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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.
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incorporation levels, said process comprising contacting an addition polymerizable monomer or

the product would
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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



agents and the formation of pseudo-bl ock copol yner
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sai d processdifferentiated process:conditions in two

@ranty pean dpitiak nofyaneg Ef‘éfnﬁf’q tﬁ@%@}ﬁhﬁl@g alyjt@p%@@nt within the reactor or
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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



chem cal conposition. In another enbodi nent of the
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resembles that made by hvmg polymerlzatlon 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
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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
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crystalline nmelting point. The term "el astoner" refe
ngtgrvann@g)q:o}aﬁ@p ord:pn(blgqog, gﬁgpecélég he Kesreshive Wgctqr@ of 7086s, it Weferably that the
dGhe JMREEo m{eerfaeﬁzﬁ@xpllrﬁé{tdr@ Biford) ﬁﬁlatl&?%olyméﬁﬁatlﬁﬁ &t 8 3Rhd/time as

' ess than - term "pseudo-b k copol yner'
polyinstization lsan@etpda oni»réeaswnmpg B @gmﬁcmmormn Fdlectigt i avbéchor
p%ﬁﬂﬁﬁ%én ‘f’sfco %1{0{68 i 19 ﬁf‘sbl%g&t&alTthrouM&in%%k C@AQH@ fetaé‘hon mixture

as vari abl e conmononer content; crystallinit

nehey s iotgasionesidiyiagtiveypr stpléggnigingrdevees ooby we héatnyrsﬂweror yumpmg device

l}ﬁfb é‘&"in%? gppﬁlé?l%ﬁm@rﬂge r@&'ﬁoﬁ‘ﬁ&‘%‘lﬁé arily of identical

cthem cal y vary in one or nore of

t he f@legbhen@n Wk ppepretto afchcmncal lrempompowless speciffallyliddicated
o%elﬂg' es nlé'ﬁlato {nclggegl ﬁ rqp fgprﬁg Slq e vERNER Bram I]g,. “hexane”, includes

copo?yners pseu copo Yyers possess su i ¢ ant
atliigofrersanf chaeane mdwtdsmﬂmlcohﬁcnpnéy)t Testerms bempcamﬂ’yand “complex” are used
ifé:te ?e&n%leelb?ﬂwg%% té)kret% %?%%Eljtco%?%g{c-e a:npg) alnc\)/néet% cg%R%ung% The term,
“aiohi” eafers e mﬁalmrcenstlfuehﬂ‘aﬁ anl elsinére degprdisesitiordsstatk, that kg whether or

ngt glﬁ g'c}n%ei grs%\;{ﬁerrgé or ?ﬁ]@h%arsgtglég{s Iﬁigﬁl gtl C ea'ﬁg%ﬁta rg:':cglltrrg“heteroatom
rpfes paiRitbm Pthenthadavien ok hytadgen E;fefeneth)étgmmmszﬂtmde CL Br, N, O,P,
.0Gesses, .. e i a conti nuous sol ution
BSér %né‘ii@a%‘% g‘g{es%rai}@e%ses enpl oyi ng catal ytic
gluanLTFHe it@ﬁll ﬂfyd@@dryyl’efeifd'ﬁ{oiLﬁﬁ/aléﬁttsabsyiﬁieﬁts céudifing edly hdrogen and
ock copo rs o the r.art, includin
cBR3BB iR g ienshodsy vabimAF: Sareist AT A g o plispr noneyelic
shédiesi BRAhplEAhAISINSI-, @aloamylo rau@n}mohmmnw auyblemkenyl-
techni ques, the copo he inventi.on

|
oIS RABY 28T, By R e (ST PO 0] fgyto @ hydrocarby

PAUpHEHt $RRb st i ine OF mMMMﬁydﬁﬁQrb?l' sﬁﬁ‘éﬁtdeﬁt'%dibs The terms,
dlstrlbutlon with t preferably

“a?tﬁmﬁowmmna’@w%reméu ?ru“éﬁgrohwcgrbwls r%faréo umﬁalant groups in which at
lws%&rafcﬁgotﬁm%?@xﬁéen Jdr Garbifis Slfegé?lﬁ b1o8 wit\6he U8 R10Rf caf¥38 atom and
or nore shuttling ents _in conbination with a high

ORE PT BPIRYHEEHY at%nﬂ%@%ﬂa RSP rrelersFagionns confpingope or more

datboh WRmR and Re®r Hl@ffeﬂﬁﬁfdaﬁﬁ{s aﬁ@nJ BREIEN StoRE. ERMAd between the carbon
oper at i ngpunder differin yneri zation conditions.

altm andsyyy pteioatam|ay well pethe g‘pf@ﬁ Yerepas a7 tyHetdropjans gy be saturated or
&?a%ﬁr%%ﬁ" ’thﬂoﬁlsaﬂ%%rgﬁﬂ sufbgtﬁlmeci-wﬁh L ﬁetgrgaycﬁﬁﬁille Q@tlﬁlté‘dr om

referably 1.8
hetesqsaelpdlipd-, héteroxsl-on Sézhﬁ@éw@mamlmlkowwmlm thydrocarbylboryl-
s kit hio-,
L
hydwcabylsdienopgreepsin tithin thewspperd tliegerm heteroalkyl. Examples of sultable

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
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process results in a product having a nunber of
di sti ngui shabl e bl ocks per polyner equal to the nunber
wo@boweaasdrs or distinct reaction zones enpl oyRdI/UR20061@36038
process, wWith a pol ydi sperse distribution of block
sizes. This ultimates in the formation of polyner
products having inproved and distingui shabl e physica
usgsiherainewith wopieeioy @ ring systent eontaipdigrivy© AoMete pplystduny syclimyings means
-
tﬁ% r\r%%o Qé‘??% lrt(p g%r@rtet%[) ?ﬁggﬁge&f at #%E}%ﬁ%ﬁpﬁghjég%g %t81[n§ is dncluded in both
sy ey termn tard hrefrotoagsas valent atomategubstitepnt Whitlemby bevadingle aromatic
Iﬁlr%ad Enultﬁﬁni}ﬁ%}gérdc?ﬂg%fugﬁeﬁ% flgspé{ogeté%ﬂ?lz(lgcﬁogglgnth ar ]t1Cr1$Ked to a common
powparieds amdiipdeng of ethelene maiety.f Teerargndtic TIIIE@%) ey melads phgnyl, naphthyl,
[ . e led artisan that in one
%ﬁ%%%ﬁﬂ%ﬁ?ggﬁxpﬁgmﬁagéénf i nvented process the CSA may
b e ad fﬁeﬁstmmmrylﬁmfﬁs tolmmryh gmap (n witidr avietot mntel hyy)irogén atoms bound to
Contg neriz t|o

S RE0o BelP R PP PR TP P s . et Gt P cveloti

dnbstﬂddh@chhlkﬂ lﬁnmrbttyciohmﬁdsuﬁitﬁlhtyd Iptdranyclbalkyl] Isgdyai, @kylhalos (e.g.,
or .even, .l

P BB BB BT ook BB ER o U e e and unssturated

dyelsqigdtdcaBorseaidhiSugdd 1@ eieafomatit rihgs)Plikee taaleytly Hainked to a

t he CSA be added to. the re ction mxture gr{ot to

oM &t9U8 ﬁ““glfa ABISYRsP? Otaindie mefetst e Sopmon figdnegroup may also be a

qafbo)yIRE inZtRhidPReniofie britixyenta®th dllﬂfen}qéthér %ﬁﬁiﬁo 66Aih Bhéaylamine.
S|gn|f|cant portion of the time_in_ whi

pol y nHIE (S [ GROPANE GeatROtadEn Index igfers tp &te PegegRicgmonomer incorporated

kD QAP prdphi@d 87 the-ohta R GindeR d6sideRtisl. XEHd sE8ledRY oPfietal complexes or
occasl oned by active or static mxing devices or by
?&Sb@m@ﬁvﬁ@ﬁ hryingige sieatpti dferrgocie ppeenogiepinggaeration indices under

AR PoBetiZaBS ERETHRY if B efnﬁ@cﬁﬁﬂnﬁ B b PlesninvéRiod S8t in
herein with respect to a chem cal conpound, unless

OpEneIs EaMITYO PrEp Atcaemers hsing thelarcesi difforengeiindlock or segment

ﬂr%h‘tﬁé@ es§cl?eisldeﬁs§t9 $i5d € sefn%r c@ﬁmﬁﬂﬁgr ¥biffosifieh ﬁi@triﬁ){lt@(fn Comonomer

exarrp ) hexange" i ncl udes al i somers of hexane
ingpapagition ndey isgencdlyl dstermiped lgb)the Tisef NMpecteasepinfermiques. It may

AdDe MR dPseddn S Sk rle%{lhglﬁgsrﬁ@ aeabl IY QRL &lcBrd En% th n theoretical
to organic-, inorganic- organoneta conpounds
@@mﬁw&?aton1 refers to the small est constltuent of an

ele nﬁﬁta vbt ‘gg@gﬁlw aecérr&fc e %Qﬁtfén%?@%gl’rym&lg af thﬁ %vel\{mﬁ&)%%%ss% most

not rs a charge arge o
menbisdistriutioroefivdock dangtis. Rilkferredpatyiidretosordingdonthe irykiog are pseudo-

tﬂgctkg?%cﬁirﬁ)éﬂ éb‘nﬂ rﬂgdf&rk'ﬁggép 81”5@?& 1&?/ q%g 9@9111@]3 Jogtfaglgfgqgrg%or more
ségmenSr(thaps | blo@@ saprdlat@bby a[ dhstmgeuslmble bltppk{)qaclablbgld thayr lefthy me or
cthgmtéglll fgrre]ﬁt aRd g %%:Ila ?%%te%z al ndls%u% Xf of pI ?\gp%[rjt?eg.eTheaiﬂgentlon

ra n or un
igatlves dtee:dn(mpt o nsag chaat Shdtthrxgyie hi rway tmrpraflmrg:tye lifetims pcpadgmer chain
%ﬁ% a esrl%l))/ tan?lalggag o kf){h npollyn}ér chal s e 1|t %tall%ﬁs tﬁ F ys rehctg)fl of a multiple
raavtbr aéricy ny/the figpt maqstsr zonéSimkasﬁulﬁplé ﬁdlem;edwtmehﬁhg subﬂﬁmfany under plug

8 niiy P oo st Bt S Bt S SR ke R potymer

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,

12



"het er oat om cont ai ni ng hydrocarbyl " or
"het erohydrocarbyl " refer to univalent groups in which
w@rtooz®a®ss one at om ot her than hydrogen or car bpOT/1S2006/036038
present along with one or nore carbon atom and one or
nore hydrogen atonms. The term "heterocarbyl” refers to
groups containing one or nore carbon atons and one or

Frishients, gt aw ofhepfisienes lepdingyeiforneionaf o distingFishablsgredymer segment. Thus,
R ELNRRtoR B 4R HEGReALHRRBHnARY rlgg‘elh rQ@ets@wnﬁ)ﬁsém& tide, or more,
the bonds between any two het er bat
meferablyttee onthreg iiferentiated (aolymmﬁs;gmgm aatakged ugtrwﬂrcularly Because the

t
B LA T [ LSEREY S} A e FATEL bl S s
vt fHo-rgsubiing progluct appropiatys the pliskipalpomertioy bidrlgdk-cppolymer and is

di hydr ocar byl am no-,

lgﬁnﬁgﬁrgg%g%dFBB?PP%gghydrocarbyIthio-, or
hydr doaoltisalsis\@ltlem@preglpunlbpdmcssmﬂ seqiientibhelseopeion techitigues wherein no
Cthgl(l)l Ehgfﬁm a eﬁ% e)ﬁ%:lh%en orfg)nb rogfcltsS cl“'clm 1§W% ?lit)]c%? aﬁ%(frE%g to the present
1avmit1d>rr i)}f deleom(g’i’agﬂ'hyhotlvgdiam]u&SconAﬁ)sﬁiSI&d:amre&if E’apich&nkﬁf of polymer

RGeS o R aPR R S 6y ng SR SR Sregions o

tﬁg/&klﬂﬁfmg:@thﬂﬁt pustegs diviihgoishablpelypet prapediidsC Du€ octhd ase bof €@ shuttling

o PRl ST Gt QoS Lo PR A e

deving pd)lly@Sr expérentes d¥ConBifydus pslgher ovitd, sacifhnanedn®cular regions of
romati c bstit ent whi ch be a SJn Ie aronmatic

the PRIy BT fi?e&ué‘ dER B PEe ﬁ@ég‘f RRRRIER PR,

t ogetirrfolldvwinkasth&naRhieRktindnt P thelrbsalg p619m@rs esmmamm theoretically
a met hyl ene or ethyl ene noi

h
c%p&qgﬁ:@?a%?efqrg giaye lfﬁy?vefi te3rplydo B}qé)gﬁ;pnt IHF&e pf%fmers and demonstrate that,

e@ﬂ%ﬁlﬂ@ G or n@%t&ﬂﬁﬁ@t@y&n’cuﬁma@rb&r Fones conesibl fn%%ﬁ‘éi having
aryl" refers to an_ aryl rotgayn whi ch one or nor

dr\ﬂf%ﬂ“@g’éh’m&flﬁ?ﬁ‘gn Bondifteng 1§ pwine pelymeisp @@@ﬁ?dbtye Bigek lengths of

thE i(ﬂflﬁ& bEiﬂF Grin@d B calll @RS 0P R AR coHfdiH to a BéBrdabit @R tribution,
oal kyl , substjtuted cycl oal kyl,

%@Yf‘é‘rla Wépwlk@mam@u merein g is thersbapibigied melamnwropagatmn in a reactor

\b‘i@d @&%E‘t to Efokﬂe’&één@e% f(o?n (Qltalyng Fhe tl{&ﬁ(\iﬁ@d)f ifeatlﬂgﬁt E‘sooased on standard
phosphi do am no, th nitro, and

asqumprigscd afwalosl Drimthe art @;dcuspfbmwo@@aﬂlb @ffsctwp@}ymeﬂzatwn ,
k’?ﬁe‘ﬁcg Mﬁﬁ%e&@ar%&ﬁﬁ&ﬁﬁ’m&ﬁmr 'tlﬂgfsﬁ ))f mils% Q&‘tﬁ)q ﬁé%]Qthﬁll i 'élq*essmns that
't nked to a commpn YOU such as a ene or
9é‘t 1y laffprsednyi chieiy or tlhek 1ercgﬂm¢ndltherﬂs$wrg>tlgm thairpdmysr gliegogrpwth is
. |
cglmg%'ieka(ﬁ?% %/%rgﬁldrtntnﬁ)ee&ﬁg%g HERE %ﬁe nng ?&1@120.6 tiﬁlﬁ:,e SPce}lrrrrlrc]athods have

eny r or nitrogen in
beeoproviowstyr dipahesed poV alli Rop, J_hhemi‘nol Seif. Kex. M&Q&ui@t&nné]& 1(1972)

a?xﬁe L g{fﬁfnleieg G P ?rﬁﬁﬁﬂ opt‘ Bol grofye%,:ll?; {ﬁg’s %@Hbdelchert and W.

st under con dera
Gadtlerl Edso ﬁ‘blhw,é‘éulmh d;‘m?»alhymhtmo,rrprs s$sum@ch‘$amm lngdetnheof the chain

tﬁﬁ%g%%c?& ana%\%{{ (f‘?eactopregu? BB rmbd %%r[f ER) gléglg :pc()r::lgr(r)lic;]r&qci)c?(,e \%hereas

tamhibdwfrtmﬂhamfshmtﬁmg pgg’;nilnatm%;h;ﬁag I a diffenghttrsactan or zone and exposure
tﬁg i gcwutL pc%}?/lp?rlz?{% CCé)nclhﬁorg I1resu S 1g?orglgg onf]tgl%bfl?eé%lt Hglce:l% 5Ijor catalyst i, the
fedstion eiseglenss bflendtbn béihgproduted mhonmeavaiTey givamrty 0Sln], where n is an integer
hdclm? t1 rc; IJ%Hnlty represengr?g tﬁen%{al number of monomer units in the block.

Xin] = (1p) p&? most probable distribution of block lengths

=0
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i ncorporation index is generally determ ned by the use
of NWMR spectroscopic techniques. It may al so be
we@sdao7osi4etl based on nononer reactivities and rBEDUS1006/036038
ki netics according to known theoretical techniques. In
a very highly preferred enbodi nent, the polyners of
the inventjon possess a nost probable distribution of
bl ocKE mersghancone petalyd iy rEerensdn § Fraster aiaenss erch gatelyst figfea probability of
ﬁr&ﬁé@zﬁfo‘n Qp)) MdShRrE AR Qfdte Q@@Qéewﬂﬁk ?en&t‘ﬂ%@&@t‘mﬂ&lo% 8" po:l?ymer being

bl ocks or segnents. In a polyner contalnln% hree or
sl dén Walgprctar ot zanpain 4 IBOSbPYSf?I@Qd ephndimang e pypbapility of propagation is
Aksdd Agui shabl e bl ock) each bl ock may be the sanme or
chentcally different and generally characterized by a

di strjhution of Rpfibperties Li vol ves the
concé%t BPDL%Rﬁ@‘bﬁ@ﬁh+§ﬁhtF%?%€°g§®q: @ 2 p#% ong

t he lIgﬁﬁ Pxfate%f Bl%hé/ c%ns[fﬁallgﬁrﬂonsbu cataﬁ%l h@oée)s(/iL(tmget),

subst Fri3cy on
| eastRtfihe "qutad sdte ofshain manscﬁefr amd tmhlhatmhéorroe'alytstﬁr (n&silésme), and

oper aehs SernleRRet Mt Ginadv® Pyt Pofpd o LERO

t he fFor mgﬂ'fan pattynhe pdlyﬂﬁdi‘lpfb@hg%ﬁoﬂ\tatd‘l RAi|; Balefinedisibg bt fi@arent rate
agent and the polyner chain experiences different

B SRl GEREL! mSftPack o i 354 i by the local
cmmnd&ﬁummﬁcaﬂyﬁhQCﬂesmEGWive reactors or zones include
the use of different nononmers, conononers, or
nonong I/, C r(s) ratio, different polynerization
tenperégugﬁg&gggdlents, or any other difference
| eadiThg chain fraxfs%,ttelminanfm andlshsittiinpgaie Shdddrainpd hsyafiatiction of chain
se nt. . Thu ortlon f.the | ymer .
S by RO et 1A E e o B St e B PR sttting agent
(CBARET heOﬁIaIﬂfﬁi‘ee {Hmelf [eRApdry mblbﬁccﬁlbelftthﬁ@ﬁ and each subscripted k value is a
dlffereqé ﬁ? YITer segnents arranged
PR EPSHEH QL the &73F roéggéuse the various reactors or
ZoneS{tflpHTk}a,[szl][SI]r-H kyIcl ankgEsagtyners rather than.a
si ngl.e speci ymer co Siti the resulting
pr od g™ L?P{%'ﬂ h@taé’é, a‘leﬁ’éea‘iﬁﬁg’gFlb%\POq}ﬂF%ﬁ%%‘?tY E@Sg"fs tg2:CSA and all
d¥ 206 KieGiARt YOHET ar@dkeurhddl 16 E4cB bé Brell i S dBrnRSHEPIANRLREAK The rate of
go pol yner n contrast with the previaously discussed

ol SuRHing pf doomeep sk Wigtratlehins Buersasipliors; WosiolCSdiihthe feed
cShdéhtrtion @f 89RMnditike dbbiktlty GEIA 1 POS A RIprRERAUE Ehc&Bti SHOF dormant
be obtained according to the present invention by
POBIMSE e hi ghl y active catal yst conpositions capabl e

of r agig=tr ten 19&spop! yner segments both to and from
a SUItgg @ﬂgln ﬂQ '&? agent such that polyne

bl ocR&2 Eﬁsult eﬁh%f?segemg tlﬁereti@ématmﬁ@ itmessheseen tb%}é@eé’smﬂ block length
NS08 B %Mtﬂl&k BeInY Wshitikd tﬂl@c‘ft co@iﬁnér@s i fé HIR t@éck length

chain shuttling agents and catal yst's capabl e of rapid

digtrpugipp BWP%PWVIQ%M@] dfelgjtted\hwﬁgf lprsl pateper prdupiion ratp for catalyst i.
T Mk o R —
ap lohsy e dighinguishabirddoam diesegments @eh passessiel 4 fegt probable block length
FelyfELi zation conditions. The fol |l ow ng nmat hemati cal
treatnment of the resulting polyners is based on
theoretically

Monomers

Suitable monomers for use in preparing the copolymers of the present invention include any

14



derived paraneters that are believed to apply to the

present invented polyners and denonstrate that,
wespeosaBiy in two or nore steady-state, contiPODUS2006/036038

reactors or zones connected in series, having

differing polynerization conditions to which the

Xpose t he bl ock | engths of the
Bl BaropTabiiel Bir S aHe EaraSpo yRerEatie camampmer propylene and
£ kBt PR lydndiRatle dnRRM RaflhShéh R4S 2(9é'hrboqg fok 4. %ﬂ ﬂl-pentene and at
the follow ng manner, wherein p; is the grobabl of

et Wff?ﬁ‘&ﬁal@f&ﬁl“fl%ﬁat?lﬁC%Wl@a%fth@Ymg\ﬁ?lﬁ 4rte 3 earons. oEfpide of suitable
BOHRRGASudd BRGNP brahched HBIHRER ZGcB h§ ﬁ)ﬁ J@xﬁ@ﬂﬁ izl carbon atoms,

is based on standard assunptions and own I n
ughasgthyleng opropsdane, lnbl*gqi@,dh-w’peng Btm@h)éﬂft@tepg ldfexene, 4-methyl-1-pentene,

PRHIEL-hdnb 0o dfdnB - e sneON dSHREGE U RiraddF B 1L 1?69{5&%&1’6 1-octadecene

including the use of mass action reactron ra
i dredepsingnayclonlefingafs tedd, prefdrady 2th Wycadhn aﬂorn@,rsutii ayekclopentene,

cly@faﬂé rﬁ)?tg)rﬁegg Salﬁéhlﬁ]% ﬁ%f&eﬁ@ttetﬁgyc%%g&ecg aén'& 2%118&*] 4,5,8-

IS C In a very
¢1@9fb{111§1“1=2 editdéde- Opial’miml@lrtlltaleme;t droad phhw@fine,ench as butadiene,

1%&)3%' %@%%1%6 ,?—S%ﬂ%%i?ﬁ%e,dg{-é%{é Tgé?g -pent&a{%\ne E adlen elc4-hexadlene

ahllexadiefe, 1 ¥c@diegn i ,4-dcRdieyayd)S- dREadrenae d16-detagiens &ﬁl-dcgldl,ene, ethylidene
. Muni

Pl TR e i/ Bl Rt PR Ho o eiggne s mett

bT-ndzdaéleneh and5,8idinethyl-hg,8rdeetidnoyarbmatiz vitiyV edingoe@s ts@dh as mono- or

léylssryreneskfr]llgluzli%%?t%{eﬁg i éﬁf]}yzqt%?ﬂ%?%lrer?ﬁlgrll mgr{?t Ig)-lme&yfstyrene o,p-
' dlmeﬂ’rylmatead opiﬂi}ysnﬁ'énet m-ethyttyirdne badp-cthelawicns), 4id fdafinad Bidup-
SR 1 ST P RPeE RO it met
\G@ﬂlﬁalny@te vinylboieyf deatate] I@fﬂro@fstﬁ%“@ﬂlﬂ&‘ést?ﬁené fd;ﬁlofbsﬁrene

rodyced in a reactor is given
NnyferDre e Rbny PEREYE. §- ahﬁnﬁlpmmﬁnﬁ &&e@%%tpfrm?gwaﬂ@ﬂmde L2
dlfDlIoM)etHyllHiib el,2-gichI6RBBETe, té&hﬂLﬁ)rdeﬂlyle]ﬁ@ ahl 98 l‘3~-tr1fllliArcr- 1-propene, provided
F ‘%%? n nost _probapl e di.stribution of bloc
SREITES £ ﬂ?&?’n"?r‘?"r]i’éeﬂmd?fé CORHgsemPOYEt-esent i n a
I eactmfe@6d lﬁ@rﬁﬁlersﬂﬁiﬁhxtﬁﬁi & YSHbmBA Fords® nQBABInhfidnYwiff at least one CSA
and therefore has a uni que average

ropagati on (p,
h&re wglv%?j’esﬂerﬁnwowlmeWS@ﬁ ethylpne with ons or mefeRpogmers selected from
thigrblifPdonkiQBElo broByleded NButehd) 1 ReBRS U-REBf1 8L eREne, 1-octene, and styrene;
enbo nent t he probablllty of propagation is defined
agd mvﬁmies qﬂa[lqns, progyenp fnimwg{ugatem[rq-cwbvga@d@wn@ atal s

t =12 -* where ' Rp[i] = Local rate of nononer

consu 'tion by catal yst i, (nDIes/L/tine), Rt[i] =
Qﬁﬁ%ﬁéggw%éﬁﬁﬁchain transfer and termnation for

cat alpRterh, “ﬂlﬂ@ﬁhn%% ér{t g érn@ﬂam éﬁﬁ@ln@%&éﬂt” efér? o?r@%@n QU mixture of

chain shuttl dor mant poly
cpepovndythgtin Cﬁtpé pé@auﬁlh@pqéﬁwwémﬁprdmgaan the rvamqns ective catalyst sites

uRBdritle Cohéltlgl%fdf rﬁ%gvoﬁf?deﬂ%n@ﬁ] PRPR! CAkfef SaGofARP ’fr%%t ERurs both to

, multiplied Y nononer’ concent ratl on
a6 §omanarthieicetdlyssite e fheiloatanean egenirast togrshuitlingaget, ysthain transfer

agent’E gul;es‘i‘émﬁlﬁh&{)gﬁmlymer 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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Rp[i] = k [M[Q The chain transfer, term nation, and
shuttling rate is determned as a function of chain
wo ec@n®sasst o hydrogen (H2), beta hydride el i nm Per/ismw6/036038

and chain transfer to chain shuttling agent (CSA). The

quantities [H2] and [CSA] are nol ar concentrations and
subscri pte ue is a rate constant for_ the

tflgnd Rsreegtangd giost deﬁ% y] less than90) PF]Q?I‘{C d shyttling; agqgt-pq_lymeryl products are

%ﬁhlfl@“ﬂriﬂo daamimt difREyEmRble QHﬁdlﬁkﬁec@fa?p&irﬁ’é}ts@éliﬂéﬁﬁ%? bRycks.

pol yner noiety transfers to a; CSA and all CSA noieties

that  Waile ttiaghed ta e GFRRYng Rolsugs Bhas ths:shyttiee apahdegirably does not alter

O pEHRE: sﬁﬁéthﬁ@%f in€ r&te addiBorfaPhbndifer. CHRE B, B8 Hﬁl&llhé‘%eﬁ’tfdoes not also

dor mant mer with catalyst i is given as foll

wwwgwﬁ&ﬂ{ cafalytic Reoppréieior e @elmmpraﬁan@hofe#ter@sARaféprdthp sleuttling

&Hﬁ%ﬂtﬁsﬁ lﬁe[tzg'%ﬁfyi orlotief le)e [n®dPdch @fﬁtﬁ tl%%%yﬁl@ﬂﬁ&% %Siﬁﬂe period such

dor mant pol ymer chai ns:
t}x@.t tigngfersafithe pofymehmokirte glmaqﬁlge pﬂﬂmr@ammtatys@at@ frentubseqhient reactor
Ll

1?%%’ ocg,lgrc 2\%%{&85{%3&%1541%6 gﬁrftgé eJtltll}gIJoHﬁeJﬁ Jo grﬂxg{){g %Bt ﬁ{):s{gésg (ﬁstgulshable

nhysigal oughepticat prepenty owkh asengffereldummpmm p@mongmaeﬂentlty, a dlffel ence in

%@%ﬁ%l@%‘ffbg%p% o%g d%sg}rb’utlégf 1%1%@91& ¥]fr1f1spt§, tz}?g gl A e%ﬁa ToL, For other property.

Ppoksgeent repatitions nf:lthc fomggolng pstcess\wan il ie fembtiqpailf yesmrents or blocks

lgagfng Idn & rlﬁg ﬁr%g%&gsg?r av¥§]%et18?n %f: a revr%?usgfgérgﬁw%olgm conwgsr%on depending

anob¢ ras obpxﬂymerjdl e@diangee mgnlh_r of neadtorbottmm w1fﬂhrmm& and transport

a use in o)

R BT RE b o Rl S et R BT s 2R BhaTrga by o lens
meiﬁchwdlltdl Ploeltshoy b@ﬁﬁnta halimgfa dlff&sﬁce N npofitibryAiE fainZadbprebable block
l%%ﬂlgtﬁgﬁﬁ%gsﬁﬁés é} qu?c L ﬁ/e 83?%«%??2@%% c?rl it 11r1 Ithze%g{ymer and a size
dstrigditioy (Mhw/ Mg drene tiand oaprefe%s}t gréun tighh fi2er ent
copolfnerlzaquFconDnoner aV|n%@Bron14 to 20 girbon

Ex ] B SESS e ABERRIA G &RV chde S el §RReDRIAd chain
shuttiipaaed @y Be B snfidafed By tBerde tdFiglre 1 AltleYe tBerk & ilBstrated an

but
a%g%(ﬁ{] c‘é%iyo m;;() ﬁéﬁ% y 1r%£$é%&%§@tl%§%ﬁ%$eggy stg;ce pglyrggr?zatlon conditions
AINEBFRY polymRLRAERene é’p‘eﬂiﬁh@ﬂﬂd'erdﬂlu@ﬁw Bé1Pmerizasit R &itions forms a
1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,

SPIYREF Sk dAeASHER shuiilingagepte 14, adder alopg itk thenitial charggof reactants or

1R £ R AW MnedizAtRdn %Q)cgs@rlﬁﬁﬁmﬁ’é ﬁ\ﬁﬁmoﬁt@%hd B GHAIFARE R ERBRY reactor or
cycl ohept ene, nor bor aene nmet hyl - 2- nor bor nene,

qogf, ,ag@;agq t@(‘ﬁfd@b’@ﬁéc 1amo@c¢pelt}m}a| as:tn{p catalystgite thereby preventing
tgﬂn’ﬁﬁi’tﬁﬁ prhE p&yﬁerdt:hé‘lﬁ pﬁmgco %ﬁeﬂ@tﬁ@%%ﬁ@@a@%? Bi3) 058 Ein 1l presence of

ol efins, such as butadi ene, isoprene,
lao%féft%@( mperizatiga fenéiosm dhe pplymep Bleelgtiaelied o the chain shuttling agent is
tlandfeRE AL {oeﬂﬁtalylt ée,hcﬁ& adk® B@lymgr s%gtﬂ&%,qg,l Wwilléh preferably is

distinguishable from polymer segment 12, is produced. The resulting diblock copolymer may also

attach to an available chain shuttling agent forming the combination of a chain shuttling agent with
the diblock 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 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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1, 3- hexadi ene, 1, 3-octadiene, 1, 4-octadiene,
1, 5-oct adi ene, 1, 6-octadiene, 1,7-octadiene,
wetdvylossdehe nor bor nene, vinyl norbornene, PCT/US2006/036038
di cycl opent adi ene, 7-nethyl -1, 6-oct adi ene,
4- et hyl i dene- 8 nmet hyl - 1, 7- nonadi ene, and

O9-di nethyl -1,4, 8- decatrlene aromati c viny
Sila g 1%%}’&%0 REolong s polymer ifeysime (fipt @ffwt@w@élrmg which further

I(dlﬁﬁér WeHvAR mSY YR thﬂQwHEi ﬁl&(ﬂe %ﬁﬂe’i &GP Boly 3 VR HYen ik RAE are
p- met hyl st yr ene i met h yrene, o-ethyl styrene,
‘?ﬁ?@fmﬁ?ds tRhP dibdocls ﬁ%PogV le§t %ﬂﬁ @ﬁﬁé?e reggyarefl i terpi@afign, such as by
@5 R G kel NS Bt INE Dr ﬁﬁle&&laﬁz%d WF&JER&%V @ Ryl, hydroxyl,
et hoxyst yr ene, V|nylben20|c acid
SFiengy PR pEd. cotbrRsilis asid giteraionemaris, orw;lm Bgtiongliterménal groups to
Q h
S R
p@qﬁlp@qcl icempling agent, eipedial ragifuhgtionsleoupling agent such as
cixclé rg&ﬁf% sﬁ%{reg)}( Ftﬁgggdfgﬁfgﬁﬁ% %11(‘()%91%9 %gk? ﬁ?&[‘ﬁblogp gorpolymer 22. Tiis also
mmylm ¢0219mlee>01ym¢ezatlph & cthindepétons zelqﬂnde}r@dndlﬁhne ﬂffferlegiﬁ om those
r
STNIEGE PSR 55 AL TRARIELE L U5 Ly 2. 10 i
I@@dﬁyfsmoadltlmsamdumEtlalm idéntical 3o thbseatflthel imitial redcton oozvee,dlie product will

%&%’c&gﬁf Tﬁ%r%? a gcg:ntvgr%o aé)%ergl%%ck r ou%ytfu? Pmtb% lg%%égls that are a most

frolmbieatisibuinnl st yrene; and m xtures of ethyl ene,

G MOGIS: B ot ARG Bayhien G FE s g S nmer

temhmmnsdvuﬁ ty for1 ongen 00 time@ffasta tiaa tite raie FPPalyifler &rmination and

m xture . nds t IS ca e of c

TSRy R P R B eTiritga s agmus RIrgentof disgast polymer

idodke & tHe ﬂ?f retuh]i& o @dsnélahdl mﬁ&?fgfe flohsaijd@bat e bi %Jﬁ& in@b subf@bent reactor

is, transfer of a mer gment ogccurs both to an

G A R ey BTy T ot oo s g mated wit

dheifishattling bgents a8 vdpable BfcoagaRY moﬁomé}h@eﬂwh GadRs ﬂl@ﬂingulshable

agent” causes.term nation of polymer chain growh and
rtiongondiins. t i ne transfer of growing pol ymer from

the cBy @liettihg differeh@hitliBR 8dchts 0B SiBiires $RSEHARIYa catdMRt, by altering the
i ntermedi ate _forned between the chain shuttling agent

BHYOYRE CHBPIAAY PIBHITS: Bressuas frienab ptain ternipgiing agenpiuch as H, or
SRRl @ JOh BiBtbilsAR sdpdrafe @baloks 2 lz¥nek Bf £readdSiHpbr3l YondbrShs: flow
than 10 percent, preferably |less than 50 percent, nore
soPgitiensaplymer @saduts havims SpEPRETRL varpiae density eresomongsney cprssairation,
theRthePEonREF, C&ﬁcﬂ&r dMer 3Hhshing pRPERL caR 913 YERYd. HRF Qgirhgesm a typical
are term nate prior to attaining 2 distinguish

IPROPSATRIIRNERD oo cpRinyenssolydrRofmcTigttiop esetess comperted in series and
Fhtaprd@tlet (.‘ﬁffng'}?g LM RFioR Q&M%Bs an:q'béﬁftm?rgglyﬁl% LdBwill each have

agent desirably does not alter r-structure
ayelatiyrdy proed @pl@c@@mqghbﬁgrlbm@h@pcterl‘phg@f typjcal plefin coordination

p%Metrllzétﬂ)ﬂ cgtg EE; g&%bl?g?&?ﬁﬁ%&f’? F L5, ﬁl'()&g)'réf%r%ﬁp from 1.8 to 10, but

catal ytic pr pe ties yneri zati )
witreflestthe pelmpraformedyades ﬁmduﬂfqrmg pelyeerizafion gppdigions. In addition, certain

c{_{EE%tﬁ les @% e?é’cjnvalrtlof?eh Qi%HOIIl Xtﬁ%lﬂn{& Eﬁ?%ﬂéd QﬁoMetonﬁnlgﬁ QJI}]% "Fination of

or a tine suc transfer of
tpeap%en@ dlhbplewpolwlelaqf tleeqiréso ipohtjomereswting o resan iényds fThe average

‘rﬁj)ctkqerlgals%a thid Pe%ﬁl‘i’ih'& Pélyrﬂegél%gyp 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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may occur. As a consequence, the subsequently forned
pol ynmer regi on possesses a di stingui shabl e physical or

W@ b@mioasBs property, such as a different nononePCDUS2006/036038
conmononer identity, a difference in conononer
conposition distribution, crystallinity, density,
tacticit% regi o-error, or other property. Subsequent
prqyat 9foptiensl ?hamttpr@lm@% agsiia grcp poksalsager gmployedi| Average block lengths of
daeh BBEI 9P &b bS GRINERL Ry MntBhaX %ltaﬁl\é'pp&eg vfauflﬁnfrlés'?lgea h reactor.
properties, or a repetition o revi ousl d
pol yniehly shgisd moannel ROTHisH fﬁ geaat @n‘t bleck msmmf that is highly crystalline
%@%eﬁé‘l 24 ¥or ?’gﬁ ggﬁérﬂ?taﬁ% EsSﬂ&L;H ggﬁ%tyl%f?@ ?o%ne‘ﬁ‘ 'heutecutarly
witlhess, or lmee quﬂrgtﬁb}osksmbmph@ng amagrotribovs Msmqr,alslbeplaay @ copolymer of
&@%n%%{if& E c%ng}{mﬁlé (# %‘3 0 %}gglo?‘&g n%n%&ﬂ{h ett)l}}/?ene andZor a ngtg
mr@babd:re Db$lotb1§/ theefmgaghmg pslvmmbm pwondo- Fibérick bepolyaty.adéditional
Jlgelsfgelxci)l;ezcoglgl erzs" e rs%un o-( tﬁ%%éc}pg&gg&s s rrpl}erﬂsgighaicegt%{l,%rerlg{ive?ynaqnorphous
jprlefice bbbk §701@Ecbbﬂt‘€d§enttharblahvé’ly cf&ktelhpe pxﬂ}aﬂﬁ“anol}ttﬂbe blocks.

i nvenfi o cat al nor.e )
and C,i% g\iu%blgeh u]il‘lP(%/SItIO% cgm )rﬁstm%%é th cc%c yﬁt ?.nd & agp glgﬁtté%g Wnt
gspdodrile ladzfptdddoﬁlsg hdfrem ]:an bdseleeted byenenns 6f thé follstvingtn@dti-&8p procedure:

actlv d cata fi react or
aper at 75 LA ATy et B misty ot R pofHeshise pgpgined usiog
a)mmatne aonfprmg a [Poleitint Eatladt ﬁdfﬁlﬁal@ﬁﬁﬁ amutﬂngg BREE IThl péYmerization

flow zatlon C tions f ynmer chain,
33 1s ‘J&Elé‘fw fat i 8 %%fg'é?ﬁsemwt 05%% /Pt ResppRly of catalyst
(br@hﬁtthag agng] GefeablyrvamGtiafiesy dbhstﬁr@h@ﬁorhé} cbi@ntration, operating under
ynerization pr including just prior to

Cess, or
%’&nioﬁ QOIW%T%?@( copgltlanssgelaﬂg/ Pegéirar 53}1'10?6 ﬁzgalyséfq demehuttling agent
fréin 1 3&0 PBbY NEfer Ehraliny 4NuRLHEQEnRY oﬁﬁblﬁf&r' tﬁ@reﬁ@foﬁ hSdminated by

site thereby preventing termnation

0
HHkion Ot F6Yst BRisoRead the golymer siersHiees (e Mo engk Mo B measured.
the piese T&@% g JoBAHetizREn BRI poTREd: &3O E&@édtfb@a%ral different -
t he poly | ock attached to the chain shuttling
%Célﬁtl tlmgsa poyidurearseides of nelrmers haying rangpof viglds and RIpyakyes.
new pol YRlys® @l%?aéhﬁlﬁllrggﬁage%hlgheﬂbﬁsft@ﬁ@é}l%1ﬁ<§nt pol gansfer both to

d|st|nEU|shabIe from pol'ynmer segnent I'S pro
apf dropgt mltamﬁeuiﬁmglas@t arg gpaspojarized bysa/podymRes serie aféﬁemdh@nlmmum PDI

@Ye@é tlhﬁpi 6 n‘?d?@?x@fe%aﬁw It:al,s i 12 F?rﬂfmés@gﬁe% V?II; lgﬁ thaﬁ 1.3. Furthermore, if
conbi nation of a chain shuttling a
diaip|shieting ineturries. theidn pfthepolyrer el ticregset prefegblyoserly linearly, as

e
e i Mor® Mo ORI callyeh N IR aRE bk Wi hving oty M
apiatfpcionef couestsigr (ovdiyrodr yiekd figigyprioe with gwetisticalgnebésion (R?) of

tions, the grow ng pol yner

%-g&%kﬁ?@?d%g?%k %@Qlﬁgﬁ%géneous, al t hough
i ndi vitehsa{I mltmwhesd peiyfocing bemoreaddtioml pafitiregs of p@¢ntialmetalysts

I nts forned in the process are
%ﬁﬁfﬁﬂgﬁ@s%ﬂ@?%§§e§§use t he pol ynerization conditions
i nshuntfditg, agsm’eferableaMt thetchaip slmttbmgagbtteiopn{oy redncel thd @talyst
ac’tlv (%wasu%ed 0112 \éva1 t of H?Pmeli %cp 3"141 n{)?vglg%t gglrgsﬁ{%grl %ﬁ%{me) by more than
me;u&mr mllaq)raferalﬁm vuch@mabmasmaﬂy&s @Xmﬁmeﬁ ibg @cbre thire20 percent, and most
I?rl%gll‘r%glcl){gc?tglgr%%lctgv %’ﬁ’f gg%%glsyét 18 mbreasecY con?page%%o Mle caecdlysq activity in the

absence of a chain shuttling agent. A further consideration from a process viewpoint is that the
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reaction with water or other proton source, or
functionalized, if desired, formng vinyl, hydroxyl,
W@ doass4star boxyl i ¢ acid, carboxylic acid estePCT/US2006/036038
i onomeric, or other functional term nal groups to
repl ace the chain shuttling agent. Alternatively, the
‘Fl pck poI nmer segnent, may be coupled with a
Usyfn@ﬁlcbpp}a o%aﬁﬁqlqnﬁalxtéléeeq{tcon@glﬁég]eé‘fapyonémxture In this regard, a
1ﬁd>1fo‘ﬂtﬁﬁf1d>rﬁﬂﬁiuttﬁ bt ROprSeREd to 3WHnAdnal agent which in turn is preferred to a
dl chl, or odi met hyl si | ane or et hyl enedi ch% oride, and
s a triblock copolymer, 22. It is also
possi ”ﬁle@okgmﬁé’féﬁt' 1SN DALMPIRIth £Rfd tﬁﬁuéﬂbu@scie@hlﬁéjteﬁlﬁﬁcﬁkg’ﬁsmg

or zone under conditions differing fromthose in

reaetast BYd apilyticgmiebes aildo farmatiaraf nglymercblpcks havingrdifferent
ditinBhi9G b 21%1, it Bt i
Ll OREHATRY e 0. B S BB g oo
herirg-idgntified o gmhe@zedz@ﬁét bytqngmam vaniguk prgheometal compounds with

