Process For Polymerizing An Olefin Monomer and Catalyst Therefor BACKGROUND OF THE
INVENTION Field of the Invention. The present invention generally relates to a process that
polymerizes an olefin monomer, and a precatalyst and catalyst useful in such process. Description of
related art. Polyolefins such as polyethylene polymer and poly(ethylene alpha-olefin) copolymers
are widely used in industry. They are desirable for making, for example, containers, tubing, films and
sheets for packaging, and synthetic lubricants, fibers, and pipes. Ethylene interpolymers are often
10blended or othenwise.ussci semhination i perpolmers 1o ppiimize the balance of properties
for desired uses. Such blends may be generated by, for exampilé"emb ((“))(ljllng multiple reactors in
series, or post-reactor by co-ext%éi'%ﬁ@é@g?e(dﬁgﬁ%é@éiﬁ?@?ﬁ&ing or kneading. Methods for
generating such-Bléndsaie-disoussed in more detail in, for example, US20060199912 Al. 15A
partoularly valushle,suhineafnabeiiviens. o Jefnk eqpelyier i poly(etylens aphe-olefn

block copolymer or, simply, an olefin block copolymer S are characterizéd as having at
least-one 80 ‘JAAEH HAP SEGHENte B Blowk eBkiptising residuals of ethylene monomer and at least
one so-called "doftswpgmenttoreblock comprising residuals of an alpha-olefin (also known as an

alpha-olefin and-drQlefin) MAneMer.RBES A5 AvallapIe from.Ihe 20 Dow. Chemical Company,
Midland, Migg%an’,usA under ?ﬁ? {frgde f?gm%nlNFlfgIE‘azl'{\/l Olgfir? B %ﬁqéléﬁgi%”ér? NFUSETM

Olefin BISEK’ bﬁ%‘fﬁ%&?&sé{?’eﬂgéﬂﬁ? T UAHER BB SHEPBS piRatiats shirk ddrforekample, those
listed at Wi dowacbraiinfusé siPrepatabivnod. dh-3BCdqameinvolvena iprapass.dhakcamang other steps,

polymerizes ethylengand e alpbariefin ysinagliffersnt.catalysta:so form the QBC. 25US 6,566.462

B2 mention man her thin rtain pr lymerize olefin mprising r ing olefin
entio gé%esq gié)stu_e%utsaggsu,cﬁlh():e ain process to polymerize olefins comprising reacting olefins

with a catalyst Systens Comprsing an SEtvAtO P EHEtiibueny SHi R ssrBI Aseral 88pound based on
bidentate tigErds evistaining eterotyclearivigties) and preferablye pyridine bicguinoline moieties. US
6,566,4621d:82:alsp MeALIANS:aHa8H AN COMARSILION LAMPKISING %ii@g}ggg{gene and a second metal
compoun@s 8&%@%}4@% B2 does not mention or 30disclose any species of the second metal
compound whereint e‘“he{erocycle moiety is a guillotine moiety. US 7,199,955 132 mentions, among
othéPthings, a catalyistiprigcubhstl; sutatelyspeystemeeomprisingthexpnesidrsos, and an olefin

polymerizationimeibodiusing e crtalyst SYsten. S, £329:285.B2.498s000mentian.or disclose any

species of the second rfneg}tall_ compound wherein the catalyst precursor contains a quinoline moiety.
WO 02/0765G7°A% }r‘%éir?ﬁoﬁ"s’?%l?ﬁgﬁﬁ Ythesr TGS B SRR 1Ry arier s Eprisidarid use of the
amide ligaindeity avaristy2of metal complekes; afiddzansitiontingtalsrimipagticulan WQ102/079207 A2
also mentignsotbat amidedigand.drapsition:metal complexesAle sxpested 19 find yility as catalysts in

numgrous stoichiametric and cafalytic transformations such as, by way of example and not limitation,
hyﬁgam%{g}%ﬁf%%ﬁf?ﬁ iy iﬁl,ﬁiiﬁ(g%%gﬁﬁatﬁbgﬁ, WO HALERIRE SN ANG sUBSSEuent olefin

epoxidatiofcdirttdyarabivaiibhiretiietibrriunctibmatizatione dlefim variety of forms and
polymerizpiienteapealymerizationiivingspolymesizalionosatalyiic s B bond:farmatien d0(where E is C,
N-0. 5 Sl 23100 58!, A% HHERk: SUzUK: 09 Bnagoshira coupling woine

different catalysts to form the OBC.

25 US 6,566,402 B2 mentions, among other things, a certain process to polymerize olefins
comprising reacting olefins with a catalyst system comprising an activator, & metallocene and a
second metal compound based on bidentate ligands containing beterocycle moieties. and
preferably pyridine or quinoline moieties. US 6.566.462 B2 also mentions a centain composilion
cornprising a metallocene and a second metat compound. US 6,566,462 B2 does not mention or

30 disclose any species of the second metal compound wherein the heterocyele moiety is a quinoline
moiery.

US 7.199.255 B2 mentions, among other things, a catalyst precursor, a catalyst system

comprising the precursor. and an olefin polymerization method using the catatyst svstem. US



reactions. WO 02/079207 A2 does not mention or disclose any species of the amido ligand transition
metal complex wherein the transition metal is a metal of Group 3, 4, 5, or 6 of the Periodic Table of the
Elements. Shen M., et al., Synthesis and characterization of organ aluminum compounds 15containing
guinolin-8-amine den waives and their catalytic behaviour for ring-opening polymerization of c-cap;
olactone, Dalton Transactions, 2009: 9000-9009, mention certain organoalummum compounds

containing certain 2-substituted, N-substituted quinolin-8-amine derived lig:ands. Chemical
industry desiresnew ﬂ@ﬁ@%&@%@%ﬁ%@%@t&é%g%xmﬁ%ﬂﬂg Qlsfin.comonomers BRIEF SUMMARY
OF THE INVI%NTI N, m[Ilrg)ozilJ‘g)t;lst'fﬂembodlment t resent invention is a process or polymerlzmg an

olefin monomeér: the process compr’?‘fs%%‘jg%fg‘pnbf*‘ébntactlng together a catalytic amount of a catalyst
comprising a mixtur& @ﬁﬁé&ﬂ@”ﬁ@@ﬂuﬁ@@mf ingrediéntsi{adsand:(h)owhereindngedienis(apcomprises a

metal-ligand iﬁ@mﬂk@)@lﬁlﬂg l%ﬁ@%@ﬂbﬁh)xQQWP&%%ﬁ’fBEE%Q“Y&P{’?&&S’o%@é{ﬁn% nd.an.o Iﬁffg] monomer
as ingredient (c). th \grgdlenréjﬁg one or more metal-ligand complexes (also referred to herein

as precatalysts) oF ormula (1) Ieu#é)l%f”“@‘ N VRS ﬁ\‘éféf‘ﬂf‘@h’ﬁfbﬁé Sresislipdiada, 5, and 6 of
the Periodic TéaBleof b Fememdiesristahbeiriginrd forhal oxidationistate:df 42 +8uytd), +5, or +6; n

is an integer ek frpmato by imiEach X indeneodenthnisa. menodentate digandithatis neutral,
monoanlonlc %V%Ianlo c or two ()}gt?re taken tog 3ther to form a bidentate ligand that is neutral,

monoanionic. or dianionic. - X A Bre GheZenin Os‘ﬁ’@t’f%fW%Wﬁg‘fft‘hé‘]ﬁ‘féfﬁi"Pré‘efﬁtﬂgBomplex of

formula (1) is“'i?’flé@@]ﬁ@@@éjt@“ﬁé/mﬁ’m*«W ationgtiyity pflRINto MG independerithoisi dohydiegen atom, (CI
-C40)hydrocarhyi: mwelacgoghetermﬁdtmmm c@lzgsﬂ)byctmar%&m@smao&%p Apm; R7

independently,| qgﬁh({,@,&ﬁ,%t}y carbyl -C4 t ohydrocarbyl Or one X. when a
monodentate ligand, is taken toﬂgf%ngg)v%lt § an;? lo(i’i?éno 2?5 “fo"lgvf’fjﬁ’ c(ﬁ W 38d ¥t the metal-ligand

complex of fHRRIAY (N C AL R tHeentdte igEAer (Sechithatehbofidentatel liand i bended to M via
the X, quinolireddngmitkogen: ateim:nand nitrogen atom ISbearing R7); Each of the
aforementiolydroc {C 0 arb | and (C1-C40)hydrocarbyl of

(C1- C40)hyd>;ocar?)§/%¥’log§ gﬁéghéigéﬁygrgcg%yﬁ fr’féfé[ﬁég’no Ongtfmz“ymlm”mo mpounds

containing quinolin-8-amine derivatives and their catalytic be!zm iour for ring-opening
polymerization of e-caprolactone, Dalion Transactions, 2009: 9000-9009, mention cefain
organoaluminum compounds containing certain 2-substituted, N-substituted guinolin-8-amine
derived ligands.
Chemical industry desires new processes and catalysts for polymerizing olefin
20 monomers,
BRIEF SUMMARY OF THE INVENTION
In a first embodiment, the present invention is a process for poiymerizing an olefin
monomer, the process comprising a step of contacting together a catalvtic amount of a catalvst
comprising a mixture or reaction product of ingredients (a} and (b}, wherein ingredient {a)
25 comprises a metal-ligand complex and ingredient (b) comprises an activating co-catalyst: and an
olefin monomer as ingredient {¢): the ingredient {a} being one or more metal-Ji gund complexes

(also referred 1o herein as precatalysts) of formulza (I3

(0




unsubstituted or substituted with one or more substituents Rs; and Each Rs independently is a
halogen atom, polyfluoro, perfluoro, unsubstituted 20(CI-C18133C-.F3CO0-, R3Si-, RO-, RS-, RS(0)-.
RS(0)3-, RIP-, R3N-, R3C=N-, NC-, RC(0)0-, ROC(0)-, RC(0)N(12)-, or R3NC(0)-, wherein each R
independently is an unsubstituted (C1-C18)alkyt; and the ingredient (h) being one or more activating
co-catalysts, or a reaction product thereof, whereix the ratio of total number of moles of the one or
more metal-ligand complexes of formula ( to total number of moles of the one or more activating
co-catalysts {s,frem 1:10,000 to 100:1; wherein the contacting step is performed under olefin
polymerizing conditions (described later) and prepares a polyolefin. In a second embodiment the
present invention is THe TEEI% GRNEPE ShIBRY O formtd €19 1 Bertc dribodinieftahenpresent
invention is dheatalylstcogmprisimglor-prepared:fromt the, 30ore Br-more rnetal-ligand complexes of
formula 0) and one.ot meke activating, ¢o=catalysts, or a reaction product thereof, wherein the ratio of
total nurgber of mo&(_ersqio theiione or more metal- 'Iigan{d .c_omplexes__ of formu_lra (1) to total number of
moles of the one or Aiore ACHVALRY S LARIHSEIE ot HD U0 1y Toasnionc Thd iifsition also
contemplatesravprécessifor preparingtherhetatigaidrdompiexcof fomputarishy seastingia ligand of
formula (Q): R4 5 ot auSrap:doan2-meiak sal @l e seadALiBumpla(Q)whereln Ingmetal of the
Group 1 or2 metaliesanlg%jg? cation of any one of the metalsof Groups 1 and 2 of the Periodic Table of

the Elementég%&?ﬁﬁi a Source or sources of M and X (e.g., a salt of formula M(X)n_Li.) in such a way so

as to prepare the mtaldigend o mplesx.effar mulg dhhwhesgindhe- matak:ligand complex of 10formula
(1), M, X. and Ri to R7 are as defined in the first embodiment. ~ e invention also contemplates a
processYor prapannly tHeNgRRy ot Sfmtie ([OYarmmitermetiatessinme preparation thereof.  The
ligand of formula (Q);is useful in the process of preparing the metal-ligand complex of formula (0,
which in turn is useful T HEBPIELEE G freparig e nventinebsiyar 4etsubscribed herein.
Or one X, when a monodentate ligand, is taken together with any one of rRY o R7 in such
a way so that the metal-ligand complex of formula (I) contains a tridentate ligand (such that the
tridentate ligand is bonded to M via the X, quinoline ring nitrogen atom. and nitrogen atom
15 hearing R7);
Each of the aforementioned hydrocarbyl (c.g., (C 1-Cypihydrocarbyl and
(Cy-Cypphydrocarbyt of {Cy-Cyghydrocarbyl-0-) and heterohydrocarbyl independently is
unsubstituted or substituted with one or more substituents R and
Each R® independently is a halogen atom. polyfluoro. perfluoro, unsubstituted
20 (C-Cqgalkyl, F3C-, FCHyO-, FyHCO-, F3CO-, R38i-, RO- RS-, RS(0)-. R§(O)5-, RyP-,
RaN-  RC=N-, NC-, RC(OH0-, ROC(O)-. RC(OIN(R -, or RoyNC((¥}-, wherein each R
independently is an unsubstituted (4 ‘(flgj}aiicyl; and
the ingredient {b) being one or more activating co-catalysts, or a reaction product therzof, wherein
the ratio of total number of moles of the one or more metal-ligand complexes of formula (!} to
25 total number of moles of the one or more activaling co~catalysis is from 110,000 o 100:1;
wherein the contacting step is performed under olefin polymerizing conditions (described later)
and prepares a polvolefin.
In a second embodiment the present invention is the metal-ligand complex of formula ().
In a third embodiment the present invention is a catalyst comprising or prepared from the
30 one or more metal-ligand complexes of formula (1) and one or more activating co-catalvsts, or a

reaction product thereof, wherein the ratio of otal number of moles of the one or more metal-



In another embodiment the present invention is a ligand of formula (Qp): R4R5 R75 ora Group 1
or 2 metal salt thereof. wherein the Group 1 or 2 metal of the Group | or 2 metal salt is a cation of any
one of the metals of Groups 1 and 2 of the Periodic Table of 20the Elements; Each of Rl to R6
independently is a hydrogen atom, (Ci-C40)hydrocarbyl, (C1-C40)heterohydrocarbyl,
(C1-C40)hydrocarby1-0-, or halogen atom; At least one of R72 and R76 independently is a
(C1-C40)alkyl and each of the mai nder of R72 to R76 independently is a hydrogen atom or sn Rs is
as defined previgusiypEachubihelaforementionsd fyeractutid (GE-G-ANhydragarbyl) and
heterohydrogg@;@t;qgf;gzqu}%gw s H)ra:slqbstituted or substituted with one or more substituents Rs; and
Each Rs independently is a halogen atom, polyfluoro, perfluoro, unsubstituted 10(Ci-C18)alkyl, F3C-,
FCH70-, F7FICO-, B RS ROCTRBE SR SORSSHS (OFParing the mRFD =N, NE»|:RG(0)O-, ROC(0)-,
RC(0)N(R)- omiRINQ{®)- yavhereini eachiRotndependently is an unsubstituted (C1-C18)alkyl. The
metal-1124nd complex/es) ofIJ@rmuIaR@) and catalyst(s) prepared therefrom with the one or more
activating co-catalysts are usefyl in the process of the first embodiment. As can be 15illustrated later,
the invention process iS%¢haracgefizable by opg, or more activities of the cakalyst(s), one or more
properties of the polyolefip ergby, or a combination thereof. Accordingly, the present
invention also contemy plyolefins prepared by the process of the first embodiment.
Examples of poly:olefinsthat can be repafed by the invention process are a polyethylene.
poly(alpha-olefin), polyst ene' and pd [y“(gthylene alpha-olefin) 20copolymer, including poly(ethylene
alpha-olgfin) block copdlymer. The term "poly(ethylene alpha-olefin) block copolymer" is used

nerchangeaply hesen it g (195 9el oSk ol er 0BG elylensia-olei block

. ¢ , e TO - -
interpolymer,” a?cj "ethylene/a-olefin block copolymer". The terms "alpha-ole i and “a-olefin" are
used interchARGeRBIY hETETR T (8AnT BtriEhee! fiexns etrbhel e PernCHlR of7the
Elements, with a source or sources of M and X (e.g., a salt of formula M(X),. 1) in such a way so
as to prepare the metal-ligand complex of formula (1), wherein the metal-tigand complex of
10 formula (I}, M, X, and ®1 10 R7 are as definad in the first embodiment.
The invention also contemplates a process for preparing the ligand of formula ( (J), and
intermediates in the preparation thereof.
The ligand of formula (Q) is useful in the process of preparing the metal-ligand complex
of formula (I}, which in wrn is vseful in the process of preparing the invention catalyst as
15 described herein.

In another embodiment the present invention is a ligand of formula { Qpx

(Qpi

R'Fﬁ

or a Group 1 or 2 metal sait thereof. wherein the Group 1 or 2 metal of the Group 1 or 2

metal sall is a cation of any one of the metals of Groups [ and 2 of the Periodic Table of

20 the Elements:

g



The polyolefins prepared by the process of the first embodiment are useful in numerous applications
such as, for example, synthetic lubricants, films, fibers, pipes, and elastic films for hygiene applications
(e.g., for diaper covers); flexible molded goods for appliances, tools, consumer goods (e.g., toothbrush
handles), sporting goods, building and construction components, automotive parts, and medical
applications (e.g., medical devices); flexible gaskets 30and profiles for appliance (e.qg.. refrigerator
door gaskets and profiles), building and construction, and automotive applications; adhesives for
packaging (e.g., for use in manu acturing corrugated cardboard boxes), hygiene applications, tapes,
and labels; and foafis¥6f Bpéttngryersascie foar rme) paekagirddarserrérigoods, and automotive

applications. Additional embogdiments are desg lbgm the remainder of the specification eluding the
claims. BRIEF DESCRIPTION ﬁFL'I'LHOE"DYRLAHV\}iN 'és§4($gyé§8%é£‘éqr§%‘é’é?ﬁ§§ﬁ%§ offfie present invention

are described herein insglation Iﬁdlggdqgh‘qmgml&g)d{sag/\(tﬂ]g&i){};}{YfgglpL}Qﬁ_\/g,l&ﬁt{;g%g_ggg% Jn illustrating
various features of the embodiments. Figure (Fig.)’l shows an illustrative procedure of
Scheme 1 for preparing adirst/risat¥y:1Qipissmediatenuse iyl ing convergentsynthasisief.the litrand of
formula (Q). Fig. 2 shq\éy\jsl()%g illustrative procedure of Scheme 2 for preparing a second p
intermediate useful in a cdjnverg‘en’t synthesis of the ligand of formula (Q). Fie. 3 shows an
illustrative procedure*dt SEkeriEBpre hadierehd ligand of formutac@)fromrthe first and second

primary intermediates. 15Eig. 4,shows,an. i s_li{(@j[iyJ ‘roc,eldy{e ,pif Scheme 4 far preparing the etal -li
mind complex of formula (If' gr(.)or"n thLeglig‘aﬁd%))Lf fgrnml?lj%?1(33.ijl@%Ai)tél%sgﬂéc\w&n%ﬁ“ THE

INVENTION For purpose§ UitEdSttes patent practice and other patent practices a incorporation
of subject matter byErefeRennd:thelentire ednfents «waless! ptherwise-indicated:0f2Qeach U.S. patent,

U.S. patgnt lication, U.S. patent application. publication. PCT interpational patent application and
WO puéﬁcat?c?ﬁ éﬁtfmgﬁlfé’%t}%ﬁ(g%&s ; ré%fe%c%%#ﬁ’%ﬁﬁé’%gﬁ%u%#ﬁ;ﬁg 'o%é@a)ﬁl&gﬁ%’%ription of the
Invention arephereRy incpyearatesidy }@f@@@cegmﬁy}ggg@mrgy@rg Jﬁ&éﬁ@ﬁﬂf&%?&h"veen what is

written in the present specification and what is written in a patent, patent“application, or patent
application pedsiicBtiosrrondepdytionntheselofitvatds (heCrporkited by reference, what is written in the
present specificatio?hqont%?IS; . In the present application, any lower limit of a range of numbers, or
any preferred lower St TR FARYE ISy 1L OOt AE AW RFEARY U PFErfmit st A PARGES or any
preferred uppet finfivofhisasange;ctontefine aspheferisdraspectf ordmbadimient:of thesange. Each
range of numhessincludes.all numhers hoth sational.and irrationalnumhers.sybsumed within that

range 30(e.g., the range from about [to about 5]|n<%lu_des, for example. I, 1.5, 2, 2.75, 3, 3.80, 4, and 5).
Catalyst(s), ¥ne or inore properties of the polyolelin prépared thereby, or a combination thereof,

Accordingly. the present invention also contemplates nove] polyolefins prepared by the
process of the first embodiment. Examples of polyolefins that can be prepared by the invention
process are a polvethylene. poly{alpha-olefin), polystyrene, and poly(ethylene alpha-olefin}

20 copolymer, including poly(ethylene alpha-olefin} block copolymer. The term “poly(ethylene
alpha-olefin] block copolvmer™ is used interchangeably herein with the terms “olefin block
copotymer,” “OBC.” “ethylene/g-otefin block interpolvmer,” and “ethyiene/n-olefin block
copolymer™. The terms “alpha-olefin” and “o-olefin” are used interchangeably herein. The term

“ethyvlene” means ethene. Le., HyCwCH,,

P
Ln

The polyolefins prepared by the process of the first embodiment are useful in numerous
applications such as, for example, synthetic lubricants, films. fibers, pipes, and elastic films for
hygiene applications {(e.g., for diaper covers); flexible molded goods for appliances. tools,
consumer goods (e.g., toothbrush handles), sporting goods, building and constroction
components, automotive parts, and medical applications (e.g., medical devices); flexible gaskets
30 and profiles for appliance (e.g.. refrigerator door gaskets and profiles), building and construction,

and automotive applications: adhesives for packaging (e.g.. for use in manufacturing corrueated



Certain unsubstituted chemical groups are described herein as having a maximum number of 40
carbon atoms (e.g., (C1-C40 )hydrocarbyl and (C1-C40 )heterohydrocarbyl). These include substituent
groups (e.g.. R groups) and olefin monomers where number of carbon atoms is not critical. Forty
carbon atoms in such unsubstituted chemical groups is a practical upper limit; nevertheless in some
embodiments the invention contemplates such unsubstituted chemical groups having a maximum

number of carbon atoms that is higher than 40 (e.g., 100, 1000, or more). The word'optionally”
means "with erwitheulx 5L examelsiaptignally. an.aqditive means with or without an additive. In an
event where there is a conflict between a compound nameits struc%ure, & &G ontrols. In

an event wher& TherE 194 HSHC BEtRE S A vAleRR st Japkisaitert without parentheses, e.g., 2
inches, and a corregpingingcuitdraknes thatiiscpare nthetieally reeiled.: g & kAcantimetars), the unit
value recited sithout parentheses controls. As used herein, "a," "an," "the," "at least one," and "one or
mused inDIerchangeany. In any a_sgegt orjembgdim(;:-ntmgf the instant invention described herein, the
term "abdut” in a phrase referrin f04 Mimerical VAIGE il BB HEIRIEE from the phrase to (jive another
aspect or embodiméntoftredinstantinveptiomt Invthedformersaspecisar embadimes employing 15the
term "about,":meaping.af fahout: cambe.snsiied fiom Gomtext of jis ise, Preferably "about' means
from 90 perce%(t‘gi&gz%percent of the numerical value, from 100 percent to 110 percent of the
numerical vaiue, or from 90 percent to 110 percent of the numerical value. In any aspect or
embodiment of the ingtertiavéntiondestviedvhereinithe Dhemended e COMpPHSIHNgG,”

"comprises, " ane:thedikefuhich-aresynonymous with iingluding. having,” and 70"characterized by")
may be replaced by_the respective grqgtiallf}/‘qlgfe‘d” hrases "consisting essentially of," "consists
essentially of," and the Tike or the respective closed pHrdSes “EEHEE Ry SF o dHERE of " and the like
to give anothBi°58paEs sicémbdditnentol thetinstantinviention. iFhetert. "characterizable" is
open-ended and means distinguishabie- hdheniesentapplication, when. referring;io a preceding list of
elements (e-g(gﬂﬂ%ﬁzﬁiaef{%?)hg‘q%%? ases "mixture dthg(eof," 25 "combination thereof,"” and the like
mean any two or more, including a Jorthe listed eléifents. The term "or" used in a listing of members,
unless $tated otherfiisé, sheferansleetistatondrmbetscindivid Galbyeas welbasdnianyweombination, and
supports additiopak enmbedimaentsreeiting.anyrene@f thg individual members (e.g., in an embodiment
reciting the phrase "10 percent.Q! re," the. "or’ supports another embodiment reciting "10 percent"
and still another embodiment rtle%:ﬁg“ %%&%ﬁa# E%g?[))}tesgcﬁe%{h')wﬁg(t)é?m "plurality” means two or
more, wherein each BRI I& i hBEpLHdBARY Y et ek unfeskedicatedaithe MiisandT he term
"independentiytimeais sepajatelywithottsegardfonanather, T hetetmsnditst. msecend,” et cetera
serve aga C nie ng of distinguishing hetween two or more elements or limitations (e.g., a
first chafi? ang%{%élfc?gl(ﬁ%hqaf?)' %%%%%B%%t%%%%eﬁhﬁ%?}15?88‘% e (’sﬂpéghlié’ﬁﬁ?’%tﬁ}ﬁ‘fbicated. The
symbols "<" BHT" ABRIEERVER HERT THse e B Uit and greatinthairoraGuahtoy The symbols
"<" and ">" réspdctivelysipieant lbss:thanane greatenthaned bURIBsS Qthewisenqieg, the phrase
"Periodic Ta f ol icial periodic table, version dated June 22, 2007,
published bygiﬁrégl n?(ﬁ)ﬁgg%gqrgﬁfJLrﬁg%rf%EQP&&%%fr[#dé%g&%% %’ﬁ(;r?ﬁas{f?f} fmlllﬂ%@)if’ RSS2y references to a
Group or GroUHE SR NG I CFaG B restaie rpdetdeninthiroPieriduieof divlesof the Elements.

