopl: Vi al
Pol yrmeri zation with L2ScCl 2. In a vial polynerization test, a 20 nL vial
was fill edvivd tnio 208 Cgsoddtic(tet) 0.239.Q YICH SliMepg(THE)58irg5-30 L% FAbRemar | e
MAO, and a stir bar. A septumwas fitted on the top and | atm ethyl ene
purged t heotigiifidie “ﬁéfadlgpgéle thezpeleentsway rfiwedllﬁldsol\/iadsmapﬁénarmﬂidsAf ter

45 m nut es, the s UtJ on_ vag enched w ano] then stirred
wth 25 nvere iR BB R B it P oas o el 054 P hepreriapics; des.

The sanpl %e\“@éolfc'c{eﬁ%r qfﬂtrat\f@rﬁ ReAaded Bl 8Ly ?lngffgrrdhﬁ!do wgr%%%é%@émwpsoc

overni ght. The am)unt collected fromthe filter paper wa LE

POLYMERI Zpgdo0Nield) 2RosAUHOG VY evaPebyiREAtAdtH 0 dabitdy FsAVRLE CATALYST I
(L2ScA 2) A 2 L Zipperclave reactor was charged with 800 nL tol uene and |

mL of
10 EXAMPLE POLYMERIZATION 1:

Vial Polymerization with L>ScCl,.

In a vial polymerization test, a 20 mL vial was filled with .002 g of (##),

10 mL toluene, 1.58 g 30 wt% Albemarle MAO, and a stir bar. A septum was

fitted on the top and | atm ethylene purged through the headspace. After stirring,

15 solids appeared. After 45 minutes, the solution was quenched with methanol and
then stirred with 25 mL 1 N HC1, then 12 mL 4 N HC]1 to dissolve the aluminum

oxides. The sample was filtered, washed with water and dried under vacuum at

80°C overnight. The amount collected from the filter paper was .007 g.

EXAMPLE POLYMERIZATION 2:

20 Autoclave Polymerization with EXAMPLE CATALYST | (LzscClz)

A 2 L Zipperclave reactor was charged with 800 mL toluene and 1 mL of
10 wt.% Albemarle MAO and warmed to 60°C. Next, .0050 g of 1 was weighed
out and treated with 2 mL of 10 wt.% Albemarle MAO with stirring. This solu-

tion was injected into the reactor which was then pressurized with 75 psid of eth-



10 wt . % AbdwepmaslreTMAO and warned to 60C. Next, .0050 g of 1 was V\? %@dﬂ}[}ﬁ
out and treated with 2 nL of 10 wt. % Al bemarle MAOvmth stirring. 15

solu- tion was injected into the reactor which was then pressurized with
75 psid of eth 2000 B066. PCT -34 2 B34APR 2005 yl ene and stirred at
800-1000 rpm After 60 m nutes, the reactor was opened, the material
poured into isopropanol, treated. with acidified nethanol, and the

sol vent weat had etrred fit 30(HEPOGISL.r ddter 60 mﬁnmesTﬂhk seammremdsaipemm, theéirred
with fresh acj iilfed met hanol , filtered, wash water, and dried

under vac ORI Paered dy@riserRjAPanas, esisd with aeldB@fE’ @e@ﬁ“%%‘étfﬁ oiojxanhy| ene.

EXAVPLE P 3 S I rizat.i,ons ver.e ordi ng
to the prgcez"}e/ggrrIg d%@{b%§asgﬁg% (go$§neﬁr{%z&§%leﬁﬁ was SN t"ﬁih &@f@?‘f'gﬁc&and _

anmount st hathawel, €il@idd e-eRdd AR wartacaﬁ&aﬂcd ﬂna_éilQJa@ud]m aBB@q@ovéf@hk” whi ch
either no transition netal conpl ex or no to nethylal unoxane wer € added to

t hé react wryinkdrib3(feg 0Omintd pahdthiyheticcat ed t he necessity of having both
conponents present for significant polynerization activ- ity. 2000 BO066.
PCT 35 UOOZOOON OOWNOOO 4: EU)~.,rocflg0 EULI] a

EXAMPLE POLYMERIZATIONS 3

These polymerizations were performed according to the procedure of Ex-
ample Polymerization 2, and the materials and amounts that were different are
recorded in Table 1. Blank runs in which either no transition metal complex or no

10 methylalumoxane were added to the reactor were performed and indicated the

necessity of having both components present for significant polymerization activ-

ity.
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EXAMPLE POLYMERIZATION 9:

Autoclave  Polymerization with EXAMPLE CATALYST 4
(L'Y(CH,SiMe;),)

Initial polymerization attempts under the conditions of example polymeri-

5 zation 2 except that 5 mg charges of Catalyst 4 in S mL toluene added into a re-
actor containing 2 mL 10 wt.% MAO yielded about 0.2g or less of polymer.
Similarly, adding 5 mL of a solution made from 6 mg Catalyst 4 and 7 mg di-
methy-lanilinium tetrakispentafluorophenylborate in 12 mL toluene, into a reactor

with 0.050 mL triisobutyl aluminum (25 wt.% in toluene) yielded negligible

10 amounts of polymer. We believe the substitution of a smaller alkyl group on yt-

trium would improve polymerization performance.
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9: 2 5 APR 2005 Autocl ave Pol yneri zation with EXAMPLE CATALYST 4
(L1Y(CHzSi Me3)2) Initial polynerization attenpts under the conditions of

ex olynmeri- 5 zation 2 except that 5 ng charges st 4inb5
nL‘%E%}Egléﬁe added into a re actor cort&i ni ng 2 nL 10 w?gq/ﬁg%k@@;i el ded

about 0.2g or less of polyner. Simlarly, adding 5 nL of a solution nmade
from6 ng Catalyst 4 and 7 ng di- nmethylanilinium
t et r aki spent af | uorophenyl borate in 12 nL toluene, into a reactor wth
0.050 nL triisobutyl alumnum (25 wt.% in toluene) yielded negligible 10
anpuams:of pol yner. We believe the substitution of a smaller alkyl group
on yt- triumwould inprove polynerization performance. 2 5 APR 2005
W0021058 £alymedzdton dialyst prefuded somriszgd:i on catal yst precursor
conprising: (a) (b)

(a) a Group 4, 5, 6,7, 8,9 or 10 metal;

(b) a neutral, multidentate ligand comprising at least two Group-15 moieties

wherein at least one of the Group-15 moieties connects to the metal;
(c) a monoanion connected to the metal;

(d) a bridge, wherein the bridge connects the monoanion to the multidentate

ligand;
(e) an abstractable ligand; and
H an olefin insertion ligand.

2. The catalyst precursor of Claim 1 further comprising a bridge, wherein the bridge
connects the monoanion to the multidentate ligand.

3. The catalyst precursor of Claim 2 wherein the multidentate ligand comprises at least
three Group-15 moieties.

4. The catalyst precursor of Claim 3 wherein at least one Group-15 moiety connects 1o a

substituted or unsubstituted organic group.

5. The catalyst precursor of Claim 4 further comprising at least one Group—14 moiety

connected between at least two of the Group-15 moieties.

6. The catalyst precursor of Claim ! wherein at least one Group-15 moiety connects to a

substituted or unsubstituted organic group.



a'Goup 4, 5 6, 7, 8 9 or 10 nmetal; PCTIVS01147697 a neutral, R 2005
multidentate |ligand conprising at |east two G oup-15 noieties Wne?éiﬁf a?P

| east one of the Group-15 npieties connects to the netal; (c) a
nonoani on connected to the netal; (d) a bridge, wherein the bridge
cor@@es81st he nonoanion to the nultidédtate Iigand; (e) ranusbeswact abl e

ligand; and (f) an olefin insertion |igand. 2, The catal yst precursor of
Claim|1 further conprising a bridge, wherein the bridge connects the
nmonoanion to the nultidentate |igand. 3. The catal yst precursor of Claim
2 wherein the nultidentate |igand conprises at |least three G oup-15

i£ti 4 tal yst f i wh i t | t
& dp: 15 HorEe o BN of PG 6 Rbefin sl gHetan e st gt

or wempringldtde 20 tad ¥BiheBroGHU]S Hoi@iesCl @i m 4 further conprising at | east
one Group-14 noiety connected between at | east two of the G oup-15

noi eties. 6. The catal yst precursor of Claiml wherein at |east one

G qup- 15,0Di ety _connect s a .substituted or unsubstituted grganic

or Q. VB Sy SR ety atn 7 Wamsein s b SempHsea lonst e G L
prepsiegey of Claim6 wherein the nultidentate |igand contains a ring
conprising at |least two of the G oup-15 noieties. 8. The catal yst
precursor of Claim7 wherein the ring conprises at |east three G oup-15

noigtie 9. The, catal yst precursor of Claim§8 wherein the ring further
cor?Sri se eaf“?&é‘s?m&ﬂ@m ef &E]%LH!LE Whsrary the ing Sirtur sompsises at laagtaene t wo of

{ NGLBUBLIA-rhdicBPL Sk 6184 blfvea BEIGHTAHYT ihotbRGH1S Hhoilied a1 M 2 wherein the

bri dge” conpri ses at | east

10, The catalyst precursor of Claim 2 wherein the bridge comprises at least one
Group-13-to-16 element.