I

B0 ke Sy y AT A0 fiion cacion
qurrdrtyaits 2 oltifistpolyinstizaion catdmtxbrg@osntlhe $eatrel wilynghiaations are conducted at
\%@Fﬁﬁ%bl&grg{ru?sn Oﬁglﬁtt‘gﬁé fggﬁt tB gatz%l%tf gg%gﬁnl}nm@ g%q‘ﬁ%%aén?tsgltz%ﬁe shuttling
Azt e thosaithat freducas Ethf quss thjmélo it eariabla ateldoaxperingknts as described
ag)g?en knv%rle? %ﬁ%@gﬂﬁﬂ@k%&%%%b a&f ct}n:g] %atﬁlgft ac thvfitg,f ana ipge{elzranbé}/ improving
ealyphetivigt, ecéeve dasd;rrbedf irst reactor or zone and

di sch fro saj d reactor .or .zo nt o bse uent
r eact%l}g%artw‘%l drie® 61° B! g%ct,? et flr?sif?tﬁ? 5 ta&%gmﬂ’laﬁ?%agg nt pairs by
mtigmiihg £ saties ol fphyinictizgidnOindpokand®d beitiedenioh esrditdat &l measuring the

h cha n shuttling, agenis d abl e con{ i nhued
Foliearphaires e SRUERSah Sl nt SRR &iGhrhr B e suiabi
shmﬂﬂigtagmare Byarsetiedtbyngvading bethe Pdsultntivih withgut 3geificant Bfoadening of

res. o W|th catalyst, by altering the
ﬁogﬁ%frac%‘élﬁ%bgf“fﬁi"BHly‘? Ap@iekt ure. pressure, optional
C h ai MRdgerdress\éftthd 1getR@DE idSitiEying & pridyi, DshulidpEert QRCAt® T meant to
Bf%ndltlons in sclesgcg&g e reactors or Zones of a reactor

BlogtSOrg Ot At A BRPELRAI RTETALY et rbpsepeaipdcgpolymers

undsti t(ROpIBETRIAGR cOhditichk YérBigl dekeIasddt Y or compnormer
concentration, npnoner content, and/or other

di st i TaPle pusling,2esps far ysecherpitimclyieione & 2, Ehpr 1dxmgig)icampounds or
doﬂllpﬁx&smhmhngm RER 5% GIPhyAVIcAByL MG pCAHBfelBH A ErosRbH khBtuted
ynerlzatlon reactors connected in seriées and
P 3iug I gfoc gompoupdsrguiaiping diom lztatlﬂe‘hrbe@n@ pach §pdrocarbyl group,

dald CoabEshrddulE tlRAY WRHE a §1%gﬁ%31§r§e VPrEt’err&ﬂﬁJarolaﬁ’Eﬁ gfoups are alkyl groups,
rel atively broad nol ecul ar wei di stri bution

reefanebly diaedr ot pranched Gypilled Ing?P%fl‘i%Pﬁt exséyngil plattiiagagents for use in the
ﬂ?é%leﬂ/triﬁrehﬁ(% dr@ﬁllaﬁ@f eﬁt!uﬁﬁﬁﬁrﬁ ancp&?ﬁ(%rzﬁlle |c¥mﬁouMM %\R‘ ({ '{lgrrﬂigth;laluminum,

5, nore preféerably from1
tm@wr«wt) afuEnyy |tr_\}(prb¢tylbaétrrwé@nuﬁﬁelaexylwéurmmﬁm,ém(nr@tyl)alulmnum

tH&h}Yl?ﬁfuhﬁ & H{%ﬂlg&%dhﬁﬁ1ﬁ&§ai s+t9b1@ %&Srét% Slchal e react jon Oproduc’c or

quan tIeS of conventi onal ran ynmer may
Iméﬂlfq)ﬁow hysombiniarthe fwegchng @‘gmmetahccmfpomwe preferably a trl(Cl 8) alkyl

Akt or kA 9ReL pEFEigll ER RN N -8 Bpy1) at
r esu |°ngIR|EInfak}srieS| n e }gt%/ler ggem il pyD) atuminum,
tr1(1-butyl)a1um1num trl(n-hexyl)alummum, 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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bl ock Iengths in the resulting polyners may be

controlled by the chain shuttling rate of the CSA the
wa@pwanss4ed CSA added, and ot her process vari abPEFUSENEIB6038

as pol ynmer production rate, and theanount of optiona

chain term nation agent, such as hydrogen, enployed
. erage bl eck-1 engths of each bl ock type ¢
bis ) ﬁ&@?m%? 1 pzacgiiehieaianesgningy. oa%éﬂmhﬁlgvlra%%eygswm afficient amine
or hiyiroR7A ¢&hgkiR RGEAT suckihgitdng h?@r&aﬁ?ﬂj gioBPRIMIE b& nﬁ‘é%‘emafokns erh@brimary

east one block or segnment that is highly crystalline

reaghign ProdRRjs it foresping gomtipsyipRsaost dasisectionyseyn the gresgpt invention as
shuftlﬁ%ta%&{té 4re R-Q’ctyfﬁfuﬁﬁﬂﬂn?ﬁl@nsdrﬁﬂeﬁ%11&1%1{1@7[11&%&@{11111%&{“ th

or nore separate bl ocks conpri st ng an anor phous

bls(élmeywmfbut&sﬁ@@deaal gog nepctyighienipre dinidisy hrmethexidpdi-butdaguginum
bls(emwmy C)sqsxaﬁe)c pm;l,mnﬁfnuefb@{) F}H%Etﬁﬁﬁlﬂ‘fafhmef bl B Eninum

corfonon®er. Desira f'or ego
dl(py@ﬁlyﬁ%ﬁnﬁI@Xde)ps@mﬂdummum M&l(lcmtvﬂ)m@ﬁ) nﬂé@laﬂummail bis(2,6-di-t-

i b L yners
butﬁ@%h&ﬁ@), ) ?? lxnﬂrﬁlgl%l(%gl( gii‘a%y%?balﬁlﬁ% e %%%Iﬁﬁ&%yyn@f
but)ﬂdlmﬂlybrkmd@d ety lalvasnn W()bls(einmthwsdly})amdqbsettlaﬂalmnmum bis(2,3,6,7-
dlbeglg% ?&ag élghe t%e)éﬁi?cfe *ﬁl o% aSI m rﬁ % Zg’gg(]a? 43 2 ?]azt% 8 op?ptaneamlde)
n—oqg@lnmngmmmmleﬂlyl(tdu@plswldeo cthylstec (e @pln:n)zlahenbﬁde) and ethylzmc (t-
hn&&kECted by nmeans of the following nmulti-step

dure: I. One or nore addition polynerizable,

pr efrefieatl ghu@lh@fagmtmmm%s highet {pasfprmates pepblyisér mgnsder as well as
the LgReh e R SR g ety PR e Srch sy ssents
mayt lﬁatsed 13 rﬂh&ddrcaﬁﬂeytrapﬁﬁé adrel a¢h$dv6 theaedidtl dépred of shuttling. Highly
dem&a}ﬂa htlﬂgn%%%%r?si Y :!11 %tﬁ%ﬁ ?ﬁcharﬁp g?eeatr%ﬂp u)(%ﬁlldﬁe t%fthe fact that the
effebﬁleaﬁdlébﬁlaywéh@lﬁ’tf‘df @R tpolyRlBOiElle 60 & Tbwéartd @I{breb@@&fuafhg Rcosity of
h under sol uti n ol§p§ (@'tlon condltlons typically
the {7a5ti0g "X THAS 28T Cqsigugt P& PPEIIES%hai n shuttling

agent from1:5 to 1:500. After formng a suitable

uantity of polymer, the reaction is term nated by

Q@ékﬁﬁtlon of a catal yst poison and the polyner's

pr ofgable fal{dMior M3 her@MUnddY anPEoniPlalild SRBSBIESbn of bempddBds that
foregO|ng polynerlzatlon and pol yner testéaggare

is aq4glsd ¢ FEFPRIARE ROBRSFLAT thei dopiEsd SADPQsEiea oF BrRe-t qfh Beterogeneous and

honfdE&hebih dAflydts 825 b&SmMbyeR O XIS Jf BtbDEbnBous RAGEstO fnclude the well
° Felds angangyvalugsy ﬂﬁgtal st/g?hafn s Etﬁfuf: °we

kno‘ag &r?glebga‘itascoa@ﬁﬁwfe&mcwgy Sy %m%%l helidse Fw@medtqné}fgwe% metal

halif@lR mi:@d 8Mehef 5&%Mﬁe§£ﬁ|tﬁb wdlilnbivh B0 AGEIr v@hdlium based catalysts
characterized by a polyner series wherein the mn
Prefeyaplyjhgweves Joreaserpf asqand fegrmeodyetionat atsroyv nelgelar we@rghlp@ymer
segrRdHis H@§ﬁ1‘u r @1(3 @itﬁpéty fok GShefellAe ﬂon?bgex’fe%ﬁst J&@a&ﬁ%rcg phglng a relatively
chai n sh f i's occurring, F
purwrganomﬁ@ﬂlé agrepoup@ elfmtalmoylphwmlally P@aqomyds oasomplexes based on
metfl0 Eb‘f&[eﬁ'ﬁ%ﬂ] dups AT LR IR anf¥Rikie REiES cﬁftﬁeef%n{i?& Fhys %the Elements.
i ng agent pairs are those giving polymer
f u rﬁ!@ﬂe@?ﬂ pétalcomplexesiforps¢ berrelp dicinde ponypilexiesiyf métels palepted from
i a
Grol(,sésrbet’o% 'i)g?e b %%5; %Plg%?ge@{l 6:81851(11%%)0n9£r rg ﬁélggah%?i Rbonded
ligandsen pclavalaneblevowbasf: ggands eEnmptm melugldmpnau@nm hgi&mleiahgsme

conﬁiaid%g %%Meitr?,l anfl 981%&[&% ﬁyridylamine, 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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and/or putative shuttling agents. In addition, it is
preferable that the chain shuttling agent does not

WO e@aoss48he catal yst activity (neasured in wei BOT/USL006/036038
pol ymer produced per weight of catalyst per unit tine)
by nore than 60 percent, nore preferably such catal yst
act iMiistamétal selodted fechu Geahph§- 1 frqrafertbipn A-120ngre pregangbly 440, and most

el B T R BB0E S0 Ot "t vi 1y i ihe

abS d0iderhdeatly fh Becahreidelid grogORMaining delotlized n-electrons or one or
S|dera1| ro process viewaoint is th
m"cr ‘h B?“&?& VicRat OHglh%Sﬁ]ﬁ’g]éﬁ%‘Eﬂh‘g é\éciaygﬁg gﬁ‘ﬁ‘&?‘iﬂ*‘é‘“’&ﬁ up to 50 atoms not
coGi@iY BydrOgkn tafdehs) @AGHAIY BwdTbrchete & gréups tay Be foﬁ@a 'tdéeth@r forming a
nof unctional shuttling agent 1 s prefer

a
briggad fHEgHGARA ﬁaﬁlsmpt\ﬂmﬂéfwn? ﬁr ore K ar%upa may E? 'P‘é'é}d {240 X or to both Z
and &t functional agent. The foregoing test is readily

adapted to rapid throughput screening techniques u5|n8

aut ofidensndeatly pash gccencs i Henovalpitaamiogicapriety aavmg up to 40 non-
hyﬁ@ﬁéﬁdrﬁ’sﬂ o;ﬁfonﬂ@l JhBBF mBeOC &Sy r_ﬂ%%‘y L) bSﬁdE(i RE&Br thereby forming a

di Stinguishing properties. For éxanple, a nunber of
divalsneertpofyvalem apianis moup.|apddurthse mtloedkydpr&ar E9rec¥ groyes and one or more
V4 é}&ﬁ)s' §BL bénd@@togéthéﬂ&éb?% a'rﬁmaslly bt R¥BohRBRIRAY bOhd to M and
vari ous organonetal conpo th various proton

CO@@W@@éﬁwHﬁu the conpound or reaction product added to

a PO YABEhRAY Qbh bEAGEOR SR tﬁElac%&f -

pol yrre?%’z at ?‘g}}n cat a?ﬁ‘stc cgnposé}qﬁfeg% Seve l?éand ofup to 50 non
hygrokgpratemszeanieinmg ableast emmmhﬁr@tblmrowmlwmgglmhlah Z fissgoprsinated to M;

of to catalyst. As a m ni mum

req%ﬁ?é&gkg& suﬁ?%gle shuttling agents are those that

produsaraEQMﬁmﬁlkESS than 2.0 in variable yield

experlggﬁﬁe gggrlﬁed above, while not

si gni |cad%fy adversely affecting catalyst activity,

and thr sxfek-ad isyaquadm the fqngalcatdahglssitata@ftm vity, as a bove

desc atlv s .als SSIb|e
det fgﬁ%@fﬂ% poplexssing Vétﬂf%?ﬁ &Qnﬁn%fo %rﬁim 3 Bop dag}wmc or neutral
hg%ﬁ{%g@;n Mﬁclﬁn%ﬁ% c9§1cq>fr nBRLY B AR RS %loﬁicqggl?&g%oups

reactio Itions "and neasuring the resu

Exaiplagtof avh rmalgadeiniraps hiercotjegatddios nofebhjugited, geliy sfon-cyclic diene
%lel or pr@ﬁuctlon rate. Suitable sgﬁttllng agents

Pign gEqeRt PRY s ues ByrelRoseserr st Pherenqlead #&Rf SRps: By the term "
- Wnﬁ&p lﬁ m&nPihd th&l?g&hd Elroﬁ’}?g %Gﬁd’ég tPthe ngsnfBﬁ rrlefﬁg}( Qgharm% of electrons

activity (reduction rn yield or rate). Regardl ess
fronhepanetllyadiotaized dbsiidl f yi ng, apriori, a shuttling
agent, the termis neant to refer to a compound that

i s diphspe ibhe gelesslirdigbonded gpwsem 1P‘§FPP ¥ ej spptituted with a
radic® E@&téﬂl ﬁﬁt ﬁ% é’Jﬁ?iEtﬁlgL{ﬂ’ ﬁfd'ros%ﬂ %a er ?gylll] nglohydrocarbyl

condi tions n di scl osed utt g agents
hYﬁ@PMbné@uwawadrheﬁewetom aevheetithe lr«ter@tonl@ Sdpctqctsfrm dzgup 14-16 of the

T o
substitmadrvith a Gl 1 Uen 16rheteraatore ommmngi@omyn ﬂlaatddntmg tie otrmqre such
raélgalsjlﬁa}ptgééﬁ%gj ?onlnra T Bng y}g{e&cﬁ Béﬁ ng 951'8&18/’ 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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and reaction products thereof with a proton source.
Preferred hydrocarbyl groups are al kyl groups,
wee@esaBi y | i near or branched, C2-8 al kyl gr oP@BEUSNMD& 036038
preferred shuttling agents for use in the present
invention are trialkyl alumnumand dialkyl zinc

BN T RSN SR, WA T .

thyllc(lﬁetﬁ?ﬁsWl)lﬁéthlﬁlﬂ%myl)Ellyil eiqméhﬁgér}nyu md tﬂﬁletﬁylgérhwl &owlss: Examples
Addi ti onal suitable uttling. agents |ncIrP§de fth

o Saeutpi 19,97 B9 Bﬁ%reﬁtoalrcomawmrnéol?gtwﬁ Hskde ey PEPSRAIG: ftufPéY’ or alkylthio

rhQétRg 6f NoalSf AARRFRE Blerd® mmple rarrﬁéeeﬂ@b;&mdeaaltéym(e@y &alkylenethio
al kyl al umi numor di (G -8) al kyl zinc conpoun

gaape bprled {p the fransitign @P@h@rd@nﬁhmtldq o¢talpgndppnded 59 therhydregarbyl group, 7-
(VAT Jalum num

I{O?éﬁe?r%r&gi %I 1}'gllloLbJHriill]"}ﬂubmr%rPSﬁtct)LFté({| et Zinc, with less than a

st oi dixampies of snitapleaniianicy dc{lb@h&tdlwh&)nﬂ@i drovps mehide cyodrfpentadwnyl

DSrnanEN Jreubel of Brsesondary am e, or B by oL,

@clbhﬂx}(dhét@ll mﬂiybwhﬁtﬁﬂabdﬂyﬁﬂﬁmhydroanthracenyl decahydroanthracenyl groups,
di benzo-1-azacycl ghept ane

BhoB O R BRI OB <7 PADI s PP GG Gerlifs dspeot, csecialy

dyy piyarachrbyie adeithted 8r tHSEH 1, By DA BBk NRbAMHE DGR RYes thereof.
Pgrou remal ns per met a atom The pri rrary reacti on
P

plgredanioniss dehﬁ@l%%b@l@ﬁeﬁ roupsase erataperadionyls perdpaagthiviqyclopentadienyl,
tgﬁne%ﬁl‘fcy&leﬁ)én&@leﬁl eté@ﬁﬁetﬁﬂ\ﬂ E&él%m%&el%h qﬁ&ehﬂllng 34 %?ﬁ‘é@ﬁﬁmdenyl

are oct al um’num d trinmet

ﬂuoﬁmwlpgrmrhyhil%wh %ms@mlr%ﬁtenywdﬁn%u@@aﬂlymﬂwnab})ctala/ﬁwﬂuorenyl 1-
I r4 4 v

Iﬁqag%glﬂ:;g{yb{mlﬁ%%h—q 3 Ré’lkpeﬁfa@%g&% Fl)l yl, a dtetrahydromdenyl

i - butWHedbratabenzenyh llyem qrt: amm;@ ligdnds Whyich aprbo,rel) contalmng analogues to

l{é@%&%g’#ﬂpgﬁﬂ%ﬁ@?&? d(ﬂl ent alqgaglgggéllcgﬁ‘}lbed by G. Herberich, et al., in

Oregamimetaics v udi 16188 (1296)- d?reﬂ%md: bokgtdbemeenyl diginds correspond to the
&5 %ylalun1nun1d|(ethyl(l napht hyl ) am de),

et yl'al um num bi s(t butyl di et hyl si | oxi de),

et hyl al um num di (bi s(tri metRiyl si Ryl ) am de),

et hyl al um num bi s(2, 3,6, 7-

di benzo- 1- azacycloheptang
n-oct yl al umunbi s( 2, 3 di R azacycloheptaneam
de), n-octyl al um num bi s(di gt but yl ) si | oxi de,

et hyl zi nc (2, 6-di phenyl pherRxi deR' and et hyl zi nc

(tbut oxi de),, Preferred shutt ent ssess the
hi ghe¥terqy ﬁnléf"éine? S{bsutugit qsagﬁvﬁlgﬁeal? e {Ebihe FoupepISIStas of
HyBgbl, giesdartyl, 3MafRlo @febinGil, 8hia RE SavifQBUE 26latbRE h&%ﬁ@lﬁﬁg hydrogen,

of chaip termnatjipn). Such shuttling agents may
3d @aﬂqnﬁlnx @@@é@&enegn@@mswlbs afgneéﬁ%seﬁlﬁ 1P copppipsy @VPW@% divalent

déﬁsatrvsﬁofqga{o%ﬁmgfzecsmssﬂdea Bupddnd laio»h 18 8diInded ti1AdaBs of a covalent
shuttling agents with a sin ?e exchange site are

bonth o eoyalgnt lloédedtdW@leﬂb%P“Htﬁ aroties atox ¢t ghercoppleHicedy fgming a
R0k, the polymer in the reactor is |owered,
thereby redu0|ng viscosity of the reaction mxture and

cons ekRpgemheley are enigeit Hegpndptptare physehoss sontdning pyedqgges to a
cga' {3&243 119183&@Jﬁyfr;1§y Jrﬁ% e%@sm o B8 Qxlt WG, Yo gégsmu B¢ wo

I nati o ounds t at Is adapt
98/ 93 %% iendyelgrohynee Profagfed phasphides ligaads Q@Unqpelgi toitlegrformula:y pe.
Bot h het er ogeneous and
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honogeneous catal ysts may be enpl oyed. Exanpl es of
het er ogeneous catal ysts include the well known
w@e@gloasssNat t a conposi tions, especially G oup BCTYESZENG6/036038
hal i des supported on Goup 2 netal halides or m xed
hal i des and al koxi des and the well known chrom um or
vanadi um based catal ysts. Preferahly however, for ease
of use and for production gﬁ nar rfow nol ecul ar wei ght
pol ynmer segnents in solutioh\ the catalysts for use
herei n are honobgeneous cataly nprising a
relatively pure organonetalli ound or net al
conpl ex, especially conpoundg” ori{conpl exes based on
metal s selected from Groups 3-15 @f the Lanthani de
series of the Periodic Table of the Elements.
Pr ef eVhesein Relsab pieviapilededised.or use herein incl ude

conpl ﬁ%ﬁ?red)tfralﬁﬁg? hﬁtg}f&{nﬁg&g of 1R 'malgnQ:HHés_p%cf 1S tl?e5f0191£_)urla: MK X Z,, or

the Periodic Table ements contalni ng one
ydimer Heeefewhdreind, p- bonded |igands or pol yval ent Lew s

base Nﬁg@@ﬁﬁ sExapl es i nclude netal | ocene,
Il ote

hal f - net a ne, constrai ned geonetry, and pol yval ent
pyri d¥lisegrowp, cootingtelvielocgdizbd hlettedns fhgough swich Gnis bewelso M, said K

AR SIS 5 RoRPRREH S0 K HSPLTHER, BrabgphrKDR mor o
jomkéigaberfforonng widgsd Srudtore, prdeffuetrea bptionBlyldhe Knmsiyebe bound to X or Z;
prefegably 4-10, .and nos referably . G.oup 4 of the

Ber oR e psilianes i€ ReMRalpE Rt RO deyBhfued pobiiossn atoms,
qtiondllyene e m@e X apt oporaaié Kighdupgard 8biaied togéhel to form a metallocycle,

-el ectrons .or one or re electrgn pairs,thyrough
R TR SR REOT B L08° % GBS PR g ghereby
fofiniag o ABieBthat GOLLTH édvaleMOERN M bt ordatdd dipadtd;y t Wo

or nore K groyps be jqi ned together form.ng . a

br i d e ERePRS Y Pt Okovgrepds i HerelpbvEIh 5P JongR LR ofh g SO non-

Ky degenI@smE Ty taldfin R WAst oh® umsharb®@electiOh phiPthBieh whicl s esordfnated to M
i ndependent|y each occurrence is a nonoval ent, anionic

moi et SRAPHSSE TR 08 %0 nonhydrogen at oms, optional |y

one of sk g BERYRS4;mMYy be bonded together thereby

formng a djivalent or polyval ent anionic group, and,

f ur t el 28pnbsiem to 308 or nore X groups and one or

DI € the GRQWPS i BMalRE 1RINFRAGRAET HRE of aer eby formng a

noiety that is_both covalently bound to M and

coor diTRigErRtompiaxes igclude therg epnstinianeifhpr enech bR grquen ckhe latter
dompRxBEHI @l thosk- 8MtniRE S BridkAYrodpl 1BRAE tRftwb R drOups OPreferred bridging
nonhydr ogen atons contai ning at | east one unshared ]

Epws eredhesp aerrespdnding dhthosfirmnlafER 's). whereidiEnia siliepny germpnifm, tin, or
dafhoR R iMeBEREntly Q8 QchiPende ishydrs b BloRY Sliectdd 91, ]
za ios a 1n ue ﬁberm1 er om0 ct oens? lSa%d %e%g ' é gltr% QE{&C %@gﬁyﬁocarbyl’
hy@rocrbylpor and comkingions thareat, saidRoffaviyl 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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Sui tabl e netal conpl exes include those containing from

1 to 3 p-bonded anionic or neutral |igand groups,
wokioci3srsy be cyclic or non-cyclic del ocal i zedP@F/bswd€aBc038

anionic ligand groups. Exenplary of such p-bonded

groups are coﬁsugahed or nonconjugated, cyclRé orr?

non-cyclic die d_dienyl groups, allyl
bor at aben&n Y phosphol e, and arene : %y
the term" p-hgnd is neant that the I|i ang{gr up is

bonded to the r§n3|ngn nmetal by a §ﬁ

el ectrons from tially delocalized p\bond. Ea

atomin tR& R%ed p-bonded group ma

i ndependent |y ¢ pstituted with a radica

fromthe gro%ﬁ consi sting of daydrogen, hal o

hydr ocar byl , hal ohydrocarbyl, hydrocarbyl-sgbstituted

het er oat ons wherein the heteroatomis selected from

G ouphedledn:16 of the Periodic Table of the Elenents, and

such hydr acar byl -. su tltute t eroat om r.adi cal s

fur Mé%/"g‘?ﬂb‘&t (Riin:= a(f’?f“‘& 8‘1’51 Y FECQHIm & Iﬁg’t“é? dn e gger +4
fo@nbddaiongtatepi ety. In addition two or nore such

radigal s t oget.her for u ring syste

i nclftidf F@H’Eé e qeﬂ eB?ndflﬁﬁlv% d g@@ﬁ%ﬁ b soEing .owdrogen
hy8&4rByIBsilyD fgeﬁtﬁ'ﬁ ﬁydﬁﬁ)&mﬁﬁnﬂb@nﬁlﬁd’cﬂhi M6 QYR ﬂ'&vfn@ ﬁp to 20 non-

tal. Included w,thin the term" hydrocarbyl are

hygiosonstares aF Hhcenty’ grrepcigectivn e dreleat depivativa dihats. ¢ hydgocarbadiyl,
sﬂatﬁﬁ&i‘ Q&R iG] gr@«%% @itkeby fcfﬁ?xm%%s’é& hn§ WQ@M it ed aromatic

radical s, 20 aryl -substituted al kyl radicals.
Sui t%bm%epﬁwﬁf&%ﬁ%gywug%gts|atleme@w higandreaaip o tadi0@an-gydrogen

atdnRCbIUA8 )@%&rps tddbtherdBich 4 dibalsi BRibiit Héa%q ﬁF Ebf?@d 8 40hon-hydrogen

bor on, sill con, _ger rranl um nitro horus or
atesey e hperred Fonggated deng Iaiog fig ta r3eypn- 8 aleBa bendy means

ofﬁél@&‘h;edtfpel%ﬁg *3% \ﬁﬁe%g n@ﬁ%e% foﬂﬁ%ll U)giﬁatlo ate and

di met hyl am no,  pyrr nyl, trimethyls
trlélh@?@1¢¥?aSMEﬂm¥bﬁkﬁEﬂhylSI|y|

tri % r%bfmér lglrér%%d lgf‘ﬂlésycohta gh R Ibgnc%géph%saar%% 5 or 16

dlmﬁhﬂbldcwmmmM)&)Sﬂanﬂgium‘:thﬂb1s(wramﬁfhbllayt&omﬂﬂadia1yl)silane,

Qﬁ) E@—e% l%fllég rn}e/agfen-lfyﬂ;]f%txtc{;lyﬂftqu&g —t%)@%l%%l{;ﬁ%%%g{]t—yl)silane,

2 Ziblk(j;dtmmethxlpydbaspeﬂﬂa&lylh}é)pﬁ)ﬁ)hnepd@b’(hy}bis(lbdblﬂdeﬂ)sﬂﬂlel he

R AR P SR sl B Db e

* dithythiylbis(astialydrofhushsit i-yl)stiad, dimbtﬁylea(mmﬁmmhﬁﬁd@t1-y1)-s11ane,

o SR D b e Bpogeie RSB 1 ke
dlm@hﬂ@QMdpe?TaﬂﬁﬁﬁXbctaHy&ﬁoﬂﬁérglyﬂ-&giﬂaﬂ@r e:nylh i
: rof | yoren pent adi en cycl ohexadi eny
dﬂa?tflﬁ{% lﬁexz}?{éfr 1@%&#@ FHP-AEdng2 3 Sl 1, >
bislS e RPIRARDMEIRGENY,|2- 194 ent&f@@l)@cﬂzlrﬁ; an@ﬂﬂnethyl(cycl entadienyl)-1-
boraLabenzyI groups, as well as rnertly substltuteg
(fpaen-{3Pmgthane; her eof | especi al |y Gi -1ohydrocar byl -
S ubgtrdfbrdaegt’ Qrbuﬂsrakeséﬁbted A6 Rydiae qgﬂh)ﬂlrl)ﬁ' di¥l, germyl, halohydrocarbyl,

substituted derivatives thereof. Preferred anionic

halositybdyThydacarb alrarindy tagrabrh sreuesy o1 Bgenteaenpe ippther form a divalent

deRERLEDEL J&ilu%yt@& [T ﬁ)@é’tiler they form a neutral, n-bonded, conjugated diene.
t et ramet hyl Cycl opent adi enyl
Mest preferved I I2eiups/re (oo bipdspeashy gayes; i ndenyl ,

2, 3-di net hyl i ndenyl ,
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fluorenyl, 2-methylindenyl, 2-nethyl-4-phenylindenyl,

t etrahydr of | uorenyl, octahydrofluorenyl, 1- indacenyl,
W@2wy 083383 di noi nden-1 -yl , PCT/US2006/036038

3,4-(cycl openta(/)phenant hren-1-yl, and

tetrahydroi ndenyl. The borat abenzenyl |igands are

anioni,c |igands whi ch are baoron containi ng anal ogues

to beRZERls Oﬁlﬂetel %F@Peﬁ?sé\f thsdetegoingiouprls FHIlE fogupe i the present
ndantibgineresn descri bed by G Herberich, et al., in
Organgonetal lics 14,1, 471-480 (1995). Preferred

bor at ¥eyslwRyrdipnylaireeivedineshond to the formul a:

wikeyddpantifiedyDzidddniufdibengylPSt i t uent, preferably
‘sel ected fromthe gr ou‘%dcony sting of hydrogen,

islavcdepsntpdienyDairqopiuim mgthd besizylyer myl, said RL having up

Eigp?c@op@ﬁt%l&yﬂ%coﬁﬁiiﬂhétﬁ‘}g ph¥g1 ogen, "and optionally two
lgef acent Rl groups nay be j oI ned together. In

ayslepgetadienyDarapnivepdipheml.ent deri vati ves of such
wlek hiZ&chPrRAMEE roups one atomthereof is bonded
R R S

) ns of "a cov. t bond or a covalently bonded
bis(oxolapantadjenylipirqonivammsthybmetlxisia of t he conpl ex t her eby

Jordlsy 23: 04 . sphol es are anionic
l{flgtg‘}g}]d(}gnt%g{yi)%%gglgﬁ%%gﬁg}lﬁgﬁ%ont ai ni ng anal ogues to a
Wis(péndapestitybayrlepeptadgnyl)pirconfimedimethy, pr evi ousl y known in

- f ' [ y WD 98/50392, and
ﬁel%tg%n\?\%%e;dg@%?g? gargr%g%ﬂg%ng@b %?ﬂéﬁl i gands correspond to
hik(mdémlmindoaimwidenethyh, R1 i s as previously defined.
Preferred .t.ransitio tal conpl exes for use herein
lg%ern?@glﬁrgrr%mfcgmfl ]ﬁlg glly rguel a: MKkXxZ2, or a diner
hik(ewdenl)zircin@maiethyl(R(disicthy@ntisbedzytiet al ; K is a group

cont.ai ni ng del ocali.zed p-el ectrons through which Kis
iz ‘d‘r‘%%rly@ %rclg\zﬂ‘ll G yk”ﬂ?tgﬁlgﬂy’ont aining up to 50 atons not
wWgtentbydepitieaylpiresmiaimetyltriaethyBidl |y two K groups may

be joined together formng a prjdged structure, and
?‘%P%r‘gaé’?e%g&y &gwgpagwg??ém%"ﬁﬁ‘?etﬁ’@i’%%ﬁnd to X or Z; X

A pdnt DREHYISy E0SAMtad Rnyl) A¥OsAMadiBantyl, ani oni ¢ noi ety havi ng
up to 4 on- hydr.o .atqonms, optionally one or nore X
tﬁﬁﬁ“&‘?@%’?"yﬂﬁ?%ta@egﬁgﬁﬁ@l‘ﬁ?‘%ﬂ@gﬁ tkid%get her to form a
HiE b &t dn@ey Wy SlopeatidichyyArb@iiuRéth@ekddridy, one or nmore X and

gr ou are_bonded toget her thereby

Qne or e Z UPS. : . g
?‘ﬂpﬁﬁ%ﬁ]@{ﬁg{cﬁ%‘?péf‘tﬁdlf%é)?mf%““&%lflﬁeﬂéyév alently bound to M
WgbutgRldheRadiakiRkhRhRibedzyl, Ndependent | y each
Qccurrence is a neutral, Lewis base donor Iigand of up
Rigt-byl Hrdigehzisopndisiivhi ni ng at | east one

B S HAtAgmSh A lopthtRAddy DL RMEMBinMyEh Z is coordi nated

t.o k is an integer fromO to 3; x is an integer
big( Ilp{ogyl&}"clopentad1eny1)z1rcon1umd1benzyl,

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,
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z is a nunber fromO to 3; and the sum k+x, is equa
to the formal oxidation state of M Preferred conpl exes
WO p@b 0883 hose contai ning either one or two K BCDURRING/036038
The latter conpl exes include those containing a
bridging group linking the two K groups. Preferred
nding to the fornul a

ridgi ng,.groups are those corresp
%@ﬁ%giﬁ)@b%é’?e@?yﬁ ‘@%P@’ llgqlan’%'i‘fonlb‘é‘i(l)‘%‘ilﬁ’]um tin, or
aaammaﬂylﬂs(zllmemﬁM9?£I+crsnlaﬁqm -QpHY I 193'151§:ad1§1ehydr ogen
romsilyl, hy drocarb

1§ roup sel ect ed
ﬁ%&%@% By Rmeyihchenshipdersbaisemun ﬁ@rle"o#lphelal H3-Rutadiene,
dﬂﬁi\éihglﬁll}uﬁs e@ra%@r&ﬁ’deﬂﬂ&n‘%mﬁh{ﬂ)qqml}ﬁkﬁ)ﬁﬁ 3-dige] S 1 to

. Prefera i ndependent [y each ‘occurrence€ is
WWHSﬂyl'élﬁ(rryrametbrlempentaélﬁw)mrwpélﬁrdnb@ﬂlsyll phenyl! ,

ﬁﬁkﬁ9ﬁxﬂmghﬁgé%, ﬁmgnﬁggﬁ%hlExanples of the conplexes
contai ning t 8roups are conpounds corresponding to

dimethylsiyhoegethede verenylzisconiumeis(wimethyIsigldni um or
he +2
SR WHon HcF SRRl A AEIBNQh BB AT 1 L DE +2 OF

4 f tion state; ¢élrrence
qllmdféplelrlbd@mamythvby@qieetadlemyl)‘(ﬂmnb'bércgniumrahmﬂhbslr st i ng of

hydr o e an
Cg bi %gtﬁhggcggs% Egl?létgl%@omg k%?ydlgg n%lars ﬁ}\é é)resg 1Y ? egld)n correspon s to the
preshipd fagela: MK, onr dimd)j thereof} wleengM; WX, x agest sress frevionsly

[ i yl.
cgelfiﬁ d‘é?l%/c‘ei] s aqglgs:glﬁ%%ﬂ o\f'%p é e 6)}1—'hﬁ1|ro$en ayon}s %Oﬁat‘flllglywl@s% g)rms a

lnﬁdgwsyswem31and X" |ndependently each occurrence is

g? oan[grg 5t ec{i "%)q'&ml %@d{)%&tﬁp ﬁ%f&alliﬁg% ﬁq {f} lé-ggcﬁ'?gen atoms comprising

a feastrone atbindglean i cgy@npsudﬂlr lbﬁroh Or dhdernisen of‘@ﬂbﬁp Q£ 6f thé PérdRITable of the

T DU RN TR TR R

itredee,qihbghsrut, @xMeanﬁﬂiﬁﬂm@tﬁs dviaBntybodel t&R1.f or rral

oxi dat |on st and e are as Vi 0

def i e B gt 1 e BT G B th prese

mvéﬁﬁbldﬁdluWS Cfbkﬁﬁtrzﬁﬁeﬁl geometry catalysts” corresponding to the formula: .

di met hyl bi s(cycl opent adi enyl ) si | ane,

di met hyl bi s(tetranet hyl cycl opgithadi enyl ) si | ane,

di met hyl bi s(2- et hyl cycl openyadi/en- 1-yl)sil ane,

di met hyl bi s(2-t-butyl cycl agknt BXen- 1-yl)sil ane,

2, 2- bis(tetranethylcyclopentadienyl)propane,

di me % i.s(inden- 1-yl)silane,

dlnethyr I's(t etrahydroi nden- 1-yl)silane,

di metMyd trg{h lougrceniuth; yrefesablyaitaium in the +2, +3, or +4 formal oxidation state;
uor.en-

g: net Y% g'deﬁécfﬁzedta % X?ndo é llﬁanﬁ ﬁou% %ﬁnh@_s&}ﬁ%&&%ﬂ \gﬁ]efrom 1to 5 R?
gmmmthylbrs(Z nethylrnden- 1-yl)sil ane,

di rmt[{h r(:aci{ occuprgggeqlgdegg%eat&flé s% ect%{l] frogi_tﬁ/e! grglllpl c%ﬂs%éting 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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di met hyl (cycl opent adi enyl ) (oct ahydr of | uor en-
1-yl)sil ane,

walovebssBy cycl opent adi enyl ) (tetraliydrof| uor enP¢F/yb3086/036038
ane, (1, 1, 2, 2-tetranethy)-I, 2-
bls(cyclopentadlenyl)d|3|Iane

i ot Ky b Oy Chpe RGN 3%’1{]""415»(3% R e

F’r ef er 1ﬁdbp&1de@ﬂlyoéébl$ o@hRere is&@ﬂt@genfd? QEduY GE1bl@ from silyl, hydrocarbyl,

dro hal ohydr ocar by
WA GSERgRY arieppbigrinnd ety o Rt ey o ety ilicon tors.
gr OUPSpeciBit exaffples of the FokBoir ﬁitl'ﬂﬁl%d bk nﬂ’ta‘l’@dmﬂf@xes include
derivative of a conjugate di ene or el se together they
fogPRIs rertrsPaRdingie tis eyl conj ugat ed di ene.  Mbst
preferred X' groups are O__2qudrocarbyI
groups. Exampl es of netal, co exes of the foregoing
fornmula suitable for u ' he present invention
i ncl ude: bis(cycl opent adi oni undi net hyl ,
bi s(cycl opent adi enyl ) zi r,c di benzyl ,
bls(cyclopentadlenyl)zﬂ$con| *@ enzyI
bls(cyclopentadlenyl)2|rconlunﬁﬁ%t phenyl
bls(cyclopentadlenyl)2|rconlundlphenyl
whes¢isycl opent adi enyl ) titaniumallyl,
bi s(cycl opent adi en unneth met hoxi de,
bi o ok BEERt EEmiehSt bol By TR e
bi s( pmwﬁ'a{dhml}&}aeﬁ @.ﬂ&ﬂﬁ&rﬁdis&@&ﬁbgem AG 0N pidGh SBEMYN, Ar selected from
bldgo%g Eglteﬁge c§r2 %ﬁﬁﬁﬁy&édl g)e/ﬁger 3t/1| }tla?ge lﬂlny Iocr:ta?lgyrl]ogy,
ﬁlﬁﬁ&é&fﬁylsH&f}@ﬁ&dﬂlﬂyﬂﬁﬁﬂbwmlﬁﬁhﬂ)/d1611ydrocarby1)am1no hydrocarbadiylamino,
éélndenyl)zlr%pnlunneth yl (2- (di net hyl am no) b

I
f‘rh&‘é’i’fg}?’)di(il}’ B%FIUHH‘]%‘FPR}PQ’ By thg ppg}qphlno hydrocg/rb})flsulﬁdo halo-
shbﬁ(tlit&l Kyakoseo gl REesby Bk y- csmhﬂlmym%&a&w rtﬁhﬁﬂéoﬁmymhyl- substituted

bls(pentanethylc ¢l opent adi enyl ) zi r coni unmet hyl benzyl
Iydeocylrl Rt AP op sttt icd ﬁwry%r% &ﬁﬁﬂh}fﬁrw?bz/;ﬁrlyl)ammo-
sl%bﬁfttﬂ&fﬂy@fﬂé&ﬂiyﬂ S RRABY IR Wbk Etuled A -HUERA, Ry BBL R teamino-

%‘P%’G‘ﬁ%‘h‘tyé%?fﬁij’lb ehyrosehYRpapwhipp) substigwed luidrasemsyh chl ori d
BrdrdRhrB 188 pdsphiRY-| sGdEiARBR IR B YRl dr6 QR JINITH BB tuted 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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bi s utyl cycl opent adi eny”~zi r coni undi benzyl ,
bi s(t-butyl cycl opent adi enyl ) zi r coni undi net hyl ,

whe®(esiags t et r anet hyl cycl opent adi enyl ) zi r coni updi/De100§/036038

bi s( met hyl propyl cycl opent adi enyl ) zi r coni undi benzyl ,

blsArlnethyIS|Iylcyclopentadleny Z|rcon|und|benzyl,
di metpyl.si |yl bis opent adl en conlundl t hyl , .
i ot Rt rape e S PR i Y ebnbitiean gt 50 Fomads ronting
lgyidtogeg |ok Wl'o X groups are joined together thereby forming a divalent ligand group;
dlnEgg%HSI|y|BIS(t but yl cycl opent adi enyl ) zi r coni undi ch
lori

di methiglosi énd. bi s(n-butyl cycl opent adi enyl ) zi r coni undi ch
| ori

(met ﬁ'ie}i’-%ﬁefb?wpl@ﬁ PEthe frsaotng areibenmirieren ity pybsiituigd iathpgh the 3- and 4-

ﬁ%ltlans(di‘la@?élbp@nﬁcﬂleﬂﬂ)op R4 group with an Ar group
(et hyl enebi s(n-butyl cycl opent ad |enyl%t|tan|un(lll)