=3 incorporated by reference, what is writien in the present specification controls,

In the present application, any lower limit of a range of numbers, or any preferred lower
limit of the range. may be combined with any upper limst of the range. or any preferred upper
limut of the range. to define 2 preferred aspect or embodiment of the range. Each range of
numbers includes all numbers, both rational and irational numbers, subsumed within that range

30 (e.g.. the range from about 1 to about 5 includes. for example, 1, 1.5, 2, 2.75, 3, 3.80, 4. and 5).

Certain unsubstituted chemical groups are described herein as having a maximum
number of 44} carbon atoms (e.g., { C4-Cyp dhydrocarbyl and (C 1-C 4 Yheterohydrocarbyl). These
include substituent groups (¢.g.. R groups) and olefin monomers where number of carbon atoms

is not critical. Forty carbon atoms in such unsubsticuted chemical groups 15 2 practical upper lmit;



When used to describe a chemical group (e.g., (C1-C40)ailsYO' the parenthetical expression of the
form "(Cx-C )," means that the unsubstituted version of the chemical group  comprises from a
number x carbon atoms to a number y carbon atoms, wherein each x and y 10independently is an
integer as described for the chemical group. Thus, for example, an unsubstitutedC4o0)alkyl contains
from 1 10 40 etn-bon atoms. When one or more substituents on the chemical group contain one or
more carbon atoms, the substituted (C.x - -Cy ) chemical group may or may not comprise more than y
total carbon atoms; i.e., the maximum total number of carbon atoms of the substituted (Cx -Cy )
chemical gr@ﬁ&\ﬁblﬂﬁ 'rﬂe“é’t‘,fu%ﬂﬂt’édgﬁiﬁ’lii% HeSECBf e TBlimmbEh ofchiboisatomsdf each of the
substituent(g)oAmyatom: afaichericalgroupibatis:not spesified herein ds understpod:to be a
hydrogen atgm..,  In sonic embodiments, an invention compound (e.g , the metal-ligand complex of
formula (1)) contalns one or more of the substituents Rs. Preferably there are not more than 20 Rs,
more preferably not ThEREhAR A R s M5t stilfhibra praterabiy ot horatmalys:Rediting 20compound.
Where the imventisntoompbundcaiiains two or more substituents Rs, each Rs independently is
bonded to a same gr.diffete0lsastivies. shamical drouny,.., 11 some embodiments, at least one Rs
is polyfluoro or perfluoro, For present purposes "polyfluoro™ and perﬁuoro each count as one Rs
substituent. FRETERH " as in "polyfluoro” means that two or more H, but not all H. bonded to
carbon atoms of a konmresponding hasubstiiuied ehemicalugroup ata: e plaead.by.afluoro in the
substituted ¢hemical:grQu. Thetarn, Befas M reriugre Hﬂ?@pﬁﬁ%ﬁhcmﬁgug jo.Garpon atoms of a

corresQOBndln unsubstltuted chemical group is replaced by a fluoro in the substltuteﬁchemlcal group.

As used her8in THe ferh '(’ﬁfTﬁ%ﬁ)‘ﬁﬁ}b‘ré”é%%’y?%ﬁﬁ%“é%’ﬂbcarbon radical of from 1 to 40 carbon
atoms and the term*'(Gid®4@)hydrocarbilericiveansa’ hydfocarbon:diradical of 30from 1 to 40 carbon

atoms, wherein@ach hydacarbep.radical-amehdir %ﬂ!ﬁé‘lmgﬁlﬁ?ﬁmﬁm'& L%&f QMANG A diepzaromatic,

saturated or, utpsa,tur ted, str ht chain or branched chain, ¢ Ex;cllc including mono- anddEoI y-cyclic,

fused and non-tuséd ycyc‘1 Y OF acyEhe ora St Biabol fW&f’%r%BF‘éﬁfﬁé‘féﬁFﬁﬁ @ach
hydrocarborizdicaraheldiradidahis thersanetias. br diffierent fremsanotiverihydrosarhgeingadical and

diradicas, re&me%w%mdﬁ%a&eﬁdﬁnﬂv* isMpsubstiiedor sybstitited by qpe.Qnmore Rs,
Preferably, a CEC4 hydro I|nde %udentl %i%n unsubstituted or substituted (C1- C40)alkyl,
a

(C3- C40)cycfo Ay 3-890 C)?cffj%ﬂk PEST) alkyle RETTEB Cadsalrgm dPiegeent w0 110
C20)ary1- (G%(S?@)élRyléﬁé%fmér‘@iﬁﬁeféfab‘lg&%vf@ﬂiﬂﬂﬁ@)Hyﬁr@martﬁwqmdepmdeﬁmly is a1y unsubstituted
or substitutedpl m@&@ﬂﬂyﬁi&ﬁk&w@y'inei@mﬁQ%tQ@@Q@KM&E(E@&}QZQ)Q QQ%MI terms

(C3-Clo)cycl %%Ikl;{l GG rr)p Ikylened &C%“di l, or C6 C38 a%/ CI -C 10)alkylene St|II more
e

preferably a gCI “C40) hg rocarLbyI'iﬁdepen ntly |§r§ﬁvﬁ%n§lﬂ%stltu d OF SUBstitGE P fc e
characterized by

"} may be replaced by the respective partially closed phrases © ‘consisting
essentially of.” “consists essentially of.” and the like or the respective closed phrases “consisting
of,” “consists of " and the like to give another aspect or embodiment of the instant invention. The
term “characterizable™ is open-ended and means distinguishable. In the present application, when
referring 1o a preceding list of elements (¢.g., ingredients}, the phrases “mixrure thereof,”

25 “combination thereof,” and the like mean any two or more, including all, of the listed elements.
The term “or” used in a listing of members, unless stated otherwise, refers o the listed members
individually as well as in any combination, and supports additional embodiments reciting any one
of the individual members {e.g.. in an embodiment reciting the phrase “10 percent or more,” the

“or” supports another embodiment reciting 10 percent” and still another embodiment reciting

(7S]
<

“more than 10 percent.”™). The term “plurality” means two or more. wherein each plurality is
independently selected unless indicated otherwise. The term “independently” means separatel v
without regard for another. The terms “Tirst.” “second,” et celera serve as a convenient means of
distinguishing between two or more efements or limitations {e.g.. a first chair and a second chair)

and do not imply quantily or order unless specifically so indicated. The symbols “<” and “2”



s)hydrocarbyl, e.g., (C1-C1 s)alkyl, tC3-C1 Ocycloalkyl, (C3-C12tcycloalkyl-(C 10C6)alkylene,
(C6-C18)aryl, or (C6-C12)aryl-(Ci-C6)alkylene. Preferably, any Clg)cycloalkyl independently is an
unsubstituted or substituted (C3-C10)cycloalkyl. ‘The term "(C1-C40)alkyl" means a saturated
straight or branched hydrocarbon radical of from | to 40 carbon atoms that is unsubstituted or
substituted by one or more Rs. Examples of unsubstituted (C1-C40)alkyl are unsubstituted (ClI
-C20)alkyl; unsubstituted (C1-C10)alkyl; 15unsubstituted (C1-05)alkyl; methyl; ethyl; 1-propyl;

2-propyl; 1-butyk2s0ytyk2-methuiRiopyl & lsdimathyiethyl pentyhd-hexyh 1-heptyl; 1-nonyl; and
1-decyl. Exam Ies o substituted gC1 -C40) alk I"are substituted (C1-6190)alkyl. suP)stltuted

(Crtrifluominethy uz\i{ﬁd TEBTAIS ! ﬁ?%i%?‘é‘ﬁh} }‘ﬁ‘ach (C.1-05)alkyl independently is methyl,
trifluoromethyl, ethﬁrlnlmmﬁwworé%w@twwahw ‘Peridkhe Teérmofl (GE62R0) leydene thing@asia saturated

straight or b&%ﬂahﬁdaﬁi&a{ﬂ[dl{@@%'}% fromdo, gOscatbon, atoms.that s, wm%b%w fed r substituted by
one or more E—:-rab{ &(E:%A(C)ZQ?SO % ne. together with atoms of formula (1) through which the

(C1-C20)alky r%lé is bondéd: comprise’a BREMBA TG CEX R b URS (FStRed

(C1- CZO)aIkﬁ@ﬁ@é?@%ﬁéub%%ﬁ&’t@ﬁ%ﬁ@b)aﬂ@déﬁenmdudlng unsuhstituted 1.2-(Ci-Cjotalkylene; -CH.
- | CH2CH2-, -(CH2)8en @dlgﬁ,lcﬂigfl%mﬁgk@)ﬁoup(glﬂz g&é%@r@ f 1£$A‘|Z)@L,1;LQQH2)8 and

-(CF12)4C(H)(013)-, Examples of substituted (C1- CZ'OH)'éIker are substituted (CI -

Cio)alkylene® *@@)*(}%ﬁdh%é’ﬂzﬁ14@@1%"352(@1@)@1%@%&@6 Gtlimetiiyl Substitutedp

nonnal-1.20:gicasylens), . TREHEM (G0 -G4Qaryl means al uns{g}?ﬁstlttuted or }%ubstltuted (by one or
more Rs) mono-, hi- or tricyclic aromatic hydrocarbon radlca Sfrom b to A0°total EAibon atoms, of

which aPleaSthoTHEHS TATCE B Sbahsrel ey TibF ChrBoTationTs Thvd thexmamio2rhi- or tricyclic radical

comprises 1y2wsBuings (f(rggiﬂemmdmamhtmrdtdm@siummﬁhw@wnwhk%ﬂﬁlﬁw&ﬁmg or third ring
mdependentl}f] |sf sed or non-fused to a first ring or each other, and the first ring is aromatic and,

preferably, at1é5s 6?1% LERRD %é%?naﬁbr"ﬂﬁ’fﬂ"riﬁé’é"?fﬁfﬁiﬁ%éﬁ@%ﬁﬁfﬁlﬁes%W&ﬁ%@b@htﬁ%é

(C6sCAO)aryhare: umwlas&ﬁuﬁ%d(((%@rmm?ﬁxlamwﬁsm%ed {GR:GE)anh ynsybslituted (C6- Cldjaryl
phenyl; fluorenyl. tetra%/1 (Bfnl,uoqrf@%f {Jd Cegg/l hexahydroindacenyl; indenyl; dihydroindenyl;
pnt

naphthyl: tetrahydronaphthyr and phenan hrenﬂ“‘é&%{ﬁﬂglggw be‘%ﬁﬂﬁ?é’d’t‘ééhﬂg@@@é atyl are
substitufed (@ﬁ&@&@)ﬂﬁyi;rsubﬁtltm@ﬁE(@ﬁh@&&ﬁf%ns’%klﬁ&ﬁlgué%%(@@ &kdanyhogs ddz0p)alkyl-phenyl;

2,4-his(C1-0Q)alkyl-phenyl; 2 |sI O)ak henyl: polyfluorophenyl; pentafluorophenyl; and
fluoren-9- onég- 1-yl. A preferre t&]zsgu@k{;fstltutedL( 6'%‘]15 ézgaﬁrﬁyl is a substituted (C6)aryl, more preferably

2,6-his(1-methylethy/HpRefiphodiments. FHavatvr(CEca0)eysldalkylmeads arsaturated cyclic
hydrocarboriaadical ot:from3iSte AG-carhonatomsnibatl isunswpstitutes a1 substityted by one or more

Rs. Examp@%r%fﬂx@%la@ not more than 10 R®, and sull more preferably not more than 5 R’ in the
20 compound. Where the invention compound contains two or more substiuents RS, each RS
independentiy is bonded 10 a same or different substituted chemical group.
In some embodiments, al least one R® is polyfluoro or perfluoro, For present purposes
“polyfluoro™ and “perfluoro™ each count as one R® substituent. The term “poly” as in
“polyfluore™ means that two or more H, but not all H, bonded 1o carbon atoms of a corresponding
25 unsubstituted chemical group are replaced by a fluore in the substiruted chemical group. The term
“per” as in “perfluore” means each H bonded to carbon atoms of a corresponding unsubstituied
chemical group is replaced by a fluore in the substituted chemical group,
As used herein, the term “(Cy-Cyphydrocarbyl™ means a hydrocarbon radical of from 1
to 40 carbon atoms and the term *i( Cq-Cypitydrocarbylene™ means & hvdrocarbon diradical of
30 from I 1o 40 carbon atoms. wherein each hvdrocarbon radical and diradical independently is
aromatic or non-aromatic, saturated or unsaturated, straight chain or branched chain, cyclic
(including mono- and poly-cyclic. fused and non-fused polveyelic) or acychic, or a combination

of twa or more thereof: and each hydrocarbon radical and diradical is the same as or different



(C3sC40: icycloalkyl are unsubstituted (C:3-C20)cycloalkyl, unsubstituted (C3-C10)cycloalkyl,
cyclopropyl, cychibutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl.
Examples of substituted (C3-C40)cycloalkyl are substituted (C3-(7.20)cycloalkyl, substituted
(C3-Cio)cycloalkyl, cyclopentanon-211, and 1-fluorocyclohexyl. Examples of
(C1-C40)hydrocarbylene cute unsubstituted or substituted (C6-C40)arylene, (C3sC40)cycloalkylene,
and (C1-C40)alkylene (e.g., (Ci-C10)alkylene). In some embodiments, the ciiradicals are on adjacent
carbon atoms (i.e., 1.2-diradicals), or spaced apart by one, two, or more intervening carbon atoms
(e.g., respectivd Eebirdeicaisban dadivel divhis2dicy) rPrefered isdtiBieRicrll By dndihsonan
alpha,omegasdisadical{i:8 . haxing-meximum spacing between the radical carbons), more preferably a
1,2-diradical. More preferred are : ,2_<)g)ir3r%iig_ | ver )io:nﬁ pfé(CQ-Cl8lar‘}(le__qe, (C_:B-CZQ)CéQIoaIkylene,
and (Csi-C)o)alkylens, 10(C 126 &, OIREISTORY O RSB LA 4 RERS O S Ao B atieal of from 1
to 40 carb‘g@)ﬁ@m&“g\mq{pﬂei@eﬂ.mntegﬂetm,%!;@mem@Nc(\{vtr_g@a@gmm‘ist, el ;dfgstjp<@%rtain nitrogen
30containing beteroaryl groups, e.g., an isoxazolyl); 0; S; S(0); S(0)1, SERcE); P(R): and N(RN),
wherein ndepeadaiitly e B E T HSIHEER Yo € 38y rdearBv éaram RIS Uisubstituted
81hydrocarby}sandeagh, RN bstituted +G1 8)hydraearhbyl. . The term '(C1s
C40)heterohydrocarby?gég}?ér;%ﬁﬁg% ]r?@e%gégﬂifg%r%ggfggh’)é%aqgi%}g}g%fr%ﬁwt(iz?oﬁgooég\l%bn atoms and
one or more Hetéroatorhy BIRE) 15 RIRPeN (RN, 9y 59S Card S(08X ad Jgfitied-abovd. The
heterohydrogarbop.adigaland each of theeletonydrocarbon citadicals independently are on a
carbon atom or hoteroatom theretf. Each he eronydrocarbon raticar and Giracicifindépendently is
unsubstituted oy substitiiied: (hy ope gr-mere®s), aromatic,Qrnon-aremali¢ysatyrated or unsaturated,
straight chain or branched chain, cyclic (including mono- and poly-cyclic, fused and non-fused
polycyclit) of 4&alE o GodorhBinatibit o1 twed B thore dilder ARd-e%knh #oHeterohydrocarbon is the

same as or differenidiam anoiherhsterahvdincathanradical apd diradicaly saspectively. Preferably, a
(C1-C40)heterohydrocarbyl independently is unsubstituted or substit ted (C1-C40)heteroalkyl,

(C7-C40)heterocycioslkym (¢, 1€40)HErErseytioaikyl 1 GRB0)alkyieng, ({GB«EA0)oydloalid-(C
-C20)heteroglkylene , (CdrCa0heterocycloalkyl-(C1- C20Theteroalkylene, (C, -C4Q)heteroaryl, (C1
-C)o)heteroiﬁ%—?ggl 4%5%)3 l?;[/%gﬁg} ?é%%iT aﬁg}y U‘(Z‘fé&%)%% eroa k{)’}féﬁ(}e{(, 'olr}\dmplzs o
(Cy-C20)het8ratiitied (EpbTnatercayahe i vRsrE preteradily, st 1ic4iheterohjidtocarbyl

independently, igipsrhstiuted gr substitpied (Cls GroLheterohydrocarbyl, e.2., (C3 -Cso)heteroalkyl,
(C2-CsoTheterocycloali% %%gczﬁ(%%zﬁt%l@ﬁv{q% %Z%”p 'g)glgyllythé?X%“ dﬁp p"?’

rocycloalkyl-(C1-
(C3-C70)cycioatkyl: (G320 hibroaliaylendeptyl; 1-nonyi: and 1-decyl. Examples of substituted

(Cq-Cyppatkyl are substituted (Cy-Coppatiyvl. substituted (C1-Cygralkyl, ifluoromethyl. and
{Cygialkyl Preferably. each (C1-Csralkyl independently is methyl. rrifluoromethyl. ethyl, 1-
propyl. or 2-methylethyl,

20 The term {C-Cygalkylene”™ means a saturated straight or branched chain diradical of
from 1 to 20 carbon atoms that is unsubstituted or substituted by one or more R, Preferably. (Cy-
Coalkylene. together with atoms of formuta (17 through which the (Cy-Chplalkylene is bonded.
comprise a 5- or 6-membered ring. Examples of unsubstituied ¢ C1-Coplalkylene are
unsubstituted (C4-Cgalkyiene, including unsubstituted 1.2-(Cy-C glalkylene; -CHy-. -

i
CH,CHy-, -(CHy - -CHCHCH; | (CHy )4 «(CHy)z-, (CHy g -(CHp)q-, <(CHy)g-, and

{2
Ly

“(CHy) CIHKCH 30+ Examples of substituted {_(..‘.}_—(ﬂ‘z())aiky}ene are substituted (C;-
Cyphalkylene, -Cly-, -C{O)-, and -(CHy), 4(".{'(}13)2!_;(?]--12)5— {i.e.. a 6.0-dimethyl substned

normal-1.20-cicogviene),



20(C7-C70)heterocycloalkyl-(C1-C-301heteroalkylene, (C1-C20)heteroaryl, (C3 -C20)heteroaryl- (C
-C20 ialkylene, (C6-C20)ary1-(C3 -C(30)heteroal kylene, or (C -C "0O)heteroaryl-(C -
CsoTheteroalkylene. Still more preferably, a (C1-C40)heterohydrocarbyl independently is
unsubstituted or substituted (CI-Cis)heterohydrocarbyt. e.g. (C1-C38)heteroalkyl, (Cs- C
Theterocycloalkyl,Mheterocycloalkyl-(C -C6)alkylene, (C3-C17)cycloalkyl-(( - 25 C6)heteroalkylene,
(C2-C 2)heterocycl oalkyl-(C -C6)heteroalkylene, (C )heteroaryl, (C 1 - C -3)heteroaryl1-(C
COpalkylene, (CE-GRlaC LoMRPraalkyIEng AL GG, LiRlstand (CECgeisroalkylene.
Preferably, any (C2-C3 8)heterocycloalkyl independently is unsubstituted or substituted
(C2-C9)hetefseyclbalkylic Ekampiat of ({rita®40yhnétel obtkyh andyCa-C)diheteroalikylenerare
saturated straight echrenched:shainradicalar disadicalrespetively, ofifram, 10,40 gr ) to 20 carbon
atoms, respe_g%vgbét ?qd(Jgne or rpo‘rle\gf_the%lgterpq,toms_ Si(102, P(R), N(RN),'N, O, 5, S(0), and
SCOE as defined above, WHERSIH e (T A0 Rt BRI E FE1-tB0j Hetsh sarienitifide pendently
are unsdbstitiited EPadbstitit Sy orm drspiore Rst Examplesoofeunsulbstifitedhe is aromatic
(07)-C40)heteropyclinaliyhare unswh .ied (&2 Gredhaterocysloalkyl MoSURSHIUES we

(Co-CloTheter loalkyl, aziriciin-l:yl, oxetan-2-vk , = L o
tetrahycirofu(tg QCS@T ,yta}eatlr)é%}/&iﬁzlrbéiﬁ%gﬁg ﬁi(é@)forﬁgﬁﬁggﬁgi}ﬂ%gr@ﬁdﬁH‘-’zﬁf,‘"gi’,tlffib‘ft’)%ké(rﬁz-yl,
hexahydroazgpire: yhedvoxaxeyolnoatyhybrihia-cyalonanyh, anck2-azamyeladeayl. AQExamples of
unsubstituted (CI-C40)heteroaryl are unsubstituted (Ci-C20)heteroaryl, unsubstituted (ClI
-Cio)heteroawp,’%?fﬂﬁiﬁmiﬁ}‘fpﬁ%%f—"?‘ﬁw,d‘fi’fi‘éfﬁi@‘i&'fﬂ"im}éfﬁﬁﬁﬁt‘zlx}llif’ﬁwa‘ZE)P&*U*?mﬁuisékﬁgol-2-y1;
isothiazgl-5-y 1. iRiciazok2:vil 70l-4:v1; thiazol-2-¥1;-1,2,4-triazol-1 -y1. 13,4-oxadiazol-2-yl:
1,3,4-thiadiag%o€}1)-é-yl; te%%?%qiﬁ%?%%Iquzyﬁglfé(rg%liéﬁ} E%/%r%}%éé{z& ( :'}ﬁgfﬁ?)jn'igimn-Z-yl;
pyrazin-2-y1intie iyvynhdneh 2itmiiéz plés Bk -guinolin-Ruwel (CaneklisonpiinatinpdyliBykphenyEhe term
"halogen atom; means a fluor (E), chlgro (Cl), brorno (Br), or iodo (I) radical. Preferably, halogen atom
is fluor or chioro. ?ﬁ)(;)(}pe%bnr}é!féurlgtﬁi}/éf Unc-)&r?fmé(gmlgfe/}é’?é‘gé{f‘{%‘ébrsemgfcé‘ #060(@)2 &R igr g8 ds, other than
0-S bonds h@gB(0)or-$(B)diradical functianahgrpug.in the metal-ligand complex of formula (E. ,
20Preferably, each substituted (C1-C40)hydrocarbyl excludes and is different than unsubstituted or
substituted (C1-C4UjhERrchyidrae b\ Brerarapty ssaeH s nditdseri@borcadel yf from 3

C40)heterohydiocarhylene: and mersaraiarably.a cempinatiop ther %@fﬁ%ﬁﬁﬂfgo- “salurated” means
n

lacking carbon-carbon double bonds, carbon-carbon triple 25bonds and eteroatom-containing

groups) carbon-nitrogen, Cafebn PROSpASIELE ¥ tarBdranicycloatkyl, unsubstimted
(C3-Crpeyeloalkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl, cyclooctyl,
cyclononyl, and cyclodecyl. Examples of substituted ( C-Cypeyeloalkyl are substituted
{C3-Chpieycloalkyl, substituted (C 1-Cypleycloalkyl, cyclopentanon-2-yl, and
20 1-fluorocyciohexyl.