11, The catalyst precursor of Claim 1 wherein the mcté.l is in a +3 oxidation state and the
multidentate ligand comprises a ring comprising at least two Group-15 moieties, each bridged
to another through at least one Group~14 moiety wherein the ring connects to the metal and
wherein each Group-15 moiety is optionally bonded to a substituted or unsubstituted organic
group.

12. The catalyst precursor of Claim 1 comprising a metal complex represented by the
formula
M(LTEXQ)aL'g
where
(a) M is a +3-oxidation-state metal selected from Group 4, 5, 6, 7, 8, 9 or 10
metals;
(b) LTE is a multidentate ligand wherein L is a multidentate portion, E is an
anion; and T is a covalent bridging group between L and E;
() Q is 2 monoanionic unidentate or dianionic bidentate ligand;
() nis the number of anionic ligands described as Q;
(e) L’ 15 an optional Lewis base; and

(f) q 1s the number of Lewis bases.



G oup-13-t0-16 el enent. 11. The catal yst precursor of Claim| wh ﬁih'?’ﬂtiﬁlﬁ
nmetal is in a +3 oxidation state and the nultidentate |igand coﬁ% ises a
ring conprising at |l east two G oup-15 noieties, each bridged to another
th(voa?ﬁg@”%t | east one Group-14 noiety wherein the ring connects to the

net nd wherein each Group-15 moi€Yy is optional |y b8FHEEU7E? o
substituted or unsubstituted organic group. 12. The catal yst precursor
of Claiml conprising a netal conplex represented by the formla
MLTE)(Q"L'" q where (a) Mis a +3-oxidation-state netal selected from
Goup 4, 5 6, 7, 8 9 or 10 netals; (b) LTEis a nultidentate Iigand
wherein L is a nultidentate portion, Eis an anion; and T is a coval ent
bri dgi ngr group between L and E; (c) Qis a nonoanionic unidentate or

di 4% onilkelsa aresutsogafiGlaim(1@) wheretn L nunber of anionic |igands
described as Q__(e) L' is an optional Lew s base; and (f) g is the
nunber of LerdlmwaBiRy 2 5 APR 2005 W 002/ 059157 -39- PCT/ US01/ 47697 13.
The catal yst precursor of Caim1l2, wherein L is C6H14- XP113Rr and (a) R
IS indeﬁg dently selected from (i) Halide; (ii) Cl-C20 hydrocar byl

radi cals; (iih) Clr(2Edeprstid carbyl radicals having at |east
one hydroger& )z;rou‘ V\her%{ii?ln or#é&eg%%rgt | east one hydrogen groups is
substituted by a ogeHalidmyi do; phosphi do; al koxy; or aryl oxy group;

(i)  Cy-Cyp hydrocarbyl radicals;
(i)  Cy-Cog—substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy: or aryloxy group;
and
(iv) C1-Cy  hydrocarbyl-substituted Group-13-14  metalloid
radicals;

(b) Pn is a pnictide; and

(c) x is the number of ring—atom, R substitutions.

14, The catalyst precursor of Claim 13 wherein Pn is selected from phosphorous or
nitrogen.

15.  The catalyst precursor of Claim 13 wherein T comprises at least one Group-14 or -15

element,

16.  The catalyst precursor of Claim 14 wherein E comprises at least one Group-14-to-16

element.

17. The catalyst precursor of Claim 14 wherein E is selected from cyclopentadienyl,
substituted cyclopentadieny], substitute amido, substituted phosphido, oxygen, sulfur, or

selenium moieties.



and (iv) Cl1-C20 hydrocarbyl -substituted G oup-13-14 netalloid ra?iﬁclﬁlﬂsm%
(b) Pnis a pnictide; and (c) xis the nunber of ring-atom R
substitutions. 14. The catal yst precursor of Claim 13 wherein Pn is

selv% tmgdqfrom phosphorous or nitrogen. 15. The catal yst precursor of

a A ™8 wherein T conprises at | easfdone G oup-14 or - PSVUS4Fent . 16.
The catal yst precursor of Claim 14 wherein E conprises at |east one

