WO 2007/035485 PCTIUS2006/036038 CATALYTIC OLEFIN BLOCK

COPOLYMERS WITH CONTROLLED BLOCK SEQUENCE
WEIBTRIBETION Cross Reference Statement This applicationP§la1iys2e6&036038

benefit of U.S. Provisional Application No. 60/717,545, filed September

15, 2005. For purposes of United States patent practice, the contents of

this provisional applicgfiefrareNaraBNEeReGIR Ry fioteranse:

Background of the Invention The present invention relates to a process for
polymerizing a m&H OSSR OCE R UEN T -MBT NS uch as
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monomer addition with polymerization. to relative completeness and t
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combination of heat resistance and elasticity. Other block copolymers are also known in the art.

Generally, block copolymers known as thermoplastic elastomers (TPE) have desirable properties
due to the presence of “soft” or elastomeric block segments connecting “hard” either crystallizable
or glassy blocks in the same polymer. At temperatures up to the melt temperature or glass transition
temperature of the hard segments, the polymers demonstrate elastomeric character. At higher
temperatures, the polymers become flowable, exhibiting thermoplastic behavior. Known methods
of preparing block copolymers include anionic polymerization and controlled free radical
polymerization.. Unfortunately, these methods of preparing block copolymers require sequential

monomer addition with polymerization to relative completeness and the types of monomers that can



styrene and butadiene to form a SBS type block copolymer, each polymer
chain requires a stoichiometric amount of initiator and the resulting
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preferably from 1.0 to 1.3. That is, the polymer block lengths are
substantially identical. Additionally, anionic and free-radical processes are
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processes unsuited for commercial implementation. Moreover, the
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ﬂpgﬁﬂiﬁﬁg, the requirement of relatively low process temperatures but high conversion increases

the process operating costs, making such processes unsuited for commercial implementation.
Moreover, the catalyst cannot be optimized for formation of each respective polymer type, and
therefore the entire process results in production of polymer blocks or segments of less than
maximal efficiency and/or quality. For example, formation of a certain quantity of prematurely

terminated polymer is generally unavoidable, resulting in the forming of blends having inferior



WO 2007/035485 PCT/US2006/036038 block copolymers having Mw/Mn
of 1.5 or greater, the resulting distribution of block lengths is relatively
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would be highly desirable to provide a process for producing olefin
copolymers comprising at least some quantity of blocks or segments
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with broader and in some cases bimodal MWD can be obtained. [Sloares and Kim (J.

Polym. Sci., Part A: Polym. Chem., 38, 1408-1432 (2000)) developed a criterion in order

to test the MWD bimodality of polymers made by dual single-site catalysts, as
exemplified by  ethene/l-hexene  copolymerization  of  the  mixtures
Et(Ind),ZrCly/Cp,HfCl, and Et(Ind),ZrCl,/ CGC (constrained geometry -catalyst)
supported on silica. Heiland and Kaminsky (Makromol. Chem., 193, 601-610 (1992))

studied a mixture of Et-(Ind),ZrCl, and the hafnium analogue in copolymerization of

ethene and 1-butene.



3 WO 2007/035485 PCT/US2006/036038 These studies do not contain
any indication of interaction between the two different sites, for example,
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have been issued, however, for polymerization of propene. Chien et al. Q.
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Brusath and Rytter then disclosed their own observations using paire
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Brusath and Rytter then disclosed their own observations using paired zirconocene catalysts
to polymerize mixtures of ethylene/1-hexene and reported the effects of the influence of the dual
site catalyst on polymerization activity, incorporation of comonomer, and polymer microstructure
using methylalumoxane cocatalyst.

Analysis of the foregoing results indicate that Rytter and coworkers likely failed to utilize
combinations of catalyst, cocatalyst, and third components that were capable of readsorption of the
polymer chain from the chain transfer agent onto both of the active catalytic sites, i.e., two-way

readsorption. While indicating that chain termination due to the presence of trimethylaluminum



readsorption. While indicating that chain termination due to the presence
of trimethylaluminum 4 WO 2007/035485 PCT/US2006/036038
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_effects of "catalyzed living polymerization" on molecular weig] )
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catalyzed living homopolymerization of ethylene
aluminum centers. This can then reasonably be described as a catalyzed chain growth

reaction on aluminum....An attractive manifestation of this type of chain growth reaction
is a Poisson distribution of product molecular weights, as opposed to the Schulz-Flory
distribution that arises when 3-H transfer accompanies propagation.”
The authors reported the results for the catalyzed living homopolymerization of ethylene
using an iron containing catalyst in combination with ZnEt,, ZnMe,, or Zn(i-Pr),. Homoleptic

alkyls of aluminum, boron, tin, lithium, magnesium and lead did not induce catalyzed chain growth.



using an iron containing catalyst in combination with ZnEt2, ZtiMe2, or
Zn(i-Pr)2. Homoleptic alkyls of aluminum, boron, tin, lithium, magnesium

WQ W TERMEM not induce catalyzed chain growth. 5 WO 2007/RG5483006/036038
PCT/US2006/036038 distribution. However, after analysis of
time-dependent product distribution, the authors concluded this reaction
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dopulyatavinadhg Prase protabihéipobymaritfatien loighe BinmBLetadaldas desirable to
p%’ chfQ glrli%n%blgvggior}gggs%r?drpl;gf%rr%bl 5 %’ 001%( 2l oqggié{cogo olymer products in a
po ymerlza% € monomers, %sBemﬁl y e'fhy%enggmé1 at least ohe~ "o P
ceopapniaYioetsie comonomer, propylene and at least one copolymerizable
comonomer, or 4-methyl-l-pentene and at least one copolymerizable
comonomer, to form a copolymer comprising multiple blocks or segments

er composition or properties, especially blocks or
segmenisoatingit shegpdiféatingendonahamee noeqripetddionpieveds fealet polymerization

g r&%e&%n%(t)%ﬁﬁi&g p%cfﬁ%%ggﬁeargo?igrglg}(s),nppe?ymﬁ'%ﬁ&l)eorrnrgQr%@%it%n polymerizable

monomers, especially ethylene and at least one copolymerizable comonomer, propylene and at least

one copolymerizable comonomer, or 4-methyl-1-pentene and at least one copolymerizable
comonomer, to form a copolymer comprising multiple blocks or segments of differentiated polymer
composition or properties, especially blocks or segments comprising differing comonomer
incorporation levels, said process comprising contacting an addition polymerizable monomer or
mixture of monomers under addition polymerization conditions with a composition comprising at

least one addition polymerization catalyst, a cocatalyst and a chain shuttling agent, said process



mixture of monomers under addition polymerization conditions with a
composition comprising at least one addition polymerization catalyst, a
WQ@aesrapr48and a chain shuttling agent, said process 6 WO 2007¥03B48%5036038
PCT/US2006/036038 differentiated process conditions in two or more
reactors operating under steady state polymerization conditions or in two

QORI RAMRS OS2 ERBEIHs APRYS R HHRGGICRIMGD SN Y ABELZ At 0ate

cqnditions. Because the polymer is comprised of two or more blocks or
%‘ga‘ﬁ?éﬁ%%f B QUG SF AR RO GRS P SRAFATETHEP Hties wirdeiaiva dloyy
folymaigatighecpnditines, and each block or segment is chemically or
physicglly,distngui 3 . ULy i hteorgn Ieggera or
weightg%)bi{s?réigbq&?t%%mggjn?a%@ﬁr%%%%%ﬁ%%@n%%&%I§1egrrneélﬁsl’tﬁ\g%ar bly two
e tierlpRs SRese Iy aehrse deised & fanmyasinslg srixman @nsheasliddock or segment is
Bl SIGHTHIMBAtOHHANAAHRIE QRN MBI D P FHNBSAMRIASS HHCBIEA veight

ompaosition. In gnother. odiment of the invention there js provided a
R SRR LR eGP AL B SR FBATBR R posscsss
wtiqykepiey seud and cpmhyenkpizabides conpacxhierraodopytepelyaiec af thasimmgross
&g&q&mg&%g&{gogomonomer, or 4-methyl-I-pentene and at least one
copolymerizable comonomer, said copolymer comprising two or more,

preferdbRPeiie: Srpadimertp the laventiprdiisns Rierndshrgraifangspecially such a
&ﬁbﬁlﬁi@@'c@h@hﬁ‘iﬁ@ﬁi N@Wﬁiﬁ% Iﬁﬁﬁ%?ﬂéﬂler @@Q%Mlﬁiﬁﬁf%]g 3tecbnomer, propylene
comanomer incorporation. Hi refer opolymer possesses a

s At A s A SR el ey
mmgiz@mmmmu@dmmmmgrimg o rolthple, isrgfeoatitiesvaor three
19&39%?&:@%&@%15?5%%1@@1%%@8%?(91? Q}Wca%gorfgﬁﬁgﬁ%gecially r?gions of

comprising: polymerizing one or more olefin monomers in the presence o
Uffesratirtsoromesass drroearsien-aHigheprafar dplithe eoRolemer @SsAcsses & molecular
WebHEEzBLA6N 020IM) bZRACIMIEY Bl iRe B csustantially steady state
polymerization conditions resulting.in the formation of. at Jeast some .
oot S AR A O RER bRt WAL A K LA QRERRRY o esling
ragederbladkinoprdyraerc terdagrrozessesodipabiagging the reaction product from

the ﬁr%di%@f%r@ AR AR %%?ﬁqgoﬂ&lxy&%qﬁiﬁ%t@@s&%%ﬁn%l@ﬁ?ﬁolymerizaﬁon

operating under polymerization conditions that are distinguishable from
BYE" BRI P BEH ARSI fO R P VY esiratipatrartoFipZapI R ating under
ssbrnatbil ihedndiiatqopoyelctegioe obiaition asad i inaha foratatidling atlgeittsome
: ive.catalyst site in the second. polymetrization reactor or zone: and
A e B e e A 0 ror o
88%0 form a second polymer segment bonded to said initial polymer

segmefi-andinawageaisiingualaienPalme - Ianestiesmi e IB&Hatslymerization
rgect)cl orpoerrz%g gll)grrg[’c'ing under polymerization conditions that are distinguishable from those of the
first polymerization reactor or zone;

transferring at least some of the initial polymer segment terminated with chain shuttling
agent to an active catalyst site in the second polymerization reactor or zone; and

conducting polymerization in the second polymerization reactor or zone so as to form a
second polymer segment bonded to said initial polymer segment and having distinguishable
polymer properties from the initial polymer segment. .

Highly desirably, the polymer products herein comprise at least some quantity of a polymer

containing two distinguishable blocks or segments characterized by a most probable distribution of

block sizes. The polymer recovered from the second reactor or zone of a two reactor or two zone



Highly desirably, the polymer products herein comprise at least some
quantity of a polymer containing two distinguishable blocks or segments
WQREe3e#8%ed by a most probable distribution of block sizes. AGE [H38/1¢/836038
recovered from the second reactor or zone of a two reactor or two zone 7
WO 2007/035485 PCT/US2006/036038 coupling agent to form a triblock-

ORI WG ; &appiaﬁlm%ékq@9%@@9&&1@&5@%@%%%&&&%@%@; or

conyversjo terminal chain shuttling agent into vinyl-, hydroxyl-, amine-,, .
TR R T TS LT I FRR S g o amiine-, ilane,
ctubmtjdicalkciglo upbaqdiratinbettek nowmetes nigue Suintipatlgrotperccording to known
t&mﬁ&@@ent of the invention, the shuttling agent employed in the

foregoing processes possesses multiple sites for undergoing polymer _
exchahget angther sikogimgntelhsrtyentepdbpaildhies 8 FEWIQYRICH the foregoing
proveiiel Y 6REES HIR I RRE PG ahdRel R RIeHHMGheOraRHSING it is multi-centered,

cSopolymers aceording 1o the inyention confaining thiee of more distinet s
Ot g tS alter AR rGb G S G et S8y Zat o IR tvo omPrising

crpabitorssaceuriag tothadotedi sereiitgitinty dosimaisliptitisenodeudobipiats after
ﬁﬁ&%&ﬁﬁ%&gﬁm?gﬁﬁﬁ%géﬁgﬂ%% REESERIY RIS RER G AALAGLSZed

by terminal blocks or'segments of polymer having higher tacticity or

crystaffighy fesirrihe e ptcadphiesk srrlymesniomird A5eRsiing faflipapRpeth dvention

afeElsad daatyrd ey hlatln fsegsank sndaladivel s EpigUBshEeMelity or crystallinity

fFIasigmeq'l_c. Iqr]astill further embodiment ftlg]e [aresent 'inw?ntionb there is .
om the central hlock or segment. Even more preferably, the central polymer Block or segment is
provided a polymer mixture compnsmB. iﬁ aﬁ/organlco m%amc

reletinels anprafaretly evdnarlasioisticer of ethylene or of propylene and/or a

copolymesaf RIMEARHBHRIGRVIERE Wik QRS A IRFORPINALF By mer mixture
comonomers, and (2) a pseudo-block copglglmer according to the present

CRIDRIIBE O BRepiarei on Qs raTt RORE pREsterably piHEnpPebaRri Al EsRe or of
phiopyleastiabite ©eopsiginecof ahyiyne e ptdi)ldseawithalieop alyra eseomprsibie

high densit ethylene, or isotactic polypropylene and component (2)._is
e R e e
apegfiding tof Hiffursatiatdic oo arvRatine dipbration]d grabpdénstiegpmponent (1) is a

R RRASMEH SRARRARERH AL AP PEISERAGH P IRBERE hity RATIKHRANMB nponent (2)

.formed during compounding of components (1) and (2). While the

h : .
Py BT BTG CERIAR OB P BT G U5 B ARy T RiAG A°gIBRS 9 differentiated
cprashivaieitiniaporatieitibn alpedffecidehihalinvet) tompanpre(@A kemiuisedteclusions of the
CEHQ'g ér’fb@%éadéﬂﬂﬁgy&%{' K, SPcQ&ﬁ(%{%ﬂ]ﬁé’IlﬁQﬁdC@B’.o'ymer& ‘

throughcoupling of polymer terminated with a chain shuttling agent _

exitingfhiedbe forazring mpSP e ten iy bud seaisinnbbdemting ¥ dipkock product, it
iVsnNQ aifdNetieadrate RRIMUBE O PRbERUPHINGRER BbpYyALHIIRR VA ROKGper-

than two reactors are employed, the prodyct resembles that made an . .
DA 5 IR PR 5oBRbaRli IO S HFURElsC i choin shuting
agagtetitigktinf tt@iplesent pokome(s pussdsseseat mostprobatsleising a difunctional or
PSR bMAlRCIA WaigkiRiaN dr FORORIRE I RA URMA YRd, the product

polydispersity of the present polymers is generally less than 2.0 and
resembles that made by living polymerization in more than one reactor, with the difference that
each block of the present polymers possesses a most probable distribution of molecular weights and
composition. In particular, the polydispersity of the present polymers is generally less than 2.0 and
approaches 1.5 for product made in two reactors. The theoretical limit of Mw/Mn generally equals
the value of (1 + 1/n), where n is the number of reactors employed in the polymer’s production, in

accordance with the calculations of J. Appl. Poly. Sci., 92, 539-542 (2004). In general, the average

number of blocks in the absence of coupling of the present polymers will be equal to the number of



approaches 1.5 for product made in two reactors. The theoretical limit of
Mw/Mn generally equals the value of (1 + 1/n), where n is the number of
WOoaaeids#nployed in the polymer's production, in accordancBOAiFS#46/036038
calculations of J. Appl. Poly. Sci., 92, 539-542 (2004). In general, the
average number of blocks in the absence of coupling of the present
Hobyyraerstion Wik ﬁﬁﬂﬂllﬁﬁblﬁd@lq‘iﬂﬁiﬁhéﬁc o@c‘ﬁﬁ%&%ﬁ%%&'ﬁ depending on the
fC%};}/&éSZp}%/OB mﬁgrégo megllzé?1 ion (;II aII inclu ) e gu S\ﬂ?lgeslo
conver?{lonalieﬁ’o mer depen e yee |l(":'ilency of th 1boartlcu1 polymerization.
shuttling agent employed under the conditions of the polymerization. Brief

Q@@g&g&q&@ﬁ@@@@%@ Figure 1 is a schematic representation of the
process of copolymer formation accordin rgto the present invention in two

or mor’é‘%ﬂffe]réﬁ% Fé‘ét‘é’ﬂé?g reRERPaktion of fhe #Epqess GReRAYHE JBTRigrcording to

thexpuesele ihyéttioA infigusemé<tarerdastcretts for the polymer of Example

1, runl. Det | clipi the |nvention All references to the

Perlodl;L cable o ??eszfemengor éhe BoriP'l Ji5af {:g & letrfé 'ﬁ“elgodlc Table of

the Eldligereso-Buintistseresutia foo theripiersf BR@pRrégwnlhc., 2003. Also,

any references to a Group or Groups shall be to the Group or Groups

reflected in this Perlodlc Table of the Elements using the IUPAC system

2 tated to the contrary, implicit from the

" contexAliefusions ar mm%&aet:rallﬂ@ar thFidnpars anisoseab agerlt®he Periodic Table

PRIl QP URISESIOh po'ted 169 REALRIALH 6o e £RRTSINS &%9 stoa
£appl ication refe figre

patent, pateﬁ application, o renced ereln ArG

@ﬁ@ﬁ?ﬁb@t@@bﬁlﬁﬂfeﬁ&@@ ﬁmm it &ymores¢edted indhiv Bestlig @abéﬂrslfilhe Elements
s R TP BrRsRORIBBY S Srense aaeaGalby Wild esReel RdhR it from the

disclosure of synthetic technlques efinitions (to the extent not

S R R AR mmwﬁfﬁme.a%aeﬂféﬁéﬁq‘saé?ﬁdoawaﬁ KRbaERgses of United
Statdsepaent Poetieenthécamipris m@h@pdﬂﬁrp@ﬁﬂ@pﬁmm s piliciendadetonced

exglbge ﬂ@%ﬁg%&%?ﬁ&a%d ¥e?egg{g9 Q(P rfg‘l?ﬁ] é??gp Pn%”e?iﬂ&ﬁg%i’r% Versu(?jn thereof is

procedure, whether or not the same Is |sc osed herein. In order to avol

sqAYCaImIBtcd IPx SrfsensitieeiatinbiThrerenstin aghiseloauest afey aeiptic techniques,
dezaimprisit@thderiinsbide aRpeadiionaaraitien AsiNant hete £ THO M A1

Whe%t er poj&imerlc or otherwise, unless stated to the contrary. In contrast,

ktrhow § lmconS|st|ng essentially of' excludes from the scope of any
succedtingme Citatipnsangy othderpatiicn fleormbiomenintstdpdap promded tite presence of
?%99&1%9%&&? %Bﬁl‘i%n@ﬂt &é&gPMCEQLQQ %ﬂ&ﬂé)’o}r 1}11)9( ﬁ?ergamQ‘?é‘&f?éiQ&d herein.

excludes any portion, component, step or procedure not specificall

Ty gliRs AT ABHEIP P alkepmpasiiopn siimed hessin thronstise ﬁx%tm@/éompnsmg
M&&mﬁﬁbﬁwdﬂdﬁdﬂj sédbivasaal as bt adiyp@ammmaﬁheapaimemm otherwise, unless
0 ude bot opolymers, that is om eou
pQr[e%yare froma s?ﬁé%lqﬁwgf%r#ef%an PRBEE SRt er%heé‘ﬁlsé)%é pit: (he scope of
appfeyceetding egciiating pteppisiypntie), component, step or procedure excepting those that are

not essential to operability. The term “consisting of”” excludes any portion, component, step or

procedure not specifically delineated or listed. The term “or”, unless stated otherwise, refers to the
listed members individually as well as in any combination.

The term “polymer”, includes both homopolymers, that is, homogeneous polymers prepared
from a single monomer, and copolymers (interchangeably referred to herein as interpolymers),
meaning polymers prepared by reaction of at least two monomers or otherwise containing
chemically differentiated segments or blocks therein even if formed from a single monomer. More

specifically, the term “polyethylene” includes homopolymers of ethylene and copolymers of



meaning polymers prepared by reaction of at least two monomers or
otherwise containing chemically differentiated segments or blocks therein
WeRHHFHMed from a single monomer. More specifically, thePEFS2006/036038

"polyethylene” includes homopolymers of ethylene and copolymers of 9

WO 2007/035485 PCT/US2006/036038 that possesses a first order
tisa poitienses b aliis atinermetitigopaint4lline matdptpsminesh s difensnti@by differential

scanning, calorim SC) or ivalent technigue. The term m e .
S e Lo b e R e TR R e e Rt REngeabiy wie
theyterorpwernistysiadliselc dlpdiym EatmeRingsa reforsttdlelyretitapkingiac: Titelline melting
pB?ﬁE.n TRlRIAMes GRS [orasely H&‘?}';n%r BPWe?@ @ﬂtlﬂ@l\ﬂg g‘nggsLecﬁﬁn 0°C, more

than 0C, more preferably less than -15C, most pre erably less than -25C.
Prefrabbpiess Saiad St A diapeliabbr st 5 Copolymer comprising two

or morehbteakspssudegmeintsplahier ie@ehe niepbRehysigsidigPestys more blocks
such as va{;ig.?%e comonomer c nten(g, cr sallinil@/ dens'g tacticity,

Orf segments Of ditfering chemica OI’R?l sical prope: sucly as variable comonoruer, co ent,
regro-error, or oth property. Non-a ]%lC ntBlocks are not necessarily 0
cigetatizalyc Hersikvatastipiiyossigiorsriontamethiey argriertyn dor-adinesndbipgks are not

nfRESRIRD S ﬁ%ﬁ@&iﬁcﬁéﬁﬁ‘&aﬁ%&%ﬁ%jmﬂnﬂﬁhgﬁ%xﬁ' BEKR RIIBAABR going
QcC

Compared to random copolymers, pseudo- cgolymers possess

reRfEe RO T SomBHoR R Al G BB et gL s ia ciaiParg iy copolymers,

pbamwﬂncblo@@}maemmmsum&mﬁffﬁ@b@mklmmmlbheiaeaspmiukby

Rl shiexe:pne.qrmars ol e deslred ARREILES. AL WS ARGty blocks to
opolynérs, such as therm Dlastic! elastomeric propertties, whi at the

aghinye oA e1yBig e dasiiediorpreitiss of b bleskh cershnerisotieinas thermoplastic/

cRRIYMSIIZAHBEHRIQ GRIROR (RSRAFENC (RIHIHAUIA O W UREL RANER &l EdHeRtional olefin
processes employing catalytic quantities of polymerization catalysts. )

P&‘éﬁ?ﬁ%&“é’t&"%&’@ﬁf&%&&ﬁ%‘f&\%}( &GRS B HPE RO LSBT ERS cploying

cpredygliccedititisedpehairinoivormalykdition, fluxional catalysts, or anionic

polymey . s f . ! s produce
el ggﬁ%&%’ﬁ@ BN SR IRECORRAIYMST 52T A0R SNERNIBR AR ke oduced by

( y unique distributions of polymer polydispersity '
spAvENIAY meRP B Addd T {denplLAFEY SISItAr RO B fBeHratiordsrtigues, the
c%ﬂﬁ@fsmpﬁfﬁ iﬁ%ﬁ@&fﬂﬁi@ B&ra-d‘?éﬂigddﬁﬁldﬁ& Bfﬁfﬂﬂﬁ&@ﬁf@@@jﬂf@ @blyiispersity
effect e one.or.mqre, shutting agents in ¢ Ination with a
A Rt S R RE Ry R 4t BT MG BT lock
cpmbwiﬁ'dmtiﬁdhism:hmrmalpzezfme@i@pzbmlﬁhmgnumdﬂrecﬁff_erﬁngtp@tymﬁ"_thiUmnore
sHOREifRs. MersSRasHiGal thefoRAMM SIS ALIG IV SR AGSIANon catatyst in

possess PDI from 1.5 to 20, preferably from 1.7 to 15, and most =~ »
O PeE R P LEMET IO PHE RS SE RSB RIEKA BE Argeetifftie ERlkBpR g conditions.
Mi&sispblifipaIsRans e hitiing the mobutisndeyiy8istpiastioPrathen thar a0, preferably

ﬂ%%iﬁlsggoqiitgrtl)&ti% .'[e e yse f).g Eheidgrese_nt_ polymerization process
results in‘a prodnulc§ aving number of distinguishable blocks per polymer

equal Tdehespaching blooky ebersendordiskirmopedntictesitphbspessgsioy BRI fitting a
RIELFRYitRARANISRE! 3R ndi SRR EIRIRGK §7ES A HmateS Y merization

the formation of po(liymer products having improved
process results in a product having a number of distinguishable blocks per polymer equal to the
number of reactors or distinct reaction zones employed in the process, with a polydisperse
distribution of block sizes. This ultimates in the formation of polymer products having improved
and distinguishable physical properties. Moreover, the fofegoing novel products may be formed in
the presence of random copolymer or homopolymer formed in one or more of the associated

polymerization processes due to early or intentional chain termination without chain transfer to the

CSA. In this manner, a polymer blend containing in situ prepared rubbery impact modifier or

10



and distinguishable physical properties. Moreover, the foregoing novel

products may be formed in the presence of random copolymer or
WhaapEsher formed in one or more of the associated polynR€AZE5RH6/036038

processes due to early or intentional chain termination without chain

transfer to the CSA. In this manner, a polymer blend containing in situ

g"g_ﬁ’_?[@sﬁié%% %@/’%3611338 I Wﬁﬁﬁﬁ%ﬂr@l@ﬂ%@g ?ﬂgﬁﬁﬁﬁhé embodl(rjnent of the present
t eadily appreciate e art san

et EE S SR S Ay

canlitechohcw, ﬂmhrpotmarlzmmm(nmmmﬂtemy)omfadbigdlmmﬂh uwsmﬂmough the CSA

R QQAXH’zﬁrAZg%'imlfiﬁ%ﬂ%&rp%BP% &E‘é‘ﬂ?ﬁ?@ﬁ’o}ﬁ S Y8 engo N0k 'Ar even in an

the CSA ma d at apoint immediately prior to discharge from the
iffesyeRiaseANdR Y eh@I@H@éwmlaﬁnﬁqﬂ@r@ﬁmgvedﬁ@mwe@ﬂ% &eﬁpreferably that the

maggaﬁ&i (i§ ﬁl@%@&%%ﬁlﬁﬁ&@@ﬁﬁ&é ﬁﬁﬂﬁﬁ)dbﬁp@rfﬁf@fﬂbiwﬁhaﬁﬂ{ﬁaﬁi%ne as
added, to the reaction mixtu rior to Initiation g erization, at the
PSR TR ORI IS At PR SR
pphtierizetishds ttanehictadiche fioly resrtiattivisugb ndyiotef BStherfit staction mixture
11{%‘/3‘8%9{%1;98&9&‘99 MW& &g&%@l@d@ﬁ%g %PH}‘B%%?aﬁ? @Mrgﬁg or pumping device

occasioned by attive or static mixing devices of by use of any stirring or
CHRARTAdBINE B HRITEEE I RATH B BiEREFerring the reaction mixture.
As useg hwcenafaﬁhvrm&eas&tm ehamaa&aﬁpa@ﬁm ndllesy dpac fEpagifitatited

?dlcateq ther\ivlse uIar mc%udes a isomeric forms an \aﬁ
otherwis he Sin I 1n, es a som T1C, LTOTMS VICEe Vers or exam dexaﬂe mcludes
versa (for exa exane hCludes MBI Soners of hexane mdividia

aﬂnmmﬂ@swfélg&an‘ﬁhedmlymtmhwlﬁ)n(Themlmmxmapeuydednd complex are used
R RARA Rl REERIOP S IRRIR OTH e N PiGo ABE QERRATE @ he torm,

“compounds The term, "atom" refers to the smallest constituent of an
alRenive darremaliastsansiénae afan slementieserdssy Riionis sirdlibipavhether or
n6hﬁf¢]@uﬁé Dad'ﬁai ahagger (pﬁﬂﬁabdﬂuﬂwoﬁﬁmmrt@@mh& heitermhe term “heteroatom”

roato fer 1o an ato er th droge erre
eroa oms m%erdt agjl mﬁ,}% %nregg ?%eg %‘ q%\: “"%:Pfég ﬂr NO. P,
% Sﬂh%bteﬁrhﬁﬂmﬁirﬁﬂ:w@)ﬂe refers to univalent substituents containing
only hygragen aidrdarhan RIge aﬂﬁlaal.@a@gaaeﬁa@awnhmwﬁydmgm and

saturated or unsaturated, ¢ C|IC or noncyclic speC|es Examples include
oGP S7ESo ER B RS RS bR ) P B YR . honeveli
speyles aEdaaitxysaykhcmﬂauﬂisyl- Sydistilkitethligdybcaliayiengfecsdoakenyl-,
czé{@)a(ﬂga% lgr%'ip thﬁ glﬁ?zﬁﬂb%gﬁgd lg[utgsgtu?e(? B}EHI% ”hé/t%QPoa l‘?12)(Jdrocarbyl

Stituent groups. T teroatom contalnlng ydrocar y
graepdhehipbeEE e Wéfmr{wm%ﬂéﬁtl%%@fbﬁlwrhﬁmaﬂt AP HNENGSHS,

“QHRebIRANUALBE R RESABAN b ﬂraa@ﬁ&am@wtbe%%%méawbmn which at
atom and on orm dro oms The term "heterocarbyl” refers d
OB SORAIFTRA B G AR CAPBIN HESA ARLE I GPAGbfacrs cooon lom an

dnetarmate hslagehratomyd iggarat s dchb 10 neddretn@enptiredaniog one or more
c@ltggﬂ %&m Gﬁé%%?é%ér&&ﬁ!h@%ﬁ@ %JJM del‘?L‘%ﬁ{%” PRYJWA between the carbon

heteroatoms, may be saturated or unsaturated. Thus, an alkyl grou%
a%%&ﬁéﬂww&t%?érwﬁg@ﬁ)@ﬁ(wn@mﬁgﬁ?ﬁwy two heteroatoms may be saturated or

unsaturated. Thus, an alkyl group substituted with a heterocycloalkyl-, substituted
heterocycloalkyl-, heteroaryl-, substituted heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-,
dihydrocarbylphosphino-, dihydrocarbylamino-, trihydrocarbylsilyl-, hydrocarbylthio-, or
hydrocarbylseleno- group is within the scope of the term heteroalkyl. Examples of suitable
heteroalkyl groups include cyano-, benzoyl-, (2-pyridyl)methyl-, and trifluoromethyl- groups.

As used herein the term “aromatic” refers to a polyatomic, cyclic, conjugated ring system

11



heterocycloalkyl-, heteroaryl-, substituted heteroaryl-, alkoxy-, aryloxy-,
dihydrocarbylboryl-, dihydrocarbylphosphino-, dihydrocarbylamino-,
Waerg0dise4bylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- gPSILiS200eisp038
the scope of the term heteroalkyl. Examples of suitable heteroalkyl
groups include cyano-, benzoyl-, (2-pyridyl)methyl-, and trifluoromethyl-
r in the.term... ich refe mic, cyglic..

e B 1 o S SN, DL ings means
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r%g%r.xg}lﬁm (S aomatic fines whickare Oy c?mté’ﬁgtéﬁbé itien W‘rﬁ&ﬁb’fﬁﬁ?} fo a common
singleushawaticthitrpoemmiitiphe suoetiatithe agsnatitcing(se hageoctodiephetyl, naphthyl,
JSEEOV AR QYR JQ@LOMmMoON group such as a methylene or

ethylene maiety. The aromatic ring(s) may include phenyl, naphthyl,
anthraceiyHtERd Bhesdsrs tas A o shish ofaetmMA hydrapsn atams bound to
aaytGuoy s itprtic b9 RA«srinore faxeHOgS BratpMmadiay A0 sabyiGARAIKIS cycloalkyl,
r ced by .o r.more functjonal grou uch as alkyl substituted alkyl,
R R S SR B B el S s,

Flate hydyreipatiojohpliosrida iithalcenfeogthiC F8 Y, hyd todly semins] and unsaturated
o?@f?cs %aﬁilfﬁ?%hﬁﬁ‘é@@ﬁﬂy&’tﬂ%%aﬁ%@Q%éitﬂﬁ%%m%mgﬁHﬁﬁﬁ‘é&ﬁo a

cyclic hydrocarbons which are fused to the aromatic ring(s), linke

ARG B Mk B A SRR O FRS IR 2 STBIRACHE BE BipRReRay also be a
aarbimyl.a¥ rebenropharvlio kinggralys majphdagldepoCatRy iR difhenylamine.
benzophenone..or oxygen as in diphenylether ar nitrggen in .
ciphony . DR B SRS s o oy peororse

iplere cprdpnsonesprsedivdhsordabit ntsroositsipiiver Jrepriedioy dfmetal complexes or
&%@&%B%gﬁfi&gmﬁﬁﬁg BrehiaSt SRIERIRD i%%ﬁ&ﬁ%@%%&%n indices under

catalyst compositions having the greatest difference in comonomer )

s TR aH B OB S AN i R ER ALt PEC R AR YRS pR g s in
ook dntofith erpresantb owent ibaviig shd tarrescdiffelyneeis ook bveegnhent
properties, such as density, for the same comohomer composition

igretnpition inderivemerallyidesrmiiedibnthsdex I NpdResranrersrpimiebeigyes. It may
A6 BésBt@h MM FaSIRGTIOSLARIE IQLRNIEL ORI N 13RARARSHNRARAnown theoretical
based on monomer reactivities and reactor kinetics according to known
REBAEEal techniques. In a very highly preferred embodiment, the

polymérs eérthieghlyantitrrgssestimemabt pigihatslefdistiityatidon gbkieske most
ﬂ%gﬂlfbsdigt;ﬁjﬁ%ﬁq?mly@ %‘i@gc %gﬁge@pﬁiﬁﬂé‘r\é%r&i@&ﬁlﬁé?&ﬁg ﬂ%ﬁt@(&g%e pseudo-

copolymers containing 2 locks or segments. In a polymer containing

FESROhBRE Wi AnabledsirucsErsiralad PGSR iRirsbrse or more
sbinaigte@ieh bislekiewyhadheysameiaiishempivnll) diiarsptiand,genasathhe or
Jgaatagierized by a pistiibytion of praperties. dhe nvention Mvolves, e vention
concep of using chdin Shu IiIng as a Wayyto profong the RSB or a

ipehpercthebetipept of using chain shuttling as a way to prolong the lifetime of a polymer chain

such that a substantial fraction of the polymer chains exit at least the first reactor of a multiple
reactor series or the first reactor zone in a multiple zoned reactor operating substantially under plug
flow conditions in the form of polymer terminated with a chain shuttling agent, and the polymer
chain experiences different polymerization conditions in the next reactor or polymerization zone.
Different polymerization conditions in the respective reactors or zones include the use of different

monomers, comonomers, or monomer/comonomer(s) ratio, different polymerization temperatures,
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such that a substantial fraction of the polymer chains exit at least the first
reactor of a multiple reactor series or the first reactor zone in a multiple
WQasEdsetistor operating substantially under plug flow conditiBa3/#S@4e6/036038
form of polymer terminated with a chain shuttling agent, and the polymer
chain experiences different polymerization conditions in the next reactor or

PRRSIFAHON #RPG: el RlRR IS ZAIAN £ RAIIRNR NS S ARE SN ent. Thus,

reactors or_zones include the use of different monomers, comonomers, or

g ARATER RS s Re Ber A e SR SR AHREN PERRSFS ROmPseR t¥asthige, or more,
pPréfer 2610 T3 48R G R2AN0I0R618 S gaiasinnten Q1 any. i 1efutlifferaneguse the
Jgading {0 lormatian. of & disfingishable Rolymer seament This, atlcas

a portion of the polymer resu‘ﬁlng tom %eybreergééh 1%80138533%156"15 Ises tvo "
opmpesitipmibeaegutafigraoipehapmetimetss diff ehysidalterbpotianel adgelenpslymer and is

r@fgg@ggpaggm@gw@glyof%@gse the various reactors or zones form a
distribution of polymers rather than a single specific polymer composition,

the redBIRRIG YoM thepprukii dischieep RyeEtiz RpbeRtEEPa tthidues wherein no
chapolintingngkis iy afitized) folpned fotudochiaRvaRRMMET abdzdinl &Sthe present

with.the preyiously, discussed sequential palymerization technique
R e T B B oA b B o gy

st ot tonaihfion aaiishie eltin svetingratspisaidctintphiymgy blogheor regions of
tﬁ@@éﬁﬁﬁx@ﬂﬁ@é&%@&&@ﬁﬁﬁl&%&%iEoﬁs%ﬁb?fﬁfog&lﬁ%yfﬁﬁé tSAHNENGS BAIR shuttling

to and from a suitable chain shuttling agent such that polymer blocks or

Hesgio AR s iy L 4tRIg P S LAY BrhmpsiShRIS BpRAMRIer chains, the
gnmﬁngt;’negmﬁbu e;mﬁhmeséimbnﬂﬁajmslpumw@ g&gﬂmsmmﬂh@eﬁaﬁyﬁ{slmmb@ions of
ol f%&ﬁé@?&@%&‘&?gé?%‘g%&g ﬁ%‘%{‘e‘ﬂt%%ﬁ me(?rrﬁ% 18‘1'1”?? 1B, Qrowing

polymer experiences discontinuous polymer growth, such that

intram&hedaliawagimathemnatival iispmmt afdhforrding pabimersivbasedren theoretically
&Mﬁﬁr%&%ﬂéﬁi@%&%&t@@ yhedel k%@é}ﬁ mmm%tm&r%mnsﬁate that,
of the resulting polymers is based on theoretically derived parameters .
STRSE AU BT PSS e PLBAD ORGP PGSR I sris,having
dilfeniop prbtediiatjos spadiidhs tn whiclothmpreviie adiystaie cepntiditbeislock lengths of
HERG} Ee%éﬁ@ﬁﬁrﬁ@@ﬂee%‘é%%&%‘?%F%o&%ﬂ%oﬁfé‘}%{'{&%B%%tgq(&i%ﬁ%%su'buﬁon,

conditions to which the growing polymer is exposed, the b engths o

derevprbipithe fellardneonanagrinvbaen reiichsrmspbabiEsiafinobrinsr prepraatitssi a reactor
vt Maﬁiﬁm@ﬁ@ﬂueﬁ’&@%i&mﬁm | rENEaIBIRE treMBR R 9 Bisis iestandard

bability of, pol agation in g reactor with. respect to blgc o
R R R R e SR ar A e Y i
laisgisnptimoiana mdifioder&noimlingtthe e clihdassadion prstivtinge thressions that
a?éfﬁ&tﬁf@(c&(alxmﬂﬁiMO&q%. ﬁs?&mﬁk%%pﬁmﬁ%ﬂfﬁnwﬁﬁég{bﬁgo% is

use of mass action reaction rate expressions that are not affecte

corRisted Baciene s Sims rpamersd i thpomsrRtRaE ST ileRehine g YRR mREhods have
Heentaiensin disciies oW IR G0 I DaIEaniol! e NTRan VRafIAbleHeRN @S, 1 (1972)
time. h method en previously disclosed in W..H,, ..
o e R e SRR AT PO e I Rchertand W.