2- (di fql?iﬁp skthg g)rg%)ﬁlgypetal complexes include:
ﬁLﬂﬁsﬂyﬁaﬁ’hﬁbényéid@nsl(-%ﬂﬁﬁ&h{ﬁ?ﬁ%ht&ﬁﬁmoyéﬂfgx?e'ﬁ?a}ﬂu‘?xh&a{lblﬂf‘e di et

| si'lylbis I ndeny )Z|rcon|und|net hyl

€ paﬁwywypm 4dwnﬂ|-s§{dzn?f@tlmwmwllyw¢a@wm dimethyl,
(33 pﬂen@'ldﬂfbl%ﬂéﬁltadgmgl }Q}iﬁrﬁghﬁ{t‘ %utylamldo)sﬂanetltamurs(%ll) 1,3- d hen 1-1,3-

imethyl silyl bi s("2- et hyl - 4- phenyl 1 nd eny rcom
(beﬁa ermphenyl 1, 3- but adi ene,

q%%foha\f rﬁ)’c%ﬂ&hﬁ&ﬂe@ ! ggﬁllm{hW({%%nMn)ﬁ)ls1'ia919t?tlaﬁ{£ﬁ1 dR)llorlde
(ér(mé”tqlnl +Yé)pycyr¢psntgdlen-iahmwléwtsdzpmm)a@hnemtymmn dowsathiylym

L
bls@mhﬂn@iﬁﬁmgdkyé)
@ Eg{%{ ‘?/ﬁ)jrhbl‘?ze-{?ﬁéyél%}! nlta%Pe%qt ﬁ\ﬁ n?ert]lyyll(l{) félml(ﬁ)?sYlalle%l!taB&%ncilc%h%rlde

enz
(df(hmeﬁylp&rrblyil Ylbce'bloam&eyﬂ1€y5mlirmqﬂmmt-huhybm§do)s@lﬁﬂeutmmnydu)azthyl,

urt .cla of . net al, canpl ex
G R sope o e T B B e B S 1.0
pred¢ﬂmn@18¢mmﬁh&z VKZ Xx or a diner thereof, mhereln
< X, an d i.ned
el S Ee R SR g o od >
® ag&;tﬂa&ylcymidpIant&hémr-;rbdmem(taiutymy&i)ﬁlmﬂtkmm ditregtfyer r ed
suhstituents n u 30
Gortmytmbsineteid LifpPh R bt Bt ha
IS amgmme,sulfur boron or a nenber of G oup 14 of
0 e Elenents directly attached .
@3%@3 ﬁ& dla/ RS 8?6@%@%@3%3@@11evéldgaeﬂrﬁ@w%ﬁgnc&?%lalafﬂtanmm
CON&itBdridag of nitrogen, phosphorus, oxygen or sulfur
éQg&gﬂs coval ently bonded tog M Myre specifically this
Sfmeé}y ing)p ylayclonspipdien byDdmety Kcubhamidg)siagettppun
pr egmbihyl,
(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;

28



i nvention includes "constrai ned geonetry catal ysts”

corresponding to the fornmula: X-Y / / Kl- MXx wherein:
wWR003/083488NI UM or zirconium preferably titani POT/UR20061@36038

+2, +3, or +4 formal oxidation state; Kl is a

del ocal i zed, p-bonded Iigand group optionally

d h f 1t R2
GRamiae e DRty ey B g oot B ety

(gqan&mmnrwloszf/cybmgéMfém )h)ﬂﬂﬁé?ﬁﬁ(&JBWy}anﬁobsYlhnetlﬂrﬁfum’dﬂ) 1 A-

cyano, hal o and conbi nations thereof, said R2
up flpheryl-j hoTtHipdieesen at oms, or adjacent R2 groups

%%&i}lﬂ-ﬂf(NfI\QHl‘iﬁeﬁlyﬁin‘ﬁﬁb@Qﬁ)p&?Jdie\ﬁ-qt}‘ljﬂﬁn&ﬁmt)utyﬁmlc@)s11anet1tan1um
ydr ocar, badi yl | adi'yl “ or gerredi yl "group) thereby

f or fichlgride:f used ring system each X is a halo,
(Esb@i&gﬂf AR dmﬁ&?fa&%ﬁﬁ%ﬁéﬂad%ﬁ- l%njél}{ﬁeﬂgﬁ(? Uﬂylaﬁﬁfo?sllgﬁe(ﬁ'fﬁﬂmm

avrng up to non- hydrogen a X groups
t og@ikedltyl,f orm a neutral C5.30 conjugated diene or a

Cﬁﬁé{ﬁ%@%gg}é%& a%ﬁo%&&%@%&dle -1 é@di‘h@&{yl(g &@laﬁrﬁl gﬂgée%tamum
or (BR.4-@ipheatikel,&butadenei ndepen?ent |y each occurrence is
5 050 M AR SRR STt iR o
havdngbupsto 30 carbon or silicon atons. Specific

CO%‘gﬁ @ 3. cﬁ{ -meihhe éphergo%gclo é&g%-trl gd%neﬁ%fﬁﬁ?unq 1¥ 51 anelltamum
f or dimettiyl,wher ei n, Ar h?oan aryl group of L:pn16atg 30
2B A R 55 s RS TR g
‘ selGﬁneﬁdﬁh@mrhyﬂmmﬁambyl trrhydrocarbylsrlyl

i AW K T ——

dl(hyﬁmﬁﬁammwh&ﬁnrno hydrocarbadlylanrno
I A AT L ——
halaﬁghﬁﬁﬂmuﬂ@g hydrocarbyl hhg?gggfgbygoﬁy-
Chbdeheibeeo N SRl o kpryt Soar by txy -

S UbSEdﬁlMﬁﬁd}sﬂMﬁﬁ@ﬁﬁrﬁ*@ﬂj L ,A-diphenyl-1,3-butadiene;

bi s(trihydrocarbyl sil am nosubst i t ut ed hydrocarbyl

(@8 Crigaha¥at W‘Ih)(’ﬁifﬁ“ﬁ’ﬁma@% SyDeipeby (rRpavaseide)ipmstitanium dichloride,
(DB AL1OERDYA-RBANCYINPe MBS -1 YH@fhethyl(t-butylamido)silanetitanium dimethyl,

(2,3,4-triphenyl-5-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 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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hydr ocar byl , di (hydrocarbyl ) phosphi no- substituted

hydr ocar byl , hydrocar byl enephosphi no- substituted
whyarosasbyl , or hydrocarbyl sul fi do- substitutedr/uS2006/036038

hydrocarbyl, said R group having up to 40 atons not

counting hydrogen atons, and optionally two adjacent

R4 groups may bejoi ned together form ng a pol ycyclic

@4 éédtemnhgnmye@pentaqusl -Yl)diragiiiiputylamide) daRrgitapiunciRg 1 4;

Si 2CR6 2, CR6=CR6, CR6 2Si R6 2, BRG,

B%Rglpgeﬁgﬁp?’%m Y is -0, -S, -NR5-, -PR5-; -NR5 2,

or m@ltmlamalnplnﬁ@pemmmqtz}l cga@lbxe@ (Eqruuper lmn@egre ipslycyclic complexes

I drocarbyl silyl, or

(?¥| 8& 3%¥t({$é#P%lhydrocarbyl sald R5 having up to
20 atons ot her than hydrogén, and7opt|onally two RS
groups or R5 together withf Y or Z forma ring system
R6, independently each ocetreng¢e, is hydrogen, or a
menber sel ected from fpdr :Ii:> hydr ocar byl oxy,
silyl, hal ogenat ed g}Rk *o@.. gd aryl, -NR5 2,
and conbi nati ons thereof,™aid R6 axjzng up to 20
non- hydr ogen atons, and OoﬂlonaKPV’ two R6 groups or
R6 together with Z forns ring system Z is a neutral
di enawmfe M i§ERGR N fk 2.0 Rok YERRl AiditibEnhts, bas e
optiagnal | y bonded to R5 X is hydro a non

nt
ani ort d“ PHYRHL RIS HERRPHE By idedy s odb v hae gfl’myl halide,
15/846B4rby1ekyh uﬁﬁ&gﬂmm@gy, ﬁ%@oca&bglrsmﬁﬂﬁm@ rd@(hy&bd’aﬂgl)hﬁ%t her

t herepy form qg di val ent |1gand group; x is 2;
hydrgcarbyleneamino, 1(hydrocarbyl)phosphlno, hydrocarbylene-phosphmo 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, hydrocarbylene-phosphino-
substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R group having up to
40 atoms not counting hydrogen, and optionally two or more of the foregoing groups may together
form a divalent derivative;

R® is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal complex, said R® containing from 1 to 30 atoms not
counting hydrogen;

X* is a divalent moiety, or a moiety comprising 6ne 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;

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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zis 0, 1 or 2. Preferred exanples of the foregoing

nmetal conpl exes are substituted at both the 3- and 4-
w@omsaes of a cycl opentadi enyl or indenyl grpOpUS2006036038

an Ar group. Exanples of the foregoing netal conpl exes

i ncl ude: (3-phenyl cycl opent adi en-

1-yl)di methyl (t-butyl am do)silanetitani umdjchl oride,

(3- prfgﬁfy{rgcy@qa@%ﬁ@fégq:heqmnplexes are 3-phenyl-substituted s-indecenyl complexes

cl,rrgg gdnt;%quejig;m@ytyl am do) si | aneti t ani um di net hyl ,

cycl opent adi en-
1 yI)dlnethy but yl am do) si | aneti t ani

< -§ but adi ene;

3-dipheny
pyrrol -3

) cycl opent ad
- but yl am do) si | ane |tan'un1 + -

)
di phenylcl, -QUt df-&ne: CHj CHsg
(3-(1- et %?pyﬁ(~l-3 yI)cycIopentadbeé7 \\Nc CHa)s
1-yl) di met hyl (t - Bift Wahldo)5|Ianetltanlun1d|chlor|de ’

(3-(1- nethyl yrrol - 3-yl ) cycl opent adi en-

1-yl )%d- ﬁ’éteﬁyf gubstiuted - BipceByl spmplaxss icoragspandingitorihe figrmulas:
(3-(1-methyl pyrrol -3-yl)cycl opent adi en-.
1- yI)dlnethy‘EB butylan1do)3|lane
di

20 ﬁpentd&fen
)'S g i ein di chl ori de,
(3, 4-di phenyl cycirapenkadi en- -
1-yl ) di r?é‘tsyﬁ(lt -But yl ani do) si | anet | Eg@mm\qhet hyI ,
(3, 4- dlﬁﬁénylc§EMOpentad|en- N

1-yl)di net hyl (t-bu '

pent adi ene;

(3 (3-N, N-di net hyl a phenyl ) cycl opent adi en-
1-yl)dinmet hyl (t-butykNam'do)silanetitani umdich

(3-(3-N, N-di et hyl am_no) phenyl cycl opent adi en-

1- yI ) Witrstexpsihstifizd grinderay) complrescopesmprinedp ﬁ%}tfﬂmula

(3-(3-N_N-di met hyl am no) phenyl cyclapentadi en-

(L - but yl ani do) 3
' L

C43 but adi €ne;

(3 phenyl ) - 4- met hylcyclMepgent adi e

1- yl)dlrggthyS t - Bat YAsami do) si | anet i ¢m1d|6HTE?Fde3

(3-(4-ne yl ) -4-phenyl cycl opgntdadi en:
yI)dlﬁ%thl(t M@K?han1do)5|Ianetltanlun1dﬂﬁ§FHVP

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

present invention include those of the formula:
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(3- 4- nmet hoxyphenyl ) - 4- phenyl cycl opent adi en-
1-yl)dinmethyl (t-butylam do)silanetitanium(I1)
wda ebrasskenyl - 1, 3- but adi ene; PCT/US2006/036038
( 3- phenyl - 4- met hoxycycl opent adi en-1-yl ) di met hyl (t-buty
| am do) si | anetitani um di net hyl
( 3- phenyl - 4- net hoxycycl opent adi en- 1- yI )d| net hyI (t- buty

. mpllchlorlde

N-d| met hyl am no) cycl gpent agieg-
= §'l(w3ﬁm do) si | &ife “- @ et-RifCH)

F %él ani no) cycl ent 50
a

et h Btitani um 1~ NC(CHa)
I

I, ut adl ene; \

2- shget hyl phenyl )cyc - C}‘IL) di

met hyl (t- utyI am do) si | aneti t ani um di chI ori de,

2- met 3, 4- di (4- et hyl phenyl pent adi en- 1-yl ) di

nmet hyl tyI am do) si |l anet tan di met hyI

4-dj (4- et hyl phenyl )

@? d%@b?i‘ﬂitéﬁ

‘ di en- | -
yla d S|Ianet| X dlrret oHs
di phenyl') - 4- (N, I\I-g?srret hyl am no) cy%ilbopent i°eh- 1-

[—58-' Ryl cycl ope gliaek hy | (
anét,\] ? um di met N\
yl TE/rret hyl"cycl oper y ﬁ,d’i%?'ﬁ“fﬂ (
s Anetitani um (pB
di phenyl - adiCége;

( 3- phenyl - 4 et hoxycycl opefi¥adi en- 1-y| )d| mst hyI (3t but.y

Lgnkh é1Lﬁ@ﬁ%?ﬁ%ﬂ%%ﬁ%ﬁg%ﬂL?;h?:n 1-yl ) di met hyl (t-buty

(Bmluftppylﬁgh]gtdmdm“gﬁq pavkentyytl)-N-(1,1 dlmethylethyl)dimethylsilanamide

( ?htm(%%qu)l 144_ Vg_%&%@%%mlaild?ghénz: )di met hyl (t-buty

(8—methylene-1 8- dlhydrodlbenzo e, hlazulen-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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|, 3- but adi ene;
(2, 3-di phenyl -4-(n-butyl)cycl opent adi en-1-yl ) di net hyl (

WO 20awgd4831 do) si | anetitani um di chl ori de, PCT/US2006/036038
(2, 3-di phenyl -4-(n-butyl)cycl opent adi en- 1-yl ) di et hyl (
t-butyl am do)sil anetitani um di net hyl ,

%2 3-di phenyl - 4- (n- butyl)cyclopentad|en 1-yl) di nmet hyl (
ﬂﬁh’PSﬂ“&?ﬁi}’éle)’é13I-Cbh}@1tthbam0[?ﬂﬁ]€2|ule)l- 14y DaN-(1,1-

d'ﬂg&{}%ﬂt&t}l%i ﬁ %lé‘igl'n eé %t%iéat’l)’i (II) 1,4-diphenyl-1,3-butadiene,

(- d}ﬂupmnméwmb(lt& wdmmbe)idazumelﬂrll Wi, rm

o R Bt Eh Rern b BL LARIATH EXRARRGEST O eyl -

(8-dBhiorrnmtliybame-1, 8Ab1ldvidtdd¢nmzto[eeb§mwnelsylblf~l-($,m+ tabl e net al

¢ gcfrirB«Létg Xl%cﬁﬁlﬁ(ﬁmetf% § aﬁ&?nruflop taailqu% (Hﬁk%(@ﬁ Mmethy?ﬁﬁl ﬁ%%ﬁ)ﬁ n
(B%ddlueﬁgmeﬂﬁrlane lﬂzﬂﬂiydrqdﬂulenzo{«a iadulenr -d@-Ni(B1- R7

| n m Eﬂg@}%{%}%“?ﬂg afﬂ%l u %@&%@thﬁd“ de, hydrocar byl ,
Wmlﬁﬂﬁfdﬂwﬂfﬁibﬂﬁ@hydlfoﬁﬂ:em{aa'lqyﬂu&hllyﬁmﬂ(nm-,

g : ‘{*Jﬁ%{fg lgtggl @E’%‘Ff}@% ’ld'f‘l'\é %‘ﬁégbgygg%@ ’gj n 2 ° phosphi no,

(E—ﬁﬁﬁﬁﬁﬂf@lﬂw‘lﬁwm cﬁl@/&ﬁﬁieﬁhoﬁd,@ﬁdulehlltﬁﬂng@,d! ocar byl ,
ro stitute ocar
s?/ ?ftﬁgffgé‘gqo?lgﬂl eflanopide tgpiny d (RF diben:

hydrocarbyIS|ony substituted hydrocarbyl
h dro arbyl sily n1no substi tuted hydroc
(a-i%*(eﬂy Séiér@% epzgl et pradeni2lsly- (H}%/]1}1%]&1%1?%{)dlmethylsllanam1de

hytdaaea (1ol zemF VI003-ButhkEdde! Ut ed hydr ocar byl ,
osphi no- subst i t ut ed hydr oca

dl(hydrocar
e B GRS BRSSP M2y T b o gpeth ilanamide

hy[ﬂglﬂgﬁl(myﬂ §i,gn{a|dgge substituted hydrocarbyl, said R7
roup havi not counting hydrogen, and

Gpritaiearip Hnghesiberoiie MR ST bdding Bl nmide
tqggﬁﬁgtuﬁgqﬁmﬁﬁﬁ%m@&ﬁﬂﬁtgﬁ&lvat|ve R8 is a dival ent

hydr ocar byl ene- or substltuted hydr ocar byl ene gr oup

(ﬁﬁreﬁhyllﬁge-é Stdikyelepdihpazobartloduien-2e HiENr( ittt dinrrghykplpegmide

CQMlﬁffﬂ\?ﬁicﬂloﬁ@e containing from1lto 30 atons not
counting hydrogen;, Xa is a divalent noiety, or a

(ﬁ-meéw}ene-érﬁpﬂih@rwg)e@wée atobond-nt-Ch - deusthsdthstnethylsilanamide
eligahiR AV @itendP! € to forma coordi nat e-coval ent bond

toM said’ Xa corprising boron, or a nenber of Goup 14
(&ﬂnetlw@nPérS'erhjsidcodeo{ae,idﬂzutehél-)E)-Effé.ﬂﬁdén,leﬂamhsé]dimﬁthylsilanalmde

QQRHﬁhﬁhgggF%&ﬁpgen, phosphorus, sulfur or oxygen; X

iS a noho nt ani onic |igand group having up to 60
atons exclusive of the class of |ligands that are

r s and
AR o e A IR 2o
| i dipaettlylgthpldimethylsilanamide 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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Z independently each occurrence is a neutral |igating

conpound having up to 20 atons; x is 0, 1 or 2; and z
wo0wassssr 1. Preferred exanpl es of such conpl eREAISa06/036038

3- phenyl - substi tuted s-indecenyl conpl exes

corresponding to the fornula: 2,3-dinethyl-substituted

S- |ndeceﬁi{ﬁIn Iexes correspondln to the fornmul as:

(Sdiflupromsthyime-d § hxdfqﬂf@ez%@k]h@@@&w hpl exes

C&héﬁﬁ@@ﬂ%uﬂ&h&lﬁlaﬁaﬁﬁﬁ@ afaﬁﬂlnqm%qétﬁﬂonal exanpl es of
lexes that are usefully enpl oyed according

(8tdesﬂqorféne§ry erhi8- dlw@dﬁe@w[q lﬁezuime?—xlhl&ﬁblof t he
f(ﬂ&l&H‘ lé’th ﬁﬁﬁétﬂ&lﬁgHﬁﬁﬁé glgigl b( Ql%oetlm laﬂ&jﬁu tures thereof, especially

(8-ne ene- e, h] azul en-
mlxtuqu)OfRPSéthmallsomerﬁet hyI et hyl ) di et hyl si | anami de

t( |8t rarf\gll %‘/pllgéls éﬁltl\%lle g ,gﬁglﬁibgﬁy dﬂ Bc;lmré fj%?g%]]%g‘;(ﬁﬁhn%fo the present

inventibr) cortegpond tb-thié fm‘mldyl et hyl ) di net hyl si | anam de
titanium (l44) 1,3-pentadiene, (8- neqpylepe-
1, 8- di hydriddi b&%o [e, h]azulen- 1R/1)

1, 1-giR \ |) di met hyl si lg®an o-tlt'nlun1(IO)
2- (N, N-uf S ) benzyl, (8-YE 0

1, 8- di hydr odi o | e, h]azulen- R

1, y)MKARt hyl si | arakd &€ ' (1V)
di (8- ngf hyl ene- 1, 8- o@ I M%EZ

[e Lyl ) - N (1 R0

1- 7 A’) di met hyl si | ana M-t Bni um (FV)
diR 8- nethylene- %IR-‘|h gdi benzo

[e, h]azll eN- 1-yl)-N-(

1, 1- ditvet hyRBt hyI ) di met hyl si | agani der'?i tani um (I v)
dlbenzyl (8-di fl uoronet hyl ene-
1, 8-whiehyMioptahenzole D] -&Zdth 2 Boradxl dalib statd;-
dlnethyleghyl dlnethyIS|Ianan1de tltanlun1(ll)
isph&myAr -4 3- but adi ene, (8- di fl uor onet hyl ene-
1 8 e 1§‘N}Q1¥&Qﬂb§’le El?}@[ ol Qﬁl@ldﬁ)@arﬂvylwr}l o l{aloliyérocarbyl or up to 10 atoms
dlnethylethyl dlnet yIS| anam de t|tan|un1( )
nof coanpisrhydepedihe, (8- di f1 uor omet hyl ene-
1, 8- Igp M%eg&gnﬁ?%ﬁ L@oun@tlc%%s%ﬁ gén :}ﬂlaro&'ﬂ(yl Jcmlilydrocarbylsﬂyl

dlneth | et hyl)d hyl si | anam de "t1tani um

trl’de(fWaﬁYbllﬁbXWﬁm ﬁmb hzlyle hyei@c@rbflpmhxdmaﬂy sélerer,
hy&ro%argﬂﬁmgx% Qgﬁ%%cgrb?m:@ﬁw &oéarﬁﬁjle)[leé{}lﬁlﬁc]' 'dg(hxgrocarbyl)phosphino

I'met h ana de t’itani um
hYdTOGﬁbﬂPﬂedéosp@BlﬂdlYﬂIQﬁ@bﬂﬁ@ﬁM hdpresubstituted hydrocarbyl, hydrocarbyloxy-

su%s%'tnlgx%ﬂégf&g% y{i)e%l?p [Slﬁﬁ}{l %gé}]rg%ir%ﬂ Xl%'&rog&rr]l(y&srlﬂ'o%)( Vslbstltuted hydrocarbyl,

hydionarbyisilylamino- 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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(8-di fluoronethyl ene- 1, 8-di hydrodi benzo[ e, h] azul en-
1-yl)-N-( 1, 1- dinethylethyl)di nmethylsilanam de
wo 2aoaosuss (1 V) di benzyl, (8-nethyl ene- PCT/US2006/036038
1, 8- di hydr odi benzo[ e,
/ z] azul en-2-yl)-N-(1, 1-di et hyl et hyl ) di et hyl si | anam d
e tltanlun1(ll) 1, 4-di phenyl - 1, 3- but adi ene,
( 8- meX A eonovalentgnignin Jigrng grave heveurp 49 atoma exelusivp oRkghe class of
t 454 LARA l )
%aﬂds%%%?%ﬁ%éﬁé@%%@h@% Egl?ﬁélﬁdé ) %ﬁj@elcgcaﬁz%g n%@c&&ds or two X groups
th@ed pligydiiedinbaiong] ligahd grewd; en- 2- yl ) - N- (

Nd)f\glgéﬂ%}{{aﬁh{ﬂ XAC g«l:n%gryﬂ%l ﬁs A e%{}:grpggtmgtcloltnggulng %&1@ llp to 20 atoms;

(8 met sy hﬂeed3,,81adj| hydr odi benzo[ e,/ z]lazul en-2-yl) - N (I
, | -dlzrrlts?bh Eet hyl ) di net hyl si |l anam de titanium (1V)
di chl®f i ( 8- net hyl ene-

1, 8- cﬁ_ﬁlglylghpmﬂ@rhiﬂﬂfdh[ =€NCE]—B)Z]XI 1eh&l&eMiy)irobhrbyl xis 2, X’ is dimethylsilane, z is
0(],]' i‘tugﬁe]?l:?] g%:%%;l‘g%?g%/ H%Fy!éiﬁn%teg a hydrocarf;jyrirI hyﬁrocar{)}ﬁoxy, crl'nh)gtjrc\)garbylammo
Wy dieatbylyeamttiopdngzindcarbhlaminisl @istauizdl hydboarbyl group, or

b Feo s e R PR P DE g t Aot ey drogen, and

dptidiRdly e R 2-gydups Max beljoihed together.

dl rmt é‘%ﬁé Y/%ln%[a g%‘blgg%% l a &%n@?% Hﬂf}’iq‘%%?@q(a{;blp &ployed in the practice
01*;[1& ;%sbmdﬁ@ﬂmﬂnﬁm 'ifhchxhélﬁl@ Eﬁm&gydo}npshﬁs 1, 1-

di net hyl et hyl ) anam de titaniu gll)
(ﬁ:blgy]ﬁ@mom%th}g [6 (7@316401‘[{1 é@r’% ﬂ@twlpyé]ﬁ@ndol) -(3H)-indene-2-yl)silanetitanium
1 (ﬁ)@ﬂmﬁl@ﬁ’ﬂm@mfeﬁe h] azul en-2-yl)-N-( 1, 1-

di met h anam de tltanlun1 | H)
(zb‘(tNaNd@P%?thx)r[@ﬁibﬁ@f)ﬂéﬁZ fﬁ J(l(nsaﬂmlmw)dﬁﬁf EdpnerayDsilanetitanium

1(ﬁ)gnggﬁggbbenzo[e h] azul en-2-yl')-N-( 1, 1-
di net’hyl et hyl j di met hyl si | anani de titani um

(HP‘EWP@ﬂOﬁbmﬁtgyldﬁ,ﬁ ]Wdﬁéﬁh?ﬂ@n@eﬁhyhsomdol) (3H§ 1n\cgne—2—yl)sﬂanetltamum
Ldind udrnipantab aphiazal en-2-yl) -N-( L, 1-

dlneth I"et hy )dlnethyIS|Ianan1de titani um (I
(&bmlpmyh)dupghﬂr[ﬁ (7 Iporzeritp 34 ¢ anethyligoipdo(@ Hiiidenerizyd)silanetitanium
[ 2V NC L
di net hyl et hyl-) di net hyl sil anam de titanium (1V)
(thwramido)dimethlylrip.Xibarzed 4.6 63 40 fmetlpdipand (B i)-mdsitetA-disilefetitanium

§V(h89ﬁg>isoners. Further illustrative exanpl es of

[ exes for use according to the present

(-hvielamidojdimethyld 6.3 haekot[ 6.5 2h# 1(l onetiyilisoindoh)ed B)-Mders-2-yl)silanetitanium
tid@yﬁm&g&ﬂ1the +2, +3 or +4 formal oxidation state,;

(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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Tis -NR9- or -O; RO is hydrocarbyl, silyl, gernyl,

di hydrocar byl boryl, or hal ohydrocarbyl or up to 10
w@at@n®3sae: counting hydrogen; R10 i ndependent | pCEES1006/036038

occurrence i s hydrogen, hydrocarbyl,

tri hydrocarbylsilyl, trihydrocarbylsilyl hydrocarbyl,

er |, halide, h car byl ox hydr gcar |on
BB PSR Bt b Sy s F0- R
hyﬂjsﬂﬁﬁﬁﬁﬁiuﬁlr(ﬁﬁ)rﬂxdh%ndgl ( hydr ocar byl ) phosphi no,
@ ydr ocar byl ene-p ,ocar byl sul fido, halo

XPA@FW@P’Q@%W%‘&%%B%ZO Ph@é%H&ﬁ@ﬁw@s@y@eaﬁﬁmﬂw%

hydyspaRtidNum (W)Icyﬁléth}gubst i tuted hydrocar byI
hydr ocar byl si | erﬁ substituted hydrocar

@Wcﬂ@éﬁdawpkhwlr Hbenze a3 Mﬂ@wﬂwwm%aﬂﬂy‘) indene-2-

dl}(lﬁﬂg{eg&gﬁwwmeﬁgn substi tuted hydrocar byI
hydr ocar byl eneam no-subst i tut ed hydrocarb

@Y‘(WV&Y@@&PEWG}%&HMM@H %@b%’i(ﬂﬂnﬁlyhsqma/ )} ingene-2-

hy - A5RERNLETERY bstituted hydrocarbyl, or
hy}gisocarlbyiusgm W t?kﬂut ed hydrocarbyl, sai d R10

group having up to 40 atons not counting hydrogen

f '
B RN 0,05 0 LIS s
eYl)lemetltaelumr(H) hwlph@wiril ,ﬁg)u‘adsm, ur at ed or unsat ur at ed

@-gﬁtg%gﬁo?(g@-r%%}é}%l ot g@flg@éﬁ%eg@o %%af(l Yhsogld?‘rg 31-9 mdene 2~
ond)sdaretiadiusr(d) h3-pematdlemle t wo eI ectron pair able to
(fégll;‘rggfamd%ﬁcp {pbr%e elgg) glﬁlge 0= Eﬂg% 33(1(\’/&6&13%081?01? H%I) -indene-2-
Peyl)siigtietitailiatnl (HI)@f(NtN‘rémEH@;mﬁﬁcsbenaﬁﬁ al so conpri sing

r.o en: X.is .
Gl D BB o P PRg o BeTe hrgrpe
exyd)sligieti@niaf (I\r)ehdhloalﬂa of I igands that are cyclic

G BRI RE - B Met Cobb orill- e B oty Grnripdene->-

anilphamtitahigAn V)i, Z |ndependently each occurrence

be e ot A SRR D e e3P b o
Tylﬁ1la1i8(11@irﬁh1(l\>§dh&nm| o] or hydr ocar byl, x is 2, X S
bmst hyl si.] ane, ach occurrence i

w]aﬁléiﬁ)dlg W]ml@e@fl)omﬂbqq%[/l@ic%r%]ﬂ-@ﬁtpyhsomdol) (3H) mdene-2-

dlﬂ)éml@ﬁaﬁlbml(nmmm@ grsﬁ»ﬂ}ar byl eneami no,
di hydr ocar byl am no- stituted hydrocarbyl group, or

hydr ocar byl eneam no- subst i tuted hydrocarbyl group of

(Hibl&@xﬁ&mﬂbﬂf(ﬁ-nfé@&lpﬁ&ﬁ[)tw bt @@e@ ](mﬂéihy@@&h&zﬁoa@hy indene-2-

oi ned togeth ["'ustrative

w@tl)&’rla"@B‘i‘iﬁ‘I“@)@)sl Hlpflﬁléfjl -1.droutgdicnsy f or rrul a that nmay be
@yEM YRS R di(Phe Ry BEEHyDY6, 7 benzo-[4,5:2°,37)(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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of the present invention further include the follow ng
conpounds:

W@ ooos3ssam do) di met hyl -[ 6, 7] benzo-[ 4, 5: 2", 3' | f¢F/OB100§036038
i soi ndol ) - (BFD i ndene-2-yl)silanetitanium(I1)
|, 4- di phenyl -1, 3- but adi ene,

&&l&ﬁaﬁwyl eg‘m G et i Hlsrreatai S shlishndol OH ) indene.2-

1, Wispartiaduenev d1benzy1 and
ét but yl am do) di e %[’ 3"](I-nmethyl
c Cd?lﬁaﬂﬁl)lldqu? nﬁt}a&#énsil [;6&7 @P%Oa[ﬁét SR mﬂhu(hspr}ldol) -(3H)-indene-2-

1Ni1Dkefliah®
ﬁgbt; R d, BRI RRIE [6: 5z]benzo [4,5:2', 3 ](I-nethyl
| soi nifdstyatiyaEgonp 4 cquRlexes hatamastiecmployed inthg practice of the present

&l
(tb E‘B‘?ﬁ‘?@%’“&%ﬁ“& met hyl - [ 6, 7] benzo-[ 4, 5: 2", 3' ] (I - met hy

Gt%bwﬁ)clmhl)dOX(Bﬂ-l)hmwdéﬁéﬂﬂw )-41450k8-i t ani um (1'V)

(t ?Kg’ﬁ%“ir%“r%tgﬁ%?yr?g oiplylanetiagiindinetinle. 50 301 (1 - met hyl
qtemﬁ)uuﬂaxhi)de)X(BH)z SiterckarethyR2 3 J4)0sliolanesiet a8 um (1V)

?‘B’ti‘f%/f;r%}ﬁ"&%?la‘?yﬁél‘?ﬁ}}yls[‘lén"'? pupdnetyls. o1 311 (1 - net hyl
Qgéi@ﬂzdtﬂﬁlth)i?fr(]tgﬁﬁmétﬁbd%ﬂey@op)éhﬁuﬁbﬂyﬂmﬁﬁétﬁ}aﬁlaﬁéﬁtﬂu}!ﬁ dibenzyl,

I S rrne
((t%'&tﬁdﬁé‘f??)(éﬁi‘%gﬂﬂn'éﬂﬁﬂemﬁ‘éewpM%ls[lwegfaBmmsill}lfthylnet

éEéH B!%ﬁér%qgjétlefréﬁé_ﬁy‘l nf' g%egtadléﬁlybsﬂ i &Heﬁlteﬂfyﬁl%ﬂm éllnleghyl

hen
((tqrgfblitxitrm)dy](hnmnml)sdmﬁmdhly}ﬂ)d[n&tlﬁf]sldmntan[um &m@thyl3' ] ( I met

P e)f’%bu%g §§(t)gﬁém l_l)lyl ‘ng g}gc%epen adlé/rlyl)glmeﬁgl sglér}ea%{:c]almlilunnl {I{I
(cyé(ﬂlﬁi'eemahﬁmmhﬁiﬂ; mét hyl - [ 6, 7] belnzo [4,5:2",3"](I]-net
| i sqi tit I
RS EDREG BEEC S R R A Ab R
([t&ﬁ-gu]tﬁﬁﬂﬂQ)(tkﬁaléetl?ylmg-c%'cﬁépeﬁfﬁ‘él«lz‘iﬁ/l)ﬂlﬁ{%{h@gﬁé&eﬁ{a{%ﬂﬁ% (mydene- 2

yl)silanetitani'um ( orid

(cﬁé‘l“b‘ﬁ@k&lpﬁﬁqd@@)']m r aet hyI [6, 7] benzo-[4,5 :2 ', 3
({Jﬁ;& t%%lhg)l#eﬁﬁﬁém ln) C&C%A&nth(ﬁ&?’ﬁ&lﬂ%ﬂl}’)é lgr%lu aﬁ\ﬂ%t(hs ant um
(cﬂékdbﬂi@mﬂﬂaﬂﬁbuﬂ@)@menet hyI [ 6, 7] benzo-[ 4, 5: 2 3 1 (I -nmet
%bu?;ﬁaqu c%(t)etrzgme'fplyl na -cyclo per%tadlé/ny))glme%r}llghzlmte amum 5\/)
(cy;SLpahtaohyﬂeam do) di et hyl - [ 6, 7] benzo-[4, 5:2",3" ] (| - met
(g%gsl(u?)azilrﬁ@%fn%ﬁ%%dfnﬁ)e(hmeﬂ%ylm1¥1ne)tl§a!r11u%1n I t Ihlérrlr}]ll (1F3V)
(tbhtudhyﬂeam do) di ( p- et hyl phenyl ) -[6, 7] benzo [4,5:2",3
(]teg“tl-ﬁu %CL)I(ZS metrplgl?nd)en)gl)dl_rlzxet 1ylsdlanet1tan1um (ID 2,4-hexadiene,

(tert-butylamido)(2~ -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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yl)silanetitanium (11) I, 4-di phenyl -1, 3-but adi ene,
(t-butyl am do) di ( p- net hyl phenyl ) -[ 6, 7] benzo-[4,5: 2", 3'

W@ ¢do708348y1 | soi ndol ) - (3H) - ndene- 2- yl ) si | anet i PEMUSIMG/036038
(1'l) 1, 3-pentadiene,
(t-butylan1do)d|(p nmet hyl phenyl )-[6, 7] benzo-[4,5: 2", 3

(](tﬁ(g& liu ﬁl )I@g_ ndo 1@1&%%@ ntg l%ngtltal%/nllm%fvl ) %p glgzly% ani um
T
(%tq(r\)autﬂglgﬂp)(g% 3 dénethyhn enl}_/?)dlmetgylm a11et1tamu1n (ID) 1,3-pentadiene,

ﬁ&ért -Rigg1hR) QQthe(tle1%112?&1&%%1'12\)1&&11@1 I?E)nlzﬂd %ﬂ’en?l 2,3

nethyI%50|ndo )-(3 i ndene- 2 | ane |tan|um
18y |
j:én' ﬁwmhﬁm(ﬂﬁoe 'yﬁlﬂfeﬂﬁ%dﬂ}{étmﬁlgﬂétl}an 7%)9%%9@&%%’5 2", 3

I'I’'soi ndol I'ndene- I"aneti t ani Um
qr&,l)utﬂ@@ég)@rmethyhn enyl)d1methy131lanetltamum (IV) dimethyl,

j‘lért' QH}‘I&%QH}(Q% ZQﬁeﬂﬁg}g&fé‘cﬂh&m{étl}aﬁlﬁl H/?&P [4 5:2',3

met hylT'sol n efltanlum
qrts;,l)utjﬂ@rgx@p)(2-mgthﬁyql-ghqnylpgdenyl)dlmethylsﬂaneutamum an

(CXQhﬁﬁEH¥ Q?BSOIng(p nethylphenyl) [ 6, 7] benzo-[4,5: 2"

-i ndene- 2-
(wrt)lmtylaméo)(z-amhuh«% Phelnylumenbd)dmmliefﬂ'sylhnelltaﬁmm,(ﬂ]adB@nm:adwne,

(Qegtyﬁ)ﬁﬂﬁf&%{*?meﬁtg gl‘eiﬁylr@%)dmg@slﬂ)arf[n%hmlnb&? i,q hL}f"ddlseng

(j?drl}lmtjl'lamdb)(ih‘amnejlnyl-(nls-bﬁclcﬁ),eﬁiaqjﬁﬂl)éﬁheehyla silanetitanium (IV)
(cx I0E§E¥Ian1do)d|(p nmet hyl phenyl )-[ 6, 7] benzo-[ 4, 5: 2
%&1 ftyl i soi ndol ) - (3H) - i ndene- 2-

afdrr)wlaﬂlab)(feamam(nHb}cl@eﬁt&m&&ygamtﬂméhamlﬁﬂﬂlbﬁ{my
(cgclohexylan1d .di (p-nethyl phenyl)-[6, 7] benzo-[ 4, 5: 2
Prdmeatinid-peelisngol ) - (3H) - i ndene- 2-

(Yért)-lﬁi&lﬁﬂl@w(&ﬁ‘ﬁhé!ﬁ?lﬁqb y})clcqﬂeﬁ:tgm l)@ﬁlethylsﬂanetltamum av)
(cyclohexyl am do)'di ( p- et hyl phe ] benzo-[4,5: 2

SM?an%EthyI|SO|ndol) (3H) - |ndene 2
b

%élra-rret y%ﬁ%)'(t%\?{&ﬂl?l% yj%clopantgdden(yammet hSél%ne sam[ugl (W ben
zolp4litenzyl-1F-Jutddiewet hyl i soi ndol ) - (3H) i ndene 2-

I |Ian ni b
Gy BRI SR e by RS stensigainp s 4, 5: 2

SZF@kxmﬁmmyI|50|ndol) (3H) - |ndene 2

sil.anetit ani bi s IyI

by aasbise A R
enphmmg@15qmmaﬁma;actlce of the present i nvention

urth %%3
é W{}f prsyipipeptadiendy hdimethyilapettanigmdimethyl,
(Rert-bufyldmibo)(6, 8dimethylcyclohexadienyl)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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hexahydr onapht hal enyl ) di et hyl si | aneti t ani undi net hyl ,

(tert-butylamdo)(Il,!1,2,3-tetranethyl-2,3,4,9, 10-
Wh2007438895, 7, 8- PCT/US2006/036038

hexahydr onapht hal enyl ) di et hyl si | aneti t ani undi net hyl ,

(tert-butyl am do) (tetramethyl-h5-cycl opentadi enyl)

di net hyl si | aneti t ani um di benzyl ,

Cistiigtdy| ami do) (t et r amet hyl - h5- cycl opent adi enyl ) di me

1 (tEI@-Y)IJ lakﬁ@—?({eﬂgﬁ%{ﬁﬂ{ ng%htaﬁhewé)e%f}% dgfé—g% {uugl (H%l 4-d1plle1£yl-1 3-

butadeftnhanedl yl titani um di met hyl, .
(e: ?{)glﬁ{)%{atrl%z ,ﬁﬁgcfntdgcf Joﬁfﬂﬁ&&y éspeclal yrhdoesg Xm?tgnilrlrg (t)tﬂgrl Gsrlmllpaép metals,
willg b@oumb,diewbmﬂﬂm)t(wseisklﬁmu Itlysl arthindeaycdigieed anbngoytie) plade in:

o, 5 B VB B SR i v

Patdninyd, $i5, 186,66, 5 35563 4,U601 501297, 63]314,922 6,268,444, 6,015,868, 5,866,704, and
54;€t ?)t - butyl am do) (t et ranet hyl - h5- cycl opent adi enyl )di me
q’@ silanetitanium (1 H) 2,4-dinethyl pentadi enyl,
(t eAﬂdlbchaYéﬁmip[é@))fmﬁhlrcaﬁﬁlkaﬁ lthalnﬁ-ecayaﬁhlw@edi B idluae

| anetitaniu I | 3- but adi ene,
polyplipLastt s sy rdsceranaichipne RS S biGpant adi enyl ) di e
t hyl sil anethI ani um (I ) 1, 3-pentadi ene,
(It ert but¥J: do) (2 hyI | enyl ) di T%SI | anetTj t ani

|en b

(tel)% ba %am o)( hyI e e et h¥r‘k¥| r®ded ¢ ani
m(p) 2 adi ene,

M%ert-butyl g do) (2- metjhyl i mdenyl ) di rreM]yI SI | ane Jtanl

um (I'V) 2, 3-ldhmet hyl - 1, 3-orbut adi ene, Lhz

(tert- butyl ami do) ( 2- met hyl i ndenyl ) di met hyl si | anet i t:&Faferably

um (I'V) i sopren

(tert-butyl aml/d (} nmet hyI i ndenyl ) di rretﬁy\Kl | aneti t ani

um (I\(Eu?l t ad

(tert eyl

Ldoy (2.3 8t hy1 Rl TR Dgnet
(tert -t (TV) i 0) (/2/ y en)?ﬂ\l rre}ﬁ(/ neti

b met hyl - 1, 3- but adi en

(tert-butyl am do (2 3- di met hyI i ndenyl )dll\ﬂEt hyI sil aneti
tanium (1V) 10 I

t"ntirpnp(tert-butylamn do) (2 3-di met hyli ndenyl ) di rret hy
I silanetitanium (rV) dibenzyl

(tert-butyl am@ 2 3 di met hyl imdenyl )di/;rﬁlf hyl si | aneyi

t ani (1V) b ” b b
(ter 'tﬂ{bat_l m do ﬂgd} t hyl i|fBaytpdi met I}yWS‘i‘K%rPEti
tanlum(ll) ntadlen, N b
| 2
L h'-1 , Or Lbhv_l be .