Examples of (Cy-Cygihydrocarbylene are unsubstinsted or substituted { CaCygiarylene.
((_".3»C4Gj)cycicsaik}’lene, and (C4-C golalkylene (e.g.. (’Clme_;(}_‘)alkyione). In some embodiments.
the diradicals are on adjacent carhon atoms (i.e.. 1.2-diradicals), or spaced apart by one, two, or

more intervening carbon atoms (e.g., respective 1.3-diradicals, 1 4-diradicals, et ). Preferred is a

1.2-

-9
Lh

. .3+ 1.4+, or an alpha.omega-diradical (Le.. having maximum spacing between the radical
carbons). more preferably a 1,2-diradical. More preferred are 1.2-diradical versions of
(Cg-Crgarvlene, (C 3-Cohgieveloalkylene, and (Ca-Chpalkylene.

The term “(C-Cyqtheterohydrocarbyl” means a heterohvdrocarbon radical of from 1 1o
40 carbon atoms and one or more heteroatoms N (when comprising -N=. as in cerlain nitrogen

30 containing heteroaryl groups. e.g.. an isoxazolvl): O; §; S(O): SIO9: SIR )y: PRY): and N(RY),



silicon double bonds. Where a saturated chemical group is substituted by one or more substituents Rs,
one or more double and/or triple bonds optionally may or may not be present in the substiments Rs.
The tem) "unsaturated” means containing one or more carbon-carbon double bonds. carbon-carbon
triple bonds, and (in beteroatormcontaining groups) carbon-nitrogen, 30carbon-phosphorous, and
carbon-silicon double bonds, not including any such double bonds that may or may not be present in
the substituents Rs or in (hetero)aromatic rings, if any. Some embodiments contemplate a
trivalent or tetravalent analog of a diradical group. As applied to the diradical group, the term "trivalent
or tetravalent HHalo§ TSP EEIER edNesabirEical o tethafauishl iratiiormmatisdetived by
abstracting ope.er twashydipgen alome tegpectivelys from-the diradica) %%.Legmﬁfﬁfefab'y' each
abstracted hycfroé%n atom independently is taken from d C! functionality. A triva ent analog is
preferred oven@itetravalentdnialog means Thectehmirselventiméans adiguic, 4refexably@aprotic, that is
compatible with the invention process, Suitable solvents include aliphatic and aromatic hydrocarbons,
ethers, and éi‘/@ﬁgﬁe Srs” particular 3%/';k()lﬁaﬁcﬁgld'-’g\dg{m)hi\/d(r)oéa%%ﬁé‘%h%ﬁ 549S6BUARY Butane,
pentanes hexane; heptang.eciana: ansimixtiures: therael wyslisang-alicyche hysrasarhans such as-
10cyclohexane, cycloheptane, methylcyclohexane, methylgycloheptane, and mixtures thereof,
benrone B o (...
C.5)alkyl: (Cﬁ-‘ﬁ%‘]“ﬁ%f%‘l%%%fﬁ%ﬂk%‘éh@ﬁ S FE Rk Brofuraicctr anydropyiaraard of-dioxane;
(C1425)alkyhethers:of (poly) alodene:glycalshand wpstures of dhe faregoing; c velic. risdmentioned
previously, anaifiet Azkect ol e, piesentiVeRian 5 Rolein prepared Foecording to a process
of the first embodiment. In some eémbodiments, pofymerlza le olefins usetul In the invention processes

are (02L& 40¥KFnbEarEBhe Coleistivig o Pedifbomdrirryarsy dnsambHic st esristhing at least 1 and
preferably noimord. thgrdivalnd more preferably no more than 2 carbon-carbon double bonds, in some
embodiments. from.g. 4 fydreaen atoms:okiNe {Cinq.,GARNVATecarhon are replaced, each by a
halogen atom, preferably fluoro or thioro to give 20halogen atom-substituted (C-,- C40§hydrocarbons.
The (Cyclo)h/gragarbons /bt fialogen-atom: substittted) areiprefersatly IR(gfergdipalymerizable

olefins (i.e., glefin monomers) useful for making the polyolefins are ethylene and polymerizable
(C3-C40)o|e%’lr¥*sl,"fifﬁce}t@%{ﬁ%lﬁl@ﬁﬁ%fﬁ%ﬁrﬂ{érg%irg(?ﬁb’ l%fé“ﬁﬂ{;%lﬁ%ﬁk{glb”fin, styrene, and a cyclic or

acyclicidiene. Breferablyl-the@lphg;pletincamprises ie-il31G40)alpha-algiincmere praferably a
branched chain (C2- C40)alpha-olefin, still more preferably a linear-chain (C3-C40)alpha-olefin, even
more preferdbly‘ 20esreRalmecs €abopr 6 of formitar ol cpeMeE TP ray2y2113 tA),
wherein z is an.integer.of fronm.0,9:40,.and.yet eyenJmaie preferahly.a linear-chain

(C3-C40)alpha-olefin that is I-propene, 1-butene, 1-pentene, -hexene, 1-Héptene, 1-octene, 1-nonene,
1-decene, -UnddeeneHoderdre. -tliddcepie] detdtradiec€ngihtipentadéicene, -hexadecene,
1_heptadece(egl(!io_‘)helerocycloalkyi~(C. 17 Coppalkylene, (C3 -Chpleycloalkyl-(Cy ~C30_‘)helcroalkylene,

20 {GyC apheterocyeloalkyl-(C -Cogheteroalkylene, (C 1-Cogyiheteroaryl, (C 1"Cogbeteroaryl-
(Cq-Copralkylene, (Cg-Chglaryl-(Cy-Copheteroatkylene, or (C1-C sgheteroaryl-(Cy-
{“yheteroalkylene. Stll more preferably, a (C-C g heterohydrocarby! independently is
unsubstituted or substituted (C-Cygtheterohydrocarbyl. e.g.. (C 1-Cpglheteroalkyl. (Cy-
Cygoheterocyeloalioyl, (1'32 -C 12 heterocycloatkyl-(C 1 -(.fﬁ)alkyienﬁ. (Cy-Cyaleycioalkyl-(C 1-

25 Cghheteroalkylene, (C5-Cyn)beterocycloalkyl-(C 1-Cgiheteroalkyiene, (C4-Cyyheteroaryl, (Cy-
Cy o theteroaryl-(C; mﬂiﬁ_j}aiky]{-:n& {.Cﬁ—Cl glaryl-(Cy «Cﬁ)hmcroa}kyian& or (C-Cypbeteroaryl-

(C1-Cgiheteroalkylene. Preferably, any (C5-C) gtheterocycloalkyl independentiy is unsubstituted

or substituted (CH-Cg)heterocyeloatioyl,



30octadecene, or a linear-chain (C70-C24)alpha-olefin. Preferably the cyclic olefin is a (Cy C.40)cyclic
olefin. Preferably, the cyclic or acyclic diene is a (C4-C40)diene, preferably an acyclic diene, more
preferably an acyclic conjugated (C4-C40)diene, more preferably an acyclic 1,3-conjugated
(C4-C40)diene, and still more preferably 1.3-butadiene. Polyolefins that can be made by an invention
process include, for example, polyethylene and interpolymers that comprise residuals of ethylene and
one or more polymerizable (C3- C40)olefins. Preferred homopolymers are polyethylene,
polypropylene, andipalyfiutylens-Eefersedinteratymers are these prepared.ny ¢o:polymerizing a
mixture of two or more polymerizable olefins such as, for example, ethylene/propylene,
ethylene/1-blREHBSEIHYERERR Febishra! strpeisli-pekend ethytensldnatilaiopentene,
ethylene/l-octepe;tiethylens/styrene, efhiylenelpiopylsne/bytadiensand ;qtbgg]i;&@__l\gnt@g@gl‘b;mers.
Preferably, the pglyalefin is an 10ethylene homopolymer, an ethylene/alpha-olefin interpolymer, or an
ethylene/alpha-o 1e%ll'?i Iﬂ?‘é‘i‘fevfﬁfé‘?ﬁéﬁ%&éf((é@??'fé’?ﬁ]éipi}ﬁﬁ’éjrj».(‘ 1 Combracterayivspolypaetentieans a
polymer prepareskiiamuiwa,of:mere-manqugrswhieh form repeat units of the polymer. The terms
"interpolymer" and %‘;}:{ggo} mer" are use inte:changeabl}/ﬂherein and do not imply any particular

distribution of the répeat Units LNIess fonotecHethariiss Rufeli warsférsBIf the polyolefin comprises

a poly( ethylengaipha-elefin) copelymer: and in ahedirnents g Poly(ethylens, alphasglefin) block
copolymer prepared according to an aforementioned preferred process of the first embodiment.
The ethylend783BIfHREIT-BIFER s o iiErs desbiibler e el ddn’he. blemtiaihwith ore or more
other polymelsxto: fbsitpelimencompogitions.-hhpane, eumore.Aihepalymers inglude substantially

linear etfylene inteppolymers or.homapelymers (SEEP), high pressure | wdensjty polyethylene
(LDPE), ethylene/vinyl g\[({let%te éopolyme"r'(lE\fﬂg%Ce%h?/ ena Cg}%‘o%/‘ﬁ‘é“%l ?d 'Eé@%‘lﬁ}?ﬁ%?é’yand ionomers

thereof, polybutyieite((RE) Gpoha«obefin potyiners suehl asyhighudensityipalyethylens medium density
polyethylene, polypraopylene, ethylene/propylene interpolymers, 25linear low density polyethylene
(ELDPE) and u ﬁ?ﬁ%ﬁv‘v‘&gﬁéﬁ’%@‘ﬁ)fojfy“éfﬁw’@wéfoésl%ﬁ%ﬁfaﬁi Histtied pbiyfriergolahel combinations
thereof inclubling tefishy; MW D3 affdidrcorhohomentombinations-suechrasithese disclesed, for
example, in ,{J;-%rﬁﬁﬁills\@yﬁ @,3.2'}{}@3«1 iﬂd(@figm Hd}?f@%ﬁ!ﬂ%ﬂl% @'%Mﬂﬁﬂ?hﬁa? QJ&/ mgéignQT]DOSitions an
additio%ll pollymer or polymer blend made with a Ziegler catalyst, a constrained g%ometry catalyst. or
a combination 30thereof. Particularly useful second polymers include for example, SEEP, LEDPE,
LIVE and blends thErestsubHoasndesetiped in, forrexamplerUS). PatdNss. b;844,045;15,..847,053 and
6.11 1.023. Such:polymessaiesaldcammersialinindertha names AFFINITY(r), Elite(r). Dowlex(E),
all of The Dow Ch%@%@%‘@&ﬂx é%dl?@Ql\gg:(b@EQ s Sand Exac of _non Mobil Corporation (Irving,

Texas, USA). The polymer compositions described’in thé' (P SUAEER 6 preteditdparagraphs can
be (O} diradical functional group. in the metal-ligand complex of formula (1),
20 Preferably, each substituted (C-Cy)hydrocarbyl excludes and is different than
unsubstituted or substituted (C;-C qgpheterohydrocarbyl: preferably, each substituted (Cy-
Cyphydrocarbylene excludes and is different than unsubstituted or substituted (Cy-

Cyplheterohydrocarbylene; and more preferably a combination thercof,

The term “saturated” means lacking carbon-carbon double bonds, carbon-carbon tripie
25 bonds. and (in heteroatom-containing groups) carbor-nitrogen. carbon-phosphorous, and carbon-
silican doubie bonds. Where a saturated chemical group 1s substituied by one or more substituents
R*, one or more double and/or tripie bonds optionally may or may not be present in the
substituents R®. The term “unsaturated” means containing one or more carbon-carbon double
bonds. carbon-carbon tripte bonds, and ¢in heteroatom-containing groups) carbon-nitrogen.
30 carbon-phosphorous., and carbon-silicon double bonds. not including any such double bonds that

may or may not be present in the substituents R® or in (heterojaromatie tines. if any.



formed by any convenient method. For example, the blends may be prepared by mixing or kneading
the respective components at a temperature around or above the melt point temperature of one or
more of the components. For most ethylene/a.-olefin multi-block interpolymer compositions, this
temperature may be above 130 C., most generally above 1450 C., and most preferably above 150 C.
Typical polymer mixing or kneading equipment that is capable of reaching the desired temperatures
and melt plastifying the mixture may be employed. These 10include mills, kneaders, extruders (both
single screw and tv&in-_sgr W%._ Banbury mixers, calenders, and the like. The sequence of mixing and
method may depenrd 8h ThE FRAPSoriPSBRIER * K EEmbRATISH 5P BRABERT HATCHTHiIEIPaftd continuous
mixers may istrbéceimployed sueh ds aBadibutyrmixeriolowed:by amiemixenfollowed by an
extruder.  iraciAnethermet Elqgapfsf%miﬂg eﬁ@@v&ﬂi\‘é@%&&mp&&j tip R%Q}Q’Hz]gﬂkﬁ s S itu
polymerization 15as di§clos d in U.S. Pat. No, 5.844.045. U.S. Pat. No. 5,844,045 describes inter alia,

interpolymerizations of Sty nﬂéﬂé%cg(gggﬁs}ési‘érlhb%’éfbafé‘fﬂ%ﬁﬂ%ﬁ??d“é?rfé’ﬁgfgﬂb‘"ﬁgﬁ%ﬂﬂé‘r‘}éous catalyst
in at leadt one'tkctorarid At tedsrohe Hetdroyenedys catalystinat leastoheictherreactor. The
multiple reactors cande-aparatad inserigsrdnparaliel oF ARYIcembination heseql, with at least one
reactor emploN e 0 R A e Ot Lk RO e A desiiiped g0above. In this
manner, blends may be made in solution processes Comprising constramned gedihef catalysts,
Ziegler catalpsis dhtscpisitatiotisntHeredri shichosiehmis cemprisbufor dxamplesnone or more
ethylene/a-alefindrudptalock interpolyimers (asdescubed abaveranddnhitn 642529 B2 and U.S.
patent fgmil bers thereof, one or more polymers of broad molecular. weight distribution (e.g.
om0 e R A MRl o 2 547 053),
and/or one 6’:‘:%”61%%6f§m‘€@%¥>’ﬁé‘r‘%W‘ﬁ‘ﬁ%%@ﬂﬁ?W@i@Hft alatrbierion @y Chdrmbdenébiis; polymers as
described in-U. S, Rat- Nes:, 3,64 orn.272,236), . . In other embodiments the poly(ethylene
alpha-olefin)CU@())%jl;3blfyf/’f)r(fzcezlr\t?sﬁt?r1%3&8{3‘&(13é Fz‘?n‘gég{{’g ﬁ% é%%?%‘?ﬁi‘é%fe %6%1}5% fesfi ?13 B?éﬂ%é%%ﬁ/ﬁmer. The
poly(ethylen& alphataiefinrbid ckotopslymereisormprisesianethylenexderived hard segment (i.e.,
polyethylene hard ge m&n%@ndﬁ a sqﬁ segment 30 C_Pr}?pri_g,ig residuals from the alpha-olefin and
ethylene. The residuals of the Aipha-olefin’ and ethyfene S ieaIN Sr dpp P HATER FFaRTEly
distribdted irtiedsuftsenivrertoRheférablybehiapolyethyle sebhdird: segmientis gharddterizable as haying
less than 5 melel mmntcﬁmgt%))&fsﬁzs@%@J@kﬂ(ﬁﬁﬂﬁi@%ﬂ%‘r@'@ﬂﬁéﬁ&@l?&lﬂb{omm{ﬂ%@@ therein, as
determined by nuclear magnetic resonance as described later. The poly( ethylene alpha-olefin)
block copolyBIS*EORIPHER étHYIaTd feditiGBIs AN BrorEOh4ndrend isuiyErizabRke aolefineomonomer
residuals (i.e.;ethylensoandubre-@rimorecopalymerizable.a-olefimcemenamersimpatymerized form).
The poly(ethylene alpha-olefin) block copolymers are characterized by multiple blocks or segments of
two or more PORIIEPZEN HBHENSF QAR dfre AlaeR erBhtdrab pAyeiear prbpeKisy< That is, the
ethylene/a-algfip-internalimers aie. bloginteinalymers. Rreterahbsmultihlogk interplymers or
copolymers. In some embodinients, the multi-block co"“po?ym“er can be represented by the following
formula: (ABYsUOVHete Ariscarde Bt piaferaslyzancintderigreatér thawviisticheas 213, 4, 5, 10. 15,
20, 30, 40, 36:168Q, FOp&0:196hs 10O IghRL pfA IERIBRENIS @, ) [@h.QlQ@KeQE‘%Q _'J)@J@F;Q@d "B"
represents a soft block or segment. Preferably. As and Bs are linked in a linéar tashion, not in a
branched or'% St agRiErn “iardy dEghiféhts e t6biceRE of polindiized b Which ethylene
residuals areidispresentimpanamalplgeaienthanObneight-parcentiand pigferably greater than 98
weight percent in the poly(ethylene alpha-olefin) block copolymers. In other words, the comonomer
(i.e., alpha-SleaijTEaiEIS EORERPIH THE hA g Sagiiantsss toddnthiatl S weighPpErBEfrasHd preferably
less than 2 weight pereant.dn seme smbodiments Ahedhard-seaments-fOMprise.all,or sybstantially

integer of from 0 o 40, and yet ever more preferably a linear-chain {Ca-Cyglalpha-olefin that is

I-propene, I-butene, I-pentene, I-hexene, 1-beptene, I-ociene. I-nonene. 1-decene, 1-undecene,
I-dodecene. I-ridecene, I-tetradecene. 1-pentadecene, 1-hexadecene, I-heptadecene. 1-

30 octadecene, or a linear-chain {Cr-Cpyulpha-olefin. Preferably the cyclic olefin is a (Cx-

Cypleyelic olefin, Preferably, the cyelic or acyclic diene is a (C 4-Cgp)diene, preferably an



all ethylene residuals. The phrases "polyethylene hard segment” and "ethylene-derived hard
20segment” are synonymous and mean the hard segment portion of a poly(ethylene alpha-olefin)
block copolymer. "Soft" segments refer to blocks of polvmurized units in which the comonomer
(i.e., alpha-olefin) residuals content is greater than 5 weight percent, preferably greater than 8 weight
percent, greater than 10 weight percent, or greater than 15 weight percent in the poly(ethylene
alpha-olefin) block copolymers. In some embodiments, the comonomer residuals content in the soft
segments can-pegRAleLhaRLQWeIghipercent.giRater than 23.eight PeIsent greater than 30 weight
percent, greater than 35 weight percent, greater than 40 weight percent, greater than 45 weight
percent, gredtér tRENSY (eifht pércentd oflreaterdsais0 . dvbighiqercent. In some
embodiments, A bl : bl re randomly distributed.al a polymer 30(backbone) chain of
the poly(ethylene ﬁg@%ﬂ%%@%&%ﬁ%@?&y ner. In othe }WB?EQC&%g‘p%%(\éPKﬁ%H@%ﬁﬁ’ﬁ?leﬁn; block
copolymers G&UHISHE REEHRAE WRtCRilE HRE. ANKIRACBBR o mry otherembbdiments, he
polylethyleng-alpha:lefin).bl s, Ily. do nat have a third type of hlock, i.e., do not have
a "C' block t?}zaﬁtl %ﬁ%gfgﬁ%ﬁ%gﬁ%‘g@ § é%%fc%h{‘] n sti ﬁ%m}e{?g‘r{h ho %?Eﬁi%%tgéﬁ of block A and
block B of thErpeiyettylenerahsha-tlefin)dloekigopalyimers has:monamars.obcamenomers randomly
distributed withinthe:blockali Qe ards:ORNGK RloskH AL DlAck B camprises fuo or more
segments (or sub-black g{es)f_ﬁ{ginct ﬁqmﬁ?gltion,’ such as a tip zﬁzment, which has a different
composition than the rest of the: Block: BT OB SBOHiREeHs el BSiseietiRvESRABHSES an
ethylene/a-otdfifeisterpoiyrmbntsint astbsddestritedyin:td. SRrovisivnabRatentiApplication Number
US 61/024,634vand family memberRETnignational Raienk-Application Puplication Number WO
2009/097560 xwhéﬁ%%r% Qeggjn)fn}ggﬁr orated by reference, preferably & block copolymer, which
comprises a ﬁa d segmerit an a Soft segment, and is characterized by a Mw/Mn in the range of from
about 1.4 to about 18 ‘$TANPHAS AT least onel i@ aan drendensityr(d) inogsams/etibis centimeter.
wherein the numepat valves ot Jmandccorespandodhe relationship:, Tm.3¢6553.3 + 1373501 -
7051.7(4)2. or (R) Is ¢ %%%}%Q%%Q (Q}yngl[ t{wea}tg gf fusion (AM, in Jig), and a delta temperature 15quantity
(AT, in C), defined as the temperaiuré diftrence betweer the TS Hiferehtial stalfiting calorimetry
(DSC) b"éak ’é{ﬁﬁifﬁé"’t‘é{f%ﬂct’ﬁystauizaﬁon analysis fractionation (CRYSTAF) peak, wherein the
numerical values oféEramngd Abbhiaverthesfallowingelatignshifsh - olefin) cdime0-1209(411) + 62.81
for AM greater,th: ro.(0) and up to 130 J/g, 20AT :ti. 48 ()C. for AM greater than 130 Jig wherein
e CRYSTAL e et e S e S e e ns o o

aforementioned preferred process of the first embodiment,

The ethviene/a-olefin multi-block interpolymers described herein can be blended with
20 one or more other polyiners 1o form polymer compositions. The one or more other polymers
include substantially linear ethylene interpolymers or homopolymers (SLEP), high pressure low
density polyethylene (LDPE). ethylene/vinyl acetate copolymer (EVA), ethyviene/carboxvlic acid
copolymers and ionomers thereof, polybutylene (PB), and a-olefin poivmers such as high density
polyethylene, medium density poiyethylene, polypropylene, ethyiene/propylene interpolymers,
25 linear low density polyethviene (LLDPE) and ulira low density polyethyiene, as well as grafi-
madified polymers, and combinations thereof including densitv, MWD, and/or comonomer
combinations such as those disclosed. for example, in U.S. Pat, No. 5.032.463,
Often it is desirable to include in the polvmer compositions an additional polymer or
polymer blend made with a Ziegler catalyst, a constrained geometry catalyst, or & combination
30 thereof. Particuiarly useful second polymers include for example, SLEP, LLDPE, LDPE and
biends thereof such as described in. for example, U.S. Par. Nos. 5.844.045; 5, 847.05% and