Ggigles, BdsvHeGragdrnicho Mibier IR eddition |t inismaredghateddh Reiddnset ofiible chain

smﬂttling reaction in a given reactor results in the formation of a single polymer block, whereas

transfer of the chain shuttling agent terminated polymer to a different reactor or zone and exposure
to different polymerization conditions results in formation of a different block. For catalyst i, the
fraction of sequences of length n being produced in a reactor is given by X;[n], where n is an integer
from 1 to infinity representing the total number of monomer units in the block.

Xin] = (1p) p&? most probable distribution of block lengths
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Geisler, Eds., Hauser, Munich, 1983. In addition, it is assumed that each
incidence of the chain shuttling reaction in a given reactor results in the
WORWHIHEST a single polymer block, whereas transfer of the E6dif¥S2006/036038
shuttling agent terminated polymer to a different reactor or zone and
exposure to different polymerization conditions results in formation of a

differeptiiacinaf ohsatalyst is thRefiariomabssrusrcasPLIBRAIA 9§yagabmty of

produced ina reactor is given by X;[n], where n is an mtegfer from 1

R RO RES e RS BES PritH A SradtoblaTh et dgipitea ok ppfymer being

madé ipijhat feadtproostiprohabisostipteiarrdo B ddiaedud ergifbabBithdd propagation is
2004 4035485 PCT/US2006/036038 If more than one catalyst is present in
a reactor or zone, each catalyst has a probability of propagation (p) and

theref re_has_a_unLqMalLeLage_bJoc 2 istri 0lymer
belnggmadépﬁh]fhgiﬁ*éd'cl%ﬂﬂr?%b Fﬁ%%%s%&%erre%%n% rgent the

proba@dﬂm of prepasRtigmishodRf e&@ﬁﬁpﬁﬁ a{&gl@m 1+(B$[1ds7'LBiﬁ{Q)+ [C:]

for each catalyst i = (1,2 ....1, where, ocal rate of monome
consuﬁfbﬁmn%ﬁ%éﬁ%ﬂ‘a PriERSAe Al m&mﬁ‘iﬁ fan 1o gatalyst bf(’a%ﬁu time), and
transf@sgihe testairatéart cfhanﬁahatﬂﬁtg v(ﬂh&leﬁﬂa{ﬂ m};mndnﬁmmmlml

rate OfP%EQ' %%91 Wl' 31 |on merl S{%‘l%piilé“s{tg’r}e 1?e u(:)sgna VaeeprParellt rate

reactor t ymer propag using an appar

rate canstant, kpi , multiplied by a total monomer concentration, [M], and
RS ﬂywh@lrséav THRIEPRRAISH P eshianrion; (el aud fBﬂlS\R)é“!i"é![ﬂl&local
clsyicdhili€ioh Dheathaini tfangfefoltewmination, and shuttling rate is determined
as a function of chain transfer to hydrogen (H2), beta hydride elimination,
and CIK:BB] f j:haln shuttling agent (CSA). The quantities [H2] and
[CSA] are mofar concentratlons and each subscripted Ic value is a rate

constatterghaindrrasietolearipaiinn. pfiphuiting et Jeterpited ps adipstion pé ghain
thaiaanhpolysee (Hbalua& ayarifediethsthanadalyineateretyciansharsihg agent

react are assumed to e e paire
e B R e B o, S R e
reietpoastait/Biriths g@@@tﬂré& follsws, where [CSAf].is the feed concentratlon

of CSA«and the, Gy ]ty 1o fl[g%fg)%gp]"esents the concentration of

dormant polymer chains: S[I [CSA]) As a result of the

foreg o‘%??é"fﬁ%*d%%‘er&ﬂfﬁlé%%ﬁffﬁ%v 18 R8O TA D PP COA and
dsagtvidistrilmitiesvifare@aaimbiaolcahtbepmsdlting pdetmiamtyosimeogiaiimehe rate of

ci%aﬁ Mlg;gtg'ﬁ dgl%%tl Sgg}ﬁ‘er with catalyst i is given as follows, where [CSA¢] is the feed
concentration of CSA, and the quantity ([CSA¢]-[CSA]) represents the concentration of dormant
polymer chains:

Rs[i] = k[ Ci]([CSA¢-[CSA])

As aresult of the foregoing theoretical treatment, it may be seen that the overall block length
distribution for each block of the resulting pseudo-block copolymer is a sum of the block length
distribution given previously by Xi[n], weighted by the local polymer production rate for catalyst i.
This means that a polymer made under at least two different polymer forming conditions will have
at least two distinguishable blocks or segments each possessing a most probable block length

distribution.

Monomers

Suitable monomers for use in preparing the copolymers of the present invention include any
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distribution given previously by X;[n], weighted by the local polymer

production rate for catalyst i. This means that a polymer made under at
WO M 8Rfferent polymer forming conditions will have at le 28t Ei§2006/036038

distinguishable blocks or segments each possessing a most probable

block length distribution. Monomers Suitable monomers for use in

POTA] B8 HR S QRILBES SR 1H16 AEABL N BIRTUIBBIHRRMED B IYmbAo propylene and
a%(PeO? 035485 PCT/U é006/03603 a-olefin, and most preferably ethi/lene
it -

na SO OREP B RSRYSIIE (B BRTF, t8reshsAEhonsapir-atetb¥lst -Bpene and at
leas ohyendéfifierail eopo hynnadizalsle benutmgiio g 2EhcatbA0Sabons. Examples of suitable
lﬁéﬁb‘ﬁ{@g ili&ﬁ@é%ﬂ%@%%l%nl&agé%g} cfj &ﬁcﬁg ng 89 Q?cl)waeélﬁ %llr) I%y 2 to 20 carbon atoms,

comonomer havingtfrom 4 to ons. Examples o
oS PHaricTce RIaRYisRE: dHivesnsin Bepanchegthrblehittensf Dlrox@®, 4-methyl-1-pentene,

C{;fﬁtﬂ&?ﬂ%&g&%gh%@ém 1240688, hﬁ’d@hh@e?lf,t mﬁﬁ?eldafﬁpt}dﬁéﬁdéc'&@,tq%tadecene
-peniene, s-m -1-0OU e, 1 -nexene, 4-metnyi-I-pentene,

T S MERaL LS Ao S 12 L EEHE? RBiFaRebangclopentene,
heheptinecmeb droera decshd- 2amatbeteseneccjalodtefins md2-neld;l-1,4,5,8-
cﬁﬁ?efﬁﬁﬂglxi3tqh%9,§ &@9&éﬁ%§na§}ﬂﬁl}1§§eﬂ49§§c§ gé?g]&efﬁ%clﬁlghe Qst %ﬂ%ﬂiene,

norbornene, 5-methyl-2-norbomene, tetracycl ene, ah

isopfipi-eihylsl. npritdisne- 1.2 pemadiens.dl dpentedionar diddisadisend;ddhexadiene,
g Ralyeateiinsoskiibngs1PLEBEIRER, 1S0RIRRNE-TEHMdlertsPENIREHERR., cthylidene
R RSO DR, KRS ot st
ll7eotdidienandl A-doretlizhb4 Sthsdidecre; morhoineing] scimplonodbeciemenono- or
%358‘8@&3’:?[?%11%%&@%&@%% 1%&,’%—@4{991%%@ ﬁ-tgiéjtﬁylstyrene, o,p-

~1,7-nonadiene, and 5,9-dimetlrlyl-1,4, -decatriene; aromatic vinyl
B dEMERS S Qe RAD MorTisbiyranepad pestidstineralisny Sepréiqpal group-
commakiingdtylenees stk hylRyiRnsay Rz thylghyene, Adyisdkpatndstyenst
o-ethylstyrene, in-ethylstyrene and p-ett ylstyrene), and functjonal group-
R s T RS el
dvigaBenzeie. dabicnvipthptneiryitberyiorapsneamdoenethlylitatate yinylchloride, 1,2-
M%@Wﬁﬁ]@;ﬁdﬁﬂ@f@eﬂ%ﬁ@ﬁ@ @fﬁﬁ@&%ﬁ{%@’ ag@@[@fg?ﬁm%i-pmpene, provided
3-phenylpropene, 4-phenylpropene and a-methylistyrené, vinylchloride,
thesnopomst SRAbIBREZals Wit frotndiiens saplarktbroethylene, and
3,3, 3-Piiiared inpropene ppiidvides ofaioanReniarnis pobsinskizaklevitRdeleast one CSA
. itions. employed., Preferred mongmers or.mixtures of monomers
B R T R R R Bt o
the gpRHe sensisiina RfPupeltnpichbuienh bhexerarbrethidriopeetessdiecten.frodstyrene;

aHUEnGROLBs CATREISTING, B AKIRYEREs LoRIBAS: dr-RSXENBugated dicne.

4-methyl-lI-pentene, 1-octene, and styrene; and mixtures of ethylene,

propylene and a conjugated or non-conjugated diene. Chain Shuttling
garfibufthesdgentishuttling agent” or "chain shuttling agent"”, refers to a

COMPAMAGLn MR EAMBORGS Ut; £ ARARIC HeRAN Y A RRIE S Mhixture of

transfer between the various active catalyst 3ités

compounds that is capable of causing polymeryl transfer between the various active catalyst sites

under the conditions of the polymerization. That is, transfer of a polymer fragment occurs both to
and from an active catalyst site in a facile manner. In contrast to a shuttling agent, a “chain transfer
agent” causes termination of polymer chain growth and amounts to a one-time transfer of growing
polymer from the catalyst to the transfer agent. Desirably, the intermediate formed between the
chain shuttling agent and the polymeryl chain is sufficiently stable that chain termination is

relatively rare. Desirably, less than 10 percent, preferébly less than 50 percent, more preferably less
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under the conditions of the polymerization. That is, transfer of a polymer
fragment occurs both to and from an active catalyst site in a facile
WOrANTeFS485contrast to a shuttling agent, a "chain transfer ag@ail/gat96436038
termination of polymer chain growth and amounts to a one-time transfer of
growing polymer from the catalyst to the transfer agent. Desirably, the

tniermpeicia laomee: kehmeniiemehapshullingragnt apshiR PRAMMGShucts are

chain is sufficiently stable that chain termination is rt?éatlvely rare.

Faunati s o fityrng Bé‘}%t&%}lﬁ%%‘?&ré‘bﬁ'g?‘?&gctﬂ%{r? WE BT Grblocks.

prefe ramylmacwiwmz@emg543&&61%1,3%@%3@@_@&&&@&9@ does not alter
tHE 5%?#]58%%&98?& greg?iggr?bfalﬁsa%mﬁ%ﬁ 91}?}?&%%9'[ ”Pﬁa%%mwgmﬁling agent does not also

agent-polymeryl products are terminated prior to attaining 2

ReISEEYtiEEeR sralHiaRsriep N hepdpgeriariste iR \Refer, the shuttling

AAchede e 0seiog Ry ey ahai:ithevah lﬂlﬁ@?&ﬁ% A AGSIRPL tHRESeriod such
ot alter. the polymer structure or incorporate additional monomer. That is,

L i ) G BRP RSBV RS R NE G ALaR BRI i ubigauent reactor

ifay theyo eecimatiprek) e rmbteRathibridhe épolyling regenpdounsesa distinguishable

ﬂﬂﬁtﬁ!ﬂa&%{l%ﬁm ?foi}’&&'E\I@ﬂ%ﬁ%"&fk‘éﬂ@ﬁ#ﬁ%&&%m?Eéﬁ%l?o%ef%e%'t’}“,% difference in
périod such that I

transfer of the polymer moiety to an active
PBIPREIE AR E e AstEibutiana Syndlg s riersttinetiviy aiuprrass ¢ other property.
%mwerﬁé@ﬁimﬁ;ww&f@fdﬁ&g 8 Iwmtriﬁqhgiﬁﬁtmgs;?%gﬁﬁlﬁs or blocks

IStin aple 'sical or chemical_ property, suc a different .. )
TIOR8 1AL et es i KBTS EamRoiny fependine
ahighevationt mgmatbrhw;c,ham mymh@mﬂtyacre:gsmmms w'rthithgrqampea.mﬁ transport
beHRRAAHERLERRETFARR OTHhe JOteeoing RLAGESRGRTEHI, %r%'m&gﬁzgﬁ by at least

segments or blocks havin% differing properties, or a repetition of a
Wby dterks PorEmets bavpsstibierarisan arepasitiene 4 feest probable block
lpaindestyitexchamge:, if) W) henobERRCHAE lttenasnpiiiiivawaiiiale pol§mer and a size

ransport het the reactars or zones. Th lymers of the invention
%Sggﬁg%%l} e \zﬁﬁeféé?%%ﬁé%eé‘% ab feea?sr?g%v%r ??%g/%d}{?rg]]' locks or segments
havingThabifeaespobthe syambositiopleiinga natdysh ol ablednockateysiand chain
digtribytiony HabisnaAgiacanihleaks havraleradsampaalie %&YE*%?lf&%ated an

polymer and a size distribution (Mw/Mn) greater than 1.0, preferably -
qGraatest sAah 2 OmHE Bro e s TRk oetion WS RisaAY seteRalyeHriion conditions
aniore foecpddtysiszatich ebaipshitiiting kg phisfey payiusiarieiugigdteadiprms a

prgﬁ%ﬁp Gaif Eg%%h%invgﬁl‘let{ﬁnt hg reenjcs lill!,u g’&cﬁgéea i w?t%tli}{g Ti% ia f?anSet ’o% roéactants or
which in a tirst reactor operatlﬁggunder steady Stire polymerization
letshindbmeolympiizatipamsensrhdrdadivg pehioheratidiying tiersfiutp Acogeond reactor or
ARBYY QR DAL PIHHRPSHEGH DD @10 MR ShAIRad B AR SIS ting

agent, 14, %%ed alonghwjth the initial charge of reactants or later in the
AP S PSS AL TOL OST O t5 GP LAt e prsence of
med_iﬁndl pelantaizz_atiomnmdiattm; Iﬂeaot_dyﬂher pmymgamam ﬂr@dmmbgﬂ'ﬂu_lg agent is
A GaIAbStAl EdEIPOI RVE RN D IEH 0aen Ot S s RAMRRL ol

orior to entering the second reactor or zone. I the presence f modified
&}9%2%&9@@%&% seamens bR iser astensd atibr rreultisgHiblekipppolymer may also
ahauitte gnageidbl diansientadnack 1 HatAY sbalmaatt i HEVIR IR agent with

which preferably i .
tﬁee g{&%gﬁ’ cjégblymecr:, 1@ pergce)r ?cp e¥(1t§ng the second reactor or zone. Transfer of the growing

polymer multiple times to an active catalyst site may occur with continued growth of the polymer
segment. Under uniform polymerization conditions, the growing polymer chain is substantially
homogeneous, although individual molecules may differ in size. The first and second polymer

segments formed in the process are distinguishable because the polymerization conditions in
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distinguishable from polymer segment 12, is produced. The resulting

diblock copolymer may also attach to an available chain shuttling agent
WORINgH8ES combination of a chain shuttling agent with the dRSI&kS2006/036038

copolymer, 18 prior to exiting the second reactor or zone. Transfer of the

growing polymer multiple times to an active catalyst site may occur with

Snling cbar aleab 116100 YIB @b IARAMENintdtaar N AtoimRARRSFAal AR ther

ciﬂ%mons, e growin po,Ii/mer chain is substantially homogeneous,

BAMHBERHS ACFROIBHISE oA gPORFEHTR i RO RE rdtom g dogsiTgts are

Pobrimered chimditthdb mmedyinctivhgnais mayd distingtsis badentietmussuthers by

Rolymerizat it i 71035485, PCT/US2Q0 3

B B By Bl & Ity e r IR R hyarowy,

Harn swRhaErifatith cagiyhe Ay > AOBgIeREi B aHher diuesdenal dpeninal groups to

dffeseit RANMBUARNS RBRYIFARMBINSIA e %m%i.@ﬁm?ﬁiexﬂ_ RenstRAGk be coupled with

cogig‘%mer ctiains 20, may be recovered b%/ termination, such as by

G e e T AN R R e P e TR S

@Mimuybflbijaimyuhs]éanﬁp]dar@xmmﬁrbdex@dmanyilﬁoakicb@mnpr, 22. Ttis also

158&%%%08{119}%51%9}%9% 1" ﬂ%lr%&%p grt?on'éelpr@&eccgggit%}% giffering from those

shuttling agent. ternatlvea/, the diblock polymer segment may _
ipdhpeePivits el SO FORRIGA A ErNB o s atinsbibieshyepelfugttidndf the third
TGRS GoAGRIBIS U b sstAHEAIY lﬁ&hﬁ&lh&'ﬁi@? efQﬁeeﬁhMtL;is ReEhERHER, Mihroduct will
recqvered as a triblock copolymer, 22. It is also possible to continu
Rt A SR el TBioek SR B M HIRSR g Rbphat are a most
nhbsbleidishés@éaond reactor or zone, and recovering the resulting triblock

COPO'%‘E#}&&E&Q%FQHQ&%@&I&E CORAILRNSAEE AU ARSI N mer

to those of the initial reactor or zone, the product will be substantially

ISTTAF 8- & YRR A1t 0k EBpoigatse s b et siorabieagsTE ipatioarand

sighifisinipkalbabipedistrihe tinn ot gepiyeringisateTalsGhais RoHHINGI S distinct polymer
ivalent r faster than the rate of paolymer. .termination, even up.to 10

e R e P R R AR SBosbnent rscr

sigenficdaretiorepdertotisrapsehiplymerdtionofily periitins terminated with

dormatiemiad SisHRGhRCLIME! JPIRGKRIDIREHHES GREMREPEARP&idfuishable

discharge from said reactor or zone into a subsequent reactor or zone of

RO B A Bl htaining significant quantities of polymer chains
terminBiesbladtingalifitneahsHilitig gogents and-capabiagheoniinwestalyst, by altering the
monomer insertign under distinguishable pol rization conditions. B
R R e b oS P B adeil ach g e or
oAb ipRstien cepdiiime iEERBIPESMUN Otanmse ritureachressrirting pridsn plug flow
R pIARGRABHE ﬁ%ﬁf%%éﬂ%nﬁroﬁﬁk%ﬂ@@&ﬁ% GLHHERR S concentration,
s(glﬁarate reactors(gor z%%e%o a reactor operating under plug_flow . i
TEGHERTE R B L P O L PR & BRSSO VR the it pmple, in @ typical
ToresEmp Ryt teenivatiumussantom goanrtentti @andictond ketcigtih gLestieagnd

DORGID,EaL Qﬁf%ﬁg35%%4?8&%%&%&&1% Pé‘&ﬁhr%?&@ SETRloYn it cach have
two continuous solution polymerlzatlon reactors connected In series an

a relatively broad molecular weight distribution characteristic of typical olefin coordination
polymerization catalysts, preferably a Mw/Mn from 1.7 to 15, more preferably from 1.8 to 10, but
will reflect the polymer formed under the differing polyrhérization conditions. In addition, certain
quantities of a conventional random copolymer may also be formed coincident with formation of
the pseudo-diblock copolymer of the present invention, resulting in a resin blend. The average

block lengths in the resulting polymers may be controlled by the chain shuttling rate of the CSA, the

amount of CSA added, and other process variables, such as polymer production rate, and the
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operating under differing polymerization conditions, the resulting polymer

segments will each have a relatively broad molecular weight distribution
WQRge3e#Bstic of typical olefin coordination polymerization cal{lfst52006/036038

preferably a Mw/Mn from 1.7 to 15, more preferably from 1.8 to 10, but

will reflect the polymer formed under the differing polymerization

%M%ti&ﬁ%ﬁiﬁ RerRERIAIPN RDLHES RT3 OmYe %Bﬁ%ﬁam%ge block lengths of

Eolymer may also be formed coincident with formation of the

sk fme erncsBrividaly toatpiledhy ?H%‘r’ﬁrﬁ‘??c?é%‘iﬁﬁﬁbl?ﬁ iy paadjseactor.
blend. H}gﬁlﬁﬂéﬁiﬁgﬁcdﬂ@@lﬁéﬁ@ﬂﬂ@ﬁﬁetﬂﬂﬁﬁbﬂaI‘h@pl@bﬂ‘g@lfﬁemqyabg highly crystalline
39%0' ggleb cijgar eggr%ttlrn { tg flthe ?%@ the am?unto C‘f lar]
O?hglp C s gﬂ 1 Sl psge |{/’° SRS S fgtr%{’ﬂ&lecu arly

ess varia h"as po
W QWW@Q@@W@@MQ@MVMS@OQ m&mﬂ&uamdunmompmﬂmamamymer of

é&%ﬁ@&{m@%@&&ﬁ%ﬂﬁs&% %Rﬁﬁ@erﬁ‘éﬁ{ﬁ‘%ﬁé%'& grgthe of

each block type can be individua contro y altering process

RSB iPasiEb e decdrepniiay zéeﬁrela LBEhklock AopRbengt |dlgitional
dmri‘ablackpﬁt}&mgmﬂpih&tol&thﬂkl@p&iﬂibfﬁoﬂ@iﬁﬁﬂgyé@éﬁtﬁ[ relatively amorphous

Rfyxp Qtﬁgcﬁ boh e a” *&%h'é’li?i CUC#) (?%F o%}e p# ther blocks.

culary WI'[ one or more S com
amorphdugqb&ﬁyﬁmoeepemelwmmrmt@mylm@@wlas@mleg agent

£PEBRNY mﬁf)t&fﬁﬁ@@ﬁbﬁ@ﬂ@&&ﬁw&@éﬂ%ﬁ%yﬂi&ﬁéww?oﬁ@@%ﬁ% At fep procedure:
comonomer. Desirably the foregorngh%’lymer IS a seudo diblock

co polﬁhgﬁeﬁamﬂm HenipabiRsps mstrahy plebndengmistie polymerized using
copolyenerspeismp i pstgndatentrakt takh b yetynsal ohphmhatth@gwmit bmﬁkpolymenzatlon
t@&@g %IE %‘i gx@o%gdr%% Ve{)\ét%fyr)s 13 lrllﬂ-%ﬂ%yrggepn Rﬁ)aymer 91019[ suPtPlﬁ/ of catalyst

suitab osrtron comprising cata yst, cocata yst, an ain S

Agbvitliag peitliyratieble vidr gk vebr cmeam wer@eree@e@cmnm@an@eratm under
Jollawd e Iimdt-otRR RSRGETH Sy pleaNEsRE mﬁi@aﬁgﬁlﬁ&' en &%W%'Meshutﬂmg agent
ref bly qlefin omers are #/merrzed sing a mixture comprising a
érﬁi%rys%ﬁ?ﬁ"é%reﬁraf it O e ERapOR iSRG by
at@iatusl désicatblysppofermrad theipglyanbe tahrapesemMs) dlingead fuivw(iataisPDI) measured.
witho U regil P&%&Lg %@%?éa?&tﬁﬁl%’iﬁ'}%l?\%@ﬁ@st&ge g?er ?%Xa‘(ggi%og%@w{qlleferent

constant monomer concentration, operating under solution ponmerrza ion

TER I BRSSP AsTRrICE O BRiyRem haReR ARpee of vivkds L EMhveligent

from 116.toakabR0.ohdie rslﬁaﬂnr@glg%l&tyaa’@ &ﬁwﬁ%gfs@ﬂmﬁﬁf me&aﬂreer both to
IS rmrrllate by addition ofac é n and the pol ertres PDI
R e AT ST 5 A Pt NSRRI G OB D

1ah$pb¢yriﬁ@r nestipgsRrebly rk;alté@hfbﬁ wmsdﬁﬁmﬁlyrbawmn tim eEurthennore if

&wg@mglaﬁaeee%eﬁgommrﬁohﬁwBglﬁﬂérraﬁ 8@%@&‘49%1%@&%9 'ngalrmeuhy, as
Catalyst/ chain shuttling agent pairs demonstrating significant ﬁ@ﬁ%/mer

WARdd iRctsassAa MethrisEerrd rrtabsi g e pacat @ drts dhons sty isg pplymer Mn
qsalymaicserfesnwaer@imcﬁh@mmmmamﬂﬁing&mﬁewrmm gifdistar@recision (R*) of

refer less than 1.5. a ost preferably less than 1.3. Furthermore, if
ﬁarn %ﬁ%?ﬁg |rse{fl)eéac%uI r?ﬁea ?ﬁ%ﬁﬂr?og§the polymer will increase, preferably

nearly $taesdrifl e th@wm@ Auision onsapsaepré/rdditipefieprbingnediyaiential catalysts
SlutlineagenRais Amdhose giving polymer Mn

In addition, it is preferable that the chain shuttling agent does not reduce the catalyst

activity (measured in weight of polymer produced per weight of catalyst per unit time) by more than
60 percent, more preferably such catalyst activity is not reduced by more than 20 percent, and most
preferably catalyst activity of the catalyst is increased compared to the catalyst activity in the

absence of a chain shuttling agent. A further consideration from a process viewpoint is that the
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as a function of conversion (or polymer yield) fitting a line with a statistical

precision (R) of greater than 0.95, preferably greater than 0.99. Steps I-llI
WQR8HI 48arried out for one or more additional pairings of potBa&idlS2006/036038

catalysts and/or putative shuttling agents. In addition, it is preferable that

the chain shuttling agent does not reduce the catalyst activity (measured

prowRigh b ObRRYENRIPFOAUER chR@IWS Gbﬁ@%ﬁ@ﬁlé’?&feﬁ&ym&mh{?%is regard, a

mor(i;uth%n %? ﬁlercent, mare prefegbly such catalyst aCtIV'I% is not

"PRBRIBE S A rE g A8 el I Re rasl rae wWaip A TR v Rypfsred to a

triferctitalgistgenincreased compared to the catalyst activity in the absence

of a chgi j deration from a e . .

ot B B i wing

tertaErhErac v et Yitrebretibd inSormetion ebpriapieicpledkybanedifferent

diixiplishiethis e gy drer RPNNEINGLRBE! Sping RIS dSurIRiesrRe Q@ /lidates can

difuncctiior% %[%ent V\%ich Eg,tur_n is prefgrred to a trifunctional a%jnt. The )

PG TR oS 18 PR A S 0 AT P RS MBI SO EERRAYS e CPBRRgs with
asio aotonsatects ead thesanebambby tieaptioh esdund 4ddtdrimatpoly@érization reaction
RN BRI RAIRER RS DGH AING,PIOR TSR L BXAMPIS: Bonducted at

number of potential’chain shuttling agent candidates can be pre-ident _
ardysipRerZationdishusliner iR s st Mol BB i E AT R ETRSYR pitAbsshuttling
Al varios BIAHGRUECEDIVTMER e P RLNEIVE S Rtk BiaRHEt AT ibed

0 a polymerization reaction emplaying an olefin polymerizatign catalyst |
R T e o Bl e B L R g i roving
eiplyss eftitibtiingbayedtstoibatalyst. As a minimum requirement, suitable

shuttli@gtea%m@{ﬁstmﬁmlmeq%@tﬁe%’ipabféféaﬁﬁjwﬁﬁﬁiﬁg@g\éﬁﬂg@}?by

yield experiments as described above, while not significantly advers _
PaHEERH &ty Ralvivgrizationsrandea sRnridrbnrhd cactionronditiopyind gneasuring the
reddniep dRstIbeckrAdanoRtvR v d5ts BDINAYSSIbIgHer §RIAC- @esital rate. Suitable

S U RS B PR TR & el R R D S AP b rondening of
under-standard batch reaction conditions and measuring the resulting

Hlreblesseiaetiydtytsidetien weigldter RB).and polymer yield or production
rate. SuitabiessbETHNEAR8RES RERRYRIACISHERMY AR 180T R erm is meant to

resultant Mn without significant broadening of PDI or loss of activity
ff?&ﬁ&?&iﬁwom da s seRy ok g AreRauBe P e Bt ddersifiehpithripglogk copolymers
vodearihe ghyittirigragenindipieerdi diedodeth refer to a compound that is

capab L ing the presently identified, pseudo-block copolymers
amer e L e S KD B gwoumas o

cagelfsersonining ditpanicrne & Gravisorabyt areypi Brefrerhlycaroourhpksebstituted

SQPIRIGX S5 HANISINAG RhlaHIde0ntahibd MY PEATD MM RESEAIARDEarby! group,
* hydrocarbyl substituted . aluminum, gallium_or zinc %ompounds containinl%y
Rt A5 A SONE T SHh SRS of o0 Ivcrosarbylgroups are ity groups

preferably linear or branched, C, g alkyl groups. Most preferred shuttling agents for use in the
present invention are trialkyl aluminum and dialkyl zinc compounds, especially triethylaluminum,
tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-hexyl)aluminum, tri(n-octyl)aluminum,
triethylgallium, or diethylzinc. Additional suitable shuttling agents include the reaction product or
mixture formed by combining the foregoing organometal compound, preferably a tri(Cy.s) alkyl
aluminum or di(C.s) alkyl zinc compound, especially triethylaluminum, tri(i-propyl) aluminum,
tri(i-butyl)aluminum, tri(n-hexyl)aluminum, tri(n-octyl)aluminum, or diethylzinc, with less than a
stoichiometric quantity (relative to the number of hydrocarbyl groups) of a secondary amine or a

hydroxyl compound, especially bis(trimethylsilyl)amine, t-butyl(dimethyl)siloxane, 2-
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and reaction products thereof with a proton source. Preferred hydrocarbyl
groups are alkyl groups, preferably linear or branched, C2-8 alkyl groups.
WQR887/83848Fred shuttling agents for use in the present inventiBATAHS 29k 038
aluminum and dialkyl zinc compounds, especially triethylaluminum,
tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-hexyl)aluminum,
bis(HIE; PR c1SHS VIR ity oP%, Bigidgintheisld iﬂ@ﬂ?ﬂb’?{igﬁﬁlﬁient amine
sguttliE? a%ents include the reaction product or mixture formed by ]
o R h R TR S 3PEG SR b e S b YRt A BNl pesy Ghe primary
reacgiay praduntsrfitheafoctig Qg $)rabiaydtine momnfzelatifoe spenialky present invention as
| inum. thidi- ) in rifi- lumi .
s e Pt i o,

bis(dimrthydinaivdslexidedy ard rev Wuminvn ditrridipldroehanie dbptadrminum

bis(SRESIRFBIANINGARS, NySMRMIEARPAsEE HEsREFEAIN)amide), n-octylaluminum
19 WO 2007/03'48n

.. bis(trimethylsil ine, t-butyl(dimetlryl)siloxane, : _
SR Y TR P GBS BHLRPBB A i+
butydpliGrdijshenydphidmainhe sikathlyi( Buﬁﬁh’tﬁmlt)miﬂa)e ethiyhjndyh eiggent is
but iR AYEN IR @ﬁﬁéﬁqfﬁﬁﬁﬁi’ﬁl(Qfs?Hf?n%‘?l@f%ig@]%ﬁ{%Eﬁ,eéﬁ'yﬁf%i -lgquebi%%,g 6.7-

_ primary reaction products of the foregoing ¢ fions'most desire
dibspge- jrpaey plrbseineamidlon sy shminmg bis@ms drdibensenyrarapymiehpptaneamide),
n-oddj(biskirmg bivsHyeamice)ybenoRia iR (bis(imepiduty)siaxisdayizine (t-
but n-octylaluminum di(pyridinyl-2-methoxide), i-butylaluminum
|s(c‘3imethyl(t-butyl)siloxane), i-butylaluminum bi((di(trimethylsilyl)amide),
n-o&rpliehuedishuttlingi GgymidiprssBssribehaglicks Yradsfenyiatksrofipotpmer transfer as well as
the ﬂ@(@(ﬂﬂ%‘%}ﬁmg&és qfé%ﬁ%@%@d@ﬁg& Qiscgl?aﬁ'ghkupﬂi%lﬁh §mg@ﬁng agents

n-octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t ]
mayamyﬁﬁﬂﬁ%fﬁ%%ﬁm’éyﬁéﬁrmmﬁ& e therdstrrd Seerpspfgbytiling. Highly
desiedblylalheiiBhimiliis 6gedt6 witdianie dxarary cle e panaayBitiae to the fact that the
effegt_igeg %{/E)Z%E{lr?f:lg Ev% %:O%P%gﬁ%%g elﬁél?ﬁ'é%%%g%h %}%?,nrt](l}ee{%ggl}g ree>ducing viscosity of
the y@@ielphistwyindrroride)cathoretinihe vpetiativgtenside). Preferred shuttling
agents possess the highest transfer rates of polymer transfer as well as
the highest transfer efficiencies (reduced incidences of chain termination).

shuttling agents may be used in reduced concentrations and still

achiuiatibedsigite torlegrhadi shltdingy Highlyudesitbyinabiaios butitioghds that
. ts with a single exchange site are emplayed due tq, the fact that the
S S R R T e
homeggnesng afsbistsimpayfbetempéasedo i rainplaeoh helasosrseouicratlselinsinde the well

knoma@iag@gmgog@;a{y&ﬁ, easé&m,% GRIBYSIRIATHEGD @Ig#&k@@ 4688Y 2 metal
C

.compound or. combination ompounds that is adapted for preparing
R P BB A o e AR RS e catalyss.

Prefaablp gew_emn,sfma&wysﬁlm a;xd:feran_qdlmyied oExanmpl eﬁvka_f:}lﬂextmeigmmﬁer
segARYSIRlREY Qf?et&‘%a‘{\}‘saﬂé fgp{?své[ Iﬂe%éﬁ%% ﬂ&%@eﬁ%}? ga%tf?ﬂ? c&ﬁﬁ’x‘?ﬁl%' IX relatively

Group 4 metal halides supported on Group 2 me
pure organometallic compound or metal complex, especially compounds or complexes based on

Cat

metals selected from Groups 3-15 or the Lanthanide series of the Periodic Table of the Elements.
Preferred metal complexes for use herein include complexes of metals selected from
Groups 3 to 15 of the Periodic Table of the Elements containing one or more delocalized, w-bonded
ligands or polyvalent Lewis base ligands. Examples include metallocene, half-metallocene,
constrained geometry, and polyvalent pyridylamine, or other polychelating base complexes. The

complexes are generically depicted by the formula: MK X,Z,, or a dimer thereof, wherein
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halides or mixed halides and alkoxides and the well known chromium or
vanadium based catalysts. Preferably however, for ease of use and for

WQRSOIeE8Sof narrow molecular weight polymer segments in BOR{HS20041@36038
catalysts for use herein are homogeneous catalysts comprising a

relatively pure organometallic compqund or metal complex, especiall

com bR SO AR e CBiac e P ETI . most
pretfeeablyrifinaupi d @ She @srafdib 8 #ér ioittie Finlentf, the Elements. Preferred

met ] Qr yse herein include complexes of mefals selected

fromalkg%%%ga%%%;leg%fgtwerﬁ%?ﬁ)gi?:%rg e of the Elements §£}%§%lﬁasc?ﬁgne o

mazp elpsteor aidieatizangh Nibdnbdeb o ia b stio Knaifeacraitisitmuetiigareuns not
coﬁm@@%gaﬁwﬁgwﬁ&%@%of@lﬁamﬂ@%@ﬁa%ay‘eaﬁxr@éa eShARAMS ng a
che

nd ponvaIent(g ridylamine, or other poly ating base complexes. The

bridged sfriphure, av ORI YRR OB P S ARSI PRI 194, 19irh&F to both Z
and¥¢reof, wherein 20 WO 2007/03'48n PCT/1152006/1136038 M is a metal

sele f 3- referably 3-1 or Iy 4-10,

e O e g T L

hydseranateranoptoaeiyawme s ese Jsezogpe Ul b banderhiersioentisseby forming a
diviieie el pnSvaleRi v Bhid s epe Al RNRAbsHHNANY By Bighdte ik BRIEPE 1 ¥he or more

said K group containing up,to 50 atoms not counting hydrogen atoms,
2 AR B O S R PR ATA0 B R BT 0Y B M and
costttinetedehemi;further optionally one or more K groups may be bound to Z,

to X 2rlﬁﬁeB%HeélﬂL@ﬁ%&%%%Q%@Eéﬁ%leES@l? G&érﬁ‘éﬂ&%@aﬂd of up to 50 non-

~ monovalent, anionic moiety having up to 40 non- hydrogen atoms, _
hydonemalinne AeEHRE R KRaghBRpHen a%@%ﬁa@alt&j@fﬁ% Mirehabis ropsdiagted to M;
a dixalantiafepalyvalanianionic group, and, further optionally, one or more
X groups an one or more Z groups may be bonded together thereby
formfﬁlg %Prlﬁloei%?{/ tRat isboth covalently bound to M and coordinated
theretds #nindepérdehtty3each occurrence is a neutral, Lewis base donor
ligang Ofip £9:06 BeR RYRCRGRAIRMSCAYAINNAL least one unshared

electron pair through which Z is coordinated to M; k is an integer from 0 to

3; isuitablstagial w@rmlm zin,_Ciurée éllﬁ%ﬁﬁ@éﬁiﬁi@gnfmol&‘p arfethpreded pigeiscor neutral
llglﬁlc?%%E?&H%ﬁ%@%e%ﬁtb(%%&{%%ecﬁ &410%&’”&%9 L‘?—l&&?&@tﬁ 381‘&81‘%1 d groups.

includethose containing from 1 to 3 rc-bonded anionic or neutral Tigan
Exgmplgps ofhichvayded gyl or narjuggtiiood etmeatipeatet:sgnliicor anioeyiclic diene

' S I log I u ‘ "
and IR BIOY, ,g{@f}%ﬁ%%é%%%‘éﬁ bl %%%8%%%%2?%% A UL égf%/ 9 ¥y the term

nonconjugate or non-cyclic di ienyl groups, allyl'groups,
7-yodediie meenigigt duplgguidesploiebenvddirethe ipasifien Bstahbytesharing of electrons

ﬁoﬁgzébogtgﬁfj"&slorga%azg ;tth tge ligand group is bonded to the transition
MeEtaT by sﬁarlng of electrons :

Each atom in the delocalized m-bonded group may independently be substituted with a
radical selected from the group consisting of hydrogen, halogen, hydrocarbyl, halohydrocarbyl,
hydrocarbyl-substituted heteroatoms wherein the heteroatom is selected from Group 14-16 of the
Periodic Table of the Elements, and such hydrocarbyl- substituted heteroatom radicals further
substituted with a Group 15 or 16 hetero atom containing moiety. In addition two or more such
radicals may together form a fused ring system, including partially or fully hydrogenated fused ring
systems, or they may form a metallocycle with the metal. Included within the term “hydrocarbyl”
are Cy.y9 straight, branched and cyclic alkyl radicals, Cg.9 aromatic radicals, Cy.5 alkyl-substituted
aromatic radicals, and C;.5 aryl-substituted alkyl radicals. Suitable hydrocarbyl-substituted
heteroatom radicals include mono-, di- and tri-substituted radicals of boron, silicon, germanium,

nitrogen, phosphorus or oxygen wherein each of the hydrocarbyl groups contains from 1 to 20
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from a partially delocalized it-bond. Each atom in the delocalized

it-bonded group may independently be substituted with a radical selected
Wordi97this4¥oup consisting of hydrogen, halogen, hydrocarbyl PCT/US2006/036038

halohydrocarbyl, hydrocarbyl-substituted heteroatoms wherein the

heteroatom is selected from Group 14-16 of the Periodic Table of the

cEﬂ&S’ﬁ afms aﬁgaﬁﬂﬁ& hmﬁ@&ﬂrhyhﬁuhﬁﬁutﬁ'& WFﬁfﬁﬁiﬂmﬂﬁgﬂ'ﬁﬁbﬂW Hhethylsilyl, t-

R 5 A B B DA B B e SRBar eous. Bxamples

@yht@m 1netudihgepantiat cartfiliyehydiage haledefusind, phosphysteaisyxyr or alkylthio
Iﬁt}?g{lé}‘ @P’J%ﬁ@n@d&%@&@eﬁﬁk@e\%@oﬂk‘?{ﬂgf@'aﬁﬂ&é“ ﬁMH&' %ﬁ%ﬁeﬁ% or alkylenethio

hydrocarbyl" are C120 straight, branched’and cyclic alkyl radicals,

e boadsAatiberiansiien @vtakz@r &myh@uégmﬁédméMf&é&éhﬂmomﬁayl group, 7-
erldé®Rbubssasitsiamaleduariciserrdtadie hydrocarbyl-substituted

heteroatom radicals include mono-, di- and tri-substituted radicals of

boron Exaiasles gEsuiabieimionirrdeleralizat Sdarsd sioBRs iehidsissrisncaigienyl
iddha /U@gﬂéo rwﬁmﬁdgﬁﬂﬂfﬁiﬁlﬁ@mﬁé%ﬁq %&éﬁ&?r@ﬁ%@?ﬁﬂ@lﬁadlenyl
arpbon gtoms es Incju
X&Pl&?ﬁﬁl Y grgl?ﬁ?( "}F&HKH & %@'f?‘iﬂlﬁ.‘hé@ﬁ dfoanthracenyl groups,
;ihu!splchlmeﬂr%&dgﬂabﬂabh)@mn@d; asyhdilyk, ireptheswpgdanad Jearvdtives thereof, especially
{“1‘?3‘5@@9&5 y Llﬂf&%@d @‘éﬂl@'ﬁ% h%r@c@ﬂﬁ)l&yp a&tj&ﬁ@{ (aé'%pzmves thereof.

contalnlng m0|et|es include amino, phosphino, alkoxy, or alkylthio

Risrene aiptindaiontlived raissdizerurstare pyokenemindionhisenipmetisimuiopentadienyl,
MBS RN Y AtkHERE RIC LAY RIPORIGR IR IRE I anEIHPNIBEIRhQhylindenyl,

anthanjde me aI and bonded to the ocarbyl gro |t- b nde
fE*P o R @Sﬁgﬂt&tgﬁ%ﬁér%ﬁwfﬂn%%w@y&f el ptrobereny, 1-
inkblonsliZedyn-diaheeatigraups dde(cpdopytia)phiatitiyd; 1mb|elid/‘r¢1ﬁiamh‘0¥idenyl
tetrahﬂf%%%&ﬁ%&ﬁk;ﬁgmgm%ﬁwﬁ ﬁg&?@@ﬁ?&”@&%&%ﬂ{ﬁﬂlﬁg ¥halogues to
n roant

cyclohexadie racenyl alrydroanthracenyl,

%@@ﬁy%ﬁﬁrﬁe&wﬁgm inHssshmeing herp drasebehby yiebesids ot al., in
ovelhasdndity subsiitutesh deysativegdhereefamsaesiailYiginlisl®rrespond to the
tJajly \)oearbyl substituted or tris(Cl_lo hydrocarbyl)silyl- substituted

Fatives thereof. Preferred anionic delocalized 7E-bonded groups are
cyclopentadienyl, pentamethylcyclopéntadi&nyl,
tetramethylcyclopentadienyl, tetramethsiylcyclopentadienyl, indenyl,
2,3-dimethylindenyl, fluorenyl, 2 IlndegdeZ methyl-4-phenylindenyl,
tetrahydrofluorenyl, octahydrofluoren J.-/ dacenyl,
3-pyrrolidinoinden-1-yl, 3,4- (cyclopeR a(1)phgnanthren-I-yl, and
tetrahydroindenyl. The boratabenzenyl ligands are anionic ligands which

are bowberenrRiiningrnaiogties:iio ppefzbheselbryl frvm phie giouslyoksisting of
he.ar havin riby t
GRS RN R ey R . ot Reomans pamtg osen
aag ptipRakly ﬁyqﬁé] apsAt | SrqRns Ry iRepeiper together. In complexes involving divalent

derivatives of such delocalized n-bonded groups one atom thereof is bonded by means of a covalent

bond or a covalently bonded divalent group to another atom of the complex thereby forming a
bridged system.