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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(tert-butylam do) (2, 3-di met hyl i ndenyl ) di net hyl si | aneti
tanium (1) 1, 4-di phenyl- 1, 3-butadi ene,

w@ t@r3iast yl am do) ( 2- met hyl i ndenyl ) di net hyl si | BEEUS10861036038
um (11) 1, 3-pentadi ene,
(tert-butylam do) (2-net hyli ndenyl ) di net hyl sil anetitani
um (rV) dinethyl,

pherydy2,6- @meslwhalwrtyb?@diﬁ@mmlyﬁ)mwwdyz 4. eHrinectiyinbeiyl spvetafiueophenyl, 3,5-
trl?mg%#é%ﬁlph%ﬁg 5%10%6?23 ‘met hyl - 4- phenyl i ndenyl ) di net hyl si |

anetgis@widim (11) 1, 4-di phenyl -1, 3 but adi ene,

(t erﬁ/[b E% Q[elta%m ﬁ‘ﬂeg%ﬁe%?sog?%kﬁ %I‘Ogldt}lﬁ 19 %?Hl%lL)agt 1an1ctie sbénes of the

anet’ltani um
Pefibéic tlalie bfthaRieohent§. 2Pmfetabisl, Mli-lspi'@my}b B3-n8i matpl, habremefarab RN is a
Gane%} Bant gm (p) 2, 4-hexadi ene,
r(Ofl% t1 EX/I am do) (t et ranet hyl - h5- cycl opent adi enyl ) di e

t hylE® isa inamhﬂeﬁtadﬁi/almt,(dr‘tﬁvalbnﬂanhmioaiﬁaﬁi’k&mtaining from 1 to 50 atoms, not

cop el PRkt AR G PR e e Lhsr il
hyﬁfoemb}lﬂlbxgt, ﬁi(mﬁ?bym@ﬁlﬂ@ IIIi?dIrbUalrrbéyE%eﬁMﬁd) aq&y&r@aﬂ@nmlo)sﬂhm;
b Ep By BTG R R HS By o ke Mrarfored

L"tgmups a@ldlgoraﬂéyl caniatiy(, lahd chlerftedi benzyl - 1, 3- but adi ene,

t L; {Iglis ?]gt )égprt %WOL t?e E;%%gg}@%%g gcaf(l: é%lgé’ Er%f%ia%?yl f?or}l)l”l )todil; gr?d jislor

2, Mﬁ&ﬁe‘xﬁéﬁk%'x@@blgﬁacﬂtb%deﬁﬁ%hzl}g’é ballacd Y Cl opent adi enyl ) di ne
thyI silanetitani um ( dg@feﬁrretlg I -1, 3- pent adi ene,

(t er® intpsptraliieans) grouncogy wwempéaqn&w@g\}n tp§0 piopsyipcounting
hydtBEE Phdréarl YRl IRtidhde aliphatic and aromatic amines, phosphines, and etlllers

(tert-butyl an do) (6, 6-di met hyl cycl ohexadi enyl’) di meth
alkgnes, plkadigngs, pndhin i §W'{1tuted derivatives thereof. Suitable 1nert substituents include

ha(Jg@ﬁ talkgk'}t X{}/ﬁﬁy dPdok: o&boﬂ&l”ﬁglmlylcal%ogyl A @ydBearbyl)amine,

hexahydr ona
tr191y§h@qubyl}$yylsaqdalﬁgie| g%“m; u]ffgferfgd .’ﬁygroups include triphenylphosphine,

£ e WSnhehiLamet hyl -2, 3, 4,9, 10-
B T e S e

yl) of isrest msﬂg@lftom’ﬂeﬁoﬂﬁ ani undi et hyl
(1 er o AR (LR %@%ﬁn’e@ P66 O RER AR Rl Whing
| phenyl silTaneti’tani um I met iyl
structure;
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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(tert-butyl am do) (tetranethyl -h5-cycl opent adi enyl
nmet hyl phenyl sil anetitanium (I1)
wda et7esakenvl - 1. 3- but adi ene. di net hyl , and PCT/US2006/036038
1-(tert-butyl am do)-2-(tetramet hyl - h5-cycl opent adi enyl
)ethanediyl-titaniun1(||) 1, 4-di phenyl - 1, 3-
dlene Q her, delocallzed - bonded c nplexes
°é§ &l gropps W@&’é‘lgc‘@ﬁf’aﬁ“ﬂ‘ieﬁif%‘la%é?r t?ﬁ‘%‘@fﬁarﬁowﬁ%cy"loalkyl aryl,

dkakyl, aliphatic Ok ArdMatidIRteRE AicBREupk, drdaBR DR indkdahic %ﬁgdiﬁbrﬁ: NRlymeric or
art, and are disclosed anpng ot her places in:

S mans, aphrinafipdnsay ppe s oot 1mmyéﬁzlswbstwd derivatives

tﬂ&@o'f/ PRede8 @b’a@&;ﬂé& ﬂﬁﬁteﬁiﬁbcﬁm@nt 2ditaid Bom Ht02b,mé&s eferab 1 from 3 to
150, 297, 034,022, 268, 444, 6,015,868, 5,8

3é2n%11 @%me@@bly fromif {9 @ﬁéﬂmwswn@g lyriroges agl agedipic hséégcychc

t hat oL@ pids 6f pbiede ETIYEUHE Gre fg@ﬁc@dr& doﬂeépegcﬁn%)@ |tlYth@il<?vmlg formulas:
Lewi s base conpound corresponding to the Tormul a:

( g- erébly t H. brERD) g - de)(
ﬁ%% Qgg ;ﬁ%)% th /%ﬁg? mﬁz 5%R§£
|dg|ng groug? pref wrably ontalnln 2 o[/§gre N

atons ot her than hydrogen Xb and Yb are each

ependent |y hected fromthe group consisting of _.
Hggjogen Ltfﬁﬁ'2qugen(8ﬁd]§hpsphor@§33nnréwg R
pr Kbﬁdh{y both Xb Rnd-Cfb are nicd rogen, Rb and G&L-c
ependéhtly eacH7occuPhenee4é?e hyd&ogemron%é 50 N\
hydrocarb | groups optionally containing one or nore
het erEaah @iko h'ydx@mtrb)yl ggup.giréferable chethat, iethalt, peopyh epepfl, t-butyl,

phelgil ui;%e Elyﬁ)ﬁ g&z};// or t%irﬂ/;l”tﬁa%gr al )}110rhytlroczrr f?aqr%ﬁagly 1rrethy1 ethyl,
rapldpyl,quirm@l kplity) ph&mpls 2,6aﬁ‘m&tha_5ﬂﬂ>heﬁﬂ bentylagestyl. In addltlon two or more R

@sphor us hal oge ubst ted der t e
PR R i Ra R RT Be Sy SRRl forhg Pl gaf B ofa
IytoupbylighaipLieh 821 Aybhtyleat, h}ﬂ-penty&ﬁa,ro@ pytulticpelicyfusqaheigypolyvalent

5o byl or BRI BT S ok PP B o

tri f Iefeeeedamppiienyd foraablg PeYdnt Lewis base complexes include:

H

, Wherein

¢

rRY R?
/ /
NERN NZTN
b'y b' by b
MPL, MUY,
o) S
2 2
¢ Y, ,
Rdl %dl
U dl
R ﬁ BN
- by b Mb Lb
MbL?,
o S
2
2 , ,
RYy ’ Ry ’

41



gis Oor 1; Mois a netallic elenment selected from

G oups 3 to 15, or the Lanthanide series of the
w@eoo7085485 Tabl e of the El enents. Preferably, MCT/BSH06/036038

Group 3-13 nmetal, nore preferably Mo is a Goup 4-10

metal ; Lb is a nonoval ent, divalent, or trivalent

anionic ligand containing from1l to 50 atons, not '

count i ngrhydr ogen. Exambl es of suitalbte Lb groups R*

im®yude Hahi de; Bfqri dd; qhydr qeafbyl , / droc

i (hy byl ) am do=hygdr ocar|byl e
i (hydr ocarjiayi®) phosghi do;|Mig&iriocar pyl su M"L"'pl ;
R byl{oxy, | dr dcar byk al kyl ; '
ar boxyJatgs. etired Ub . Ci
- 20¢dr al ? , ' Lide; is gh in;lgjer
6, preferably from1l to 4, nore preferably from1l to »
3, and j is 1 or 2, with the value h x,j selected to _g
provi de Bharge b Idance17 Zb is a neutrgl_ligand group
8\ to ) K050 atofs nof _N
dr og S clude b b
(o B hogphi n @L%and ethers, |ML2
Al kadi d |i nert |y subgtT tjut ed N
erivatrves the . /Suitlabl e j nert subgtituents \__
itncl ude hallggen; aryl oxy, al ko é‘arbon , 2

aryl oxycar bonyla, d| (hyd;rocar byl ) am ne, ;

L e RE Gy heeumbas i enthdstty Sl B and b8l ot of

hfwfogeh ad,C, a1y dibeatbyd Igtdﬁﬁibﬁtlb?ﬂll@gblﬁggmg fogle & nidie heﬁiérgzgaﬁs, or inertly
m1l to 3; two or ee Q , .an ' may be
e d-ytinarReb of bl eve R el g fossthr form

divaldn€ bridg@ig diops an i nteger from1l to 6, preferably
from%.s:%q 4, nore preferably from1 to 3; indicates
any fofmof electronic interaction conprising a net
coul anBiisca @by AGthiOprefeRDRARINRNM ¥r BBRIH bAAEBuPN 0 metal, preferably Ni or
coval ent bonds, including nultiple bonds; arrows
¥ gni fy coordi nate bonds; and dotted Ilnes i ndi cate

opt i arbag a@%maﬁenbl of pto 80 8oRFRALLERAL hydrdgeh Spreferably halide or
preferred that Rb have fel at | velél ow steric hindrance

hptoparp¥spiewe Lt growps togsiher piee divelsatormewital ligand erogpgrefpiably 2 Coso
@Brogareyiafe ﬁfc@ocﬁﬁbﬁcﬁ&@i‘ﬁwﬁ@@bﬁb al kyl groups, straight

Cchai n kenyl g; branched chai n al kyl groups
wher ef lw polysaleqt hewis a%ﬂﬁﬁéh?‘ﬁﬁé“p’é‘? ttthq presgnt ipvegtien egpecially include

@{)m n{eﬁm\fﬁgtnfeg Qfﬁeé@ll l%@qulg ﬂgx@van%s %Y I‘Hcﬁ’&glrbmélnﬂ{@ sibtituted
al Koxy or trihydrocar byI Si Ity substi t ut ed
heteroaryl compounds corresponding to the formula:

1
,N< T R12
11 ¥
R IXIx

-~

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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derivatives thereof. Hi ghly preferred Rb groups in

this enbodi nent are C -g straight chain al kyl groups.
wa@\Roorioas48mne time, in this enbodi nent Rb' pref PCHDB3006/036038
has relatively high steric hindrance with respect to

Yb. Non-limting exanples of suitable Rb' groups for

t hi s_enbodi-ment- -t ncl ude al kyl or al kenyl groups ) L
cont B it hgs 6 AEEBROHEPE iy st WREHORRIYY. caepiaty o pyridin-2-
yE @ﬂiu@ﬁtﬁu’ce@yﬁidﬁﬁﬂy}v’%mu}ﬁdﬂé'dival%hﬂ‘&ﬁyitive fletdRat i c or

aromat,i.c heterocyclic groups, organic or inorganic

ol i gbhet # Eroupdmstalnrefergbly 83fipe  gr oups, and hal o,

di hy gt aCaraRvhRMdiRal o bisMisYic Qfanlilgtdaydr ocar byl si |yl
substituted derivatives thereof. Preferred Rb' groups

in t K& 2enmbuifinent toddndisating fie dhinberogsueh X geoups; and

pr ef 86,:1] optibid? Bdmls bkl tiroR BShatfRSihteREGIHS Eu%kf%ﬁf sfefggcm)f’lil{eg, dotted
20 atoms not counting hydrogen and are bra c%e or

liggsand arroveaspsbteslyof preferred Tb groups are structures

corr [ -as: ST
Rl | 2R OIS st WA Mo R o M g liminaton
fremtild amipe groemanid optionatly fryin thetlossof gihe orpipesadditional groups, especially
fidmGd] Iﬂggél?f&f,) Ql%&%’ n’ do%ﬁﬁﬁ ¥1Jom tl‘?e]r Let\xﬁ% %!sf fuﬁ@t‘fo@alﬁ&ﬁr&e&bl& IaIQ electron
hydr ocar byl , "preterably nethyl, ethyl, n-pro

pair, prayplps additidnalt syebilitytodingthetal 2eiGerd iPreferregd npdted nyrhplexpe naydspond to the
fQbukol Yyl . In addition, two or nore Rd or Re groups, or
m xtures of Rd and Re groups may together forma

pol yval ent derivative of 8 hydgocar byl group, such as,
1, 4-butyl ene, 1,5-pentyleng, a multicyclic, fused
ring, polyval ent hydrocarbyt= het er ohydr ocar byl -
group, such as napht hal iptp. Preferred
exanpl es of the fore g]ng al ent Lew s base

conpl exes include:wﬂgﬁein eQch occurrence is

i ndependent |y selected\?rpﬁthgRgroup consi sting of
hydrogen and G 50 hydrocarpyl groups optionally
cont ai ning one or nore hef&neatoms, or, inertly
substituted derivative thereof, or fUV?%%P optionally,
two Mj¥cenhR " Rdd gt aupspreyustyagéindder f orm a di val ent

or of Br o 1 ¢ HELR) RS odemntilo i 81 Pt Ty

hgereéyetoalidyly ay, opsilyPgiougt & upSo 20 sromON@ kaiting hygieep@n, ok adjficent R, RM,

ts0 50 atons npt. couynti roen, preferably halide
L S A e o VAR
di vabeti, iptionaebidridehnd dl@abidlpGr doufitive prterh@loaddry réprdsan &y lines,

rocar hyl ene, hydrocarbadiyl or diene group. The
dg%ﬁ}@%V@ F“E%%?@m'ﬁ§g“conplexes for use in the present

| NVeMordifteRERE&ambleY of A TorddBinietiPcdpde@dorrespond to the formula:
derivatives, especially hafniumderivatives of
hydr ocar byl anmi ne substitute &yl conpounds

corresponding to the fq;qﬁ@a:
RN\
C

, Wherein
M, X', and x* are as previously defined,
R R R and RS are as previously defined, preferably R®, R and R® are hydrogen, or
Ci4 alkyl, and R'® is Cg.9 aryl, most preferably naphthalenyl;
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wherein: RL 1 is selected from al kyl, cycl oal kyl,

het er oal kyl, cycl oheteroal kyl, aryl, and inertly
wamssi4et ed derivatives thereof containing frpor/LS1006/036038

30 atonms not counting hydrogen or a dival ent

derivative thereof; T1 is a divalent bridging group of

from Jto 4 other th rogen, . preferapl .
to zdg“a'e%?ﬁ@]dsetheegﬁi WG %eﬂweﬂ?g HisEs %%Ifrsga%lﬁk 4n two
dﬂhBOposﬁlbnﬁtb'the(ﬁl]iro%@x RSB R Y butsy Est it utb edR12 is a
t r ro cont ai ni n ew s
funct eﬁl&{ Qt@ yl)c/le@g%ﬁ}e each ycegrrﬁ%e%fﬁ h(}(d@geryf1 ﬁ%@p or a Cy.p alkyl or aryl
DS ot pheEShaly beclif R Zmdl IR "0 RdfRogh aiil 6 Br@NE Cq o aryl oup, especially

derlvatlve thereof; ML is a Goup 4 netal, prefera
hispripRitphsay! pica fyped palyeyelie arvhergen. sosigreferably ay ﬁrﬂéra?qnglﬂwp, and
9 I OUPsonds, optfond HRLIEREH efe&ﬁﬁ@p@m'ﬂ&m’tﬁvé ReblfBds ALk &%@sented by lines,

unber of such X1 groups; and bonds, optional bonds
Clﬁ’ﬁéid kines @nd BrPWY6esELFEIVRY- nt eractions are represented by
I'i nesy; gl?&ﬁe@&reh b {3EP c@\lﬂgeﬁg fo?ﬂ@ Hefe (131&%%@\53& ¥-thedFofth ﬁcrl red
conplexes are those wherein ligand forrmation resu
from hydr ogen eI|n1nat|£F'9$on1the am ne group and
optionally fromthe I os \' one or nore additional
groups, especially fromREX Rdn addition, electron
donation fromthe Lew s basepfjun t|o~aI|ty preferably
an el ectron pair,HgfolCdes Addit z stqgj ity to the

nmetal center. Prefer aL\co .orrespond to
the formula: , where X1, Tl are as
previ ously defi ned, 4, 5 and~ are
hydrogen, halo, or angHatkmt, cyel oal kyl, heteroal kyl,
het erocycl oal kyl, aryl, or sil¥2 group of up,to 20

atons not counting hydrogen or adj acent R13. R14,
or RIBheginXpeachasrumence & e, Nodimedylands b 4fa8?yh1an<§preferably

dabis6duirdROxUB8MieMALI ves, and bonds, optional bonds and
el ectron pair donative interactions are represented b

| i nesk’ ifispendentlyicprhicocaines is bydsogeadisloger, CedoplkylBr G20 aryl, or two
R LLRR gx‘éhg%?émh@étog&hér Rrdb9 &%g'lgmfg%ﬁ le 130105%8 X e S

correspon herein
are &% np)deemdemihvl eycld@wrrw@de is m&ogemlmlogm 5 amﬂwmscam eryl, or two

v I nd R15
agfde%g} d og%na}le fg?ﬂé%{%ggtg?kyﬁ‘?{b‘?raf@x}ﬁh%ﬁ%% (ﬁgﬁ%ogar yl,
nmost Mp%h’@hb{bvqufermdphmdtseqfwetaﬂ?aommmp@nd@mmoydle&tohhe present

v P&{ ﬁg?&n@e%f e ﬁlllg*wng faRdig 1S 1-5, nost

prefera
Q= @@
(ch)zHcT SR \_7 @ (H3C)HC / @

\ A
and (H3C)2HC 1

wherein R” is Cy.4 alkyl or cycloalkyl, preferably methyl, isopropyl, t-butyl or cyclohexyl;

and
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ortho- positions to the nitrogen is isopropyl or

t-butyl; R17 and R18 independently each occurrence are
whyavosas; hal ogen, or a Q -20 al kyl or aryl grPOL/PS2006/036038

nost preferably one of R17 and R18 is hydrogen and the

other is a C6-2Caryl group, especially 2-isopropyl,

phenyl or a fused rou

D of aPabpPy et e ety Boiplosd irilingds D prsthigrention

ihahidds and electron palr donatlve i nteractions are

represented by |in i nes: and arrows

r es pdr@pedif) -mfriiilséﬁ lxl)Pb?1@%)@P&delﬁo-mlxﬂ-lwwﬁﬂe@;@e@ylf%wr%bz-

RAmSinOMEeeRARskity® the formul a: wherein X1 each
occurrence is halide, N, N-di met hyl ami do, or G - alkyl,

and dNe(fZércaﬁrlyet@d@hvlmb@rwbmeﬁe)éo solyl)(e-naptiinyen: 2- cm1<6-pyndm-z-
I s hydrogen, hal ogen,

}%ﬁﬂ%@%@%@ﬁ@h&n%@ﬁﬁi% P&ﬂ%i two adj acent Rf groups

are j[N}-(ﬁédil([lag@h)ﬂﬁhyllphmybhrmdf))ﬁ bm)lyg(otalaphﬂ’lgcen—zl-dxj/l(ﬁ-p'ylsdm—Z—

ndently each occurrence is hydrogen,

‘ﬁ%f%ﬁ?ﬁ%ﬂﬁﬁnﬁﬁgPﬁﬁrg ’or C - Qaryl, or two adjacent Rc

grou r[SI (af6&11(1 l%ﬂﬂdethﬁﬁﬁ&d?ggmﬂhﬁié ESb})’roﬁﬂlfh’éhﬂﬂ?c&laﬁhtMH-mgl(6-pyr1d111~

preferred exanpl es of netal
%QW@W@&%@H %?mﬂ§%%§%%0rdlng to the present invention
ar e qﬂmglsediﬁsn&ﬁylétﬂﬁ)phé}iyl)%ﬂdsﬂz fs@%r@%lﬁx%nﬁ%%%ﬁhﬁhl&Z -Hi§1(6-pyridin-
a

or cycl oal kyl, prefera
%@ﬂbﬁﬁb%eﬂh%fms@td}m Nydingethylagrdody | ; andExaan es of netal

conpliRxes. -4 er}rzlédigleléﬁhﬁﬂ;ﬂérﬁﬁﬁgid@ﬁf—ﬁBﬂjo&qpﬁeﬂyﬁ(ngaﬁ{tﬁ?&@-diyl(ﬁpyridin-

i nvention I
%ﬁﬂb@ﬂh@wﬁhﬁhmmmﬁ%WH@mhyI)phenyl)an1do)(o tolyl) (a-nap

ht ha'[ﬁﬂ{z% HYh B R £ d S A TR DN LALLM 2 diyi6-pyridin-

di nmet
}d@mﬁaﬁmﬂnhmmmmmﬂmahﬂhyl)phenyl)an1do)(o tolyl)(

gl- ?ﬁl, @%ﬁﬁ{]ﬁgﬁt@ﬂ%%%phg %/hgrgljgn)&p%é}l I%er? %ﬁp (?rpa}e) 1111!1]611—9 d1y|in6-pyr1d1n-

2ldipmrhetydnefThathip iemyN-H g Ghido); and

-tol ht
gl y|o)%Ie(zz;%gcha)atirl)qﬁ]é}flﬁpﬂ}p\hﬁﬁygﬁp]gg)(}d)@nanthren- -yl)(oc-naphthalen—Z diyl(6-pyridin-

&l{l%lﬁetﬁmﬂ)]ﬁz{fnlﬂﬁtdﬁmo%{fdbyl ) phenyl’) am do) (2-i sopropyl phen
yl a- nishthalen 2-diyl (6-pyridin-

2-di >}Z|I I)dﬁb Y @argﬂnwalpcmlqﬁlﬁp@ﬂ EPIERAre the metal complexes used in the present
1{14&1{1&161 ﬁlﬁgl %llto an’gfﬁﬁh% Qﬂﬁgéi a@eﬂ)& %%ub SRR Lﬁﬂ@@-posmon of

tlze mwn)mlt gn@mpeg }dbmfctip @Immméqn,, ﬁe@bmlmwyaﬁqmdng metal complexes wherein

IF‘l %lzls QOVQL H‘P, ntdQ ggtmﬁze)ég I?lﬁl &Qnacfn ggcpul) (al%d {308 5-8(%%108 o? the a-
a- nap a pyTr
naphthalenyl group, as well as stabilized by coordination to the pyridinyl nitrogen atom through the

electron pair of the nitrogen atom.
Additional suitable metal complexes of polyvalent Lewis bases for use herein include

compounds corresponding to the formula:

AN

20
20\ / R
o~ﬁ4 -0
Gg

, where:

R* is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not

45



2-di yl ) met hane) ] haf hi um di chl ori de;

pSf-(2,6-di (I-nethylethyl)phenyl)am do) (phenant hren-5-
W@ kjoga3saspht hal en- 2- di yl (6-pyri di n- PCT/US2006/036038

2-di yl ) met hane) ] haf hi um di et hyl ;

[ N' ('12’59% g;‘rgl#cﬁﬂ)?feﬁé/ ér%c}glyel %@Jﬂ% %X%Prélﬁ‘l 4924 ﬂ&gp&ﬁtcgﬁn?pg Eydrogen, or
mlzn@il)y$U)3$téutbfhd\%yV}\Mﬁhﬁrmf; di (N, N- d| met hyl ami do); and

[N- (lgl 03 gilrg t4%t rg eg%y)Zﬁ)fh&q nql%(phenal itliren-5

2 d| 0/ IiS)amamhaln,s)e]mzafoh iliamoaic hgdnd lgroa;ip, préfadbly athhlider Byaiedcbyl or

used Iexes used in

dllg}ﬁiro%arto Yl ﬁite gfoup ha ha 111% t%%h atoHly a?tgglglﬁingily rpgeny, | posi tion

of tgne aaunbg Iﬁrtohma]l wﬁencgcanmg)tlﬁ m’msbar piigvehl Gadrovipleand

ri.di n-2- rou ubj e

o1 © R 8 sBodr Pl fpiendere BRI S0apbessmectively

wherReeferablyesubietanpléxss eopregioaitd the foanded to both the

resul ting am de group and to the 2-position of the a-

napht hal enyl group, as vve ?s stabilized by

coordination to the py ' d| ny \nl trogen atomt hrough

the el ectron pair of j1e oggh atom Additional

suitabl e netal conpl Bfes ([(fﬁo yval ent Lewi s bases for

use herein include coﬁpo nd orresponding to the

formula: , where: R20 i§ an ar omatyierdy: i nertly

subst;ituted aromatic group containing from5 to 20

at ors intivalent bridging arpdRofiitom %iee0 glomsnpgontipedugrosuy prgfgrably a
subdti@fRdloruRsuBQitRb DB ¢ AR lenePMPt 4fdg hydrogen, or an

inertly substituted derivative thereof, M3 is a G oup

4 rehtaindepspdsmgly sashpeartenssrs arardenelos iyl orgrylsubstituted arylene
gra{f)lo@woﬁmequwo@s thrcoﬁixhtﬁiQ'h9&béénl i gand group; preferably
al  de, hydrocar by di hydr ocar byl am de group
hawMng a5reup 42oetal Efﬁf?f%bb’thaﬁwwm)ﬂ Ziygotiyy ogen; g i s a
nu m@ fndgﬂ’eﬁﬁengly E&h %céugx‘éh(%q; Mlo'il% neﬂﬁm? rdlaﬁfconﬁ a%{ﬂ}dgﬁoup,

groups; ‘and bond ectron donative I nter

are glépn@rshqur@m Iy Slindiessingithe nunbey wEsuck Kmsepseatly .

Pr ef to the fornul a:

, GZ{CQ%XOH %‘%ﬁgte%%&?l\lsl g{éﬁﬁ,{ggg |Ed a%g)q’gr oup of from 2

Frefeped evempiss pbneteleamplenes ofi faiesoe rﬁomlplaeﬁcémcabhqrfoaowmg compounds :
substituted or unsubstituted, ,C3-6 al kylene group; and

Ar2 independently each occur;Re ce i;'s an aryl ene or an

al kyl’- or aryl-substituted arygroup of from6 to

where M® is Hf or Zr;
Ar* is Ce.p0 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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MB is a Goup 4 netal, preferably hafniumor

zirconium G independently each occurrence is an
wa@nroogssass neut ral or di anionic |ligand group; gPCEHUS2006/036038

nunber from1 to 5 indicating the nunber of such X

groups; and el ectron donative interactions are

repr arrows. Preferred e es of al

oDl BB P T Ry SHTRAS A Toa B ERRSSY F G gloalivtene

grouy otdidsertly wvetitetedBerivatiwdithedsofZr ; Ar4d i s C6-2oaryl or

|nert N, subs Itute derlvatlves th r eof S

i & g}?ﬁf}ﬁw %] ﬁgWFncegs ltyd Eeen & SJBJ%}@rOfﬁEQn&;@yér%carbylsﬂyl or
tﬁh&t@ﬁ@ﬂ:ynsﬂymydrmk@i dfuplte S@EtoRBhRCaGRING ﬁycud,gen &lﬁd’ T4
|ndeQ§ nth%~§a0h occurrence conPrlses a %
gr oup® N CFOACRYNERE bkt hydsecarhy] ?rﬁ%wdrcg?ar yisiy1 group of
B 9D ok @6k dd@ikting %&dr&,@nt fer@ebiu sFQgeihef ndeRRAEAHelVative of the
each occurrence I.s hydrogen, ? hydrocar byl ,

foreepipg %lf%aﬁs‘/l%rtrllgédeOC@PylﬂlelsgP&Piacar byl si | yl hydr ocar byl
of UpPEdeciAl RORER Aonpostdt bN@e P¥di@gen; and G

i ndependently each occurrence is halo or a hydrocar byl
or trihydrocarbylsilyl group of up trRf'20 atons not
counting hydrogen, or 2 G groups_todether are a

di val ent derivative of the faeregping hydrocarbyl or
trihydrocarbyl silyl groups.” ESp&g y preferred are
conmpounds of the fornula: where

3, 5-di (i sopropyl)phenyl, 3,5-di¢i sobd
di benzo-1 Hpyrrole-1-yl, or anyhga <V-
hydr ogen, hal o, or Cl alkyl, «
propan-1|, 3-diyl or b‘ 4-Ai'y
met hyl or benzyl . (gb ly preferred netal
conpl ex of the foregO|'o forndla is: The foregoing
pol yval ent Lewi s base conplefes are conveniently
prepared by standard net{?l#’ nAand | i gand exchange
procedures involving a soue® of the Goup 4 netal and
t he neutral polyfunctiopgd |igand source. In addition,
the conpl exes nmay al so“be prepared by nmeans of an
am de elimnation and hydrocarbyl ati on process
st ar twigeih AT B,I.aai(ﬁgprb@s}pﬂagi, BG-dWiRbRyHpHeRf alibenzo-1H-pyrrole-1-yl, or
tetraam de and a hydrocarbyl ati ng agent, such as

3ERAYI-al umi num ~ Gt her techni ques may be used as
melljkﬁn oSN %EE 18RIy eyt he di scl osures

n%jer by bﬁllgynts 3%0%5 6, 103, 657, WO

02/ 38%28Pr°m b%ﬁwaaré’s anérf*ddlﬂsam/ 0220050. Addi ti onal
sui t apliseniges, MetPoaRHAMNS for use herein include G oup

4-10 netal derivatives corresponding to the formula:
A most highly preferred metal complex of the foregoing formula is:

?TAand‘G is chloro,
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wherein M2 is a nmetal of G oups 4-10 of the Periodic

Tabl e of the elenents, preferably Goup 4 netals,
woqoioys4es Pd(11), nost preferably zirconi um HRCI/S2086/036038

ni trogen, oxygen or phosphorus containing group; X2 is

hal o, hydrocarbyl, or hydrocarbyloxy; t is one or two;

x" is a nunber selected to provide charge bal ance; and

T2 and N are |inked by g7br\dging |igand. Such

catal ysts have been pre\ ousfy discl®8ed in J. Am

Chem Soc 118, 267-268 ( Chem Soc .
117, 6414 -6415 (1995), 3 Qrgé allics, 16,

1514- 1516, (1997), anonghH =xXanpl es of the
foregoi ng netal conpl ex omal\ ¢ diim ne or

aromati c di oxyi mne co nmet al s,

especially zirconium co e formul a:
wherein; M2, X2 and T2-a [ 7By Ou defined; Rd

i ndependent |y each c@ 66" , hal ogen, or
Re; and Re i ndependenti~y ceis

Cl- 20nydrocar byl or a het _egpecially a F, N

S or P- substituted derivag , nore
preferably C -10 hydrocanl 4
derivative thereof, nost J
di al kyl am noal kyl, pyrg ﬁ ,
per f |l uor ophenyl , cycloa yl,
aralkyl Most preferred exanples of the f-oregoing

met al | exes are aromati c di oxyi m ne conpl exes of
zirc oﬂ‘}e ngg‘&’ﬂﬁ PLEBIsAH TS Base S leET st v eet s prpparRg by gfandard

B&alPE6Y hrushid éi&ﬁdn@@ﬂrocé@lﬁﬁﬁ B alin¥ a%urée(l)fiﬂ%ctﬁl‘aﬁﬁﬁ Q)léial and the neutral
st referably met hyl or benzyl; and Re' is nethyl,
ngy 1gq:nd BRAISA: | In e%tfoé‘p@ﬁ f;%;]lple&g?@pbﬂ@(lgﬂ prepared by means of an
a%nﬂ@élﬁﬁﬂldﬁbﬁ 'aﬂﬂ%}’dcarb%’laﬂon ﬁéﬁﬁtsmmn{)ﬂﬂg ¥ttesponding Group 4 metal -
2- pyrrolg N-rnet hy I,

rrolg | perideny
R‘]‘W(}w bqr hyéeélﬁ% pgen @wh g b m@thyb‘xﬁ) inum. Other techniques may be
l%ecﬁasdﬁ'mt[‘ﬂwepﬁbﬁ?%ies aFEQ&E‘JVH 9‘519%%%&05111‘65 of, amon others US patents

di (i soprop p 6- trimeth henyf
G200 8 0 L RIS WA 01 oS GOE0F,
phos pﬂdﬂidﬁhl%ﬁﬁﬁém&% 8@]{?9 s B 8 élg% n&lP%e!':@roep BIOREh1 derivatives

These conpl exes correspond to t

rrrpslimitePrmI4Rf ) 3-f, wherein: Rf is a nonoval ent

ligand or two Rf groups together are a dival ent
ligand, preferably Rf ig/-N -
M’ X
<T2

wherein

M? is a metal of Groups 4-10 of the Periodic Table of the elements, preferably
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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hydrogen or Cl.4 alkyl; Mis a Goup 4 netal, K2 is a

group containi ng del ocalized p-el ectrons through which
w2o07e333etind to M said K2 group containi ng upP¢DUSII6/036038

atons not counting hydrogen atons, and fis 1 or 2.

Cat al ysts havi ng high comonomer i ncorporation

properties are als own to r |nc rporate in situ

P DT b TE R AEPHS TERL G 1 HER dkige oraromatic

dionyirfigle EdiEp1RRS YTRbLF Ak, dshé glzlr&)mum{ eértedfonding to the formula:

elimnation and chain term nation of gromnng polyner,

or other process. The concentrati orRpf sucR"l ong chain

olefins is particularly enhaanﬂ by e of continuous

sol ution polynerlzatloR.condlylons at/ trgN

conver si ons, espe%pally S enq2 oner si oN

percent or greate S R

conditions a s

group terni nate TE et 11
grow ng pol ynmer cha esultlng in the formation of
| ong chai n branchey, at i s,Rbranches of a carbon

| ength greater t iRdh woulRe resul't from ot her

del i beratel y added conononer. Mbreover, such chains
ref | eclierdille presence of other compnomers present in

the rea Jm xt ure, t.ig, the chains may incl ude
T e e ReBeRc d |

short™c nching as well, depending

on t e ispEieRBeacOsPasdntd ©Ryd@bgdn1@1dgea of RQancm xture.
However., , t he ke nce of a CSA during. polynerization
[

can serfdag) OCEHEPPFHE Cete e OO Birfficirentom- especially aF. N, S

I PasbRiitHed GérVevelth@edf; &ﬁ&re Bﬁf&ﬂil}t (Yl 19ﬁyd§3&6rb9ﬁ3r)é'}‘&fr N substituted
chai ns become attached ies and are

JorreRsp hstror Mmosh m?fafé?lgalkﬁlg dﬁlkﬁgaarqoaléylewrwiyﬁme&ﬁenyi gerfluorophenyl,

@aealgyle@smamyﬁyﬁmﬂagnq 1.t he incidence of the foregoing
I ong chai n”_branched polyner cont ai ni ng segnments or

bl oc @O%vf%vd e¥ples efthp foregoingymain) comRlexes Alietar aptip fliogpmine
c%?lek& o 2R, b&retslliﬁdi ?'t& h@korhf@Ct or or

pol ynmeri zati on zone th is just prior to or even

after the exit thereof. In this manner,
pol yneri zati on under conventi ongal condi tiopfs is
attai ned and CSA is contacted th pre rd pol ymer
segnents forned under stead [

of er r ed ZkX, her eyn 4
vated/ﬁp forp theNactive
prrbt@at NoA—wi t h a COcHial yst,
ng cocaﬂalyst a strong Lew s
ereof. Rn a preferred

preferably a cation
acid, or a conbination
enbodi nent, the shuttlinv 2} is enpl oyed both for
pur poses of chain transfer and as the opt i onal , Of
cocat al yst conmponent of the catalyst(&%HPOS|t|on

3)3

—N O C(CHs)

(H;C)3 0 N=
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The netal conpl exes desirably are rendered
catal ytically active by conbination with a cation

wo eoomiossystocat al yst, such as those previ ously RODWA20061036038
the art for use with Goup 4 netal olefin
polynerization conpl exes. Suitable cation formng
cocatal ysts for use herein include neutral Lew s
aci dsW%{¥h as G -30 hydrocarbyl substituted G oup 13
COMPOKATEl§s prERRREI REihad, hréfefBY /At Qﬂ%ﬁ%&r})fl HAB: Bi-é@rab‘i’f methyl or benzyl,
tri (hydrocarbyl ) boron conpoun ds’ and h ogenat ed
%@ncludlng per hal ogenat ed) derivatives thereof, having

fromget Q nldhyE ASBRRSL, & Ehtﬁacgigloﬁéﬁ@ﬁ Q%/@l% Pl el ?&@ﬁ&&l‘@ 4-

hydr ocar byl "group, " nor e especi al per uor|

ctlmﬁt{lﬂ?xﬂlqhwﬂo%%@%%m@yl- mdrqivds%ple@;ﬂemrldﬂwthyl-Z-plperldenyl
f
T L

timeidylpbényy t he use of such compounds under oxi di zi ng

; g 22 ' ’j:]{gg&ﬁ%_}mge%b%gﬂx@g 416 ntlcl;sib légﬁang‘{)ho?}gﬂﬁﬁﬂlm% |I%n‘nplexes are disclosed in

EslﬁAffi@ﬁS&] mThesglcomgplefes ccmqamnldm the fcnmnlaomR 0 BrNTIME D) (RY);., wherein:
gg 'ng aq?l’lsbe} ﬁloﬁoﬁglﬁ@ggﬁéluogg\%m iﬁ ?cguﬁs POﬁetﬁer a\r/ega{ d1§z?r%ntt figa?ld C)preferably Rfis
hyflropéreorfay ellypl; ng cati on forn1ng cocat al ysts and
tech ue The regoi ng activating cocatal ysts and
actlggﬁ?néﬂyggﬁﬁE%Ues have been previously taught with
r es pectis b grodp tdnesicing ddkbiided a@igtraxdiFohrwiadhald ifibound to M, said K>
éﬁyynerjzatlon in the follow ng references:

PRSRPAG S 10 LepnEno] gopntisg iR haigmp 6Ad 507,
US- A-f5s B3d2.106, US- A- 5 721, 185, US-A-5, 350, 723,
us- A éﬁf@}? 872 g 625, 087, US-A-5, 883, 204
US- A lgg h{g c%n@o%%mﬁgorabm WFIIBS g‘& alsgklaywn to relncorporate
zmﬁréﬁﬂ&lﬁongc&haﬁloﬂbﬁlb féE\ﬁtnfgf in&184Ak 1 |duﬂﬂ9gVﬂ1§pcﬂﬁh€1l&at1on through B-
especi ally the conbination of a trialkyl alum num

High Perhpin dermanation of sEQFYRHPRLYTGE, 08 QENT BPYE;Y- The concentration
BERHRoRWaid oltfhom gmhﬁm dnhAddYEiby%E Bbwnmfa,ﬁ%mfw@@wﬁenzauon

having from 1 to 20 carbons in each hydrocarbyl group,
caapeiat high eqnversigan erpeiallyresiran §9versioBmRE, 95 Percer eF greater, more
;ﬁé'f%blgl at étﬁ’ﬁé‘Lth)m%%éﬁJﬁs Bt goftbntlof BleSte Alflle ¥l tn8fiold 4 dhnall but
pol ymeric or oligoneric alunpxane, and conbi nations
d@Tectabls vl af @ivyh epun tevpinatedatodymeg miple by rginfgrporated into a growing
Hofy'n§§ E}?JH ?Jshlﬁgé ﬁmﬁ@faﬁha)ug& BﬁGEg Mfaﬁlrbrﬁlcﬂégl t)ﬁﬁ% 'b&na{es of a carbon

i gOﬁ‘EfI c al unoxane may used as activati ng
I@Kgghgraqtgrgh@ waodaealtfeom qﬁmr éphhemtqlbgidgcl copgemainer. Moreover, such chains

X
Yoo mhg iSreEJn'cé &ipd%ﬁgr @5%&85191@ ?egérﬂé Je)t?% %P&Io}p f ?H% %I&i% ochams may
nlohgleﬁbort ert QI@‘PHE chain blfaocrhmgrag vs@brqspmdm ou;d@fcamower composition of
i [ t i nv i -
e i UL N
infadeatd efjoe ghrio tbomehinginca theompatajdyite of thoprdyoer dhaiastiengue attached to
| 00 rei ardi nati ng"

et apalhe HSRREOT Pl Bl BERGARGC Ve

t her dn theqmselﬂnnmmiumhthb sicuimop ofitha Kdrygotrpdomy ahait dchntled polymer
C%Htg%lln% g r%nel Lo BIOB ysrngab o é/u[ex.hanfer?il_bé/ y%%lthe agcﬁ{lory o# thebééA 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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noncoordi nating anion specifically refers to an anion

whi ch when functioning as a charge bal ancing anion in
w@2@ansasi c metal conpl ex does not transfer anP@nUSINNE036038

substituent or fragnent thereof to said cation thereby

form ng neutral conplexes. "Conpatible anions" are

anlons whi ch are not degraded to neutrality when the

%%@%lgﬁly formed conpl ex deconposes and are

noni riteeh bfthé mgtaldontpletesialse thiceHageable dferpedlty R&Eh 28bloOdlalysts) may

or Q Preferred.anigons are

ot of .t he | ex.
‘3%8%‘ “2‘6?1# ?ﬁ‘fer?gt“ée %"Faﬁ‘/jf RGO W&PW@’HE‘ o fgacocatalyst, preferably a
06PfokSing GooataBR A GEIHe AiviiGcidPdral cobin it hdr&f dInCdfrSFerred

%QPﬁh ani.on i s capable of balanC|n9 t he charge of the )
el te Ay ing asat s suployHboRPRITRASES of GhaiATsFer AR as the optionsl
&eatﬁlwte&ﬂpdﬁaﬁ@f’éhlaeathw& co@pRAPgNt s are conbined. Al so,

sai d anion should be sufficiently [abile to be

di spl Hiearstabgorapletes dpsirably pisirardpred gatalpipabiv aatiye byipembinagion with a
déﬂ&@fo%lﬂg @&aﬁﬁ/@p Qkn Q§t119§e pRdVRLy ‘Rﬁ‘éﬁﬂ it |the'-a$Wo§us@ m%roup 4 metal

such as ethers or nitriles. Suitable netals incl
Yefin nobanerigation complevpst Suitahlegphionfermingsiogatalyds for bei hmm include neutral

I%ng QMSesugf%s%llmoﬂﬂfbchI‘aﬁl sHﬁsﬁtuteQiL&ro B o&dd@ets;?egla %

bor on, &Hos horus, and silicon. mpounds contai ni
trifhiydtesarulabiminusher fri{bydseserba)braer mnp@mlp laegdlesdogenated (mcludmg

ﬁmogérﬁ'te\%gﬁ% Eﬁ@g{h@regphﬁhn o' {oalol cg#bgn{ﬂx %E@h%k&x’ocaq{)yl or

cour nown and many, particu
I@mm@mddwdremnm igroup.gnere ssppgilly pbdhonna@addn(arsﬂ)bbm camp@mds, and most

géaa{llgp' gj%gﬁfrlrlgo)\é‘g bﬁ&?i@&géﬂ%ﬁ%@ﬁl&%&% i;]on?}{a? f) ,Ln%gt%%ér(ﬁrll‘la‘firﬂg, ion forming
@epeynds (1ﬁcdmdmg the ugelof sudjlgompc(uﬂﬂs undmwrdezurrg cohditipis), &specially the use of
aCIOCI{HU%# }%‘_hsgig mgx% %XOr{mm- Ic_:Qrbon stllpll%ﬂ}l 49 %ﬁl?onBvirrrgPe og conrl]panble

a noncoor San
Iimamongnaeamg hmvrgeor(fémg;emumn deadr qr sﬂ\aen saltm bﬁcgmtpaﬁlﬂa moiddoordating

a\'?ﬁ{gse 1na?101¥ cgf\ Elbeﬁfgrézr &R coarr:igl?] :tr[]gmtﬁ Q&)Cﬁ ?y_ﬁ%u afugf,eﬁ]gqlqugs The
fove'goiag aminating ab@lalﬁmdnﬂgadtﬂdﬁngMmﬁds )ha‘&aa:&bn p)eﬁullisﬂ}elﬁﬁ:@t with respect

th agfegeklglg%@fj coInI% g%s llﬁrs] %o)l(){%lbeglzé%ns in tlge followmg re?erences EP-A-277,003,
sAas 188367, tUS- Ad}dmmomam Bysl321.hed, 0subsS 7L us R WS-A-5,350,723,

L8R Rk BRI S IA LA £ aTb b B 858

werdoalsoye aalt Wh99/42467.