6.111.023. Such polymers are sold commercially under the names AFFINITY®. Elite®.



polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30 'C; or (c) is characterized by an elastic recovery (Re) in percent at 300
percent strain 25and 1 cycle measured with a compression-molded film of the ethylene/a-olefin
interpolymer, and has a density (d) in grams/cubic centimeter, wherein the numerical values of Re and
d satisfy the following relationship when ethylene/a-olefin interpolymer is substantially free of a
cross-linked phase: Re >1481-1629(d). or 30(d)has a molecular fraction which elutes between 40C
and 130C when fractionated using TREF, characterized in that the fraction has a molar comonomer
content of at'headt 8" pareehbhititiet it dHatrera cofparabiBorandont Sthwyiéhesinterpbimer fraction
eluting betwees-thessametempesatures, wherein said comparable random ethylene inte.rpolvmer

has the same com ?pme{(s) and has.a melt i dgx ensit ,,anq molar comonomer ﬁ;onterLt (based on
¢ DOLY 81‘ COMDOSILonNS déscrbed 1t € fﬁllrm cdjate ’[%5/() Pl‘c‘{:c(lmﬂ Arasrapng cs o
the whole polymer) within' 10 percent of that of the ethylene/a-olefin interpotymer: r?e)‘ﬁas a storage

modulus at Z5CHERRSMCYP ditér 2 Bobagdthoadivs. 10T (Ga(Io0 Yy Whereiinge ratio of (‘(25 "C)
to (3(106 "Ckisdnitbencangecofabaybislda abow-Qili-ofris characierizedbyyamaverage.Rlock index
greater than #erg (QhanclipleahalL 0D (Gas A molseHiar fiacion Wish Glutes between 40C.

and 130C when fractionated using TREE, characterized in that the fraction Agé_"néeﬁwolar comonomer
content great8PREHBr HHGRBI O tHE g Gartity: (L 920138 &po:07 2bavrd45réferaBlyrgteater than or
equal to the guéamniity (>:20IBY T+y3aL:0 powhereiliis thenaumergalwaluenafithe-paakrelution
temperature,of e, LREE faqUioB. REASHIEA it AL, WORLEIIE AR asolglin block

0 |

intetpolgner,is‘meso_ hase separated. In some embodiments, the polyoléfin comprises an

ethylen a-ot&‘riﬁdfh’ﬁ?éﬁpo‘wm%“ﬁssﬂ%’%ﬁ*?a‘ﬂ“d@@&f’riﬁé’d”iﬁ“@E‘S%npéfrfém Rigbws855:089d%Fd U.S.
Patent Applieatitn PublitatiopdNe. (C8i2696:01989830;awheseain <theﬂn’tenpmkymamﬁ;.prefe_rably a block
copolymer, angcomprises.ahard.aeament anda safasament. and he siviene/aolefin interpolymer:

(a)has a MW/Mnbfr”Qm‘gpout 1.7 to about 3.5, at least one Tm ( "C), and a density grams/cubic
centimeter, WHETE TREHOIMECE VAL L St TRIANY B c8rféSpdid to therelationship: 20Tm > -2002.9

+ 4538.5(d) - 2422 2¢ckjRy orthod of forming the polymer compositions comprises in-situ polymerization
15 asdisclosed in U8, Pat. No. 5.844.045. U.S. Pat. No, 5.844.045 describes inter alia,
interpolvmerizations of ethyviene and { C4-Crq) alpha-olefins using at least one homogeneous
catalyst in at least one reactor and at least one heterogeneous catalyst in at least one other reactor.
‘The muitipie reactors can be operated in series or in parallel or any combination thereof, with at
ieast one reactor emploved to make an ethylene/a-olefin multi-block interpolymer as described
20 above. In this manner, blends may be made in solution processes comprising constrained
geometry catalysts, Ziegler catalysts, and combinations thereol. Such biends comprise, for
example, one or more ethylene/u-olefin multi-biock interpolymers (as described above and in
U8, 7.622.529 B2 and U1.S. patent family members thereof, one or more polymers of broac
molecuiar weight distribution (¢.g. heterogeneousty branched ethylene polvmers as described in.
25 for example, U.S, Pat. No. 5.847.033), and/or one or more polymers of narrow molecular weight
distribution {e.g.. homogeneous polymers as described i LS, Pat. Nos, 3,645,992 or 3.272.236).
I other embodiments the polylethylens alpha-olefin) copolymer is the aforementioned
poly(ethylene alpha-olefin) block copolymer, The polyv(ethylene alpha-olefin) biock copolymer

comprises an ethvlene-derived hard segment (i.e.. polyethylene hard segment) and a soft segment

(5]
]

comprising residuals from the alpha-olefin and ethylene. The residuals of the alpha-olefin and
ethylene typically are approximalely randomly distribuled in the soft segment. Preferably, the
polyethylene hard segment is characterizable as having less than 5 mole percent (mol%) of a
residual of the alpha-olefin covaiently incorporated therein. as determined by nuclear magnetic

resonance as described later.

oo
n



(1)1has a Mw/Mn from about 1.7 to about 3.5, and is characterized by a )eat of fusion. ATl in J/g, and
a delta quantity, AT ( C) defined as the temperature difference between the tallest DSC peak and the
tallest CRYSTAF peak, wherein the numerical values of AT and Al-I have the following relationships:
25AT > -0.1299(AH) + 62.81 for All greater than zero and up to 130 J/g, AT? 48C for AFT greater than
130 j/g wherein the CRYSTAL7 peal is determined using at least 5 percent of the cumulative polymer,
and if less than 5 percent of the polymer has an identifiable CRYSTAL(' peak, then the CRYSTAF
temperature is 30 Crhgr %Qéciﬁ?lcharaqteri:\z_ed by an Re in_perceng at 300 percent strain and | cycle
measured with a compPeSSioR- MR filFA BRE: SIRyIsHEacoBR S StRHsBly Rk kriachees ardensity, d,
in grains/cubitertimeterisieveiiriiheomemericat wblue siof. Reyand ddsatisfyrthe following relationship
when ethylensfaralefinintarpRiymer.is.substanialiviies o4 crassinked phass:, R 31481-1629(d); or
ld)has a molez%té!iar frqctiq_n y\(hi%h ,e_lqt_,egi etween 40C and 130C when fractionated using TREE,
characterized i thalt the Tracticn has & olar ComoRSHErcHRISHEG St A S B sersBRt figher than that
of a comparabstecranidoi etfiylent ttersolymbr fractiomelitinthbetwenithe:samletemperatures,
wherein said qempareklerandemetiens iptampeilymenhasdhe same. comengmer(s) and has a melt
index, density, andigngﬁlr%g com Irgz%mzerucpntﬁq%bi}sied on the whole pglmyr_per),with’in 10 percent of that
of the ethylene/a-olefin INtarpolymar: of tejhas a storage SaliRid A28 {E s 4R a storage
modulus at T08"&2G'(100 "C)), wherein the ratio of G725 "Cl to Ct 100 "C) is in the range of about | :1
to about 9:1 or 10 ({xbas a molecular fraction which elutes between 40 C and 130 T. when fractionated
using TREF, charagterized ir Egat;there%%ﬁ,téqgnhg%a@.QJQ%iqg'eg of a%;[‘l‘egs}t 0.5 and up.to about | and a
Mw/Mn greater than about 1.3: or " has an average biock ihdeX gréater than Zero @Y ald up to
about 1.0 ant’a* MMt §Pedtelthanbateut 4 3epresBhy had donoleculardractioh whick-stutes between
40C and 130Gavhenifractienated-using T REE: characterized:inthat.the.frastion basadmelar
comonomer cantent greater than, or equal to, the quantity (- 0.2013)1 + 20.07, more preferably greater
than or equal to the quantity 0.2013) T+ 21.07, where T is the numerical value of the peak elution
temperature of the FREESfEMBh Hdasindd ohreyroathepismboeimehrs cormptise polymers and
process$és sueheasithasedesetined infGC e mationahP atent.ApplicatianPublication Nos. WO

2005/ 09042%{::‘&49 1%99&5;491%%%@@%01%1}{&91%9} qgggg&}%}?ymws In other words, the comonomer (i.e.,
alpha-olefin} residuals content in the hard segments is less than 5 weight percent, and preferably
less than 2 weight percent. In some embodiments, the hard segments comprise all or substantially
all ethylene residuals. The phrases “polyethylene hard segment” and “ethylene-derived hard

20 segment” are synonymeous and mean the hard segment portion of a poly(ethylene alpha-olefiny
block copolymer.
“Soft” segments refer to blocks of polymerized units in which the comonomer (i.e.,
alpha-olefin} residuals content is greater than 5 weight percent, preferably greater thar 8§ weight

percent, greater than 10 weight percent. or greater than 15 weight percent in the polv(ethyicne

[
n

alpha-olefin) block copolymers. In some embodiments, the comonomer residuals content in the
soft segments can be greater than 20 weight percent. greater than 25 eight percent. greater than 30
weight percent, greater than 35 weight percent, greater than 40 weight percent, greater than 45
welght percent. greater than 50 weight percent, or greater than 60 weight percent.

In some embodiments, A blocks and B blocks are randomiy distributed along a nolvmer
30 (backbone) chain of the poly{ethviene alpha-olefin} block copolymer. In other words, the
polyviethylene alpha-olefin) block copolymers usually do not have a structure like:

AAA—AA-BBB-BE.

In other embodiments, the poly(ethylene alpha-olefin) biock copolymers usually do not

have a third type of block. i.e.. do not have a (7 block that is pot an A block and not a B block.

16



Monomer and any comonomer content of the polyolefins may be measured using any suitable
technique such as, for example. infrared (IR) spectroscopy and nuclear magnetic resonance (NMR)
spectroscopy, with techniques based on NMR spectroscopy being preferred and carbon-13 NMR
spectroscopy being more prefentd. The NMR spectroscopy methods are as described later in the
Materials and Methods. In some embodiments, the amount of olefin comonomer incorporated into
the poly(olefin monomer-olefin comonomer) block copolymer or segments thereof is characterized by
a 30comonomer incorporation index. As used herein, the term, "comonomer incorporationindex”,
refers to the Imelé pércentofresiduals aftoltefin eomonamer incpsporatedhinteralefing block
monomer/compaIemer RN Mer. Ar-seamentsiegh RISPALEE UnAEIeRresentalive,oleln

polymerization conditions. Preferably, the olefin monomer is ethylene or propylene and the
comonomer FESFEEIRAEI) ROEHORE B- BABYAIBHADIESIOHE SAToRt SpHA-BleFiA) THESIStin polymerization
conditions arenideallipurdérstegdystate veorttinuausi salution-palymanzation-eoditiens in a
hydrocagbon diluent.at,100,IG. f-2-megapasgals, (MRa).ethylens.(or prepylene) pressure (reactor

pressure), greater than 92 percent (more preferably greater than 95 percent) olefin monomer

conversion, &hd Greatar tHal 0:01 PFEeHt St LBrHEHEAEr BURVET SIgR THE Suléendh of catalyst

compositionsyawhicinchidedhedhVeticrditalysttdving-thegreatast difference irmplefia comonomer

incorporatiomdngices Fesuits in @@l&éﬁ@&@ﬁf&fr&m?m%&'@&}%@%@%&@ﬂ%@ﬂ!g&% eoRalymeLs from two or
0

more olefin monomers having ¥he‘}lqr9e§trq&ﬁhe‘re;nce in block or segment properties, such as density.
10In certain GircuMStances the comonomar ifcorpsraitoR A%y B stsrmiitbdite dy for example
by the u8e oiNMR spectroscopic techniques described previously or by IR spectroscopy. If NIYIR or
IR spectroscopic techniques cannot be used, then any. difference in comonomer incorporation is
indirectly determine(%l). Folrjl)%?o?ﬁ;/?%lgrg}fo?h‘igde(’ r'éiﬁr?Fin%%ﬁ}eﬁrhénnﬁflﬁg%%mﬁﬁt ?Féléf'd‘e}%‘r’gﬁiﬁétion may be
accomplishedoyricariolis teclhipiques oasgaen dbmenomaneactivities. For copolymers produced
by a given catalyst, the relative amounts of comgonomer and monomer in the copolymer and hence the
copolymer composition are detefmindd by rélative Fated ot réHctBn of comonomer and monomer.
Mathematically the mplariratig-efcomenamear 1o meRqmierisgiven: by the.gquatigns described in US
2007/0467576 Al 0 paragraphe numbered 2010081} 0 [0090], _ For [his,model as wel the polymer
composition I$a Finction orily of lemperatire dependent reactivity PitigEesrd &smishomer mole fraction
in the reactoi*TABSEMETIS RIS Yruewher fevelse sonmBE RO IRefvrensertion may occur or in
the case of thexinterpolymerizationnf mereithanitadmonemers,22Reastivity. gatios for use in the
foregoing mogdels ﬂq@é:be empirically derived from actual polymerization data. Suitable theoretical
techniques are disclosed, for example. in B. G. Kyle, Chemical and Process Thermodynamics, Third
Edition, Prentice-FI4if, 1999 4hd! IRedlidik Vo aGSo e (RKS) Eduativh3bf/State, Chemical
Enginedring Science, 1971 pp 1197-1203 s&ommesciallymavailable software programs may be used to

assist in derlying reactivisratios 30fom.experimentally, derived daja, One example of such software is

lly. derived data ,,
Aspen Plus from Aspen Technology, Inc., Ten Canal Par j "am r(ljdéje(‘,cfil/%t1 02141-2201 USA.

polymer, and if less than 5 péreent of the polymer has an identifiable CRYSTAF peak. then
the CRYSTAF temperature is 30 °C; or
{¢) Is characterized by an elastic recovery (R, ) in percent at 300 percent strain
25 and 1 evele measured with a compression-molded film of the ethylene/a-olefin
mterpolymer, and has a density (d) in grams/cubic centimeter, wherein the numerical
vatues of R, and d satisfy the following relationship when ethviene/g-olefin interpolymer
is substantially free of a cross-linked phase:

Re >1481-1629(d}); or

%
o}

(dy has a molecular fraction which elutes between 40 °C and 130 °C when
fractionated vsing TREF, characterized in that the fraction has a molar comonomer content
of at least 5 percent higher than that of a comparable random ethylene interpolymer

fraction eluting between the same temperarures, wherein said comparable random ethylene
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At times it is convenient to incorporate by reference examples of an associate olefin polymerization
catalyst that can be used in embodiments of the invention process for polymerizing an olefin
comprising chain shuttling and employing the invention catalyst. For convenience and consistency,
one of the invention catalyst and associate olefin polymerization catalyst are thus sometimes referred
to herein using generic terms such as a "first olefin polymerization catalyst" and one as a "second
olefin polymerization catalyst” or vice versa. That is, in some embodiments, the first olefin
polymerization caialystia.he Same.as b nvention satalystand s second;glefin polymerization

catalyst is the same as the associate olefin polymerization catalyst; and Vice versa in other
embodiment&” T8 SBdaERTsbhERksPAMaseEbNa HlatirrpoRfiieriobiion catalysts each
independentiytidcar inventiorpatalystoAs used herein, the first olefin polymerization catalyst is

characterizable as having, hidh camaname iacerporalion Index and e sacond glefip polymerization

catalyst js cr}_%s)\g}erizable as having a 10comonomer incorporation index that is [ess than 95 percent

of the high comondhiar HESIHEFEHTH Tdex. Brefeidbly) this Sscamy slefirrpblyinaizatidn Catalyst is
characterized as haVing ascomongimerhincorporationdndex:thatkis less than9thpepeentamore
preferably lesg.than 50 percent, still more preferably less than 25 percent, and even more preferably
less than 10 percent of th}e hj%h comonomer incorporation index of the first olefin polymerization
catalyst. 15When praparifiy th8SaRIEHiaRe iphebie iy Brock Copoiidr ecoramgnsche preferred
process of théifigstdmisbairients dhe v dntionticataly stisiempleyedasqpant: efareataly st system, the
catalyst GystefComRIisingd mixure ar reaetion Rradust ol «.Aha st glefinpolymerization
catalyst, the 6ir)%ggl?ﬁn} y@}ehr‘i_‘_z,?tiolg catalyst }bgilng characterized as having a high comonomer
incorporation index; 20(B) a second ofehin poiynierzatith eataf Al e 8e st SI&fid Poiymerization
catalyst beingj:etaraetetizrddra’s raving a comonomer incorporation index that is less than 90 percent of

the ComOHOMEMH]C@EQ@fﬁHQﬁau%Q@% Qﬂiﬁlﬂ@nﬁfﬁk@‘ﬁgnp&!%ﬂ;}%ﬂ%@g;@ﬂag@talya: and (C) a chain shuttling

agent; the invention %gg%l /S ggillg%elt er the flﬁsr;[L%{nse,cond olefin polymerization catalyst. The term

"catalyst" as generally Used heréin may Srer 10 an URACHAEE T 84 Mg ARt cBtfblex (ie.,
precurser) of préféraniyd ihd acliokredi ol THEABP (¢ Aftérconadtcaf theuahactivated form with an
activating cocstalystiosgie aneatalyticalypastive imixiure.orneducthereen, Far.ihe.associate olefin
polymerizati%&%gaé%gg ,c%ryg(glsi%g or prﬁgg?}]rgg_hfggm Al QF-inventinn metal-ligand complex, a metal of
the non-invention metakligand complex can be a 30metat 6f Any ohe“tf Groups 3 to 15, preferably
Group 4, of the Pefisdié Fable srtHaEIdmentarExanplesioitybes 6 suitablerrioniinvention
metaligand,completes are.metelsene, halimeralpcene constained geomety,and polyvalen

pyridylamine-, polyether-, or other polychelating base complexes, Such non-invention e él-ligand

complees are desbribedii the A883.20081827283and corresponding US Patent Application No.

12/377,034. Dtther syitableion-dnysotion metal-Agand complexes are those described in US
5,064,802; US 5,153,157, us 5,296,433; US 5,321,106; US 5,350.723; US 5,4 5,§7 ; S 5,470,993;

US 5,625.087 &S 53784 4ygRiyST5, 783 Biiged 1515, 866,704 S815:883 R04:-1/8:5:94:9/983; US
6,015,868; W&ib,034028: USRE 080045 UScf:id B0, 297 eklS 6:268:444 LS5 32Q.005; US 6.515,155;
us 6.555,6%51&%(@&ggdf’g%SUS 7,163,907; and US 7,355,089, as well as in applications WO

02/02577; WO 02/92610; W 02/38628; WO 03/40195; WO 03/78480; WO 03/78483; WO

2009/042215 A2; U3 2003100042862 dndous arerntese:r 8 Pa0B/03BE930 Al; US 2007/0167578 Al;
and US 2008/0311812 Al:The Afirstalefinpalymerization catalyst' is interchangeably referred to herein

as 10"Catalyst (). n1 Pe vRe59NE QM Rolymerization catalyst. s inferchangeably referred to herein
and if less than 5 percent of the polymer has an idemifiable CRYSTAF peak, then the CRYSTAF
temperature is 30 °C; or
30 () Is characterized by an R, in percent at 300 percent strain and 1 ¢ycle measured with a
compression-molded film of the ethylene/o-olefin interpolymer, and has a density, &, in
grams/cubic centimeter, wherein the numerical values of R, and d satisfy the following

relationship when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase:
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as "Catalyst (B)." The selection of metal complexes or catalyst compositions having the greatest
difference in comonomer incorporation indices results in copolymers from two or more monomers
having the largest difference in block or segment properties, such as density. Preferably, the
comonomer incorporation index of Catalyst (B) is less than 50 percent and 15more preferably less
than 5 percent of the comonomer incorporation index of Catalyst (A). An example of Catalyst (B) is the
aforementioned "associate olefin catalyst." In some embodiments, the invention catalyst is
Catalyst (A), but not Catalyst (B). In such embodiments, preferably the Catalyst (B) of the catalyst
system is a Catalyst{B)4désedp@d im US 2006/0199930 Al; US 2007/0167578 Al: US 2008/0311812
Al; US 7,355,089 B2; or ?‘i‘j%oog/m 215 A2. In % the invention catalyst is

r

2215 A2.. Insome embodiments, the invention
Aot i A e P o R KA sk et
system is a CHtalystA) dastiibed IS P08/ 0199980 ANUS 00RO 16T AbddS2008/0311812

Al; US 7,355,088 B2; 0WEQ 200940812218 A2 hyieRepigsentative. Gatalwsts kAL andi(B).of US
2006/0199930 AJ; US 2007/0167578 Al; %s 2008/0 1;812 Al; L({S 7.355,089 B2; or WO 2009/012215
e ) égjl, it

A2 are the cAtalysts of formuitas (AT 16 (AS), T 1Y (B T T 18 1E%)" BREif)* Catalyst (Al is
1N-(2,6-ddIh-prewyrmhide) (2sigcplopyiphémyii(amd molar comonomer content (hased on the whole
naphthalen-2-ay:L(6 -pyridin-g-Aivh)mathane) thafravm gdimethylpprepatgd according to the teachings

of WO 0314015, 20031ISGRCATN, USSN 10/A29.074, 19 MaY 2., 290% AR §4fp4740-ane
having the structure: (‘Ai) atalyst (A2) is

[N(2.6-di(1-nfethyletry)preniparnids )R- methjiphenyiy(hounge of about 1:1 to about 9:1 or
phenylene4@:pyridins 2aiydanethanpihaioiumdimethyl greparedaccording-iaithedeachings of WO

03/40195, 2903115020407 7, .USSN 10/429.024. filed May 2. 2003, and 04/24740,.and having the
structure: C)21-”‘1CLCH3[CHL?§ l10(A21) mc(fgifalys‘f (ng igclg%s%li\la%l\(li’w&(ﬁpéﬁ&rﬁéﬁ Et?f)i/ Bz}elnarf)%?nido)c

hylenediamifYla/{fn HHRERAAT APRF Havif the structure; H3CCH3 Catalyst (A4) is
bis((z‘oxoyl{é'(Cibﬁﬂ%&'&\%ﬁ@é[@ﬁl@(ﬂﬁ@t)ﬁéﬁ@%@ »PQ@% and up to about LG and a My/My

ereater than about 1.3; or

15 {h) has a molecuiar fraction which elutes between 40°C and 130°C when fractionated using
TREY, characterized in that the fraction has 2 molar comonomer content greater than, or equal to,
the quantity (- 0.2013) T + 20107, more preferably greater than or equal 1o the quantisy (-0.2013)
T+ 21.07, where T is the numerical value of the peak elution temperature of the TREF fraction,
measured in °C,

20 €rher embodiments comprise polymers and processes such as those deseribed in PCT
International Patent Application Publication Nos, WO 2005/490425, WO 2005/090426, and WO
2005/090427.