Phospholes are anionic ligands that are phosphorus containing analogues to a
cyclopentadienyl group. They are previously known in the art having been described by WO

98/50392, and elsewhere. Preferred phosphole ligands correspond to the formula:
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R Rl wherein R1 is an inert substituent, preferably selected from the group

consisting of hydrogen, hydrocarbyl, silyl, halo or germyl, said RI having
WQpot5/28548ms not counting hydrogen, and optionally two adR43&H$1RA6/036038

groups may be joined together. In complexes involving divalent

derivatives of such delocalized n-bonded groups one atom thereof is

bonded by means of a covalent bond or a cgvalently bonded divalent

group to another atom of the comple®.therely forming a bridged system.

Phospholes are anionic ligands that areNgFggphorus containing analogues

to a cyclopentadienyl group. They are p Esly known in the art having

been described by WO 98/50392, here. Preferred phosphole

ligands correspond to the formula: 22 WO 20Q%7/035485

PCT/US2006/036038 R1 Rt1 OP Rtwherein R1 is as previously

definedhERlidtrdtos BIFSIRYIhIefcdomplexes for use herein correspond to

the forprefarddl tkn$ieztm, mstad oBinpdsxtacte ake hireiietdidpiond {0 1Qs BodrmneldiK, X, Z,, or

aKdis grglre%t%%{grae'&ging delocalized nc-electrons through which K is bound

tolm, said K’ group containing up to 50 atoms not counting hydrogen

atoms Moptiofaedip tvoekilgroups may be joined together forming a bridged

Strucuﬁels @ré{joﬂﬁrgaﬁ{aﬂﬂ@&@quﬁ% %—W&@ ﬁ%@ﬂ %%h% é; l?éu%ﬁqg M, said K

occurrence_ Is a monovalent, anionic moiety having up to 40 non-hydrogen
YOG HBHEN PO IR ECRUBHIRE SHE RS PEK rdnstaruodo sera@s may be
jurgethefthefaoammnesatloey slawctargtia tirrQpRHao I @ne RIS Bo@ito X or Z;
one orymor Z%rou s are bonde together there forming Z?Omoi that

nt t non éﬁ/

{
is both covalently bound o M an c:bonrlafhl‘<'39Lfré%fetti¥er'aé'tltlnlfgfplndepencﬁe1 fyeen atoms,

ahiohabiycums erseris 28 andstre ot reeveskbgrsapd eredrdig adh th gxfthgy tof50mometallocycle,
AMARBENAIRNILS SIS S I8ABLNG &BFJ‘@@?%OEQ%UB&E?@&%QQHHQ fhereby

which Z is coordinated to M;_ k is an integer from O to 3; x is an integer
fhoving 3araicl iy heibsrTrimmty Rounddn dhaul samidinateditherival to the
formalDxidapéadestteach Mchtreiesied namildxeds BatddentasRPERag e g0 non-

h?&pggeg gians }:\cl)vlﬁaﬁgrgoé{egds;rgnee Iuaigggred electron pair through which Z is coordinated to M;

k is an integer from 0 to 3;

X is an integer from 1 to 4;

z is a number from 0 to 3; and

the sum, k+x, is equal to the formal oxidation state of M.

Preferred complexes include those containing either one or two K groups. The latter
complexes include those containing a bridging group linking the two K groups. Preferred bridging
groups are those corresponding to the formula (ER’,), wherein E is silicon, germanium, tin, or
carbon, R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,
hydrocarbyloxy and combinations thereof, said R’ having up to 30 carbon or silicon atoms, and e is
1 to 8. Preferably, R’ independently each occurrence is methyl, ethyl, propyl, benzyl, tert-butyl,
phenyl, methoxy, ethoxy or phenoxy.

Examples of the complexes containing two K groups are compounds corresponding to the

formula:
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complexes include those containing a bridging group linking the two K
groups. Preferred bridging groups are those corresponding to the formula
WQRRPYSSferein E is silicon, germanium, tin, or carbon, R' inBEHAGHH36038

each occurrence is hydrogen or a group selected from silyl, ydrocarbyl,

hydrocarbyloxy ar%\comﬁﬁwations thereof, said R' having up'to 30 arbon

or silicon atops, @ hto 8. Preferably, R' independen 3
' : athoxy,

3ROFR 3:R3 R3 R3 R3 33 R3R3 MXX (Rr¥%,z/R3 3
R3 R3 R3 or 3 RZ™Mrein: M is titanium, zirconium or hafpiuty
preferably zirconfdm or ill?afnium, in theot2 or +4 formal oxiOs :
in each occurrence independently is selected from the grog3 consisting of
hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations
there®fi®Said R3 having up to 20 non- hydrogen atoms, or adjacent R3

groups itagetnan feradsived ent e yaatibalriondysRgarkadivine +2 or +4

siladiyl or.germadiyl group) thereby forming a fused ring system, and X"
fo’irrﬁlale%xel%g égﬁtﬁ{/zl]geach occurrence is an anionic ligand group of up to 40

non-RY dirsgenoatomssomntsmidegipisssitogdtiemfimgagivasistisgidhigirogen,
hyhﬂﬁglq)ﬁ,r QHﬂ cgeH ; c§9n!8%1'8%%%@4@69&9&8%9,%@& i{afsg\%x% uB )’;o 20 non-

conjugated-diéne aving from 4 to 30 non-hydrogen atoms bountc _
hygreesnatomy Qiordinced B cermuetordhe farmphdiealsst derivasivg (hetio sdurdreparbadiyl,

silakidatigarsialig] aRUdRiheadndoendng afperiasitaefinad. Exemplary
bridged.ligands cantaining two it-bonded. groyps are:
dime yll%l < gillé%% - a‘%ie r?;/lf)rgﬂ%enlé 1an amgmcLinan%rgroup of up to 40 non-hydrogen
atqyis eTHY D S (tetpanidesyibsaionen tiditent Aybitaiedigand group of up to 40 non-hydrogen

atﬂWM%@Q%@ﬁﬁ@%@ﬁgmﬁﬁXIHIﬁQQO 30 non-hydrogen atoms bound by means
dimethylbis(2-t-buylcyclopentadien-1-yl)silane, o

of Q?Pﬁ%@tfﬁmé%%@ﬁﬁéﬁ%?{%% é]FFeTZ formal oxidation state, and
dimerhylbis(ndesat psitask, dgimeathylbis(tetrahydroinden-1-yl)silane,

dlme]t:hx%lrtl)ﬁgl}lljgﬁﬁgé& i}lgl?a?lﬂgggﬁtaining two m-bonded groups are:
dimethylbis(cyclopentadienyl)silane, dimethylbis(tetraméthylcyclopentadienyl)silane,
dimethylbis(2-ethylcyclopentadien-1-yD)silane, dimethylbis(2-t-butylcyclopentadien-1-yl)silane,
2,2-bis(tetramethylcyclopentadienyl)propane, dimethylbis(inden—1-y1)silane,
dimethylbis(tetrahydroinden-1-yl)silane, dimethylbis(fluoren-1-yl)silane,
- dimethylbis(tetrahydrofluoren-1-yl)silane, dimethylbis(2-methyl-4-phenylinden-1-yl)-silane,
dimethylbis(2-methylinden-1-yl)silane, dimethyl(cyclopentadienyl)(fluoren-1-yl)silane,
dimethyl(cyclopentadienyl)(octahydrofluoren-1-yl)silane,
dimethyl(cyclopentadienyl)(tetrahydrofluoren-1-yl)silane, (1, 1, 2, 2-tetramethy)-1, 2-
bis(cyclopentadienyl)disilane, (1, 2-bis(cyclopentadienyl)ethane, and dimethyl(cyclopentadienyl)-1-
(fluoren-1-yl)methane.

Preferred X groups are selected from hydride, hydrocarbyl, silyl, germyl, halohydrocarbyl,

halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X groups together form a divalent
derivative of a conjugated diene or else together they form a neutral, 7-bonded, conjugated diene.

Most preferred X groups are C hydrocarbyl groups.
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dimethylbis(tetrahydrofluoren-1-yl)silane,
dimethylbis(2-methyl-4-phenylinden-1-yl)-silane,
WQIRHEYB3AH#S(2-methylinden-1-yl)silane, PCT/US2006/036038
dimethyl(cyclopentadienyl)(fluoren-1-yl)silane,
dimethyl(cyclopentadienyl)(octahydrofluoren- | -yl)silane,

dimethgkarslanamisaicRmMiekabylonians koyhailan@able fr 8se in the present
.2-tet,[r.ameth -1, 2- bis(cyclopentadienyl)disilane, (1,

IEYBPS@:XI/ETS ?Ttadienyl)ethane, and dimethyl(cyclopentadienyl)-1- (fluoren-

| -yl) mbesthpeiepdrrefiemgpticogronimettylselected from hydride,

Qy@ww@h@l&ﬁbg&m&nﬁgﬁ%ﬁrocarbyl, halosilyl, silylhydrocarbyl and
[ I

 aminohydrocarbyl groups, or tw X" groups together form a divalent
Wervelanentsdist tunr siethil Spede together they form a neutral,

bikchergathGanngsiadutiananyMashpreferred X" groups are C1_20
t{g{jro?arbw rOligS. 24 WQ %007/035485 PCT/US2006/036038

SR SR A SRS BY he foregoing formula suitable for use in
iisécyrepentadievptitemunchilyé: bis(cyclopentadienyl)zirconiumdimetnyl,
g;y@g%gﬁ %ﬁ@ﬁ}ﬁ%&@ifﬁ%ﬂ&ﬂ}ﬂ@ﬁﬂﬁe bis(cyclopentadienyl)zirconium

methyl benzyl, bis(cyclopentadienyl)zirconium methyl phenyl,
Hskresio bRy ERehdspleats,
histeralapaniadiepd)idanympatilumdimethyl,
bis(cyclopentadienyl)zitcconiummethyhnethoxide,

B O o e o AT e,
ssienydaisinieydiopbmtadienyl)zirconiumdimethyl,
iRisRemisRIsDHcYsaRetadieny)titaniumdimethyl,

his(inden I)zirc_oniumdimethy1, indenylfluorenylzirconiumdimethyl,
bd?&ﬂﬂﬂ&%ﬁﬂ%mm&%hﬂﬂ@%ﬂﬁ@m%ﬂw Ybenzyl),
Hissidelsnyhz soiommustimriaydthipneysilyl,
bis(tetralrydraindenyl)zirconi ethyltrimethylsilyl,

tg? feair} é#ﬁf}%@%ﬁ%@ﬁ%ﬁ%ﬁ% lzrﬁ%}ic} f|Srt?|ﬁfnethylbenzyl,
hisirpripmathelenplopenspbenadianyiinromthvtoetindnzy|,
higteaniameideyciereirgiatyiiaiieaummethyhnethoxide,

his(pentamethylcyclopentadienyl)zirconiummethylchloride,

B T e A N e D N T
Hisgtttyieyiclizpenpaaiatiythyideotinmdileiyitloride,

bis(methylethylcyclopentadienyl)zirconiumdimethyl,

st

bis(butylcyclopentadienyl)zirconiumdibenzyl,
bis(t-butylcyclopentadienyl)zirconiumdimethyl,
bis(ethyltetramethylcyclopentadienyl)zirconiumdimethyl,
bis(methylpropylcyclopentadienyl)zirconiumdibenzyl,
bis(trimethylsilylcyclopentadienyl)zirconiumdibenzyl,
dimethylsilylbis(cyclopentadienyl)zirconiumdimethyl,
dimethylsilylbis(tetramethylcyclopentadienyltitanium (III) allyl
dimethylsilylbis(t—butylcyclopentadienyl)zirconiumdichlbride,
dimethylsilylbis(n-butylcyclopentadienyl)zirconiumdichloride,
(methylenebis(tetramethylcyclopentadienyl)titanium(Iﬁ) 2-(dimethylamino)benzyl,
(methylenebis(n-butylcyclopentadienyl)titanium(IIl) 2-(dimethylamino)benzyl,
dimethylsilylbis(indenyl)zirconiumbenzylchloride,

25



bis(t-butylcyclopentadienyl)zirconiumdimethyl,
bis(ethyltetramethyleyclopentadienyl)zirconiumdimethyl,

WO N8P ropylcyclopentadienyl)zirconiumdibenzyl, PCT/US2006/036038
bis(trimethylsilylcyclopentadienyl)zirconiumdibenzyl,
dimethylsilylbis(cyclopentadienyl)zirconiumdimetnyl,

T
im | - cyciopentaaienyl)zirconiu | oriae,
B e e SR e
‘(mﬂmﬂbh&imél(mmawmmwmmw)ﬂ @niumdihenyl-1,3-butadiene,
(%iﬁgfﬁ?ﬁgﬁ)fmm}gﬂ%x&enygzirco ium%lt) | 4.—diplsen 1-1,3-butadiene,
It

methylenebis(n-butylcyclopentadienyl)titanimr(lll
é%&ﬁhs}m%ﬁéyg\}%}iclgpentadieny%zirconium imethyl
dimeiyisilylistaeenyhdsenmidmpagzyichloride, 25 WO 2007/035485

. / .. o )

dﬁ?ﬁ%ﬁ‘%@ﬁy %@%@ﬁ?@%ﬂ@ﬁﬂ%@ﬁ&ﬁ%&%ﬁﬁ%ﬁ%avrnethy|,
(@opethyligityisielopetiaiendeft)aiergiuitoontyddiipheyiyid 3-butadiene,
ﬂlﬂ%ﬁgﬁ%ﬁjmgﬂ%'tm&gé’lié'Rﬂgfé}{yﬂ&ﬁ@@%}ﬁ%%mﬂu(I!l)imethyl.

e
1,4-diphenyl-1,3-butadiene,
dimett&l@@ﬁ%ﬁr&fﬁ%@i%&?&ﬁ% %mﬂﬁ(me present invention corresponds to the
predediph eititinia SMIIGRICHE dimer thereof, wherein M, K, X, x and z are as previously

e e SR LGB it ¢ forms
atabohydilylithiddtetrahydrofluorenyl)zirconium bis(trimethylsilyl),

(isoproRyidens) IRy ircaniumgiben: o
(eopranuen AR SRR MRS RN 0 o comprisin
% e P‘&‘Tﬁé"b@ﬁﬁéﬁ&?‘%&?ﬂfﬂ AR Q8 anemd e eSErRUPYA s Periodic Table of the

Ideiiespafiesliathchdd ecrgling iatiffrta: Mk Slecd &-6hMBE BAIS bnsisting of

herein X, x and z are as previousl| fined, and 7 is a substituent
ﬁo%nﬁﬁ)el%bp ggsﬂo"rﬁi’ﬁy%f‘r%%eéln"% %&nuéahaéfstgﬁ‘éééﬁrgrg’vﬁ?ﬁqﬁ%g?n@ a metallocycle
with MMpiesperdlicadly s wlegsmEnolndengidwpmplortaimserpcgpidinBto the present
iRAABIRARR AR EABIYLSINEr AL 1B AR L RE-AIEh R 45 RX¥EGR Sulfur,
boron or a member of Group 14 of the Periodic Table of the Elements
directly attached to K, and a different ajefirYselected from the group
consisting of nitrogen, phosphorus, axygeh or sulfur that is covalently
bonded to M. More specifically thisl‘é]asstbroup 4 metal complexes
used according to the present invention includes "constrained geometry
catalystséremrresponding to the formula: /X%Y K1- M Xx wherein:

M is titanium or zirconium, preferably titanium in the +2, +3, or +4 formal oxidation state;

K! is a delocalized, 7-bonded ligand group optionally substituted with from 1 to 5 R
groups,

R? in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R* having up to 20 non-
hydrogen atoms, or adjacent R groups together form a divalent derivative (that is, a hydrocarbadiyl,
siladiyl or germadiyl group) thereby forming a fused ring system,

each X is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group having up to 20

non-hydrogen atoms, or two X groups together form a neutral C5_3() conjugated diene or a divalent

derivative thereof;

xislor2;
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M is titanium or zirconium, preferably titanium in the +2, +3, or +4 formal
oxidation state; K1 is a delocalized, ir-bonded ligand group optionally

W@ aostieadeeb with from 1 to 5 RZ groups, RZ in each occurren®€T/US2006/036038
independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said RZ
havingxIpsteiRQ), s, YArggRrn, @R@@wr@ﬂiﬁ@ﬁntcﬁzzlfnqp&@a@mﬂlerem
form a givalent ﬁ/atlv that is, a hyd ocarbadlyl silaqi yI or ermadi
group) thereby foimin eac ccggeﬁﬁe IS DUHOROL A HEOTP Sefssied ff’H}BMrE‘)y/fhocarbyl
W%Wmny@om@h@oupmwdﬁ@m B Having uptdS @Garhanehyidicgeitoms.

t
o S s o0y sy eI B

Jomnounds eRfEERsBeing txthe SRYacR 2, SIR'2SIR'2, CR'2CR'2, CR'=CR!,
CR'2SiR'2, or GeR'2, wherein R' indepgpdently each occurrence is
hydrogen or a group selected fgom silyf, hydrocarbyl, hydrocarbyloxy and
combinations thereof, said R" havirgdp\to 30, carbon or silicon atoms.
Specific examples of the foregoing | ranﬁed geometry metal
complexes include compoundgiedrresponding to the formula: Ar R4
R*G~M(X)'(Z)' RX lwherein," Aris an ay Pirom 6 to 30 atoms not
counting hydrogen; R4 independently each occurrence is hydrogen, Ar, or
wheFQHp other than Ar selected from hydrocarbyl, trihydrocarbylsilyl,
trinydrocarbylgermyl, halide, hydrocarbylox i
trihydrgiésrﬁ?llgml)%fjﬁi’s?frfﬁ?a r%@a}%ﬁgﬂ‘ﬁlj’ggﬁﬂ&t‘&ﬁﬂyﬂmbyl)amino,
hydrodzirbelepglatuitip cdoy drocathytitinarshi¢hyArpacr oyt phabatting, Ar selected from

ulfld u stltu
I L e TG TN A
tgab%mﬁtféulsdeaaﬁ%%ctmw@adwbmneMlgﬁngw@oémm@ddrwrbadwlammo
l@&@ﬂ’hﬁﬁr ﬁﬁﬂ(ﬁb&'@&d])@d’ﬁ‘ﬁ@)pﬁ@ﬁﬁﬁﬁ@%%ﬂé’&@%%osphmo hydrocarbylsulﬁdo halo-

drocar stit ted h droc l, hydrocar leneamin
su'b élg%/ %quégl%ﬁro& Jﬁﬂfﬁ&”@%&f mlé?farbylsﬂyl- substituted
H}'ﬂdﬂcﬂl’b}’bﬁ}hmC@ﬂaﬂlbwaﬂeﬁmbsmpmbyckummtw(hyd&bcemfbylsxbyl)ammo-

Jﬂmﬁ%@d ﬂ\y’!ﬁHéQﬁer %{@&H}UE%Q %aEQXLmﬁ%'&j@d%%B}}P %\951%0%%3& ino-

atoms not countin fogen atoms, and optionally two adjacent
%%H%M%@f@ﬁﬁ@&é@%ﬁ@ﬁ?ﬁ@@%Gﬁbé%ﬁédfﬁgé@“rﬁ@”group M is

Hil@ddaylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,

said R group having up to 40 atoms not counting hydrogen atoms, and optionally two adjacent R*
groups may be joined together forming a polycyclic fused ring group;

M is titanium; |

X is SiR®%, CR®, SiR%SiR%, CR%CR%, CR*=CR®, CR%SiR%, BR®, BR’L”, or GeR%;

Y is -O-, -8, -NR’-, -PR’; -NR, or -PR’;

R’, independently each occurrence, is hydrocarbyl, trihydrocarbylsilyl, or
trihydrocarbylsilylhydrocarbyl, said R’ having up to 20 atoms other than hydrogen, and optionally
two R’ groups or R’ together with Y or Z form a ring system;

RS, independently each occurrence, is hydrogen, or a member selected from hydrocarbyl,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, -NR?,, and combinations thereof, said R
having up to 20 non-hydrogen atoms, and optionally, two R® groups or R® together with Z forms a
ring system;

Z is a neutral diene or a monodentate or polydentate Lewis base optionally bonded to R’,
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X'is SiR62, CR62, SiR62SiR62, CR62CR62, CR6=CR6, CR62SiR62,
BR6, BR6L", or GeR62; Y is -0-, -S-, -NR5-, -PR5-; -NR52, or -PR52; R5,
Worepesfa8htly each occurrence, is hydrocarbyl, trihydrocarbyR§ijU82006/036038
trinydrocarbylsilylhydrocarbyl, said R5 having up to 20 atoms other than
hydrogen, and optionally two R5 groups or R5 together with Y or Z form a
ring sgfxtemlyﬂ@gi?da@@nﬂah ¥ I&Htla%wlﬁkb r?l@ﬁhﬂr@ﬂﬁpl hb’iihg_@iil)@h%(l!, A1 no;cj counting
member selec rom rocar rocarpyloxy, silyl,.halogenate
A e R T e AT
up to 20inberByandgen atoms, and optionally, two R6 groups or R6
togethegwith & forms a ring system; Z is a neutral diene or a
monodentate or polydentate Lewis base optionally bonded to R5, 27 WO

2007/338kasdsemplenefibydamaine sl urplyars Aaehibitusd it hofoiie 3- and 4-
pigiiagsoupybRyinEgatRIg 6Diatemrakbcaitniing fyeiggen, or two X

groups.are joined together thereby forming a divalent ligand group; xis 1

or 2; a%n rznlé%,sl%ﬂé.e %F%%glr%gl %%)e?a%gl% e%xg(% %%"’rcgz’r'egoing metal complexes

@rehsuiavklseantadisoth thdidethpidt-buiybsstidmsilefeityolopdchiniday| or
(IR SRR A0 AT IHALRY R RIS RIO NG SALSARING R

complexes include: i s . .
Eaeprarsreiegpatieadiandinidriandtmmityeimn i ddndinbenyl-1,3-
dichlmtidiene;

ﬁ%ﬁgﬂ%ﬂ%%‘é&%@ﬁ-ﬂﬁ ImeiiERuylamidolsianetanii. de,

@ pretyiceuerraationd-yl)dinmsiidusigridastasineom sioreion
@-Gylivheny)cdcbopitadiene;yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-

((j?(-:(hp%{)roI-gl-l)_/{)’%}/ﬁl?a%%rl\é?d|en-I-yI)dlmethyI(t-butyIam|do)3|lanet|tan|um

(@B pyetbybyticlBloDeniapietadigd) tiphdimglitylittylamaiid)sidaetitamividichloride,

ISHMy Ipyrrol-3-yDeyelopentadien-] -ydimethyl(t-butylamido)silanetitanium di
%@pyrolylp-%’/ﬁggycl% )%yr?tg%?g n- ierb) w%elrtﬁ/?&-%utlf/ a?nr?ado%)gffg%eetlttl%g%rﬁmf)myl’
( :@:@f‘ﬂhﬁépmtq ;é:ﬁﬁ(@@%gt’adien-1-yl)dimethyl(t—butylamido)silanetitanium ) 1,4-
(B-(Limeihypyrmtadivhgyclopentadien-1-yl)dimethyl(t-butylamido)silanetita

[ ichloride, . . N . .
T S T T
(ﬁjﬂﬂdildlimﬂﬂyylppentadien-1-yl)dimethyl(t—butylamido)\silanetitanium dimethyl,
@A&W& VigpladlagyERE AR Dsl RS AT g silanetita
nium (1) 1,4- diphenyl-1, 3 -butadiene;
(3,4RTF§HHF1‘§FFcycIopentadien-l-yl)dimethyl(t-butylamido)silanetitanium
dichtoptgimethylamino)phenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
(3,4&dEﬂhegéllcyclopentadien-l‘-yl)dimethyl(t-butylamido)silanetitanium
dimethy e
@A HEmgtbysiopeRheizleyLlghadithysiny it yslamidinsianetighium
1,3-upgaigdiene;
(3-(3-N,N-dimethylamino)phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
A (II) 1,4-diphenyl-1,3-butadiene;
(3-(4-methoxyphenyl)-4-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dichloride,
@3 -(4-methoxyphenyl)-4—phenylcyclopentadien-1-yl)dirhethyl(t—butylamido)silanetitanium dimethyl,
(3-4-methoxyphenyl)-4-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (IT)

1,4-diphenyl-1,3-butadiene;
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(3-(3
-N,N-dimethylamino)phenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)sila

W eRAA3MSS dichloride, (3-(3 PCT/US2006/036038
-N,N-dimethylamino)phenylcyclopentadien-1-yl)dimethyl(t-butylamido)sila
netitanium dimethyl,

(@pﬁ%ﬂylm ﬂmﬂyx&@m&mywmeﬁpmﬁgrmmm@%ﬂﬂﬁtxﬁmﬂ@

@ lwﬁ' o nlumBﬂgP){ 93&3?5 henﬁyﬁ%@é’ﬁ?ﬁé@%@ idniansSiteen (ldb)
silarpibamylyi3-dichddaee,

&35ii: w%t;wigrmw% QRsniadien o ime RGO

SI anetitanium
(3-44isBletids/phenyl)-4-phenylcyclopentadien-l-yl)dimethyl(t-butylamido)sil

(3R fldineArdiRliea¥dichRHadiene dd WD ZBRHAR3RR anetitanium
PCTU 0 6/036038

(3- p methoxycyclopentadien-l-yl)dimethyl(t-butylamido)siIanetitani
(amhdnyie‘t#@],,N dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium

p %H}ppécyg&g&{gtadlen -1-yl)dimethyl(t-butylamido)silanetitani
E}éﬁ;’w %@ enyl-1,3-butadiene;

plgrRRFiepey PR tEdsERe R edsipRtitsnium
o)snaiaﬁt&aduum dichloride,

§|§1P¥}1 ?%(éu?y %géler l?ﬁ%%ﬂf? ent %ﬁ%ﬁtllyl(t—butylammws1lanet1tan1um

(3 phemth)‘l;(N N- d|methylamlno)cyclopentadlen -1-yh)dimethyl(t-butylamid

catany t ]
S S ST el

- )silaHBetdrirhetichfshiadiene;
(@paibiydrd) g Naribyiibany)eyuppaaiadianyl)dimethyl(t-butylamido)silane
I- yI)dlmet‘égg‘%j/lglmldo)snanetltanlum dimethyl,

2 me meéthylphenyl)cyclopentadien- |
((9iJeriinbenyllH Db ding i daireslcaniopentdiiien; tad)dinentiyit; Bubylnaude)rélane
(2, %@Hﬁ%{laﬂ%&i{% N- d|methylamlno)cyclopentadlen 1-yl)dimethyl(t-butyl
amldo)snane titanium dichlorid

(¢ Sighsmeyh - Wﬁlﬁhﬂéﬂwﬁmﬁmﬁwﬂéﬁbhﬂmw@wd|methy|(t “buty!

amldbmylhﬂﬁdd)k&iﬁﬂdmadiﬂﬁe(ﬂ)'ﬂ 4-diphenyl-1,3-butadiene;

( %fflﬁrﬁ%g?i/?anﬁg d ﬁ{c n?%ﬂ% 1e r%l i?eny f) Ba%%mf‘}i&fsm F ttar}l LSm dichloride,
33, mmn@mrmwmermhmmrpmm(ﬂmmmm divegthyl,

(tenimghishiosidRhyloyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (IT) 1,4-
diphenyl-1,3-butadiene;
(3-phenyl-4-methoxycyclopentadien- 1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (1) 1,4-
diphenyl-1,3-butadiene;
(2,3-diphenyl-4-(n-butyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(2,3-diphenyl-4-(n-butyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(2,3-diphenyl-4-(n-butyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-
diphenyl-1,3-butadiene;
(2,3,4,5-tetraphenylcyclopentadien- 1 -yl)dimethyl(t-butylamido)silanetitanium dichloride,
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(2,3,4-triphenyl-5-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silaneti
tanium dimethyl,

WQ2® 1ot3p¥fenyl-5-methylcyclopentadien-1-yl)dimethyl(t-buty| A HENE6836038
tanium (11) 1,4- diphenyl-1, 3 -butadiene;
(3-phenyl-4-methoxycyclopentadien-1-yl)d

(EBEHB’ k@ﬁgﬂﬁ\é@ﬁ%@ﬁéﬁgﬁgﬁap (}anlaqmﬂpgﬁtylalmdo sﬂal}etlta 1u$SI$II?11 4-

enyl-4-methoxycyclopentadien-1-yl)diméthyl(t-butylami atitani
um ehﬁlpé/m 13 buta er}g P -YI) yl( y

(3- phe@&dlﬁdmmwm@@lmiﬁi@tﬂwwmﬁhwﬁuwﬁ\él@mKi@}ﬁiimnmmplexes
d r%‘(%{“? 1 th Iil 3-butadiene;

()f ?11 ﬁy?— -(n- Fy?)cyclopentadlen 1-yl)dimethyl(t-butylamido)silanetit
animn dichloride, R 7

anium dimethyl,
(2,3-diphenyl-4-(n-butyl)ey a.g dinRéthyl(t-butylamido)silanetit
anium (1) 1,4- diphenyl-1,3-buta tiil'«
(2,3,4,5-tetraphenylcyclopentadien{l-yl)dighe W%utylamldo)snanetltanlu
m dichloride, 29 WO 2007/035485RI3>CT/U82006/036038

(2,3,4 Jriel cIo Engaiilgno% elthxlg put)éka{nldo)snanetltanlu
g i

m (I1) utadlene Ad itiona examples ofsuitable metal

compleésimmﬁ@étha@h QgearpERCipdid Bdemitdsesertabrrdyb eerdibly elidee
HﬁMyB)Zy, EﬁQcB'EyIMP&%@ 1R VRE YR MiSlita N UBY ot FantiaQr +4

éfﬂ’c %?‘gﬁr@;tgﬁ ‘EI}IZ?% Pfﬁ; rﬁ;&% Em%; OCCL‘%S%%%ﬂg%ocarbylsulﬁdo
mwmmwewmmbyut@mbwmmWemmwmenﬂmmwd
g’a ai'i?é&@&%?}& 109 YRGB g H?%Bﬁoﬁ%&l’&%rﬁ%}{%fﬁdﬁr ARy 'J{‘R:Sfed

lo-su stltuted hydrocarbyl, hydrocarbyloxy-substitute ocar

hypypestibd itiderogaabuamivg: W@fﬂ%%d«h%ﬂ@@@sédwﬁwwmmmwmwd
lﬂﬁw%wpﬁlﬁﬂymmﬁﬂbﬁ%mmﬁub&dﬁ%{%carbyl hydrocarbylene-phosphino-

sd{)gh Cal’q%ip Qélé r%lln Sgl%%l%h%%uqy ggos(l:lggtt%ﬁed hydrocarbyl, said R’ group having up to

Mmmmmmwmm)mmumwmm hthofsaelying groups may together

Bydrosarulenespiosphino- substituted hydrocarbyl, or
hydrocarbylsulfido- -substituted hydrocarbyl, said R' group having up to 40

atomsﬁq &t RGN IHgEReRs R entn Ao RKdresrhYracoTaYe foraisiagused

sgsRUDSithahe Rarihes ot adivalemniee ivatiRiadiiifng dbmlers 30 atoms not
coX roc% lag/lene or substituted hydrocarbylene group forming a fused
WIthihe remainder of the metal complex, said R$ containing from
1 to .?,Oihmmbwa,lnnt moiety, or a moiety comprising one ¢-bond and a neutral two electron pair

able to form a coordinate-covalent bond to M, said X* comprising boron, or a member of Group 14
of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or oxygen;
X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, m-bound ligand groups and optionally two X groups together
form a divalent ligand group;
Z independently each occurrence is a neutral ligating compound having up to 20 atoms;
xis0, 1 or2; and

z is zero or 1.
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counting hydrogen; X' is a divalent moiety, or a moiety comprising one

a-bond and a neutral two electron pair able to form a coordinate-covalent
WRaHI/M8NB5said X' comprising boron, or a member of Group RLTUH3806/036038

Periodic Table of the Elements, and also comprising nitrogen,

phosphorus, sulfur or oxygen; X is a monovalent anionic ligand group

havi n@k@e@eﬁgﬁmm WH? %%Bfe%g aﬁjé@?l%}l %ﬂgﬁu@gg %ﬁe@!@lccomplexes

delocalized, zc-bound ligand groups and optionally two X groups together

%Fﬁ@‘tﬂ\?&l&?@ﬁ&&%&roup Z independently each occurrence is a neutral

ligating compound -kaving up to 20 atoms; xis 0, 1 and z is zero or

1. 30 WO 2007, ﬁ §5 PCT/US2006/036038 Pref

complexes are\3<pbehyl-substituted s-indecenyl co
corresponding toythie formula: o 3o0rOCT |C H 3)2 fo/~ CH3_Si CH3Si

2- methy SRdecenyl complexes correspo ding 6 (%ula:
O CH3 or‘bLI i (q:H )2 TFCH3 Si 3 CH3 Si 5t K3 NC (CH3)’3
CH~ ANC‘(@H3) 3 Additional)iexamples of meteﬁ mplexeéT thatiare
usefully employed according to the present invention include those of the
formula3 3tinwiny ROHUOBENS MRS SRG06{360388p0nding to the formulas:

CH, CHs
‘ . o CH
TiCH; CH
CH3>si | Cﬂs? \ 3
CHj Ny CH N

or 2-methyl-substituted s-indecenyl complexes corresponding to the formula:

©O v = IO

CH3> g1 1 (CHs) 2 CH3>Sl

CH3

Sne (CHj) 5

Additional examples of metal complexes that are usefully employed according to the

present invention include those of the formula:
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CH Si(CH3)2 CF 0 S\CH3)2 O T/NC(CH3)3\TKNC(CH3)3 CH3 CH3 O

CH3 CH3 0 CH2=C -Si(CH3)2 CH3 -Si(CH3)2 NC(CH~3\NC(CH3)3 Ti//
WOR@AHEBE$-CH C6H5HC CHC6H5 C6H5HC/ CHCEHS 0 O PIZUS2006/036038

-Si(CH3)2 Si(CHS)2 NC(CHS)S O \NC(CH3)S Ti H2C T/ CH3 CH3 and

CH3 CH3 Specific metal complexes include: (8-methylene-1,

1 d|methylethyl)dlmethylsna anium (II)
e _By@hhﬁl 8-dihydrotibes Q Si(CHa)z

¥ yl)dimethylsila . 1))
nzy -methylene-1, 8 drodiben [ENC(CHz)s
}/ inethylethyl)dimethylsilan (\IV)