G oup-14-to0-16 elenment. IT The catal yst precursor of Caiml1l4 wherein E
is selected fromcycl opentadi enyl, substituted cycl opentadi enyl,
substitute am do, substituted phosphido, oxygen, sulfur, or selenium

nMoij @l | eSTheZalyl B8R Wa2di8P 9 2ty 5#4Qai48-13]1 | st precursor
according to a’ﬁ’EBBf e WD aly of Wil 13 T WBER RN RS 16O

catal yst precursor according to claiml conprising a nmetal conpl ex
represente t he formul 1) ,or (11) (1) (C6H 2N3R2TNR ) MX2L' (11)

( C@éMUN%RE%%WEMS%@C@{ﬁné E‘gﬁlam 5 £OmpLisng ; yetal eamplek represenign byel ect ed
frm@ﬁﬁg}gé)ﬁ,o@m& 7, 8 9 or 10 netals; (b) X are abstractable |igands
(¢c) R and are’independently selected from (i) Halide; (ii) Cl-C20

hydrocarbyl radicals; (ilji) @&G2RANSYMpULed hydrocarbyl radicals
havi ng at | east one hydrogen
D (CeHNsR TCp)MX,L’
wherein
(2) M is a +3 oxidation state metal selected from Group 4, 5, 6, 7. 8, 9 or 10
metals;
(o) X are abstractable ligands
(c) R and R’ are independently selected from
(1) Halide;
(i) C-Cyo hydrocarbyl radicals;
(i) Cy-Cyp—substituted hydrocarbyl radicals having at least one hydrogen
group wherein one of the at least one hydrogen groups is substituted by a
halogen; amido; phosphido; alkoxy; or aryloxy group; and
(iv)  C1-Cyo hydrocarbyl-substituted Group-13-14 metalloid radicals;
(d) T is a covalent bridging group comprising at least one Group-14 or -15 atom;
(€) Q is 2 monoanionic unidentate or dianionic bidentate ligand;
(g)  L’1s 5 or fewer optional Lewis basic ligands; and
(h) Cp is a cyclopentadieny] ligand.

20. A catalyst comprising an activator and a catalyst precursor according to any of the

previous claims.

21. An olefin polymerization process comprising:
()  providing monomer;
(b) providing a catalyst precursor according to any of claims 1-19;

(c)  activating the catalyst precursor; and,



group wherein one of the at |east one hydrogen groups is substitu 8&1@7[}@
hal ogen; am do; phosphi do; al koxy; or aryloxy group; and (iv) Cl-

hydr ocar byl - substituted G oup-13-14 netalloid radicals; T is a coval ent
bridgi ng group conprising at | east one Group-14 or -15 atom gis a
rm"ﬁ?i’%!’ﬁ’ghi c unidentate or dianionic #identate |igand; LFCTHUSMWE; fewer
optional Lewis basic ligands; and Cp is a cyclopentadi enyl ligand. 20. A
catal yst conprising an activator and a catal yst precursor according to
any of the previous clains. 21. An olefin polynerization process
conprising: (a) providing nononer; (b) providing a catal yst precursor
accor di t Oc@itictife Beahdomerl¥ith th€ heéhddy é’éthlgﬁ 7;51??3&@11 ahdes LsuRhgE Ur sor;
and, 2 APR 2005 / 059157 -41- PCT/ 1J50V0769 d) contacting the
nmononer wi t hpolymeazstionatoaditpasal yst precursor under suitable

pol ymeri zation conditions. 22. An ol efin polynerization process
conprising: (a) providing nononer; (b) providing a catalyst according to
cl 'm2'0§‘§§1 t er with the activated catal yst
pr%éur s%fl un eéﬁiﬁ??g%%ﬂrg%%%?@%ﬁggn conditions. 23. A polyner

pr epar et)by pruviding mrogoset;t abl e nononmer with a catal yst according to

claim2Q.or a catal yst conprisjng an activated catal yst precursor
accor di t oPEHY 1Bgaceqa§is{$ccgr t‘?g?mh%o?%n@i cle of manufacture

gifﬂz)gi SINY A HRLATR HRMERMRL Rith tRE GEvaAC LAy A%k QB undih <&l g™

polymerization conditions.

23. A polymer prepared by contacting suitable monomer with a catalyst according to
claim 20 or a catalyst comprising an activated catalyst precursor according to any of

claims 1-19.

24,  An article of manufacture comprising a polymer prepared a process according to any

of claims 21-23.