Monomer and any cormonomer conient of the polyolefins may be measured using anv
suttable technique such as, for example. infrared (IR) spectroscopy and nuclear magnetic

25 resonance (NMR) speciroscopy. with technigues based on NMR spectroscopy being preferred
and carbon-13 NME spectroscopy being more preferred. The NMR spectroscopy methods are as
described lafer in the Materiats and Methods,

in some embodiments, the amount of olefin comonomer incorporated into the polv(olefin
monomer-olefin comonomer) block copolymer or segments thereof is characterized by a

30 comonomer incorporation index. As used herein, the term, “comonomer incorporation index”,

refers to the mole percent of residuals of olefin comonomer incorporated into olefin

monomer/comonomer copolymer, or segment thereof, prepared under representative olefin

polvmerization conditions. Preferably. the olefin monomer is ethylene or propyviene and the
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phenoxymethyl)cyclohexane-1,2-diyi zirconium (IV) dibenzyl, prepared substantially_according to the
teachings oft IS-A-2004/0010103, and having the structure: (A4); Catalyst (A,5) is .
[n2-2.6-diisopropyl-N-(2-rnethyl-3-(octyhmino)butan-2- yl)benzeneamideUrimethylhafnium, prepared
substantially according to the teachings of WO 2003/051935, and haying the structure: (A.5_); Catalyst
(B1) is 12-his-(3,5-di-t-butylphenylim1-(N-t 1 unethylethyllii nonnethyl)(2- oxoyl) zirconium dibenzyl,
and having the structure: CICH-4 C (CI(B1): Catalyst (B2) is _ _ _

1.2-his-(3 5-clintehutyiphepylens) d-(Nc(2emethvicyalahexyl); Fiihvbiz-0xer dhzireanium dibenzyl, and
having the structure: (B2);  Catalyst gCI) is _ o o

(t-butylamid BYHiFREHHRATE SEAUHBIE Tl Sadvaipfydene copperanettanundimstyinprepared
substantially acterding:tostheteehnigues:of 4d SP. 6 26.44¢sand having Re:Stycthie: &),

Catalyst (C2)is(nitylamidR)did-methyiphenyd(2:methy. 2.3.3 79t.mln%enz%yl silanetitanium
dimethy], png;Jarea S(&E)ds&tially%aécLo}ding to t?légt{énac&}(r)lg of U }Aclléf)lélo é’?o)oi’é Br," nd having the
structur?e: Oi“c’(a}gwg?r(@gio@mrsmn, and greater than (L01 percent olefin comonomer conversion. The

(t-butylamideydi(@néthyiphenyi@iethyiRi5Be:Sh:lixsndaOannatitanium dimethyl. prepared

substantiallyaeearding,jorihe ieAchings abrA2003(0045R6, and faving the sirydure: (C3); and
Catalyst (DlI) is his(dilneth _,Idisillo_xane (in cnel_-yl)zwciofplum dIC}_E‘IkiI"Ide, avallable from S‘l_gma-AIdrlch,
and having BY Pulcttldlbéo%jlcjpo YINRTS 1rom two or more oielin monomers having the largest difference

in biock or segment properties, such as density.

i0 In certain circumstances the comonomer incorporation index may be determined directly,
for example by the use of NMR spectroscopic techniques described previously or by IR
spectroscopy. If NMR or IR spectroscopic techniques cannot be used, then any difference in
comonomer incorporation is indirectly determined. For polymers formed from multipie
monemers this indirect determination may be accomplished by various techniques based on

15 monomer reactivities.

For copolymers produced by a given catalyst, the relative amounts of comonomer and
monomer in the copolymer and hence the copolymer composition are determined by relative rates
of reaction of comonomer and monoimer. Mathematically the molar ratio of comanomer 1o
monomer is given by the equations described in US 2007/0167578 Al in paragraphs numbered

20 [0081] 1o [00901.

For this model as well the polymer composition is a function only of temperature
dependent reactivily ratios and comonomer mole fraction in the reactor. The same is also true
when reverse comonomer or monomer insertion may occur or in the case of the
interpolvmerization of more than two monomers.

25 Reactivity ratios for use in the foregoing models may be empirically derived from actual
polymerization data. Suitable theoretical technigues are disclosed, for exampie. in B. (. Kvle,
Chemical and Process Thermodynamics, Third Fdition, Prentice-Hall, 1999 and in Redlich-
Kwong-Soave (RKS) Equation of State, Chemical Engineering Science, 1971, pp 1197-1203,
Commercially available software programs may be used to assist in deriving reactivity ratios

30 from experimentally derived data. One example of such software is Aspen Plus from Aspen
Technology. Inc., Ten Canal Park, Cambridge, MA 02141-2201 USA.

Attimes it is convenient to incorporate by reference examples of an associate olefin
polymerization catalyst that can be used in embodiments of the invention process for

polymerizing an olefin comprising chain shuttling and employing the invention catalvst. For

20



As mentioned previously, some embodiments of the invention process for polymerizing an olefin
further employ a chain shuttling agent. The terms "chain shuttling agent” and "CSA" are
10interchangeably used herein and refer to a compound that is characterizable as being capable of
causing., under the olefin polymerization conditions, exchange of a polymeryl chain (i.e., polymer
chain or fragment) between at least two active catalyst sites of two olefin polymerization catalysts, the
two olefin polymerization catalysts being the invention catalyst and the associate olefin polymerization

catalyst such(}%s :\%QOEQ‘?V nvenf_[‘ion catqlx thr_ one of the non-invention 15catalysts described
previously. That is, rar?gijecrog E‘iéeﬁ%\iy(ﬁq‘ér?rlétg]r"ﬁvetﬁf“&%ﬁ?g*%&?ﬁ PG SHE B HSKE of active sites
of the olefin piHeriZitoreatarsteiered Yrhgomtrast tomthaimshuttiing ‘Hgenter’chain transfer
agent” causesiierminasionefipolynerchaingionth andamaunisdo.aane-timgLragsferqf polymer
from a catalyst (e g.. the inventiop catalyst) to the transfer agent. In some golymeriz,ation process
embodiments'such as 20those Useful Tor preparing polybletinRomopsiinard afecPAffom polyolefin
copolymers. &S SA! i etraracierizablerstifunetionitiyiaste chaintthnsferagentiiThat is, the CSA is
characterizaple asfunstioning tnusuab.awaydbatthere ds.apnetine tansigr.af.apotyqlefin
homopolym [ m.pelyolefin copplymer, praduct formed in such polymerization process from the
olefin polym%%?(gg%%%qﬁa%fﬁy%s%é émém% tggff%{séﬁ%@ﬁggg%g?§§{s}'tg the' ¢8R Ih‘%@éﬁ ‘/éi’muﬁ%idiments, it is not
necessary fOFtHE BSEYP VIS EranT shatife sadsucrrembothnénts Wgicalpemploy only one
olefin polymerizaiion eaialysinivhichanayhaveariise only @ne activeeatalyshsiten:ving In Some
embodijmen in. ing. is.characterizable as having a chain shuttling activity ratio
I A T S R B SRS e mimep. i
calculated by UividiG AR e R HAMRIBT T OTANSR SEtve SBIBESTIOCHIENEEA) to an active site of
a Catalyst (B)Ri8)bycarrateiof ehainitransfenfronithecaative:site-nf dhe IGatalysiBxienthe active site
of the Catalygh (A (RRA RrelerabboheCatalvat () In oz iventon.atalystand ine catayst (8) is

the aforementioned associate olefin polymerization catalyst. For the chain shuttling agent, preferably
the chain shUBRAGPERENE Pt RAB/RE> 1 Hooor i tPT oo BrEns stk san intermediate formed
betwegi the chain Shertingsagent ang thiey Lopalymelst chainkiscpuifficie nthsstabhe that chain
termination is.selativsly.rars: 4 (ralvolelisneedicall:eontaining.chain.shutling-agents an example

J

of said intermlggli’]?t%s. By selecting different combinations of olefin polymerization cata?lysts having

differing comOnomer MEorBOrALBH PARES (s JUs Wb ad HererTy 44l as differing reactivities, and by
combining two or rbre ICSAs{and preferadly B:brilabs TS Askngiffereritpoly (elgfin meaomer- 200lefin
conionomer}inulikiock.copelymeiRrodicts can e RreRated in some embodiments of the invention
procesi)for polym%;iﬂnﬁg an Q|ﬁ jln uch different products can have segments of different densities or

~and e L ataivet. the sec ol Ay 7 ex t- vataluef
comoriomer concenhtrations, differént bloc TSR GTHE HithSrERT RN DR A SPS TR S GHiBAts or blocks, or a
combinatiorPier et R giZsskanip e dfthrnehairrshatting aotivity: ofthelchamnshuiting agent is low
relative to aqelyfoekchaimpropagationratesef enaomere Afithe 2aalefiRipolymerization catalysts,
longer t_)lo_ck Igngti}@g&g!q%ug%go%@grs and_polymer blends may be obtalr_led as products.
Contrariwise, if chain shuttrflng IS very faist relative to polymer chain propagation, a copolymer product
having a mdfé Pafiadh CHATH Btrtetiirsrabiisticrerc o clelormyiisds obtairedydn generally, an extremely
fast chzin shuttlingragent: mayiprodsigenamultiblosk-copelymerhaving.suhsiantally randem copolymer
properties. I%}ia%ioﬁ,%ﬂpﬁé%lﬁ%tl%rr]pggre(n) or, preferably, the activated form thereof (e.g., after contact of the

unactivated form with an activating cocatalyst to give a catalytically active mixiure or product

thereof). For the associate olefin polymerization catalvst comprising or prepared from a non-

invention metal-ligand complex. 2 metal of the non-invention metal-ligand complex can be a

30 metal of any one of Groups 3 1o 15, preferably Group 4. of the Periodic Table of the Elements.

Examples of types of sujtable non-invention metal-ligand complexes are metallocene. half-

metallocene, consirained geometry, and polyvalent pyridylamine-, polyether-, or other

polychelating base complexes, Such non-invention metal-ligand complexes are deseribed in the

WO 2008/027283 and corresponding US Patent Application No. 12/377.034. Other suitable non-



30both catalyst(s) and the CSA, relatively pure block copolymers, copolymers containing relatively
large polymer segments or blocks, and/or blends of the foregoing with various ethylene or propylene
homopolymers and/or copolymers can be obtained as products. In some embodiments of the
invention process for polymerizing an olefin employing CSAs. the chain shuttling agents that are
suitable for use therein include Group 1, 2, 12 or 13 metal compounds or corm:fie:8(st containing at
least one (Ci-Cso)hydrocarbyl group, preferably (C1-C12)hydrocarbyl substituted aluminum, gallium or

zinc compounds;RnGhEeaGion: pragusls thengal withis.praton Se4ye6: Rreferred{C11190)hydrocarbyl
groups are alkyl.grou S Pre ol ligqg b gh ;d C1-(1s)alkyl groups. Most preferred shuttling
agents for us"ﬂewldn 't{i;'e_‘gyr%‘eé?éﬁz%@é%fsldh“a&r‘)'es)'ﬁ’i‘aﬁ%;il F Ui’?ﬁ(ﬁu N and |(éfk§/i‘\zi"‘n6t*‘?:8%prdﬁnds, especially
triethylaluminu!-tFiff Upropii abainubas fid-batysahatinlit? S GeRexybalimitans
tri(n-octyl)alumirum; triethybgaliums eridiethylzine. Additionalsuitatle shuttling agents include the
reaction proguct:or. mixture forme }b 1hining fg{g Qing ore anomet _I"cpml_pg_und, preferably a
tri(((11- Csjalkyl) aIun"EﬁLlJ?r?]%r Z’.’?(?;‘f’c%’)’ﬁﬁ* g e gl § BEpETANPHEHYtaithinum, trii-

: _ yl) zinc cmpoun
10propyl) aldtridn: H-BitybHiuin 0 s WO BHIPRIMMO - Eciybaamistinwer diethylzinc,
with less tharbeogtoichiometricoquamtity2frelativestoghe-ovmbes ofdaydrocashyl.groups) of a primary or
secondary amﬁrjgggwlpgn%qgggm%ﬂl?g)ﬁpmne. thiol, or hydroxyl compound, especially
bis(trimethylsilyDamine, t-butyfidimethybsilanot, 2- hydroxymethylpyridine, dfin-pentybamine,
2,6-dfit-hutyl)phendi et LLHHNENTERTE cA8Is( 2 G Thaisehborderaty blotegtaneamine),
diphenylphosphine! 2\6-dificbutypihiophepolaeri2:tetipheny phenaiResirably.sufficigntamine,
phosphine, ok AipfhiEagents.ised sy at st Ieast one hudracarbyl group remains per

metal atom. The primary reaction products of the foregoing combinations mostdesied for use in the

present inveRtiGH A8 SHUTHRG G SHE ratergRiHai crmifi i RpisoTintemyrsllypanide),
i-propylalumimenerisis [@inmetyfissoutypSilexideh 20and w-aetylatupainumdi{midindd-2-methoxide),
I-butylaluminum bis(dimethyfit-hutyRsiloxans), -y lalumipum, digisOlimethylsilypamide),
n-octylej\Luminum digqyridjﬁefz-me_thoxi.de), bu}%ylalljminulf%!?likls'%ﬁh({E)%rﬁ%yggsﬁrﬁl él)l(?lﬁt%té?ﬁlrglﬂminum
his(2.6-di-t-BUSiPREHEXGES ® HEBty RIGRRIA e BNy e ARG PR aifd e o& Frgtitininuion
bis(t-butyldirrethyisitoXigeys eihyiahmainemedighis(trimethylkilybacaigey, ethylaluminum
bis(2,3.6,7-dibenzayk:, R522ACYSIPRE RIRRERIRIAE) MR IBIMMINYT but o Caratvst (B). In suc
bis(2.3,6,11-gi}§§ za-(l‘-azggyggqheqptanelfalmi,,é(??, ﬁni(%ctyl/la{Ium[%rgﬂerﬂn\mblgwlr{rl(e‘tiwi}ﬁtl _Bl}t%gﬂ{é&ide,
ethylzinc (2.6-GiphanyipRenoxide) AR Sthy izt dRBHOKIHRES Other StAtabI& hHRemvEntoH chain
shuttling ageft$/are'adsadibed IHONVO (P005/07 338BUAINWIB12005/0904 2608 WHL,2005/090426 Al; WO
2005/0904270A20WQs520061101595 Al ; WO 2007/035485 Al: W() 2007/035492 Al and WO

2007/035493 A2. %gPrefer%Q(% the inyention processes employ three or fewer, more preferably two,

and still more preferably one metal-igana coMplEX o orhiia A PARS prefaribiy théristdntion
processes effipsytresorelsritiohs Fetakliganttcomplexesofformiidal(ly (ingredient (a))and the one
or more activating emuatalystsaingradiant (b))tkabegmprise an degive & eatalyst, Wherein the catalyst

wotuts

is characteriﬁg /?EQWI\@ a catalyst efficiency of greater than 11(,000, more preferably greater than
13O,OOQJ and stil more ‘prefer‘abily_ greater than 210,000, wherein the catalyst efficiency is calculated by
dividingthe numberdFaras of pelfsiefinaie Barcd byofe vt bf irams ofatigtal (M) of ingredient
() (i.e.. metaksamplex of farmuta () epployed aid/gaction-Smixure IRMPGANE.of 120C or 135 'C.
using respegiiveseQRAItians as feseripeg datsr,n the

%



Examples. especially conditions of Example Fl for 120C and conditions of Example E of 135 'C.
Turning to the metal-ligand complex of formula (1), in some embodiments M is a metal of Group 3.
Group 3 metals (symbol), including lanthanoids and actinoids, useful in the present 10invention are
scandium (Scl, yttrium (Y), the lanthanides (sometimes called lamhanoids), especially lanthanum (La),
cerium (Ce), praseodymium (PM, neodymium (Nd), promethium (Pm), samarium (Sm), europium (Eu),
gadolinium (Cid), terbium (Tb), dysprosium (Dy), hohum (Ho). erbium (Er), thulium (Tm), ytterbium
(Yb), and lutetium (%y), and the stgb,;e actinides (sometimes called actinoids), especially stable
isotopes of actiniunt {AE} thoritim (111 AR PElFARBR PP kbR Retikfeas Kfich as protactinium
(Pa), neptunieami(Njz)-pitditim (R ahmericio Aminctruiy (G rbeikelitm: (Bk): californium (CO,
einsteinium (Eg)fesmitmdkmlomendelesium ivd),aobelium (Vo) and lawreneium, (&) are excluded

from the actir(aidge& seful in the present invention. Preferred Group 3 mefals are Sc and Y. in other

embodiments M 15 a et SPEYo P 4 “Breferred Group 4 metals are those in a formal oxidation state
of +2, +3, or 20+4, more pr@y&é}é. .I;(_)}[ purposes of the present invention, rutherfordium (RU is
excluded from the Group 4 s useful'in the present invention. In still other embodiments M is a
metal of Group 5. Group 5 meta S, ysef iMnthe present invention are vanadium (V), niobium (Nb), and
tantalum ('la). For purposes of the pre ent/nv, dubnium (Db) is excluded from the Group 5
metals useful in the preseRtin ]éTnQonﬂn still-gthieFémbodiments M is a metal of Group 6. Group 256
metals useful in the pre! E ventioA-are @ m (Cr), molybdenum (Mo), and tungsten (W). For
purposes of the present mqﬁ_g"n,xéeéporgiu Se) is excluded from the Group 6 metals useful in the
present thvention. Moreé preférably. M is a metal of Group 4, which means that M is titanium (Ti).
zirconium (Zr), or hafni , re preferably. zirconium. or hafnium. In some 30embodiments M
is zirconium. In son?gléﬁrr%%é%?ﬁseﬁgﬁ%&gfﬁlJ@E%ph{ﬁj }sodrrrllued (()e)gqg%gﬁ}n%ﬁ@ E‘rﬁ? 1. In some
embodiment&81¥ 211 S8 embotiffentsl i Som e embodirraits fderdnrisdaiesdnediments n is 5.
In some embadinentsieari X isthe monsxe datesligandicimnseme emhadiments themerodentate
ligand is the monoanignic, ligand. The monoanionic ligand has a net formal oxidation state of -I. Each
monoanionic ligand preferably independently is hydride, (C1 -C40Thydrocarbyl carbanion,

anien, halide, nitrate, carbonate, phosphate sulfalC.(0)0-,

C(O)N(HE, (C1-C40)hydrocarby1C(0)N(1IE, (CI-C40

'ReBE 5RKRINE RKO-, RKSE RKRITE or leRKRKSI,

tly I hydrogen, (C1-c4Ohydrocarbyl, or

ken together to form a (CyCl40)hydrocarbylene or
(C1-C4o)heterohydroca d above. In some embodiments the
monodentate ligand is the pew ,,al(l ga id. Preferably the neutral ligand is a neutral Lewis base group
that is RRNRKRI., RitoRE RksRE or Rxpr K whereirnA2);

Catalyst {A3] is bisiN.N"-(2.4 6-tri{methylphenyhamido)ethylenediamine thafnium

(C1-C40)heterohydroc

dibenzyl. and having the structure;

H.C CH,
/

CH,
HN —> HPX, X= CHaCeHs

| Clis

ol

CHa (A3

2]
[



10each RK independently is hydrogen. (Ci-C40)hydrocarbyl, PC1-C1 oThydrocarbylHSi,
PCI-CiO)hydrocarbyll3SK -Cio)hydrocarbyl, or (C1-C40)heterohydrocarbyl and each RK and Re
independently is as defined above. In some embodiments, each monodentate X is a halogen atom,
unsub tuted (C1-G70)hydrocarbyl, unsubstituted (C..1-C2phydrocarhylC(0)0-, or RKRKN- wherein
each of RN and Re independently is an unsubstituted (Ci-C,N)hydrocarbyl. In some embodiments
each monodentate X is a chlorine atom, (C1 -Cio)hydrocarbyl (e.g., (C1-C6)alkyl or benzyl),
unsubstituted (C1-C1QikY pidiecarhylexQ10-or-RKRINywhherein eachf Bs.and.Re independently is
an unsubstityled, (CLEIMNIAOGAIN. ... o S90S smbadiments two X are taken logether to
form the bidéntate ligand. I some 20embodiments the bidertatd RIS A RelrsiBidistate titiang
Preferably tHe Retftdl Bidentate: pandis0a dlent et fer el (RDE2CI=-C(Rp)-C,(RD)=C(R0)2, wherein
each RD independently is H. gedupstituted (EI1-C6)alkyl, phenyl, or naphthyl. In some embodiments
the bidentate ligand isa m ic-mono(kewisase) ligand. The monoanionic-mono(Lewis base)
'lean(’ preferably is ) te of fomny i-(..:(0-)=CH-C(=0)-RE (D), wherei.n each RD
independently is IL 2| 1hs! enyl, or naphthyl. In some embodiments the
bidentate ligand is a diarfionic|ligand. The dianipnic ligand has a net formal oxidation state of -2.
Preferably each dianionic/igahd indepgntiently TS oarbonate. oxalate (i.e., -02C1C(0)01,
(C2-C40)hydrocarb&}léne 0 ETON
sulfate. Number and charge
formal oxidation slate of M sgchtha Mmétaktigand complex of formula (.1) is. in aggregat neutral.
Preferably nis 2 or 3 and aj Ieaé’ two X ind @- ntly are monoan on ¢ monodentate ligands and a
third X, if present, is a neutrareriongdentate As used herein, the term "carbonate" means an ionic
substance consisting of zero or on ns Qx and an anion of the empirical formula CO3, the ionic
substance having an overall -1 or -2tcharge. The term "nitrate” méahs an ionic substance consisting of
an aniont of the empinigad:forfnulmNab-dthepiopic subsiamnee having:an pyerall.-| charge, The term
"oxalate" megps,an,iQnic subs sisting of zero or one cation %x and an anjon of the empirical
formua ooc;géjg,c“@%‘if‘%%i*fﬁ"ﬁﬁi‘?%%%i%%%ﬁ%%%aﬁﬁﬁﬁs%ﬁran%ffsm eI noephater
means an ionic-4u Stant BBHERERGBF Y80, one, or two cations Qx and an anion of the empirical
formula PO4-3, the ionic substance having\an rall -1, -2, or -3 charge. The term "sulfate" means an
ionic substance corsisting of zero or one caji Q)‘(F’a{ d_ an anion of the empirical fotmula SO42, the
ionic substance hamlu’okz,wargeme ionic 15substances, preferably Qx
independently is an inorganic cation of hydr\e\geﬁ a&of_@r, f
o
P
Me™ [ e
Me (AS);

c
—
D
o
o
D
el

Catalyst (BI) 1s 1.2-bis-{3.5-di-t-butylphenylene ) 1-(N-(1 -methylethvlimineymethy[}2-

10 oxovl) zirconium dibenzyl, and having the structure:;

(HyC)C

/. | B = ] N . <
CH(CH3), n = CHaCglls



sodium, potassium, calcium, or magnesium, including hemi calcium and hemi magnesium. In some
embodiments each of RI to R6 is a hydrogen atom. In some embodiments at least one but not all of R1
to R6 is a hydrogen atom and each of the remainder, and more preferably at least two of 121 to R6
independently is (C1-C40M yclrocarbyl, 20(C.] -C40)heterohydrocarbyl, (C1-C40)hydrocarbyl1-0-, or
halogen atom. Preferably at least 121 is (C1-C40)hydrocarbyl, ((:1-C40)heterohydrocarbyl,
(7C1-(17)16 thydrocarby1-0-, or halogen atom, and more preferably (C1-C40)hydrocarbyl. In some
embodiments R7 is a (C1-C40)hydrocarbyt, preferably a (C6-C40)hydrocarbyl, and more preferably a
(C6-Cl40)aryl. PreféiBly! @(éé&@fﬁﬁifiﬁ'H”bﬂ%fﬁwl?ﬁ@ﬁé‘ﬁéﬁe?ﬁﬁl%%i‘*‘éS*Eﬂaiéhyl having at least one
substituent inteincrtkibxpOsition )(kiewduoriGposition h:and siilkmate:-preferably a phenyl independently
having a substituent in each ortho-positien.(i.e., 2- and 6- In some embodiments Ris a (Cr(
40)heterohydrocarbyl, and preferably & (740)meterparyl. In some embodiments R7 is not
‘ exes, of the aforementioned formulas having R7,

ne \s inERCYHis_ 2,6-bis(di(Ci-C4)alkylamino)phenyl;
2,6-dinitrophenyl;kyloxy)phenyl; 2-(Zi-Q4)alkyl-phe 2 isobroﬁﬂilphenyl; 2,6-di(Ci-( 4)alkyl-phenyl,
2.6-dimethllphenyl; 2,6-diiso /o pytphenyl;“3%5- di(Z1=€4)alkyl-phenyl; 2,4,6-tri(C1-C4lalkyl-phenyl;
biphenyl1-2-y1; 2,6-dighenylp 3,5=di pheaylphenyl; 2,4,6-triphenylphenyl; 3,5-bis(2,6-bisf(C
i-C4)alkyllphenykiphenyl; 2,6 aphthypphen F;I‘%,5-@;@5@9@mbyl)phenyl; cyclohexyl;
diphenylmethyl; or trityl; wherein each (C) - kyl independently is methyl, ethyl, 1-propyl,
1-methylethyl, 1-butyl, 2-butyl, 2- m fﬁi}ﬁ@)’ﬁo or 1,1-dimethylethyl. Also especially preferred is the
metal-ligand complex 10wherein R7 is (C1-C10)alkyl (e.g., 1-butyl, 2-prb’f5}3)h 1,1-dimethylethyt, and
1-octyl), benzyl, pheaylygyElbhesyidlmedhipigedidih-gsylo BHN N-Wif(C1:E4)alkyliamino)-propyl, (C1-
C4)alkylsamigigsisdayritinlayhe hyl. d-semepmbadiMmants at last ang.marspreferably atleast two,
still more prefleﬁbvl_ynallkof R1 to R7 and X independently are unsubs tuted (i.e., lack substituents Rs).