Combinations of neutral Lewis acids, especially the combination of a trialkyl aluminum

compound having from 1 to 4 carbons in each alkyl group and a halogenated tri(hydrocarbyl)boron
compound having from 1 to 20 carbons in each hydrocarbyl group, especially
tris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a
polymeric or oligomeric alumoxane, and 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

51



hydr ocar byl oxy- and per hal ogenat ed sil yl hydrocar byl
radi cals), said Q having up to 20 carbons with the
w@e@viosast hat in not nore than one occurrence PGT/(52006/036038
hal i de. Exanpl es of suitabl e hydrocarbyl oxi de Q groups
are disclosed in US-A-5, 296,433 In a nore preferred
nte i on

asnlﬁﬁlbe] Cé’l{rﬁfélé gFm@é c%gy%ji %{ﬁ o{nzér AVhIC%A‘\E paly SJF‘?IW coorcpma%ed to such
@apidxed jistisy xemmipihg suffigiesttyrlabilewhbedispaced Bpd ﬁduﬁaﬂ| I&Mligbase. A

useful. in the ti on of catal ts of t

RGPt plgn Becap SR (e BRProHE TIPSy ifeerchpres balaning
dn@nThl b @atioplcAvdtal 'b&lﬁ@gﬁ ddes Wte@iafdfl an biliohiS s@StitRére vi ﬁ’égﬁﬁe}it thereof to
def i ned; elgbblhﬁ; bor on |n a formal oxidation, state of

SHpatyn & HRIBE AUl compleet oEAmBAbISEIons" A ARG hish are ot

degehaar@mbttatity iled @fel 1ﬂﬂ£l§dfoﬂﬂéarc@§1ﬁfe9 Méc@?ﬁ}ﬂoses &Hd are noninterfering with
fluorinated silyl hydrocarbyl - c%roup of up to 20

bsseist palwpREIZAtig R OlETAIse BhecomPiRt i n not nore
t han BBROEAASs AR théke Qﬂﬁﬂl‘ﬁﬁ?& &h8Y boord? ﬁa@lt)ﬁ Eérﬁlqeﬂ-(%\{ﬂp%smg a charge-
base salts are ammoni um sal nore preferab
beaying m?plmml%cgrg whichagiep A5 qqpq—lpée o halagpingthg @arge of the active catalyst
pldeABR e czgfog}"\plﬁch INQ}S]SC iﬁfn?écd%lf@p kg ’thcdnﬁ)oﬁﬁﬁJ"are combmed Also,

occurrence a fluorinat'ed aryl group espect a

i FAen Bhis toe HisEimeod by plsfinf AolgBHE and cetylenically
dnszmntajceﬁ gomﬁ?ﬁﬂﬁ%r %ﬁxeﬂ(eu@ﬁrﬁ%@us%@ QﬁUﬂcﬁ ﬁt‘ﬁ’ajs G TR, Igﬁrcable metals

used as an activating cocatalyst In the preparation
in¢luds, hﬁrdmmﬁhmmfbtb yedungingsh, goh and platieym.i Britable metalloids lnclude but are

t
ol ilmﬁ&ﬁl% l!)otréﬁ néﬂg&}lg% ?nzqgéﬁgds%gnt ini §|asuo%s Whl%h comprise

trinet lam*rﬁ t et l"uor o

qoprdetahyrll enmnbaxpmmtaenngad@ugqquemlaﬁ imgtatloid Iawm)drg obemasegwell known and
[ nt.af | uor ophen bor at ¢

I%RHy é}?@éﬁ{l ?1?139 cH (gu%h &Fl#aafﬁlp% gng%lﬁ bacg nuag rrg r%/]tllg al’tl‘in portidn, are

dmlﬂadﬂes:mmrrerc(l@lec but yI )ammnl um

tet r n .
et%{aﬁ@l Sueh q Iga?]?l e}ybe)r 16861’?)1:8(? tth Eoélpxg&% éﬁ%ﬁra}l formula:

bor ate, N, N-di met hyl ani | i niusi),” (A)*
%1 butyl tris(pentafluorophenyl) borate,

T net hyl ani I'i ni um benzyl tris(pentafl uorophenyl)
bor atle¥ is hinbktell hatihipdseni | 1 ni um
tetrakis ﬂ (t-butyldinethylsilyl)-2, 3, 5,
6- t et LARDUdyaioninadse Prasetedircdd ofi*N- di met hyl ani | i ni um

t et r akd 3G4ohdobidimA emgaabiexéhl)on ﬁav c‘ﬁﬁr and.

6-tetraf Juor ophenyl) borate, N, AT 19i um
pent § s abmesaioxyta3.s( pent af | uor ophenyl ) bor ate,

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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N, N-di et hyl ani | i ni um tetraki s(pentafl uorophenyl)
bor at e,
WO @83IeE hyl -2, 4, 6-tri met hyl ani |i ni unt et r aki SPEEDSZRDE/086038
orophenyl) borate, dinethyloctadecyl ammoni um
tetraki s(pent af | uorophenyl) borate,

ggtr 2¥1|8d Ingqcélg d%x)él arrgct})ﬁllnh‘?lﬁcngzﬁe %{ea é‘ thfggoggtgr%glgg S a si {e)nega’uve
dhiargé bndois (ApyAhtamiﬁg’UoUzﬁMS@i croaipngxﬁ@w&atvluup £1e PREBYArly useful in the

ng[{a?atg%l g{‘%m t g§d 13% %,n{{?yn llaeurepresented by the following general formula:
bor at e, net hyl oct adodecyl anmoRL AN (BQ,);
t et r.aki s( pent af |l uorophenyl ) borate, and

R adecyl ammoni um t et r aki s( pent af | uor ophenyl)

bor atpk lsta“?] @gﬁ)&}d&%@d phosphoni um salts such as:
tri phenyl phosphoni um tetraki s(pent af |l uor ophenyl)

bor at®is h?é?frwaéqr@ék%%w fioeiherd um
tetralis( B@fgcﬁ%%rlu %&&}QWA@ BRsAafd h?éﬂgcarbyl— fluorin

t
tri(2,6-di et hyl phenyl phosphoni unt et r aki S( pent a?euoro
M%Wylomr%tfbwm@h‘fedssw I’dr@qatbeflj gesxpnf urm0§élnplshy§wg¢n ghems, with the

}Qb\?&ecﬂé‘cl119%(9%&1‘@%1151?5&%‘&&%&)9 %r% ﬁx}dr&? by henyl ) borate,

I 'yl') oxoni um t etraki s(penta uor ophenyl) borate,
and cﬁre@m%@’cybasgmﬁq mmmmnmamabq p@rﬁtmﬂe@blw@mﬂesﬁgrmomum salts

f
églﬁ{ ﬂﬁf nglo 1%51{3% 240 u t é ! ?%’;1 kl?igé& gﬁ%%]fl)f %O?g%ﬂ r)ence a fluorinated aryl
@@Jpaeseecldh/da petdflpbrophalegrgips ul f oni um

tetr qﬁh&&ﬁ?@%@tﬁ{qyﬁ%&ﬁg%gy @es%?‘bgrgg com O%L srvgh%% rg be'd)sed as an

cations are’net ylamoni u
agtivating y¢0@tatyadedgel raepattibIeh taittiporved caam}abtsamtﬁumnuasntmn are
e xtures of trialkyl am nes
tg%hifsgﬂﬁ?dﬁa%mon?um Saﬁtgs%ﬁ]ﬁ i s al kyl groups. Another
suit athhaethykarmnfoomm tﬂtga,kmarehﬂaﬂlwrophgn}dmw:tal yst conpri ses

trleﬂglalamm find 1S E(IS re]ntc OXng ﬂ% \gent and a
e :

00r |nat|ng, n represented by the
tfipm)p‘ylhlﬁmwﬁlﬁmhdtl)a@(s@emhﬂiroecbpheny[)bbfatd S a cationic

B AP AR S rei outy et nea

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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Exanpl es of cationic oxidizing agents include:

ferrocenium hydrocarbyl -substituted ferrocenium Ag+
Wo@r00PI3285 Pref erred enbodi nents of As are t hoSECHOSNG036038

previously defined with respect to the Bronsted acid

contai ning activating cocatal ysts, especially

t et raki s(pent af | uor ophenyl ) borate. Anot her suitable

neiAylpepdeeryl awr%egﬂfgs(m pePRhsy b bipeiasds a

GOSRRUNEMEH ISR tdtrakis(pSihfiuofiphéhyHBbRRNI UM i on and a
noncoor di nati ng, conpatibleée anion represented by the

friotuhsiityged ghosphomymenlés Sﬁeh #5C] + is a G -20carbeni umion;
and Atrme@rpn@sgﬁaﬂrxmeﬂerm(ga afﬁ‘lg Rl Bb&aRNi on having a

charg referred car erumronrsthetrrtyl
wethyl ﬁcta«ieﬁﬂphqsshmmnpﬂqem(mtaﬂwrpphﬂlsd) basptetred suitabl e

B e G SR SR S
ﬁ@nbs@mt@r enipmgaltssuehoat | bl e ani on represented by the

f 0 r m"Jh 1englgon§1nl te‘cb’aly‘gtﬁgn ﬂ?brogg?nylib&}tel ohydrocar byl ,

revi ous referred S|IyI|um
dlévl mlyb)oanumt ﬁenwlsfpﬁnafhbmshesylab@aib,ranﬁet hyl silylium

fl rat rrethylsrlyllum
%@c{ﬁ%’@ @tfﬁ%rsg&eﬁ%ﬁx rE@ elf?f oéaﬁd et her substituted
@f*dlusctlﬁedtshlécrrmoﬂ saliSlsrho}aIas um salts have been pr eV| ousl y

1503, S&Rabhudionfu GEN et e P B ey T
ﬁt@ﬂmmetﬁduﬂfomam tetiRB3¢hentdByordphSiid)bdite. The use of the

abov sal Is as a vating cocat al ysts for
oo SrrElm IS PRy SR mely S b TR R Sl |
difdethyloctadbylf8monita rchtajnﬁl, 260 mfﬂineﬁﬁ@rﬁ c@tfonall & BBOFr6m mixtures of trialkyl

nmer capt ans, sil apnd oxinmes with
"’rr’?lflgs(cﬁlétﬁlflg’e’loﬁ%?%p ﬁ)?fk)y PYe are al so effective

cat al xsdtheasditaWle idH Brodifg aBRMtiREcoUS ATt IGHRTsHY NhltloPa EAARic oxidizing
zEggresent mvegtl on. Such cocat al ysts are di scl osed in
tAnG2 peoordiating sqmpgfible guen R LY DS s f or
use herein also include polyreydssyor oligoneric
al unobxanes, especially net hyI al umoxane (MAO) ,
‘f’qur‘?”éobutyl al um num nodi fi ed net hyl al unoxane (MVAO),

or i soPtisulcalichTdiifng dRM aviag h ehaiRQrhied al unoxanes,
especi al |y per hal o%enat ed tri(hydrocarbyl)al um num or

per halt B ge Hirsedram i (hidpdear byl ) boron nodi fi ed

al uno,zgza% ar A& GodsFyAidedt © 10 carbons in each
hydrocarbé or hal ogenated hydrocarbyl group, and nost

especi@mples ok GagpHe ﬁ’fléflzlnl azeisheiide) lewpesaiamptirgcagyl-substituted
RENRNANRS or P PrAGRldAmb3 litheRtS 6f ¥ SY NS o bG8 Betined with

rlegpect 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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US Patents 6,214, 760, 6, 160, 146, 6, 140,521, and
6, 696, 379. A class of cocatal ysts conprising
wmeovsosfasdli nat i ng ani ons generically referred POI/ES2006/036038
expanded ani ons, further disclosed in US Patent
6, 395,671, may be suitably enployed to activate the
nmet al conpl exes of the present invention for olefin
pol y e Airthey sugiable on ferpming ?Cth@tH]@é:@ca&%aQ%W%ﬁsg compound which is a salt

dfialskiyagitnd b @R bNon%Hi’&ﬁatfﬁ@VdoH@aﬁHE gk nted BP&E Ktk B
i mi dazol i de, imdazolinide, s bstituted imdazolinide,
benzi m dazol i de, or substit éRe¥)¥Wenzi m dazol i de
wikrQRs) may be depicted as follows: wherein:A*+ is a
cation, especially roton containing cation, and

or of 6B Cynisdasarii speAce ot m‘vm@mﬁnm cat i on

cont pecial ly
a neta‘i}’]lgf ggd é(]%%mﬂ Ll %@Eyaﬂlg Fcﬁf%tg s% i%e é“g ﬂ?ﬂyhﬁﬁ
tpmreqpelﬁ@tbmq@ely&v@m@ trsthylsdylowm tetrdﬂmmﬂ@mhwlmr b ether

{iﬁlﬁ%ﬂéﬂm’cs thEr@%n‘.Q %ﬂ&l%’_l altF' ﬁJw% W% p?%ﬁ&@lxr l%nerlcally dhsclosed Lin J. Chem J. Chem

rocar

Sgﬂ@tqmﬁ&mm’_ 53993 §83-§34) aEngUEp Lomberp Jt B, 8@1 Argaematailics, 1994, 13,
%@b’ 3%432 g]ihlg ¥19J S9! %ox%%?l%@fn??altg as%%hggmg ccl>(c¥1!alystzsa I?or a%tlon polymerization

luoro
<mmhs$p@®mQM$Mmﬂﬁhhéhyﬁp&?unane) Exanpl es of these

I | ud l
Cal o bRl iRt M RS

tﬂ&(bérﬁafhlforophenyl)borane are also effective catalyst activators and may be used according to

tEflf %r%?eln %‘%@ﬁ?'a e gcgcg E’gﬁgéf%%(g[oé‘?ﬁle‘} @‘g%ég%yﬁl m dazol i d

e, Suitable activating cocatalysts for use herein also include polymeric or oligomeric
a{i’l %%ctarrlelssésgecm l%fn{e y{a?tpmoigl}g (m&)at?l? obutylha?tpntnr?udrr? %%hllﬁgcll gl%élylalumoxane
(MM.(\t)p,los (spanjlaltinbein ey idansdama)atinoRaddk, S0 BE Ydrhdl Gdenated

B BrobH Gy G6PEBHERYH b iepary g i tmapes, having

fidth 0@z da€dns in each hydrocarbyl or halogenated hydrocarb%'l group, and most especially
hi s( t%is pentﬁfluorophenyl)borane i mdazolinid

@R AP s AT HEA PSS H eYuch cRRatHYES pierrgpieuslydigclosed in

WSlRatents 6,214,760, 6,160,146, 6,140,521, and 6,696,379.
bls(trls(pentafluorophenyl)borane) 2- hept adecyl i m dazo
i ni d‘% class of cocatalysts comprising non-coordinating anions generically referred to as

Rp&ldbd Jnﬁ&ﬂ enfRd: i QRRREDY PhbRT6998 b7 1 may Bl SitMY @m¥loyidWo activate

dazolinid

the %‘E‘@H%’(Pifé??ﬂ oA theysrsers iesytionder defis) nolynsriggtion hEpnesalciipsp cocatalysts

(IsEREPLY tRbdBaving imidazolide, substituted umdazohde 1m1daz hn[l e, substituted
bls(trls(gentafluorophenyl)borane)-5 di met enzi m
igpigagelingfle, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:

bls(trls(pentffluorophenyl)borane) 5, 6- b|s(undecyu3pen
zi mi dazol i d&Q

bi s(t pent af | roph yl)alju i m dazo
b.%*%siaeéwc;ﬁ %M%ZUWQ @LQZJ

Q’ Q’

)

wherein:
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bi s(tris(pentafl uorophenyl)al umane) - 2- hept adecyl i m daz
ol i de,

wh @ 83483 pent af | uor ophenyl ) al unmane) - 4, 5- bi s( UPCETF10D6/086038
i dazol i de,
bi s(tri s(pentafl uorophenyl)al umane) - 4, 5- bi s( hept adecy!
)imd zoli%ﬁP . - . L
bi s(tPi Y hEHPLCFRISEEPHRRIPR PARIRERR 83tioR: g Prsirehlyis a trihydrocarbyl
hmasmmm sdtivanrbehiniag bAPHERY C),a) MR BRI cdpBARBMH héthyd@z ol i

@Il”sze?qqfl):.a(nﬂ@‘ﬂué‘?‘I‘aﬂB‘?”ophenyl ) al umane) - 2- hept adecyl i m daz

ol ini QE mdependentl each occurrence is hydrogen or a halo, hydrocarbyl, halocarbyl,

tris(pentafluorophen al umane) - 4, 5-bi's(undecyl )i m
lllaéoil( gqopqglpsgesllylhydrocarby? or si ¥yl (including m)ono- di- and tr(l(hydroca¥by)l)sﬂyl) group of

B (30 Elioﬁl(s a@moaﬁtmg%mgﬁnyrlaﬁeﬁbm Syt ana Pi s(hept adecyl

olinid

Za. s( t&.z i§ (rgfé?wfaﬂmxemmﬂ&ﬁwls el tristaeneaflusrophaty adttharehbenzi m

| dazofii dfies BFfese catalyst actlvators nclude t b - sglts
bi s(tr1aCpent afl as gp Famafes ‘l:,l 1er en rlﬁlngocgr ls/lamenom m stisbespemally,

RethyHlifGiz pllkyBammmpiiemn- Sa’éftqf\/at ors include those
‘(jeSCrBﬁ‘c’rﬁ(ﬂe&aﬁ@o&%@}l}b‘&ﬁhﬂpﬂ{méﬁ(ﬁ1 8/ 07515 such as tris

nvent | on Unoxanes and i oni zi ng
bigiris(pgntefleorpphend)vbianatZ-wdecylimelazdlide, exanpl e, EP- A-O

SHEAEh B ) B YLD, 10 95 10

ldémsmetﬁeﬁucamhﬁmdlbpmge)éaﬁt ‘ak(ysiecyihmplazmds, with

T

h)s(@a(mﬂaﬂmbphmyﬂ)bmaa@hmﬂabm& WO 03/ 10171 di scl oses

acti vat cts of Bronsted acids
b\jivlﬁ%% p%et\?vlﬂ%om hemyl Or&l‘ﬁe Fung%(iyr\l}gdtqﬁqulgldgT met hods for
tam{trlsﬁpantaﬂng)rqohe@ﬂhbmﬂet) Mpr[adnapkiinﬂm)hdﬁs,crl bed in for

U] Pat 8 653, 5,869, 723,
bé‘ry@nﬂa’éﬂté%‘é?{"l’hg SR Y8R50 70 ALl of
Hléfqms(pente@lmt r?@e@?)baﬂa?‘sm Sami(hepmdecr}?)u?ﬁamthe as a?yI ot Per

oW ac r rtr Qi nmet al, conpl ex catal ysts
3515@81“8 &Y Dgf’r&ﬁ‘i‘?ascffé‘?‘ﬁtggaﬂ’&fnﬂg‘izlog‘# according to
mdqels@emmophmmbﬂa@ays dvEMREy])bb@imidemlids, esul t s
al u x conéal nin cocat |l ysts_ are avoi ded. The

mol ar™ fp8nt6 uQgoph igtidazolide. enpl oyed preferably
lﬁs’@ﬂ@@%ntﬁﬂlﬂi%ﬁher%@)aﬁﬁﬁn&)& L%i@&y%ﬁmdﬁ?ﬂﬁe p;eggggbl y ];-r 2m
npst preferably from to
bﬁﬂ(ﬁﬁ&’i‘gﬁfguor%'i%‘?*}’l)@g‘é’&n%;‘l}e?%%qc?h%@aZQH deact i vati ng
viERlpahtiBioro dﬂhénﬁﬁﬁh@u@d SLHiS({nﬁregﬁ)ugMﬁﬂ)thHé y, generally
at | east 10 uantity nmetal conplex on a

%ﬁrléﬁpelﬁéf%q%ophwyl)éblﬁ@?ﬁ)ﬁf r%h@ﬁﬂ#@h@w@ﬁoa@ﬁe wher e used

HstridpeefiorsphbiPakesdMi¥Sbidi®, empl oyed in a nol ar
ratlmcﬂ), to th@}ﬂirrlg?)al cor)rplex é)l from0.5:1 to 10:1, nore

Y(Es@paipilypronhenrDatumane)-2gmdeciimidagpliaider abl y from 1:1 to

b'i_’s(tlls(p&h@ﬂlfo%mbﬂyl)gﬁnﬁﬁé) 'Z%Eth&gylﬁﬁ’ﬁ%ﬁhﬁ@t S are

eneraéﬁ/ X)@ i n_approxi matel'y equi mol ar quantity
B (EiR(pen WP&PHY hypaes)-4 5Eh]-‘f(111ﬁ]g°}t1}1ﬂéldpmhy#erl zation, the

lﬁs‘%@ﬁﬁtpbﬁgﬂd&aﬁyﬁﬁ)aluﬁl QtS%%ﬁ%ta‘%t%ﬂuﬁﬁ%oﬂ&ﬁé vat ed

cat al yst cor£03|t| on accor any suitable
bigiirig(penth uprg WY@than)érﬁsdlmqth)ébwm@é@shdesa@es| rably

bis(tris(pentafluorophenyl)alumane)-5,6-bis(undecyl)benzimidazolide.
Other activators include those described in PCT publication WO 98/07515 such as tris (2,
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characterized by use of elevated tenperatures and
pressures. Hydrogen may be enpl oyed as a chain

wo ec@n®Bass agent for nol ecul ar wei ght control arPCDUSt006036038
to known techniques, if desired. As in other simlar
pol yneri zations, it is highly desirable that the
gnnoners and sol vents enpl oyed be of sufficiently high

Riiyenjion. farexaugple, aunoxgees abq ipaizing ACtpiof B ARppkipatiops, sgefor example,

RieALD 5’7@120013013' BESlichns KA Y4/07998 h&swoapshlmwangma)@ﬁ%rs 153,157 and
nodi fi ed nmer product is desired. Any suitab

SRGH1D G S SR ries pRIECABIY BB 8Bt perchlorate, perodates

AeYshat Iu{cmmgl R4 [Bldrat A UL Go/ P18 5 GdkbiBbes %%@&ftdrgﬁowrmmmum «
mol ecul’ar si eves or high surface area al um na,  or

asByasern alVOd3/ 191 7k dieclesey egpbishagtipriere thatas addugts b*éBronsted acids with
I?ermg s dOth%WR)@i%tBﬁ oPBXthQ(fs 19a¥1ﬁ§la baﬁal%t] @oxﬂﬁo%ﬁ(?ﬁre described in for

I nventi on, especi al In s gas p ase
anylels lzaamtsoﬁaw 501 L889| 6 s PETBEI Al 6918, S'6IRC, publication

t
WO AR LB 8RR TEL B P98 o o
trag§itior m@taltoomhbx eatmlyﬁsmambq qnplgadh dlonaoiinl ec)mbnExlampdceshng to the
'ﬂrghgllltq%htl Sh%g’xj kﬂr %%‘t heg{élli'é{glld;i;}) lgkg‘ﬁ chéaltatggps aft avoided.
cl ay sTheatmdiarmat»otqﬁ c@alytivecagdyfst el&lw}teabteéarahlopmgas s§rom 1:10,000 to 100:1,
1{;1)&? Pree%eraﬁ) }y % ? O;{I%Pr@q fr?);ﬂ)f gr(r:lgst %{r cia fé(gjrr?.tl 40 tﬁelgl ffylu moxage, when used
‘ttyotsélﬂﬁ)s(hnmﬁﬁ\gtmgcmtatplya‘f B Iemb]oyedfm talt’gelﬁlﬁhtit}i} g&%ally&t Bpast TOEtimes the.

t t 00
) PEpER shrper B ot ¥isog rifenHsplsP Rty YRt g s
atfahtingredcatalysids aﬁiﬁeyﬁdmsm tnolaf rahh e) thenmetal doaripleik o€ frbﬂh@SS@l’\ﬁo 10:1, more

p&?afIF%{}K’%ﬁtﬂ oﬂg’oﬁ ngs lpéeg%gtgyg tgg u o%tgpfrﬂa c’gYazlgg c%atalysts are

defdrlist éﬁl}jllf}@&/ 1mp@xﬁmmpequtm<ﬂﬁ qudndity With the asdtal yomplex
transported P ﬁ uj tabl e methodsfo\g1 ‘y 4
dryi ﬁgur%ﬂ}ecm yaieeaqﬂoaa ?W@cf@fl Apptyre Ly conigeted Wit BRciited catalyst
doBR@osiidn 206ldibs &f ad kuitaBRPLRIEEzaNE @nBitiofdy. €Ihe pfdREks is desirably

s for, spr dryi ng catal yst conpositions f

echni qu a i
8T ruse 6 o BLEY e B ppestrs; glyglogenmybipmployed as o chain
tBunéraght For nld1EuRSWIFRI doA@b11a6ddrdiss 10 ﬁﬁcbvml@émlcﬁleg il d@6lre@UMAs in other

as._a conti nuous, palynerization, preferabl

B PAYBIEEZatins) 14 Wlib‘%ﬂSWPéf‘r‘fﬂ%télﬁ TBOER aﬁ%ﬁ%vﬁnaseftn@l%c% be of

SATRANE LB purklp HaNEEdyst &A6kivaRbd @Palnlavirs a%Bimination does not occur,
adj uvants, scavengers, and polynerization aids are

wlsit 3 Plagkropglymeripdiigd noaﬁ@h@métrct irgpsred e ABY Bitgbly fechmgpedor
ASMSRPHIRALORSOAUS He&b@ﬁl{hhﬁféﬁ Hﬁje&{lcémgééﬁxq éohﬁﬁtﬁ{gr VAR molecular sieves
Wthin the scope of the terns "contli nuous'
or bightsiiage ash ghuming, oraecgmppatin; of thedpregoing mp@sqeh @@é be employed.
proc 95%1%?&1 sinihy 4 'eﬁxBloS/QﬁB %eab"re%eﬂt rﬁv@ﬁtf&'nt ésﬁ%ﬁall?%@élﬁﬂlr}?&sgaé’f)hase
reactants and r enoval roducts at
nobymeegigdtions. i Syitelly @up@ortsslocltl lid m&@pulatpdwélghtshréace\a@mamtal oxides,

' r
AAERERIeS SRR IGR (ot SRR o 36 BRI e P oneanic oxide)
remplgsl ndlude: t%lm%ﬂpmlahlml@h,l miagngsipHiganio biyepsia J@bi, ehuminosilicates,

a 0

ﬂoFc%hﬂ:gtiey g]bg%? gﬁc@’ﬁ qﬂéés‘;tgl(er%o? $&1&Ele ?\#pp ;?rrefggag) t);lﬂse %ﬁrface rea as
detaanined ls5t nifregeo porosioretry osieg the B E;Tlemeﬁi@ddmdl Irto 4680 m */g, and preferably

ts rom b?&ﬂu %8(5 mf/ g.afﬁeoarver%ge Iga?‘trll ‘?é s1zoertypeu\:/ (la'ly is l))f to 9 00 pm, preferably from 1

to 200 pm, more preferably 10 to 100 um.
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the second or any subsequent reactor or zone. Due to

the difference in nononers, tenperatures, pressures or
w@rden3dsd f erence in polynmerizati on conditi onsSPOBUSEEE 036038

at least two of the reactors or zones connected in

series, polyner segnents of di ffering conposition such

as ¢ nomer conte II|n|ty density,, .

Cact | BioRg STgadGRedt Pt sty e gresest 1V FafogRipn gid optional support

RS spaly deled dﬁr%ﬂﬁﬁﬁﬁa rewvtaﬂau th doll€, pAAIFEIald® FRR W Frodii€ a composition that

forned in th react ors or zones. The. size of
18 EFE‘EE %E‘f Judtable methadsfatspry dei & it containing sturry are

wal Mﬁﬁ!ﬁ il @8 Gﬁt hﬁhs@ﬁiﬂﬁ élh 1@%8 !hel%Hld PPé'f@rf&rt&)thk[uds%l%pﬁ? Qbying catalyst
probabl e distributiaon i zes. Each reactor

GorPpHions dorjusgs heseip ang éeﬁsﬁb?datl &\é -AFd éﬂfﬂ mq;wd Brod%86f- e,

sol uttiipolydlettbdtivn 15%51ﬂi€§/ RHRE Suthe Liﬁ&ﬁﬁlh&@ﬁ)bl?ﬁlenzatlon preferably a
conditions., In a nmultiple zone polynerization [

PBHEUY Q@Btaﬁn@oum@zaﬂpmen whieh catyliye conpquenty ONPIErs, 4@ optionally
s%%ﬁ‘t ﬁﬁuv%ﬁds Lét:évgﬁ’gerssll o)&meﬂ&atggﬁldp Q@%&rﬂn&ﬂsly@hpphed to one or more
di fferent process conditions or a so

RSty frelr Jopestangd polpnereaskict dontinugusdersinoedy| thereftpne nYithip the scope of the

tgﬁg&gﬁﬂﬁgﬁﬁ” Q{ds‘gﬁ{tiﬁh%f?’é gi usuf' fa tﬁi?%gﬁté&% Lre ‘Eﬂg)g?ﬁja?égge‘é 111 \Q/lnch there

| uent I n ynmer 1's unde
qrml‘tqzmitiyn@ﬁdlzlam of reactertslantdi remsvaénfmrmu at sgradl regydsin or 1rregu1ar intervals,
%&19&? Ve tHItlé ltHe %'VQQI ce§§({§ v%gﬁa.lnéfalﬁ/' cgﬁath %bl!lsl %YQJVCIS hﬂrgxﬂgusly
i spersi ng’agent pro uce suc onogeneou
wplemkey,ghe cdxampbtrtémg agenti®meiyrbe addedut dny peint ctueung ﬂhepolyateakatlon
e s ond Q
géli{sircg+%fﬁ tlgpr ﬁrtstn%é xgéo%% ??&l fzélt org %htfé/% forré/ tgté 67%1%; oqjtl% tlirst reactor
heBNﬁ@B tiel flrst rézator orerdneoanid thft setcmﬂ‘pem@tsubsesueﬁf rezmto’k@f)ﬁcﬁel cﬁ even solely to
nd at press

0 solS BTG [ EIQ RRR, I0 1 e BRSPS Pgp Py erderstres
mesdurbmmﬁreaﬂnﬂﬁe&ﬁceoﬁ pcﬁlymmzaﬂ@ amdlhmsa)etv&mpﬁrl@kum of the treactors or

g%s Oc%lgec'%g%g ng?eﬁr ? }ll'll}%% segments|o gﬁ f{?pl{?g.éo%}sf)ﬁ% qn s%clpa?sl c¥)monomer content,
qoyskaylivety d’eahtyg)facﬁﬂﬁﬂ,l rblg‘ib-rd%h}aﬁﬁ_,{ oresdhelr ellimﬁcfaabxtpl@ﬁcdl ﬂlf&rence within the
slurr refron130C: % g%eram
0

o %/Fﬁ ate T@ﬁ 1ntb PﬁHF%Ft%fJOIiZBn ts1zquf gg%F@gent or block is

deyepriinad by/comam@as pol@ner adaanstoaditiens( b Prddradly fs@ rfiOpiabdble
%3” In al]l of the foregoing processes,
%ﬁWFWHB lyper §¥fst ant i al |y conti nuous pol ymeri zati on

C ondiRdeR Rfactar i@ tR/seficabby/oRPRIIONES highhfséise s@htichl8ry, or gas phase
R? n%}{rrerlzatlon condltlons especi al Iy conti nuous,

aSion SRR B3 dipp e eblamerizaiipn, llgonerppetgiuge the same

PP RbE FheFiRABH, Qlichtal BRNEHGRAL 4185 oMbHs Ghask, Butit i fekdht bildBess conditions.
econon1ca| production of the present block copolyners

Kok A Pry RO RSB PRSPt s lerecle oy S dPgere raysptaions of the

dafaBREdoRHoRMtsan B AGRY @ﬂﬂﬁﬁﬁﬁ WhRRRIRSHolynR isR¥ e Qh&e‘r e p@fymenzatlon
the requisite netal conplex or nultiple conplexes a

copiensemployithi Qus Stlﬂ@rwﬁ%@izmg at ?Wmﬁmfine b‘@%‘lfﬁd@lﬂf é@persmg agent
18 brddfeetudh 4 K&Hﬁge&&w{alﬂ cﬁsp‘é@swﬂ v&h'@l%m‘ﬂo}ﬂlﬂﬁrteﬁhérm&ﬁlrbomplex or

m xture. The desired cocat al yst _or activator and

thpeqeaiakiptiyonly prorly eltele jsiisclogasin USel5 383,21 ntd higlipissuite process is
lfs{i'eﬁly%ﬁltrféh ¥&lat ﬁ:ﬁl’ﬂp@ﬁ%eg QR BbidE 408 £ af Iﬁ'essures 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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simul taneously with, or after conbination of the

catal yst wth the nononers to be pol ynerized and any
w@odai7osasnl reaction diluent. At all tinmes, theCT/US2006/036038

i ndi vidual ingredients as well as any active catal yst

conposi tion nust be protected from oxygen, noi sture

nd ot her catal yst poisons. Therefore, the cataly

& freprefrabbtfine p§ F»Fglpé@ élrﬁ°0=arﬁ%fer&laly i 1é)<9°<éalfrasrsy@f @pwaﬂy range

ﬂ’ﬂaﬁ&tnﬂ@plﬁﬁ@ﬁ@ﬁﬁﬁa}@@% P(E an oxygen and noisture
free at rms& ere r ef er abl under a dry, inert gas

such lasllgf 6@@391118\1%@%@9&, ccmﬁﬁwtup Apsubsraially oapjinyaye polymerization
c%ﬁ&lﬁ@ns%ie ﬁrgﬁrabﬂf\éﬁ{ﬂdy&{‘ THe e Jf%ﬁ'@lspoiﬂerlgﬁfoﬁ )561{31%099 lespecially
such a pol ymerization process is as follows. In one or

GeBiimon: olutsen; popyarerigatier Proeespasopilore thetuey of ednyatedirengigr temperatures
Mﬁ&ﬁresﬁtg lnptlhb Q&n&g Al Muét"ﬁ}n 0 'ﬁle %g{tﬁ) JoBK Sopolyfers TR 18 feﬁls and

be polynerize e intro cont i nuou y toge

ﬁﬁ@%waﬂy sol vent or dil uent at one part of the
react .
e syl AR AR AR D) AUk AT G s
m@@@btnphex wi mhltipheyomplkxee fit a wiventiih whivh tierpolydies saiow @ill be conducted or

1R 9 dXE@lE cor é{a? {)]E %tﬁ%%esh%!u}{zﬁp }egfct{ofl ?nl)H.’Ser %e &'esuec?; oca&aclﬁsrt T ac%lvator and,
Q]DthIIHiUX,t the gwmtthiig apkktamyde cmbnmll vhthahe mlmysocommmeomélthbmmr to,
81mu glg ciuslylwna otya%ter Iorr]nbgngf’ 011D e Tala yg{awnh he m nc%ng%i tg%e polymerized and

00p reactors and” a VAR
anpedchﬁcmagrea:@mdldﬂmemns for use t her evvlth |ncI udi ng the

use Itlp 00 r.eac eratln
are ot Sen SO GSEeh el s w5 syl R o SRasigon must e
}ﬁﬁb(ﬂécyﬂdim akypag nwidtire a0@ked btsly st poidom3 P Thereratel Yhe edialisd components,

s?w#i ttlin oo cgea%ﬁg({ﬁa@gyog%# Sq%%uslp%r g ﬁ%(gsggrg {Eélh&,%?gtg,l&éa nagjsture free

dﬂﬁﬁsﬁoh@ﬂ, ptrekfaﬁﬁgﬁmdﬁr aarymélﬁﬂt gamu@fascfmﬁ)gbnb)c ation. Tlhed A
r eact erature an pressur.e . .na e control |l e Yy
adj us ?t’ﬁﬂ“ t {ihding gt WMW&WB?@P¥P’QE?V8th%@166%?B% ggarrymg out such a

@q&iehlzmnlpaicess 96 fudvls. BfondYr kSR vl stfed fafl@orQ6oplteRtdriigperating
cQils liets or both. The polynmerization rate is

EFeP LR Reigyerizion qpatiops, tE%lflﬁlP%ﬁfS tgdePelyBFTizeq g mtroduced

doRiBNdly RbetBerGiiti@y BANEIdilusht hitfic Pak YNBE reRdt&d UG rdator contains a
i nfluenced by the ratio of npnoners in _ the reactaor,

ity hamaggrioroiquistPhse cRmA9SHY FubsRRHE LY REmPROSISECIPgelisT With any solvent

dragéknk ﬁIdQﬁss@lfveJ }ktﬁﬁﬁerc PRRARE MisentsGndile C4.10 hydrocarbons or mixtures

reactor.variables such as the tenperature, nononer

thesprienrpcaally gfkanessughyas hewangypranixies P§alkanas pbelasang phmore of the

Iﬁ&lﬁﬁf&h' Pl ABE] {lthe Mﬁﬂﬁerﬁﬂﬁh n Eﬁﬁﬁﬂﬂsr@)@gﬂlﬁgle Q&%%ao&%d @Sariety of
drogen, as is well known in the art. Connected

spﬁ@lfdﬂ@mag gendisions fop usedbasevith, melptimg ﬁwuﬁcyofwﬂmﬂ@w@ @ﬁctars

cﬁ;@x@iﬁ% h sQﬁesO&rQ fund fna(ﬁﬁf @5 9%@36 3 1'93989 atﬁﬁ@mq@ eactor,

such the reaction m'xtlre prepared i'n the first

r eactféqtalysé alghg whineqsetdlysiond prtionalbiowhainskuding pgent arheantinuously or

1ﬁ%&%¥tlé}{r%§/tlﬂd cetéigl(ﬁ: gilre] Q&%ﬂggﬂlugcfr psh% &gﬁ# %egﬂr;cg Ot oﬁl‘?ﬁne}%g?& a minimum of

dne deshtigm & hp reactes tsmperpidietand pressgrees@diglcmgméldd b)P«FCblfSQnaﬂiP y

so%ntﬂﬁ&oh@r {%185 gﬁ% clfagaﬂlspiddﬁmﬁ o Iay Wl as % 9 ub 0851 ; Eeatm;% coils,

nononers, erence 1s t presence or a nce
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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one or nore conononers or a difference in cononomer

concentration. Additional reactors, each arranged in a
wOoReuimss483i mi |l ar to the second reactor in the SEPCT/@S200€936038

be provided as well. Upon exiting the |ast reactor of

the series, the effluent is contacted with a catal yst

kill agent such as water, steamor an alcohol or with
erigleroturthey theytemperatifee mpRasFr FONREPIIBHIT AERY the BgYievsly mentioned chain

Mhekmsenat PY chdiReihAgif kent Qﬂcﬁtab hﬂrdé@ﬂT%@ %Wﬁm%n e art.

reaction m xture such as residual nononers or dil uent

eannpciest fe de dinchagqpfdhe rgprdor. qptionpdly 8 5P, of 8 6pndiyit of ether transfer means,

i WEAdORd refl@MONRA tHlal 8 tdaOibninflxBR HrddIRAin BE Bt ASct8r is discharged to the
devol atilizing extruder. In a conti nuous process t ﬁ

Toeend reastor wEheud subisigptiadly terminatien ipgmengrawibo Betresen fhe firshend second
&%@&E %rdlf%%hﬁﬁﬁh Ly leés@ 91( Seeé c%cﬂﬁ'(%ﬁ? e&eﬁ)h%relaowef b@p{%r use in
referably from 1 es to ours ternati
&’r@atﬁb@ P%@Qﬂpﬁlgmpmfywe pi lzalle MONOMELs; ﬂtﬁedlff%rplme e&j‘-h@pnlesemcﬁ & absence of
(me Yo mt;#e%\%n[n%%trso& avéﬁitfé}elﬁ ffoc%glgﬁcg ner Qa{c tra %é ﬁﬁcﬂg na gctors, each
ent, tenperature or ot ther gradi ent es i

%engvéem a thafufee siindlgr te dressscond raactgi mmls sehesmeyfbe popided asa&vd:ly Upon