CH{ CHs

dichloride; (8- me@lhyleneCl'la 8-diliydrodibenzo[e, ™
; ide titanium (1V)

N- (1 1-dimethylethyl)dimethylsilans
thylene 1, 8- dlhydrodlbenz

ide titanium (1V)

rand

Specific metal complexes include:

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IT) 1,4-diphenyl-1,3-butadiene,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (III) 2-(N,N-dimethylamino)benzyl,

(8-methylene-1,8-dihydrodibenzo[e, #lazulen-1-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (I'V) dimethyl,

(8-methylene-1,8-dihydrodibenzo[e, #lazulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,
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(8-difluoromethylene-1,8-dihydrodibenzo [e, h] azulen-I-yl)-N-(1,1
dimethyletlryl)dimethrylsilanamide titanium (V) dichloride,
WQRWiTIdEhethylene-1,8-dihydrodibenzo[e, h]azulen-1-yl)-N-PKT/US2006/036038
dimethylethyl)dimethylsilanamide titanium (IV) dimethyl,
(8-difluorometlrylene-1,8-dihydrodibenzole, hlazulen-1-yl)-N-(1,1-

(@"mt;yclﬁmxmﬁy@tmalrﬁ%&%méqgoﬁéa?w{fj&é(r"‘@ lgﬁizl\/'

(8-methylené-1,8-dihydrodibenzole,lijaz a,1- d|rnethylethyl)d|
mé&ﬁﬁ@ﬂ%ﬁﬁd@e@ﬁdﬁiﬁ?ﬁ%l#1@%&@%&@1&?}%%@“ iene,

(%Iﬁl@&%ﬂ%ﬂ@l@nﬁi}%‘?&ﬂy@%Bﬁlﬁ@é{@k}'ﬁlulen l-yl)-N-d(l 1Et n
azylens- ime anamide titanium
R R RS Rt
(&zi;ﬂblnrQﬂgdtheﬁb 1Mymmmmmmmammelmanium (M)
2 ihMmeliamnmenb Gneihisre cheivsadiiealn

hlazulen-2- dimetl IetIryI)dlmet yIS|Ianam|de titanium (I

e GG a e AT ik
amiﬁa@iwhﬁﬂ&haﬂ@mﬁﬁmmﬁ&dmmthv}sﬁamaﬂa@!e titanium (1V)

h
(ggﬁ enyﬁin% ﬁet ﬁ%?ﬁ]hgﬂﬁr'o y?f(ﬁo mﬁ% ?snaXzi cﬁefliitanium (V)
duﬂmymam:dmmammm@mwavomwe

Is e titanium (11)
(gjﬁ{%ﬁfg}%@%%a%%?axﬁﬂgﬂ?rﬁ%{%ﬁlggalm égdlk:ydrgjdlbenzo [e, h

]é&ﬁ‘l‘?—fh N“(’fq}yéqﬂﬁ‘@fﬂl} Hiayinm &y A s#hide titanium (H)

1,3-pentadiene, (8- dlfluoromethylene 1 8- dlhydrodlbenzo [e, h]

zuI N:2-yl meth na . .
e R D R R L i
[etitinamydh Q%me{ll’lih?dhwewgthyl)d|methyIS|Ianamlde titanium (V)

SligRIfYIdR:-33- WIS RORULER AN P2 6 anamide
((8 d:[fi?glgrometl\?g%ne 1,8- dlrf:egz]rod|ben:;y?))[2(=§AlJ lajitfll;é%\ég%gléﬁ)((imethyml mid

difaReER Ad |ﬁ?§fﬁ§/‘@ff’anam|de titanium (IV) dimet yl,
(SamhﬂymﬁmmﬂJM@dl@dleﬂdb[Bjﬂ]ﬂdlbﬁﬂZ}dI&%ﬂBZ{dﬁ&tﬂy%)hM)ﬂimbthylsﬂanamide
E‘}%‘{f}{n éﬁ?é gﬁg%e gqgrrr%cigbtl}l 1um (1V) dibenzyl, and mixtures

hereo ly mlxtures posﬂzgnal isomers. Further illustrative

(&amlvpdégedf ritibareasibpreriedierulpne?adediding danatey lstagedimeudvitiamide
caitashpanevpdibadasula:

(8-methylene-1,8-dihydrodibenzo[e, /] azulen-2-yl)-N—( 1, i-dimethylethyl)dimethylsilanamide
titanium (IV) dimethyl,

(8-methylene-1,8-dihydrodibenzo[e, #lazulen-2-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,

(8-difluoromethylene-1,8-dihydrodibenzo[e, ]lazulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (II) 1,4-diphenyl-1,3-butadiene,
(8-difluoromethylene-1,8-dihydrodibenzo[e, ijlazulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (II) 1,3-pentadiene,
(8-difluoromethylene-1,8-dihydrodibenzo]e, #]azulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (III) 2-(N,N-dimethylamino)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzo[ e, 2]azulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IV) dichloride,
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Rao Rao R1 Rao R10 Rio Xa Rio MYAZZ MX'zz R10 X~ Rao\ Rao RI

or RI R1 Rao R1 Rao where M is titanium in the +2, +3 or +4 formal
Wodamdmsiate; T is NR9- or -0-; R9 is hydrocarbyl, silyl, ger§E/US2006/036038

dihydrocarbylboryl, or halohydrocarbyl or up to 10 atoms not counting

hydrogen; R10 independently each occurrence is hydrogen, hydrocarbyl,

(s-Hilylasar )dl'%iJM';s-Hiﬁ%)’c%‘aﬁ?e'i%ﬁ,i%@M@’eﬁ?i@ﬂ?ﬁf@qtmyl, halide,

hydrocarbyloxy, hydrocarbylsiloxy, ég{g?qarb Isilylamino,
ﬁﬂ%?&?ﬁﬁ}%ﬁﬂé‘}%&m@ﬁ fimelhydrocarbyl)phosphino,

(8-hiftlrsreaidiyidsie- pBakpRirvdittydsnoadplsuHiigt) Mglor-substituted
drocar d byloxy- substit drocarbyl, silyl- sybstituted .
A e R AR ot HARE ey
mikipoetpbyitéidbisemerssubstituted hydrocarbyl, di(hydrocarbyl)amino-

substituied iCERcA BYAmPME tRcRY RS RO Rssitesiier, BysRcargh:
dl(hydrocarbyl)éohosphlno- substituted hydrocarbyl,

mVSHHPE C]HESTRANE Sh BRI ubstituted hydrocarbyl, or hydrocarbylsulfido-
substituted humocqubyl, said R10 group havingtup te.40 atoms not
counting hydfogen agdms, and optionally, two of more of the foregoing
adja R0 oL ay together forf a~djydient defivative thereby
forming a 1S i
lacking i

6-bond 4 neutral tyo electron pair af Nefte-covalent
bond to M=sqid X' 1%Bmprising boron, or f,Group 14 of the
Peg of the Elements, and also Ty nitrogen,

X'is a mgnovalegt anionic ligand group haying ngo 60 atoms exclusive of
the claR¥ of Iiggnds that are cyclic Iigand?éoroups ound to M through
delocalized it-electrons or two X groups ;ggether are a divalent anionic

i

liganttgre s siiwndntherth, Ehehddotnaneilation strral ligating
compudsirNfasingyp to 20 atoms; xis 0,1, 2, or 3;and zis 0 or 1.

R’ is hydrocarbyl, silyl, germyl, dihydrocarbylboryl, or halohydrocarbyl or up to 10 atoms
not counting hydrogen;

R" independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
trihydrocarbylsilylhydrocarbyl, germyl, halide, hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbyl)amino, hydrocarbyleneamino, di(hydrocarbyl)phosphino,
hydrocarbylene-phosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, silyl- substituted hydrocarbyl, hydrocarbylsiloxy- substituted hydrocarbyl,
hydrocarbylsilylamino- substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl, -
hydrocarbyleneamino-substituted hydrocarbyl, di(hydrocarbyl)phosphino— substituted hydrocarbyl,
hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,
said R'® group having up to 40 atoms not counting hydrogen atoms, and optionally two or more of
the foregoing adjacent R'® groups may together form a divalent derivative thereby forming a
saturated or unsaturated fused ring; l

X* is a divalent moiety lacking in delocalized n-electrons, or such a moiety comprising one
o-bond and a neutral two electron pair able to form a coordinate-covalent bond to M, said X’
comprising boron, or a member of Group 14 of the Periodic Table of the Elements, and also

comprising nitrogen, phosphorus, sulfur or oxygen;
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Highly preferably T is =N(CH3), X is halo or hydrocarbyl, x is 2, X" is
dimethylsilane, z is 0, and R10 each occurrence is hydrogen, a

WO tIYae3$a, hydrocarbyloxy, dihydrocarbylamino, hydrocarbfAckiEazpa936038
dihydrocarbylamino- substituted hydrocarbyl group, or
hydrocarbyleneamino- substituted hydrocarbyl group of up to 20 atoms

not cosnting RYNORRMNANE: ﬁmwuptmi%%%%pﬁomé&pﬁgwmhe class of

together. lllustrative metal complexes of the foregoing formula that may be

ligandrotpatins erelisdisandeeromnioprd e M thiaugtidaloarlived melerdwonpar two X groups
t?guﬂi&i@gim@@?ﬂgﬁmﬁ&%gw@mdj@?imethyl-[6,7]benzo-[4,5:2',3']
1-methylisoindol)-(3H)-indene-2-yl)silanetitanium (Il .
T R P SEHB ARG AR e A R g0 toms
(1-methidigoingial)I3Mtindene-2-yl)silanetitaniurn (1) 1,3-pentadiene,
(t-butylgmidg)dimethyl-[6,7]benzo-[4,5:2',3](1-methylisoindol)-(3H)-indene
-2-yl)silanetitanium (l1I) 2-(N,N-dimethylamino)benzyl, o . _
(t-butﬁ@&h&d)@fﬁ{é%ﬁﬁﬁ%&@ﬁzb Rdisholozy hydrearrdosieid¥(3rgimmibylailane, z is
&M)RFMHWM&\@ lﬁi@fﬂgﬂi@@hydrf)c?ﬂ)'yl, hydrocarbyloxy, dihydrocarbylamino,
Rl ezl SR e uieplngopy (H-indene
hitdvorgitbiytsiekaydinee thiyst[BiPidodresdrb 8. 2t B af nrethdl stimd okt (Bktimglayrtrogen, and
o}?i&(#;)a?i&a%if@mym%gIMQ&?E&@@ together.

butylamido)dimethyl-[ enzo-[ ,5:2',_3'](1-meth%/Iisoindol)-(SH)-indene _
-2-yl) sﬂ&ﬁgﬂﬁ(ﬁiﬁlﬁﬁal(?@)w@ﬁﬁ ﬁfé]@ﬁﬁgﬁw’ng formula that may be employed in the practice
ooysel pﬁ@éﬁd &ffﬁﬁlﬂ)ﬁi iﬂnﬂﬂgﬂi{ﬁh?db &féﬁ@i[lé]wﬁg'c@'r}pounds:
(]1%2[1_ |%thel%|l‘{)§ 1%%?@8%53@%8—?&%’}9)ﬁllgnqgcﬂglqﬂgfrmo(ly—)aH)-indene-Z-yl)silanetitanium
(c)oediphenidd)dibntadighds, 7]benzo-[4,5:2',3'

libapeiiudbsaindal @ iadsne 2 Wraneiian BB N  anctita
((c clohexy amjdo%)giqrﬁz%%yl-%%fsér%gzgi[?%@ﬂ@rﬁ& %ﬁs‘gﬁ%%g-%gﬁmm o

H} R dehresadisttanetitanium (1) 2-(N,N-dimethylamino)benzyl, 35 WO
(Roay1a3 bbIERYI\ISABEMH BN 383 ] (1-methylisoindol)-(3H)-indene-2-yl)silanetitanium

(cyﬂggw%ig&ﬁ%g%}lh 1I)%G]S Albenzo-[4,5:2',37(1-methylisoindol)-(3H)-ind
ene-2- yl)silanetitanium ?\I){\/ chloride, o .
(Ryérdmedpidimerbydietbaizie| - fsdn d 4 thy epindeie(Rilisoilsdon-yBeilanstitanium
engv3auisdaastitanium (1V) dimethyl, (cyclohexylamido)dimethyl-[6,7]
Gh g&a%;ﬁih?e]é}yﬂ?&%ﬁ%ifz%l?ﬂ9;'%?,(335581'1?&%91?;%;1 S5 30 me ) S anetitanium
(IV) dimethyl,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3"](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
(IV) dibenzyl,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
(IV) bis(trimethylsilyl),

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (II) 1,4-diphenyl-1,3-butadiene,

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (II) 1,3-pentadiene,

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3"](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IIT) 2-(N,N-dimethylamino)benzyl,
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(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2',3'|(1-metlrylisoindol)-(3H)-ind
ene-2- yl)silanetitanium (V) bis(trimethylsilyl),
WQR2BIHRT0)di(p-methylphenyl)-[6,7]benzo-[4, PCT/US2006/036038
5:2',3'](1-methylisoindol)-(3H)-indene-2 yl)silanetitanium (II)
1,4-diphenyl-l,3-butadiene, (t-butylamido)di(p-methylphenyl)-[6, 7]

W@l?%ﬁtﬁlém%ﬂﬁg&?{qwg ﬁ*l 1;]3191@ Eri%Go%lﬁb@qum{iﬁs@e;%n](H)
ntadiene nido)di(p-methylpheny enzo-

(1yr%$?§ﬁ é&’iﬂ‘ﬂglﬁél‘% Alie-2- yl)silanetitanium (111)
(ythoNexlytnmikly)dimiio)bi,iAlknzo-[4,5:2°,3°](1-methylisoindol)-(3H)~indene-2-

(t- %Eﬁmﬂm%{%ﬂ? 4@@ gnyl)-[6,7]benzo-[4,5:2",37(1-methylisoindol)-(3

H)-indene-2 etitaniam (1V) dichloride,
(rpiohraism pnﬁﬂathgﬁﬂﬂimwlrsﬁ%édébnﬁq@flml]@mlhﬁ&ﬂynéemc?on -3
H)y[ljﬁﬁﬁ&[&nwﬂﬁm (V) dlmethyl

f(iP;ju 1513 wnbrﬂ’é’wgr%ﬂ%%“%@%? égtl?ygsomg I)TTZ%B)’“ ce)lllrédZOI) 3

(t-bl)ﬂlkaltﬂldm)dmmﬁdihgxl}nhahyl;}{ﬁ)?]benzo [4,5:2',3
](1-methylisoindol)-(3H)-indene-2- yl)silanetitaniuin (1) bis(trimethylsilyl),
cyclohe lamido)di(p-methyl henyl) 6 7]benzo [4,5:2',3(1- lisoindo
GRHpER % et

HKpmsHy mﬁ@ﬂi TRepAy T4 6id g ihynethyispidoli3H)-indene-2-
(cy@ﬂl&ﬁw{aﬂuﬂmﬂlQmm@ﬁaﬁyahgny{)m[@&g@enzo [4,5:2',3"(1-methylisoindo
anet en
O R R R S BeBsgnde e

1)- Qg}sn“}ammum(wésﬁ&netwdmm (i) 2-(N,N- dlmethylamlno)benzyl
(El methyﬁ}s‘gn E]bz Bﬁzﬁngﬁg\ SQI}% ﬁganetltanlaﬁe(élﬁw %gfglﬁ‘g?ué? -indene-2-
(cybghassian )‘ﬁ?(ﬁ ‘N ABrHER I PRz 0-[4,5:2', 3]
(tsameikmﬂsnlmmﬁ&ﬁﬁﬂmuqnﬁaBmdasumemam1LummwsdamsmwP%Wﬁé-z-
ZOq 1035485. PC §2910 36038

o ag)e(t)} %“rh“.ﬁ'o (p me ﬁbhenyl) [6,7]benzo-[4,5:2',3"(1-metlrylisoindo

(BWWH@@F‘&P%%WR&MIU]’WW)[dabén%;](,lan@hyllsomdol) (3H)-indene-2-

(chﬁgw{mngglmpylphenyl) [6,7]benzo-[4,5:2',3"](1-methylisoindo
l)- (3H) -indene-2- yI)S|Ianet|tan|um (V) bis(trimethylsilyl). lllustrative Group

Crypilam s e s phsmvAy B ARt oA e Bkt B ohe Hrdadane-2-
iny@siiareditihe (¢)udlenzyl,

(ggﬁgjfﬁﬁyé%wigpq)t@thlyl 1en%15t)1-¥% %]g’eﬁ'zg-ﬂzps Q ]34(?’méZh§hsomdol) (3H)-indene-2-

yDsilanetitanium (IV) bis(trimethylsilyl),

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (II) 1,4-diphenyl-1,3-butadiene,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4, 5:2°,3’](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (I) 1,3-pentadiene,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IIT) 2-(N,N-dimethylamino)benzyl,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) dichloride,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3”](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) dimethyl,
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hexahydronaphthalenyl)dimetlrylsilanetitaniumdimethyl,
(tert-butylamido)(1,1,2,3-tetranietlryl-2,3,4,9,10-r1-1,4,5,6,7,8

Woharads8haphthalenyl)dimetlrylsilanetitaniunrdimethyl, PCT/US2006/036038
(tert-butylamido)(tetramethyl-rj5-cyclopentadienyl) dimethylsilanetitanium
dibenzyl,

@pelobatylamidn{teiRmeHID- Ry tinReaadiony g eIy NIRRT Thdene-2-

(t&f%%%ﬁ%&é@@aqwgw :AB3cyclopentadienyl)-1,2-ethanediyltitanium
(@irvlebeyllatbstoXifyiactislplitasiriabyiatbHatats dimetylsiadel ey ndene 2-
dlrpﬁgﬁy &@ﬁﬁ‘x’ y{grﬁ%ﬁ)&g{ﬁ?@%@yl -rI5-eyelopentadienyl)dimethylsilane

titanium (I11) 2-(diméthylamino

(tert- b&lﬂyﬁéﬁ?ﬁdefér@tﬁaﬁm@wm@mmﬁ@ﬁt&%}iéﬂm}v@mwhan@mmgfﬁw present

b Ao ilsther include:

tert-butylamido)(t trmneth [-r15- c clopentadienyl)dimethylsilanetitanium
e 5 Fyciqneniaglenydimethy

(teﬂtel&ﬂiylhbﬂ@ﬁ)ﬁkﬂﬂ@%th@dhﬂﬁimyetﬁpﬁmaﬁmwmimethylsilanetitanium
), .1.4- d tadl
He SRR e e s gt

te’ rame fééi’ehy}f)dlmethylﬁIanetltanlum
(I hg_xgl;\pd;nmg]@h@enyl)dlmethylmIanetltamumdlmethyl

by AN ZTR ?ﬂ%mﬁéﬁe&&%ﬂ%‘ HRACHVRIHEA L hm dibenzyl,

1,4-diphenyl-1,3- buta
((fféww%mﬁﬂ)ﬁ?}(zmﬁévﬁm.rﬂélﬂysmﬂy%mbxiﬁdmﬁmym dimethyl,

(%é)%ﬁg%ﬂiﬁ@t ﬁefﬁﬁmma;@mea@fmﬂwm demhimetariraHaRpUm
ime ien
éfé? Pt %’&Hﬂﬁ%{?‘l}ﬁ@ﬁﬂy}hﬂ&éﬁ?l%%@iﬁ%ﬁﬂ%@ﬁmﬂlﬂsoprene

(ﬁﬂ%m{ngﬁauy{&xan{aﬁm igeRyoaRH SR IARH AN Im (1)
al

|
(ter?t% gﬂ?&?ﬂ)’@@%ethyhndenyl)d|metlryIS|Ianet|tan|um (Iv) 2,3
(tdtﬂ’lmt&lﬁhﬁd(ﬁ(tnﬂfamd%n -cyclopentadlenyl)dlmethylsﬂanetltamum (T00) allyl,

(g"?{- /g%)éz Bt%y@ n%%%gn];éﬂxeﬁl gllgrllt 5%591 I}ﬁl)lsnnrr ne

(tegt%tm’dmlpm@l@nmmetlryllndenyl)d|methylsnanetltanlum (1V) dibenzyl
é&% Xﬁ%ﬁ%&nﬁ:ﬂ%ﬁ‘%%@ﬁkx&gﬂﬁ?&ﬂ%ﬁ{kﬂﬁ%@ﬁéﬂm&'Eﬁ)

1,3-butadieng,

(terebahsYidbS OuadiFRRtirylindeny])dimethylsilanetitanium (Il

(de3-RRas R etramethyl-n’ -cyclopentadienyl)dimethylsilanetitanium ()
(ter t?utzla |do)(2 3-dimethylindenyl)dimethylsilanetitanium (11)
e

ﬁﬁ AVIS"E23-butadiene,
(ceemtmﬂaymn)dby@thmmuwmmmﬁmlm@hmmmammmt@yl-1,3-
1.3:pgaigiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (II) 2,4-hexadiene,

(tert—butylamido)(Z-methylindenyl)dimethylsilanetitanium (IV) 2,3-dimethyl-1,3-
butadiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) isoprene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,

(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV)
2,3-dimethyl-1,3-butadiene,

(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV)

iennrene
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(tert-butylamido)(2-methylindenyl)dunethylsilanetitanium (1V) dimethyl,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (1V) dibenzyl,
WQHMBABMId o) (2-metlryl-4-phenylindenyl)dimethylsilanetitaRFUSEP06/036038
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II)
Geﬁ-'ﬂﬁﬂb Kﬁﬂil :@<_5')€3,3-dimfathylinden?lll)dilrll_etl(}jylsi1a}n&a’_ci’canilrllmI (IIV ) dibenzyl
S D A A A R G
(teet-bhtytyteidni()Ftd insathetingbuid) dipai trybsittaie myi ol (B th §lpaitadietisanium

LYy aF}H&%g'@@-%' thylindenyl)dimethylsilanetitani -diphenyl-
%ert-%ttﬁylami 03(telt%en%tlllﬁlyﬁ?%)-(:l;}}:elogesﬁ'?gg?eannﬁwaiﬁlwlét]ﬁ‘;rllgll%ﬁ%%tanium

(IV}-2oatadigatnyl-1,3-butadiene,
&B@fbﬂvlwﬁaﬂm)ﬂem@m?éhybﬂtﬁrﬁnyigmeﬂiaTdilﬁaytmi mﬁg&ﬁla@umeljtganiuhm |
V). isaprene, (tert-butylamidq)(tetramethyl-rl5-c entadienyl)dimethyl-
A 5 LS LR A () Bt
(teetbinytytaidnii@)etraiindthyHdis:aiigls e stisatiam (J8inddimdgianetitanium

k-t G RN E AGethy)-4-phenylindenyl)dimethylsilanetitani
(éterﬁtl)%jtylami 0 5 e%hylyrIS-cysc/:l)opentgdienﬁ)deiurlﬁ%%(ﬁ-) silanetitanium

gtetram
(1) 1 4-Aighesale - Shyéadiserene,
((ﬁ(emhylmlﬁﬂﬂﬁﬁ)ﬁ%ﬁﬂim&wmwmmmwhﬂﬁmmiI,@DﬁéﬂﬂaiIm:t,h
Qe s s e R TR ner
(teyt;butylamido)(tetramethyl-n >-cyclopentadienyl)dimethyl- silanetitanium (IV)
(tert-bytylamido)(1,1-dimethyl-2,3,4,9,10-11-1,4,5,6,7,8-hexahydronaphth
alen-4- yl)diméthylsilanetitaniumdimethyl,
(tesrbwyismignitsiranctd-wrsshommadeayddmahylsilanetitanium (V)
-1.4 2 SinlsBriexaygigpaphthalen-4- yl)dimethylsilanetitaniumdimethyl
(%%rt-butylamido)(tetrametl;yl-llS-c cl_opent_adien}/l. o
W%%Mﬁt&mmﬁcg@ypm%@ﬁwpdlmethy silanetitanium (IV)

(teitdpudytamido)(tetraniethyl-rI5-cyclopentadienyl
Inh llanetitanj 11) 1.4-di I-1.3-butadi .38 W
R DB ety Aot 0D
1-(lettdieayziiiddumdieteamethyl-rl5-cyclopentadienyl)ethanediyl-titanium
(@Jﬂ&ﬁw@l%ﬁﬁ%ﬁ%&tﬁﬁ?ﬁ%@@ﬁpQ{%E@&ﬁ@fﬁﬁﬁﬂﬁéﬁ&ﬂﬂﬁg(ﬁ?mplexes’

especially those containing other Group 4 metals, will, of course, be
appdréftadithfose skilled in the art, and are disclosed among other places

(Egit-butylamido)(tetramethyl—n 5-cyclopen’cadienyl)dim_e’chyl— silanetitanium (II)
3-methyl-1,3-pentadiene,
(tert-butylamido)(2,4-dimethylpentadien-3-yl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(6,6-dimethylcyclohexadienyl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(1,1-dimethyl-2,3,4,9,10-n-1,4,5,6,7,8-hexahydronaphthalen-4-
yl)dimethylsilanetitaninumdimethyl,
(tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10-n-1,4,5,6,7,8-hexahydronaphthalen-4-
yl)dimethylsilanetitaninumdimethyl
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl methylphenylsilanetitanium (IV)
dimethyl, .
(tert-butylamido)(tetramethyl-n5-cyclopentadienyl methylphenylsilanetitanium (IT)
1.4-divhenvi-1.3-butadiene.
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WO 03/78480, WO 03/78483, WO 02/92610, WO 02/02577, US
2003/0004286 and US Patents 6,515,155, 6,555,634, 6,150,297,

W@ 20840334856,268,444, 6,015,868, 5,866,704, and 5,470,993 PAAA3Mel036038
examples of metal complexes that are usefully employed herein include
polyvalent Lewis base compounds corresponding to the formula: Tb "1'b |
iirethy, WR(RD)B bY" Mba"t "N Mba'Ib Ib b J Lh or LhZf preferably Tb
Th (Rb})@gﬂ;‘Xbb /,Yb-(Rb)g (RR)g-X~'- b(Rb)g' M M b Lbh. Lbh, Zbf Tb Tb

1-Ctertbyguienride X fetygstByyoxayelaperig ik pisnadivl-titynium ([ 14esfiphenyl-1,3-

butddfahbZf wherein Tb is a bridging group, preferably containing 2 or more

atoms, other than hydrogen, Xb and Yb are each independently selected
onU M GRATA TS RS, SHREr TG RygB T RS G 4 metals,
willpod e msef dradylyabattiothoasn skitledanehei tnogpend, ARl aoid stbAimohepding @hidys in:

WORRI PRaSE NS0 AIRI X BE0R1 IS I IHRRARIRHY

containing one or more heteroatoms or inertly su erivative
Patsig o of N5 FRA SRS SILHREDIEFH 4Hi FL bk foTldend
5,4Allogh alkenyl, aryl, aralkyl, (poly)alkylaryl and cycloalkyl groups, as well

as njtrqgen, phosphorus, oxygen and halogen syhstituted derivatives

e o e A ot o e oyl
poletyht kepisk cohpoBU\W@E00D8 taheFamE211116/1136038

phenyl, 2,6-dimgthylphenyl, 2,6-di(isopropyl)phenyl, g,4,6-trinrethylphenyl,

entafluoroppéRyLLhP;,S- trifluoomethytphenyl, and zyl; g is O orl; Mb
i etalig elementgel dffrom G s 3tQ45, orqfheﬁ_g nigde
&) o ST S o e

eries of t a%lgerigdic Table bf the El erab Group
-13 metal, mopgbpreferably bisa MP
Il:bh : or I[b 7> ]
’ bt ; preferably
7 Tb\ ™
% 1 ’/ \
b b b .
R —x" Y-®) ®)—x° Y- Ry
“a b/ )
I\I/I M
|
Ly J Loy Z°% ’
T T
b b b .
®%)y—x° VR, R —x° Y-@®")g
b/ N
b
1\14 2 I\I/I 2
Lbh'-l , Or Lbhv_l be

2

wherein T° is a bridging group, preferably containing 2 or more atoms other. than hydrogen,

X® and Y® are each independently selected from the group consisting of nitrogen, sulfur,
oxygen and phosphorus; more preferably both X° and Y® are nitrogen,

R® and R independently each occurrence are hydrogen or C;.so hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thereof. Non-
limiting examples of suitable R” and R groups include alkyl, alkenyl, aryl, aralkyl, (poly)alkylaryl
and cycloalkyl groups, as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives

thereof. Specific examples of suitable Rb and Rb’ groups include methyl, ethyl, isopropyl, octyl,
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Group 4-10 metal; Lb is a monovalent, divalent, or trivalent anionic ligand
containing from 1 to 50 atoms, not counting hydrogen. Examples of
WQRNENSSEES groups include halide; hydride; hydrocarbyl, hydrBeab§20%s/036038
di(hydrocarbyl)amido, hydrocarbyleneamido, di(hydrocarbyl)phosphido;
hydrocarbylsulfido; hydrocarbyloxy, tri(hydrocarbylsilyl)alkyl; and

phgﬁ\m %@I‘S&lﬁ@%}?r%fg-rcg%%?éﬁp%ﬂ?ﬁ%ﬁ&rgfggé%%%ggg%&%}ﬁ}gtophenyl, 3,5-

‘and chloride; intege 4, more
triflperepathy iplnayiiemd @ fis 1 or 2, with the value h x j selected to
provigesgharge balance; Zb is a neutral ligand group coordinated to Mb,

and coptainin to 50 atoms nat counting hydrogen Preferred Zb |

aroutd IRl e L R PSRRI AR Pl oI LSRR i ofthe
Pegilbdin@sb el kfithie Rleseatsd RrefttybdyDdtitsiteogriv-afivasdheraohiSiitayeV is a
GJ&%&%MENS include halogen, alkoxy, aryloxy, alkoxycarbonyl,

aryloxyc_;arbohyl, di(Irydrocarbyl)amine, tri(hydrocarbyl)silyl, and nitrile

groups iPrererrsaiont dislsed picrident priemp HEuskaoRiainige femydrisrdPagioms, not
coﬁmﬁi@gm?dﬂggd&l,ﬂxﬁiaiqgwwm&nbgg@aﬁhéﬁmw}ﬁ@myar;@egal’hwedaﬂfyl,l

three of Th, Rh a ' may, be joined together to far single or multiple
SR e T A i
hypredantatidylfidonhy do@rbipthicatekladyotarbmlsifsd)abiiomid mtbragtiors. More preferred
1G5 £i§1i£‘@:1‘?‘2 Qﬂ%@’%}_%rggﬁﬁ}ggggm@mﬁ?peciaIIy coordinate or covalent

bonds, including multiple bonds; arrows signify coordinate bonds; and

dottel it dnsaE frobiohdrefstible Bemdsiot swe srbsthlySiomit fs 3, and j is 1 or

2, priafercedikat Rxdiasedrelptvely ugeridigdrance with respect to Xb.
In thissgembodimgent, most preferred R s are straight chain alkyl .
grouls, SHERGET A, SRE SIS B R A R et not counting
hy(rheeaiffercibEbetovparatiing Pirhatis atd erstBiatorinss, ieimsphiaksrend Xbers,

all@ﬂgsbﬁi&dgm%ﬁﬁ:ﬁfaﬂ mﬂgﬁn@éh%}ﬁ\%ﬁépﬂmgﬁﬁﬁ(ﬁlﬁé sitPSibdEents include

derivatives thereof. Highly preferred Rb groups in this embodiment are

hatogen, afkarght i AR EHBORY., AviRe ket LY AT B Ement

trifRixircatsaielly h asiraltailiy glydpig P aiere hit drangsnwiike reppasiiphodhine,
Non:limiting examples.of syitable Rb' groups for this embodiment include

teté%?r(%r 6%@6&/0%28@3&%%{]@%%%%36038 or alkenyl groups
contdiisiag viseco framd lds@condary or tertiary carbon centers, cycloalkyl,

aryl, {arvhe & IGMELIR OfHATRMAHG DEJGHREYSHGIQY RSPEGANR BF multiple ring
inorganic oligomeric, polymeric or cyclic groups, and halo,

SUYY8rocarbylamino, alkoxy or trihydrocarbylsilyl substituted derivatives
h is an integer from 1 to 6, preferably from 1 to 4, more preferably from 1 to 3;

~w - indicates any form of electronic interaction comprising a net coulombic attraction,
especially coordinate or covalent bonds, including mulﬁple bonds;

arrows signify coordinate bonds; and

dotted lines indicate optional double bonds.

In one embodiment, it is preferred that R® have relatively low steric hindrance with respect
to X°. In this embodiment, most preferred R® groups are straight chain alkyl groups, straight chain
alkenyl groups, branched chain alkyl groups wherein the closest branching point is at least 3 atoms
removed from X°, and halo, dihydrocarbylamino, alkoxy or trihydrocarbylsilyl substituted
derivatives thereof. Highly preferred R® groups in this embodiment are Cy.g straight chain alkyl
groups.

At the same time, in this embodiment R*’ prefere}bly has relatively high steric hindrance

with respect to Y°. Non-limiting examples of suitable R groups for this embodiment include alkyl
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thereof. Preferred Rb' groups in this embodiment contain from 3 to 40,

more preferably from 3 to 30, and most preferably from 4 to 20 atoms not
WQeaUhti#g48§drogen and are branched or cyclic. Examples of gtelted0p/936038

groups are structures corresponding to the following formulas: R\ ~(R)2

R\ d ~(Re)2 R\ d /(Re)2 (Rd)2\ (Re)2 C-C C-Si C-Ge C-C R/(Re)2 (Rd

O)IQAIKB@)%IBIEMR&)ﬁlﬁil@%n@ﬁﬂ\ﬂ%@&oﬂ%r%ﬁﬁﬁ/ éérﬂéiﬁf&ifélﬁaﬁloaﬂyl aryl

d f bI thyl, eth A,
FXCROT T TN R
Chyhiwgoalﬂwlarp?bﬁ@ablwmyylgﬂm atkgy pylrikpdoeptbykilgtl supdtdmyl] derivatives
thefssl nﬁé@ﬂ@ﬁ ﬁayérpﬁézl}{lth?sr B atR ACEHOR, B0 Q"B eng 8%fg'gbly from 3 to

roups, or mixtures of Rd and Re groups may together form a polyvalenit

3 ei‘ﬂf‘a‘ﬁ‘@ét srefembl Besy e éPoqﬁﬁnera@weglﬁll&lmﬂ}réﬁ and ase ﬁé’rw@ch@r gyelic.
a multisyshiplebusaidiaedos gwaie drd aktsrERrap haiRolyHETsRs Ry formulas:

group, such as naph&halene 1,8- d|yI Preferred examples of the foregoing
ﬁtﬂyvalent gé&/"'ﬁ bé@ecomple)(&s)gnd&,rQe Rd, RB)Rd, (IRG)Z NON N%(N’)Z
NYICWACZ 7 L0J:2 SE-LPS2 2\ 2Rd (L d-i¥d R d. R d, ~R d-a’, Rd
RERd 0 RIDB2LH.b1Z r Rd N R:2 U bIERd' 1 2 0Z Rai ad, d' d. d 42WQ
2007/035485 PCT/US B}i2006/036038 Rai Rai Ra, Ra Ra' Ra' ga RaN N

mﬂ\Lg Mo, MitF)b S R\C A R x

7 N ’ // \ > 7 Noo A N , Wherein

Each R? is Cy.10 hydrocarbyl group, preferably methyl, ethyl, n-propyl, i-propyl, t-butyl,

phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. Each R® is Cy.;o hydrocarbyl, preferably methyl, ethyl,
n-propyl, i-propyl, t-butyl, phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. In addition, two or more R®
or R® groups, or mixtures of Rd and Re groups may together form a polyvalent derivative of a
hydrocarbyl group, such as, 1,4-butylene, 1,5-pentylene, or a multicyclic, fused ring, polyvalent
hydrocarbyl- or heterohydrocarbyl- group, such as naphthalene-1,8-diyl.

Preferred examples of the foregoing polyvalent Lewis base complexes include:

il i
NERN NZTN
by b by b
MPLY, MPLY,
o) S
2 2
R%y g ¢ ,
t dl
d ]
) rY
RY N
= N\ N by b
MUY, MPL
o S
2
2 : ,
Rd'd' 3 Rdd ?
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Ral\zRa\zRa,\zz OLRdRa'iRai2Ra' 2 Ra'22 RaRal Rat Ra' Ra'
IRallyN-NNN MbLbMb'Lb'2 Mb,0'2 Mb'Lb'2 Ra'\~z N~ Rai\N/~ ~
WQ2Z/03F48herein Rd' each occurrence is independently sele &€l G¥i9¢936038

group consisting of hydrogen and C1-50 hydrocarbyl groups optionally
containing one or more heteroatoms, or inertly substituted derivative
thereof, or fyrther optionally, twg adjacent Rd' groups may together forﬁa a
d|vilent bn% ing group,d' is 4;Mb' is a r%p4 metal, preferalyy titaniy

r hafsiu N%r6 et or_Rd; Lb'|s mon &t

roup, prefe diyl gr diene Foupt rY
e polyalent J ewi Qe%ent' ventign 9
especially include Group 4 metal derivatives, especially hafiiium ]
derivatives gf hydrocarbylamirif substltuted heter ryI compounds RY

[ 1to Zélato s other ha
drogen, and jnostlpre di-Cl 2 drocar 2
substituted 42" W0,2007/035485 PCTIWS2006/036038 or

corrgspond}ng to the fqumula: hereln] "is selected from |/
§l lkyl, heteroal M hetero Ikyl, & inertly ubstltlu{ear\
ivatiles f:cpntainjng frofa&tg 30 at s not Yriting hydrogen MPLY,
i erivatjve Al is a d dgifig group ¢f f to”

wherein R each occurrence is independently selected from the group consisting of
hydrogen and C;.so hydrocarbyl groups optionally containing one or more heteroatoms, or inertly
substituted derivative thereof, or further optionally, two adjacent RY groups may together form a
divalent bridging group;

d’ is 4;

M is a group 4 metal, preferably titanium or hafnium or a Group 10 metal, preferably Ni or
Pd;

L" is a monovalent ligand of up to 50 atoms not counting hydrogen, preferably halide or
hydrocarbyl, or two L” groups together are a divalent or neutral ligand group, preferably a C,.so
hydrocarbylene, hydrocarbadiyl or diene group.