In other 15embo |m§r;itl§,s%¥ciiéiécs:t one, more preferably two, and still more preferably 3 of R1 to R7 and
X are independently sybSttuted wi e substituent Rs, each substituent Rs independently and

preferably being a (C1
metal-ligand complex o a (1) is as described in the first embodiment, except wherein one radical
group (e.g., (C1-C40)hydmearbyl or (C1-C140)hydrocarby1C(0101) is deleted from the definition of

any one of R1 to R7aha’k,  THCHa:
N

k N more preferably a (C1-C.5)alkyl. In other embodiments, the
1& ;

C(CHa); 1):

Catalyst (C2} is (t-butylamido)di(4-methylpheny! ) 2-methyi-1.2.3.30.7a--inden-1 -
yDsilanetitanium dimethyl, prepared substantially according to the teachings of US-A-

16 2003/004286, and having the structure;

HaO
\©\ ; CH,
Si



The invention has discovered that the metal-figand complex of formula (I) having a preferred
combination of R1 and R7 groups, in combination with M that is a Group 4 metal, and more preferably
hafnium, is particularly valuable for polymerizing olefin monomers comprising ethylene and an
alpha-olefin (i.e., copolymerizaing) to prepare a poly(ethylene alpha-olefin) 25copolymer. Preferably at
least Ris (C1- C40thyal ocarbyl, (C1-C40)hetemhydrocarbyl, (C1 sC401hydrocarby1-0-. or halogen
atom, and more preferably (C1] -C40)hydrocarbyl, and R7 is a (Cr Cmphydrocarbyl preferably a

(C6-CA0Lhydrocarbyl:and mare preferalli@ (GEhLIANAM: meo 1 59Me, embodiments the

metal-ligand o.mE_Iex of fo .mUEi () is a metal-ligand complex of formula (ip): wherein: At least one of
; etifanium gimethvl rgja 5

R72 and R76 j|§ﬁ!(511epen ently s & (ETEEA0FARIARY B858ROt Feltiaiigeror R72 to R76
independent{/ /4 ydrogénatenborRsiuand NI, n, Rl to R6 and Rs are as defined previously for
formula (I). In some embodiments the metal-ligand complex of o mula ill is a -taland complex of
formula (1a): R3 (la) N-R! (. n, RL R3, and R7 are as defined previously. Preferably
informulaot a (la ), klis 10hydr§ m but is otherwise as defined previously for formula (). In
some embodiments theymety mplex of formula (la) is a metal-ligand complex of formula
(la-1): DIG 5 (X), whéreig.each 72(t0,R76 independently is a hydrogen atom or Rs, wherein Rs
is as defined 15previously. Rre ?’aat le&stiRiZ7, and more preferably at least R72 and R76
independently is N

HCH3 R
.0 CLCHs); .
{3} and

5 Catalyst (D1} is bis(dimethyidisiloxane indene-1 -ylyzirconium dichloride, availahle

from Sigma-Aldrich, and having the structure:

(H:ChSi 7:Ch

7\

iy

(1.
As mentioned previously, some embodiments of the invention process for polymerizing
an olefin further empioy a chain shuttling agent. The lerms “chain shuttling agent” and “CSA™ are
10 interchangeably used herein and refer o a compound that is characterizable as being capable of
causing, under the olefin polymerization conditions, exchange of a polymeryl chain (i.e.. polymer
chain or fragment) between at least two active catalyst sites of two olefin nolymerization
catalysts, the two olefin polymerization calalysts being the invention catalvst and the associate

olefin potymerization catalyst such as another invention catalyst or one of the non-invention

i
Lhn

catalysts described previously, That is, transfer of a polymer fragment occurs both to and from
one or more of active sites of the olefin polymerization catalysts.

In contrast to & chain shutiling agent, a “chain transfer agent™ causes termination of
polymer chain growth and amounts 1o a onc-time transfer of polymer from a calalyst {e.g., the
invention catalyst) o the transfer agent. In some polvmerization process embodiments such as

20 those useful for preparing polvolefin homopolymers and random polvolefin copolymers. the CSA

26



Rs, more preferably unsubstituted (C1-C18)allcyl, still more preferably unsubstituted (Ci-C19)alkyl, and
even more preferably (Ci-Co)alkyl. In some embodiments the metal-ligand complex of formula ()
isgamd complex of formula (la- | .1 ): (C1-C13)alkyl (C1-C18)alkyl In some embodiments the
metal-ligand complex of o ula (la-1) is a metal-ligand complex of formula (la-1.2): (N),6R75 As
shown later in the Examples, the invention has discovered that he metal-ligand 10complex of formula
(la-1), especially (la-1.2), and more especially (1a-1. ), in combination with M that is a Group 4 metal,
and more pref rably ha nium, IS particularly valuable for copol merlzalng ethylene and an alpha-olefin
to prepare a pgly(aei% Ten%og?%ﬁé”gf‘e%ﬁgéc? B8 CARSE St PN Srdhp fererret e the atdtatligand
complex of fonviseing) ofehy vretef theExamplesdessribed datéyokiisomeinbodiments, the

metal-ligand-gemplexof-formapla (hisameang:ef the.dp p@mu;g@ag HOMRIEXRSHOYLR(8) and (10) of
respective Ex?rgp!%sfg to 8 nd 10 gh escribed later. Pre r%/&(the poly(ethylene alpha-olefin)

copolymer i$ ‘characterizabi aseh%V|rtfgm§°rfﬁ5ﬁ1|“mh?Hp% PR () O greatE e 80*8kgrees
Celsius JandtasrerprefdrablAgrastertianh8o shutllis detehmirted:bydifferentialisganniny calorimetry

(Dso using the praseshivedescsibedinieniorsame cnhadingnts.themeltingdemperature is a
temperature range havm% enc CHoomts gha} are ZO?Qy two of the T", of he [% %/oleflns of Examples Fl to

odir Polyriiet is

e chaly shufl nz 18 charget nia
E8. described Iater In some embodiments the po yI Iene al ef‘n
characterizaBE e RavHY ‘atw&gﬁfiavéf‘aﬁécmbFé(:ﬂ!‘arim@@ﬁi‘ﬁ\ﬂm irpd (Bande dhavivgrehokpoints that
are any two @fithe MivalupR,, , is calcuiated by dividing a rate of chain transfer from an active site of a

10 Caralyst (A} to an active site of a Catalyst (B) (R,s) by a rate of chain transfer from the active
site of the Catalyst (B} to the active site of the Catalyst (A} (Rp..). Preferably the Catalyst (A} is
the invention catalyst and the Catalyst (B} is the aforementioned associate olefin polymerization
catalyst, For the chain shuttling agent, preferably the chain shuttling activity ratio R p/Ra_, 18
from (101 1o 100. Preferably, an intermediate formed between the chain shuttling agent and the

15 polymeryl chain is sufficiently stable that chain termination is relatively rare. A (polyoiefin-
polyradical -containing chain shuttling agent is an example of said intermediates.

By selecting different combinations of olefin polymerization catalysis having differing
comonomer incorporation rales (as described hereinj as well as differing reactivities, and by
combining two or more CSAs (and preferably 3 or less CSAs), different poly(olefin monomer-

20 olefin comonomer) multiblock copolymer products can be prepared in some embodiments of the
invention process for polymerizing an olefin. Such different products can have segments of
different densities or comonomer concentrations, different block lengths, different numbers of
such segments or biocks. or a combination thereof. For example, if the chain shuttling activity of
the chain shuitling agent is low relative to a polvmer chain propagation rate of one or more of the

25 olefin polymerization catalysts, longer block length multiblock copolvmers and polymer biends
may be oblained as products. Contrariwise, if chain shuttling is very fast relative to polvmer chain
propagation. a copolymer product having a more random chain structure and shorter block
lengths 1s obrained. In generally. an extremely fast chain shuttling agent may produce a

muitiblock copolymer having substantially random copolvmer properties, By proper selection of

Ld
o7

both catalysi(s) and the CSA, relatively pure block copolymers, copolymers containing relatively
Jarge polymer segments or blocks, and/or blends of the foregoing with various ethylene or
propylene homopolymers and/or copolymers can be obtained as products.

In some embodiments of the invention process for polymerizing an olefin emploving the

CSAs. the chain shuttling agents that are svitable for use therein include Group 1,2, 12 or 13



of the polyolefins of Examples Fl to ES, described later. In some embodiments the poly(ethylene
alpha-olefin) copolymer is characterizable as having a number average molecular weight (Mn) in a
range having end points that are any two of the Mn values of the polyolefins of Examples El to FS,
described later. In some embodiments the poly(ethylene alpha-olefin) copolymer is characterizable as
having a polydispersity index (PDT; Mw/Mn) in a range having end points that are any two of the PDI
values of the polyolefins of Examples Fl to FS, described later. In some embodiments the
poly(ethylenenalharalefin) copolyraes. is aharacterizable.as having aweight Rercent (Wiib)
incorporation of the alpha-olefin (weight of alpha-olefin condurned divided by weight of the
poly(ethylené alipta ISk S puiHINE dekprisse ¢aiivar pe réentinarange having &0dend points that
are any two ofther\wi%.l: 1§ dncasperation-values of the polyoiefins of Examples El to ES,
described later. In \ﬁﬁ(ﬁgPg%@ggﬁﬁﬂ@?{%%@@(an?ﬁg%g a E%%P@ﬁﬁseé%}* E MEP T ERg terizable as
having a molerpgraent (rthol%) vinyhigroupsrii. ol greupskdEhetpanemole pergent vinykgroups" means
concentration of vinyl groups, iq the 1polﬁyc&lg]‘j?rexprgassed as vinyls per 1000 carbon atoms and is
determiried by proton nuclear 15maghetic FESHANCE BReting s tHe HietHol aasstibed later.
Preferably th&olog iyl growps: i inwrenger iaving emdpointsthat-ateany+dwo of the mol% vinyls
yalues of tharpmhygiﬁfin&.qf; E%@@]Q}Q.S/{:{igitiﬂcﬁgl- LesqH Qﬁgﬂlﬂt_e‘ygmls inmﬁ@ mf?lgamltg%dllrpx uQiiSc);[he
invention pronq&%eemglgcy{jn Lglr]]}gi rr;nn%t%léligggg, coomplexes of formula (IZ,_ especially the metal-ligand
complexes of formula (Ia—lbf%, and mvention catalyats BHRLHBRIING B prdbatddfrom same
advantageouslypireparesnanpolyatefinc ospecially thamehiethylene i{;}L;p;l;kzaﬁgggﬁalfipu}n(;(pr;&p_lymer having a
desirab}g high degree of compositional homogeneity. Poly( ethylene alpha-olefin) copolymers having
high degreed 8P EoMBBEHBrE HEMY BRI dfé vaerii Hhappiications slghrasiitms, especially for use
in applications:tetuinngigded opticabalarity;awnhaze, @1beth. The.comnasitiepal-hgmogeneity can be
characterizeg-hy,DSG gn.tl v(ethylene alpha-olefin), copolymer according to a DSC method
described Iatfe(:;?bfljr{:9 c%r%ﬁ[g}é%g}rr(?ega%%‘%r%lr}r[]edr?t ?r?d?’gaﬂtlfjg!, Jéogﬁg%éﬁlrygﬁgﬂﬁgﬁgﬁ%%?ﬁ W bs(
measurement TEPoTts HRREHOW WAL HabGrammqwigyy Vérsibsiwerdture ("Cl) curves (cooling or
heating curvesk thanitfdépeddentynexhibitsingle tetmpesatuse:-peaks, corgspandingdo crystallization
and melting EE.@(@%'W%E%%P?%92!&%(0}(&9{&%@%@1%‘}Eﬁ%;%%}{ﬁ%g%@ pfg]ycg?gg l%qgiglggg;Ql(}e_fln) copolymer
30 having a I)Oé/yddggr%ehqf %orqp,QS|t|pnql homogeneity exhibit multiple (1.e.."2"0r _orei &mperature
peaks, a broad Sihyle PeaR™ S 4 &g R P& SR SAHAIRPORRS RSpiisk Withdaelditisreippisakid) appearing as
one or moresserdaliedicshoutders o useDSEito sharaeterize carppesitionalibomageneity, obtain
heating and gagling-La{ chves and g@)@gggs@yq@rqg&yg{@g@%gﬂ@gl I\]/alu S rom (}Qﬂg _DSC cooling

curve according to the DSC (gt‘:e;[hogld S_]CEi.lged later in Materials and Meti’ﬁsoé S. ‘ﬁ.ﬁe el‘fhdéer the DSC
' h b USed 16 GLARIT degrEE B e sitiAlHeMbY eHetys preferably the

heating or coolirig curve can
single pak ifithe Bneduing curvnis-Usethothe singlel peakdim the DSEC cooling Guveds

characterizaide: byl afull wisith satihalh maximuin. peak haight 06 grees, Ceisivg (W 1/2(Ds( )

corresponchna tc u%&%%%&'é £} ;i]‘?”» '??#}fit!Pn i.e.,,]'I,'3 from the DS( cooling curve. This measurement is

useful for characterizing cOméogTﬁd’ A RO GG 1 B S halihip etz dtion transition

temperature’@ a8 rErgR 66 EH highbih GenidrallyhadthiofrthéspealksimanBSGxeasoling curve, and thus

the W1/2(Dsthvialueinval & at-leastim pastuwithe gy kWS NKSPI(S) Malues reflect higher degrees of

compo_{g'tion‘@a_l&ocr}gf,?é_upgcjt;}%!ltI idlt[lenmt‘%\g]cgqments %Qw@e eTe is)greater than 100 "C, preferably WI,;(Dsc is
A el 3

less than or equal to 4.0 "C. In'embodiments whera 1¢ 18 B 60/ 158 e Hstetably Wie(DSCI is
less than or%&ﬁﬁi“f&"@f@ bis(dimethyl(t-butylisiloxide, ethylzinc (2.0-diphenylphenoxide). and ethyizine (t-

butoxide’, Other suitable non-invention chain shutthing agents are described in WO 2005/073283

AL WO 2005/090425 A1 WO 2005/090426 AT, WO 2005/090427 A2: WO 2006/10159% A1 ;

WO 2007/635485 AL WO 2007/035492 A1: and WO 2007/635493 A2,

30 Preferably. the invention processes employ three or fewer. more preferably rwo, and still
more preferably one metal-ligand complex of formula (13, Also preferably. the invention
processes employ the one or more metal-ligand complexes of formula (1) {ingredient (a)) and the

ane or more activating co-catalysts (ingredient (b)) that comprise or derive a catalvst, wherein the

28



C. Another DSC measurement indicating compositional homogeneity is a multiplication (*) product of
Te times W1/2(Dsc,. Lower Te*W1/2{Dsc, values reflect higher degrees of compositional
homogeneity. In some embodiments Ic *W1/2(Dsc, is less than 500 degrees 15Celsius squared CC2),
and more preferably less than 400 "C2. "The compositional homogeneity of the poly(ethylene
alpha-olefin) copolymer can also be characterized by a narrow molecular weight distribution (MWD) as
indicated by the aforementioned polydispersity index (PDI; My/Ma). Lower PDI values indicate higher
degrees of compositional homogeneity, that is a smaller range of distribution of chain lengths. In these
20preferred efbedimEREETHE DT fe TR S o TS Ra Mo & GHETERIDIYEES thain 2e8:robherein PDI is
determined agcerdifigrtd3s.®D kprodedurertasetibag:late hhemarowdWBcanbe observed by gel
permeation cbrematoaraphi(CREon the Ralsins alphaslefin enavmeraceardig to a GPC

method described later. The molecular weight homogeneity can also be ara%terlze y
combination &FtHE AfBrENBRTOHETSYIE DS CHEAKEBHE & POTBFIBSCIRRIAYS0! AffdcHivre preferably
less thand2.5 mixturStilhmorecpréfefablythes joly{ethyleneialphatolefin) capobmer-alsais
characterizahlehythe.afarementianad Iaw Iaysls:af Vinyh GroRs. LAWSL MAtvh.viny groups values
reflect higherogegrees of compositional homogeneity. In some embodiments the mot% vinyl groups is
less than 0.10 molcil, preferably less than 0.04 mol%, and more preferably less than 0.03 mon,.
30Even more prefer&blynthe ihwentibhgprdcessis oh&pradutingssuch:preferced poly{ethylene
alpha-olefin) sopelymerswpensinthe,satalystanmployed i the.Rracess s haragiprizable, by a high
catalyst.l%%fficieQfgﬁ%&%.g],; g[eg.tlier élgan %OOOr?Qq qc%polym?_dit_metal (_of metal-huand complex). Yet
more preferably the Invention process 1o one iSRSt BrataRed 5o smiEtie alpha-olefin)
copolymers wHe¥ei dathapreférred poy(Ethy mnealphiaro[@finycdpolymérs apeoclkaiacterizable by high
weifqht S}/eraswgg&e@?mlwm bW, (E@Q@a@f&mgxfmggn()@g%xgﬁﬁi%ﬁa%%lypﬁ%%gﬁg%&19!71 still f|n0fe|
preferably >800,000. , and even more preferably > ( mot); or number average molecular
weight (Mn) ((g%%o"%b%‘% ﬁ%t%:u?ﬁ%?e? %F@fé?ggﬁ}@é 3015615%%]? (sgtﬂi - OrE O8I ABIY £550.000 g/mol,
and even mor®'BréferatileS 300000 gimohlorisleipaibke ofspieparidy stchpreférreddpoly(ethylene
alpha-olefin) sapalymers atakeachnn:miXiuce-iempataiue of 1206 O 35G.Hsing, respective
conditions as_gescribed later in the.Examples, especially conditions of Examplefor 120C and
conditions of al%éggrrﬁ ('I"en%E of Ténsﬁgi(%dgﬁ%&?gmg 'r((—:'dzﬁguer nﬁ%@tgﬁif gﬁgnéfﬁhgg%@iﬁ)ugbpolymer is
characterizaBF@W’ﬁ’@%Mﬁ%@%ﬁ’f-@f’éﬁ?%@r Hblevoithersforementofadirelabantichiracteristics in
the five immedisitely preceding paragraphs:Jn Gomes embrdimnanistieicombinationcomprises a PDI of
less than 3.0;.single Reels bserved In ot PG heating.and roglind ciyves; and V704(1Jsc; less

than 5.0 "'C. In some embodiments the combination comprises a PDI of less than 5] Jéi’haie peaks
observed in Bt EHEatiNGLntr E8BIG ClReR-WvasRy s thafruiomRiaid ¥isws vinyls less
than 0.03 moltifinlthsOrme émbodimentsitie sombinationcampiises-a-RBI@hiesathan;%:0; single peaks
observed in bpth RS6 heating And.caaling.chrves. and TEWwDsicl less than 390, G2, In some

embodiments the combination comprises a Orm of less than 2.5, single peaks oY)serveofiln_both 20DSC
heating and C8BHRY clitvEL FERRA /2 (DB TERY ThERUAB0 2 P 8177 iy s 85R .03 mol%.
In some embodittentsitiretipolyrethylereialphaidlefin) copalymer having:the dighdegree.of
compositional hemogeneity:idicated-hythese.combinations is Alse charagterizable by, aMw greater

than 600,000rg/_mo_l. In sqme embodiments, the invention catalyst comprises, or is prepared from, a
preferred O purposes of the present invention, seaborgium (Sg} is excluded from the Group 6 metals

useful in the present invention.
More preferably. M is a metal of Group 4. which means that M is titanium (T},
zirconium (Zr}, or hafaiwm (Hf}, and more preferably zirconfum or hafnium. In some
30 embodiments M is zirconiun. In some embodiments M is hafnium,
In some embodiments n is 1. In some embodiments n is 2. In some embodiments n is 3
in some embodiments n is 4. In some embodiments n is 3.
In some embodiments each X is the monodentate ligand. In some embodiments the

monodentate ligand is the monoanionic ligand. The monoanionic ligand has a net formal



complex of formula (0 and a preferred activating co-catalyst, or a reaction product thereof. In other
embodiments, the invention catalyst comprises, or is prepared from, two or more preferred
metal-ligand complexes of formula (I), and at least one preferred activating co-catalyst, or a reaction
product thereof. In some embodiments the ligand of formula (Q) corresponds' complex 30of formula
(la) or (1b) or Op) (i.e., is a ligand of formula (Qa) or (Qb) or (Qp), iuspccuvcls wherein M and Xs have
been deleted and H has been added to the nitrogen atom bonded to) in the metal-lig.and complex of

formula (Ip) andathe ligand of farmula (QRkeach-0T.BZ2ang RI& indrpendently Is a (CFC40)alkyl. In

some emboqj'{m the invention is the Group 1 or 2 metal salt of the'ligahd of formula (Qp). The

Group 1 or 2 m&a@é‘éﬁ?ﬁ‘éﬂ‘lﬂéé RN eAl S ATt R Th StdIra kR s iSRS the monometal salt
are Na(monagepratopated 0) and [CaOl nogdeprotona d (% xamples of the hemimetal salts are
Ca(.dideprotonated Q).) g%ac? SM%daﬁj%g@go{nhg(fé “#8The Pcl)u bi'orlé(r&at\ipéalt of the ligand of

formula (Q) eandge prepated by septactipg the ligand of formula(Q) with __bé_) It one, mole equivalent of
a correspong(ii% é‘?}rggjp 1 ({)ﬂrr(Ejy ébr){%'ggarq]t gagggsi %”é%? E;O?ngxfgr{%%?(& é?@gﬁ (?(c))r "‘rh}é?é%I}(%Xide, Group |
or 2 metal hydoxideGrouis-LiokZmetal ieRrhonale..ar.Gioup L-0r,.2 mefal.carkonate, preferably in a
polar aprotiqﬁsgrlc\)/ﬂ%pt &e.g‘, %r\g(%mgmgrga[?iqg&dihrggth Isulfoxide, acetone, or a mixture thereof), polar
10prone solvent te.g., methanol, water, or a rrltlve RErESHSr & MiattE tHsrebi Kesthtively the
Group | or 2unetal salt cap heidicesti:prepared ipsituwithout-eaing Hhreugh the gonikgate acid that is
the ligand of formula (Q). In some embodiments, the invention catalyst further comprises one or
more solvents, diluBitE frESE T R BlraceBInbraatioritherdot, lsdeBoibedereintld other
embodimentgailSsthecinvéntion tatatysistilifuthsr ERMPHSRS /'dishersam: &:a.wah.glastomer,
preferaly di ed | dijue hig embodiments, the.invention catalyst preferably comprises
a hom?)%jenéﬁ%%a%ﬁ%gg%%gr%&g&fgfgg {:?ﬁ?gfg‘% "etlhryel’r@ihﬂeﬁ@yléét%ﬁ%iéﬁﬂ%'active by contacting
them to, or d&miinifiy therabwiitihi@n Agtiviating coyCataly sty bysing-anuactivatingitethaigue 20such
as those th are known.in thse G%{.I fo,r‘%se with metal (e.g., a Group 4 metal) olefin polymerization

ependent]yv is ned shove . At i
sent invention ¢on erhélates replacing one or more of the activating co-catalysts with

reactions. The presen
the activating techfilGigs stthedighnisesof metivating: coicatalpsts isoprefewrednSuitable activating
co-catalystsforuggrhereiincluda.alkydaltmingms: elymers er Aigemeric,alumaxanss (also known
as aluminoxapes); neutral Lewis acids; and non-polymeric, non-coordinating, ion-forming compounds
(including thié [78e b atasresmipsurog urder exidizingdonditions). ssuitable diotvatingttechnique is
bulk electrolysis,{explained | e detail-hereipafter). Combinations of one or more of the foregoing
activating c%ﬁgigl?ﬁ% gr}?c? t@é%%agglgyééaﬁé %%dﬁ%é?ﬁh&g@‘ai He"fé?%sgé)fk%“é¥ﬁfminum" means a
monoalky! atasmintimeditydiiggrormeroalkglaly mirtirtdikalide; a.dialiet alamintmesbydside or dialkyl
aluminum halide, or a.30tr?11;y{la\3iuminum. Aluminoxanes and their preparations are known at, for

t

example, Uﬁslt‘éndd ?F&E)tséléu )%11 GWéifcﬁrngN) US 6,103.657. Examples of preferred polymeric or

oligorneric alumoxanes.asaraathulalurooxane.diisobuivalyminyrsmodified. methylalumoxane, and
ISObu%'Oalu%%%ﬂgéms the bidentate ligand is a neutral bidentate ligand. Preferably the neutral bidentate

ligand is a diene of formula (R”),C=C(R")}-CR”=CR™),, wherein each R” independently is H,
unsubstituted (C;-Cgialkyl, phenyl, or naphthyt. In some embodiments the bidentate ligand is a
monoanionic-mono(lewis base) ligand, The monoanionic-mono(Lewis base) ligand preferably is

a 1,3-dionate of formula (D R‘“‘—C{ ONy=CH-Cr=0)-R* (I3, wherein each R independenily is H.