7 &&ﬁlg Egt Feqiztgly ofsﬂgeosgh ﬁlg %91 rllttlsI c%% tagtfed %%fgj g rcX’cht
Sbyammay aldvlwbattwn;h zpcﬁuphrgagmat | on condl tions. The

e o YRR AR aBY s Beo Ry R AR 5 R SRoiior e

eGP mixtdrs su:ch a&resndmﬂ mionbmers glaﬁlumttat’ redl[og&pﬂeﬁ&ure and, if necessary,

previ o

BRLLF LR Rl S SR e B e ey o contnaons
poepathesiedny eﬁdﬂﬂﬁ@@?@bﬁtﬁé ¢aﬂ:'gyst 4 polyinat inGRRAROE gﬁﬂﬁﬂallgh@from 5
react ro of .a |nor nlc conpound and an
e b YR ondateeSm g it VaB B ocpoci al |y t he
I eact Aledinafiv€lglUkd fofdooidg bolymérZatidnkidy)beahiidll ButiTh & PR BldRFeactor with a
and an a n'u salt of a _ ) e -
RSP P Y Sh‘}‘@(“éé’ﬁ?‘%’ftf”ﬂw%ﬁ ShShgrgeadignestablizhnd hgwegy differing
z’bﬁéﬁﬂﬁ* krdgiOnS thlefeob ptionally accompanied bﬁ separated addition of catalysts and/or chain
%~ dr oxy -% 5- djter$|arybutylp enyl)tris(pentafluaorop

e BB AN e OPYHIR UpTE plir e PrioR@f P eRkBIGE#agpn conditions.

sup |O OT He @6kallyStictin &s’i\‘.ﬁ)n(iﬁy&lsﬁ Bt plePIFRPM lehPloyBPds aliRterogencous catalyst
ed in a slurry or a gas phase polynerization. As

by 36?05%% b redpisig %%Hoawts ) 4} iReyt IBRSBAPRE OFgRRIC BATticelRigd solid, as
REAGRLY disclobddUiTdla Plefr@ tsibddindi 'a%@teﬂ%@ne@ﬁg CATRE/st 19 5&9&9& by co-
i s substantially insoluble. Preferably, the diluent
Fresipitefing the metg] somplax2ad the seactiongredugiof g inertigaiganicpomppind and an
it hyliRgsn doRRkhi a%ﬁﬁ@&nesﬁéc@ﬂ? the rgacggx’?ﬁl{)@&t oisaathl{é%t a@lgfl) aluminum
hydr ocarbons such as ef hane, propane or butane
eggeuidindpbIneEmeup sl ofaélyﬂrﬁéyawlme(@mtaﬂmsophmynb@rate such as an
{

T S e g
PapRgred iphetosagenecys of fyepeited derpy the Kejalyst pprapasitiab Imay &e etnplayed in a sturry

e I o
d a%@i ngf e?%%}fl%gifz%frogcgé géﬁﬁﬁgpémé%on Léﬁﬁry' gé%}%rﬁlﬁzc?%ﬁ‘ﬁges place in liquid
CElelsrm; miwhichdhg palyeer phaslgetas wésimwlspmscﬂmm ePrefferahiyt te dilyepnfor slurry

2002 PR LA T B0 B v

Hydrocarbensiswchsis gthane, pobaneer butateingyy bp ngeddés whale or part as the diluent. As

s?cf ke}{] %%el% such as water,

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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the support has a nedian particle dianeter from1l nmm

to 200 mm nore preferably from5 mmto 100 nm and
woreaw/0pi4ed er ably from 10 mmto 80 mm Suit abl ePQBEES2006/036038

phase pol ynmerization process for use herein are

subst antially simlar to known processes used

lbléy on a | ar esalefor t he manuf acture
ol e SibEnTe e ey PG pretaeT Jiararot gieal and esuling
@talhset’ haB la@fedian pﬁi’thHHfaﬁleteﬂ_ 116m 980 J0IASE nfdFAREBALI TG to 150 pm,
cnbeeé[) | e, ofthetevvhlchen‘gllosa

3 Srostiretae Ly Trom {0rzpito 98 Ha Exelerally far e s0HY Bebmazzatip processes,
thOLuHFBIE th&tméalhnrp@ﬁGFe dQhe?P A6m 1%%%0 ag, maretpmelam? &B8®S5 pm to 100
vvherglnthe pol ymeri zation reaction is carried out in

08¢ ogtreteyPly Ham 1€ 8dPyer i zati on react or

~ cont aguiablg o phhddipeiygREzdR6H pdtesP R YR ereRAdr éLfBlstﬁlﬁlally similar to known
supported or ‘suspended above a perforated plate or
RrPeEpseP bt commefriatly om/laggepeadgfon the mapyfagtura of Ryngenylengieghylene/ o-
A& SPRYRA%Shnli eth&l diéﬂ?H FofynicRe ﬂ@% sgﬁag%% Splr&@s% elnﬁsﬁ)ygmﬂfs@ (for

or nononers to be PO nerlze 0O serves as

Framplecof élr%mgféﬂln@mmnlﬁw 8 meglppigally stiereth btk or gizay féad:ltzerckmd as the
[IOE}QEQI‘IEBE)H *?&@uon%ﬁe @Efexg@cfsl@ ﬁle%%%&%vhefeﬂmé %ﬁmﬁ&&a‘t@crn rgeﬂ:‘?lon 15

reéactor, normally via a tranquilization z
Rrisseuts aa{ewmlﬁﬁlmdycal eellumpm@hommmor chmvmmg agluidizgd bed of polymer
R S pott fol

FLRIE. oA DA AR 1502080 900 IBEELN, By v o
Wzationgisty to grawtate back into the bed. It can

al so ’H gﬁgé’%ﬁsﬁﬂ?oﬁ{ﬁd eothgﬁf%c%nﬁ}(l%es ﬂ:emg omgreoqtr)r}/o.?ﬂmers to be

ultra- trcl'es Trom Stréam
podynichiesd, mot alwl sbryesras ayleatexicIMQenﬁwnhetd rhyovnﬂaensataaff reaction from the
or_ nor excha

l,0 r or and e e
bt%g ! r}‘ilog %s% é}Per e O(%m ‘Ehﬁ 't]}e r%z*cto& (ﬂow}ﬁli Vipa ragﬂulp%%on zone, also
ls}nowﬁ esq ﬁilodltgtdnlochonfzombdvmggl vaiflertdiumnelee chan the fltliiliet] ibedaridovherein

t.h I o
é @at%gp 8er§1%11% }1‘? %‘ﬁ |Sp é/alrrbhat%ﬁ gno ‘%’é’g ndtyg%/ gr\a”eltagea%ﬁk {n%'o t&lg bed. It can
atsodp ataitageus ﬂb(lise agyckint @clemoed dlﬁﬂﬁﬁ@ﬁaﬁieﬂeﬁ @rotnth@Bot gas stream The

operati on i The volatile I|i
BRI Bt i Sed GHTeR i Bt bR Eremoi G dyip o o et
exctebgers toGtiipthe §a9 bfmxambiepolﬁnesﬁitwﬁat ed hydrocar bon

3.t0.8, car bo

22\5/ Ie n"? Rusfersed, glewg%@{-pgp llgr a,d%q,dltllqng%ﬁ)f} %%cgolr{];g prov1ded gy the cooled

ré@kRighd, & tb i@t Goladle liG@D tdBe BANEPRSR ah BvaPbraivedBolisCifedt, often
Ig\%gu(i/d, this can suitably be fed to the bed to qEjrow de
84935 PRAratips B pondgpsuiemande. The volafily liguid eanplqyge, inghis case can be,

f&V@@ﬁbﬁt £eoldtile B, f8rleuhrilple, faqatlaaeédths)drf)&mnqlaang\@ Itd:zh preferably 4
m xes wth the fluidizing gas. If the volatile |1

I qu
t & S3rhop Atomsy Indhe %ﬁ@hﬁh@wonqmerwqomoamﬁ@%f lgewelatﬂe liquid, or can be

BRI BRI ?@Wd@ Buch A 1118, th8 dan sLREHIEVARE E@ch@s*edl th Bfékzﬂle bR &Pporative
ener ges romthe reactor as part of. the hot recyc e

cgaléﬂg St dhe wrldile it oiprrassindhy hob Beidiestivdig®rpapt wijeh mixes with

thdBuill Ry %aﬁ 154 tﬁ@polat-mﬂ?tﬁ@ﬁ)é%&oﬂ@r%r leSmERAL R vild ufuﬂﬁgo some
heat exc er and the tenperature to which t

p@h/glepgat@gg} g bgds 'I}bg EsRoyated ligwig 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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point, liquid will precipitate fromthe gas. This
liquidis desirably recycled continuously to the

wo bar@saesl bed. It is possible to recycle the PCT/US2006/036038
precipitated liquid to the bed as liquid droplets
carried i nWO- 94/ 25495 and U.S. 5, 352, 749 A

rti rl r ryed, nmethod of C i ng the
%4@%@ S 535 @eff}g APRTUPRErY predsired ta?ﬁg ?fH%"YF@@a'&EI liquid to the
tgd s 1Blsepa04m B8 dqli@ oIty re6tlelghd Srehih @hd @ réthje&tahib U dld‘&lﬁbcﬂy into the
prefera t hod whi ch genera

b |
e e ety iatis St b Gene A A PpIeH o e pped. This ype

STiprqeeRGEEScrited AEWOLIdpdsi.n WO 94/ 28032. The
pol ynerization reaction occurring in the gas fluidized

bed i Se@tvaleyizRan KrcHROceBHRg iR thsies Bridizedbed dpsstalyrerbbpsthe

REGHILOE) $Bihi-EAkRUNS hddRRINTP SdtA 1Y BorRASRRbA ! h&grdﬁn% t& 8 invention. The
i nvention. The catalyst conposition nmay be subjecte

REbat grmpeetignery *zeaemsﬁedstp éprerplymerdzatipiiten, faspxample, by polymerizing a
sBﬁhYlHE{tit}berb@ef& rﬁdﬁ%ln'er it %aﬁluﬁ%rtcaﬁluah iy PR AR 051 Binbsite

i'nert diluent pr ovid a Cca St (0]
Q@@lﬁmm& $Wg°@§§p@bﬁfd@ﬁ@bﬁ anlgpsldeqda otefig hoelymenmget@@ ds Wﬂl

ol ef i 'fheg)gl HEE Eéd%r@c?tlyfaul? th\égﬂu ga_ E@d dﬂﬁjoymglze{ti%n of the monomer or

produce |n t he

Iplesruymfrmcmmm o1 dfe fluiizedpertintes o@atalwbaompeslmm snppated catalyst

C%Hl %.Jgt?(%nfe (gl&f%blgﬁxgrlﬁﬁ%&th%%cgéxfl?crosﬁﬁ)gr}@h%zfleo e%nEPaﬁl-utgg)?H‘fe polymerization
re@tlam 35991119@#’[!1618% 8 b@mf\metfdxmnd pdlemdyedrticlss, aNhlGhulpe pn‘éfetahb similar to the

c%%ge}(lg;%wgfig 1? )E;Orrrlgﬁl%%%% ?1@ b c?‘ bssac?rg\ﬂg etg énlrilagtl nér;%rfnétro gen 9r10r to introducing
thé mtdlm cctmposiltlen dleshmdlep@hq/mrothea g:{temlmch B lsaieslrhg td lewve in the

W th,. rt
rgcﬁ' U c | n g Lasad an% > gyds 58 C}P %“b{ﬁ lg{%ﬁ%é)ﬂ%ﬂ ar‘?é?e? SQRdpnsable gas
dey opttrhlmg ig g&qﬁashh:bmiensnmg m&led @aé preducted) pbignier i$ disdhtrged continuously
cle.g S a, di l.uent gas, hydrogen
lncoPtruﬁlr? E?l%%‘ S‘énfiu“ﬁ%flra bS‘i 5958F% condensabl e gas when
o per aflierygs plfas@[ﬁScepd'eaﬁlest cuindrisd thgpraaide of thikeényehtgieesbntinuous

ol ymer . i arged continu
RS TEbeT RGSTER RoMCRE TN o Fiotsde tesorien Faor the reactor
ahth Gheg‘aﬁoxmhéﬁ:ﬁocmb@ CRMIRSreiithish zshdiof b k@ ctoR thekdbg pﬂﬁ/ﬁﬁﬂgi asfeady-state
of this inyention are contlnuou39PE esse

PYEPMEA (e PARO 8P T SRSt A9pY reﬁ%%@é@?fﬁgts 1 qaidy recovered

ByeapdsuRno Zdi&d @fesidﬂ@anﬂ%@ﬁdn@ﬂy abghtddhéngeamyaldeiatilization) according
gkgguct fromthe reactl on zone of the reactor

chotayes: divmigally. e dyigized ped of thergps PhasnBIReesis opgrated at

oS AuSE gbfted tﬁar;fimec T RGEHBIP RofmBBEC B 110%E ol Ei@fabl from 70°C to
Products are readily recovered by exposure to re uced

IdPEssure and optional |y el evated tenperatures
(dev Osluzlﬂ%llzlle g%ﬂ;%hs?%}oc%g%gggglwe (%pt‘éﬁlg\f‘g} ugee‘ﬁl?ﬁla' Slggc%g‘s of thlS invention are

Typically,
d@log‘f;bméisel@tmts #6895 E0a4. 513899 . AL TEP; i%ﬁOQCﬁO‘QS 922 5, 462 999;

sp%gé% %bzlls‘f g%%“ﬁg‘%%& LGy kle586G, 479058 5%@%@4 2*33%%21:{ %, 98h1.270;

ui't abf e "gas "phase
0891 &ind 5§606,66ise i n the process of thls i nvention are

g" 2 glg%‘;’l’igfl&'%}Yﬁ%sgfﬁfﬁ%ﬁft&?ﬁﬂ{%g‘gckez‘s‘)’gﬁv&g%‘spgéjé{g%?d"k 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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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
Wh20103861. As previously nentioned, functi onaPCmes2006/036038

derivatives of pseudo-bl ock copol yners are al so

included within the pr esent invention. Exan'pl es

R TP FoLOGSE Pt SiaAE e bt D gestfer alSkatuminu,

ﬂmﬂgﬂﬁad,, allgs-zine) dr a&S}l-thld)ﬁp l[lecb’mldﬂﬁ(%s\t@ﬁdrmaﬁlllﬂeh &l&d&@iﬁy— epoxy-, silane,
of the po

subst a fractian
3‘&?6*? oer vt t?“i‘ feumiofies PG raii st DERIEE Rt ffakla pection

ds@niqtued that @b ddaptyué for kmm it AR bR AbedIif a@glmﬁ N®rdt6Metdics in Organic
19s€e .S itable for otgcfr al kyl - al um nu

W3S g P} 1 aRg 2419800 499 efber sigpdagd fefp lf@rémsmitaeleﬁ%erﬂagc synthesis.
to f orm am ne-, hydroxy-, epoxy-, silane, vinylic, and
other functionalized term nated pol ynmer products.
u suitabl e reaction techniques that are
adaptehl i présest ﬂﬂ&re% héVeBioBynthes ﬁklubr%g pbéﬁd&lﬁﬁbkc‘m olymers of one or
"Organonetallics in Organic nt hesi s é) é'
1aro glgfin mepRmess, [gesyreagily peppprgd.t Regfered wlm@amp@winmolyn@mpd form at
184:03RIfonSHB AR Sled frOIBQllxey é}a[p oh g Biseﬂwlé nfrbﬁ@eng B4 4-methyl-1-
present process, novel polymers, ~incl udi
nesisnrl Highlp desireblpdhs paymerpire @ﬁ@pqiymm%nmismg impolymerized form
ol
TRy B 1 HO Y pRR O oo, BEERS: B3 KIRE comonomer, and
apéipradly ot grmaame @ddetl@nlm@polmwga@@ Pamgpnoferst E\}ltaéhe:omonomers are selected
e
n? g%?g? S g."%ﬁg? %ﬁf %ychf@&%%ﬁr%blrlakge%édyvn%ﬁ %+I§I%)EILXS anél v?nylldene
dr@nahcebmydtmdée propyl ene or 4- mst hyl -1 - pentene and at
| east I n
opt i ol;}h%{%?l};&eg oﬂh%%vegtlozn &13 hr{R/ ona Ccf(%g,g grrcr)lenr(? (% 12%)%800 g/10 minutes,
woemblyfems). OISmlt)@(bg/aso momesmmmes prefarablysedne6.0 eth 00 @0 minutes, and
f Lns
SiRisTe !0 160 Q08 il B s iy DR s bpvg molecutar
mgrm hdfom THOO gmioymterss)ooboa gimolemtemtabtyrfmnamoh glnsolato 1,000,000,
t es,
e bret R rom e e b ey it BT 000 wimote 0 300,000
gmn&i'é eTM)cle}ASffyr abitheQn¥htet olyhbrs ga(n]]ﬁ fFin0IEEH, 0 %rg‘]’cm and preferably, for
eci aI m nytes. Desirably,
enF S lg%lp‘g Frefflc’? @g#/ﬁlﬁ 8 2?&%6%1 ar wei ghts, My,
from 'ﬂh}e @egn@{srwueéﬁxxgmgaggﬁk@ l‘@@ﬁfe@nﬂ?b&frgllﬂ mel;veﬁtaﬂti% Baﬁlﬂ(ﬂﬁn
e 1 e preferably from
C@Pﬁﬁfﬁ% =3°3 %ﬁ@) SPWQS ag%loég %Pﬁsyrep?rs%“f S%‘enﬂal monomer

a@ﬂiﬂiﬁh glukional QBaREE) of bydliénic Jﬁb@tl&ﬁﬂﬁlﬁg\@&}fmgfﬁﬁmﬁl RACBRIE@AE. The
Sg msrs caql%le(fromo 80 to 0.99 ¢

asFta Fegigns, or Hlopks withip easheolygist e rﬁlaﬁ'gelps apx;vf@p dependipggn the uniformity

1 &6tofé mBiohs) aklt Shém@aT@stint ol BBES TRt id, AR comonomer distribution,
i nvention may be differentjated froem convent i onal

TRCHITHY 197 e%ffcnr%ﬁy of sepmgrss willin fie optrmeryire prbatiyply paiformyithin the same

BREK szRRAl YITRESer AhERALRE beI@leﬁﬁﬂH &6t d Rlrro WM MRHion, but desirably is a
addi tjon, fluxional catalysts, by ani oni c or

1post Pighable 41$tv'i>lﬁlgnp8mﬁ@rthez@9xnafﬁ ptoéwaq%&o orpppge 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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separate regions or blocks within each polyner are
relatively uniform depending on the uniformty of

wo e@asi4stondi ti ons, and chemically distinct fPONMISRE06036038
other. That is, the cononomer distribution, tacticity,
or other property of segnments within the polyner are

relat vel niformwthint sane bl ock
o Eedd® 8 fath Ebnsiter o1 B S mbomes o oy ontent at
eﬂlu&hkhﬂlmistaﬂﬁuty Btinodlds thapblymers oﬂtheﬁfvtentiaﬁ ab@ldhe or more distinguishing

PN TN RO T M A
it &tation tériperatutd) Bighe hﬁfghﬁMﬁﬁHrétﬁlﬁ &dnsi) BEHetlc @RDOMI®Ter high-temperature
prepared by ani oni hnj ques, .they are referred to
‘g RAgEys B %&%ﬂ%%@f SHeIS meprsical IV ER GBI B A gendom copolymer

d'&)ﬂ'}ﬁﬁmﬁé 0 8drhd 1BSnoRRRA X inFREhd} orktht RO ven@SPRAders bV8 e or more of
pure bl ock copolyners, and in some aspects

tgg( g)él@mnﬁglowﬁrézowgﬁ%qq seh gargpulglyraé elgyatrddemperatures, lower stress relaxation,
18P E%%ﬁst%mlﬁdteiﬂtr@ngﬂﬁ RARPHRRRL Ye@ﬁfan&f fatstlaleseﬁﬁ@ﬁe to higher

nononer s and nononer content at equi val ent

cgy%]gzg]:lpq (ﬁpltd}ﬁc(gﬁoq}me@@re,tlmerﬁgq:oyw,(gart@mlaﬂﬁ at elevated temperatures),

HeR¥ERE AR rdRMEcOMBhE FetiBER fslﬂcé  tah U S £k A EDtance.

i ncl udi ng better (hi i gher) heat’ resistance as neas red

by ne@fﬂlﬁrﬂgglxboqlqwab sriogiresitionyacqoedies tp diei poasent drvpreticatagy @astomeric

nj tur

e Ao SRS Sl B3 AL by BT o i

1hgnoghpgrsa ﬂ?mferrﬁé@q‘ré?ﬁne &ir vamialthis ersbod@uampefitheipressnizinyeatiooare designated
MR S h

SRRPLNTRS CHRITILE A A5, AN, SPARURLSUSI PRI o 2o

atdmes. fExainplas vfgsultdbdnmoleﬁlurIMIgEsbtm aregiet limifrdite, ipoaplylend, ysohwtylene, 1-

b%lte?lg at fegtsekg {Tgl%{(:e%% L%:]lggtﬁxél Wzlgepg apd e§ﬁ0t%1%| %}p%trt?]c%paﬂy I%Ire%qn%ﬁ a~olefin is

mbwbdne n@her Iarepyidna hased pcﬁlamere aregemetwplydeferretdao Iin et as EP or EPDM

poﬁ zezr/s: i€ l I Z at | OInC e O| | c%po S grltizgv gz%e 1S@ éﬁ%ﬁ%%%{ e%uétgélg Hlee{‘les for use in

Ihtqiat‘lﬁg piehrtoabioakrEPﬂM t}@é ﬁdsigzmers ictylde bon\jttghfea ot ndne:oﬁﬂ’ga'tﬁi straight or

d. b | d I
SRR Bl SIS PR TBLRE v, e B0 e

ih¢lwdent, 4-pentadiege, elmkm; 5}ethyltdEﬁdﬂ)h(}fﬁ@{lﬁlegﬁcﬁldpyﬂtﬁﬁ&e, a

Srieseasy i RRRG Dberhene! SnarruaRirsRBrd ey bi-ctyiidenc 2-

nmmmﬂdmthls enbodi nent of the present |nvent|on are
desi gpnat ed by the fornuI? Zﬁ
i mectecae pediten EQPLaRpiRg PO -‘GP‘?S&\EPHB‘FH B e erdiasbcontaining

R Br 1e@éath@t&s ef th§ ldieﬁ@@tllcﬁldﬂrg(ﬂoﬁé) ARd b-BREH dﬁeludﬁhlg ncdeR the total
not limte yl ene, |sobuti ene, 1- butene,

%aﬁ&h%ﬂ@le amd fraleBh glayl?e Frabgeg (ithow dese afybsegyrat Rolypergreperties. That

ié) beeHubd 16&1Hidid Ahd BLoRRE@Emars @}eqfréf&em&n? Erfé@r?ﬁbﬁféﬁ intd B type of block
propyl ene based palyners are generally referred to in

Y nefsimep gathepthap fEfBUMYpS’éS Fapemply ﬂaw@%ﬂhsgvobw%ﬁw meye efficiently

0R& A BhsEREnH BN @0dsBnidhSENERS 8P the Bﬁh&&% Be BHtRN&Mtrolled. Such
for use in preparing pseudo-bl ock EPDM type /ITEr s

Frorelinkable elatipmeasnddhorirefgmodists Jntfgéw@oﬁdvaslﬁg@d @ﬁpe , including higher

t@ﬂsﬁ@gt%gth‘&h@b&fer el&i€ kdobrerPr POl ycyclic- dienes
containing from4 to 20 carbons. Preferred dienes

i ncl Udhether preferably g esgedo-block palysugesiof His invention have an ethylene content
ol %@9 &%ﬁt, gm@ﬁyckaﬁfeﬂ% 0 g‘J %lcgﬁ,eﬁﬁi%@{ﬁ&@ and/or C,.3 a-olefin content

from 99 to 1 percent, based on the total weight of the polymer. Preferred polymers are
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cycl ohexadi ene, and 5-butyli dene-2-norbornene. A

particularly preferred diene is 5-ethylidene-2-
woorbosiaehe. Because the di ene contai ni ng pol yreT/8S2006/036038

contain alternating segnents or bl ocks contai ni ng

greater or |esser quantities of the diene (including

iFRn B o ot ErvPatrmoge i aprenf @elaon Modi3h Bavt psepooo.
ﬂo@@&p&ﬁltﬁlldh&mw@j inofqiryfemably esOthed 8.0 8md a Msdheyt Wscosity (ML (1+4) 125

g%gausg QE di ene and a-ol efn nononers are
(N 11y incorporated into one type of bl ock of

t he FMbr)é pedferbisly,R6¢h gofadersuiakd &1 dihene cortédd &M 19 to 98 percent, a diene
t hr ou gﬁ%pe pol k t hey re nor e eff|C|en% ¥

QRN AR tfePeLists BYTraISR oL e gaa P pacreat a2F HEP@AQ)O to 250,000,
&olyd! ’Ik?en@i@} i UR SQ@PJ 0bfd Retdors C?/ ﬁ%h’f}ﬂﬂdﬁﬁb 0306 hEspec1a11y preferred

CFOSS i nkabl e el astoners and the cured DFOdUCt may
ipfarpalyats-t RIgBHenst Sipasue cerolymestonining gicats dran %H%rpqné ethylene,
p?éfél%ﬂlgtgtbaép ﬂlaﬁ’ ?5 f)&éenﬁ‘étﬁ’}%ﬂe Canﬁ @1&\91\@5 ﬁ(elleﬁﬂ&tk Mg 'strength less than or equal

pre erab y seu o-b pPo yners of the invention
th A kBa gl c@tawym@ﬁ&sl%léﬁttl@ﬁﬁ thaﬂ Pb?ﬁ“il tp §0 pgeeatddift, a di ene

cont efjye t)fygf@r Ba& 135 élipexgaﬁﬁéﬂ%mh fr(ﬂﬁ@ tcﬁab%ﬁtyﬁ ﬁ)@t%elﬂ,rﬁéfglrably from 10 to 60
C3 based on

-8 a-olefin content from9 1 percent, _ _
Retrent; pewiPreferiilbi tfromf20tt¢1é0 meyhbatsed Pt otabeanengsion yeisltsof a processing

o?lr S YOG QRL R Iig Eﬁnﬁéﬁﬁg%?ﬁ%%aéﬁ%h %&H‘Il:f%éurﬂ% e%hded EPDM

rom 10, 000 out a po ersit
rhlhss fomdnu@lSSExamﬂ@ ngnl@fe épthmaghthee@s antdrparaffi@ oils n‘dtha?arafﬁmc oils

ﬂ%ﬁ%@?@ferygfw&ty (M. (1+4) 125 0C.) from1 to 250.

erably, such polynmers have an et hyl ene
cont eHltghlfy desinablp atcorablg EBBMcmbber famdiatioreis peparehby ihccwmraion of one or

0 BS80S BRSO AT ., A0 RGO i o
ar@suml_f)basah cE}émptamhyltahle’mtfaﬁ ltayedfcluting algams mclhﬂé) but are not .limited to,
sg}%ﬁrs e{raarlneﬁ{\_gﬁlr eI'Illg hilsSfiad I%I,o dlécle metl%ylene a%Y %ﬁ‘asu fide éD]tDTT), 2-

ene c yners co perc
1mﬁhyk$m&pmmmmk@MBWb¢1gﬁe@k$mubmﬂmdm£dﬁ&Mﬁ@ﬁﬂBﬁsmyh@me,

Bt oops g Rells (AP 35 R AL PER Bale R P o
mmﬂﬂlﬂh@aﬂﬁmpte I(Z]BBC) diperddfkthyleblathivypah ;errarulﬁmyDBEr)pNLt-

end out, 75 ercen r ef er abl .

YRS 50 PEPBRRE (TP e LR uRRBRGFoF 4 RieBeSt g tystem nchude
mfrﬁ)ﬁiaﬁcm (ﬁ&ﬁﬁd OB Tta0d IMTOO MRREALLY, @it fie @iy confPpbnedts are employed in
=@59°eﬁpw3ﬁ SU|%aﬂJe 0|Ls i n¢l.ude ggy oil that is

1o ]aﬁol efrERbase! PREE QPR E8tended EPDM
rubbex pfeﬁrnu bagtb@&&om&sarmlaezsorm?gf:dotﬂldeelbmfdhn@blamwﬁ%rﬁion may also
) paraffjnic- oil inic oils bei
153%4@@@8& blagk. Jfhipfsraigstis caghay "Wpck innutsres EpRIPYs Bhiom 10 to 80

PeRehlndtel fPdTeraBly PloRIDBRE 6D fYceht) 6RAEDOK Rtal @Jinﬂb§1t1@@ﬁe1§ﬁt
nore curing ag ents alon w th conventi onal

noc ol ARG BRLCOBpORsTITF thad aesiprh fargulaigns psgiplly eplqygdyaccording to the
RE8RtSveatich BMLddVaribRTREr inEea ek @San®fun Hiat ADAR dStkief #6m the

based curing agents include, but are not |imted to,
properties of the resultant composition. These mgredlents include, but are not limited to, activators

@:—

such as calcium or magnesium oxide; fatty acids such as 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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sul fur, tetranethylthiuramdisulfide (TMID),

di pent anet hyl enet hiuramtetrasul fi de (DPTT), 2-
woreoocapi4ebenzot hi azol e (MBT), 2-mer capt obenzot PO BES1086/@36038

di sul fide (MBTS), zinc-2- mercaptobenozothi azol ate

(ZMBT), zinc diethyldithiocarbamatezinc (ZDEC), zinc

iﬁut | di t hi ocar bamat e (ZDBC), di pentanet hyl enet hi uram
g%@ﬁ@é@ﬁ@ﬁ&%ﬁ&§P§T) N-t but yl benzot hi azol e- 2-

sul f anigiolienets'EBER) inverbioh SHn%k Hﬁlﬁlﬁyetdhﬁ h %ﬁety ﬁ“ ceﬁv%fl%nraﬁﬂermoplastlc
éﬁméﬁsysten1lncludes a conbi nati on of sul VBT

loiprepesses (3 Prodyse usedil agjis eﬁgﬂ%&w@qtswapresnw ﬂeggt@ae film layer,

$udh A DHMoSaybr QR B ot 1da&t oRe ﬁ%r(iﬁﬁ‘ﬁmltllpa@@xeﬂmo %Q&?’[L cast, blown,
composi tion MEIght. A preferred el astomef c 37

splewdered: Rpeysioh PatipgproprssRsaoldd artidesi ol ionn mqvhiyd,ams@mn molded,
o16lobReE ALPRN RS, HREE! £l %'véﬁ ortnbx? v&%n%w@l ‘Pﬁéfmlé;ﬁastlo

present in the anount of from 1 0 percent,
P gEtieNs|comprisig thopressnbEplyears emude bla@@avlthrptheo pathral or synthetic

ﬁd?fﬂ?éﬁ 'aBdlﬁ)\Qas Vi’@l*nﬁﬁlém é%qgt'st %rﬁ{@xl resid? &gﬁﬁa agﬂ‘lcgﬁcﬂgts stabilizers,

present fornul atlons usef ccor
¢ofhsany, exendiersi erosshinkieon bhowmgug@tw mdl IxhﬂiQClmrh edf partlcular ut1hty are multi-

O%ngOﬁgllt ASs a ﬁltegt Bé} hg\pl n%egltouge?tsur?%%_ha&groggrrtlp%smg at least in

perties o resu an osition
Pm@omrmqqulmrmfehe ipvemtiam. e not I imted to,

gglt hsﬂé%% ﬁmﬁﬂ%ﬂ} 3>§?p it ldgré)lﬁl %rasen S etrjﬁqc])é‘r 2 8.?5 1‘11?1}1% i%)ge fibers, tow,
mnlticongionérp,rshentlscaedwisad, and nohefifanoamt. n&gﬂab]s ifiben forming processes include

SPEERAE Gy B RS 1 G gt om0

482207, gehipud digera dadiscdgsedsmfliSPrier1S ;1 10y 6 an’ﬂl’h@nwoven fabrics, as

N T AT R, %aﬁgzmésaw&

stubleﬁd’r:llmmeﬁsd hjﬂ?lf ﬂ{kbtt@rﬂtheﬁﬁbf@xﬁrﬁﬁ QSISRS ek’@udéﬂ glr:hp@s‘; indBi@fnd brofile
ti.cles, includin conpfi sin east one
Pipiivts 2o S SIS Bl J iR pied; oFcamed B o iers
Tiatew polym@rsriebdribbdheedin hrelafd ufRFg BRVERE 28Y cﬁﬁesdoatlr@ d?)‘é{f&tlons as well as
15a{lendered or extrusi.on coating processes;

SeLprousion fpx gacyum Sprayipe pehions: 4od fferaineAelfs 36%6 @Flumng the use of
inRbIh @t BIdw ﬁblﬁﬁlg R6bds Uk irQBB61din s BRCSsses MEmPOYIRIRs Bdmprising the -
ggp ven fabg S. erngplastlc conposi tions

RO Fap Ao B? focmed nfodplrirated articlaryughyas thess peRyiopply prentioned
WiRebnRafidha B olylef )il cBRtns GecRAlYET Rhih aRAMILEINYRE to those skilled in the
relnforC|n agents, ignition resistant additives,

%ﬁﬂﬂ%&?@gﬁP%m“§P&blIlzers col orants, extenders,

cros Slbllsllmfﬁ&ﬁ (bdth SR aﬁ@ﬁ&ltaﬁuecﬁg‘)d:aﬁ’ Ltl§§5é féhﬁ&iﬁ%mg@&: present polymers
particular utility are nulticonponent fibers such as

Fdpraplaenstrmprisieg e sampy iFrejhedrfoanstcemprising the énvprigdpolymers can also be
FORAGA bt AhmbR: @1§et prbd%ssﬁﬁsr&oseﬂﬂ W(ﬁﬁ/m 973 g‘ﬂ%?ﬂ érh sQay also be

the invention. Fibers that may prepare
pesshnksd byyvkrevs rr@imsmueln athg wre pﬂn@eo@ieaplrs@mmbb@n silaneagide, or other

di‘bgs-thhﬁﬁgﬁglﬂﬁ(ﬁue Tﬁ@ﬁ(ﬂ%ﬂﬁérg &dn %iso?)%l%ﬁxﬁ&ll %qlﬁed such as bPl l%rc?ftmg (for

nmonof il ament. Suitab or m ng rocesses I nc
BIpls 8 Heechf matsia anbydyiga (MAEDsilepesor oter glifng essedl hialpgenation,

Mﬁﬁatﬁn,%uf%ﬁﬁnéﬁ 3r offer Rl abairbafis: 566, and

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,

66



4,322,027, gel spun fibers as disclosed in USP 4,413,1
10, woven and nonwoven fabrics, as disclosed in USP
W@2008633486, or structures nmade from such fi berBCT/US2006/036038
i ncluding blends with other fibers, such as polyester,
nylon or cotton, thernofornmed articles, extruded
profil e extrusions_a

BB ek PO B BB PG (A tcne P nucin

1hu\lh§1te @€hctoPPE € ﬂé@@&”%%ﬁd{bsof @iegfek—ﬁlﬁf@PE ﬂd&nd‘ﬁeﬂlélc&fé IPEMRICE as products
(ge cribed herein are al so usef and cabl e

SPhi OPet At PE, 0 2S Uil 6 56§§4§ r§ sé‘f‘p@‘é% 5@5?? P {rs Fléﬂrﬁ ‘F"(§F341 ethylene-

WM 4t Q!'VK)né}h}Q&f%Y ﬂh IQ%llolé%lyfn%er&%tﬁE{ed act modlﬁed polystyrene
articles InCUIH e use I Nj eCtlonnD in

‘ﬁ%ﬁadbﬁ@le{?ﬂ@é‘é%"sbb%co?%ﬂb%Mﬁ‘l lwgrosw@@é dyivgtives thereof (SBS and SEBS),
e@@@iﬁ%@xﬁbﬂl&sﬁ@ §01919@m5ﬂe§ | B dgzﬁeofa_l; s{waaerp Qlci g@&léﬁr?@@st&he??and

formed into fabricated articles such hose
%?S&m% giihyleppend PWE]GHQ:I@S?@COQ@MW@H (ﬁoowamplp @Pwegfawmlable under the

[ I
P4 AESTL G VERAPY AUR lm ﬁ&]T IenbE rdgggfggmn{pw HASBSTAMAX K™
pidahbe o Esxoelbbbih c@cﬁl@dmslsqﬁddis n@MpoACIEn Lbéepds:@mpatbmg tHe@resent
J?ﬁ&E using the present polyners or fornulations
conprising the sanme. Frothed foams conprising the
i nveniutgblp elll@/lnseer @r tbatﬁor%osm moaslufts invids filnssiand) fibeys; molded articles, such
15 1

a%%?&ﬁpn%rﬁg{ ﬁégdl@% éag%:ef‘hga §S? g?(sh(% %n (é]fggsk %%%%V%chludmg hot melt
aslhcﬂweaand masuus eensrhv@mheswerd)s fooedvm (mcd:utlntgesam sofdis lamdéhoe liners); auto

ﬁéhg ax“cs albdgprcl;]tﬁ%sm %%Sg%oclisln(g dtlh fo? 82{(}%6?11%%1 b-[l&%c né?c%ine %tsor other
t(lérﬂlopbxa;molymets)suml% BPDMBdoeicﬂc pmmdijyiede of MBtd)glefin polymers; coated
tz f?ﬁlcﬁglfos%sn%%glg; x?e%ﬁxg?%t%{;ﬁlﬁ% ?apglﬂﬁg h%(ﬁlglg,: aggl%ggotsﬁ}? index modifiers, also
mdznfaspcaﬁpmmm&xﬂidralﬁcbreummhmner s for blending with the

Pon- LRy STt KR8 werminelai il blea (1faf Yormoptati
aasnmg bleﬁdsQ’GJP]y)mélfﬁlopEXtﬁfﬂglﬂot’aﬁMtd@ Qrwvemﬁi sty@dnidopodyiebir Bgnds. TPE and
W%ng&y@ % é?rngéS E}ﬁg?rp mg%lt’lvﬂ?‘r{g CFQ'I}%‘]W YH&rsn }n@hldlng

fah@paallzed oﬁ‘uhmma@lﬂ&azhtlxle%eoiwmghﬁdptlbm hﬁbér'—ﬂaﬁdmg conventional
lir_{e%%al I cene PE,. i ncl udi ng mul tiple reactor PE (
pRYmEs gsgsially anA RS plack oopelymerpynd opiipnally %.Pn%%@ﬂég or vulcanizing

dgknt. I BOlblcags $26 gﬁx &ll$ p fégﬁ Qldﬁr@lt@:imsenﬁd gge@dg-%ﬁck copolymers with
6, 538, 070, 6, 566, 446, 045 5, 869, 57
agbokupdefingand oeilwlhéh%rwsllfplrm&ere‘ﬂl&@@zwmyt Toe fiRrpasing blends may be used
M mﬂng@! S Li| obggpm/dmem ly RRIsBkME ﬁ{e%suhlﬂp%tdemwel A% imilar

ol ystyr.ene, styrene but adi ene rLg@})%mars
PAPRE VY aﬁlb@@#sne@cfoalé?nevﬁﬂlaw@n PIFEPEshY 1%@581 | BIHY779.
and themdmpl As) wecpra%ems, %{lﬁag&%memg@@%@u%ere%wﬁ%ﬁé ata
such as olefin plastoneirs and el astoners, ethyl ene and
tHRPRIYIE R SO veTho gk Boist tpmpsraturg afievleer befh phtae gomponents. For
RYRbleAR- ﬁoMﬁ&l*ﬁ&? thib ﬁe‘fppeﬁ&ﬂ IgMe' BMBRE: FYbdt Bnerally above 145°

aval | abl e from Chem cal "Conpany and’
G/ =i apaabaxederaplyabenel 1é6‘1 @ Tyninel Polytest Mbbing ordaendiiesguipment that is

eagaeoflé%f 8RR FRABERE SenlpBrall- &NEE mER Hﬂgtifﬁhgﬂle GRGuRTES B8 bmployed.

ners.
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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Sui tabl e end uses for the foregoing products include
films and fibers; nolded articles, such as tooth brush
whandioassand appl i ance handl es; gaskets and prpET/U8RD6/036038
adhesives (including hot nelt adhesives and pressure
sensitive adhesives); footwear (including shoe soles

c?)glgmsf o O]O\Hlill v Sl%,* g}@b E)ﬁ(?lg cE:’cPsg ilglga%[;t ° i g ré(r:l (t}%%il%/ Ith%sconven’uonal block
d@payﬁleﬁfoﬁtafnafg vatdestidnheniparl asTro c&ﬁ’éo)ﬂﬁ@ﬁss Gedéhlly@$or TPE and TPV
EPDM, |so actic poly Eﬁggylene or other olefin

Cﬁgqu)\ﬂgplg %gglglét atjofH Copplygwsto ptseﬂ)gp-ll?&ck m{yﬁ)@; should be from 90:10

61000 hd38 prefeiddly ﬂrcﬁh@ B8®:20 f2030i 3 ; mo@ﬂﬁleﬁﬂaﬁ?%lnt% zm&l 8% 50. For TPO
nDdlflers al so known as poi nt. nodifiers

ou
appkigatiensnihe wWeisht g of P&?qdy-bgﬁlg P?palym@r 9 nelygletip may be ffom about 49:51 to
aﬁabﬁrsr%PJn&%tﬁréfexﬁﬂkr Y8568 tDARGED:d0T BE) modifi&d R ES Y her

el astomer bl ends” (TPE), thernoplastic vul canisites
apimgiionsathe weightratie of nsendg-hiock ponshyener toppiyolefin nEPYise befien about
o2 th Eb it %élme prxfe&@mw $lsd {38y 1§06, OFheRFiR %y iBL Ok ged by

lymers, includi functional i zed or unsaturated

C@@rgmgaﬁw wwsmh@@g theivestious somprnrshal herais bensideiable litpeterg illustrating
tERMEN HLGRhei gé B€ F haSORi d@rbg; ’cheﬁ'% %g%lg%écé{sn??atﬁ?& R 86k tituents of

copol yner, I ona ros nking o
wﬂ@mbmdzpﬁgﬁagéhﬂnHNE@ﬂbhEndsuhﬁbwgﬂneraIIy pr epar ed

by bl

ay pol '@%ﬁ}l#ﬁ c&ﬂg sg{&}{selﬁg}gc%g{aﬁﬁlﬂgc%%s? o?lF p(l:a[%ﬁg %&ﬁgﬁdsprx\éegﬂng aids.
RMlvb@*amczssng adlg bate .a citten ASTMgiwglgitlbhsand samﬁjplcbmpﬂsmd of aromatic
prﬁ eEQ oglg u%tamllga%ﬂi ar ‘!éfe C&%nerqnlgl i td qg{) g&lrtsc ! grgz)ldelferzlﬁaly 10 100 parts,
ang intogt pﬂaférfabllyémtn Q:torr?p tpmtsmf il lpersl Ob wnts il Itcﬁa/llpolyﬁielyare employed Higher