The polyvalent Lewis base complexes for use in the present invention especially include
Group 4 metal derivatives, especially hafhium derivatives of hydrocarbylamine substituted

heteroaryl compounds corresponding to the formula:

wherein: _

RM is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent
derivative thereof;

T' is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- C,, hydrocarbyl substituted
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wo Rh24358555-20 heteroaryl group containing Lewis base funcyegﬁ}i?tgﬂ% 1036038
especially a pyridin-2 yl- or substituted pyridin-2-yl group or a divalent
derivative thereof;, M'is a Group 4 metal, preferably hafnium; X1 is an
anionig, neutral or dianionic ligand group; x' is a number from 0 to 5
indichtirtPthenbrF b o aeR %&f@*‘ﬂlﬁp&%ﬁé’%ﬁé@i@mwﬁeﬂ%%wwﬁm—z—
yl- efectraidahatidiitetactions: ardvapiesantad by ings, dotted lines and
arroys respectively. Preferre lexes are those wherein ligand
form}g@;c{asnar%%ﬂﬂ’s%r%?ng{hgjg;gé%?ﬁoeﬁﬁ%}%%ion from the amine group and
optichaiyraHeie nossabpoliendmindganabigitianal groups, especially from
R12insaddifien: slecan sdiﬁaﬁ%%fﬁ%&&%ér%ﬂﬁcﬂ%egw%?%@'ityf
preferably an electron pair, provides additional stability to the metal
cent&P P SRHPLY ROBESI L risHEpa S RHNe BRI e opReRentriy figest fotted
lindR afd AtokdbheRatidl. R16 (X1) wherein M1, X1, x', R11 and T1 are as
previQusl fin R13 R1" R15 and,R16.are hydroge lo, oranalkyl, . .
Cyclon et iai i Eeo SR e RN o gy Siniation
fromithantibe esumting eRirerdbriron dyjinse nf Rrs R Mo RUBideRIGrgepupspecially

frofRY: be jpinerRdogethen thareby ﬁ%&m&ﬂ%ﬁ%é&@@ﬂ@ﬁ%ﬁ%%@@%@? DS 1ectron

.optional bonds and electron pair donative interactions are represented by
PR S AL REL 0 PG PRSP LVEly T GHEF BRA e eiaistond fo the
forthdaforegoing metal complexes correspond to the formula: 13 14 1sR R

\~ Ris /C (RNMIN R16 (X1), Whgrein M1, X1, and x' are as previously

defined, Rrs R14 R15 and R16Fare as previously defined, preferably R13,

R1", and R15 are hydrogen, or C1 yl, and R16 is C6-20 aryl, most

l
X

M, XY, x*, R and T are as previously defined,

, Wherein

RY R™ R¥ and RY are hydrogen, halo, or an alkyl, cycloalkyl; heteroaliyl,
heterocycloalkyl, aryl, or silyl group of up to 20 atoms not counting hydrogen, or adjacent R, R*,
R” or R™ groups may be joined together thereby forming fused ring dertvatives, and

bonds, optional bonds and electron pair donative interactions are represented by lines,

dotted lines and arrows respectively.

More preferred examples of the foregoing metal complexes correspond to the formmula:

R, \%\/Il N N

)y

, wherein

M, X!, and x° are as previously defined,
R¥, R, R" and R'® are as previously defined, preferably R, R™, and R" are hydrogen, or
Cya alkyl, and R™ is Cg aryl, most preferably naphthalenyl;
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43 WO 2007/035485 PCT/1JS2006/036038 R independently each
wo feswHerse is C1 alkyl, and a is 1-5, most preferably R in tw@-@#R9nos/036038
positions to the nitrogen is isopropyl or t-butyl; R17 and R'8 independently
each occurrence are hydrogen, halogen, or a CI-20 alkyl or aryl group,
most preferably one of R17 and R1a is hydrogen and the other.is a C6,.20
aryl GrotliPRERIuL 4 D ORBEHBISSI %ﬁ%%ﬁ& Yicd PoRRS SETANGFoup 7
ortine pbgireher aldye atrapth iadcempybaybor; taingd; bonds, optional bonds and

electian, Rg‘ﬁld?ncﬁévfdé%%f%% ”éoé %Jgepal;%%lnggg 34%[?%% gpggd "” lor aryl

and arrows respectively. H F)re erred meta x&s for use f

grosppraspianelteheons iRa: SIRR)T Gilydrse)Mas Rﬂ?em%:a&@e\mml group: espemaﬂy
2-i6bREpAHG R wfa%@éa Mﬁ%&@%%{&iﬂcﬁl&t%@%bw %Mﬁ%&ﬂﬂ@%@@p and
or Cé’ Ik l,.an Ci,sl‘:tﬂg y. each occurrence, X1 is metﬁ%
indep&h eﬁl’l’&}"&% SHEER RO SRRy iSSR0 R2 5 RigFrgyd by lines,
dofEe 12(@samyd, arctweoegeacent RR groups are joined together thereby

fmmﬁ?@%ﬁfeﬁﬁg %éﬁi%%@’ﬂ%@ i“qus% a%‘:de?{‘é' V\é}gtl?xc? el ufs

hydrog alogen, Cl-20 a ary ort acent groups
are joined together thereby fo rlng and c is 1-5. Most highly
preferred examples of metal es for use according to the present

invention are complexes of the o ﬁg)ﬂ‘o s: O IR)z1jC (H3c)2xc/
HN/O (H3CH IlIf Oﬁ@ El (H3®EHEL an (H3C)2HC 12 X2
wherein Rx is C1.4 a VI of Cycloald/!, prefes m QR Jjsopropyl, t-butyl

or cyclohexyl; and ©

(H;C),HC

2

wherein X! each occurrence is halide, N, N-dimethylamido, or C;.4 alkyl, and preferably
each occurrence X' is methyl; 7

R independently each occurrence is hydrogen, halogen, Cy.y; alkyl, or Cgpp aryl, or two
adjacent RY groups are joined together thereby forming a ring, and f is 1-5; and

R’ independently each occurrence is hydrogen, halogen, C;4 alkyl, or Cep aryl, or two
adjacent R® groups are joined together thereby forming a ring, and c is 1-5.

Most highly preferred examples of metal complexes for use according to the present

mvention are complexes of the following formulas:

HECRHC \_/ O @CpHc ST / O
‘ e @ O \ O

(HsC)HC '1 (H3C)pHC 1
X
wherein R* is Cy.4 alkyl or cycloalkyl, preferably methyl, isopropyl, t-butyl or cyclohexyl,

and
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44 WO 2007/035485 PCT/US2006/036038 Examples of metal complexes
W SN : ployed according to the present invention inclu
° fﬁ’ Jz o |(1-iethy|ethy|)phenyl)amido)(o-tolyl)(a—naphthalendg G ST T
-2- diyl)methane)]hafnium dimethyl,
N-(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)(a-naphthalen-2-diyl(6-pyrid
I[n 2( W&gﬁgﬁéﬁ% g%\lzf)ilré]fﬁieﬁy@)aeﬁ Hiﬁ){(g@ﬂfp%‘z{ﬂg@ydmg to the present(mventmn
indihe€2,6-di(1-methylethyl)phenyl)amido)(

I (3 O DA A S DN AR
dl}dﬁhyd(&p;bﬂimmmm‘cﬂyh)ﬂﬂgﬂnane)]hafnlum dimethyl;
I hthalen-
e YR e AR SRR R A G eI RIST:

2-diyl(6- pyr|
W@Wﬁhﬁﬁéﬁﬁﬂéﬁ%ﬁ)ﬁﬁ@ﬂw @m@@b)(Z |sopropylphenyl)(a naphthalen-2

-diy ! Gq%!'l iyl(6-pyridin-2-
6- dll(gjgw%h%ilg yl)phen W%ﬁ%&?@nﬂﬁ%%%%ﬁ%ﬁé%%ﬁtﬁ i 5 d%i/ 5
diylyng Wi HE ek %‘)‘ afnium dimethyl;

[N- (2[16@@i@ﬁ&h&iﬁ&ﬂﬁﬂﬁﬁ@ﬂﬁﬁﬁﬁidQMZDﬁ@ﬁﬁ%ﬂﬁﬁ&ﬁ)ﬂlﬁ?&ﬁlﬂ@i@h@@ﬁ&%B-pyndm-

6- (}551}% - metgﬂ e)]hafiiium di(N,N-dimethylamido); and

‘%ﬁ()é g‘%’f ]Ilil enyl)amido)(phenanthren-5-yl)(a-naphthalen-2-

dwl(@fa@éhm{Emhm)métjﬂaﬁ&)]]gh;nﬁmﬂn)(ﬂmhﬁmpﬁﬂphdﬂﬂﬁmh@n&ammmmy}(6-pyridin-
o a(f?l g&? fﬁjuﬁ %ed gﬂ%eta,l ymplexes used in the present

mventlon n “of the 2- posm h of the a-naphthalene group
su bﬁﬁ:(t%é“éf(lHé@p‘@ﬁlﬁbﬂl@ﬁlﬂﬂ@ﬁyb(afw@gppxgpbwﬁkog—umyéétatmz—diy1(6-9yridinm

2-ElHRakAR) therely 4aigkaly forming metal complexes wherein the metal
is covalently bonded to both the resultlng amide group and to the

2-poBitibnlofithanetisitheiens)iariiay Phenweinas el Agahtiplen-2-diyl(6-pyridin-
2- diﬂ&ﬁﬁhﬂh&i@ﬂh@nﬁlﬂﬁx wﬂéjmyj nitrogen atom through the electron pair of the

TR e T P CEVCE T
2~®Y%®ﬁlﬁ0§hﬂ&@f@t§(ﬂhﬁéﬂﬂﬁ®2@ns@na&bmatlc or inertly substituted

aromalie §oKP. GAMNARING MR A HMSINGL. 5-91) (-naphthalen-2-diyi(6-pyridin-
2-diyDmethane)Thafnium dichloride.

Under the reaction conditions used to prepare the metal complexes used in the present
invention, the hydrogen of the 2-position of the a-naphthalene group substituted at the 6-position of
the pyridin-2-yl group is subject to elimination, thereby uniquely forming metal complexes wherein
the metal is covalently bonded to both the resulting amide group and to the 2-position of the a-
naphthalenyl group, as well as stabilized by coordination to the pyridinyl nitrogen atom through tﬁe
electron pair of the nitrogen atom.

Additional suitable metal complexes of polyvalent Lewis bases for use herein include

compounds corresponding to the formula:

T3
o "o,
) 20
Riw\f R
OQ}/I —0
Gg

, Where:

R* is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
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45 WO 20071035485 PCTIUS2006/036038 T' is a hydrocarbylene or
w0 silevegssup having from 1 to 20 atoms not counting hydrogeaTasS 2106/036038
inertly substituted derivative thereof; M3 is a Group 4 metal, preferably
ZirconiyA Q8 DalRividteGrisiBR3Napica L irahar dianienic gand KR Rydrogen, or
. %%fer%%}( a fbggde, hydr carg_yl or dihydrocarbylamide group having up to
P VR (10]11138 Tfhvt?ltfgeh &6%en; g is a number from 1 to 5 indicating the
nurMids ofsogh4Grgroupsfiardyobrdsiandrdietitom donative interactions
are sapesRRAA Helings And. AR GBS ETARIY, SySh
1 e BE R L ol M oy

complexes correspond to the formu Are \y

dibyidrecefiRaranee SERyin BRYRA 1P 3P AOAPDITICBIAS Mkegsanting hydrogen,
preferabheabsubstituted erdinsubstituiadsd 3réwnikriensgromg; and Ar2

independently each pccurrence is.an arylene or an alkyl- or .
oy PALCHHD GV ARE LI (130 SHOAH e g respesivel.

hydPorferabM3ushac Grpleped smetspopdatetatiyrnalinium or zirconium; G
independently each occurrence is an anionic, neutral or dianionic ligand
group; g is a number from 1 to 5 indi®ating the number of such X groups;
and electron donative intera/e I8Qs afe represented by arrows. Preferred
examples of metal complexgs of oift§ formula include the following
compounds : 121 21 Ara OR2 R’Q\l 0 121121/0121 3G2210I-

2121 R-T4RR O 121 21 (Ar4 1ﬂ 121 .
., wWherem:

T is a divalent bridging group of from 2 to 20 atoms not counting hydrogen, preferably a
substifuted or unsubstituted, Cs.4 alkylene group; and

Ar? independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene
group of from 6 to 20 atoms not counting hydrogen;

M isa Group 4 metal, preferably hafnium or zirconium;

G independently each occurrence is an anionic, neutral or dianionic gand group;

g is a number from 1 fo 5 indicating the number of such X groups; and

electron donative interactions are represented by arrows.

Preferred examples of metal complexes of foregoing formula include the following compounds

where M’ is Hf or Zr;
Ar'is Cean aryl or inertly substituted derivatives thereof, especially 3,5-
di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-yl, and
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where M3 is Hf or Zr; Ar is C6.20 aryl or inertly substituted derivatives

thereof, especially 3,5- di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl,
WQIR9e93S#85 pyrrole-1-yl, or anthracen-5-yl, and 46 WO 2007/685483006/036038

PCT/US2006/036038 T4 independently each occurrence comprises a

C3.6 alkylene group, a C3.6 cycloalkylene group, or an inertly substituted

hydrocarbyl, trihydrocarbylsilyl, or trinydrocarbylsilylhydrocarbyl of up to
ga%ug’[gfnaélébéf{ L éﬂ#ﬁ%ﬁ?yéﬁ%@tﬁ‘;’e&h %éc%{independently each occurrence
is haloRdt independetthgidravitmyeroe s bytsiigbriop by dupadA0hamdnesmbylsilyl, or
RV a&ggéﬁgymn%@yﬁﬂmW%%ﬁlbﬁst%%lﬁﬂg\@&%gaﬁ yative of the

r .

foregoin ocarbyl or trinydrocarbylsilyl groups spemaily referred

are goﬁrgaévagdaﬂﬂwé%}mﬁ}awﬁz sk oo 1@43?@@(3,4@@1@429@@@_‘,1 group of

upyhenoiatdnd ist2hnetifigapdapeh pheng! g didisahu i pheviént derivative of the
ibenzo-IH-pyrrole-1-yl. or anthracen-5-yl, R21 is hydrogen, halo, or CI-4

fgfﬁé ,“&hedé?’a%?f/gﬁié’{h%ﬁh"f{h"fé% BRI | o butan-1 4.dyl and G is

chloroEspeiajlycrelerey aracerapaunidiiy hedtenreld: metal complex of the

foregoing formula is: 47 WO 2007/035485 PCT/E§2006/036038 CH3 N

0 O170Q H3 _

2

wherein Ar* is 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or
anthracen-5-yl,

R*! is hydrogen, halo, or Cy4 alkyl, especially methyl

T is propan-1,3-diyl or butan-1,4-diyl, and

G is chloro, methyl or benzyl.

A most highly preferred metal complex of the foregoing formula is:
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O~(ICH O3 N CRS3 The foregoing polyvalent Lewis base complexes
are conveniently prepared by standard metallation and ligand exchange
WQROBEORNES involving a source of the Group 4 metal and the RStkfE$2006/036038
polyfunctional ligand source. In addition, the complexes may also be
prepared by means of an amide elimination and hydrocarbylation process
starting from the corresponding 4 metal tetraamide and a
hydrocarbylating agent, such a
be used as well. These complexes-a p
among others, US patents 6,320{00 e 5% WO 02/38628, WO
03/40195, and US 04/0220050. Addit dlitahie metal compounds for
use herein include Group 4-10 m€etal gerivatives\ corresponding to the
formula: Mz )2~" CNTZ 1. t reif Mz is a mekalyf Groups 4-10 of the

linked by a bridging ligand. Such catalysts have-lyeen previously disclosed
in J. Am. Chem. Soc., 118,267-208
-6415 (1995), and Oreanometallics 151%-1516, (1997), among 48
WO 2007/035485 PCT/US2006/036038 Prg J examples of the
foregoing metal complexes ar& atomatic dii gf aromatic dioxyimine
complexes of Group 4 metals, especially zirconium, corresponding to the
formul;l-x['le@d Rd Rd W d

oregoing po yvalle%t Lewis base complexes are conveniently prepared by standard
metallation and ligand exchange procedures involving a source of the Group 4 metal and the neutral
polyfunctional ligand source. In addition, the complexes may also be prepared by means of an
amide elimination and hydrocarbylation process starting from the corresponding Group 4 metal -
tetraamide and a hydrocarbylating agent, such as trimethylaluminum. Other techniques may be
used as well. These complexes are known from the disclosures of, among others, US patents
6,320,005, 6,103,657, WO 02/38628, WO 03/40195, and US 04/0220050.

Additional suitable metal compounds for use herein include Group 4-10 metal derivatives

[ N

( M? X2,
2

=

M? is a metal of Groups 4-10 of the Periodic Table of the elements, preferably

corresponding to the formula:

wherein

Group 4 metals, Ni(I) or Pd(I), most preferably zirconium;
T? is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;
x” is a number selected to provide charge balance;
and T2 and N are linked by a bridging ligand.
Such catalysts have been previously disclosed in J. Am. Chem. Soc., 118, 267-268 (1996),
J. Am. Chem. Soc., 117, 6414 -6415 (1995), and Organometallics, 16, 1514-1516, (1997), among
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~MX2~ R d Rd Tz N- R Re~ Rd Rd wherein; M2, X2 and T2 are as
previously defined; R independently each occurrence is hydrogen,

Wh 2089831485 Re; and Re independently each occurrence is CIP2@/US2006/036038
hydrocarbyl or a heteroatom-, especially a F, N, S or P- substituted
derivative thereof, more preferably Cl_io hydrocarbyl or a F or N

su bStIi Tﬁi@&rgﬁéﬂéﬂ{?l& Qflﬁl’ﬁ%réhg&%%l peete @Qllglé#%y Lrléj @ﬁtﬁﬂiﬁ@ 'él-l ﬂﬁﬁﬂé\’érl lzlrcl)ma’tic
rrolyl, piperidenyl, perflugrophenyl, cycloalkyl, (poly)alkylaryl, or aralkyl.
RS PRI HEon BTG I Bt S E T o
dioxyimine complexes of zirconium, correspon(%mg to thegyformula: (CH3)3
Rey _N O /7X X2 (H3C)3 O ~, C(CH3)3.Re (CN3)3 oy C(CH3)3 Rey /
C(CH3)3 Zrx2 (H3C)3 0N Rby 49 Wb 2 5485
PCT/US2006/036038 wherein; X2 | S/10U%
bly medhy of be

: clohexyM2Xmethyleyciof
dimethylcyclohex%dz-p -2 IV, 2-piperfdenyl,

007/0

wherein;

M?, X* and T? are as previously defined;

R* independently each occurrence is hydrogen, halogen, or R% and

R® independently each occurrence is Cy.5 hydrocarbyl or a heteroatom-, especially a F, N, S
or P- substituted derivative thereof, more preferably Ci.jo hydrocarbyl or a F or N substituted
derivative thereof, most preferably alkyl, dialkylaminoalkyl, pyrrolyl, piperidenyl, perfluorophenyl,
cycloalkyl, (poly)alkylaryl, or aralkyl.

Most preferred examples of the foregoing metal complexes are aromatic dioxyimine

complexes of zirconium, corresponding to the formula:

(CHz)s

Re

/
—N O
N/
N
(H3C)3 0] I/\I_ (CH3)3
R®
(CHz)3

, or

C(CHs)3
R®
N/ @) C(CH.
=N/ (CHz)s
~e
(H;C)s 0O N=
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benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl,

2,6-di(isopropyl)phenyl, or 2,4,6- trimethylphenyl. The foregoing
WQaMpBRésSalso include certain phosphinimine complexes areP€EEISWE/ 36038

EP-A-890581. These complexes correspond to the formula:

[(R)3-P=N]fM(KZ)(R)3_f, wherein: Rfis a monovalent ligand or two Rf

groupsyipesther are a divalent ligand, preferably Rf is hydrogen or C14

alkyl; M,is a Group 4 metal, K2 is aﬁ%roup containing delocalized

it-electfoffsAHTSHEHWHIEH RS REBBEhly tomivdsgertyL grotpresnthlnimgtig or benzyl,

atal 50 atoms not counting hydrogen atoms, and fis 1 or 2. Catalysts having
high cgm [ ion. properties, are alsp known tg reincorporate,
i ot e O B 2
disashiaysihenvintauegielil, Ay et Sinyinakb?-aingidrayl Rrmdthadigrpippridenyl,
HeHRWI ragtayiyma,nﬁstﬁmﬁfepyg9@%&&&&%@?@1@&9&0@;%@&;9@gﬁ,m,@in
tolefig;ﬁé)agicularly enhanced by use of continuous solution

%’ﬁ} Ation conditions at high conversions, especially ethylene

convefie fisrggofify pergpdanico nigreantbricmarteinpiefgldabhiyiat etmyaes are disclosed in
' . difjo kbut .
FRRVESFE30S ’ﬂfxe%z &%ﬁﬁ%f&%@g&ﬁ& tg ng?%%ggrﬁg%-lpgﬁgfgﬁ(ﬁmﬁi 3.fl,J wherein:

detectaple quantity of vinyl group terminate rmay
reincoRoérasauealeidisiirher HeIBrrer e Ansctes amrglivelers Fsarhmerfostbly R is
neiggehaindyrameies, that is, branches of a carbon length greater than

would result from other deliberately added comonomer. Moreover, such

chains " réffe {%%%% aéhce of other comonomers present in the reaction
mixturk? Bhegrsithenthisinsdaiolird nddeshars thaighowldmmgéhabound to M, said K

SA0CHIng AW I,d [ manomer composition of the
g?egggor] mlxt%rg. ﬁo@vgg)/%%, t%g %rltlgg% ?grgF?&%%saﬁr@ng polymerization
can seri®dsiAimit the incidence of long chain branching since the vast

majorityapiie ROMMAEICbRHE PRGNS FIACHEF ipefids R AREEIBN R eincorporate

.are prevented from undergoing -hydride elimination. In the present
R o B P B TR R FONGEF B roueh B
hydritei mmgm@mmslpmumq@mww@mgmmw piei@phmdbmwdﬂiiei ooncentration
o?fsﬁ@ﬁ 18%’%1‘1@11?‘0@&19& lE‘pER?cﬁ'TﬂH |e%§ﬁ£8& 9§ 195%'}6?1;%[{&&\5&{3 ﬁ)qgt?o}n%[l erization

just prior to or even after the exit thereof. In this manner, fu
cppijiinasizHhish wrterioBhERRiHE CoYleRESAL e Hensi AE RSP gaeater, more

pestetaslies withlef eiarmed Ry PeRRENBE s fe MBRLIRA &Rasynsiataall but
dpolégcan%?rizagri%%c?ngitipns. 59 WO t2 074035485 PCT/US2006/Q36038 .
Aty S B thE R R S R B Y CBY RE FRISAER%ATY TaretBg™ine
Palhenthass roliataipdis) mtim@mwdu@mm@mu\mmwg carbon
IM%QEQQHQM %{ﬁ@}gﬁﬁp@oﬂ{imh@r%ﬁ%ﬂy% ﬂ@tﬁé@ﬁbﬁ&ngﬁtmr&m "Qch chains

cocatalyst, a strong Lewis acid, or a combination thereof. In a preferred
reflect thé presence of other comonomers present in the reaction mixture. That is, the chains may

include short chain or long chain branching as well, depending on the comonomer composition of
the reaction mixture. However, the presence of a CSA during polymerization can seriously limit the
incidence of long chain branching since the vast majority of the polymer chains become attached to
a CSA species and are prevented from undergoing ﬁ-ﬁydﬁde elimination.

In the present invention, the incidence of the fdregoing long chain branched polymer
containing segments or blocks may by enhanced by delaying the addition of the CSA to a point in
the initial reactor or polymerization zone that is just prior to or even after the exit thereof. In this
manner, full polymerization under conventional conditions is attained and CSA is contacted with

preformed polymer segments formed under steady state polymerization conditions.
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embodiment, the shuttling agent is employed both for purposes of chain
transfer and as the optional cocatalyst component of the catalyst
WQaMpesdh. The metal complexes desirably are rendered caR&IVHAERP6/036038
active by combination with a cation forming cocatalyst, such as those
previously known in the art for use with Group 4 metal olefin
peiestization complexes. Suitable cation forming cocatalysts for use
o B B R e S

h?léh??ﬁ@dé@kfyf)‘b@t@ activerataliyst SOa‘rP@Shfang Iqalﬂéﬂnélh@,l\dﬂ’hga. cocatalyst, preferably a
aaﬁsh%; E{zl?é VAt mﬁ%ﬁ%{lggmam h%l%%fbﬂm?eﬁ%ﬁ

hydrocar halog enat hydrocarbyl group, more especially

eﬂ@?‘fﬂ}g’ﬁﬂtaﬂéﬁ SE}?@}S}B B%?%}%?ﬁk?@ﬁﬁi] Hgﬂl ﬂﬂpﬁﬁﬁ%}ese%fﬁ@e}gﬂgﬁnsfer and as the optional
ddst&ml@ma&upmc@myk)bmmec@@pmgiymenc compatible,

nonco d|na ion for | ing.the use of su

comp oﬁ:J[n S ungb q zmggcag orr?ls%g’éeé emﬂll %1}('3 Vebfyco %matlon with a
catiom Bnmmg CMWMW tmmnouwrtmmm theibytifimussrveiifGniupd metal
Siedts RianRpAti or ﬁ)@&@org{mﬁi@%a}pﬂaﬁn P QSRR BB AR L include neutral

silver salts of com le noncoordlnatlggﬁ@nlons and combinations of
Tirwisgrddio tighsforoBYAinsg by cubshiutedPraR LA rjueinthssteriadising
tﬁ(ltmm}gbyl)ﬁbﬁﬁiyﬁiﬁ- aﬂdlagmwatm@ymm quepdiade dnadalprenddiicluding

tauagh Wlt Jegoec to different met I orolefln erizations
Rl e R B B ] B Ao
h@lsg%eﬁéw@@@rmgmwamrq%m@wp@ﬁw%@i m@:ﬂasomocm@ounds and most

Cﬁ 3173 H)?b Pé (Q%f H‘rﬁ ﬁg’ Aﬂ@l’ fi 1 rmin
s A*ﬁfgj@fzﬂwo’%g,a@?ém G RS Gl s B4 g o formin

BRIl e e s S RO R B S P iR IR oially the use of
aponopdumdphesihenfnom dxtaidnegadraiinme iyl alky log soilfpndua- aalts of compatible,

Aaﬂtggm&mxg rOCRIPYRAEEN, nai%y “?,99%1 Jagyméﬁg Eq%’&%c%%g Mg

in each hydrocarb yl group, especi tris penta uorop orane

Ajpae pPrbraphiatiinns of bedpreroinegation aradig ?ﬁﬁ@tahéséswmwt@plwmeﬁbe
forebBIRMANE RkIBINaRS: AR LaMBRAtaEREAhaRUEABHI R BWAS A€ Hith respect

C|ally tri pen afluaro yI) orane with a eric or gligomeric
At e R AR 63 PR SR TR B 1E DGR FREPvasd-277.003
B¥-etdb ToHT plé‘s«ms@@rﬁanmméawmé;msemmnxanwam-s:m 31
(R-A3:485, @Qrﬁﬂé‘r‘f%@?'défoﬂ% 1Lk B4 Q. sitpele 168 109MEgs 1,

com ounds useful as cocatalysts in oné embodimént of the presént
fﬂéﬁ%@ﬁ‘fﬂr@@%’@%éﬁ which is a Bronsted acid capable of donating

a protmnmﬂ&@or@@nmmlmmmaaagddwmmw&némn&ms;ed fARUYDaluminum

the ter ncoordinati eans an apian 51 WO 2007/035
PETORIORHE0AE AR INE ch el RO RAE G ORATAEL iggprtsDboron
ohivshind bnlipgiieeRly ook dinzresineashdlydommpié gasiphesedsialymaining
tﬁk{%&i&ﬂ%@ﬂdﬁﬁ%%%ﬁﬁ&@&ﬂbﬁx%ﬁ%& %W%Q@ﬁqdé%qs acid mixtures with a

noncoordinating anion speC|f|caII refers to an anion which when

Hﬂ??&'ﬁb‘ﬁ I?fgoggogl%?blglgﬁqgﬁa combinations of a single neutral Lewis acid, especially

tris(pentafluorophenyl)borane with a polymeric or oligomeric alumoxane may be used as activating
cocatalysts. Preferred molar ratios of metal complex:tris(pentafluorophenyl-borane:alumoxane are
from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10.

Suitable ion forming compounds useful as cocatalysts in one embodiment of the present
invention comprise a cation which is a Bronsted acid capable of donating a proton, and a

compatible, noncoordinating anion, A". As used herein, the term “noncoordinating” means an anion
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anion in a cationic metal complex does not transfer an anionic substituent

or fragment thereof to said cation thereby forming neutral complexes.
WOHmPHsie anions" are anions which are not degraded to nBU#AIR3006/036038

when the initially formed complex decomposes and are noninterfering with

desired subsequent polymerization or other uses of the complex.

doefercadigiianRsiaie ke «dantad Tiog,asigls aoaiinaiion eemapexd to such

comprising a charge- bearing.metal or metallaid .core which anion is

e e e S R R e T B ey A
reagopiylinhiicls aniop breddienbyirefhirsricthe auion cdrivhorientiizniéosmmbinadiarge balancing

HlsR inSAlRRIOhaheE e suicisnily.labile 19 Re; displacRel Ry ﬁ!x%mlm thereof to

diolefinic and acetylenlcal% unsaturated compounds or gther neutral

Pl sripn heceby driming rarelsomplases Sheameihietaiensn 816 dRions tHaigh are not

degtditrtechéaraliyvihemhehitialdgatatntampiuitebimposiatnddsd nchia@ifering with
utare not Iim@teq tQ bogon,(ph%sephorus %nd siliqon. Compounds
esired.subsequent po grization’ or O t uses of the complex. ..

containing anioris whic comprise coordination c%mplexes containing a

single Piefearedranienantsi dhaso nveipiniog esingle copedikaiion posnmexmeamyrising a charge-

RAFHGUIRIN SHEBORTRIHEE GPRIRIR iﬁga?a‘ﬂwﬁb*aa{ﬁn@mﬂarga%@m@&ﬁve catalyst
portion, are available commercially. Preferably such cocatale/sts may be

RsStesshRa BY TSI e Pa st AR LOPL P eBPeRS B HHE AobiRsd. Also,
s han@utshbild wesshifisn(ly*dbjle is Beclspjlagat éyRriefisigdiakifing id AtyRnically

ﬂ;&ﬂﬂ&%ﬁr&'& iﬁ‘r%s%?%lf?&ti%';fﬂr p]i.]%%g%\a{isggs%c%ha%regﬁepsfo%_ﬂiﬁﬂgs. ;ﬁtgﬂe metals
integer from 1 to 3. More preferably Ag- corresponds to the formula:

invlede] butgreatel Hmifedd b ahenihn| aetradpiatien: Sugatlamsialaids include, but are
RIAERAA HRGERRDGROHY, @86 R REGU N ERso R SEleiaRiTFomdANiHeh comprise
dialkylamido, h?lide, h drocarb?gégydrocarbyloxide,

RETCEHSH R R SEHBIe e R HiiRE ARy b ifatgell known and
sabstutedlsily heiraoesbyl dachotlinifip elsiditig oesh alogémdteshion portion, are
atg,xﬂgg&aggx}ﬁ&ag@!ogenated hydrocarbyloxy- and perhalogenated
silylnydrocarbyl radicals), said Q having up to 20 carbons with the proviso

that infeferabiiesish rosrialvde ke ke eepscss Hegibe teyaloplios spnsupldbrewla:
hydrocarbyloxide Q groups are disc{psag in)8-A-5,296,433. 52 WO
21907./035485 PCT/US2006/036038 In a more preferred embodiment, d is
wherei. . . . . .

one. that is, the counter ion has a single negative charge and is X.
Activalifigscosatsdl/stsvedmstising boron which are particularly useful in the

preparatjon of. catalysts of this inyention may be represented by the
followi@goﬁgné?g]%%tg: ronsted acid o ﬂ,

AF is a noncoordinating, compatible anion having a charge of g-, and

g is an integer from 1 to 3.

More preferably A¥ corresponds to the formula: [M'Q4];
wherein:

M’ is boron or aluminum in the +3 formal oxidation state; and

Q independently each occurrence is selected from hydride, dialkylamido, halide,
hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyloxy, and
halo- substituted silylhydrocarbyl radicals (including perhalogenated hydrocarbyl- perhalogenated
hydrocarbyloxy- and perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. Examples of suitable

hydrocarbyloxide Q groups are disclosed in US-A-5,296,433.
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(L*-H) (BQ4)-; wherein: L* is as previously defined; B is boron in a formal
oxidation state of 3; and Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated

WO tIYae3$a-, fluorinated hydrocarbyloxy-, or fluorinated sily|RgR@EaMI¢O36038
group of up to 20 nonhydrogen atoms, with the proviso that in not more
than one occasion is Q hydrocarbyl. Preferred Lewis base salts are

ammorumé&alisefese pisdanably, Hislkydammpnikiicaks 69 Rt NIGERMRgative

r more C12.4Q alkyl.groups. Most preferahly, Q i each occurrence a . ..
A Ay G o ROt Tt Al m e
Isepansidimaifivatplpsta nfjfhésinfantioomep hepepressiist ightim fyl lbeiug eehawdarmula:
activating cocatalyst in the preparation(gfc _tﬁ;}d'g@?]oved catalysts of this

invention are tri-substituted ammonium salts such’as: trimethylammonium
‘Y@ﬁrﬁk}'s(pentaﬂuorophenyl) borate, triethylammonium
tetrakisfprnapiteviaphaiyipdaorate, tripropylammonium
tetrakis(pentafluorophenyl) horate,, tri(n-butyl)ammonium
tetraki%(%gjr?tré)ﬁdgraogoﬁrg%%‘%gég?e%taiﬁ%rs}é)i-aé}llﬂltyl)ammonium

tetrakiS rembaficaseoitie hybromrbydox N, Rudimatidtizditierthyl-, fluorinated
dedrakdipeRiafliaronhamdk ﬁ%ﬁochlb%'-%mﬁ;wl@ﬂ‘w@y Hdnhydrogen atoms, with the

n-butyltris(pentafluorophenyl) borate, -dimethylanilinium

%%Wi?ﬁfﬁ@ﬁé‘ﬁféﬁ?ﬁ FB%@PE/B“B‘HF%%? RN Sﬁ?ﬁ?élfﬁblanilinium
tetrakigféﬂﬁ%@?ﬁlﬁd@)ﬂﬂiﬂy Mﬁg&iﬁnﬁ&ﬁﬁllﬁﬁf@ﬂiﬂﬁﬁ%lb @fialeylammonium salts
cgﬂ%%%‘iﬁ%?g é%%ll:g:gﬁl) 6%2%@%‘%‘%]9?%%%%5 Irlt!lll%;’an %d e5a’ch occurrence a fluorinated aryl
srercerslicnpsyaisgephanlerotmhenyl) borate, N,N-diethylanilinium
tetrakig(Raniafiere BbemhiRe Gienp NN rdREIE A ARIMEIRNAPHINILE] as an

tetrakis(pentaﬂuo_rog]genyl) borate, dimethyloctadecylammaonium,

YA BRHARTOIO PR SRS BERA RS e RN ClaeHIahToRYsRSion are
ttetudkig(peiaiiuoriopheityjuobrate, dialkyl ammonium salts such as:

di-(i-p Qg“mg?g i is(pe ). borate,

meth rf%@t% lecy ar%ﬁr%%%%n%l{iesiﬁgEﬁ%ﬁ%@%@%@%&l) borate, 53 WO
tQ@bY%%ﬂ%@@W@ﬁEG}U@GS’@@B@Y%é%ctadodecylanunonium
t&@ﬁr@égﬁ&aﬁemhaqeaathﬂtmﬁt@@ﬁd)@@ﬁfé}decylarm nonium
t}'le(}lr-%lkllt?f a?n%%ﬂyu%c%gtpﬁ(?%l egt(e)tﬁ%ltoerbphenyl) borate,

tri(sec-butyl)ammonium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium benzyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium pentaﬂuorophenoxytris(pentaﬂﬁo}ophenyl) borate,
N,N-diethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(pentaﬂuofophenyl) borate,
dimethyloctadecylammonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylammonium tetrakis(pentafluorophenyl) borate,
dialkyl ammonium salts such as:

di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate,

methyloctadecylammonium tetrakis(pentafluorophenyl) borate,
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tri-substituted phosphonium salts such as: triphenylphosphonium
tetrakis(pentafluorophenyl) borate, methyldioctadecylphosphonium

Waepekisg8htafluorophenyl) borate, and PCT/US2006/036038
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium salts such as: diphenyloxonium

m@@(magmmﬂﬁm&mmm%m&%%%, and

(ietra is(pentafluorophenyl) borate, and di(ootadecyl)oxonimn
&??El%@ﬂ?éﬂﬂ'ﬁfbtﬁ%ﬂf@%g rophetyBAEd sulfonium salts such as:
toli{aristlyilyed inssplonieiakis pamtagluorophenyl) borate, and

methylcota Isulfonium. tetrakis(peRptafluoropfRenyl) borate. Preferred
(Lo S R SRR Bt
BRhaitpriedecdlisenhenbimuei desorsa el eplipmidhbgrateatidns derived

s AixbarepIRh iRl RIINE SAANRRINFINS Moy borAS alkyl groups.

Another suitable ion forming, activating cocatalyst comprises a salt of a

U A AARY L8R S5 noncoordinating, compatible anion

represéiptedyiiyxtinéiio tenalds(fEndaft) gldphe)iyl) Wdretegin: Oxh+ is a cationic
|diz] [ +: N is.an jnteger from 1 to 3; and As-

cg(r?éjt g@%@%&%ﬁ%ﬁ Jg%lfr’][e%g?%‘% lpﬁlgggtgfr%ﬁaﬁtionic oxidizing agents

di{erteecTdrsui et A pseafbireplissutlbetitderrocenium, Ag+ or Pb+2.
Rreieiedenotiments ohd are those anions previously defined with

respect.o the Bronsted acid containing activating cocatalysts, especially
tetrakigt{fé qgﬂﬂiﬁéﬁﬁ’é‘ﬁ% P egl.t#iﬁ‘(?f }egﬁh’gfét?oﬁnfbrming, activating
mmtmm@mmmammmmm@mm batttef a carbenium ion and
a “0”95%9{91@@@&@9@88\5@%%&91&?&%&%%3,8%&1% £9{f§111%'ai [Cl+ A-

wherein: [C]+ is a Cl_20 carbenium’ion; an Is a noncoordinating,
tpipeasidepyiamparivg wiensgadsmmmonigrefetiens denbechfinm wixtysesrf trialkyl
dniiybeadianinthabis biptenymeihylss. 54 WO 2007/035485
PCT/UEH%%?6/O36[) 38 A further suitable ion fo[ming, activatinqtc?catalgst

O

compris&2 aercs(l)l%apoeulr(]) V(\)/ﬁ?éﬁgisaglggﬁlg cocatalyst comprises a sd a catidnic oxidizing
agent and a noncoordinating, compatible anion represented by the formula:

| (Ox™)(A%),
wherein:

Ox™ is a cationic oxidizing agent having a charge of h+;

h is an integer from 1 to 3; and

AF and g are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-substituted
ferrocenium, Ag" or Pb*%. Preferred embodiments of A¥ are those anions previously defined with
respect to the Bronsted acid containing activating cocatalysts, especially
tetrakis(pentafluorophenyl)borate.

Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of

‘a carbenium ion and a noncoordinating, compatible anion represented by the formula:
[C]+ A
wherein:
[C]+ is a Cy.59 carbenium ion; and
A’ is a noncoordinating, compatible anion having a charge of -1. A preferred carbenium ion

is the trityl cation, that is triphenylmethylium.
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of a silylium ion and a noncoordinating, compatible anion represented by

the formula: (Q13S1)+A wherein: Q1 is C1-lo hydrocarbyl, and A- is as
WQR0TadsH#defined. Preferred silylium salt activating cocatalyt€ Efe2006/036038

trimethylsilylium tetralcispentafluorophenylborate, triethylsilylium

tetralcispentafluorophenylborate and ether substituted adducts thereof.