2> unsubstituted (Cy-Cglalkyl. phenyl, or naphthyl. In some embodiments the bidentate hgand is a
diantonic ligand. The dianionic ligand has a net formal oxidation state of -2, Preferably each
diamonic ligand independently is carbonate. oxalate (Le.. “O5CCOON0).
(Ca-Cyqihydrocarbylene dicarbanion, (L7 -Cypheterohydrocarbyiene dicarbanion, phosphate. or

sulfate. Number and charge {neutral. monoanionic, dianionic) of X are selecled depending on the

30



Preferred Lewisalsts are Group 13 metal compounds containing from 1 to 3 hydrocarbyl substituents
as described herein. More preferred Group 13 metal compounds are
tri(hydrocarby1)-substituted-aluminum or trahydrocarbyl1)-boron compounds, still more preferred are
tri0(114.1101alkyllaluminum or tri((C6-C18)aryl)boron compounds and 6halogenated (including
perhalogenated) derivatives thereof, even more especially tris(fluoro- substituted phenyl)boranes, still
even more especially tris(pentalluorophenyl)borane. Preferred combinations of neutral Lewis acid
activating co-catalysts include mixtures comprising a combination of a tra(CI-C.4)alkyllaluminuin and a
halogenated ¥FHEEB: €L 8)aRIOH oW EotpbE R esseriamrars{pertndorophesyobsrane. Also
preferred arecl@aombinations of such neutral Lewis acid mixtures with a polymeric or oligomeric
alumoxane, and combingfions 9f,2:siRglk UL Lewis, acid, espeially tis(pentafluorophenyl)borane
with a polymeric or oligomeric alumoxane. Preferred ratios Of hUMbeErs of Moles 0 Fme’tal-ligand
complex): (triSFEnttudhd phehyibsrares: (atHheRaET e et roup 4 metal-ligand
complex):(tris(pentafluerokphenyiberanajfalumoxane) brareiframdintekaaxdihQ: 30 morepreferably
from 1:1:1.5 to 1:5:@. __Many activating co-catalysts and activating techniques have been
previously talGHE with Te&pERFTS tiffeTERT LTI AR EontsleXes P tHeTdltstig BisPpris! us
5,064,802; Us.Dchadel 5¥s thn St 33idd 20903 Lulndd Sors3a0: 6235 MR Poftde &1L 5,625,087;
US 5,721,185; US 5,783,512; US 5,883,204: US 5,919,983; US 6,696,379; and US 7,163,907,
20Examples Sf&tiitiible: Hifdriaitiioxiass iepisuiuded shass bieosu 38 Examplesaof suitable
Bronsted acid salts for addition to polymerization catalysts are disclosed in US 5,064,802: US
5,919,083; S5 BSBLF ENEHpRLDT BUMALIE SHIfS o' Batiiiic DRidiZRgabRHPRAd a
hon-cogidinaingcenpatiple aniapasactivating &assatalysts for.additign polymerization catalysts are

disclosed in US 5.321,106, Examples of SL}itabIe carbenium salts as activating co-catalysts for

25addition p%‘f)'g/mmséiﬁZI%IIﬁ%Flugsa{?ﬁfﬁs%”%?[éﬁﬁi%c' 68ed%h U8 G867 55 BSEMPRIS ORI dilylium salts
as activatingartatalystsforadditionpelymerization-gatalysts. arediscloged in U &.625,087.
Examples of suitable complexes of alcohols, mercaptans, silanols. and oximes with
tris(pentafluBIEphEnIBoIHE e EEIBESE 1HTUS B296 WSS Spirie vitheshcanalysts are also

described ina,pattien,of SEN US.L.R15:4n3 Rl Keainning ateglimy 20, o g 30 and going

30through column 56, at line 55, only the portion of which Is incorporated by reference herein. In some
embodifmentshomeor mbreidf theifdregoing activating:co-catalystsarewseskinidombination with each
other. An espagiallyprefenedcombipationis A Mdure, ot A tilG: .CARRYIocarRyDaluminum, tri((j

-C4)hydrocarhyl)horane, or an ammonium b?rate with an oligomeric or polymeric alumoxane
compound. The raﬁb%ﬂbﬁi’%ﬁﬂﬁﬁ@r%ﬁrﬁbl’ésl’@ﬁ@n@ﬁdﬁﬁnm@m@an@Gowmieike@iefhf@mnula ()
least one but not all of R} 10 R8s & hydrogen atom and each of the remainder, and more
preferably at least two of ®! o RO independently is (Cy-Cypphydrocarbyl,
20 («C 1-Cyqibeterohydrocarbyl, (€ -Cygpbydrocarbyl-O-, or halogen atom. Preferably at least rRY s
(Cy-Cypphydrocarbyl, (Cy-C g theterohydrocarbyl, {C1-Cypihydrocarhyl-0-, or halogen atom,
and more preferably (C-Cypihydrocarbyl.
In some embodiments R/ is a (C 1-Caplhydrocarbyl, preferably a ( Cq-Cyphydrocarbyl.

and more preferably a (Cg-Cypylarvl. Preferably the { Cg-Cyparyl is a phenyl, more preferably a

[
LF

phenyl having at least one substituent in an ortho-position (i.e., 2- or 6-position), and still more
preferably a phenyl independently having a substituent in each ortho-position (i.e., 2- and 6-
position}.

: 7. - 3
In some embodiments R* 1s a (C-Cygdheterohydrocarbyl, and preferably a

{ (11—('? 4(3}}1@1&1'01[;-54. In some embodiments R/ is nol guinolin-8-yl.



to total number of moles of one or more activating co-catalyst is from 1:10,000 to 100:1. SPreferably,
the ratio is at least | :5000, more preferably at least 1:1000: and 10:1 or less, more preferably 1:1 or
less. When an alumoxane alone is used as an activating co-catalyst, preferably the number of moles
of the alumoxane that are employed is at least 100 times the number of moles of the metal-ligand
complex of formula (1). When tris(pentalborophenvphorane alone is used as an activating co-catalyst,
preferably the number of moles of the 10tris(pentafluorophenyfiborane that are employed to the total

number of moles of,0n¢ Qr.mefe MetaTligand.complexas. 9&?—(@5@#!&&9 QN Q Ridi 10 49:1, more

&

preferably from 1:1 to 6:1, still more preferably from 1:1 to 5:1. The remaining activating co-catalysts
are generallyseraplbyediirrapprostimated inolé guahtitiesequal to thertatalomolg-guantities of one or
more metalAigand complexes of formula (1), 15In some embodiments, the invention catalyst further
comprises, &F%léj??fﬁh@g”p?éﬁg}géf#bn P ér(?]ﬁ%%% ée ﬁc?r}%)lﬁ%}m%“ﬁla?ti%dlﬁté}dl%riﬁ‘%’ﬂﬁiﬁért, wherein the
invention catalysipigin-supporing, apeiativercontact-withthe.particutated,selick sUpPoLt {0 give an
invention particulated soIid-\suEport‘e_d_ catalyst. In these embodiments, the invention particulated
solid-supportsl chtal/st abnishisds d Hetcragendatiechiinse 26 The parteudrbarsblidsupport is any
material thatjseapahle etsuppaiting the.ipventiamcatalyst %ﬂ%ﬁ'}%%ﬁy G resylung yention

particulated solid-supported catalyst to catalyze polymerlzdfi of'a po <

i
ymerizable olefin. Examples of
particulated sty dpbesiica silicagélhdhoinyd cclays;expandediciays (aerpgelsyraluminosilicates,
trialkyIaIumimmmgpggﬁ@,gﬂmq)qgg%g;p@tgggrg%ﬁ,pqL},gmg{,igtmggeg@ﬁ, ﬁmggiglly polyolefins such
as, for example, a polyOetrafluoroethylenej. More preferably, the invention catalyst and solid support
are employediftiemvention paticiglaredisolidrstiphortetitcatalyst intafiguntsothpit provide a ratio of
(weight ©f the, invention gatalyst ed qn metgl M) :weight of the solid support),of from 1:106 to
1:103, qrﬁorg\?:?r%?é%gzblﬁ tfr‘(g]r’r?'gf.?id(g%t{%t’ff :ﬁorhmﬁi gé’rﬁygbﬁgoa hen é?’t?lémr%gf)a{: |{ ‘abrtiré%iomplexes of this
invention (i.eheméteygeneyBOcomptexesiofifermulaN!8-arecsuppentad.ana-selighsupport as described
herein and uiei%[r]iqle\_fin polymerization processes in a slurry or a gas phase polymerization. As a
practical limitatton. & Soljfdiz4tion preferably takes place in liquid diluents in which the polymer
product is substantialrinselile.(eg. less thamaQ milligrams ef palymer prodyustdissolyes in 1.0
milliliter of qu_uiq diI_uxgnt at 25 "C). Preferably, the diluent for slurry polymerization is one or more
hydrocarbort$ FediRwatl fe s&ithe S eatsor atoniy «frisoriekenibodimeRts fTonéwor more saturated
hydrocasbons, ieh 4z, Sfipne.RIORANS. aLOMANS, ate,used In whole o1 bartas (e diluent. In other
embodiments, an alpha-olefin monomér or a mixture of different aipha-olefin monoters 4re used in

whole or pafP4E4HEHiL¥ht MeStHrefsabR ridast 4 hajor pant b terdiiisefit esmprises the
alpha-olefiniména@merormehemgrsitn bedqolymerizedn €qrue embosdimentsraispersant,
particularly an elastomer, is dissolved in the diluent, preferably utilizing techniques known in the art. In
some embotifEHE S T8RS EBIRIOH T A PR s Satrdimte pofaer 1opsIgRserization or
other proces&iﬁ@ngi&w.gre;csmaﬁgyﬁ%dwh@&@{1@%@%&%@@@1{&%lea%sig-ﬁ@méteﬁpOft s

employed in the form of the invention particulated solid-supported catalyst described previously,
preferaily whenithe inventien-prttiswatad solid-supported catalysts are used in an aspect of the first

emibodiment compiiging, & 435 RNASE POMENIFRNION PIoEss, In, MosL palymenzation reactions of the
olymerizable compounds

first embodiment, the ratio of (moles of invention catalys?fnu%%;%mo es of
employed) isrfiomyd @Rk donk0R Lpirivterprefarablyftamon with M that is a Group 4 metal, and

more preferably hafnium, is particularly valuable for polymerizing olefin monomers COmprising
ethylene and an alpha-olefin (i.c., copolymerizaing) 1o prepare a poly(ethylene alpha-olefin)

25 copolymer. Preferably at least R is (C-Cyghydrocarbyl, (C1-Cyppheterohydrocarbyl,
(C3-Cypyphydrocarbyl-O-. or halogen atom, and more preferably { C-Cyphydrocarbyl: and R7 is
a (0 -Cypohydrocarbyl, preferably a (Cp-C gephvdrocarbvl, and more preferably a (Cg-Cyparyl.

In some embodiments the metal-ligand complex of formula (1) is a metal-ligand complex

of formula (Ip):

a2
-2



10-9:1 to 1015:1. As previously mentioned, the present invention contemplates a process of
preparing the invention catalysts. i.e.. rendering one or more metal-lig:and complexes of formula (1)
catalytically active. The invention catalysts may be made by adapting any relevant process known 20in
the art and the particular process is not critical to the present invention. Preferably, the invention
catalyst is prepared by contacting the metal-ligand complex of formula (I) to an activating co-catalyst
and a solvent. preferably an aprotic solvent, under conditions sufficient to produce the invention
catalyst. Preferably, the coani'xions SLig;icient to produce the invention catalyst include those described
above for the process of the fixst embodiment. Preferably, the 75 invention catalyst is prepared in situ.
More preferably, the in¥¢ :
embodiment. In some e
least one polymerizab
least one polymerizable'glefinAn the

he Fiaﬁventlgﬁ catalyst is prepared in situ in the presence of at
e invention catalyst is thereby immediately contacted to the at
rocess g !e first‘émbodiment. 30In some embodiments, the

invention catalyst is preret%,& a atalyst by addition of one or more metal-tigand
complexes of formula ®) and one\or more ag g co-catalystsio a solvent or diluent in which the
polymerization process of the firsj embdtfitnent¥ill bé REnducted. In other embodiments, the
invention catalyst is a solid-supp((%‘r}ed catalyst that is prepared as a heterogeneous catalyst by
adsorbing, depositing or chemically attaching one or more metalligand complexes of formula (I) and
optionally one or mid¥é&H4¢tivating co-catalysts on an inorganic or organic particulated solid support to

aive the invention peyticylaied guliksupmoried saIplst described herein, I some embodments, the

metal-ligand complex(es) is(are) added to the soli éupport1 either subsequen Ii/, S|mulllfahreously to, or
prior to addition Bf the’activating,e0-catalvsiis) fa4he: solid syppogt \ng preferted. embadiment, the
inventiogw hetero eneous _caﬁal §t is prepared by reacting an inorganic solid support, preferably a
tri((CFC4)aI§’<I§/1)h Uminum cormpound, with an activating co-catalyst. Preferably, the activating
co-catalyst is an afrvnicrdDsait:chahydroxyaryi@nsgyantafiuorophenylibarate; mofecpreferably an
ammonium saf:af.either (4-hydroxy-3,5-ditertiarybutylphenyOtris(pentafluorophenyl)borate or
(4-hydroxyphenyl)- tris(pentafluorophenyl)borate. Preferably, the activating co-catalyst is deposited
onto the solid suppott by go-precipitating, imbibing, spraying, or a similar technique, and thereafter any
solvent or diluent arejpret moved. 15The invention catalysts, whether or not supported on a
solid support, prefega used to polymerize a polymerizable olefin, or co-polymerize two or more
polymerizable olefins (Le, monemers),'to prepare a polyolefin. The terms "olefin monomer" and
"polymerizable olefi ‘

are synopymoUs and mean a carbon-carbon double or triple bond-containing
monomer or carboR-carbon dduble or triple bond-containing oligomer or polyolefin prepared therefrom
that 20independently has fro( 2 to 100,000 carbon atoms, preferably 50,000 carbon atoms or less,
more preferably 10,000 carb‘or%“atoms or less. Preferably there is at least one carbon-carbon double
bond in the pedynexizakle plefin: @hdmormrefgralivdhernolymerizabig.Qlefin is a garpon-carbon
doublg hond-containing monomer.. Thus, pol mQ[izaQIefo_I?finsljncIude long chain macromolecular
alpha-olefin units that are vinyl terminaté lpB Vrﬁ‘e‘ﬁ%%ryer(ﬁzngﬁ% fottned in situ during continuous
solution polymerizBtisi'teagtions i Bomraaspectsofthe frstembddimentsdahuiong chain
macromolecuigsialpharalefiniunits are readily polymerized along with ethylene and other short chain
olefin monomers t?zgive' polyolefin having long chain branching. The term "olefin-polymerizing
conditions" means reactioy ameters such as, for example, temperature, pressure, concentration of
olefin monomer(s), sPIVER ANy eactiofk 30time, and reaction atmosphere sufficient to produce at

{fa-13

wherein each of R72 1o R7® independently is a hydrogen atom or R®, wherein R is as defined

. . 2
15 previously. Preferably at least R72 and more preferably ar least 772 and R7E independently is



therefrom. In some embodiments polymerization of olefin monomers is accomplished using known
conditions for Ziegler-Natta or Kaminsky-Sinn type olefin polymerization reactions. As the process of
the first embodiment occurs under olefin-polymerizing conditions sufficient to polymerize at least some
of at least one olefin monomer (i.e., polymerizable olefin) and produce a polyolefin therefrom. The
process can be performed at or with any temperature. pressure, or other condition (e.g., solvent,
atmosphere, and absolute and relative amounts of ingredients) at which the polymerization reaction

occurs. Preferablyihg-olefinypatymerizinggandiions camprisg-alemperalig.eifrom about -100 'C to
about 300 "C, mare preferably at least about O CC, still more preferably at least about 20 "C, even

more preferaé%l'éﬂ HEY aHLRYED Mora s il PreferaBiytabout 250 'Cl or less, still more preferably
about 200 C. or les, shil- mare Rreferakly.ahouL 180G, ALIesS, NSoME embodiments, the temperature
is at least 30C, argc,i,m_ore referably at least 40°'C. One of the a&vantages of the invention catalysts is
that they funcliBmarwelP 2 Hight dolymerization temperatures (e.g., more than 130 "C). In some
embodiments the 10fentpeldiuie ' 00 DC. In some embodiments, the temperature is at least

5 eqts, tHe temperature is 200C or lower. In some
embodiments, the temperature I§ 180¢ or lower. ne embodithents, the temperature is 160 C. or
lower. A convenient temperature/is T n& i ;\ /o abBUt 190 'C (e. 2., 135"C). In some
15embodiments the(Olefin-patymerizing gghditionsyeertprise a pressure from about 0.5 atmosphere
(50 kilopascals (kPa)) to 10,000 atmosphéres (1,&10,009 klia), more preferably at least about 1
atmosphere (101 kPit), still more prefera‘B*'I%at least about 10 atmospheres (1010 kfia): and more
preferably 1000 at ] . 0Q kPa) or less, still mare prefera éy_ 500 atmospheres (50,50(1
kPa) or less; prefeg%?@%n%%%%g%}g%tgﬁ%ﬁ% ?j"rféi?f éé)rzﬁgllst"ﬁﬁ%ﬁ%rgzléﬁﬁ .{,E?iq r1§/ ”ti%ﬁ.[,dszr]‘%%i%stantially free
from water) éﬁﬁ@gﬁWé?Iél'%qugiiha’éssentialIy of nitrogen gas, a noble gas (e.g., argon gas and helium

sufficient to produce A
In some embodimeis, theyprogéss of ¥e fiy'st embodiment employs one or more of the 25invention
catalysts and at least one additional hg aneous, or hetefégetieous polymerization catalyst, which
may be the same as or d?ffgren}/fﬁan ERtion catalyst or may be a prior art olefin polymerization
catalyst such as that referended previogsty{either in the same reactor or in separate reactors,
preferably connected in serieg or in pasallel, yoprepare polymer blends having desirable properties. A
general description of such a p%cess is disclosed in per International 30Patent Application Publication
Number WO 94/005005dtsarge embodimenta g Halymerization pragess ALt first embodiment is

carried guit as a hatchwise or Ef}x Gontinuouys ﬁplg/merigatiog process. A continuous process is preferred,
in which continuous process, for example” inventicR CEELSPatbIdnd; B SoshToheEr Biéfin other than
ethylene, an&'dptichafiarsbrealt wdiluent, risperisantromcomisinatioly thieretffare essentially
continuouslyspppfied ietheneaction zonssAnsreswing Polyalefin Rredust isegsentially,gontinuously
removed ther, from1 o P!@;?f(?b% suc%&lefm products are produced in a solution process, most

Alsos

¢ pr cd 15 the metal-Tro ymplex of '- sy ape of the Fie ; i
preferahly a continuous solution process. Withodt fifniting ARG Wl the VeshoFtHEkdention, an
illustrative meRAZFSr Barringrsurssinante dsentialieontimuors Polymeridation precessds as follows.
In a stirréd-tankareaetokdhgaoanemenelefinsiohe.polymerizad are dntradueed continuaysly, together
with solvent and anﬁ’%ﬁ’&%@' t%b%mvt(rc,%ﬁzg{ 4lT %n(EI§HrSI1(>a'{>Sr1’1\F%E;eé%mggina}dhk as having a

melting temperature (T} of greater than 60 degrees Celsius, and more preferably greater than 80
°C. as determined by differential scanning calorimetry (DSC) using the procedure described later.
In some embodiments the melting temperature is a temperature range having end points that are

200 any two of the Ty, of the polyolefins of Examples F1 1o 8. described later, In some

embodiments the poly(ethylene alpha-olefin} copolymer is characterizable as having a weight

average molecular weight (M) in a range having end points that are any two of the My, values

()
I



stream of hydrogen introduced to the reactor. The reactor contains a liquid phase composed
substantially of monomers, together with any solvent or additional diluent and dissolved polymer. 10in
other embodiments, a small amount of a 1r-branch-inducing diene such as norbomadiene,
1.7-octadiene, or I,9-deeadiene is also added. Metal-ligand complex of formula W and activating
co-catalyst are continuously introduced in the reactor liquid phase. In some embodiments, reactor
temperature and pressure are controlled by, for example. adjusting solvent/monomer ratio, adjusting
addition rates, cooling or heating the reactor Jiquid phase (e.g., using coils, jackets or 15both), or a
combination ihhé%bf.)?ﬁg%%z’%r% %Sdllrlrfe?ngtg‘, Fate o g e HEALER & Rt e by Hajlisting rate of
addition of thehinviehtioivrsaralyst dhegonrembodimants ethylerne:gonténtiof aqpolyiven product thereof
is varied by adjusting the ratio of ethylene to comonomer olefin in the reactor, which ratio preferably is
controlled by manipulating )énrsésf)e%(fi\‘% et 9ré{ﬁi:fs éf‘fglgue“n?é%’é%og\f(sﬁ?{dnt%% FAREESY i ome
embodimernits, imolgedlaraweightotpolyimerprodpctis:contralied by adjusting.temperature, adjusting
monomer CONFRAIEALAD. R G PIRVIRUSMA IeRnge AN lansler adent. Jn same.embodiments,
reactor effluent is contacted with a catalyst kill agent suchi"as"water. A resulting o1y01e In product
solution is aptiondl néated) bnd:the! polyolefinfis: rédoverad: by devtolatiizing.eginflashing off volatiles
such as gasgeusiManamersytesidialisplvant, andditents atreducad. pregsire, \n.spme

embodiments, further devolatilization is conducted in equipment such as a devolatilizing extruder. In a
continuous process, mean Tesit 8%8et§f?rﬁlé’}3f‘i]ﬁ8“iﬁ‘<f§ﬁfﬂ) HRIp SR anEBIsE It BB uct in the reactor
preferably igfigmcasues winitesiehaboit 8-trelnsganrthmere preferakly fromraboutii minutes to
about ®hours. Generallythe,athylene/alpha-plefin copelymers.have:densitiss frony 0.85 grams per
30milliliter (gimL) to,0.96.glmL. In \ﬁ?,m)e _n]bogj_mgrg_s, a comonomer-to-monomer ratio of of
alpha-olefin comonomer to moles of Sthylene nBHOMHEF ised iR {HE V6T ek a68R)is varied in order to
adjust the deRSityef Hdvesuliing cthitane alpharotefin copolyried.aniiren prodteing,
ethylene/alpha-olefin conolymers with a preferred density range of from 0.91 g/mL, to 0.93 OM_
preferably t%%%é%!m%%g%%r%@%%ﬁ%ﬁgﬁnrga{ﬁS}F' Tess than I&ﬂ].[%%lgPeoé?é%%BT\/p 185%%han 0.05, stil
more prefefbi§fEss tRER 6 02V iane v foreopraterasly edsetimare OB pinosomge@mbodiments, use of
hydrogén gasdnas:beensfounct saieffectivelycanteolibe:moleouarmeightof tha fasuiing .
ethylene/alpha-glefin.cop r ome embodiments,.the ratio of moles of hydrogen gas to moles of
monomer |ET§5§!ﬁ§§ﬁg§ﬁc?t% %mérrﬁé%e‘?%ﬁif?l%vsﬁs%:{g{hl g&f Fﬁrgr% B}}S%Péﬁ?i/ ‘fé}ls‘”gyﬂ%gﬁ .05, 5still more
preferably [ESEHER0.652 Arili 6UBH Higre preferably less than 0.01. Preferably, each olefin
monomer (i.e.. polymerizabledlefin)independanty:is ethyleng i linear anbranghedalpha-olefin of
from about 34.ahaut. 20:arRR AlOMS. S A5l GXANRIE RI9RYIENR Isphllene, J-butene,