BloSi S7 Rl el Rl PRl BEet bR Rt € TR e ofsome
phesipd paperties. axdditiodal @roceddiny @ids hﬁluﬂ&bdnvmioﬂztl vstaﬁﬁpﬁt’tﬁﬁdidl galts, such as

. bot. h h t Fo
Bleisliietie s aarymErE AR Rebiise e dohiyiotie! dhgdncluding
gly2al &hers, I(Iiﬂﬂj?)es@&ﬁ] erroaiding (pAdP¥Bcdl 4kters; and aiRehl SAMS tespecially Group 1 or 2

r ef er.abl ove 15 Typi cal pol ymer m xi ng or
Iﬁﬁ%éﬂ?ﬂ§3%ﬂgkﬁﬁﬁﬁ?” ?ﬁls capabl e of reaching the

desi geﬂ m@?fpmaﬁtou{trlg&ro@ﬁ&em?ibgerpéﬁs bd ﬂilysemgmgMglpo;mwleed forms of
e enpl oye ese i ncl ude nea
b&@@?ﬂﬁ%fﬂ%(%ﬂﬂ“&#l pleckePdnetsy efw-ﬁﬂgraleeﬁgub%%h%ﬂa}ower
rﬂlétzﬁfcs to 0V 08 ki ox@fatlor, Bémparddto mbRe &%%%@ﬁraﬁd rubbers. In
met hod depend on the final conposition

g an ‘
aAP Hmsr%a% SirSmags B‘BF?“’E&&F&?HS sAnadning higher equaenirations of diene based

HIbbeRy f 1§'I&1)6wﬁ kB cdfor@BBArBESack 3 fkbrare rﬁ&b@m@ﬂ)ﬁi‘c} Iawﬁg Withlanti-ozone
have a hi gher | oading of crass-Iinkable polyne

addiiyescs PP%PX#%%%W% lockrrapolnese pecerdipsity preciohinarTion gossess
eb&fi‘&ﬁé T_gw 1PN ofaRSRREERA niaRing BnCRANRARIY | lwen §111te@?d?%§@1|nls¥oh
E and TPV conpositions, the weight ratio of

aﬁpléf@tem@o Bordgition. they Baydidaspsigiotessiye FiFfes e Sepatgd seextruded or
lgrﬁﬁl%%r whBhFestPan® Him SRR B a@ﬁﬁésquln%dfﬁroﬁf%%g&hat &iene elastomer

0,” and nost preferably from 75:25 to 25 .
Hmkf%hwbméﬁﬁp@ﬁﬁmﬁpﬁ% wei ght ratio of pseudo- block
COPO! BBLtakPo R ﬁf@éeﬁfTP@) TRY, HQ TPEY gblﬂ:gf? c%%oﬁ %laE is the additive of
about 5:95, nore preferably from3 t o about
dhpice fay TV ¢1§Qrp‘gQ1y4né iabiligasioy.nRepresentative 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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applications, the weight ratio of pseudo-bl ock
copol yner to polyolefin may al so be from about 49:51

WO 000a088485 5: 95, nore preferably from 35: 65 t o BODUB2006/036038
10: 90. The ratios nmay be changed by changing the
viscosity ratios of the various conponents There is

13 Onﬁ%ﬁ?e{]r& 9?% g45| s cand t@g%%e:pla{rel@ u%@g IE?H%H@FI' rlpﬂ(gles% cfrnQ; 100 g. Generally,
maﬂelqﬁmcjb sizetl lcﬁl’éorolﬁladkh Bre@OPRYed, toahd extéit cat BIn6iagkadddd p@&mit. For

erso IIed nthis art su i f necessary

b Sl LT PPOHS Ry kSR e S ighar e aireltde orno
qakts biaGk, 2Rk éby a86inB EEBRISHLIB desidndFoed 5t RNBEud BEGFH/ePihments or no
Qils hav& a certain ASTM desi gnati ons and paraffinic,
MEPENAL or aromatic process oils are all suitable

for us@aposeiosy, slcludink FiREhEpldsHe 1315&15 B&dok cﬁn% tg@l{e%lventlon may also contain
preferably 0 to 100 parts, and nost er ab from™0

o Bepagty A ar&rowam;sl&t arppoHp Pgukber ot ofmsdly«w pkilly Ehe anti-
SR QM&Q' belgh@ial ?ﬁﬁgﬂdﬁﬁ Such fas Phly IRl cdfe ﬂorﬁﬁar fMfce and protect
the processing of the resulting product at the expense

the p n BERESH SIIZOR B plesy ey Ho chregdeal proteatorshas eqagtswitigoxygen or ozone.
Sidbie biali aqj BrofRfOVERh RN B reniRY Eﬁ’enofcst eg))fat@é%cgylact@d Jinol, butylated

such as cal cium stearatée or zinc s

<(1@@nﬂgﬁb}élpqmﬂbmh@n@lnlwhmﬂn@edgﬂmmlbsltyle(tfpﬁo’pa,cylam profhusts of p-cresol and
cﬁéﬁ tachgﬁ% 6]9?1’]?9 P&%}%ﬁ%hc%hﬁ%&lﬁan&( H?‘e%{%]l%’?bhg Fk%ivatives quinoline,

i ricl udi ng esters, and
dighsayerel amyo@agg;pthpegpr Ptippadants, apd bkqnds;thgne@faISbme representatlve trade

ﬁﬁo%éﬁasﬁl&h 1%3%1{0 ?ﬁfm si.laiTMI Ssanlﬁgﬁx\ﬁt tﬂaﬁrtst nglglnl g %ox arliltaf’cgystayTM 100

ers s onpri'si ng ’pol’y

Al eivkidan, hﬂystee/am@rwtlomdmﬂ WingrtpyBY b @hticxaiood Wlmsaym LHLS
a(nagﬁgﬁznk Q?V%%stte%ff %gg}lﬂ FS@HE& (T)I\h%a/ z}ené ant,n\%/e zsftfﬁl%%]el antioxidant,

dnid @ighlpx%ampaﬁads rlo Isdzmer apphéanom;mhb htiixidams alsianhozanaants used will
pménﬁlbenllmmgg?CO 0S| 4 gns cont ai ni ng hi gher
CORCentr att onSmgf i ﬁ%g§‘§%d rubbers, it is known to

i ncorkee pabingaibicondd ktals Kty tagainsaPi/ Qﬁcﬁaﬁdﬂb]hlﬁdlerﬁl amfihd lighystabilizers

S R B 0B SRS 12, T

i4AVEnivIOM (RSHesMTEXES, ameivwri« oW, bV BhsvioH mm&aalwbatﬂoaﬂclba
I n_such

ng-.them particularl d for
GESLRRIISIPRI S AL ) | SULE 0,101 NSE L MSEN 1 v
Ip:m@d Ein | magG)eSaldﬂihalwy ligyited @ﬁl@@H&@fS cfﬁp@%lﬁ hﬂj&ger% achieve superior
nat.e ant filmadhered to
Sﬁ%ge@f%lgyfaﬁgﬁ%las“? ﬁé%ﬁ’ﬁgfeﬁ?ﬁlr onal diene el astoner
nmodi fHoe sbnkOdoyiBsitins CAIARIORA] i &B¢ deiployed tol & di th
pr.esent TPOdﬁ$gOI ;nd TPE a1 ﬁ?%otldﬁgﬁwca#%gﬁ brm qume ©

quti-opifants, gpi-erapantyoatony plagk P rabigbest v gytliehistabilipers to form a

riidsbiatdh ZaAiske &Wﬁ%&ﬂﬁﬂﬁn\é@bﬁﬂ@%@ﬁmﬁf car bon
bl acks |nclude ASTM NI 10, N121, N220, N23 1, N234,

N24 2, Ui cropginking aggnis éalsonsfored tggenring@n plcavI g agpets) for use herein
lh@ﬁ%’ sulNd®hsed! ideMbaded, orliﬁgt%hc DredeconRts. E@zﬁl@plesl\&ﬂ% foregomg
N650, N683, 54, N762,ranging from9 to 145

B TALgE: DO bin oA dibrichiiis H UEP Lo B B 08568, 5,5t 45, 104,210,
@@%@gw 2,88 el d7@loapariub 6L 43538 £35 00N, b ACkS aﬂéi §248,729.

en‘pi oyed tO tﬁe ext ent COSt consi d’er atl ons perm
For en 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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many such applications the present pseudo-bl ock
copol yners and bl ends thereof require little or no
w@ 200085483 ack, thereby allowi ng considerabl e deCT/gR2006/036038
freedomto include alternative pignments or no pignments
at all. Conpositions, including thernoplastic bl ends

accordi to the inventiaq y. al so _cont ain
BT P iR el 0 RO Rt AreTa el RIRMASiabgut 15, ph
l{)aldé)hﬁxrtotﬁl‘@lmpsiiti@fw@glﬁi Ih&ih&thﬁ@xﬂbbdim?ﬂ?coa{bﬁﬂaﬁ&?lﬂﬂaﬁﬁmﬁ@)ﬁnd a

e sic rotectants such as waxy materials that
oMY Goelent G e Vsl avith TR eI A RO OP B s yppler amounts
Eh SZRAL WVt 6.0 aBBY 3 PEr, Gl QB ¢RActiPAOARIAS Bfisiodd ¥ prof@Eds of the
wi th oxygen or .ozone. Suitable chem cal protectors

Gu) aerde- Srapmbatationsf prralerts ey Brodiee BEICIP hgvang properties that are
RBRRARAL betdd thoh AloS8Sprain{ced BRERBE PERAY hocelARR Oln.addition, delayed action

p- phenyl enedi am nes, butyl ated reaction products of
gsoderaiotmayrhg uerdcihéshoperat atfecdaddy mpxpbprocsseing isrppigtuses yet produce a

ARk R Gdinkty RHURENRmPELANRT ViRShizaflbh R ddAEmieht also be
| ene anti oxi dants, thioester antioxidants, and

di pheny ) ) . ;
‘EPS neittablp Bipesotl acasisrpiors Biet maherused W dhernresed ifvgntion and amines,

%%ﬁ%?’a@%?%‘éi%%ggﬁ’ ?g%’%g’ r%{ﬂ?]?ag’lg’l s?@%ﬂg@ﬁe%%ﬂl%)aar%?ates and xanthates.

Ryefierablyi dhe primarpepapleraigr(is pryjulomnidatlf osecehulrccelerator is used, the secondary

L0654 24 ol AR BB, o
s 2ad cure ritiyatots sutN asgtetis/dcidygnd SNOImayratsp bx bstdnWhen petoxide based

. i i t | i i . . .
AP OLAL00 ol hgg so
gvagensstiadlwieigmetmdolpepanzitgacaglae (TMFDA), pineettiyttilprgpane trimethacrylate

] L stabil it nst . UV radi atjoen, hindered :
GNERRY Byl YR AR e B AR s 6B ot pronic

abshinkesadd oFionilabd gente adFbrgartiahal camplettidgnanio filoanizh@&, are known in

Ti i Nt 4. Ti Ln(t 622, Ti in(tm. 76 .
B R el S ety i XS ion F lgfpmers, Vol
T3, Na 35pdcAedusty20Chem cal s, and Chem sorb(tn) T944,

avai lable. fro tex Plastics,. Houston,. TX, USA. A .

ot STET 1 FRRERlOd ape BT iR P B oA 3 At ataly oroslinked,

the dgpedennd ciossliakifi@hay be rBedsured By SisHoRirgalie upbeticn i@ dablvént for specified
s disclosed in USP 6,05 1,68 1. For_ so

b FOReing e TegHE] iR oGO REEE T peseent gol normally

18EPdsey/Rith nlrefding-cEtsSIRRING GevieR € Fértuted @Mica AicSrding to the invention, the

anti -ozonants, carbon_ bl ack, UV absorbers, and/or
Rerogpi 2eleonfsmt is desirably g1 the rangeyfrom 3 %0 RPANt. and

S ubs eTHegiRéddY-blok Espo ARy of BRIinvh&dHhS wel) 8¢ Bledds MBreof possess improved
Sui tapl e crosslinking agents (also referred to as

REpeFRB LB copRprEd i PEIOREt RmeopiEgns; die. it sdekigypdtp lopsemelywiscosity. Thus,

Bl dnosiBias 6hlenR QbR sHRedBSIBProva] suPAEMBbdaGanb@S§R cially when formed
npounds. Exanples of the foregoing naterials are

co
ipurierldsd or meruded artielpc ALIGR prans toe yppEsseng congwsigigns and blends thereof
i PER paRBss imp3vek i Bstreflth Bhp&fild, thérelpHionan: thépré&at BBddo-block
ity postes impigap it Poghl oo i e S
Cé)ﬁgiylg,erg 4@;! blemls 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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When sul fur based curing agents are enpl oyed,
accel erators and cure activators may be used as well.

wae@eloai48i ors are used to control the tinme andPOr/us2006/036038

tenperature required for dynam c vul canization and to
I mprove the properties of the resulting cross-Iinked

b oo RAE Gt Boph GreBitssy P SRRSO e85 oy jpnopartiles

ﬁclﬁdlnpiﬁnptubmd noMAbes atollagmg,grapme 288lit@énd ckfamics, such as silicon

he i ment, ations_of a primary
?@’é@% &aFQp %@% Pitftagtiasy %ﬂ? 153)@868@ a@a&owltnﬁ agahts %@g}ﬁ 35 pypployed for
msleﬂim B&rﬁlﬁngb QldaBiohts SetabR a8dTBYds Bl ABRKIESrs; Gl Ghcl@Eng paraffinic or
abo ?toaout 3 phr, in order to activate
ﬁiaraB%“?

patu @ﬁbsp’tnihgtgc Hg}yxlftefﬁe inglydiag other qobymers according to
tﬁ@ﬂfﬁ)élﬂ@hl ons of accelerators generally produce
articles having properties that are sonewhat better
t han Thedhemeplatiscenpesiiopse this inyentiopgpduding the Bregoie blengs, may be
ﬁQ&bgeH 8 cmﬂ/@ﬁtﬁﬁﬂﬁ(‘i‘n(ﬁ&ﬁg t@&mﬁm@@éu@ﬁ AL &idiRo1B8:, Yaffion molding,

are not affected Y nor mal proocessi ng
tl‘%,fﬁ’ﬁﬁ}“ﬁtllgr dushyraldipg, oy swlding isersmaldingr ilow molsling: and other techniques.
1968 Befudin¥ HubRRY& Hirh haly SOPSERL
retar derlsgmught 5Ia I'so bgyugg% Sﬁlgfé% (}Nén‘t"&ﬁgﬁ%?ésgél including blown
feqseespys.ors that may be used in the present invention
are ami nes, disulfides, guanidines, thioureas,
t hi azol es, t hi ur ans, sul f enani des, dithiocar bamat es
es. Preferably, the pri mary accelerator is
a sul %l'ﬂeaf'a}e &in Mara%teﬁ%ﬁgﬁligclgs th%te%m lgs tfilaz (foqlowt {l]le following
secondary acceferator 1S pre era gp
adiplyti¢ad tealtigues alap boemytldpiedr am conpound Certain
g}g&f@é%éﬂ%%ﬁdﬁ[e&nﬁ cure activators such as stearic
d an

so be used. \Wen peroxi de based
c u ri ri@;am@mgtmmaomssam:kietemmmd by ugttatiztion arabaig éattonaton

n er ew th it
CRYSTAD b LR PEM Dl SO F ety R e SR PRPTRR 1, Valencia,
Spainmdhb ?dmﬂlqmawmelved iinrtext Avaicklytobier(e BMRIOVI)(0.66 mighIl)ytbr 1 hr and

EICOTE NG e M KT o TTH S MAGAC P

ree@f .01°6/mis.edn indtaref detbdtad is Aed CORPHs@E Che@plyaint slution concentratlons

ul canj zat i are known.in the art and di scI sed fo
P aF e ol S EaD oo D O gt TR dstomperatur
i @sdandite IThe anal@ical dédvatiNOofdhe cliduyatifeiprdsite r QA the\WiGHA cBatEbranching
qo eudo- bHﬁck 1co oI ymer containing conposition is at

igrutiop ot he RPIYYCIcr 5ssl i nked, the degree of

crosst He@ﬂmﬁ[%éalbﬁmﬁﬁﬂﬁw aﬁd Ry ardiiGnafiod ByGhd frak ana1y51s module
vent for specified duration,

R %3"“{5%@%9@%8@%(" graien 3001 bn Ry PErEhatn Y dlenciny e, The

CRES R SRR indiE rolBhid Bédtified A15daR B8Poratird &} al X ERAS inr’cﬁe dW/dT and the
crosslinking levels. For cured articles according

FROFYRR Hieul?aﬁest PsEivp flegtions eegitheroridec thejidentified nealbwhtr dprivative
duhe. range from5 to 100 percent. The pseudo- bl ock

copol yners of the invention as well as bl ends thereof
Q§5§§E‘§§a'idrﬁ§l*@9@d processability conpared to prior art

conp %‘fﬁefeﬁf‘é—l ’Scegﬁ’lﬁ‘x daforlhl%trpf‘e'sﬁlﬁ\éﬁéjdetetnﬁmla@ W&l SBATLmodel Q1000 DSC
Vi SCOSI ty F he conposi tion or end C%Grmnst rat es

HlppfrépwawbR%%woa@%acaﬁm pethrnentosamderi &) tityoagmpyres gasiflew 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

71



into a nolded or extruded article. At the sanme tine,

the present conpositions and bl ends thereof uniquely
w@omsm3swsi nproved nelt strength properties, theeED§2006/036038

all owi ng the present pseudo-bl ock copol yners and

bl ends thereof especially TPO bl ends, to be usefully

%E%eggl J{ln %Jl?rgghlfaqgg\pérnoé t{}}ggr@{)@% %rnirln\ﬁg;%ggfafg g&{ltlg %I%t floﬁg]w1ng temperature
ﬂfbﬁlé PR QAgipieGs FplIBOEhiell IMB0ATAQMIIdNEhttPnd1 B8 I MhERS inQ)Pder to remove
al so _contain organic or inorganic fillers or other

SRR VRGO S < pepple salreg codled oi-41H @ht W6 min gooling rate and held
ALase £éri3hkihdtes. PRIKIBAIL & thdnde4isd foi 136 baidh 1@90/?&{1 %Qat ng rate. The cooling
rayon, cotton, polyester, and polyaram de), 1

frljseeond hegfipgourygs 817, reqordekesal umi na, al umi nosi I i cat es or

al um ﬂf&%ﬁ@lﬁhgﬁm ?ﬁﬁé&@tﬁed’@'t@ﬂﬁa{ﬁnu g"ﬁ{ RQ ﬂ?cfxtgﬁeg(% /) with respect to

nanopartl cl es i ncludi n% nanot ubes an nono S,
thelineasbaseline dravgrbgpreicr S0 °¢ eed ¢ndeof meliing Tlearleent of Sysiguiemeasured as the

aﬁ‘éa Wik tﬁ@tﬂel@ RS QirOlehetvideh | 3‘:5)@@ M fhE kLB erhd tl.@'{ﬂg @¥inear baseline.
| ane based or other coupling agents rm be
émblodeSlﬂencebet ter filler bonding. Additional
Suita [ n
s o RS LER LSS SIS S Ol LG 0 s
Byeravérege velugof § mas@rements lisrepanigd.oblagres piod. A}mmﬁmchame@mdpmgnon molded
OS] ) |
bRea BTk o bRIIIENEE € TR e B 1
mﬂmlaﬂsm‘detbx/lemhm héatdank 1995 Cchi ﬁ‘ﬁgpsﬁ ésh lkPat)Lfexss mmcfblla@ed by 1.3 MPa
fO{ 1%?111t Iar(l)cr tagrp i ,9 Mg% efcr>re3xm1r u?\l'extﬂhenfﬁhsn 15 ¢ Ilr%il iny g}?&%sg{”gb\f“%hmg cold water
aro 3aNTPegfor annh ot her techniques. Filns, including
{%Mt‘x er films, may be produced by cast or
Gg ter ‘?% processes, including blown film processes.
Test i Tig ghlyichadsioh chrohsofraphagitag c@hlﬁrsaif bitler & il’?lgrlnler Laboratories
[ e t ow, ol | ow
TR Bl GaBaRy ede UF 7 eeitept s e id rouse
CRYSTAdnt\RE mehtaaama:m‘im Orhebe PolyimdHIL A3 FiSorRE €0-HRdré MIREM columns are
sis fractionation (CRYSTAF

b stalli zati )
Y ﬁé%aomf(ﬁﬁ:“ SRl o e Ty ae BroBiF (. v gion of 0.1
é?ﬁhs}’d’f@:b@hﬂf in SYahiBilEdroof sSP@it Bontakiify Q@Wrﬁﬁ baty@ated hydroxytoluene

in 12,4 trichlorobenzene at 16Q 0C (
@59 M gs ate pppasgd by gitasing fightly for2 lpmes o £60 QLST]Pﬁ lm%gl volume used
Jmmlﬁiammkdrﬁ@dttwmﬁmtqu esnﬂ,@fm‘efrom 95 to 30 OC at a
rate of infrared detector is

|
ﬁg gdl Qaglbwaa%afrtée ?ﬁ% 0%1“9 ﬁ%ﬂs I?EfP‘E?ﬁddﬂthc?é REERNY Pogleryprgveight

dmﬁblﬁluﬁyd>l9§tyr\4§e selaaal &uﬁﬁaeﬁa{i@r%ﬁgh%r}aﬂg%glmmqg 8280,000, arranged
yper crystallizes while the tengfrature IS

la écﬁ%‘!s@é mixtes Withtyeastadecade of spaarpiicn bgtweem mdivifval ragleautar weights.

’ﬁk@{ahélaﬁds{a@é fnﬁéﬁ:ﬁedtfﬂﬁn ﬁ(hﬁ{lér L‘ﬁﬁﬁétg‘ngr(fs‘lﬂ's}@hﬂg UK). The polystyrene
di stribution of
standards are prepared at 0 025 grams){n 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)): Mpoyetsyiene = 0.431(Morystyrene)-
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The CRYSTAF peak tenperature and area are identified

by the peak anal ysis nodul e i ncluded in the CRYSTAF
w®oedornaises (Ver si on 200 | . b, PolymerChar, Val eneCEUS2006/036038

Spai n). The CRYSTAF peak finding routine identifies a

peak tenperature as a maximumin the dWdT and the

area en the, | rgest ositive inflections on

c1 ¢ hehonshrelons ccpivalonclasiessl Biiehiealeuifiirs A EPTRFApipe Viscotek

THSBEsoffafe Vairasndaod Met hod Differential Scanni ng

Calorinetry results are determ ned using a TAl nodel

€qui pped with an RCS cooling accessory and

an autQeRERIR ket iPInEHshre@URBrdR RS TAD 890WHRkarR e mpééﬁh{éd by
is used. The sanple is pressed into a thin film and

fhsking g 1 g flampipieigunddiscs g2 mpy 86 mhdnd Aeh mm thickersk il a total
hRKAROHR LSRR [ALMLE. (BR e are ARSI 10 FDx @f 7 gﬁtcgﬁlbl%me molded

in the formof a 5-6 mtrinped shut. The thermal
Demvayekledyith hlotomsprnder Ge follpwingicgpitiogs: \zpnorprqsﬁee for 3 min at 190°C,

o S NIBREE A o POt R ARIE R o1d runming
waterat 8¢ MPrenove any previous thernal hi story. The

ﬁ‘gﬁrﬂ%e is then cooled to -400C at 10C/ mn cooling rate

a eld at -400C for 3 mnutes. The sanple is then

heat eldensity h&Bui@Getarel@@uvied acdvebitg th ST B.197h eMeswlemmgs are made

‘girﬂﬁ? gx?ecl%ﬂxdoflg%ﬁéﬂe ﬁ%ss(ﬁﬁg dlsg Aag’[?/ﬁ b9éP M%ﬁl%d The DSC

eak naxi num I'n heat flow
FlaxleaK/S&g)tMmduﬂusr espect to the |linear baseline drawn

bet WesTh le% gre%gm?) %9510%nnq018£d ugﬁlgt St DTP?X rﬁex&’lw? %c{ i’lpercent secant

i s meas € area un AN Re
mmneasﬁecoﬁcaﬁmgmawmmo melting using a |inear

Abr.asi.o esi S e Abrasion resistance is
Q%tscsahjpmaertﬁs’ t%%?’@ggegﬁlsﬁpg‘éﬂ pl aques according to
| SO 464, of DiAenm atckags awadotiPresdionInstdaiiging mhﬂtlﬁreSS $Carver Model #4095-

{Fgﬂqg{é]é( Sg‘ il Pl ues p?aﬁﬁfg@i‘gwieégp{;@ rléfl'\l}g)g%h%/ en sheets, heated at 190 °C at 55

ﬁéﬂ@% KA REGQiR) folldrdl tpald 1aPs foaB mlmlaa@men betheedr 3 min. The film is
(}/ | uor oet h Iene eet s, ed at . 190 0C at 55
0@%@ ‘Eéﬁﬁrfssfvtﬁ‘ﬂ”‘ mﬁ?ﬁhco BFtFro"\Réé for émMDérq‘F Gpmpression molded

ﬂiﬁn@ ,area@&l ﬁ)h@iﬂlca':l nieaddireindn@y! tedsilibBhavide ¥écoldd® ahdl kthsé felaxation.
cool e ssS wWith running col d water

él the p at 1.3 MPa
for lﬁxinpi 18 wrﬁngW\fIﬁ é}a@jélpr %aéia lgggtaf Qﬂquied in ASTM D 1746.

chro TT@P QREAP hleSsufed Sibi8 FBYRNGdrades GRfssnRitdr MiEroloR0lsY BRdpecified in
Labor atories Mbdel PL-210 or a Polyner Laboratories

P-#57220 instrument. The col um and car ousel

CconpanfeRRM:Se ﬁ&reeamlﬁin%@yqé Garifkr @ﬁ;ze g 6ReF S ASF?M D 1003
Laboratories 10-mn cron xed- colunmms are used

Repgediied. iNingraboilyis pppliefh r%f_%l%ﬁl@hszléﬁw to TROve atrfﬁalc@&crséel@s
Pr epagiRes-@ainter R N hdiAlid1 @hsiBh istnehsured 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

73



grans of polynmer in 50 mlliliters of solvent

contai ning 200 ppm of butyl ated hydroxyt ol uene (BHT).
weawploessar e prepared by agitating |ightly forPCr/osue03603s

at 1600C. The injection volunme used is 100 mcroliters

and the flowrate is 1. O n1/n1nute Calibration of the

SR A TR e AR AR T -
tonhectand ke, IBE Gttt fe&ﬁ@i'yl’igdéfﬁ@dﬂhﬁso to 8,400, 000,

arranged in 6 "cocktail" mxtures with at |east a

decade of separation b mggp I ndisviddy q nol ecul ar

wei ghts. The standardg’ G¥cﬁa ea>?98n1Ponner

Laboratori es (Shropshlre UK) Thefpolystyrene

st andahdis e,ad e ffa@ialked dordtycl® 1024 e0hd 8K th8 st4in where the load returns to
solvent for nolecul ar weights equal to

liliters
tg%L‘lj‘Flé“étdé‘Fmﬁﬁﬁﬁ ynlepdee¥te-and 0. 05 grams in 50

m | 1 $thds@refx@onSOmyBitbd 00 paRER GHAIR hnd' B @thS12 IRSS utsﬁ Bn Instron™
1, 000, 000, The, pol ystyrene_ standards are dissol ved

iRl E RPRLHL @ e&zglrrctnaten@hclmbera Bhperige emeirhEen s mov 25 mm x

&4 Andagels e&ﬂlﬁﬁrhﬂn%sat o€ 613 rhih §Sthe BRA ohRed®l g@c{mb‘alf the sample was
decreasin est mol ecul ar wei ght conponent to

etehed tp éo%égﬁla@bﬁi* rinTh8trgse W?%lteyqréqqi@s g fungtier of tiedr 12 hours. The
PRleRGHE & re Mg hfer 38 RorfrOR sq,ra cﬁﬁ el Qsi % Y BRlene

mol ecul ar wei ghts using t OMAn equation (as
described in Wllig r J.L,Pol,y cL Pol vm
Let.. 6, 621 (1968)/%;”’ fﬁe‘/‘@“ﬁ@?}(} en_—_Onllqgf(l\/poi yS
rene) Pol yet heyl ene equi val ent mol eclll ar wei ght

wleekecly iathedord 20§80 genidf @ 0N@E a0 Lﬁ@s e Badhtelo pTEﬂ‘cbrEBE&‘am after 12 hours.
SOftV\?re Ver ressiqgn Set Co ressi on set

3.0..
7o bl Rt i50 245 G -CHYpRa PR of 038 gl or
lpss epiag edInbtyorSH aﬂklhlﬁl@t Zﬂleégemtﬁy @AFR§EST & gauglﬂseﬁioﬁ‘?as 7®fm x 13 mm x
({3 éh %%%2 glfnr%ch-f:uwmo té ]&ﬁ# e%)%&a?ng% ngﬁe Ifgefﬁample is stretched

at Sﬂﬁ’ﬁlnﬂ;ﬂmﬁ £M1XC higtilAt reaks. OIITﬁHte&%h&@y Rehidgste PAsARIEEA under the stress-
ress u der the follow n

ed with a hot
e&%ﬁ&‘ﬂ% YHE 1P %%mpa? @%%1{%1 3 Adt aypragent a&@@%@:@%}@%%@ geported.
TMA86 MPa for 2 min at 1900C, followed by cooling
i nsi ress wth cqold running water at 86 MPa,
Dens ?ﬁyr@i chapicglanalisisivsndupied Oegﬁale’&lwte&e‘é& By fhick, gompression
isidéd cﬁ%cl,&&&ed Memoer ﬁfélﬂg%jﬁ\%?gig@ gfl\%}é%et 0 Hmanes BikheLfir quenched.
od

pressji.ng_usin B.
PR BT St THE P81 SHBHe §om 8 oReb I8 isiesbo ek with 1.
hif irtGusAP (VNN 192631 6)Fib SppUESdo t@é’gﬁrfgcen)? E&%El%lpglé Qi@@ﬂhh IN force. The

nmodul i are neasured accordi tica

tffPEfﬁ@\“rleilse@}S'eq #RG/min frm 3%+ glgxp §robgg@e{r@@p dlstance 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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Films of 0.4 nmthickness are conpression nol ded using

a hot press (Carver Mdel #4095- 4PR1001R). The
w@ellrosmsar e pl aced between pol ytetrafl uor oet hptBNS2006/036038

sheets, heated at 190 0C at 55 psi (380 kPa) for 3

mn, followed by 1.3 MPa for 3 mn, and then 2.6 MPa

for 3 mn. The filmis then cooled in the press with

bt HE REISPRF S @FIESY oronairR b thforcpe i sytticigRpand fhatthe Measurement
16ARRS RIBd MRarmeLidRd filns are used for optical

neasurenents tensi |l e behavi or, recovery, and stress

r el axAit ingil stesicpice ot 1e Franpintained (o WgSlBWO‘EéFQm@Wm slack in the
HRZR viIRh theftsal %ﬂfaﬁél&i @cguﬂs nAé§M %Qh Be?;‘tfbn & dncreases with

measured using BYK Gardner G os 0SS
‘fh‘b@mpm‘@tﬁ, pmlmmbmhe heltieg frrabftﬂmgepom Oﬁtbamlyred sample. The test

3L B 5 LS 00, SR, MR o

l@llpifléloéung)Bﬁlewwe surface scratches. Stress-strain

?sgg\@eﬂgts 5)1{50%2 lnlg)féaﬁ!ed ﬁ&)rlisi 18(91 (Ié%hlggﬁ%rsnlélt%r éolllé?vircg?%q%gg!c\l@ ipmade of two

halvehheddhtogetberrbym hase C&@@ % 2ri7511b11 af kP16ad iTapéied ®© the pellets in the

t noati at br karereo. d. from.an.
SURREALA 16 ELSRORRL R R0 R B0 PRIy o stap
111@; é?hmphgds rfemomddi_puni the fdrmadd thg peliet BloOingfdcbe A¥addred by loading the
C to ASTM D.170 t an | nstron
S AR ARl i sSn ik Shot™ Apaiat Are e,
crmpre?.snfecﬂ)rc3 neyded esbrak tiRlflindey itd pt‘elletxper i ments at 300%
]ﬁagFSCI)C are conducted using an environnental chanber.

FWPeERFSOC experiment, the sanple is allowed to
equi | NIl Blbe Katﬂ'(l\ﬂrk) ELOMER 1088, of Deuré Rdsule@ IDREFIME with ASTM

r esti the 2 1 0C, 300% strain cyclic
ﬁ@gg (T%Hé 1?@8@3&& ments are calculated fromthe
ATREBF unl oadi ng cycle using the strain at which the
| oad returned to the base |ine. ercent recover
is de‘g‘}aiyé‘ﬁﬁégnpe%ﬁge Eigihe %‘P@"nﬁa"“%aﬁ%‘p aiagysistis “i%lguc’fed
deb1R2diff torhdimbBeTesérMed GYOSP £7d80R401 MEe @RPoSifiod B bb Bilyzed is dissolved
strajn where the load returns to the baseline duri'ng

ip fichlpsgbenziene,andi agwed e lcgystaliizs BacolimeRBipingg ap incpspRngFtéyainless

setk] shBt) B IR B redlcliditit t@iﬁﬁere?tlzre Q&’Z(f ‘@rat lgochﬁ!g' ke 849, ln‘@/lﬁi[ﬂ The column
Instron(tn) i nstrument eq 1p§ with an énvi r onment al
g

ippraAped Wit A ingated detg@ermdnr aﬁqar@m OB Vethen gengrated by cluting
t@@wﬂlﬁﬁﬁ p@%‘e} éaﬁﬁ)ﬁtﬂoﬂgth@t‘:olm}t §5w1§ %c%a&n% et erature of the

envi ronment al he sanple was stretched to 50%
elyting polvent (t!a@é%‘?ﬁnﬁenz) fr@tl PR 5l 2084S atragels o &4 “Emim

function of time for 12 hours. The percent stress

rel axation after 12 hours was cal cul ated using the
SpegifigEmbodimentess Rel axation = ~ n x 100

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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LO where Lo is the |oad at 50% strain at O tine and

L12 is the load at 50 percent strain after 12 hours.
waengiobashot ched tear experinents are carried PUL/USIV06/036038

sanpl es having a density of 0.88 g/cc or |ess using an

dnst.ron(t i nstrument geonet consi sts . of

B b e oSO P G R b e o E Y s e ferine

comoricgier hidbrporatien ihd, &mb@ss&tonipﬂklﬁg t he spec:| men | engt h.
08 mMm mi n  lat 1 0C until

Th tch
1 13 &Rt i S SE et e amon e [ BSire. mopgies B addition

polyﬁﬁﬂiatlbllﬂ eonditioRs pRIPIPEAi RN 6P gHRoksPoSdefilbAliof tonditions, in a
maxi mum | oad. An average of at |east 3 sg}em mens are

reaCiop B TERHPT ZaNQAY I AeTORRS R SomRT B 3t ARl pe plefin golymprinatiorentalyst
O e Ch & BB Rferitedby3n Bl bdtiof £ pdhReR k&sieh A oiPafiEh

and| gcs fornmed aterl%oggland 18 I\/P% ﬁnié@gl ng press&re nomeror

MOOMPIRt es and t hen ai r quenched The i nstrunent used

IS a) TiRferindfhal Mc@ﬁ%l&ﬁ@ 16 a 54cOM B S‘crt&'o? réél:t’d?i 1e gi délsﬁgnally

test, a probe with 1.5 mmradius tip (
adding egier met additionsd regerﬁmta@étaldﬁts pEOBEAPI ‘éhﬂlcsmpwnﬂhpl dito,

coﬁt&ﬁﬁtﬁaned_tﬁﬁ/ WitTBes Rl Wiludirel;ahged at 5CG mn from 250C
The probe “penétration distance is neasured as a

f uné icansingpokyampeatian torascur Theridesepandirensior ormattorwheto fora polymer

se eﬁﬁ Ehab A8 dH%an%]hﬁt@d frg?l %{%oi})ﬂ{ep n%ﬁ@ntssf% Lfin s .Dynami ¢

ani cal al ysiI s sure on CO essl on
ol d&d prgresk beifigeharadterireddyadditipr dgshain slfu&ﬁ@g}wnt td ChelvEgtion

miRhR §1UIr tg %188%:%}’ gﬂb@é&u@xﬁ: é@?&n%as‘% tM@td@eas? go? q’the resun:mg polymer

ress at’ I's con
mOEERESS Gon stepd) @dpsises dveonthee phetragally thymsetllymwnglﬁghable blocks or
yi;pped with dual cantilever fixtures for torsion
esting. A 1.5mm plaque is pressed and cut in a bar of
di ménsi oAshigPmbl2eniar WTS@‘[ @polyiner, bspeddlrspeth @polymbicoipeising in

Wres sep ted ar.atj on
polhHAE Rork o Mo o RBE R BB oA I PR REC B b0 P,
copOb&&ﬁ@llﬂ@oﬁﬁﬁ@ﬁbr(hEﬁn@ﬁ'Dm dtt@P) carbtAis (bﬁ&-lﬁletlﬁfﬂp-@élﬁmeraﬁd htféast one
. et we ercent and ent t
aifeiaf PR BS £o e i e A 4 oms il srpaB e ising o
or meﬂéaub%&ntlﬂlyﬂ]bﬁlogdneﬁﬁ lintfa@@led®lar ségindnfy or lb&ickéidoﬁiphﬁné &Pﬂ%ﬁ‘ng
of. 10 s .mai nt.ai ned ut o-t ensi rev
oheGiced R o, DR BRI HE AT DRSPS G0 By A eropgated
corfordMBBACHIEIISEN, Addendgt ¢ dsPectlp &K/@idgﬁ) Ebg@ertx]ﬂs Bﬂb'll&?@ engM}Iﬂ?eferably the
er at ur artijcu  above the nmeltin
cong oL T 6P WHES SRR SRt I dbapads Pfafply les than
2.8aFuitee dEsaxb14Re TheRTAedldddkLar®EhaldRAzdAN pBRBssRE L WRRNprbhiBle

[sxlture rea hes 65 nm Pell et Bl ocking Behavi or
mosgylpraydelt d5BiYYonar ¢ | oaded into a 2 inch (5 cm

di apet er ARRlyhRVnGthb B6BSrisingall) hSorpREEorHor MR polymer, preferably a

homopolymer of ethylene and/or a copolymer of ethylene and a copolymerizable comonomer, and

—ht

(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:
Tl
12

11\/
R Mixd,
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hal ves hel d together by a hose clanp. A 2.75 Ib ( 1.25
kg) load is applied to the pellets in the cylinder at

wd 000037485 3 days. After 3 days, the pellets |POFEE3006/036038
consolidate into a cylindrical shaped plug. The plug
IS rgﬂgygd fromthe formand the pellet blocking force
nmeasui ed ‘by | oading the cylinder of blocked pellets in

cgnm‘éissbleﬂemém ;glkﬂncylcnﬁ]kglolg&térﬁallgﬁlmﬁlbhht‘;mﬁﬁlkyfgr}gmalihie@tly
C Iressli ye rce. needed, t reak the ¢ | er .
sobRuSEERTERE e opP gL Cng rome et R e s cxadivalent

deMedtive ileebeR, or |12, are neasured in accordance with
ASTN,;D1238, ndi.tion 190C/ 2. 16 _kg. ATR | ytica
F emphrt ty oAt DO EPuR T dromt - Gek FOms B R BREgEs. Peferably 1 o
20auehsyBlhes thah hEdoEh g ﬂloaqﬁ&eﬂblzg ntood 1 Qi- WS M9&kocarbyl substituted
de cribe? in USP 4,798, 081. The conposition to be
m EQ?V£%83P§gBW§§Hived in trichlorobenzene and al | owed
t o 'y stadd;l] eRrdaiyl Eroﬁ k&tAInIRONERL BAsB GinBionk NS dspiHll @'plyridin-2-
(stainless steel shot) by slowly reducing the
Yl spRstitgtedparidip2 b egep ot a dvalabierivgtivedhesedds 0.1 O/ mi n.
The Mk dRolp @6 RPRELW Hathigh | nfrared detector. An
ATREF chromatogram curve is then generated by el uting
t he 2 ri§ 3% aionic; Beptlandipsjonicdigandeeréypom t he col urm by
sl owb ¥s 4 REEAFIRO 1d RdRETReEANMbE: Fsudn3e &%%E;'aﬂg
sol vent (trichlorobenzene) from?20 to 120 OC at a rate
of 1bosdsppptional beprds@nd plectmidoehitive infesactipis afaxiepreseinied by lines, dotted
1ins P& b oks RIRREAIENt s of the invention and combi nations
thereof are especially desirable and hereby delineated
i n orxder 4 propspedcerdingde embadimeant & whersinitiee chighyst dveprises a metal
Coﬁpgggggg(%hgiQ§me§mmﬁaprocess for the polynerization
of one of nofe addition pol ymeri zabl e nononers,
preferably of two or §fa ition polynerizable
nononers, especially ethyle \ARE at | east one
copol yneri zabl e cononofier.,, p¥opyl &ne and at | east one
copol yneri zabl e conono T ing from4 to 20 carbons,
or 4yyepdihyl -1 -pentene and at | east one different
copol ynerizabl e conononer having from4 to 20 carbons,
to form McispareirhelGremegrioafihy i¢ Eehlopfshaglemadment s
of di f f er et AtiRcheR Uxy SR or PRIIPRPIS LRRInB RfupPer ti es,
especi al |y, regi ons con§r|5|ng di ffering conononer
i ncor por at i1vbkrlY hrlecarbyhioghyskesedyloxgonpri si ng: 1)
contact i ng &R opRAL tion pol ymeri zabl e mononer or
m xture of nonomers under addition polymerization
condi t i or¥s is ppvarber gleripd tmireddasherge hdmsgeneous

pol yrferiﬁaﬁairoghd@mgiﬂ,ﬁegrﬂ@abh@%is fgagtor or reactor

zone wWith a conposition conpr ng at | east one olefin

pol \rer i Zaptiognss eaerding éq 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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and a cocatal yst and characterized by the formation of
pol ynmer segnents from said nononer or nononers; 2)
WO e@n®3ass i ng the reaction mxture to a secondPCEHS1006/036038
or reactor zone and optionally adding one or nore
addi ti onal reactants catal ysts, nononers or other

g %g8%$ enporaneously with, or after

Sige% élﬁg SOB?f sSCfOIE EGo ORIl RermisalsAng. | 18 Hhetegens thegpme of a
toneahdhsas awé nbeRELAH tMhe SRRk ke fpze@é}ﬁadoﬁ tﬁe%m&%'trﬁmal

S %nents t%&; are di fferenti ated om t he

RSN P hrarfrqln T erpthasys of ol metabporerdergs o thﬂ;preparatlon of all
&i’@hﬁg fe%ehﬁﬁﬁlts Rirerdidell bin QHry%l%@ﬁ ﬁnﬁgﬁﬁkfelulslﬂg d3%8Rtechniques. All

to the reactjon mxture priof to, during, or
Wlysuis gsdnvere HPE gppdg ?“ds‘t{f’éhdl’ﬂqd&lefoaft ﬂlPléa@t sone of the

r esul M8 ORSIWTE ﬁqomla@fﬁgtlhﬁmurrﬁgfﬁk glttﬁgolﬁ)é)l’“ Slﬁﬂ%{'n%ﬁo%lﬁe\ﬁo

or nore chemcally or physica
wrthglrlymerans ayailable sommerciallizfromh Atkm -Nobib Sorprekight

Co oy AR B I e AU R SRR RS TBL B el o

mmﬂ@m@ﬂ}yl®Fm9hMylawhm6)]liaﬁa&h dﬁtﬂiﬁl}&l; @pphigdeccoialyl te the teachings

R L T A

copol yneri zabl e cononone ving from4 to 20 carbons,
sai d copol ymer conprisin (7d¥2e substantially
honogeneous i ntranol ecul ar—Segments~or bl ocks

conpri sing differigg Sﬁ m calcHs , pr operti es,
especi al |l y segnent 6 /s chay-at by

differentiated conono
especially tw such s
preferably the copoly S DI ecul ar wei ght

di stribution, MV Mh, o 3(f)ess ?ﬁaﬁﬂé 0, preferably | ess

Lhan Saine ) DN OB I YRR rnvine

(epiygdin-2edigmethant ] loadniud dinfetlyd Ipyapered ataotdikigtto GRMEAChiIBEG WO
(B8 AR R P G B BOL LR e
and a copol yneri zabl e co r, and (2) a copol yner
according to the present i%¥ or prepared
according to the process he present invention. 4.

ts oﬁﬁ- AEN’pighly

A process accordingggﬁgenbod|«n /wrein t he
catal yst conpri ses N-c4rresponding to
the fornul a:wherein: R Ieéted Fram al kyl

cycl oal kyl, heteroal kyl cloh et-0 aryl, and
inertly substi t ut ed deQ (ﬁ Mereof cont ai ni ng
from1l to 30 atons not co ﬁtln%Hm§H?ogen or a dival ent

Catalyst (A3) is bis[N,N’*’-(2,4,6-tri(methylphenyl)amido)ethylenediamine]hafnium

dibenzyl.
; CH; -

I‘Z—;Hﬂ(z X= CH,C4Hs
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derivative thereof; Tl is a divalent bridging group of
froml to 4 1 atons other than hydrogen, preferably 1

WO 200203=8Dnms ot her than hydrogen, and nost prePer/abioge6/a36038
nono- or di- G -20hydrocarbyl substituted nethyl ene or
silane group; and R12 is a C5-2oheteroaryl group
containi ng Lew s, base functionality, especially a
pyri dﬁf?@ﬁt (;If'}r') s oG e varrop Frrviols: by p-(getbiphenylae-
ﬂieﬂ@iyﬁx@&rl‘)’@(zloﬁ@&héﬁ € 21dne re@hium\iV ) dbedzf ﬁé&reﬁlsﬂ%kaﬂ{ially according to

@refenab ¥ hafnium X1 is an anionic, neutral or
P teAshines of VP -gatlP4@PEU83. x' is a nunber fromo0 to 5
i ndi cating the nunmbep-Qf such X1 groups,.and bonds,

opti onal bonds and i ron donative i actions are

represented by |ines i pe ows
respectively. 5. A prot 0 ) enbodi nent 1
wherei n the catal yst cohpr conpl ex

; ' 2 s a netal of
G oups 4-10 of mde , i e o @gts; T2
IS a nitrogen, oxyge PREIPNOrYs coNtai/ni ng group;
X2 is hal o, hydrocarbyl\ or ,otarbyfoxy; t is one

or two; x" is a nunber /sel\gcte toi de charge
bal ance; and T2 and N are }Jinked b pridgi ng |igand.