Silyliurg galishAvedrern Rraxigu §éy1&@agras@al{xl§g§%9§§fée%%o%&md $A8fch is a salt
fg Comm., 1993, 383-384, as well as Lambert, J.

BWﬂet%m i ggncopsdingjing, compatiple.anion r&?“t??é“é‘i&‘o‘??’ %ﬂmﬁlgans

as actlvatlng cocatalysts for addition goly8t&sization catalysts is disclosed
MegélA 5,625,087. Certain complexes of alcohols, mercaptans, silanols,
and oximes with tris(pentafluorophenyl)borane are also effective catalyst

activa@rdsdhdotdydsarbidernd &¢ o avrmaendousks feBsesht invention. Such
cocataﬂyaf@ﬂ%&esﬂy/ﬁqlﬁ%sﬂ daibhaRdRid3rariirhigiastivating

R T

smmtitﬁe:d addtlte dleneudx SitgliM MAﬂgawa rbmbméyiahsmgmmneallﬁwmaﬁd in J. Chem

ifl X [ I r t
e earcd ol Syggpometallcs, 1994, 13,
IhuRdd aT@ﬁm%@aﬂfélse Hoymylviism saltnas actiappa soerialists Fyddsiten podmerization
da&i@g@n@&%absearﬁp@ﬂoxlgagslpsand most especially
tris(pentafluoro bora odified alumox uch cocatalysts are
previous WE§8?%§§5¥ O%ggb%{%;m%r%alfi‘hs%%n %‘E?sﬁ%“eé ¥49,521, and
18568637 0rdpbiagh oh vecatalistefioprisiakysn actm:torsjandmg beiead according to

tg@pl%g&ﬁ'we%fﬁ%ﬁe%&a@c%cm@@q?edd?gam% iiuaer disglased in US
Patent 6,395,671, may be suitably employed to activate “the metal

compl SRl Api g epraiAbEi R s hsrem R j5e s ealmertseraligmeric
dlheﬁﬁﬁﬁsatqiycstﬁly(iﬂbtamataeld&yﬂ@gm@wm&)mﬁm&ﬁnﬁmb&iﬂm&ﬁkthylammoxane

gl lide | olinide bstltut I|n|de benzimi e, or
(@}?gﬁ) ed% g'auazo éa%lgr?g mayg]| eplcotX%' sefsgﬁg{/vsy léggenmd
tdBydrocah L NION@R- AFP@@Ngm@QiMGh@mmbybbomn nEHified alumoxanes, having
2599 ?/ng&ﬂlééﬁﬂ%/&%ﬁ%@r ﬁaldgeﬁa‘t:&f &ﬁwlgﬂgﬁ ekt especially

containing cation, and preferably is a trihydrocarbyl amménium cation
SRR ORBeBY iRs e mosk ffégh PHISIBES: Y8 SR Hieus nER e sy disclosed in

@dkBdjarne /2onT60) €86 MR8 1 dodpendadlyssash occurrence, is
hydro nora alo ?Irocarb | halocarb L, haloh

drocarb
t -
e B B BN oA EE N G refoed toas

egmn@ﬁémltofg@axdrﬁ@qq@ft @ﬂdﬁﬂﬂq@rﬁﬁaﬁ%ém prexfdratvijabli 2Ok to activate

B \hetal complexes of the present invention for olefin polymerization. Generally, these cocatalysts
(illustrated by those having imidazolide, substituted imidazolide, imidazolinide, substituted

imidazolinide, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:

Q° Q3 Q°
A* EQZ- NéN-Qﬂ A*+E12— N)_"}N—Qfl A+ Eﬁ—NéN—Qﬂ
> < >—_< or ’
Q¥ Q@ Q% Q%
Q’ Q’

wherein:
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Q2 is tris(pentafluorophenyl)borane or tris(pentafluorophenyl)alumane).
Examples of these catalyst activators include trihydrocarbylammonium-

W@ /exspsially, methyldi(C14.20 alkyllammonium- salts of: PCT/US2006/036038
bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide,

b'S(tr'sméﬁtﬂﬂhl%ﬁ)%&Hﬁ%@f&én&@ﬂﬁ&ﬁﬂ@%’&ﬁ'qaé‘ﬁl@@rably is a trihydrocarbyl

b|s tris en%aﬂugro en (%Borane) 4 5 Eundecyl)lmldazollde g
f’ns‘éper?ta uoor%pﬁlmr% SR 4c8 B HEPIRY ERATATN A sBThg

@s(ﬁr@@@mﬁaﬂmumbﬁwﬂ)borane)lm|dazoI|n|de

blS(tflsgeimﬁ %QRWXHQQJ&H‘]&D(}@ 19%9&%&@&9 c?ilcp ﬁjfdra)carbyl halocarbyl,

bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazoltn
lﬁ’@i%?%‘@?é?h&ﬂ%\‘%ﬁ@ﬁ% br%{ﬁéyM(I m@wt)ﬂhm@zfanhyd@carbyl)sﬂyl) group of
@%tmeaﬁ@ﬂiafbﬂew@hwm@éaﬂ9)%&&35@%&9@%@mldazohmde

bis(tris(pentaf hen bor 5, 6-dimeth ben imid zollde
bls(trlségeniiﬁ aS‘H"”%B%‘%Y Oé%ng eBiE ¥4

bIS(trIS]@@lnMRﬂﬁ’dWQW)wummmmm Itllihydrocarbylammomum- salts, especially,
RS %@%@ﬁ@j%g%%lm) -2-undecylimidazolide,
e

bls(trls ntafluorophenyl)almnane)-2- heptadecyllmldazollde

bis(tri{PEHsPSEpre lobAsRe)mid Szb@ﬁmdecyl)lmldazollde
mmwg(@mﬂa&@mphwh)ﬁpmmeayﬁnﬁdb@ﬂmmadecyl)|mldazollde,

fl I
l?Sgki'tn %Dgérﬁa E’Ogop i%“ mn% 503(1 11élg(l;(lflﬂﬁu’jazol|n|de
hﬁﬁ@ﬁ@@@ﬂaml@pﬂmmmwgdhe@m%dlmmazol|n|de

idazolinid
thistsrmialiop f’g’*ﬂ?r?ﬁ%@?"mane e e e

blz(trls(pentaﬂuoro 5 bls(heptadecylﬁlm|dazoI|n|de
eHiuerashs #8)i%:dimethylbenzimidazolide, and

Hmeﬁs(sp(qmmﬂmﬁhmpmmamyh)ai)ammdeayﬁnﬁdbts(mmﬂgcyl)ben2|mldazollde

e tho in,P ublication WO
b%sg%r 1%@??5&%#{ Sra%e %\%ﬁfé F 975 ‘ﬂ* /US2006/036038 the
hﬁ(féﬁﬁ@ﬁe&@%wrp@bmﬁ&(%hé@amyamm@oa@mmtors in

Bambipaiane SRR B3R REs -ffthéna R & kstuLShigsblications WO
t\Wéflég)7928 d WO 9%&[4044 and US Patents 5,153,157 and 5,453,410.

5@?@ B8ORS oA ﬁ&iﬁ%@?%ﬂ?ﬁ%‘?ﬁs with perchlorates,
hitic(zesilerrdpbaadgsrine) féHg stoadetyliratemido18/18135 describes

the usﬁléﬁﬁ%@&ﬁ%&’&%@ﬁéﬂyﬂ&iﬁﬁlﬁ% %ﬁ rghgvo 03/10171 discloses
catalyst activators that are’adducts 0 ronsted acids with
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide,

bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5 -bis(undecyl)ilﬁidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5 —bis(heptadecyl)iﬁlidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-5,6-dimethylbenzimidazolide, and
bis(tris(pentafluorophenyl)alumane)-5,6-bis(undecyl)benzimidazolide.
Other activators include those described in PCT publication WO 98/07515 such as tris (2,

56



Lewis acids. Other activators or methods for activating a catalyst

compound are described in for example, US Patents 5,849,852, 5,859,
W@GB8HE85723, EP-A-615981, and PCT publication WO 98/3R/TESAIPep36038

the foregoing catalyst activators as well as any other know activator for

transition metal complex catalysts may be employed alone or in

tROTRRURID @o@eﬁargregataﬁbﬁmﬁE%Q%Arwﬁguma@%\rsﬁma@@ﬁt 56SHxample,
alu oxane containing cocatalysts are avol g molar ratio o

T o RPN AL AT PO ES Sofeps 153,157 and
iﬂdBelmemeﬁ/(ﬁem de5H0RstactiGafingrasiystefenpbiy dsorithlpdfddiael; periodates
ﬁﬁ%@nﬁbf%}gg tﬁg?(ﬂg? é§ ej&l@%@ ﬁ%@V&Q%QQ&%tﬁsg%tf 15 %ﬁ'& IO qummum :

in large duantity, generally at leastl times the quantity of T

asHMapsIEx M)ap?ﬁw af lb%rgréosrﬁgq%ﬁtaﬂummfbﬁws%@éwés mﬂﬁr@aﬁ@b@p@g with
@ﬁlaﬁmagalg%&omlo st ts ﬁmﬁiﬁyegr H%@m@gaar fﬁ%@&%&ﬁ%@r@@@&%&d in for
orir (0] ore era o (0] maos p erera

B PR A o N e PR A AT s Sl prblication
W@I PRIJEL S0 Aﬂmﬁkﬁa@mm«:ﬂmyi@aﬁdﬂﬂmm&ywﬂﬂ thaungetabckimplextivator for
KRG tzﬁ%l é%&ﬁ!&l?gﬁ]&&%% é,wéé%%é%ﬁm %%B%hgrd% to the

activate cata S composrtron according to any surtab ymerlzatlo
,%ﬁ?arﬂ@rf‘élt%él%&@rs%bs@gﬁ%ﬂw&sﬁ@r@ewmsg @g@a@bérémeumded

tempmma%@&swrw/%@d@mm@e@@@awﬁ@l@ﬁ 420 ai100,000 to 100:1,

t f f [

L1 DO 00 OB R o DLl pgggene when usod
tyatsieHbkeathatithting comtabyst, dnonpblyehis lergqnomganérslwfmbmtﬂ 00 times the.
QRN ALY ShISASHYBHQD a%Rf H?o%'ﬂ%'@rl 85%%&99&% as an

not occur, unless a block copolymer mo ified polymer product is desired.

agipingeasEaliehis Rl aurd i arBske rasioriachriBKtel Ramalsael Bramififidn L0:1, more
f@dﬂpﬁdlﬁnesw ®1 ﬁwat@eéfegrwythdmlerqulaﬂswuese@m@aswﬁaﬁg cocatalysts are

e A, o8 Sombinalon ol e orcang pSesacs e
ployEarSupportsimay be ed'i resent invention, especrally

in slur@man@ﬁ@miag@npﬁiym émta@rdm 1Syitable conptedsviticthel ectiviigd catalyst
o%ﬁfﬂ%%cgﬂ&m %ﬁ{ﬁﬁ’e &%&Hﬂﬁ&%wﬁﬂ@ﬂ@%&ﬂ%&s‘g is desirably

mixtures thereof (interc angeably referred to herein as an inorganic
°B§<Tﬁf§?m€9<3ﬁ1‘f§rég iFlENFRS. EaReciees a0t RIS FRabhEeac it fe shpdied as 2 chain
tﬁﬁﬁ@&@hﬁ@lﬂﬁﬁlh@ﬂ&i&yeigﬁmsﬂtﬁﬂfﬂﬁpﬁlﬁigﬁo&tﬁdvm Itétllﬁﬁ@uﬂ’&efﬁdﬁsued As in other

uitable su ferab%/h ve a.syrface area as _de er
e e e

spBeayatbiyighorr it thabcatady shdvactivadon e mg@apaptpir@ﬁstzmypiml Kops not oceur,

WARER Dl S Mindr RiSIARLY JoRMck pio 00 LB A B SfREAR Yt fhigue for
100 pm. 57 WQ 2007/035485 PCT/U82006/036038 In one embodiment of

RGP R e e e PR SIS REr ST A SH BB SFE ey olar sieves
drdighrayfadeconiothease cenbuered bf tolidragaliic prateddonmytbeptopioeed.

a comgg@ggprgggﬁr Al RsRRLed AN AANdedu BN AR MO ace

for spray drying a contarnrng slurry are W ownin the art a

aé‘ﬁirﬁlo%& rsé’i?Pqﬁﬁéf@rlPéﬂ Wichnrjtiedafed.dpehyrysa greatarial oxides,

metalloid oxides, or mixtures thereof (interchangeably referred to herein as an inorganic oxide).
Examples include: talc, silica, alumina, magnesia, titania, zirconia, Sn,O;, aluminosilicates,
borosilicates, clays, and mixtures thereof. Suitable supports preferably have a surface area as
determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m?/ g, and preferably
from 100 to 600 m?/ g. The average particle size typically is from 0.1 to 500 pm, preferably from 1
to 200 pm, more preferably 10 to 100 um.
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compositions for use herein are described in US-A's-5,648,3 10 and
5,672,669. The polymerization is desirably carried out as a continuous

W aWisa#dition, preferably a continuous, solution polymeriza®6/W2M1i36038
catalyst components, monomers, and optionally solvent, adjuvants,
scavengers, and polymerization aids are continuously supplied to one or

more r@aﬁ&@iﬁuaamesﬁmmxyﬁaﬁrrwprés&rtfé@ratyw@u@yssﬁammrﬂdaptlonar support

therefrom n th sco e of the . terms "continuous! ang ‘continuously
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\%i?ﬂﬂ% lﬁ%m’ aﬂH“ﬁEéfﬂT@ eﬁﬁﬁlwe%rﬁ‘é!ré}ﬁo‘ﬁét%ﬂﬁeé %ﬁﬁw@ﬁ{r spray drying catalyst

continuous. Moreover, as previously explained, the chain shuttling
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tor be ween the first {eactor one and the second or an }/
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between at least two of the reactors or zones connected in series,
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react’ors or zohes Sze ot eac se aRent Or bIoek is Je?errhlné’d Y
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19&%38&%‘19@1@&'19&%I&%r%?ﬁﬁxe%%‘e@é%?Elﬁ@lﬂ?b%%f@ﬁq@@%ﬁﬁ‘ AR8IAIG S ctor,

under high_pressure, solution, slurry, or gas phase polymerization
BEBEAR TR EPAFTaRABIE°RE AR SRRy ATiaR, SWPFOREY ISBRIRLS APRfePiffEen solely to
tbapaeorty pe aaf pobyenetiz atieior s ebras Bﬁ&ﬁbame sitferynarigamphags, bmbaﬁatures
p‘ijég&r op bHGs fé?é‘ ‘P':Eat R El%glg‘a gnuc;[cl)(rjlglp 1011 q]?ﬁ'leze%tla r’coi:(v:veosgf tlhe Teactors or
desirable {0 emp omogeneous Ispersions of the cat a
zZeBpA soriasted maqr@eu@%maerﬁemnﬁrﬁw mﬁfq@wpﬁm@@@w@@ﬁd@mmemer content,

cPfHMMﬁfﬂ}&I&ﬁﬁtﬁQMi%ﬂ%ngégmﬁqQ&%ﬂéP&@ﬁﬁ&ﬁﬁ mslgéagd%rence within the
extremgél‘épne sjlica or srfgp dispersing agent to produce such

SAYHGEES de dgmRRsid SHOAREIE R h BT léﬁlﬁﬁeer‘tﬁ%a?ﬁéfﬁfnem or block is
detammpiled by ¢blemmtp¢yﬁhes ma@qnomﬁximohsbéedwdi‘mﬁbﬂsedamost probable
Ml 33 % A figh pressure process is usually carried out at

temperatures rom 100C to 400C and at pressures above 500 bar (50
MPa). Eackisasiosis cessctigsieaniDeppstnisd wader highroressperselitientshiey, or gas phase

PERREIAHcE s AR Of AR iRifle IRPRSBIHERIMID SIDN IO FRIRAAIN Be same

atw ich the re ulting polymer.becomes subst ntially soluble in the inert __ .

AT BT IAR R FORLAes WM DTy Sy SRR Tapdidons
Fare WW@I@QWS PIPEH/UIS268/086038 plirhcdOEsrafedipbysions of the
cgﬁmsp%b'&n&ﬁt;f'rﬁaq18’3{@@1’@4?1'9’1199/1“&1;98gdgﬁ%?%’@lﬁﬁﬂﬁ@é%ﬁ@Bg@menzatlon

from atmospheric 510 kPa) to 500 psi ( In all of the foregoing
%P&E@@@@B}‘ﬁﬂq Bgﬁ%ﬁrﬂfd[}ﬁ}%ﬁﬁf@@glﬁéwgwgﬁéﬁn ar dispersing agent

to produce such a homogeneous catalyst dispersion wherein normally either the metal complex or

the cocatalyst is only poorly soluble is disclosed in US-A-5,783,512. A high pressure process is
usually carried out at temperatures from 100°C to 400°C and at pressures above 500 bar (50 MPa).
A slurry process typically uses an inert hydrocarbon diluent and temperatures of from 0°C up to a
temperature just below the temperature at which the resulting polymer becomes substantially

soluble in the inert polymerization medium. Preferred temperatures in a slurry polymerization are
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conditions are preferably employed. The use of such polymerization
conditions, especially continuous, solution polymerization processes,

WQRMNTHIMSUse of elevated reactor temperatures which resultBGA/IFR2006/036038
economical production of the present block copolymers in high yields and
efficiencies. The catalyst may be prepared as a homogeneous
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santasainthadnenemeisaeRipyecth i bibepalymaetizadi anarfosanlas dloisture free
|tat?1e Ioo ab(itors and varlet of sy |table operating conditions for
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senes%@dﬁdmdﬂn&l@ﬂfs Ba9 Tk 2&1be 0,310 1989 taend B16882h4 Cor Catalygtout such a
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oysd ibthenolympsispingoBxamples of suipbledpop rsaciprs and a variety of
Memaﬁpgrmdmmformnhammh,andjydhhg theariooihyultightiosedactors,
BRI EDHING, 30901 85 A SFIBR 01 8985A Y G ycoven. as

nown in t
Catalyst along with cocatalyst and optionally chain shuttling agent are continuously or

intermittently introduced in the reactor liquid phase or any recycled portion thereof at a minimum of
one location. The reactor temperature and pressure may be controlled by adjusting the
solvent/monomer ratio, the catalyst addition rate, as well as by use of cooling or heating coils,
jackets or both. The polymerization rate is controlled by the rate of catalyst addition. The content
of a given monomer in the polymer product is influenced by the ratio of monomers in the reactor,

which is controlled by manipulating the respective feed rates of these components to the reactor.
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Connected to the discharge of the reactor, optionally by means of a

conduit or other transfer means, is a second reactor, such that the
WOaAeTi8st#idxture prepared in the first reactor is discharged to P¢d/E896/436038

reactor without substantially termination of polymer growth. Between the

first and second reactors, a differential in at least one process condition is

ReiAlishRl [PrefaBlYAardaRit i BatiaRAba, 6PBY MIGEALRMY AEMONED chain
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iR BssM s a8 RsTRLRS AP HRRAYE X perdirbatispobrymirst st canditions-
prepartit inthBie wgenenids NaEERPosed o il Balalysheampasitatous catalyst

may. be. loyed in a slurr [ a gas _phase polymerization. As .
By O%igN } 9 é’
O At S Ao auDr (kLA Bace o RE R SRSt

Ristviensthi diprdopade A Aot ied subadipneatiye irntoRsteopy efgalabilys phapared by co-
FdueTeF Sl PelpRIZAL ML IR ARE I HIRLERYALAEA RS MY %l.teﬁ%fnnd and an
e

than 5 carbon atoms. If desired, saturated hydrocarbons such as e

. ane,
AP S AN R B SRR B AR RTINS I e pit R educhnt iR . (ks lier) gluminum
csoiptionl podyam emzatidim tad of olefihcyandtiipertailwiropktusd)odrdigferehtas an

-olefi ' [ part.a jluent. Mo
SIS AR GRS e v
PRI SDERHBARSBESS oPrerersisf frsr fhe atdus preresiienmbeamarioyed in a surry

RPERINSe Ho8/ SIARATEAN ASH BtRNEh I EBMIEAEh, slurry polymerization takes place in liquid
diluents in which the polymer product is substantially insoluble. Preferably, the diluent for slurry
polymerization is one or more hydrocarbons with less than 5 carbon atoms. If desired, saturated
hydrocarbons such as ethane, propane or butane may be‘ﬁsed in whole or part as the diluent. As
with a solution polymerization, the a-olefin comonomer or a mixture of different a-olefin

monomers may be used in whole or part as the diluent. Most preferably at least a major part of the
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catalyst has a median particle diameter from 20 to 200 gm, more

preferably from 30 m to 150 gm, and most preferably from 50 gm to 100
WQR90TH&FeFably for use in slurry polymerization processes, thBGEUPPG 36038

a median particle diameter from 1 gm to 200 gin, more preferably from 5

m to 100 gm, and most preferably from 10 gm to 80 gm. Suitable gas
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fluid 'Zlﬂqng?e%ré& m&h‘éﬁ'é’%'é%dlﬂ& gf haslehe g&ﬁ[tl%ﬁ %) {Heo &%ﬁher E)chﬂed by the cooled

n
i
undergo some_polymerization in the bed. The evaporated liqtid then
reqyrlpges fidmitrd raclatile Havishie Brtbrd foprowdy @ qyarotative epeling gffect, often
R esSivphadiExhangRdsHOhYe. resy i doeliqhie £e0ye Baiitase can be,
cooled in the heat exchanger.and, if the temperature to ?}Eﬂ the gas is
R E LTSS AP TR 11 STUETU PR e i reerbly 4
i Guigtizod etsirath nrbe yeke dhebihémuanesiprior v dhoidez édelide a b plodBjbié or can be
Mdeaee heRiesiRiiate kﬁ%qﬁst&ﬁ%ﬁ%@@é AUl QRIS CHIE A v Borative
WQ 2007/035485 PCT/US2006/036038 :
cooling effect. The volatile liquid evaporates in the hot fluidized bed to form gas which mixes with
the fluidizing gas. If the volatile liquid is a monomer or comonomer, it will undergo some
polymerization in the bed. The evaporated liquid then emerges from the reactor as part of the hot
recycle gas, and enters the compression/heat exchange part of the recycle loop. The recycle gas is
cooled in the heat exchanger and, if the temperature to which the gas is cooled is below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled continuously to the

fluidized bed. It is possible to recycle the precipitated liquid to the bed as liquid droplets carried in
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WO0-94/25495 and U.S. 5,352,749. A particularly preferred method of

recycling the liquid to the bed is to separate the liquid from the recycle
WQa¥ahhs and to reinject this liquid directly into the bed, préfeTaAbHrAG6inEH038

a method which generates fine droplets of the liquid within the bed. This

type of process is described in WO-94/28032. The polymerization
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,462,999; 5,461,123; 5,453,471; 5,032,562; 5,028,6/0; 5,473,028; _
by xRefnigsiged pressuand opsiona By gleyatpdderapsraesGievalatilization) according
tPIROH KYHNGH0 NBSidURG te dlided HRsdvsitiNe s R P RERUFSCBIORKoperated at

t(:ﬁ?tgog/mers are aéfo %n%ude%%vﬁpi%th%ﬁgesent i()qvention. Exam&!egs 00
FRAEIGE et rATE Bl e IR RS bt 14 OtheParRREH 8P bom 70°C to
ldatdlyst or chain shuttling agent employed, as well as further derivatives
thereoéuiggl%atégehgsséugt%ﬁggp 'gé’i l)v {%%t 120 a%glgpa%lg%\{ =S tB«raopqggetsse)&t !cﬂg invention are
the reactor Is terminated with the
disclosed in US Patents: 4,588,790; 4,543,399; 5,352,749, 5,436,304; 5,405,922; 5,462,999;
5,461,123; 5,453,471; 5,032,562; 5,028,670; 5,473,028; 5,106,804; 5,556,238; 5,541,270;
5,608,019; and 5,616,661. -

As previously mentioned, functionalized derivatives of pseudo-block copolymers are also
included within the present invention. Examples include metallated polymers wherein the metal is

the remnant of the catalyst or chain shuttling agent employed, as well as further derivatives thereof.

Because a substantial fraction of the polymeric product exiting the reactor is terminated with the
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WO 2007/035485 PCT/US2006/036038 can be utilized in well known

chemical reactions such as those suitable for other alkyl-aluminum,
WQRBHILGaME, alkyl-zinc, or alkyl-Group 1 compounds to form B&fifs2006/036038

hydroxy-, epoxy-, silane, vinylic, and other functionalized terminated

polymer products. Examples of suitable reaction techniques that are
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AUGHSRRLEAJAT, G908 S/t ARRl (AN, RARANTESR: IV RIGHIUARIS: Qlres, ana
polymers, and block copolymers prepared via s_eyquentla monomner

espR¥iadr S bt HIB IS & ménusss aRRsHRb by atevaeted nedypsiyreasy haxg srplecular
weilén_m,qu@,Sﬁ_E][MQ,mFgaﬁﬁi@d_ 168910015000 Q}{f]?l@h@, _yv&da}fa&ﬁﬁlambo%g{naf@ to I&OOO’OOO’
relative morm, ending o niformity of reactor conditions, a

R T T g SO e PR BB LB RS o 300,000
giastleitffhodeatkier ithedntewtd eghyraertsoom thei firtiveOpRsl yor(e? Bgewe latil/plyferably, for
AR IR NGBS, RINCY.85 %i)%ﬂf"t%’bb*f' /er, the average block

length is not a narrow distribution, but desirably is a most probable

distribdhib ROEBEE R I Yrakion dray s iERmtivte o conBrRlIBRsKE TSP
COPOINIREES pH@i&ﬁQb@aﬁI@@ﬂﬁﬂﬁiZ@sﬂ&ﬁH@Uﬂ@EbﬂWrﬁr@@Féifﬁfﬂd'ﬁﬁals@i@&iﬁal monomer
SRR SPIE B AT SR, R 5 ISIERIS S
sapprtpdpgtoin griblpcknyitbspectspehose of puatvely clifopoigenendingod the uniformity
TG AR RX PO AR PIRRET SO LRSI G 4R BE B uBRier distribution,
tacticity, or other property of segments within the polyrﬁ;r are relatively uniform within the same
block or segment. However, the average block length is not a narrow distribution, but desirably is a
most probable distribution. Because the polymer products have two or more blocks or segments
having a broader size distribution than a conventional block copolymer prepared by anionic
techniques, they are referred to as pseudo-block copolymers. The resulting polymers have

properties approximating in many respects, those of pure block copolymers, and in some aspects

exceeding the properties of pure block copolymers.
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WO 2007/035485 PCT/US2006/036038 Compared to a random

copolymer of the same monomers and monomer content at equivalent
WQRAMIARMBS or modulus, the polymers of the invention have oR€BIUA2O0E/036038

distinguishing features, including better (higher) heat resistance as

measured by melting point, higher TMA penetration temperature, higher

high-terepgrastte iensilensiopbgiierastdio shighes dogbrdandiesabue JoRiRMt

feammrentingheding bettird pghyrnbest revitaorrnommerzdbythelfioliqwing highee TMA

ﬁéﬂgﬂﬁfﬁﬁsﬂé}ﬁbgﬁﬁuf@mﬁwﬁﬁ%@{eﬁlﬁm {%M@Héﬁﬁ a}fa%? fl%tﬁgxsﬁi %ll_-temperature

relaxation, higher creep resistance, hi%her tear strength, higher blocking

tPeifg ppdulys atdeteaniped by denaiaitaneeycs pustists-(SATERAES SR random copolymer

denmpehaiulie siighesranayend (hartinutaditaitelieyniediienppBiatik @8)e one or more of
tFegcJEI\fo%%asligvK/]e{‘e(:siStarlgscl% higheal}{i%tliar tiv? Orceﬁ%gnq ke)rea terrsOill and/?r laxati
ifier acceptance. Other ﬁlé’hfy dESHabIE COMPOSTIONS Recording To thacss relaxatior,
lﬁgb@e&_mwwwsma@@mémméﬁwm@gmmmgr@iﬁy@néaa@sﬁm due to higher
@%fi%t%%&@kﬁc%@?ﬂ@rﬂﬁer%%,qgEﬁ_’é?qgé’og% QaRAIEHI 80 Blevated temperatures),

monomers. Preferred a-olefins for use in this embodiment of the present

AR ARG aPd S ARRatieh b fetret ST RS, end beitarpihaqdfns lienagoepinnesy

or braazhadcaikyl dgsirablod digrsitiéas kicoadingo giopisciiiareptig afe elastomeric
S -olefins include, but are nat limited to, propylene. jsobutylene, 1- .
B A S AR5 e i

peneeatarrpiarededlefiaidinss bty tarhedinmatnidhy rpendretion are designated

wahdnsR M T HRRERY waleERe aindhe &hasckR ARRRN AHYMES 12 carbon
depending Qn erth r a copolymerized diene is also Eresent. Suitable

e TOPRES § SRR O S0tk BB R SoprmeYenscirytylene, 1-
tooajelJapestare NGhegarjugakehlylstrpegtehgrarar drctae ohaimticaltlicpreferred a-olefin is

ORI Cr@%%?é? QIHANNG M A0 g%ges;%ig? efrE’J?J%f@g HIeNsS or EPDM

A
inClude 1,4-pentadiene, 1,4-hexadiene, 5-ethylidene-2-norbornene, .
RezRIEsieReadianen virthsha cappbrrcrizad depeiiy ptfemeeseiobbiehindiepes for use in
ﬁg@mﬁgqﬂyups_eﬁﬁmlgm &% 50%)5%@&6@@%‘06@&@%&@&%0%@6@{;@&&B,estraight or
iene containing polymers cqntajn alternating segments or blocks :
RO oA o LS U O R B § oo oy e dions
ipebiddrhAipaitading nohbyxtidetesatetuitidrity bhoienecandiayolefmtntignie
éﬁ%ﬁ%ﬂﬁ&%ﬁ 10850 RHRSLAE LB R RIARST SRl A iR nPRAUESlidene-2-

e diene and a-olefin monomers are preferentially incorporated into one
9888 Mtock of the polymer rather than uniformly or randomly throughout

the polysvsiethe\ine comtenaffipEnthirLidizad angnstisagurntholBocks containing
crosslinking efficiency of the.polymer can be better conirolled. Such

LS S Ibe el R R E PSR R o Ay e ol
Qeoptreé diancindingléfginery tersidacstraithitdns bEstbsaiestipobomygnpperties. That

i wehespicfaiatyndhe RsalonblnGk Relyiers LD %%\;ﬁd}g@a iﬂ%afgn@@ype of block

ethylene content from 1 to 99 percent, a diene content from 0 to 1

P EheAbarTahethangoardy encendgmbiiiuarshent thereaes Bpettenpre efficiently
uvidizedland thisséqiahiyeightrofsthikipg bfwend3ref eicgdipabroar etsetter controlled. Such

crosslinkable elastomers and the cured products may have advantaged properties, including higher
tensile strength and better elastic recovery.

Further preferably, the pseudo-block polymers of the invention have an ethylene content
from 1 to 99 percent, a diene content from 0 to 10 percent, and a styrene and/or Cs.g a-olefin content

from 99 to 1 percent, based on the total weight of the polymer. Preferred polymers are
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64 WO 2007/035485 PCT/US2006/036038 invention have a weight
average molecular weight (Mw) from 10,000 to about 2,500,000, a

W aWadiiidssity less than 3.5, more preferably less than 3.0, aft€a/NA30H6e436038
viscosity (ML (1+4) 125 C.) from 1 to 2.50. More preferably, such
polymers have an ethylene content from 10 to 98 percent, a diene
V005011503 ﬁmaaev@gﬁtaeéﬁgemanoamlam\gﬁoqmntmaa@o% fHRCersNRNIVa
SRR TR ARSI L 810 AR IABHIDOEN. 120
ﬁrbiryleﬁéﬁéﬂﬁ}ylene copolymers containing greater than 10 percent

ethylepg,rdprieranly Q{&E}Ja&ﬁli@@ﬁ@e%r&ﬁgfaeﬁéwﬂ% AR 1Y 109 RBENER diene

blocking strength léss than or equal to 3 and or a compression set

RILEHERMG? rfar%oabgr%'@ﬁr 5P3e 2 S0 RMRETehy? BEOH W ek ifo 250,000,
awisly digrarSitiofi@BoUb 7o et Msedeyaidyokigni-da 10 ﬁﬁlqoewmmp f&eferred
RSRIARN 190, A0 R P RSles b e 0 Al comRasitan IR 01y ione
proce gsmg olPShitabie 0|S|ncu ean oIl that 185 nven lona f% Y ene

PrsEameifbceoritey Grtektescamr EIMlelmb@d feving kpdies bExbmﬂ@@lmblmthan or equal
t894pRARNEICNIEm AR RAAIIBIS 1Rl ML PR T UC M S DPEY preferred

Highly desirably a curable EPDM rubber formulation is prepared
incorpOPSRSIYBFBMaYde AlGPEedrhy Sy Ents Hio AP with esrﬁvgnﬂrafﬁrbly from 10 to 60
receatendar prefeatblefind) 20ants) SHdikaln|ased Iﬁgt&gﬂdﬁpﬁfﬁ&ﬂ%fgﬁﬁﬁ@d processing

L:1x Iﬁ% gflsu%f\lale Ifur tﬁa ed curln% ents nclude t are ng
Olm%?(f to, slusl ur, teet)r?a#\ EL %nsu?grrlr‘{ WB’)”“ acuring extended EPDM

rehbenfernaltitenctmales ﬂéﬁlaé@ma@f{@ﬂwmy andwereivienehz Bitiazeisinic oils
b@&ﬁ@'ﬁ)efgﬁg@rcaptobenzothiazolate disulfide (MBTS), zinc-2-
merc gEwnozo jazolat % MBT), zinc diethyldithiocarbamatezinc

(ZDE Q) Ay B R L P B S0 L AFRE| G AFeRaion of one or
neteasurfig el Ab)gNvith bunyﬂnanndthnaeieﬂa&s sudihmanijoe{ BRiShbdncliring agents

ard 'éﬁﬂi{ﬁ%&&%f eE;Cai?\ihﬁ’ég I)?rsrlﬁglﬁg Eﬁlﬁﬁ%gﬁh 'E\ﬁjﬁg %Eexﬁs‘iﬂmﬁé‘ %“95}9 Irot limited to,
sulfur, MBT and Desirably, the f oregomg components are

el dkemrihvRdimsiide M eieen enefhitennl eoATpEse GAPTT), 2-
Heeightb benRbeRESE (Mmtp mﬁfeﬁsammmﬁi@@médm@lﬁeémmpemmnt

of the inventign m Iude arb lack, Preferab carbon

R RN e AR REOR I (B bR Al By
dﬁlumlémrmgoﬁﬂaqueatﬁeﬁiﬂmé}&eﬁpemammhﬁemﬂmsnmmemlgﬁdeAﬁETlfﬂnHI-t-
b‘ﬁ%ﬁi}%ﬁ%ﬁﬁ‘ﬁ&gt@%BM&@Q@E@'%M%B&%@QP)@&%%@W stem includes

resent invention include various other ingredients in'amounts that do
phicr b A iHe MFdretitM PR skl fecbripiagienpeRgs are employed in
angiaeienis Cludeebitht RRablinviaddmpasitisatatsgiguch as calcium or

magnesium oxi Sl?azﬁtt LAgds %‘ﬁ%‘n%%c%trﬁa”% id a”é’oéa'ts IRRIEOL SIS, may also
and reinforcers such as calcium or magne |um car ona e, SI? Cf
indlnedrearbosildarie sPysigutidyz érs carbon tHacl |alk5ﬂse@terﬂlefam@anmf>@¢m 10 to 80

;ﬁﬁ!gﬁv, %@%Mﬁ@%o%%%@bwm%m&“ gﬁ&%ﬁﬁxposition weight.

Additional components of the present formulatiohs usefully employed according to the
present invention include various other ingredients in amounts that do not detract from the
properties of the resultant composition. These ingredients include, but are not limited to, activators
such as calcium or magnesium oxide; fatty acids such aé stearic acid and salts thereof; fillers and
reinforcers such as calcium or magnesium carbonate, silica, and aluminum silicates; plasticizers

such as dialkyl esters of dicarboxylic acids; antidegradants; softeners; waxes; and pigments.
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65 WO 2007/035485 PCT/US2006/036038 Applications and End Uses
The polymers of the invention can be employed in a variety of

WQaMé#tal thermoplastic fabrication processes to produceR{sE1If2006/036038
articles, including objects comprising at least one film layer, such as a
monolayer film, or at least one layer in a multilayer film, prepared by cast,
Blowantisalenderad; Lk extrusion coating processes; molded articles, such
as blowy, molded, injection molded, rrotg[nolﬁil{ed articles; extrusions; )
fiers: SHRPASOER OF 16 AR GUER PR SoR RO AEHE G FBBSRIBRY thermoplasti
Rorivptising diwspses pridpodyusens aiticlesd mditeigsohfisbrotb@phigtigral 164st one film layer,
SHERE RO UGS, JRIMOLEINYG AYRIS hqu@g%%%ti%”tcast, blown,

additives, antioxidants, stabilizers, colorants, extenders, ctosslinkers;
wsndrrgdagesiausian srttecpresessesi paldrd Aeiclamisperesion neddeponisation molded,
dibetsnislell AsCRS ENRB1h HOEH S N RGN SMBH- TR BIANE! Thermoplastic

comprising at least in  part, one ar more pol rs of the invention. Fibers |
SRR HPERMET RO BEieRt SRR R gt e e et
piderersowditvesticonfipoingrgestwe iiifcorestvisteddisines mothofitamestabilizers,

Syl o eAR R S0 AU VBN M i
sPraponers fibges WshasfisersheathiSbros davinars purnIntacedayiovemenitng at least in

RPN IRV e Hesas s dRaoBeehiibh)SP 3,485,706, or structures made

from sych fibers, including blends with other fibers, such as polyester,

o e e o e b BART L8 Al i GRS ST tov
@XWGM@MWMMSQ@E&@@&I@&@H@I@Sﬁ}dhaUldetmiﬁ@ﬁpmses include
SiBRRAY PP WA Shn & DB RNV YBRAIRSS S35 2R A 8 RISP668,566, and

useful for wire and cable poatln(?_og’eratlons, as well as in sheet extrusion

Tor el B iR s 3e Aitrore dam H Y8 riviting b erea and senvrrsierifAb igseas

disgioséd i ersion 488 dia gr Blawtine|ding pacessh BhdeiapRIdiRMblends with other fibers,
rocesses. compositions comprising the olefin pol rg can also be
R A e et o8 RS o e gag e

edmvienserht pelyuiE s madeedksdguiedemn mdakawhidhvisiel we irknpadryams or fibers.

theaewhilgtdR s Raly e iR AIEaSINg:DisResIe Qﬁa@}%mperations, as well as

.aqueous and non-aqueous) can also be formed using theé)re_sent _ )

BT eSOl USRS BIRE TBRR e ansiarens g arS e inphiding the use of
itij&iMemﬁ{aﬁngp&memEMg@m&@ ofﬁﬂmﬁﬂldiﬁérlg&ws&xamm@_bbﬁ@f@&ﬁﬁﬁrising the -
(gé%g ?)g%g?s\%g gﬁé)o@elﬁ Zecﬁﬁ?o e%xn%?ercfa%%%saslzsalgg ﬂ‘(l: rSOeSSI’léQ}%e (Sil leentioned

any known means, such as the use of peroxide, electron De m, sl ar‘{e,
usigeoprentioan! ppbadelimpreseesirmiefhaiqnerevpitimrersdbimergptpthose skilled in the
£herpiasdiinaitiedisuch as by grafting (for example by use of maleic

anhydride (MAH), silanes, or other grafting agent), halgogenation,

anima |6??,6@386?%@8%%%?%@}%?%%‘5?%% 50 T medorinsRREsisnt polymers
@bbmddingpmhm%dlm.ofmbemﬁoamﬁ@mhpdsidgtﬂﬁﬂmpdapﬁlymdcan also be
BARh BRI BN 3130 LA AAH RO 3R 163Y 1 RRIYIRS Shay also be

Exemplary polymers for
crosslinked by any known means, such as the use of peroxide, electron beam, silane, azide, or other

cross-linking technique. The polymers can also be chemically modified, such as by grafting (for
example by use of maleic anhydride (MAH), silanes, or other grafting agent), halogenation,
amination, sulfonation, or other chemical modification.