6. A process according to’any one of—¥nbodi nents 1, 4

or 5 elalyaqhey is %I%i(lbﬁﬁetﬁ§1@tﬂ&!§(bfégoﬁ3B%i&—%l)ﬁ%ﬁﬁﬁi%rﬁ&%ﬁ&onimn
claim?2 or a polynmer mXxture according to claim3. e
dkengyled artisan will appreciate that the invention

di scl osed herein may be practicedviqxégg absence of

any conponent which has not been spetl 7%al|y

di scl osed. Exanples The fol | oyrg™e
provi ded as further ill ustratN om-o nveptm,pn and

are not to be construed a |iN4i term
"overnight", if used ers y

appr oxi mat el yH;L9; ' 0e

tenperature", refers g tenperfature of 20- C, and
thgptern1"n1xed al kanes referéﬂﬂﬁHﬁzconnéggﬁgkﬁ§
obt ai ned m xture of C6-9 a{dHphati c hydrocar bons
avai | abl e underthe trade designation Isopar E(r), from
Ex X orTHetpkdphrafibresd caalyst (ATis coluétbEasevidits. t he name of a

a) Preparation of (1-methylethyl)(2-hydroxy-3.5-di(t-butyl)phenyl)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)pheny])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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conmpound herein does not conformto the structura
representation thereof, the structural representation
wab@vio3zasht rol . The synthesis of all netal conpCEX8X06/036038
and the preparation of all screening experinents were
carried out in a dry nitrogen atnosphere using dry box
techni ques. Al solvents used were HPLC grade and were
dried before their use. hers tg dified
met hyl al unoxane, a triisob '
met hyl al unoxane avai | abH&€ cony

Corporation. Catalyst (Al) C(CHs

pST- (2, 6-di (I - et hyl et hyl phen¥§)anio -i sopropyl phe
nyl) (a- /;2

napht hal en- 2«dicy) N- 2y diyy: r-thane)]hafnium

di met hyl, prepared ding to the CHﬁCh&?Qﬁ(9ﬁ
03/40195, 2003Us020403 9, 024 t¢ May 2,

2003, and WD 04/ 24740. Ca

[N-(26d|(| met hyl et hyl ) phenyl ) _
henyl ene- i n-2- dlyl)nethane)]hafnlum

d| met ﬂﬁpr pﬁfaé‘ﬁ%?tffﬂtag%%?ﬂsr‘f@“qu@e@ prefoll@ichi ngs of WO

D3P réfktdon OQQ%W&$HBXVW( i@{«ﬂzf.@ ﬁwﬂbut@lhélﬁﬁivli\ﬁ&e

2003, _and WO 4740. Catal

bi s[ N Meﬁhytczclaheéylemme ﬁ%ﬂWLp%é}wmlm diss9leedhiy meHhene! 494 wL), and di-

ﬂuﬁ@éaﬁbdl&@h?dﬁ@@ 00/f, 46RY Hnk o?_“)tls A, TR reactlon mlxture is stirred for three hours
(2-oxo (dlbenzo I rrole-1I- 5- (et hyl ) phe

Wﬁl}enzoolsﬁé it Ryy-c e ;varxeﬂqw . 1é| pvplpgm iscallesiad by filtration

dnbi Wasittd Qﬁflﬁ%id me‘ﬂ{aﬁﬂgﬁ eds %ﬁ? SthaBich ﬁhxlzcyu ﬁ&rr&{ugé&%e&ffret hfie yield is

t eachi ngs of 0103 .

](Ib]| T (la-yalew Whét les GRpistengwith ‘!’ﬂlﬁ (lesanljplydgop pegpxpirerpf isomers.

BB B o RBF bl (Bl lgsmwcmhéfmem&a el 3%1&fbu%mén¥ﬁt

(Ab) 15 conducted as a) Preparation

gmaﬂﬁﬂﬂynﬁﬂhyﬁmaﬁydroxy 3 5 dl(t butv phenyl)|n1ne

2%, A R BN 0 e
132 o) yel00apl tomemels skowiyr adderbfo atsolatidyi oé‘ A (CHelPh) eGa28lg €1.6 mmol) in
G{IO?r toﬁ;%ﬁé Sl“hﬁ\fé%llﬁfxé liaqﬁ yéﬁo@v Jo 1%%’&1%]&&% %ac U%Jigl bo T e solution is

ow, " Ccryst a I ne So
(&iluealddi)rthebyvﬁl?ﬁ&bak tthicon tocglva‘ adioBirtica hayidyyel oend‘emrét(on of O 007 83 M.

: dlzbg)rig%/tﬁlyﬂ’ (g7f1s t- buﬁr 1d3)81me i(%-il\fggrr%gh-lﬁigfg,%%_inﬂn en-1-

yDsilaetifayiumt divydthyl Arepyreld abytadiaBy décoididautd e Yqeheigyds of EP6,268,444:
(605 ny, 2.2 mol) in 5 n toluene is slowy added to

a solution of Zr(CH PliU (506 \ng, [1. D nmol) in 50 nL

tol uene. The resulting da N | oW-sdl ution is stirred

for 30 mn. Solvent is rean\CEFnder reduced pressure

to yield the desired product @&\ a reddi sh-brown solid.

Catal yst - (AB) is (HsC)Si Ti(CH;),
bis-(l-(2-nEthyIcyclohexyl)e?hyT)(Z oxoyl -3, 5-di (t-but
yl) phenyl )i nm no)

C(CH3)3

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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zi rconi um di benzyl The preparation of catalyst (A6) is
conducted as follows. a Preparation of

wal2qo2/08@EsHhyl cycl ohexyl PCT/US2006/036038
")et hyl V2-oxoyl -3.5-di ("t-butyl")plienyl )imne
2- Met hyl cycl ohexylamine (8.44 niL, 64.0 mmol) is
di ssolved in nethanol (90 niL), and dit-
but yl sal i cal dehyde (10.00 g, BY mmol ) is added. The
reaction mxture is gtdrred f
cooled to -25 0OC for 12
solid precipitate is col [amgt | on and
washed with cold nethanol 2 X St ntMpﬂgpd then dried
under reduced pressure. I dN“s 11.17 g of a
yellow solid. 1H NWVR is c- tentl with the desired
product as a mxture ofy LEOMErs. §yﬂﬁbeparat|on of
bis-( 1-(2- nethylcyclohéxyl)ethylz oxoyl -
5-di (& 1%@%’(@9?@?@%%1 rr%&'dﬂz?)ne{hyﬁ)ﬁgdyﬂEE-metP}“falrf?g 3a{_\8a—n -s-indacen-1-

sol ut ron

YsilfiRtitmeinmydingthy ] phepanet hdstaytially Zecoxdinyg to BreTeadhiffs dIWISYA2P03/004286:
henyl)imne (7.63 g, 23.2 , in 200 nL toluene is

slowy added to a solution Xt (CI LJPIi U (5.28 g,

11.6 mol ) in 600 nL tol uene: resul ting dark

rayr at 25 0C. The

yell ow solution is sHiCL eg fo
solution is diluted furt it 3f) mL toluene to
give a solution having a oa‘-q}

1

~¥ult|ng yel | ow

\ 0fHef 0.00783 M

Catal yst (A7) is N /Ti(CHa)z

(t-butyl am do) di net hyl ( 3- M roI , 2,3, 3a, 7a-

h-i nden-1yl) silanetitani ﬁ%% r epar ed

substantially accordi ng,¢0 t e teS gues of USP

6, 268,444: C(CH 3)3 Catalyst (A8) is

(t - butythrsl Qbﬁ‘s Bﬁ('dﬁﬁétm&ﬁieﬁﬂu\éb()n(ignemeﬁB}lecoﬂlurg déhlgﬁde7aﬁrallable from
h-i nden- |yl il anetitani um di met hyl prepared

%&%%ﬁ#ﬁFhally accordlng to the teachings of

US- A- 2003/ 004286: Cat al yst (A9
(t-butyl am do) di (4- net hyl phe
h-s-i ndacen-1yl) silanetitan
substantially according to the
US- A- 2003/ 004286: Cat al yst (Ab
bis(dinethyldisiloxaneh%i%dene | -y 5frcon|um

di chl ori de avail abl e fr&H8igma- Al df'Feh: Cocatal yst 1

A m xture of nethyldi (Cl4-i8a @yl):nnnnlunrsalts of

t et raki s( pent af | uor ophenyl ) bor atye here in-after

ar neeni um borate), prepared by rfe |on of a |ong

chain trial kyl am ne (Arnmeen(tmn , avail able from

Akzo- Nobel, Inc.), HO and Li[R F5) 4], substantially

as disclosed in USP 5,919, 9883, . 2.- Cocatal yst 2

M xe I ' .

bi s ?(r:%éﬂ%sﬁtl g# {fﬁ/}%\%o gﬂ lgﬁfﬂlm Bﬂ%ﬁﬁh&mﬂ salts of

tefraliipéeatp: Qorelﬁt?eﬁihoram (djemm-aftte arnperipabetited.prapardil by réaction of a long

ngg rﬁl? aslI%;gér—}rmrJIPoyeg1 "he ﬁ@éi TSEI% Ikrlé Fr2| nc ?BEEJW@A?S l)ﬂMIl hid (3B (CoF
SdbS(faIwall}yélS)dlsleﬁQﬂ 0 S8R ),918,P§43, Elex2yl )zinc (SA3),
trieth Iw
( SA5) P% 37 MR £ ik Qﬁd%‘it% ‘%‘%§| e ﬁbé RPsiafuorophenyl)-
a(h&ﬁﬁ&)a) 2—dmcte2ylp134dmkﬂ@eL prepanaixagyardiog toylU$i &30 50T 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),

(2-methyl -1, 2,3, 3a, 8a-
" et hyl prepared
84chi ngs of
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(SA9), bis(n-octadecyl)i-butylal um num (SAl O,

bi s(di (n-pentyl)am do)i sobutylal um num (SAIl),
whr®(a3@sdli -t - but yl phenoxy) n-oct yl al um num ( SARCY/1S2006/036038

di (1 - napht hyl ) et hyl ai ni do) n-octyl al um num ( SA13),

bis(t- butyldlnethyIS|ony)ethylalun1nun1(SA14),

TG RO LT Y H—

(S48, Bjis(n- bctt&(eaylﬁ bﬁtyYa-lurﬁihlbﬁE (5208, dB{itnRABainido)isobutylaluminum (SA11),

B B o Dl B LB [SH2 G pantiin AP agylaluminum
@Ahy) @g(tﬁ’u@ﬂ@llﬁ&ﬁﬁﬂklm?ﬁmﬂé)uﬁlﬁlﬁn ((S@‘M-P)ns(di(ﬂﬂnethylsﬂ%rl)amldo)ethyl-

Zi Cener Hi hr ou

ﬁ’f]ﬁ‘éﬁgg{ﬁa ‘5}@9:627a@1f’%ﬁ03é6%¥awﬁ><% “Ypeih ﬁlémanzlatcgéﬁ@ Bip@.3,6,7-
@@ﬁﬁbﬁhﬁdloﬂ&aﬂg ﬁ)nhic%lﬁn'ﬂﬁlﬁhl (43): 8 [} } blsﬁﬁxﬁ@th&lﬁlbu 1)s1loxy1)n-octyl
pol ymeri zation reactor (PPR) avallable fr
tlvairHe (841 Bsethylged- dlal“r?éylélﬂfé‘%}t)@’éf’ @%%)s ahitqﬂwlawutoxy)zmc (SA20).
according to USP" s 6, 248, 540, 6,030,917, 6, 362, 309,
6, 306 658 and 6, 316, 663. Ethyl ene copol yneri zations
ge rQugl ; atel Polymerizagion Genditions 0 kPa) with

et hyl F&l&‘ﬁamcj:oh{ﬁic@g ugmga ﬁglyfh}’d:ﬁgﬁﬂgt ?a&ilel%g%kﬂka)ﬁ%ﬁ reactor

2 based on total catal yst used
FERY psflableafrpm $ymey technslngice.thead amdﬁmra@éﬁabstaetlalbraegsmn@to USP’s

6, §498C§4@r6 6%@?)7 é 09 %6%% 484 b5tH é’d3d%yle'ilg %Wnﬁf’% tiofls are

in a X array that are |tted Wwtha’p
‘Eﬂné‘%%edtau lb"é) °Crind 80\/9$1K55&ch~ab\|wmm®h}ﬂ¢me eadhnmdaxsmgrl 2ceqiulvalerss of

%)g%gl %ﬂﬁl bg%ﬂ%lﬂ tﬁﬁl ctha})/?t‘i %gﬁgﬁ; %e\?l%% ef% @ﬂ%ﬂg (rax,%gssa%lig gcinducted in a parallel
Bredspye |r¢agt0pé1’d’£l) emlpriﬁh@omnmdmduagaaactmllqmawhs gay tliea Iafe)ﬁtted with a

r nt o t he PPR .
%Ve%o n%'fl o CL\? al%\ﬁ/ es erifllga qiuge r‘rbeﬁ&léﬁ’# el iy 6(9@@?# Ef‘cih)?eu 18
‘anidaatutecané ﬁtebsureeﬁ)ﬁtrﬂted ®xét|h|stnbiy1g sivkidadyBBinaitiliubili3€irring paddles. The
reservoir
BT By ond ST e TR o fhep PRGFH piLspgoted b
ditanetie RElves0 mm{mﬁli’ﬁeageﬁfﬁ 41 rB’lg))tmaIQ a8d&d toemh r&%ﬁ%@#%&&nmges and the
t he amunt s n I n

shut t | | ent i

YG.S%VzPé?s” I @%%P‘i}%&es aBhe. OA &8 e daﬁleﬁ EHprg al Kies Fobigat G ethylene,

Bbéer @0l 6gbnaiA (31143 gy), 9. A9 $infolpR SalRst SshiflirpAded in (hE ﬁldfclﬁ't@&3 &mounts, and
fer to ig{ntrl f ge/vacuum dryi ng. uni

Gyl 85 gl ?S%gré S BE terResiery e o g ghrys tubes are

wHldagel]. PRe YUHRSE ard krénst@ied A&l caaftBudeR@cifibd drfih 8 OEE 2RELMASH 12 hours at 60

this weight and the tare weight gives the net yi el d of
Bol Yadtbes eutaiping drigd @olysst ap welahqdrancrﬁmdeffexencehwwhlﬁ weight and the

@%‘ﬁeﬁéh‘t Bi9esABERY: yiofl & ?)Bl‘yﬁ’l@r NebiiRdrelotaREd ISR

ethyl'ene/ 1-octéne polynerizations are con uct ed using
di ffering nonomer conversions and one of two potentia

@Jiﬁyéﬂ/ Sh'[lédfu{% ARG SULALSMethod 1
siToxydi (1sopropyl) alum num (TSA, Runs
A- |:) aeties pegthxlene] hgctg@@glynﬂ;m@oﬂg.@ condlg]tnglsmgélffermg monomer

Jo%é?&&ls%ﬂd Qﬁeg(ﬁ" txtv{;' éaéigﬂp&ltdlngﬂl!l&{ﬁg Q%eé% 1! l’glleylﬁlﬁi o gisgé@dx(lsopropyl)

resul ting polyners are neas for no
fmmlghm (T34 Ramel AN and diethylzBPMERRuysl] -6 )p esing thy forepdeng high-throughput

}golf}lallerl%{’ omgchﬁlauec aﬂ'h% lﬂés@ftﬁg pél?&lerg g% megs%lréﬁr?d:r mhole %?al‘rl leenght (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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tabul ated in Table 1Table 1 Run Conversion (% Yield
Mv (g/rmol) M (g/nol ™ MW Mh A 2 5 0.052 495, 202
wa207039838. 11 B 5 1 0.086 455,178 103, 781 4. 39PCx/052006/036038
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 2 6 0,0589 8,908 6,477 1.38 2
52 0.0852 12,393 9,592 1.29 dable 1o 1173 16,570 13,176
1.26 4 1QRunO0Cddtfiohk%e387 Yield 3 Mwle/ddl) M Bdmbl) 192vin
29, 187 23A715 1.28 6 200005275294D0943 38,0293 1321/ It
may be seen the gol ynersopgoduced v Rums,7816 haye a
rel ativel y narrowspol ydi gpes si t490(4h,yv/ M@loqomparge@b to
polymers ipn the gpries A0531Th|§10|7gg| C%@%gﬁrhatlljﬁz 'S
an effectigve chajyp shuttbhirpg ag@@qsgmdelr%tgbg 4.47

condi tiong of thgapol ymephzat i ogb54\g§1er ey, 97§$A | p3gr0t .
Pol yrer s™T epdre ecial |4y7 a1 UPRg

sen - bat ch ?é”f 'dO[éjgggB | 5‘9?3 9@9% ”H”P% to
expose an actlve 9at alys I%te ? eap],d wo 1

di fferent 4Sets 0{7 reactl(s)p1 ondbféé)]ns ??WI al
condi ti ons encongels& ng @13‘%

/ t ere% efor23715ner
nononer / cgnononef, f a IO’O%% 0 3 %% i%zs

pol ymer products QI?aw ng ocks™ 01 "seg
(pseudo- bl ock copol yners). These pol yners woul d be
expect edy b@sepmms pslsmpns ppended sRied eftiahe 2 eplapivele nlir @€ Kolydispersity

TR DERAN R TN T M-

SBattlégyegént uitierthie komitiodg efthe ﬁﬁhﬁ&lzhm Miérhﬁ d'sA iJh&. Polymers prepared

revi ousl b osed h‘fgfg t hr ou h rrBrl zation
Bl smecaes Liparantaay ppy SR 30N 1G cxpose an active
Qtlyet JBtSat 1OAHH dlffSdnt dets FRChcRRH d@ﬂdm@ﬁs &padidlly icBidilitions encompassing
cg ents.  Ethy Ie|7e pressure is i ncreased to 200 psi

(
GFORJB . AP O9BIIn RS S8 HEv I Sre5s PR FHEPoIIfE Products having

Hh@lEiple biodks o2 béieRil @hseddodERREPIIRIRAY)Y TREsS pall Bers %ﬁﬁdye eQfected to
Mh and PDI and pol ymer production rate conpared t

ROSEEELPTOIS S AL PR B CPROA RS 97 distimeoishaple, Féta dhosp of random

dopSlymbd bt din& AGE Bdmonbhier RARLL. CONpositions are then
sel ect ed

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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based on a conbi nati on of greatest nol ecul ar wei ght

(

WO e@aosi4eh (or act ual
Sel ect ed conbi nati ons show ng the best

Mh) reductio

n, greatest

i ncr

reduction in PDI,
i n pol yneri zat PONUSBNE036038

ease)

and |

results (

east

r anked

by Mh reduction) are presented in Table 2. Table 2 By

reference to Table 2,

sui t abl e. conbi nati ons of

catal yst and shuttling agent ]}?‘B&?Zbe selected. It is to

bp RPN &staked| Shatlinghebe! T CRele@eaY ST/ AL PO PIRBHhtive rate
cpniyi nati gns fray 1@ Al TTerent (gbodi MENTS;Rg Selected) 53
basgd pn & depi T eds QP ECT[IVE, (SQCIT ag 1maxy gy 057
r E0YCT| 0N« MM OTg Al TPT OVETTETTY, oI T uu'%tj)_%l rat 6.20
LT RS S AP 5/ G P e AT
W .e“ga;, A oracti¥¥ the offdd iflany 089 ysing 9.74
conia nlious polyr ion condi3®i ans | mist 18l so_be 1.15
conid dered inl sel ¥ ng tlhe f 081 combi nat-Pon _of 1.38
cat Bt yist s “and| shuAlll ng dgent O6p. Exanpl el.04 Cont i nuous43
Sol litipbn Pol yireri Z43% on React i0dds Poll yner 0.8@npl es 4.61
accbrdi ng“t o kthe iSAYenti an and.66onpar ati ve9pol yner  6.36
exalibl e af‘e prepasaddi n tjwo weldd m xed, saButi on 4.37
reatd or s,Aconnect esha n sgri esg.sihe réactofgy are | oop 232
reapt of s provj di njgagagent]s (Catsgl yst [A-T gofocatfal yStpog
1, aznd| shuttTing gaent SAI), @SoWelT[as ppiynmer @re 545
di sgoTyved«n fhe §RYENT [dUri fgot e porymEpfzationm 515
Progesp 1A the TTkgigTeagtor gpg Cont T Muopy|y 316
t agEsT ETT8d 1D 1 Mg A$£COMNy 'ed‘o}ﬁi' fo —con .b;,IUCEJ: i 0.07
e AR AL W T AR Ao AT
3%9—%%%%3&9@%9% n. 0.71
ecrrered-solvent-Piohoner m YIO|$PQ LS r‘nndQ-?ngd, 0.93
pIu.ﬁZf_Le_dT:and rnr‘\JSA:;pr‘l tg botB-%3eactors. &Pt ablle 0.93
rleat® ok s _and nlnerSrAiSng candit 0dhs for usel-Herej are 1.19
di_s¥ osed\d n_|USP' §AE3 355,1741, 083977, P51 o8.9%5, 684, 097.0.67
Hor3& he cAhpar at i \8A6exanpl es, 0168 chaln shudd | i ng agenkes
(ISM1 is efipl oyed rsagul ting 1 not/ae fofmatiprs of Bl ends).96
of polymaps Havi ngady T erfing heyels of CryfFall Mty |14
biut33nol evicdence 0kARpj OCK [cCopopyger format] fgr. For tihg -
eXagIpl €S acCOrdi MG K0 the TTIVERET oM, & Chgym shuttTg,
Uej such as| ureLyf ZzT g TS 6%'969' t o “'C]FM rst 2.62
reactor or—nthe condurt—conmecting the—Fi+st Ad -

second reactors,

15y

al n

& R’ '{‘s‘{é

ner c

e B

react or,

R

thereby resulting in the generation
of a By gleraoaterubled] suitable torpahayiory oftchiallystiagd giutthiey wenttnthy be
s%ﬁ?ﬂle L hﬁosnes may in

pol'y ( e

&iferes canbddimehty heselez@tl boad o15a darestjetved) Beth s Phhdm@mSeduction in Mn

R Ao G GRS ST, R, e

abbvet rasilts anedaged oh a bacineBRGS whetasf iaprachi@, e BifgH lifank asttukiag

SRl

otacti.c or

IYmEzpqhgpn

ndi ot act i

st pyp

olefin, h

aliRibe foside

C

dataBpied shubtiighagem{sgcul ar wei ght pol yner segnent.
preferred pol yner segnent

is isotacti

Example 1 Continuous Solution Polymerization Reactions

c

ogoé‘f %&%glegéb?égﬂ geynbination of

A

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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pol ypropyl ene with a tacticity of 95 percent or
hi gher. In the second reactor, an el astoneric

wa@opaloyses of propyl ene and et hyl ene is fornmedPCg2006/036038
quantity of ethylene enployed in the second reactor is
smal|l relative to the quantity of propyl ene
(et hyl ene/ conononer nol ar feed rati g about 1/1 to . .
reagenis Eitabyshidtlo rasetadysh-apy TERENEASARISérl & 28 BB er are dissolved in
tﬁeeéal@ﬁ‘@duﬁﬁé}{h@ lpBl'yﬁHgnifAthﬂ FYBEestid A firkihedctor addboRfiiiedlY farRferred to the

hyl ene pol yner exits the reactor as diblaqc

seeon Fappter for pentindedpobvaeriation Rodurbis epripuenshPROYsE ipRdhe second
%a%&ﬁmtﬁ]é catdlysBsySRRA dRadRMEd lhhd e BESREN redErEdbY @evﬁlﬁﬁ@éﬁéj‘l Recovered

y exposure to a proton source or reacted with
sdivénseompmerhixienis cpnignsag) @rrifieds gdrregysled to both reactors Suitable reactors

ami Hgﬁ‘ri%' QBIM(Q‘!E frugéaﬁb?em e dfsaf)ﬁh ) 9@1“*9%@@‘5 741r 5 94773@‘1 or 5,684,097,

ner uni quel y possessing term nal hi
| sot dipt ile cpoparpivesydnenies, sl deirshuiioe age@éwg ig employed resulting in the

|1 a 1%1(1) nﬁl’{lcfn@ﬁ gi{' %)rlﬁ{nc%gllx‘%'rn L rlggﬁwgw l)lecg%sia?ﬁm hﬂ tev1dence of block

cxdpﬂymerkﬂuﬂmaﬂm Repiree?samblai acvtedlpg t@db@sswmmlatCh@n Sh@ﬂl@ agent such as
(11%:}& %citgcr aglgfeﬁ éo the ?’nst ree%ct§r oq‘ n} the C&l%grlj cgh?lutfn Tﬂ%ﬂ{r%%& &%ﬂd reactors,

percent age I&ne inpecte
thaeby redultingdiy the gehmion efn Hight mnydnaa@mmf)pblumer thigds attaphed to chain

TSI ER TR T —
dne pclymenzstith kybramedckd OﬁdeeplecaSEWBMthatallfﬁ:r fompby @dditions

usi. n ng fontl nuous stirred tank reactors (CSTR)

%%ﬂ%%@ €8¢ Pes. Each reactor is hydraulically

ful | pushgeptratieh iapA¢ @l dBientifeirdyvetion, aloﬂomds fdr doxging a highly tact1c
Q;I'Sgge tl?c(l’)l (;Ir ts%%ﬂgct&??lﬁé%l%?@lp%g’r&?g zgd%&ité)g{)e r}§tsrf>ac§_or nglch is operated so as
i %@e SR AR gh(thd1duse Ridiahi palyuiet fBg‘ﬂibﬁtD(Al préfeded polymer segment is isotactic

yl al unpxane MVA avai | ahl froqgﬁkzo t last
Mﬂ’“)l’yleawn& BIIAFHFHEY P RSP GBS FRytofs an elastomeric

&pailymabdrrdpy Rt ReiMabisl folehke m[‘ﬂ@dilﬁntld’ BfethylerfRaphibdig the second

conditions for the two reacto g& provi ded in

15acigrds gnal]p@]ag;yﬁstp tmﬁlg][tx ?fé)gopé( e a’gﬂnqqqn%?lgrai?ede ratio about

F06) tb Forfniad léfa@t%mgﬂcgpra_ﬁ@én@/eﬁyleﬂ?é QB IS Mgt cesinifg i Sinor quantity (1-
CSTR Reactor. Cat A-1 Cocat

Eppernaf tiding: 160 PAEBIRES HEroTelGan blgek GpASgHE S jFhod via the

&Rﬁﬁﬁ InBnt, K@HidWis kegobed 1o a prot
ﬁc%/ I%IEBP%%EL Elg?b Mﬁﬁ%m %r e pémlSZn Ig / hl?%%g&ls 4  prowon
EPBOETI UGS oy ooy iang to form a

@ptqetor Bagied wh g difungporg!

%d%lélgg, tl?ﬂZl%clpco ol§§‘1el7 ul&ﬁlel%r pl)gses'émg il ﬁkéﬁy Qot@&m%o%rc@ylene blocks and
0.141 conparative, not an exa

2 ernernlt dlastometia ﬁd?alvlelckcwrth/tfhp amotehlaDEsichs dIsHoRBIRS F shs blocks being a most

gr%%b?é A&Hodtion. KQﬂ)reé ocm%%dlﬁﬁfs Ql%rlflus?rﬁt@& {er®les 3 and 4.

onversion I n reactor percent of polyner produced in
Reactor 1 Table 6. Process Conditions Second CSTR
React or .
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B i s i itk

Cat .
Hi

A-1

Ca

t.

A-

H2 T Cone.
WOD0E0354k%)/ hr kg/ hr kg/ hr seeml O0C ppm Hf kg/ hPCPR2006/036038

Cocat .
FI ow Cone.

Cocat. MMAO MMAO Solv. C2H4 C
FI ow Cone Flow R-2 Rate OO

kg/ hr ppm Al kg/ hr Conv.2 Split3 kg/hr A* 13.0 1.47
1.8 120 130 932 0.34 1709 0.30 123 0.05 89 68 3.9 1

12.0 2.2 0 125 0.07 0.10 0.05 91 * conparati ve,

not an

exanpl e of the invention 1 standard cnB/nmin 2 percent

PRy

o

ethytene

¥
T

n
LI

n reactor 3 percent of polymer

CORVetS 1
pr odgcedolwl Heaclr |2 Tabl e 7. Pol yner
Char @cElesi & oh|Dat|&| Reactor | 1 Dual reactor
rodffctls R nsift 2 2 Density 12 2 110/12 Mv M
Mvvh T Te_ [L_ATREBE, | Spl ubl es (g/cm 3) (g/cm 3)
dgi & @) (Y310 | Z|F 7ol ) (00 (0Q) (J/g) peak (0C)
 per cent ) 0/937 1.0 0.8993 1.0 7 1 114,400 25900
4.42 125. 85 110.[7 (1038 96.4 55.9 1 0.948 20 0. 8986
B. 3¢ & J| 2421200|315001867 121.89 103.2 104.1 93.3 13.2
Q " = . .
T CORp@r at'tvd, [Apt| an|&xanpl e of the invention 1
broduct! i sol atedl firo girst eact pr before}grcd ction
Nass hegug|d i tihe setang react org»@gﬁiﬁ% & Py f@er
ane 2t Pl 2R ST IS M I8 Exanp| e2”| CoRpaltat Ve |R|are
contaiNed|in |[Fiqurles Pa5. The curve (Fioore 2)
shqg/vso,g 25 §5) O, [oR| %ng polat. £ W ith a heal of
fus gngjof|*183: & (A8« Mhe cor (@D h@i a02 ICRYSTARSeur ve
Figird 3) |shows|H pea_% at 803500 wijth |a [peak |afea of
5.0 pearcent,| whille 59%:9 p%r:gnt the—safphe— s
solznbl®. gihm | hasloythes ATREF| Surxe (F| gure|4) |shows a
Je@éﬁ §b- 14| vl Tl ;no'@ea ef %%% Ber celatl: @ a
s0l°ubl e fraction| of |59 péf "ﬁr‘ft\f The| GPC {Tlage
Figgre 5) [reveal § a pfoadam | ay A.%igh
i L &igut | an,| My Nhy o3 4.%2 for -t his| conparat|i ye
poly/Hes| Spnplle §Fhese Fesubt 5T &gl Sonst /S SHE| AR h the
pr 6perdli ep lexpect ed| of« a p‘ﬁyaﬁﬁca‘?i Bl epd "of | T\
pol yRers navijng diiffergng @e .siqti S
bn'ga’:c\c\!ml\m-—«omg gzég_‘ o
2§ 8 SQ[mlala|aQSs O 258 SEFPREF
5 < b w10 g &
g 587
#, 2 L g
B O Ll <t |<t|. Ef""
FE3 8o B85 3 |2%E ealalslalyls)e
= = 5 |~ 2 2] cicienfen|enfen|ai| e
& £ *F
2 g .
Eﬁgtg::“ugg o gdl o w3
sEL e’ [N |2 S Bl [ 23S
g . Eoa
CICR-BC 0 oo |eo|— = =3 U, s e s 12112,
Rk REEREEERE B
g % &
&
ﬁ%ﬁAMMMﬂ' l\mmg‘ ééﬂmmﬁmo&
8285 Q383 ¢ |w|ea| 2| E
p—_(a'a-‘@/ o~~~ hunl Rl Ranll IS
° 2
9 2
2239 |, 1|, [=4, |5
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The pol yner anal ytical results for Exanple 2, Run 1

are contained in Figures 6-9. The DSC curve (Figure 6)
wabh@v®3asi21. 89 0C nelting point (Tn) with a heet/usio06/036038

fusion of 104.1 J/g. The correspondi ng CRYSTAF curve

(Figure 7) shows the | argest peak at 75.6C wth a peak

area of 36.5 percent, while 46.3 percent of the sanple

B’ xampRI2ubbinudis Solueibd Folyhei-AldREtactionye (Fi gure 8) shows

b U e P SR PRE ioFHE CBEMopR el ek rectors

(CBT H}deoﬁn&}edﬁ@éé@l@é %a@h Ve@ét}dr 18 8y dr@iNcATB] feX hildaset M@b@ﬁtb at steady state
di stribution of 1.67 for this B?B mer . sa

copditiensy d. lgwlwhrsgraée%%%)gi widpd W’e%ﬁrﬁm gac B3 it gatalyst Al

@d&@t@ gi@da Qayénght! (ﬁﬁ%biﬂﬁﬁﬁﬁnﬂﬂﬁ{ mo&ﬁ&prhéth)ﬂﬁhlh?};aﬂe MMAO, available from
IS uni que (0] e

t .
,ﬁﬁgéhbs per bt (Xr&@its igedsdaperdisepes éi"’é]&blﬁélé’é’rﬁ‘;‘ﬁ’&\’f?‘al Chemicals,

ﬂubf“‘ @Je%ﬁ@&oﬂdﬁl‘éﬁ@fo@ﬁle Rk @teactsrs @fe%rd’lfmeg ueTabled lﬁ'ah@g P@Ymer properties
app I'cati ons requiring narrow nmol ecul ar wei g ht

a previdestiniTeble dpad imffigurestSek pol ymer architecture.
Exanpl es where particular utility is found include
adhesi ves and conpati bli zed bl ends enpl oyi ng

t her nopl astic polyolefins (TPO, elastoners, and as
viscosity nodifiers for lubricants. CLAMS. 1. A process
for the polynerization of one or nore addition

pol yneri zabl e nononers to forma copol yner conpri sing
two regions or segnents of differentiated pol yner
conposition or properties, said process conprising: 1)
contacting an addition pol ynerizabl e nononer or

m xture of nmonomers under addition polynerization
conditions in a reactor or reactor zone with a
conposition conprising at |east one olefin

pol ynmeri zation catal yst and a cocatal yst and
characterized by the formati on of polynmer chains from
sai d nononer or nononers; 2) transferring the reaction
m xture to a second reactor or reactor zone and
optionally addi ng one or nore additional reactants,
catal ysts, nononmers or other conpounds prior to,
commensurate with, or after said transfer; and 3)
causi ng pol ynerization to occur in said second reactor
or reactor zone to form polynmer chains that are
differentiated fromthe polynmer chains forned in step
1); said process being characterized by addition of a
chain shuttling agent to the reaction m xture prior
to, during, or subsequent to step 1) such that at

| east some of the resulting polymer nolecules from
step 3) conprise two or nore chemcally or physically
di sti ngui shabl e bl ocks or segnents. 2. A high

nol ecul ar wei ght copol ymer conprising two or nore
substantial ly
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honogeneous i ntranol ecul ar segnents or bl ocks

conprising differing chem cal

or ph

ysi cal

properties,

W@ 200d/033385 anol ecul ar segnments characteri zed byPCT/US2006/036038
possessi ng a nost probabl e nol ecul ar wei ght

di stri bution.
organi c or

according to claim2 or preparable according to claim
1. #. Axprocess according to claimlwherein th —
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3. A polynmer m xture conpri sing:
i norgani ¢ polynmer and (2) a copol yner

(1) an

0]
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, not an example of the invention
product isolated from first reactor before production was begun in the second reactor

* comparative
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and T2 and N are linked by a bridging ligand. 6. A

process according to any one of clains 1, 4 or 5
wa@b@vmsises i zed by produci ng a pol ynmer accor di nBCT/0S2006/036038

claim2 or a polynmer m xture according to claim3. 7.

A process according to any one of clainms 1, 4 or 5

wherein the chemcally or physically distinguishable

bl ockme@blyiROARNSal RdRs B} EL BRI CORPRAMIR are contained in Figures 2-5.
'Il‘hr;(i)osr c?&'vaet(llﬁogGrel 25] glllowes 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 80.5°C with a peak area of 35.0
percent, while 59.9 percent of the sample is soluble. Similarly the ATREF curve (Figure 4) shows a
peak at 96.4 with an area of 38.7 percent and a soluble fraction of 55.9 percent. The GPC trace
(Figure 5) reveals a broad molecular weight distribution, Mw/Mn, of 4.42 for this comparative
polymer sample. These results are consistent with the properties expected of a physical blend of
two polymers having differing densities.

The polymer analytical results for Example 2, Run 1 are contained in Figures 6-9. The
DSC curve (Figure 6) shows a 121.89 °C melting point (Tm) with a heat of fusion of 104.1 J/g. The
corresponding CRYSTAF curve (Figure 7) shows the largest peak at 75.6°C with a peak area of
36.5 percent, while 46.3 percent of the sample is soluble. Similarly the ATREF curve (Figure 8)
shows a peak at 93.3 with an area of 84.1 percent and a soluble fraction of 13.2 percent. The GPC
trace (Figure 9) reveals a very narrow molecular weight distribution, Mw/Mn, of 1.67 for this
polymer sample. These results are consistent with the properties expected of a block copolymer,
specifically a polydispersity less than 2.0 is unique to the present invented polymers.

The polymers prepared according to the present invented process are uniquely suited for
applications requiring narrow molecular weight distribution and multi-block polymer architecture.
Examples where particular utility is found include adhesives and compatiblized blends employing

thermoplastic polyolefins (TPO), elastomers, and as viscosity modifiers for lubricants.
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CLAIMS:

1. A process for the polymerization of one or more addition polymerizable monomers
to form a copolymer comprising two regions or segments of differentiated polymer composition or
properties, said process comprising: '

1) contacting an addition polymerizable monomer or mixture of monomers under addition
polymerization conditions in a reactor or reactor zone with a composition comprising at least one
olefin polymerization catalyst and a cocatalyst and characterized by the formation of 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 to form polymer
chains that are differentiated from the polymer chains formed in step 1);

said process being characterized by addition of a chain shuttling agent to the reaction
mixture prior to, during, or subsequent to step 1) such that at least some of the resulting polymer
molecules from step 3) comprise two or more chemically or physically distinguishable blocks or
segments.

2. A high molecular weight copolymer comiarising 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 or preparable according to claim 1.

4. A process according to claim 1 wherein the catalyst comprises a metal complex

corresponding to the formula:

wherein:

R 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;.50 hydrocarbyl substituted

methylene or silane group; and
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R™ s a Csa heteroaryl group containing Lewis base functionality;

M is a Group 4 metal;

X' is an anionic, neutral or dianionic ligand group;

%’ 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 1 wherein the catalyst comprises a metal complex

N 2 ~2
( M Xx”
2
"7

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 ligand.
6. A process according to any one of claims 1, 4 or 5 characterized by producing a
polymer according to claim 2 or a polymer mixture according to claim 3.
7. 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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