Suitable polymers for blending with the polymers of the invention include thermoplastic
and non-thermoplastic polymers including natural and synthetic polymers. Exemplary polymers for

blending include polypropylene, (both impact modifying polypropylene, isotactic polypropylene,
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blending include polypropylene, (both impact modifying polypropylene,
isotactic polypropylene, 66 WO 2007/035485 PCT/US2006/036038
WO PRgh pressure, free-radical LDPE, Ziegler Natta LLDFEHE/US2006/036038
metallocene PE, including multiple reactor PE ("in reactor” blends of
Ziegler-Natta PE and metallocene PE, such as products disclosed in

AR S SrBADpRR8 6, 53814128 6, D35, 446015 Bt DA PEBRR BT AOEE, including

6,448,341, ethyvlene- vinyl acetate (EVA), ethylene/ vinyl alcohol

Al R AT I ALY DB EN R Goone PE, such as products
disgtesed/InUtadTe 0 HIASR, cofRANTE @%ﬁﬂ@dr&g@ﬁt@dﬁﬁ?&tmmﬁﬁm, ethylene-
\(iﬁ?%c%&ge %LE\%,) ’etﬁ’}ngng? ‘E{HQPBL%%? cggl}fg[é%&%ﬁ)%m ?I%SQ& ?é'losdiﬁed polystyrene,

olymers such as olefin plastomers an ers, ethylene an
gﬁ%ﬁ&%@@&?@&%w@%@glym%ﬁaﬁmwmé AetiNpiyap iBoeriéPRSeand SEBS),
dhadieegesignRatipayRRalEY Hnarilshie fepmehaowdidnapisabmers and

e?a% l%any %rs[g VISTAMA XTIEI a%aila le fron}&Exxo‘g{!{\ﬁ(lobi can also 1be

LIRS B PR SRR RO L BPE N PEREE RS &Y ailable under the

Bt dblezenthuSER B 1AY dvndeidnfopr dtie O1svinCheokic il Gorgradyfire FISTAMAXX ™

i . I i ;

o D RN SO tho presen
sensitive adhesives); footwear (including shoe soles and shoe

liners) sait4bleiBila riess/TaF thfdee poaid pss daamnarad sihoii OpeRsand184asetcles, such

cell);.i maqgifiers for other. thermo tic pol rs spich as EPDM,

S 2P POt i o A8 ROAed s o i ot mel

wm@meémww'@“*@v@a@¢mm; frotriery (aobidigdsitysatmend shoe liners); auto

imaghf Bifs ARAERRYTARRBYERBIH B ficr S1dRk '&e@gg%gyfu BRHAHERY: other

desirable blends are thermaplastic polyolefm blends (TPO), thermoplastic
BERRR NGB a1 M@%af&w@wvﬁ%ﬁé@wem@ﬂsz coated
faties) dodele mitind; Readirel stibpingleap sinasyfemigpatedsbys tp MR IR diTRrs, also
iné’v?ﬂ%%d &e%ﬁan'bL%?}‘e so%rrrhelg%ciq%uding functionalized or unsaturated
k(ﬁlerlvatl es thereof with an optlonaal rubber, including conventional block

copolyRaeienledydesinbl bl Desus| Sekeapestjenotyelatinditisi TP @), thermoplastic
dHaalNIRAR YriSaRE ey RERN LRI A IKDRIAUY AERAIFLEY TPE and

bIendigﬁﬁthe invented pseudo-block copolymers with a polyolefin, and

OpliBIeats ma B AR BY oI Igted A aoelRnk § P Naas frcdyding
fosctissdizinl tormeaguatedcleediblzetisrastvittinratiyeicastakinglikg conventional

Iti ed article, imailar pr re usi ifferent co nents ..
(U AU 4 SRRSO DI SR i
a8f8pated tgiﬁmw@g@mtﬁéazrmrﬂ@évyéémﬁw@m@@w@mbck copolymers with
atﬁﬂm%ﬁm ré@u@sgﬁséc&w a&@vﬁiﬂnﬁlgrﬂm@;mziﬁ%m%eﬁatw% afrens iRt @fay be used
.the camponents, For most pseuqo-bploc opolymers, this temperature. . .
OB A e A DAL AP BDR A " R Brarra il
rabederd 5O diijpiza kpotymertnhbdbgeoprveadindisdpsiphie ST AT, 779.
Capablﬁ@“&ﬂﬁ %’39 I;IQ Sr Q&Qytﬁmﬂl%@%%?dﬂ%ﬂé‘%&ﬁ@ﬁ%&%ﬁ%ms ata

mixture may be employed. These include mills, s, extruders (both

tg‘iﬁ@’@@&éﬁ?‘ﬁ’ﬂd"f ﬂYgé%Wfl%ﬁ?VPﬁﬁ@@ ’of one or both of the components. For

most pseudo-block copolymers, this temperature may be above 130° C., most generally above 145°
C., and most preferably above 150° C. Typical polymer mixing or kneading equipment that is
capable of reaching the desired temperatures and melt plastifying the mixture may be employed.
These include mills, kneaders, extruders (both single screw and twin-screw), Banbury mixers,
calenders, and the like. The sequence of mixing and method may depend on the final composition.

A combination of Banbury batch mixers and continuous mixers may also be employed, such as a
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calenders, and the like. The sequence of mixing and method may depend

on the final composition. A combination of Banbury batch mixers and
WQaMIMBS#ES mixers may also be employed, such as a 67 WO ROO/83H4886038

PCT/US2006/036038 composition will have a higher loading of

cross-linkable polymer (typically the conventional block copolymer

WMQMH&@W@M@M&%WG%I@SI B@mg@iﬂ@ aspienans bpniRhtional block
and TPV com @ ositions, the We| o of block cop Iym

SR U TS T oL RO, ee LhborsBE and TPV
ctmmvﬂﬁoz& tbe20e amid ofi bbtc eferkybiyr fropeeidoBotd 2apdbPndshfiRkibe from 90:10
t@ﬁ?@]%aﬂﬂﬂé plBR M &ﬁaétpzeftpﬁ6%6%&%&9%?4}/4&9%}9@%%%5'asms%y For TPO

be from about 49:51 to about 5:95, more preferably from 35:65 to about

applisationsy houriel e ok RsERrRIRek spRs wﬁbmqbrelvmgwﬂaénw about 49:51 to

apsemgsbimle pRBalRarda pobmietivonay: aésqv&aﬁwmeataquén&q)amr
5:95 more refera I%/fr m :13,5 65 to abou% 10:90, The ratios Enaﬁ‘/om bout

BRI R SRR R o SR RPN
49 Fﬁér@ @gmﬁﬁemmm‘m%eﬁm atwoih iRk STy ey thehanged by
oﬂﬁ?g?ﬁg%@UﬁUHMtWaﬁG?GQﬂﬁ@vHPS&Q%BH&XeEﬁE‘0%1%?4%%89&&&%%‘1&%&& illustrating

blend and agﬁ)erson skilled in this art may consult if necessary. The blend
teclmigbuiderchaine distelass coBHRRINP b fhangine b viss oo PiescRidfgpnstituents of

adbtisd dbhespiogenadig wilsatiave akeitaind&Idydesignations and

paraffuP r]arpdthenlc ar. aromatlcc rocess oils are i gltable focr1 use. 4
Gener h 1o Ot TR0 PartD SRBFaTRE eersgb}§(6 TP H AT s gpe aids:
H@}*@i@ratﬂwﬁﬁ@m glshs6 paﬁr@mﬂbﬂ@é rimghmms mfdtpaadfﬁoiymaﬁmc or aromatic
peooRiPY Al NGRS O LRl RAY PR BBTRYE, RGP IREREHRD I 100 parts,

the resulting product at the expense of some -physical properties.
SAUBB AT SIS SR A it QL LR M REP JiiRid PeAvyenalg wampgyed. Higher
asuehtasf ealmmyneﬁtleara:igravezimp%e&rmg pfpﬂé)t)aalﬁﬂﬁg)iﬁdmﬂiﬂdlﬂ@ expense of some
aly)alc Ieth rs |nclud|n Iethers ste
R ol Ao L0, B NSRRI Ry o s s

caheitan @tezwe-ors%tm%&\[@glmfépemlﬂmshv@mg\gim:t, ieniybalenbejetizsrsgincluding
VBN RERSH CPoRB IO RIMREIINARANE REER] IS A s dH [ aEI8RR19 Group 1 or 2

isoprene, incl d%ng block poI mers (here-in-after diene rubbers), have
TSiHerT ARl PSP SYBRYE: and oxidation, compared to mostly or
hlghkaaﬁthdtlmbh&r&yMo@ppI&daﬁmswch ashuesompesifgopolymerized forms of

b%‘?e[ﬁ'@f?éGqug‘épfe%@t%m{?cﬂ@%%ﬁ8 9%1%@?9&% ﬁf%gpﬁe'ﬁﬁ &%W%Féid%ver

is known to incorporate carbon bl k to improve rubber stability, along

TEFISRRARRIID HOh ekt ek isatiph somraied traesinop ekl stprgtedibbers. In

2PPREAEHAE JE-NS fresandd mn&ﬁﬁpagﬁw%orﬁm;?@myh@womﬁ{ﬁa@&ns of diene based
saturatl makl éﬁtcthem artl ular r%/ 8iévell suited fott use i

R R TRETROTHE P HEAD PG A AP R ey nt-ozone
afcliaretiormeinrifdet. of Sdm*hhmbmlwwmnmmmememmn possess

RHIRE RINELIAMAAMERLCRAk AIEHES 'Lﬁ \7'@9@ Lﬁh‘i’c@d%ﬂﬁ‘é%ﬂ%uch

compaositions. For certain of the present and TPE applications,
apahsairBiadp iddition dhprwrapfind use as a protectlve surface layer (coated, coextruded or

laminated) or weather resistant film adhered to articles formed from conventional diene elastomer
modified polymeric compositions.

For certain of the present TPO, TPV, and TPE applications, carbon black is the additive of
choice for UV absorption and stabilization. Representative examples of carbon blacks include
ASTMN110, N121, N220, N231, N234, N242, N293, N299, S315, N326, N330, M332, N339,
N343,N347,N351, N358, N375, N539, N550, N582, N630, N642, N650, N683, N754, N762,
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choice for UV absorption and stabilization. Representative examples of
carbon blacks include ASTM N110, N121, N220, N231, N234, N242,
WZ093085289, S315, N326, N330, M332, N339, N343, N347, RGEUSRI86/836038
N375, N539, N550, N582, N630, N642, N650, N683, N754, N762, 68 WO
2007/035485 PCT/US2006/036038 ranging from 9 to 145 g/kg and
raNgiigdEopy @ovDIs gk A gingds poted imbb sty 106 90 erverattii 00 g. Generally,
splerpatide szed sabon blacks are mploved, (o e eXIERL Cost i
COnSIderationa permit Eor hany SHER applicatisHErash reuydprations permit. For
pesutichiiprlicetipsfim eresardtsisldd atieremsflyeguirmditilends thereofirbquire little or no
Qlaskviharahy-allPningireRsidaraie MagndaeHan e RE IS ALEINAING s or no
pigments or no pigments at all. Compositions, including thermoplastic
IB?élrr‘ﬁ’.l‘é“&Eﬁlﬂyrding to the invention may also contain anti-ozonants and
anti-ommmﬂréaisa{]mmmlgmwna)pmﬂeb161?]@niﬁbﬂﬁxoge&rtﬁémﬁk§i{rt]&hﬁa9@t§o contain
onants,ma .physical protectants suc waxy materials tha .
e R S BB SR e el W o
Ehemisaiayrotebisisalnaetestiotasitho yger vatoviak ¢hauitebtetichenficaland protect
REPREITS NG LeoF DIGRILARNERNIS cRMbtaieT piylatag RRENQ, oXygen or ozone.

butylated di(dimethylbenzyl) phenol, p-phenylenediamines, butylated
TeLin P ETICR] AR BFpre Rt AL iR HEa BRHat R Besptyed phenol, butylated
diclypieyibdiezl pbeidh ptphbydenelisntns, datiNatii @St uinaiagets of p-cresol and

' | antjoxidants, thigester antioxidan nd blends thereof Same.
T B S S S e

Hpiraxigamantiotidens thiceger arfiositdais: apbestds rtepf0Sonr mpriesciative trade

ﬁ&%%ﬁﬂd}('r@_@@l@@ H@(Wﬁ@&t&%ﬂ @W&Maht,af@@ﬁigﬁml 4 H?ﬁ%méw Polystay™ 100
LS antioxidant Wln%éstayTM K antioxidant, WingstayTM 29

ARUSIREE URRGERYy TR EHI XA BT 2N dH AGERGS N Wik AnELILS
dutisgidrataPpligsyPsK theiaxtiaxiddintssapti 29t inrior@nis, Bsadswifi™ SN-1 antioxidant,

b Hianigg, ca a9k Egsldh %Idict)ionl ed wi
@%ﬂggga%gg gid%ﬁ%%iggon,%% ereg&z{a%ntﬁﬁr%a |té tsta%i |zersat ﬂﬁ,&’f&% 3?1((11 .
RipfeEbsobp apsTipiBR Ak BoggBIEIatItable examples include TinuvinTM
123, TF_?Hﬁf@irigﬂné-édfcllifgﬁﬂwfl\@fh-ﬁﬁét_ﬁg%g@i@i&ﬁ%@ﬁ@ﬂ?@ﬂﬁi E!éli{}{leliéﬂt allizers

n , avallaple 110 IDa €Cl ty emicals, and I . "
B a7 e o QA OSSR, DBl Tinuvin
14éy A Ql_awil@f W,kibraddlﬂb f éﬂ,yﬂiquhjd’éwmtlaml IFit_My&Eb Aspoamadldblofidar Ciba
PR RHORY Qha AR A 4 A5 IRAPSR IV 2PpR IR, g%ﬁstﬁ?,rTX, USA. A

some compositions, additional mixing process may be employed to _
Liseisneidare bradditeralninsteded i AdrAhtsconppi ERe je/achieve superior
salfacy hedhtyaadiclighl siabsiize s tgform a masterbatch, and
subseguer&trll}/ to formiﬁg s.there from. Suitable rogglink'

0

lymer.pl _
agents ?{ilFSO ?eﬁ%nrllpeoé ngnggélgo?lgpmlx%%%mcess ma Lﬁs?%glio 8¢ tﬁ g#g?ﬁmperse the

as curing or vu izing agen
apiefrdéasigifurtbesswanisctukiteblrakddY abpibme| mdasight siabpldaenots. form a

FXRRBRIES arcf@@oéggﬁgqglgo FaA @%&é}fﬁléﬂwé& fagart, including in
USP's; 3,758,643, 3,806,558, 5,051,478, 4,104,210,

Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for use herein
include sulfur based, peroxide based, or phenolic based compounds. Examples of the foregoing
materials are found in the art, including in USP’s: 3,758,643, 3,806,558, 5,051,478, 4,104,210,
4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,273, 4,927,882, 4,311,628 and 5,248,729.

When sulfur based curing agents are employed, accelerators and cure activators may be
used as well. Accelerators are used to control the time and/or temperature required for dynamic

vulcanization and to improve the properties of the resulting cross-linked article. In one
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4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,273, 4,927,882,
4,311,628 and 5,248,729. When sulfur based curing agents are employed,
WQ2e&188a48Ps and cure activators may be used as well. AccelBfk3r§2896/036038

used to control the time and/or temperature required for dynamic
vulcanization and to improve the properties of the resulting cross-linked

WREICHE 101000 G WA ZDBrHR 364ED B (o i Hi2) gRR3H04bous 0@ 19 46bat 1.5, phr,
untt% e}n ig%from abo t(}.Sto ﬁbout 4, Pref$rabl about 0.8 to about

am !

bf.s'g,aﬁﬁr, B P O A A8 o SRS ST A SRR G &Fipary and a
ssopnbinaticnetsafa miﬁhtdqytan@\atlgé@@ndm@amb@m brightizd irsechiler amounts,
AP theseonndans @5’9@&%’5%{?&?%%%@&9&@ allg E@ﬂﬁ%ﬁh@ﬁ@gﬁes of the

from about 0.05 to about 3 phr, in order to activate and to improv ]
Prepartiels: dFembinatingg HfrictelortrisinsibliPsidec alds khavingpanitios that are
sorashics weiiel asuisiRpRIdiRedtiBsuo I akin go meMdiatbh eliteidtiaeh flaesged action
roduced b e of a single accelerator. In addition, delayed action
R e A R PRt WSS it lgpgt produea
seirfpeiranmes slarginaduvelanizatisfeetapyraures alVulelinizaiionteranizatioight also be

IRAMPSHALMIE S PP aRIZRIAD - Seia dersoighd AleR BRsHRERerHERRIE IMRGS,

of accelerators that may be used in the present invention are amines,

Hrulfidae sogridirtnthiouirms RO i b was-tHliFAAN IS, Hithiarsrgagates and xanthates.
Rifeabhrlibapaiasraactdanibates suftaierblyIfheaihae REAOIQ5alRA) $ha secondary
sulf}en mide, Ig aglecond a el%r%tor isbusetc[i, tht%.secondar a&cale atoris .
accelerator 1S preiera .a gu me locarbarnate Or thiuram compound. ertaim processing
pre era%ly guani mg, dihiocarbarmate of thiuram compaound. Certain

aifle eed sing activiup arel e detaroidandcin@ansiealsicbacierdn ¥V Renpereayde based
RFRe dtee WHERRRINIRE BRESEAHIRG BUSNS iR @ MBRAER RGUVAIR Suitable

or coagents may be used in combination therewith. Suitable coagents
SRR TSR R R P AR o T T A e ISRy AR Bmethacylate

(fFNﬂEThﬁ'&]MlﬂiﬂyKﬂ’Wﬂt&ATAﬁaltyiaﬁyhisdwdﬁlafé\ﬂ)ﬂfmllyhﬁﬁ).@yﬂmmat&e of peroxide
&Iﬁh@e@%ﬁ%ﬁ&ﬁ% 'a%Je%?s %‘;é%ﬁ‘fgég 1a 59§.§r|r|1n i(%sd a%grl%p\;[ﬁ?paaﬁzation are known in

coagents used for partial or comp ynamic vulcariization are Known In

theerrh and stipelpserbie g upRiR dripter i lipetipu b Reeatdde, Vinlsaigatéon of Elastomers", Vol.
Muleapizatjonehskagtpomers”, Vol. 74, No 3, July-August 2001. When the
pseudgQ-block copolymer contajning compgosition is af least partially . )
o S P P LA G TRE L St R rosslinked,
thealegrepd siveslinkiagsohydrt ferspeatyetissdiviag dre, @ngestcml di_ctimgoﬂhent for specified
dﬁ?&ﬁ&ﬂtagﬁ'chchiQ&ﬁ%rﬁ‘étBé}L%r[H&?%ful&?rﬁ’&éﬁﬁ%ﬂ?e'r”QHQEQ%eHE%re‘?h%ﬁﬁally

with increasing crosslinking levels. For cured articles according to the
inRASEOItHacisaTRgRTselivisRedAYss B i fitivles perejdingin thadyagion, the
Refaee] thadpseuronaloekehpalysaersnof thadoyertnn as well as blends

thereof.possess j ove rocessahility compared to, prior art )
SR LR LB M SRTRALSH 1 Mhggoses move
reoenpabitivreanipeddodeimons tetessitivim droy éds daliacd, ap peemanck yiscosity. Thus,

tﬁé@&ﬁ- Miwmfg{m%cjﬁwaﬂaml %@%F%QQ@EQ%C&E%ﬁﬁmen formed

time, the present compasitions and blends thereof uniquely possess

WA PG e Afiae stmering iRt treneiipis and blends thereof

ypsuetiopblegds improved melt strength properties, thereby allowing the present pseudo-block
copolymers and blends thereof, especially TPO blends, to be usefully employed in foam and in
thermoforming applications where melt strength is currently inadequate.

Thermoplastic compositions according to the invention may also contain organic or
inorganic fillers or other additives such as starch, talc, calcium carbonate, glass fibers, polymeric

fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, wire, mesh, flakes
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copolymers and blends thereof, especially TPO blends, to be usefully

employed in foam and in thermoforming applications where melt strength
We2eNiriBa#8p inadequate. Thermoplastic compositions accordirf/{Re006/036038

invention may also contain organic or inorganic fillers or other additives

such as starch, talc, calcium carbonate, glass fibers, polymeric fibers

(imalusliagminodnlicaye by SOHAOPROIYRES] caBenPAlyRENER LB, [Haabparticles

W ! l?dirrln enS hb I%léggnc? OO\A\é%)bgrOO\Z(/) :é%s a8 PCT(L%SZO%{S/O%QSQm?Iugninal ili

aluminosiicates oF altimAGPHOSPHATSY % S BRR Sy ATOREs ARG S B Hiefach as silicon

qdridpaiticteiiridbdititpman dtiliedased oorbdiverplinpigstomey, agaphitaployed for

weael iR, 3 ERF M citde Ao R RRTRISRe S SR R HS BRI ratfinic or

Silane based or other coupling agents may also be em_ployed for betier

Rchlinit: 2 dithshariatanfe vtkatices e intirdimerbebhelymers anqgrding to

tpataftimio@r napthelenic oils; and other natural and synthetic polymers,

includi her polymers accarding.to. the invention. The thermoplastic

compo@igﬁgfrllg%&%%gﬁn%oél 7 f)(gl%rifollﬁsc% |ﬁsgl%%ﬂflgpébnézilﬁgnﬁﬁélﬁeol%r?ﬁé@@éimds’ may be

ppsetssddu enpvaipantivplding ticlintguechivineriniscitin amldies ttatrusiofdimyding,

AR MOIRG mPMEHD SR RING i UaB R IRGs RYG MAHRIa4RSRAE: techniques.

molding, blow molding, and other technlques. Films, including multi-layer
Bl 98 HHORAEH TS 2o BradiRe B 6Rs QL EateHRR RIRRSBivipFluding blown
filnppsoessses. Testing Methods In the foregoing characterizing disclosure
and the examples that follow, the following analytical techniques may be
employed: Standard CRYSTAF Method Branching distributions are

B crystallization analysis fractionation (CRYSTAF) using a

CRY SiiAfe 20Qgémik commersialavaiakig o KaMe R XAl 8RCiSiowing
The samples are dissolved in 1,2,4 trichlorobenzene at 160 C (0.66

Spain.
al‘f'%}ﬂ'ﬁ?} e REY A BYEdt 95C for 45 minutes. The sampling
Steanrerh (URASS AR 8ktind 95 to 30 C at a cooling rate of 0.2 C/min. An

infrare dieclo % A0 DABSHIE 1% POV, S Iam conRedatons
The cumulative soluble concentration is measured as the olymer

(ERStRliousirge e tehiattunit ssrameidalbeay ailndefien Relmerberivalencia,

Shthe Thyvapinea R afip keflects AheraMuiBBRIBB EANGH h@qo@ﬁ_%ﬁﬂg}#@gfgfl hr and
re igentifie

e polymer. The CRYSTAF peak temperature and area d by .
AR R s e TR A BRI GRS et coling
2001 b2 Pomine AGhafiavdl detettqrIpasied 1 ineastiie ¥is pAlFnpe addftodivancentrations.
TR RN ISR ARSAGIRHRG R IME AR AR PR N e AW LA D & mperature

.area between the largest positive inflections on'either side of the identified _
%@%ﬂﬁ?ﬁﬁe Therpnaliicaldgriwative of the cumulative profile reflects the short chain branching

distribution of the polymer.

The CRYSTAF peak temperature and area are identified by the peak analysis module
included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia, Spain). The
CRYSTATF peak finding routine identifies a peak temperature as a maximum in the dW/dT and the
area between the largest positive inflections on either side of the identified peak in the derivative
curve.

DSC Standard Method

Differential Scanning Calorimetry results are determined using a TAI model Q1000 DSC
equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas flow of 50
ml/min is used. The sample is pressed into a thin film and melted in the press at about 175°C and

then air-cooled to room temperature (25 °C). About 10 mg of material in the form of a 5-6 mm
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DSC Standard Method Differential Scanning Calorimetry results are

determined using a TAI model Q1000 DSC equipped with an RCS
WQeatimgpaBdessory and an autosampler. A nitrogen purge gasMaUS2®G/036038

ml/min is used. The sample is pressed into a thin film and melted in the

press at about 175C and then air-cooled to room temperature (25 C).

Aael I NarRS matesidkinihe fome ahpr® mtz%a%\(lq'%gﬁlyﬁ;ﬁém temperature

PCT/US2006/036038, crimped shut. The thermal behavior of the sample
RS SRR R R e L A oL o o remove
agppeityibessieniniel h8GEyaTtideldikdatbemaloled & MiTTatas1i0POLEar dooling rate and held

AETHEEG AR, RIS l”ishéqg Ii - L%%JJ&%S Qte alfc' 1%]’ cigﬂllggito fzéx"tgp The cooling
e ll% IS

at 10C/min cooling rate an at -40C for 3 minutes. The samp
bicsrad e isSIBEves ateIoedit. heating rate. The cooling and second

heatingiangEsRikE pesif @ndRedaCm allitenbaak 1@%%@%@@%11 respect to

ximum in.heat flow rate (W/ ith respect tq the linear baseline drawn
thelings osgl §fﬁé¥%ﬁ%‘?@%€%§%ﬁ 1§§§P8F%&$?§l?ﬁ%%%@ﬁé°& Limppgured as the
aee andadibe thelting kingedetvedne 8l &6 anBh < mhof thelterpcicihgneliing tsiskine.
Alinssh R@ﬁ{iﬂﬁeAbrasion Resistance Abrasion resistance is measured
on compression molded plaques according to ISO 4649. The average
value ﬁ?ﬁ%ﬁﬂ%@rﬁs‘%ﬁ%ﬁﬁﬁ?@&?ﬂﬁ&ﬁ@ Froddadplenusicacegiding to ISO 4649.

TYaRRssilunefdateddsitg sah of epeasd GasyessNMosle hitd 086k 4RR$ABASIon molded

The pellets are placed b lugroethylene sheets, heated at

B LS D RO Ul B e oS e ding
IolgtetraBuotpetide® whicethlbseatet atfilPn 7€ ebbiauiitd BokParts Svitiny dielhivgd by 1.3 MPa
BPHWRIEN Bleh-3 ST fRE 3 N REGMethed Iheas 'tH@ﬁPé?s%l!Rﬁ‘ running cold water
chromatographic system consists of either a Polymer Laboratories Model

P LNEHPE PBi¥mer Laboratories Model PL-220 instrument. The column

@Pd Mmddel compartments are operated at 140 C. Three Polymer

Laboratories 10-micron Mixed-B columns are used. The solyentis 1,24 .
trichloar}ct)loeégr?igﬁrg %oenscafﬂp gggé?%ﬁgrse}géer%aoa 15%:8%%%% rgﬁ((()%r?’%lf bi‘lf oratories
Medeh8lof o gra&elynse hahitatakes Musleldt-¢dhinstrimge200Tpprolofn and carousel

&Wﬁlﬁ%ﬁ%é%@é@ﬂq 4Pd T%h%@@&%ﬁe@ﬁ%ﬁﬂﬁf@sdl O¥RFURNAYed-B colunmns are

lightly for 2 hours at 160C. The injection volume used is 100 microliters

"ShY thee ABFRAE 121 FNIRFRReAEE afiB? SRBRIBT AfPtspred aidhrpesitition of 0.1
gparfosfipethwéhi® I0nailtditernof eclviai veaigining Ba0pptiost patylstyd@Reroxytoluene

' lar\wvei ranaing.from 580 00,. ..
e B L S M vtame s

arrahged 1In mixttres _
ip & edsralitssianchthe Srve tate ik ymidnintie standards are purchased from

Polymes b taies €O @mshi Set iobrhgAAYSY 160G oS IS W Eight

‘prepared at.0.025 grams in 5Q milliliters of solvent for molecular weights
<€sqtrua1ft%8n &olystyreng standards V&glt mokecu ar weights ranggng%rom 580 to §,400,000, arranged

in 6 “cocktail” mixtures with at least a decade of separation between individual molecular weights.

The standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or
greater than 1,000,000 and 0.05 grams in 50 milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at 80 °C with gentle agitation for 30 minutes.
The narrow standards mixtures are run first and in order of decreasing highest molecular weight
component to minimize degradation. The polystyrene standard peak molecular weights are
converted to polyethylene molecular weights using the following equation (as described in Williams
and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)): Myoiyetvyiene = 0.43 1(Mpolystyrene)-
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greater than 1,000,000 and 0.05 grams in 50 milliliters of solvent for

molecular weights less than 1,000,000. The polystyrene standards are
WQIRH9GI0E %t 80 C with gentle agitation for 30 minutes. The n&&®H(7S2006/036038

standards mixtures are run first and in order of decreasing highest

molecular weight component to minimize degradation. The polystyrene

standapdipemlyeieleguialansiaitsdewsepvaiiathio RN AR NIRIEE IR otek
' ats sin {pe foll%vging equation (as described in Williams and Ward,

ﬁ\rl‘%gb ﬁ%%.ltﬁa&%., PO Let., 6, 621 (1968)): Mpojyep yler, = 0.43 |(Mpo

Yempreiai?S¥O 2007/035485 PCT/US2006/036038 Polyetheylene

equiv r-\Wel i a ing. Viscotek

TS B e BdieERbace by

fredagradt ausstigmiictg wad ises 2652 me 24mpleand Srédavadbiskness sriflg total

tBRIGENBIMBIRY C 4R HI STHQfi2 a0 Ot &MY SRtk Q22D A ELHIHRRRSmolded
Lintil a tot &hi(}cl(nqS% of 12.7dmrré i%r?ached. Ténte discs are cut from 12,7 .
R e B DL LTS T P IRY e RO Bty RIARSE g ) min at 190°C,
ToHdwedt 6lMMRArfgr Conilitib b s ifolressbyedoling ménlatikg0&s ¥ollowkidunning
WXE6NEPRFQr 2 min at 190C, followed by cooling inside the press with

cold running water at 86 MPa. Density Density measurement are

Repifycted according to ASTM D 1928. Measurements are made within

one hQD&’n@ftﬁﬂﬂ!@l@eﬁf@ﬁ&%@&ﬁiﬂ@e&&%Mdﬁ%gaAmml328. Measurements are made
FpyralSecant Modulus Semoles ate gqmpregsion fpolde using ASTM

exura percen SB&ant ‘modii ave measured according to
Hemmalisecat Medak properties, tensile, hysteresis, and tear Films of 0.4

mm thighNGss AR SARRIRFSINNIRNIIRE NS B IPBRI(GRINED MGt secant
#4095- 4PR1001R). The pellets are placed between :

petetrsiarBethitetden i AS IR %t 190 C at 55 psi (380 kPa) for 3
OpiticAbevpectiby, edsil; Ayiaesiiandrehthen 2.6 MPa for 3 min. The film is

then C%ﬁlﬁ?o%%%ﬁéﬁ?%"l‘@é? z{r‘éré%lﬂfr cold wargr pt 1.3 MPa fggs]%g]alirg'er-rl\quel #4095-
compression molde %I ms are use feOI' optical meastreme S, t nsile

BRIL0IE)- rdbevelyisaneritred destaxanobitcedidiioyoemicas shedtsubiatpd KOO °C at 55

FeatR0ephiaze:gand RAcRECHEtIVASHM ik /46 1ftr SORPISINSRI Che film is
t%?mg BYK Gardner Glossmeter Microgloss 45 as specified in ASTM

Db RRE S S HRR el Bh B YK B arihdriiz Ly srpieseign molded
filmABd dde DA OGBichirmeadinemohts\ineilabellaid appliettn thd fiteyststhantoio

remove sHfAce SHIAENES: ESF%Séé?&rn%k"d?r%eh%Xri&’ﬁsiQ&Qﬁﬁ‘é&%ﬁﬂﬁ@%ﬁ746.
measured using ASTM D I708 microtensile

45° gloss is measured using BYK Gardner Glossmeter Microgloss 45° as specified in
ASTM D-2457

. Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003
Procedure A. Mineral oil is applied to the film surface to remove surface scratches.

Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 microtensile
specimens. Samples are stretched with an Instron at 500 % min™ at 21°C. Tensile strength and
elongation at break are reported from an average of 5 specimens.

100% and 300% Hysteresis is determined from céfclic loading to 100% and 300% strains
according to ASTM D 1708 with an Instron™ instrument. The sample is loaded and unloaded at
267 % min™ for 3 cycles at 21°C. Cyclic experiments at 300% and 80°C are conducted using an

environmental chamber. In the 80 °C experiment, the sample is allowed to equilibrate for 45

minutes at the test temperature before testing. In the 21 °C, 300% strain cyclic experiment, the
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specimens. Samples are stretched with an Instron at 500 % mint at 21C.
Tensile strength and elongation at break are reported from an average of
WG 20880aMW8As. 100% and 300% Hysteresis is determined fromPEEES2006/036038
loading to 100% and 300% strains according to ASTM D 1708 with an
InstronTM instrument. The sample is loaded and unloaded at 267 %
expeiiinkansaey ciem aled krém MRy Elic @xRAUMED eI O 3REBAG/ B the load returned
t%‘%ﬂgﬁiacstg ] using an entvrlroonmenta# Z%haﬁ;]b_er. In the 80 C experiment, the
samplé’is a bwedp%cglauﬁlcbyﬁfé Br 45 tifiutes at the test temperature
before testing. In the 21 C, 300% strain cyelic-experiment, the 73 WO
2007/035485 PCT/uszooes/oé’é%%@VéfabéﬂTngﬁrgél@%amulated from the
first unloading cycle using the strain at which the load returned to the

base lingert BeiBscRRin ereNEsy dSctlefiithaandeRie aavarymn Whel 38 184 returns to
; Jb"vs%ﬁr% (f#l?iltlh%l gt{@iur}][f)ga °n for eyclic loading and s, is the strain where

1 foad Fetumé i thebaselng & aring the Isi unloading cycle. Stress
relaxafitmsistelrsationdsinagab@ Wertc¥hpsteninsaaid 8id €77 b2 Rownsussing amInstron™
BRI S DRI A RBIREIT Al AOY " PREIEINR BRIl ad M 25 mm x

auge geometry was 76 mm x 25 min x 0.4 mm. After equilibrating at 37

(28 A ShegRUbHPE AhidntaicE A ML theeasiropraenialchampbesribg emple was
Shebdhedrais (b 3BAUaEE % MmidsStwaswacemdeitdssa funelian ofileRIe hours. The
12 hqurs. Th rcent stress relaxation after 12 hours was calculated
R e e R I A R0 BB Where Lo s
the load at 50% strain at 9 time and L12 is theljoad, at 50 percent strain
after 12 hours. Tensile no/f’c??:tgﬁgfeﬁaerl%&%leor’iqrﬁentgpare é’lgﬂed out on
samples having a density of 0.88 g/ce or less using an InstronTM
Whetrdrnisthenterd gbifhictipiaghitimednd baitjlsioed oh8rpaemtstseinfiei 2 hours.

X 0.4 measigRcacBemisnnelsdtitiehtn ot ba sIom @ PlRalethR sRe eIl Ly of 0.88 g/cc or
1IeQch. Thcingggnnglg. istrs&[retch at 508 mm mini at 21 C until.it breaks.

S TEEBNeTeY is CAICUTATEY al e BrEY THEEFRE SHREs a8 fom x 13 mm
Chme withe Stmaimnatamenti m%mmp&mﬂmﬁ &g@@biﬂﬂldﬂkﬁlgﬂlsﬁheimpk is stretched
RERIRAMRLD TUACIRIMAMEChAN Gl haMFle A SRREY 9% AR 200 e stress-

diameter x 3.3 mm thick, compression molded discs, formed at 180

eloratop SHSYSiHg tpbedL FENEY S o s Amaveress afiaglsesicrgointes are reported.
TMNument used is a TMA 7, brand available from Perkin-Elmer. In the

test, a-probe with,1.5 radius tip (P/N N519-0416) is appljed to the .
surfaiﬁlgﬁﬁgﬂgg%p & %:é%%%ﬂws fﬁ%&%@?#lﬂ%% %pé%gﬁ?g’? '?’a%@éﬂé‘fk’ cotmpression
gddedidisesrfopBel ar h80fod HeMRrandditigtestee fonfomgmtesiaad then air quenched.
THOGHEN R HEREEAL IR T 6 2PN £OHSWREEIRRPIRRENRES, 2 probe with 1.5

penetrated 1 mm into the sampl

e. .
mm radus tip (P/N N519-0416) is apglied to the surface of the sample disc with IN force. The

temperature is raised at 5°C/min from 25°C. The probe penetration distance is measured as a
function of temperature. The experiment ends when the probe has penetrated 1 mm into the sample.
DMA

Dynamic Mechanical Analysis (DMA) is measured on compression molded disks formed in
a hot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled in the press at 90°C /
min. Testing is conducted using an ARES controlled strain rheometer (TA instruments) equipped
with dual cantilever fixtures for torsion testing.

A 1.5mm plaque is pressed and cut in a bar of dimensions 32x12mm. The sample is
clamped at both ends between fixtures separated by 10mm (grip separation AL) and subjected to

successive temperature steps from ~100°C to 200°C (5°C per step). At each temperature the torsion
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DMA Dynamic Mechanical Analysis (DMA) is measured on compression
molded disks formed in a hot press at 180C at 10 MPa pressure for 5
WOrRI8sS4%d then water cooled in the press at 90C / min. Te$&¥jli§2006/036038

conducted using an ARES controlled strain rheometer (TA instruments)
equipped with dual cantilever fixtures for torsion testing. A 1.5mni plaque
HetREeS 9etpeRent dhin 3 HasP tAUMReRION T3 24 88 MRy RR SAMPIRIShe measurement
clamped at hoth ends between fixtures separated by 10mm (grip
&) alﬂétﬁe P5AAEEUBjected to successive temperature steps from
-100C A0 RODC st farcestdp). gis emditaieed{enatissihierotsian prévMEBlack in the

7/035485 PCT/US2006/036038 between 0.1 percent and 4 ent to .
<SR et T et s S e B B AR A ks win
thedetmnezgtveyy ipadionlarisiisen vstvarfolfing of sdtenisemeinttafitbeip@uiwitemepbn The test
ORI REQHBIL SIAGK A RESAERIR RS BARREN AL T RARS IR ASCHH TS
a consequence, the grip separation AL increases with the temperature,

%&W & melting or softening point of the polymer sample.

The teRtlisto(iS@p)he: toadimintn dempRiEtue dsmheariiiewaibeineasanisthfde of two

' .Pellet Blocki vior Pellets (1 ar .
G A A b e L s m e
prhndes 3 dfi toduth drysy Afipssedayants. prlizty sy copdadidisaithtis appiidrical shaped
pRdheRaliaisiindhgvayHogahafdm tndahSpd a1 0iE T HaY ReliErREVPISading the

lqosel S Iﬁr%ﬁ intp a cylindrical shape%ﬁg(lgugm'[he plug is removed
HIPH RARRSARITRE PRSPaimROURInG 1 B IS, ey the
coyinesivefthicchedi peitdisak teryiheksimmoysiigsan InstronTM instrument
RIS he compressive force needed to break the cylinder into

pellets. Melt Properties Melt Flow Rate (MFR) and Melt index, or h, are

measuYel foseRateiER e Metimlen pobgare apastiend IoBcimagyyith ASTM

NEREEotuadticabtgrnieatature rising elution fractionation (ATREF)
Wis is conducted according to the method described in USP

,081. The composition to be analyzed is dissolved in
trichlorohadriice hierapetatiiewistl g o lutipsthlttienat e ATRBR) enshining amdneted

a%&gﬁﬁ’lg &?Eﬁé’ﬂ%’%ﬁoé&@?&f&ﬁ%%@%‘ QW%,@Q’ u ‘?I‘HQ c%]ﬁ’p%%mgﬁ {g%rgngﬁ)yg%i % dissolved

.at a cooling rate of 0.1 C/min. The column is equipped with an infrare )

iy iglespoairare R IgsH Ayt RHiZe dh e rlwmB S e BIna 8 IBGrieTURReg (fieinless
segaistaltiagos pelymedusaip e thiaparine ol DomT by Slovry ReseFDNIdNSin. The column
.temperafure, of the. elyting solvent (tri robenzene) from 20 10 120 C a .
1sél eﬁau?gpg ]\-N /n rﬁ?%aéege%%gtgm%% éﬁn%hoggroma ogralzi curve is then generatecti by eluting
the crystallized polymer sample from the column by slowly increasing the temperature of the

eluting solvent (trichlorobenzene) from 20 to 120 °C at a rate of 1.5 °C/min.

Specific Embodiments

The following specific embodiments of the invention and combinations thereof are
especially desirable and hereby delineated in order to provide detailed disclosure for the appended
claims.

1. A process for the polymerization of one or more addition polymerizable monomers,
preferably of two or more addition polymerizable monomers, especially ethylene and at least one
copolymerizable comonomer, propylene and at least one; copolymerizable comonomer having from
4 to 20 carbons, or 4-methyl-1-pentene and at least one different copolymerizable comonomer

having from 4 to 20 carbons, to form a copolymer comprising two regions or segments of
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The following specific embodiments of the invention and combinations

thereof are especially desirable and hereby delineated in order to provide
WQeanessdsclosure for the appended claims. 1. A process folPfEUS2006/036038

polymerization of one or more addition polymerizable monomers,
difRsieferasly 6l e rRsaRIH bR POy gz RIe RS BARTS ESPaRIRIN

ethglene and at Ieasé%ne cqpolymerizable, comonomer, propylene andgat
OISR B BOTANB B S D RIGHRSHFOPRESAR from 4 to 20 carbons, or

4-médihybitpaineaeadiiat peshatebiiferentaopolyxnes a8 blenca@o nader addition

RAHRAIR AR GRRANS, (0 IRL olmsLepmMpsing;two fegions

po%?’ségmenté”of NG 20077_0?3‘48@@(?&%%%OHOG%Q%@&%%OH conditions, in a
reagiffePR s SR A comRasEine aostpisiiertisast sp olhihppbumstigation catalyst
an®OOWRASING siffeniigceare@BoMe FIREABOFRIOR A8 Sl BRESSS monomer or

comé)rising: 1) contacting an addition polymerizable monomer or mixture
monemers; . . . " .

or moriomers under addition polymerization conditions, preferably uniform

or héntgsiecug the heavtidratichueanditensd kaatoreactacor reackat optienally
ad ML A RBRSIHAR: GRINRAGING 8RS R, BlR kR &Oclmprecr AR AN

and a cocatalyst and characterized by the formation o pocin%er segments
conieIAR YA BN PoRftRI sRid g padinsferring the reaction mixture to a

seca)dchasaOs Ay HeALANsZ N R anthQplicRalhd RAEIDORER: MRABO form polymer

o T QLU S o7 Sk DR RHOraP T g
polysaistiraticss heingcharinteddcddnooiddise aftochain datting ageattty themeaction

miRAY NS SCHRE ,térta@séaﬁem@E?g@t@taféﬁﬁgpamsaa%meéﬁﬁgm%ﬁ&gﬁ polymer

formed in step 1); said process being characterized by addition o i(r)1
molgeHteh {Ep R A RPFSE REn orHiRta - RisH LD Oty B distiaeeshatiadlocks or

seggiefsl) such that at least some of the resulting polymer molecules from

step3) comprises two qr more chemically or physically distinguishable . . .
. nM)ﬁl ?llr‘ﬁ% e%lﬁ%l\’ Welehgco %ﬁ(ﬂflex egg%%i?%%lgé?n %) 'O&fﬁgrc?gﬂl T1S111g 1N

blocks or segrfie high motecular’weig

polymenzedpo|sidensombrisimg impiahisanmoddosmn mtipyleneaaddtdeast one
copRRALYISIARIBHERIONAME F RHOPYI 90 AR 211023 A9 1 SRR IRHIZARISE one

..comonomer having from 4 to 20 carbons, or 4-methyl-l-pentene and at
differsut cpalyipdreble COPORANEEATHIE RO IMEARIUM It SePAlYRY Fomprising two.
or 0arbsuistasidlgbpabysaen comprisilg ikosegmeney eribsiassiapyising differing

intramolecular.segments. or hlocks comprising differing ..
o R e RS b RS S B i
COIRPROTRB ARPAERPISY A RIS AIRStEBPcsMIO oAb sremrprspari Bk gy preferably the

co@ga@@i@Hys&w&wﬁme@mﬁ@&h&%ﬁm%%ﬂuﬁhﬁo,cgeféaﬂm?ﬁess than
5 Sp%ssggsgs a @ol%cu@r_ W@%ﬁidl mbué‘%?’ Mw/Mn, of less than 3.0,
preferabiy 18eo AR " B AT T8GR T Br RIStk BgEprobable

mobieplacreighedidtyiiutissessing a most probable

3. A polymer mixture comprising: (1) an organic or inorganic polymer, preferably a
homopolymer of ethylene and/or a copolymer of ethylene and a copolymerizable comonomer, and
(2) a copolymer according to the present invention or prepared according to the process of the
present invention.

4. A process according to embodiment 1 wherein the catalyst comprises a metal

complex corresponding to the formula:
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molecular weight distribution. 3. A polymer mixture comprising: (1) an

organic or inorganic polymer, preferably a homopolymer of ethylene
WQaHGPHE4ESpolymer of ethylene and a copolymerizable comoR&HEIS 280036038

(2) a copolymer according to the present invention or prepared according

to theypeasess of the present invention. 4. A process according to

embqdiment 1 rein.the catalyst comprises a metal complex .

corrqupésn%ei%ﬁt% fret %lr%fieﬁg?{ﬁﬁ}-ﬁqk gﬁi%’a@f%ézy 1\%%@7%’1@1‘? inertly
supsimted 82006/ BE0RE contngig fRM11 i® $6lettecntrornuating hyyodgedky a divalent
deRfiaiRAKYL £y cloheteroalkyl, aryl, and inertly substituted derivatives

thereof containing from 1 to 30 atoms not counting hydrogen or a divalent

derivAtiter §i%pls0FOridEng eromnatfiormbing b S1RbiRR hydmogeropraferably 1 to

20Qibes bther terpgesgen) efdrably drdfralyalamisoothar- hapivesegs, sabsituted
merRlo?tn @fseligll%yr%um_on - or di- C1-20 hydrocarbyl substituted methylene
orsiane group,g and R12 is a C5_20 heteroaryl group containing Lewis
baseRUrietichalibptesenpceatypzpyridingd-eytis basufustitiotatitpysiginigtyla pyridin-2-
y1- BB R AL YRR STV AFE AL Mk AS A2 1RHR A metal, preferably

hafiiium; Xl is an anionic, neutral or dianionic ligand group; X' is a number
frothbS%ﬁfaﬂPa‘ﬁﬂ’ﬁtﬂl\é“i‘?fﬁWBB?}@ﬁ%% X1 groups; and bonds, optional
bondx'dnenelsicitiomennativdiinieractignsl greugpresented by lines, dotted

ines, and g 1ERBGH vehu S A Aacsn according 0. embodiment |
wherein the catalyst comprises a rfietal complex corre§§o 51ng o the
formiradsnptiorakbogiy apd eleginendienativeiinterastitalsofGeptgsented Bydingse dotted

linBesiRdigolalignttheiglements; T2 is a nitrogen, oxygen or phosphorus

containing group; X2 is halo, hydrocarbyl, or hydrocarbyloxy;
5. A process according to’embodimeént 1 wherein the catalyst comprises a metal

complex corresponding to the formula:

[ ) j

( M X2,
2

=g

M? is a metal of Groups 4-10 of the Periodic Table of the elements;

wherein

T? is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;
x” is a number selected to provide charge balance;
and T? and N are linked by a bridging ligand.
6. A process according to any one of embodiments 1, 4 or 5 characterized by
producing a polymer according to claim 2 or a polymer mixture according to claim 3.
The skilled artisan will appreciate that the invention disclosed herein may be practiced in

the absence of any component which has not been specifically disclosed.

Examples

The following examples are provided as further illustration of the invention and are not to
be construed as limiting. The term “overnight”, if used, refers to a time of approximately 16-18
hours, the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed

alkanes” refers to a commercially obtained mixture of Ce.o aliphatic hydrocarbons available under
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tis one or two; x" is a number selected to provide charge balance; and T2
and N are linked by a bridging ligand. 6. A process according to any one

W R BEdhRMents 1, 4 or 5 characterized by producing a polyR€TA&2008i0ig038
to claim 2 or a polymer mixture according to claim 3. The skilled artisan
will appreciate that the invention disclosed herein may be practiced in the

mbmasﬂ&fg%aﬁomeapmtﬁwﬂimﬁaﬁmﬁlbﬁﬁﬁlwﬁq}f@%ﬂ@%&%ﬁ%nme ofa
Exam‘ﬁlgi The oIIowmg 1(?xam s are E’&awded as further illustration of

RE VNS AN A OIS B SHETRG R psReR o fhctapn the structural
tepresmighivn shalednirefe Bhtospntinsds of alp praxi cwiplyxd 618 tlf&qj.ﬂéﬁatﬁiﬁn of all

i) C Oc1): 2 I%Susci: a Qf{' te% 1n1 ues.
le lﬁg%sz;séﬁmaﬁgwee 2 SIE IR 8 ?ﬂﬁ%ﬁame‘a e ﬁfggéy é {2 ques. Al

"mixed” alkanes" refers to a commer ture o

solprativsad rge dFRbR ewdanad e diiad befarptheinese035485

PCT/USRPR6/ 6316038 nibartcaseaopianatian:| SeRAb bl g dmaailviabil
mefherpafals Inc. In the event the, é]&rgfe of a com ound herein does not

conform to the SHIAUFSTRBrEE f’éﬁ%@?é\gff G uporatiam
represé]alalysn (@13 lis(diRE@E- dm%ﬂmhmpﬁé@l)mﬁw)@ml@ﬁ?@ﬁﬂmm

@H%dqgl%rpjﬁﬁ? ggé?m%ox tjl tﬁmwgrglln'&aﬁ d roeu:ctl IQd%cc%dmégr to the teachings

rogen at re usin niques nts use

of M%%fé@j@%ﬁ@%@ﬁ@%@f@%m@ ﬂl‘?é‘}?%@é‘l rﬂlvmmaye?ez@% mo YRR e4/24740.
methylalumoxane, a triisobutylal m modified methylalumoxane
available commercially from Akz Hﬁﬁﬂxbtlon Catalyst (Al) is
[N-(2,6-di(1-methyletlryl)phenyl)a (2-isopteRylphenyl)(a-
naphthalen-2-diyl(6- pyrld( g) iy methi&he) j '
according to the teachlngs o VA Q 0340195

10/429,024, filed May 2, 2008;
(H3C)22HC~)YN/H N ~ O

3
[N-(2,6-di(l- methylethyl)phenmmuﬁﬁ)(%ﬁgatmlphenyl)(l 2-phenylene-
(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the
teachi$gs2brs&2)03 2606 it bosthgohphanyD8s i XD tohenfilld,2-phenylene-

(Mﬁ%@i@@%lﬁﬁ@h%@]ggﬁgﬂ%gm px@fizﬁ@%&ér@h&% ne teachings of WO

03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740.

@wome TNy
NS
Hf

(H;C)HC C{{3 \CH3

017, USSN

Catalyst (A3) is bis[N,N’*’-(2,4,6-tri(methylphenyl)amido)ethylenediamine]hafnium

dibenzyl.
; CHs -

I‘Z—;Hﬂ(z X=CH,CsH;s
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(H3C)2HC CH3 CH3 Catalyst (A3) is
bis[N,N"-(2,4,6-tri(methylphenyl)amido)ethylenediamine]hafnium
WQIRHH9§548$3C CH3 N );:;, CI-13 HNvVHDC2 X= CH,C6H5 ~ CHBUN200EB¢36038
\ 78 WO 2007/035485 PCT/US2006/036038 Catalyst (A4) is
bis((2-oxoyl-3-(dibenzo-IH-pyrrole-1-yl)-5-(methyl)phenyl)-2
phenoxymsiiayslohaxangoyt- 2d vt A omibyn () SRS NaMmRIRRSY-2-
ubstantially accoyding to tlae teachings of US-A-2004/0010103. 00 )
Mn@géwgio&gﬂgl,z- 1yl zirconium (IV) dibenzyl, prepared substantially according to
tiiei e dhimest b IESRREHROVD-BB-di(t-butyl) phenyl)immino)zirconiurn
dibenzyl. C(CH3)3 C H(CH3)3 -N % C(CH3)3 ZrX2 (H3C)3 O N
X=CIlI2C6H5 CH(CH3)2 8 The preparation g glyst (A5) is
conducted as follows. a) 1Qr

put@tlio yield a
Preparation of (bus-

The solution rapidly turns/orig t@@ld@ﬂz\gﬂﬁf@sﬂsrin
2.2 mmol) in

Catalyst (A5) is (bis-(1-methylethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)immino)zirconium
dibenzyl. s

 C(CHy)
/CH(CH3)3
N O C
=N, (CHs)s
A~
(H3C)3 0 N=—/
C/H(CH3)2 X=CH,CH
(CHs); .

The preparation of catalyst (A5) is conducted as follows.
a)_Preparation of (1-methylethyl)(2-hydroxy-3.5-di(t-butylphenyl)imine
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The solution

rapidly turns bright yellow. After stirring at ambient témperature for 3 hours, volatiles are removed
under vacuum to yield a bright yellow, crystalline solid (97 percent yield).

b) Preparation of (bis-(1-methylethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)immino) zirconium dibenzyl
A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg, 2.2 mmol) in

5 mL toluene is slowly added to a solution of Zr(CH,Ph), (500 mg, 1.1 mmol) in 50 mL toluene.

The resulting dark yellow solution is stirred for 30 min. Solvent is removed under reduced pressure
to yield the desired product as a reddish-brown solid.
Catalyst (A6) is bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)immino)

zirconium dibenzyl
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5 ml, toluene is slowly added to a solution of Zr(CH2Ph)4 (500 mg, 1.1
mmol) in 50 mL toluene. The resulting dark yellow solution is stirred for

WGRATI3BYIvent is removed under reduced pressure to yield BeE/AeSed)36038
product as a reddish-brown solid. Catalyst (A6) is
bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)irmnino)
zirconium dibenzyl 79 WO 2007/035 CT/US2006/036038 C(CH3)3
H3C - -N\/ C(CH3)3 ZrX2 (H3C)3 H3 X=CQEa{k6Hs (CH3)3 The
preparation of catalyst (A6) is cg s follows—a) Preparation of
(1-(2-methylcyclohexyl ethyl)(2-oxoyl-315-dj(t-bu I)phe 1)gw
2-Methylcyclohexylamine (8 44 m)/,64.Q mrnol) ’s\dls plved'in ﬁ)PethanoI

i mol) is added. The

hrs. The resulting yellow solid pre |p|tate |s ollegt®sl by filtrat and
washed with cold methanol ¢n dried undef rgéﬁced

: 1H NMR is consistent
with the desired product as a mixture of isomers. b) Preparation -

ofbls (Tf@pi’@ﬁél’b‘ﬂ@ﬂ@kﬁﬂ%&@t?ﬂ%}’h);(@oﬁdﬁib‘létﬁa@fglﬁthw)pheny'|)

g |no lrco dibenzk A solutjon, o
.4 r}]2-me hyleyelohexyhethy]2-oxovl-3. 5ndi(t-butylphen ..u [e
v Y, —-OXOViI= =0 DTy c C d,

23 2 @Mé}hﬂ%@@t@uﬂﬂ@@@lﬁ@dﬂaﬂlaﬁ &ilmuihrhtbmmfﬂe‘ﬂn(ﬁbﬂ Mh))ﬁL) and di-
t(ﬁu sgh&}d&m@la 43 § Qg Q lné%!g?eg %da-elae 1he %E[Qt%ﬁi ﬁ[&t\ﬂ%l%\’g‘cﬁ%& tf&nthree hours

is stirred for 1 hour at ution is diluted further with 6

apfiheieersgiie 23 ctuldsd hatvinghs wertaatrelivmsshio meripteig .ISGQUQWQ@ by filtration
éﬁﬂﬁ)fd&l@dbﬂfﬂ&ﬂdd&}ﬁﬂﬁ&@ﬂ(% DY e thdn Ao d andar Fede@plessure. The yield is

l)silanetitanjum dj pared substantially accar 'ding to the
yl ISI’}I I%q%eg glf) (I):!l ;% ’ IS con tljsct)eﬂ% gv{lﬁ% szg%% % ﬁggxﬂf& of isomers.
wEthiAs 1

exvl)ethvl)( 2- oxovl 3.5-di(t-butyl)phenyl)

immino)zirconium dibenzyl
A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)imine (7.63 g,
23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH,Ph), (5.28 g, 11.6 mmol) in

600 mL toluene. The resulting dark yellow solution is stirred for 1 hour at 25 °C. The solution is

diluted further with 680 mL toluene to give a solution ha{ling a concentration of 0.00783 M.
Catalyst (A7) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-

yDsilanetitanium dimethyl prepared substantially according to the techniques of USP 6,268,444:

(FCLSI TI(CH3>2

C(CHs);

Catalyst (A8) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-n-inden-1-
yl)silanetitanium dimethyl prepared substantially according to the teachings of US-A-2003/004286:
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1 C(CH3)3 Catalyst (AS) is
(t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-rl-inden-I-
WQRaENEHERNiumM dimethyl prepared substantially according toP$E/US2006/036038
teachings of US-A-2003/004286: 80 WO 2007/035485
PCT/US2006/036038 H3C CH3 Sly ,Ti(CH3)2 N H3C C(CI33)3 Catalyst
(A9)is
(t-butylamido)di(4-methylphen I)(2 met 2,3,3a,8a-il-s-indacen-I-
yDsilanetitanimn dimethyl prépated sybst alfyaccording to the
teachings of US-A-2003/004286 ] '&ﬁHB)Z N H3C
C(CH3)3 Catalyst (A10) is bis(dimefhyldissigxanepiggne-1-yl)zirconium
dichloride available from Sigma-A @\ O [R3C)2Si\'zrCI2 O Cocatalyst
1 A mixture of methyldi(C14.18 alk monijim salts of
tetrakis(pentafluorophenyl)borgie.(heré-in-aftef@fheenium borate),
prepared by reaction of a long chain trialkylamine (ArmeenTM M2HT,

avail alllﬁtﬂlyﬁﬂ Alzes N%@lamﬂa)d‘t@l@ﬂ@l‘pl[gfﬁﬁf adhy1substentalysasdacen-1-
Cocataly I 2 Mixed C

yg* o?rtﬁtg ‘f/arﬁ%%l%% fegali?do? S%?Prt%ﬁfear?&?ﬂ %Bﬁl?eent%c}mgs of US-A-2003/004286:
alumane) -2-undecylimidazolide, pre according to USP 6,395,671,

Ex. 16. Shuttling Agents The shuttling.agémnts
diethylzinc (DEZ, SAl), di(i-gaudtyl)zine (
triethylaluminum (TEA, SA4), trig
2007/035485 PCTIUS2006/0360x _
bis(di(trimethylsilyl)aniido)isobutylalyumi SA8YCH:),
di(2-pyrridylmethoxy)n-octylalumi
bis(n-octadecyl)i-butylaluminum (S )
bis(di(n-pentyl)amido)isobutyldfsfminum (SAllS i

Catalyst (A10) is bis(dimethyldisiloxane)(indene—l-yl)zirconium dichloride available from
Sigma-Aldrich:

./
(H3C),Si ZtCh
AN

Cocatalyst 1 A mixture of methyldi(Ci4.15 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a long
chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and Li[B(CsFs)4],
substantially as disclosed in USP 5,919,9883, Ex. 2.

Cocatalyst 2 Mixed C,4.15 alkyldimethylammonium salt of bis(tris(pentafluorophenyl)-
alumane)-2-undecylimidazolide, prepared according to USP 6,395,671, Ex. 16.

Shuttling Agents The shuttling agents employed include diethylzinc (DEZ, SA1), di(i-
butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4), trioctylaluminum (SAS5),
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bis(2,6-di-t-butylphenoxy)n-octylaluminum (SA 12),
di(1-naphthyl)ethylamido)n-octylaluminum (SA13),
WoRRGIdSMimethylsiloxy)ethylaluminum (SA14), PCT/US2006/036038
bis(di(trimethylsilyl)amido)ethyl- aluminum (SA 15),
bis(2,3,6,7-dibenzoazacyclohexan-I-yl)ethylaluminum (SA 16), bis(2,3,6,7-
bldjenzneIRaytiofaetas)isophiptaetianIsns)) d8ARydylmethoxy)n-octylaluminum

B e S R re S sy (a1,
GiéAérdi--higt Moy hpottAakatisuRd§Aie) diflam@onditibpimido)n-octylaluminum
Raymeigatientares %ﬂﬁmﬁiﬁumgbﬁlmgmﬁi‘d&iﬁgﬁ@égkyl)?mido ﬁtélyl-

polymerization reactor (PPR) available from Symyx technologies, Inc.

Yo SObkHeE, S ldhenapracsiabexats biBetndalpngaumoBSA L6), bis(2,3,6,7-
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polymerization technique. The resulting polymers are measured for

ypisRsediaF e &rgrt U feasEr A sy IGBE aPsiyalspeesiitiaaéried for 12 hours at 60
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Table 1 82 WO 2007/035485 PCT/US2006/036038 Table 1 Run

SR LSyt A PRIENA DT RROYRAR RSt Araviantaiess! i disbleds 202
159,079 3.11 B 51 0.086 455,178 103,781 4.39

Catalyst/ Shuttling Agent Selection Method 1

A series of ethylene/ 1-octene polymerizations are conducted using differing monomer
conversions and one of two potential chain shuttling agents, t-butyldimethylsiloxydi(isopropyl)
aluminum (TSA, Runs A-F) and diethylzinc (DEZ, Runs 1-6), using the foregoing high-throughput
polymerization technique. The resulting polymers are measured for molecular weight (Mw and
Mn) using GPC. Polydispersity Index (PDI=Mw/Mn) is calculated for each polymer. Results are
tabulated in Table 1 ‘
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C 75 0.102 490,448 210,174 2.33 D 100 0.131 510,722 260,894 1.96 E

150 0.194 871,458 194,801 4.47 F 184 0.235 605,453 137,957 4.39 1 26
WQ0839384898 6,477 1.38 2 52 0.0852 12,393 9,592 1.29 3 7RAI/UB2®6/036038

16,570 13,176 1.26 4 101 0.1416 21,387 17,397 1.23 5151 0.1923
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Method 2 The previodsly disclosed9Bigh th2dughput pSlyrherizatiozs
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greatest re l, and  least reduction (or actual increase) in
%&&Yﬁﬁéﬁ%m}ﬂﬁaﬁté"’e@@a@& e RTatnscerdlinng FRe ity s encompassing
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BRI R LRE P s eced o

OBFsPQperes re v gspag block copolymers and distinguishable from those of random

copolymers of similar gross comonomer content.

Catalyst/ Shuttling Agent Selection Method 2
The previously disclosed high throughput polymerization conditions are substantially

repeated using various catalysts, cocatalyst 1, and potential shuttling agents. Ethylene pressure is
increased to 200 psi (1.4 MPa). Over 500 reactions are performed. The resulting ethylene/1-octene
copolymers are tested for Mn and PDI and polymer production rate compared to rates obtained from
a control using MMAO in place of the shuttling agent. The best compositions are then selected
based on a combination of greatest molecular weight (Mn) reduction, greatest reduction in PDI, and
least reduction (or actual increase) in polymerization rate. Selected combinations showing the best

results (ranked by Mn reduction) are presented in Table 2.
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10 A2 SA19 0.270.73 0.18 11 A3 SA20.290.809.74 12 SAS 0.38 1.01
1.15 13 SA7 0.60 1.06 1.38 14 SAIl 0.651.04 1.43 15 SA3 0.65 0.86
Wa2807/0858A17 0.66 0.95 6.36 17 SA20 0.68 0.82 4.37 18 APCHUNY036038
1.122.32 19 SA7 0.531.07 0.91 20 SAI1 0.591.11 2.47 21 SA14 0.69
1.07 2.12 22 SA18 0.69 1.10 3.16 23 SA12 0.70 1.07 0.97 24 SA5 0.93

0.950.81 25 AS SA2 0.290.92 0.71 AgppAl3 0.59 0.97 0.93 27 SA3
0:63-0-95 nOQ 28 SA50.791.101.19 ’)0ARQA1Q(\RQHQ%OG7 30.A7

Y Relative rate
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3B-SAHE-O5Y 1-1D-0.77 34 SA50-74 1%‘{_70.72 35 SAZg%?.%Q 1-05-2.6533
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s:lgfje basgd-ofa-de '.qu objegtivesS Zh-as-maximub leduction in M4
of trppr vemgnti] prod"ﬁyn ratg uoup%égmth A oreﬁm']‘%ést Mn };g
rc-uthuu AGditiopaty; g\" abo‘v;' |c3d=|Q'5: are ba°ed.on T atc:". .“:ac.tciZ 1;5113
wh Fas; m-practice; uu%&uw, i iany,of Hsing- i)f\ff‘f‘ﬁf”"fﬁ'zw,eriza"zpﬁ'gl
Con%uu SISt arso Ut‘SALiljbIUUlt xcHn aﬁlgﬁ,l;l\llg trre ---.ab:gxslnuigrr.a&eﬁ—efm—

CAtgySts and shufthing ageyt(s)- I:Xd.lllp[Y.s Conti THOUS Sgytrtion
Ol)dlgleﬂédlmmﬂowyml balllH gi acCco dlllg g emvention 2k

COIMRATa tivespolyimer EXSlAI»ypIE are plt:p%l%} 1.07 091
20 ¢ SAll 0.59 1.11 2.47
21 « SA14 0.69 1.07 2.12
22 « SA18 0.69 1.10 3.16
23 « SA12 0.70 1.07 0.97
24 « SA5 0.93 0.95 0.81
25 A5 SA2 0.29 ) 0.92 0.71
26 € SA13 0.59 097 0.93
27 “ SA3 0.63 0.95 0.93
28 « SAS5 0.79 1.10 1.19
29 A6 SAl3 0.83 0.92 0.67
30 A7 SA6 0.63 0.96 0.66
31 “ SA7 0.74 1.15 0.96
32 D1 SA14 0.54 1.10 1.14
33 « SA10 0.59 1.10 0.77
34 “ SAS5 0.74 1.01 0.72
35 « SAl6 0.82 1.05 2.62

By reference to Table 2, suitable combinations of catalyst and shuttling agent may be
selected. It is to be emphasized that preferred catalyst/shuttling agent combinations may in
different embodiments be selected based on a desired objective, such as maximum reduction in Mn
or improvement in production rate coupled with more modest Mn reduction. Additionally, the
above results are based on a batch reactor, whereas, in practice, the effect, if any, of using
continuous polymerization conditions must also be considered in selecting the final combination of

catalysts and shuttling agent(s).

Example 1 Continuous Solution Polymerization Reactions

Polymer samples according to the invention and comparative polymer example are prepared

in two well mixed, solution reactors, connected in series. The reactors are loop reactors providing
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in two well mixed, solution reactors, connected in series. The reactors are
loop reactors providing 84 WO 2007/035485 PCT/US2006/036038
WO, é%gﬁ?ié (Catalyst A-1, Cocatalyst 1, and shuttling agent SAT HESRap486038
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WEDTIE2806/036038 Example 2 Continuous Solution PolymRE&a¢06/036038
Reactions Ethylene/1-octene copolymers are prepared using two
continuous stirred tank reactors (CSTR) connected in series. Each
reactor IS hydraullcall fuII and set to oprate at steady state conditions.

ctor along with catalyst
- A-1, (Eﬂqaéabjsto&teﬁem@vgmw z(talﬁmbmgdaiﬁmgmmmmdmmisnrred tank reactors

(?Eelt %Y&a;ﬁrgﬁéi‘ paescl,vl’nlc\ﬂ/slA \{“gélc Q le f{ g(%rau'ﬁké%( ?Mﬁd LQ&A glqit% Itvs%&ld)y state

sopar avala onMobil Chemicals, Inc

conditiotinglbe sbiibing TS Mbiveddadis HeclisToondtd Herapids catalet -1,
dReAvingt pr@&%%ﬁ@eﬁfﬁlﬁfﬁ%ﬂﬁdﬂfh&ﬂ%d?ﬁ%@%Eﬂl’ﬁlﬂdfﬁﬁ(&r@mvallable from

2007/0 485 PCT/U 2006/03 0 a>N' O WW "

B0 W REPHTRH Akt P PELAE R P Chemials
I'_ﬁw)-(mpbiatmg Ood@ansdDthe twd Ze@xiorkakt/ HOVIGEINA MablgéS\and 6. Polymer properties
are provided in Table 7 and in Figures 2-9.
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2007/035485 PCT/US2006/036038 The polymer analytical results for
WEXWTIPHIS48S Comparative A are contained in Figures 2-5. ThdOBUS2e6/836038

(Figure 2) shows a 125.85 C melting point (Tm) with a heat of fusion of

103.8 J/g. The corresponding CRYSTAF curve (Figure 3) shows a peak

at 80.5C with a peak area of 35.0 % ercent, while 59.9 percent of the
sampl&he RSB ansiieahiE TRk Aor BEmpls e ipaneivg Arhoniajpedindigures 2-5.

He-HITELAR gTRaoLPhivertentard Actalypladi achiow ol 2RcdtReN0h of 103.8 J/g.
The GPC trace ‘%(&S%ﬁ ure 5) reveals a bl’O@d molecular we| ht distribution,
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75.6C with a peak area of 36.5 percent, while 46.3 percent of the sample

o) Bi%r%ﬁ%‘ﬂﬁrﬁg’/ﬁffénﬁ’ﬁgﬁe&urve (Figure 8) shows a peak at 93.3
with afilarpelyph@ddalydvebrtasda Exduiple rauiiohané dchiped de Rigirbe6-9. The
[& C tragf é %’l?‘feh% rev I§9%y3e n%la%rpe?va {g@l cul?l1 V\ﬁela(&htfgustrlbugPd]1 1 J/g. The

or this po ymer samp sults are consistent with
airecsnapiart 6R¥FIdieurod Figack Lepolythelargpepiikally 5600 yiispeesktyprea of

I65H AR U6 @?&J&IQ‘?QE%&BH VORIGH. pﬁ%ﬂ%@f?tﬂ%%ﬁ@ﬁf@ﬁ§ (Figure 8)

repared accordin the present invented process aré uniquely suited
%ﬁﬁﬁ%ﬁﬁ&%&@&h.wh@rm%évlrﬁe]@eaeﬁwe@mle%%ﬁw.%l%@emm The GPC

tfmdmftgeﬁ@p@yéaeraar&blieﬁwenoﬁwm iz i BEEHREHIC MR MO 1567 for this
und incluije q.ﬁlheswe and com b“ﬁqet(i!x blends emplo mg ofa

f
pt%g?lrﬁrosﬁfn Bife po S(af ?5%35181 tomerse alse‘?/ls oIt y mocﬁ’lfp elfsc?BOIYmer
shesisalys B@lydlr@@r_sw lesy thawis0 is. wwretse@@ foesiné ipudptedpicixtisrs of

one ofROsEI AL IR RAYRLEZARIG. megeeaﬁ‘{ TiRIRIPBLPAY MR uely suited for

comprlsmg two_regions or segments of differentiated pollémer composition,

WP iserTasuing BrRR B les iRyt P elHtianang B Lidipskmolymer architecture.
pahipiarizeditepantiadm enlﬁnyﬁ@lﬁﬂure ialnde mdmaﬁ&ﬂﬂﬂd&fmﬂldﬁimw blends employing
t é’n}{o frigation, I&C’H{i’s't # asrtea%trora% Ie3giorgone Wih a:composition
com ISIng at “least fir po ymerlzatlon cat yst an A cocata yst
and characterlzed by the formation of
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polymer chains from said monomer or monomers; 2) transferring the

reaction mixture to a second reactor or reactor zone and optionally

adding one or more additional reactants, catalysts, monomers or other
compounds prior to, commensurate with, or after said transfer; and 3)

causing polymerization to occur in said second reactor or reactor zone toMCSLLP
form polymer chains that are differentiated from the polymer chains

formeghin gigp 1); said process being characterized by addition of a chain

shuttling agent to the reaction. mixture priar to, during,?odr. subs uentri?c]i
step 1) such thBESE TR EE SO RIE B tra RIstiftRG PAvHiE %%%81’&%%’???%3 ¢
msiepnB)conmprisedwolonmorapiamicalyepiophysicathyrdistinglitshaloled polymer
BIRGKS BN aglge%%ﬂlﬁ%, 2.1 RbsmelRG AL, weight copolymer made by the

process of Claim | comprising two or more substantially homogeneous
intramblCFAF ERIh AL B} BISERE R0 BIRGA E RTSPinY G s under
aphysicab progeries, caitlintkamoteculan segmeriscohaiacteripedtioy comprising at
Ega% Seeolhd 0, %%ér I 1%%%'&&& 8'5%’4%%?&%@{ ggtfhg%[&%}lfzgd é}gﬁé%mg{ation of
mixture comgrlglng: 1) an organic or inorganic polymer and (2) a

redety phainadeording 1o HIEIrh 2 PPAStess according to claim | wherein

the catglyshsRmpHsesarisiahRamplex searie sperdingdathefamidaphiinally
R12 Rt1 \M1I X Whe{ein: R!r is selected from alklylﬁtl: cloallg{1
|tute%

: I .
' Y d to,
R R e R T P

dhersof welktaiilingrfrben skifor3G&Etoand not counting hydrogen or a divalent

derivatiye thereob 90 MR E odcusia divaleahLHdeinbararR eifHem 1tom
41 atoms othgr than %egrogen ref rabléfl to 20 atoms gdtger thﬁn

e o A Rt ?8?5’6‘1‘9’ OR SR SF T ERR RYBFSAATA
substituid gnovesk plengcbrrsilenieed tougstditive Rz Isia OsitRoshetorcathyd reaction
QLR FORIAINING: HE WIS pRse dHNE Ui MiaiS: A1 GEOLM S SPEIAdeid8 A Iy mer

anionic, neutral or dianionic ligand group; X' is a number from 0 to 5
AREEH G e RSB St X' 8156 58° aifd BoH ALY BptBRP i P ocks or

seleedfien donative interactions are represented by lines, dotted lines and
arrow%.reSpeﬁti}Y}%ly molecular weight copolymer made by the process of Claim |
comprising two or more substantially homogeneous intramolecular segments or blocks
comprising differing chemical or physical properties, said intramolecular segments
characterized by possessing a most probable molecular weight distribution.

3. A polymer mixture comprising: (1) an organic or inorganic polymer and (2) a
copolymer according to claim 2.

4. A process according to claim 1 wherein the catalyst comprises a metal complex
corresponding to the formula:

N7 T > R!

THRN (

R "'---..-‘M X}Xl

2

wherein:
R is selected from alkyl, cycloalkyl, heteroatkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a

divalent derivative thereof;
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5. A process according to claim | wherein the catalyst comprises a metal
complex corresponding to the formula: Mz Xz CN X T2t wherein M2 is

a metal of Groups 4-10 of the Periodic Table of the elements; T2 is a

nitrogen, oxygen or phosphorus containing group; X2 is halo, hydrocarbyl,

or hydrocarbyloxy; tis one or two; X" is a number selected to provide  wmcsLLp
charge balance; and T2 and N are linked by a bridging ligand. 6. A

Process %0898{@{49;%9%"%@%%}%1%@ AlmS 3o 4 CLEWRIE NS FREICBIN b1y 1

physically distinguisha ocks or segments have different Comonomer
tm%%wé_ﬁgﬁq Hifie dgdregen, and most preferably a mono- or di- Cy. hydrocarbyl

substituted methylene or silane group; and

R is a Cs.5 heteroaryl group containing Lewis base functionality;

M' is a Group 4 metal;

X' is an anionic, neutral or dianionic ligand group;

X’ is a number from 0 to 5 indicating the number of such X' groups; and

bonds, optional bonds and electron donative interactions are represented by lines, dotted
lines and arrows respectively.

5. A process according to claim | wherein the catalyst comprises a metal complex

N 2 2
( M X2
2
sy

M? is a metal of Groups 4-10 of the Periodic Table of the elements;

corresponding to the formula:

wherein

T is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;

t is one or two;

x” is a number selected to provide charge balance;

and T? and N are linked by a bridging Hgand.

6. A process according to any one of claims 1, 4 or 5 wherein the chemically or

physically distinguishable blocks or segments have different comonomer incorporation indices.
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