1-pentene, 1-hexene, 3-methyl-| -pentene, 4_-metf$‘ll-1-pentene, 1-octenc, 1-decene‘,18ng chain
macromole TR 3551 SHIRSPHRG Mk tRE tHEMEaT W SE§RRES AIene ' stesrialy 1By example,
1,4-butadieréytid-hexadiendsfandobo/7rectadiene e cyaliciatefinsuchcaspieniexample, cyclobutene,

cyclopentengmDaRomens. @ndRosbarene dervatives that.are subsiituied,in.ihe 5-,and 6-positions
with (c.1-(270hydrocarbyl roups, a cyclic diene hydrocarbon of from about 4 to about 40 carbon
atoms such'aa. for exampie a & aBheRamiahs ShVRISHESTOREHIEhE, AR HoRsGFA%ERshe: an
aromatic riggesuipstitlitéaioléfin offronh 8ol BOccanbon atomsr(@gsidSstyreneyacierized by
(C1-Cishalkesubstitpiad styapesnand fi-phsnyihuteng)saMnywenomer thatis, for.example,
4-vinylcyclohexene, di Q{é@){«!?ﬁE‘Z&r}ﬁﬁhﬁ‘(‘ﬂnm}x}““?S thereof with gth{lene} an acrylonitrile, maleic acid
ester, vinyl acetate, Acrylate estar. MethAL AR BSEPo8FGIRY I SRy SRHE aHd Rttures thereof
such as mixtdrés vl BiHilereand Styrenesunisteresiof sthylene; propylenesaind styrengiamixtures of
ethylene, styiepe @hprepyifng: ane dyd-NaxadineRtRH8M o crystallization and melting

wansitions. respectively. (In conirast DSC curves for poly(ethylene alpha-olefin copotymer

30 having a low degree of compositional homogeneity exhibit multiple (i.e.. 2 or more) lemperature
peaks. a broad single peak. or a single peuk partially overlapped with additional peak(s) appearing
as one or more so-called “shoulders.”) To use DSC to characterize compositional homogeneity,

obtain heating and cooling DSC curves and temperature of erystallization (T, values from the



20conjugated diene, especially ethylidene-norhornene. As mentioned previously, the present
invention contemplates a process of preparing the metal-ligand complex of formula (I). Metal-ligand
complexes of formula (I) may be made by adapting any relevant process known in the an and the
particular process is not critical to the present invention. The metal-ligand complex of formula (I) may
exist as an isolated crystal(s), 250ptionally being in substantially pure form (i.e., greater than 90%), or
as a mixture with one or more other metaNigand complexes of formula (ft in the form of a solvated
adduct, optionafly indispiventyespecialyhapargamcdiguidispieierabyianapretic.aelvent: in the form of
a dimer; or in thg;forn L glael derivative thereof, wherein the chelated derivative comprises the
metalligand c%mple){?)??;g%rgﬁggg%%ﬁg ‘a cf)r?\éf’a%?ﬁaeééﬂeﬁif Teferabh, thestielatHEPAYEHEs an organic
Lewis base (6§ & aprotie Grganie sorertduerbad tetremyiaesturars (i) Shaprajprotié amine base
such as triethjl&fhinelng cuninisdrre:-erirobidinents) aiteducingr-agentis-alsa.employes.(ither in a
synthesis=of themetal|i -complex of formula (1).or breparation. of invention.catalyst therefrom)
S0 as to prod[?Jce |o\,%elf%§§§é%g%l§ até%%?rﬁ?%%lgf&{ﬁ% Ln‘%ne&tgj}a]ﬁ?ir}éj'ath‘(tj{:I §§ﬁ%ﬁ|$§§§§f‘f‘é? iGla (1) from
higher oxidatietrstaltei fermsi(engn! =4)ofithe anetalligandcamplexasafdormulad)s-Asiksed herein, the
term "reducing.agentMeans.a atal ining. substa r.eompaund, organic reductant, or
technique (e.g., eléct?ol sis) which, uﬁ%@%ﬁf&fﬁ?ﬁé}%@%%ogﬁgé};”{hé‘?ﬁ%?aq; gﬁ% i% é reduced
from a higher {5 (8O itritieristatar@lys fon a p6 fornal exidaticn state:to wis4 formal oxidation
state). Examplgs Qfisuitable reducing ts are alkali metals, alkaline earth metals, aluminum and
zinc, and allo?/g %?gﬁé/éﬂ) r?{étﬁsg g?%ﬁ%%e&éla%ﬁl?ﬁ?% S suc ”‘gédg’)‘éﬁh“% FRarchIS RREIGAR and
sodium/potassims dlleyzrExarmplesiofiothelsbitable, regudingagents axrisediur naphthalenide,
potassium gr%glgi(}& _li{}h[iu“mea!‘kyls, }ithiu(rgogr gotas‘,}sjw_r}l %Qalkadienyls,‘and Grignard reagents (e.g.,
alkyl magnesium halides). Mode prefaiit reddtihg SERiarhre the stk alifefirs Braraintlearth
metals, espec'(all»ynki;thiaumsandeﬁﬂa@m&ﬁium@ﬁ@&@%&%@l%%%@%ﬁfti@%tn@%}ékﬁﬁtﬁgi‘:p)ted by a.n

[

gg\paring the m {aLI:'k%and cor%!?lexes of the present invention are known
; 1 ¥ i
2

ordinarily skilled arfisan fo ring the me NnC N i b DTSSSTTL
o §?«F%§1 oM 8SHHIGUSS tatight: s exAMPE T s T868 204! US 5,959,047; and

and preferably are derive

US 6,268,4440b0noepieparedppreferably heomelatdigand complexof farmigadl)is collected in an
isolated form, which means bging substantially solvent-free, fbr‘eXampIe, contains 10 percent by
weight dPles$ ofastetairet 4Ay) solvent(s)resediiniapteparation. thereof and the metal-ligand complex of

formula (1) being at leastorR%e:nweighLof dhe isalated o2t M%[%%ey,eg ybllgc the (_rﬁgﬁgg-ligand
complex of formula ﬁ%l collected and.‘ﬁurlfle_d in an isolated and purifie form'2 &l.e., e metal-llama’

! Sy SR TaISBEhE R aita QOB At edst Booi by weight, more

characie ;
complex of formufa’ (1j bemg $UbSta
preferably at #8890% by rweitirerofthdepurfibdferi, WsiusedIerin; percentiPywrightds based on
the total weigly of 8 form,or mixture, Preferably, fhe weight percent of the metal Lemnd complex of
formula (k) in such mixtures is determined Using 13 CAp0A SF BrtB AT shEr kP s gRéts tesonance
(13C- or I H-RiR sbspaetiveny EpBekédesphar 3.03pathesassbf dome ohthe igaheis(en ;@
compound formedibydremesingM Bprh%Jorm: tarmsas (h-emploxed. lorReRare themetalsligand
complexes Ot_g@E’EH‘&(%%@X&%&%&%@@F@) on the poly(ethylene alpha-olefin) copolymer according to
a GPC method described later. The molecular weight homogeneity can also be characierized by a
combination of the aforementioned single DSC peaks and a PDI of less than 3.0, and more
25 preferably less than 2.5,
Stitl more preferably the poly(ethylene alpha-olefin} copolymer also is characterizabie by
the aforementioned low levels of vinyl groups. Lower mol% vinyl groups values reflect higher
degrees of compositional homogeneity. In some embodiments the mol % vinyl groups is less than
0.10 mol%, preferably less than 0.04 mol%. and more preferably less than 0.03 mol%h.
30 Even more preferably the invention process is one producing such preferred
poly{ethytene alpha~olefin) copolymers wherein the catalyst emploved in the process is

characterizable by a high catalyst efficiency (e.g.. greater than 200.000 ¢ copolvimer/s metal (M
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materials, intermediates, or reaction products that contain more than one reactive functional group.
During chemical reactions, a reactive functional group may be protected from unwanted side reactions
by a protecting group that renders the reactive functional group substantially inert 30 to the reaction
conditions employed. A protecting group is selectively introduced onto a starting material or
intermediate prior to carrying out the reaction step for which the protecting group is needed. Once the
protecting group is no longer needed, the protecting group can be removed. It is well within the
ordinary skill i &t Iofioduce protecting. arouRs during, & svthesisand (en lalpr remove them.
Procedures for introducing and removing Brotectrng groups are known tor example, in Protective
Groups in OFFERTE SiHEsis nSpPeto B epRe LTI “AAd Wit Pl redsidyanhtersciénice. New York,
1999. The follelving pgietiesareexamples of protectinggreupsihatmayRe uiilizedse:piptect amino,
hydroxyl, or other functional groups: carboxylic acyl groups such as, for example, formyl, acetyl, and
trifluoroacetﬁ/;néﬂk%&ﬁ?ﬁfﬁ‘ﬁ%’gﬁ%’p@gﬁ{fﬁ@géf‘%fB‘i"“é%&iﬁﬁ@?’ SthEarBohyrRderbiitasycarbonyl
(B(G), 134i,3xtriehbtycethoxycarbonyl (hGat) rand-ii-edeethoxyicaronylamaikylaxycashonyl groups
such as, for e}g\_mpf_e, po Jn{%%lgjx carb nyl (Cl_J.]),) para-methoxybenzyloxycarbonyl, and
9-fluorenyImBSIBXYEarBonyF7ROE) ARSIV Y Foups SUER A 1Or ELAMIB B tiitiithylsilyl (EMS)
and tert-butytdiihethwisity 1 (TBBmMS); endeother groups sudhras| dibyiexarmplecitfiphenylmethyl (miry!),
tetrahydropysanyd-1Qvinylexyearhanyh @rbaznitraphenylsuifenyt, dipheoylphesphinyl,s .
paraToluenesulfc Qﬁ'l,IS?’ mesyl, trif]uqtom_efrja‘ne ylfonyt, methox metgﬁlq MOM), and benzyl,
Examples of procedures for removing protec ?n“gmgr%ﬁﬁs”mc)iﬁ[&%i‘hgl fgetioty&id 81EE>yrbups using,
for exahiple fhiyerdyenidas At about 3.4 atmospheres in the presence of a hydrogenation catalyst such
as 10% palladium oregasbomacidolysie of BRGRIMOMOIURS NS fon xampleshydragen chloride
L5in dichloromethane, or, tifiyoreacetic agid (TEA) In dichiommethane, reaction of siyl groups with
fluoride ions, and reductive cleavage of TEEC Groups with 2ine metar. v "1hgiiténtion contemplates
preparing th& tAEtak Ryasarbeniptescot Tonditi @ fanatibanos offorimalab0) )Bssamyrsuftable method.
The method of preparatiomisinobaritieat, %ap@f@f&e&mmﬁ@s&mnawwgeth@s metaldigand complex of

formula (I) employs the ligand of 20formula (Q.). The ligand of formula can be prepared in turn by

any on&of ahithERBIEBRYVE HGHRAMRRD S R st roriratdriare keaaily Syrtiésizable by a
person of ortknanpskitkimthedardinaprefesably, staringsfremicomnercially availablesstarting materials.
Some prefe:(ﬁq m?;hods are described below. Preferably the m)ethod employs a convergent synthesis
approach involvifig ColipitRYy tEHEtHEFSY Wis Prrmary it istiates! Bretergu iftistative brocedures
are describeshhelewaneghshawninEigs: ddife curves; Mustratiye proceduse.fanprepaying.a first primary
intermediate of formula useful in the convergent synthesis is shown in Scheme 1 in Fig. I. In Scheme
1, the first prfRRTISEET Hieehatarier formutas(all! which prefefabiylisravsitdiste friombatcommercial
sourcexJ he 1 ration.of the first primacy,intermediate of ula (a2 _,gn.b, .accom lished by
convertigl-g 3152?3%%%%ﬁné?éﬁgﬁ?a|§r£‘£¢/i4%‘a%§lézﬁ%ﬁm%%%t%rﬁ“éf§ﬂ tbd?%%%%mvé]}%g%ér%ﬁ‘é%iate of formula
(a2) by convehitiondl nreans. dteférabiy. Tk is)foretampléaalnitro cazidecordhydrazideiall converted
via reduction; bydtxyh.aceiale Hilate. JuaraRiome, eriodanal.converted yia 2, suRstitytion reaction

(catalyzed oKduncataIIy{%edh. hthalimido, imino, isocyanide, or carboxamido, all converted via a

. M. orealer than 600 (€ . . ;
hydrolysis; of &minocarbon f&%ﬁ%‘ﬁed via a Hofmann rearrangement). Preferably starting
material.al In some embodiments. the invention catalyst comprises. or is prepared from. 2 preferred

25

22 metal-ligand compiex of formuia (1) and a preferred activating co-catalyst. or a reaction product
thereof. In other embodiments. the invention catalyst comprises, or is prepared from. two or more
preferred metal-ligand complexes of formula (T). and at least one preferred activating co-catalvst,
Or & reaction product thereof,

In some embodiments the ligand of formula (Q} corresponds to the metal-ligand complex

30 of formula (Taj or (ib) or (Ip} (Le.. is & ligand of formula (Qa) or (Qb) or (Qp. respectively,

wherein M and Xs have been deleted and H has been added 1o the nitrogen atom bonded to R7).

Preferably in the metal-ligand complex of formula (Ip) and the ligand of formula (Qp) each of
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preparation of the first primary -Many available. Alternatively in Scheme 1. the hate of formula a2) can
be accomplished by converting starting material (a3) or (a4) having a moiety R7a to the primary
intermediate of formula (a2) by conventional means. Preferably, R7a is, for example, an alkyl.
cycloalkyl, or phenyl that undergoes a reaction to form a derivative thereof that is R7. Examples of
such reactions are alkylation, halogenation, reduction, oxidation, and substitution. Jr may be
convenient to carry out the conversion of Ria to R7 with a NPG protected -NIT) group as shown with

(a4). Preferapty, - NP, js, ggcgmmple,(pi‘tthagmgq dibenz %I]amlno tertiar butox bonyl (i.e., a
130C) benzyloxy(:arbonyl’fz ie., aC:BZ‘i {03 renylrﬁﬁet yoxil{c(gr onyl % ! i?a%’ézrclt%ﬁ

10describedlinrScheshall pfréfcehablsi drecarkedrouthundenalsubistantially sined-gasatmegphere in an

anhydrous a@[@%cﬁ&hﬁ%ﬂét%‘m@?xi%%%@f?l@xﬂ!&&hﬂl?me{ JRlRNE SIEnesy felghydrofuran,
diethylene %{ ﬁlmet | ether, or a combination thereof and at atzﬂé[)erature in a range of from

about -78 ?’ﬁ Enf”(r%f))éréﬁfi?f’lﬁf fiFdSoimaRs thialisalae (apyeancdisbsetarried out in
polar organi¢sehvepissuch as, foraxample, acelenaieihyl acstale acetonilile, ol 3&%%@ 15mixture

thereof, and water-containing mixtures thereof. Preferably, the reactions are carried. out at
atmospherlcbbl‘é@éﬁ?‘éf’ the ligand il Sevatiliel BracBdiest forcpreparing @ sedendprimaty drfesmediate

useful in thelcz@meégemsyﬁﬁhlesiﬁﬂszmqwndiGrS@;heme AdnRigodaindeeheme 2, the second primary

|ntermed|atq1@8§f@rrau4§ (b2),whi cpnp referably is. avai ablg fro ommerC|aI source.l he 20
preparation of the second prlgmary intermedi Ztte%o? Ouﬁ')mulgli G g?acﬁH el ul*télhér('j“ﬁiﬂ’ﬂactlng

starting mat&raITHRA TitH aesciiredyiEsryagids | davitl gréupde toleive functionalizeduinetine (b2),
whereit0l,Gpisyifonsxample «Braidl, The:saureexalhtheleaying.groupd He¥: can-hg. foraxample, Br2.

N-romosucaiids (NES).1 2 DERendiNg 0 peTicaL R RO Splgyed n scheme 2 staring

material (21) is available from commercia iers or can be read‘lyl%prepare B dﬁ%rson of
ordinary skill’f# th& AR M5y Ih Scheme 2, preparation of the second prlmary intermediate of
formula (112) can besacceniplishedsby.converting.a staxting-materak (B3)-haviag.atleast one

P o, SHalab B dealocsr Deing fl do R0 Ao delinen OrITHA B Sislaianly.

penultlmate moiety is, for exa E} drogen atom or hao en atom isrep laced' by a substituent
or an alkyl, 3 Wéf&éfk&/l““é)?‘ﬁ Hi} fif‘fai’["ﬁ’r’?éi‘é%“g‘b‘é‘%P%u.‘ ?‘é’éﬁtbndtbhfﬁ?ﬁ*%} dé?i%‘ﬁ%ime?é@f Examples

of such readtiomsidrenalkylationrhadogenatieny redisctian)exjdation]yanehsubstituienRe.Notindicated in
Scheme 2, preparation of the second primary intermediate of formula (b2) can he accomplished
The metal-ligand complexes of formula (1) are rendered catalytically active by contacting
them to. or combining thesn with. an activating co-catalyst or by using an activating technigue
20 such as those that are known in the art for use with metal {e.g.. a Group 4 metal} olefin
polymerization reactions, The present invention conternplates replacing one or more of the
activating co-catalysts with the activating technique. although use of activating co-catalysts 18
preferred. Suitable activating co-catalysts for use herein include alky! aluminums: palymeric or
oligomeric alumoxanes (also known as aluminoxanes): neutral Lewis acids: and non-polymeric,
25 non-coordinating. ion-forming compounds {including the use of such compounds under oxidizing
conditions). A suitable activating technique is bulk electrolysis (explained in more detail
hereinafter). Combinations of one or more of the foregoing activating co-calalysts and technigues
are also contemplated. The term “alky] aluminum” means a monoalkyl aluminum dihydride or
monoalkylaluminum dihabide, a dialky! aluminum hvdride or dialky] aluminum halide. or a
30 wialkylaluminum. Aluminoxanes and their preparations are known at. for example, United States
Patent Number (USPN} US 6.103.657. Examples of preferred polvmeric or oligomeric
alumoxanes are methylalumoxane, riisobutvialuminum-modified methvialumoxane, and

isobutylalumoxane,



by also converting the starting material (hl) Flavinc at least one penultimate moiety (Kla. R2a; R3a;
R4a; R5a; 16a; not indicated) and the remainder being R1 to R6 as defined for formula (1) before or
after the aforementioned introduction of 113. Alternatively in Scheme 2, an aniline (b4) can be reacted
with an unsaturated cm-bonyl-containing compound (b5) that is an unsaturated aldehyde (R3 is H) or
ketone (R3 is (C 1-Citolhydrocarbyl) under cycloaddition conditions (e.g., in presence of a Lewis acid
such as anhydrous zinc chloride) to give the second primary intermediate of formula (b2). Not shown
in Scheme 2 is still gn altern tve ute emplaying a satur ted alo lace of the unsaturated
carbonyl- contalnlnggcc?'n%rpob% S(dg(! |ieMV\r;hé<r)e“|‘ri1[%¥%(‘frHi(aa A‘:JB Cm Ounp i%’)] 'Ha% been

replaced in SEHBME 2%&%‘“?@—@1“‘1"2‘(?‘1_%‘#%%@ ﬁﬁ’éf“th%%yéfé{a@ﬁ%ti@ﬁqieét:tmﬁ conventionally
oxidizing the despiting «Sudddityydroguinelinaiatermediater (tﬁ@kahgwm t@@m&&h@m@m@ primary

Intermedlate 19@%[@%[‘&(@?9{; ne r@%ﬁ%@ﬁ%igﬁ 9‘&{9%9 l&m{(%c e &1’\ (I;I‘e()fﬂegéa)Pl O Sca rled OUt Under a
substantially inert gas atmosphere if’an anhydrous apron %ol%nt such as, for example diethyl ether,

toluene, Xylehnegsgdstrahydiefuram;diethylene glycohdimethyl etheror areombination:15 thereof and at
a temperaturg,ig dange.of fiom.ahaut.+78,0C.ta abayt 200.0C Preparation of second primary

intermediate (h2) can Iso be carried out in polar organic solvents such as, for example, acetone, ethyl
acetate, acetonitrile,’ f BAST A TS therEsr- S Wété(r“éﬁ)‘ﬁi%ﬁﬁlhﬁ%?%tm‘é%‘iﬂié?éﬁf Pre.ferably, the
reactions arescarried outatatmospheric(Pressulie Alifustrative mno@aduﬂarqu‘@reparlng the 'Miami of
formula (Q) f[or'n)dr ﬁf{l}rslg zé\r;d 20second rlmar |nter edla}ues is shown in Scheme 3 in Fig. 3. In
Scheme 3, the preparation af he | |gaF|(fT ! 8rHURA ﬂ"&rﬁﬁ”ﬂsé@&ighpﬁ%p&?fﬁ%f Bffmary intermediate
(12) (pre:paredsaﬁ:shewmﬂﬁuach@me fl)‘thhbﬁﬁQQM@mrxaHMe{maIaﬁ@&h&)a(at%ﬂﬁﬁ%g assshown in
Scheme 2) tQ givie, a;ligand of formu (I(glx Jhe reactions de crlb din § % {e 3 pre}ferably are carried

ngic nu} ally s m Qro w
out under coupling conditions such as in the presence of a Bt ut f AftAditim ¢ catalyst as

described Iat%?)“ﬁﬁ’db?%’é&ﬁ%‘t’aihfﬂéﬂﬁ?%’ért%%"a%ﬁﬁééﬁhéF@Wb‘&h%ﬁh%r‘éfd@%ip}rbﬁ@éolvent such as.
for example, C@tmﬁﬂﬂ}yﬂiﬁﬂmlﬂﬁrﬁdjﬁﬂﬂyibﬁfheﬂ tolueneaxylepes;tetrahydrofiian. diethylene glycol

dimethyl eth%{m%rl@ C((Rm%@a%@rg% g‘nga? a"f)utrg&.g) rﬁtuf%(l}l}lnq aﬂgq ?Z‘! fr@m about -78 "Ci to about

200C Preferably, the reactions are carried out at atmospheric pressure. An examﬁle of such coupling
condition's is&a %ﬂfécﬁ@’u&ﬁv&dé‘ffﬂaﬁ%g conditions such as catalytic amounts of
30pa||ad|um(lIIacetazleﬁaradxzaﬁr@ts(dlpt}ewhnh&,ﬁpmn(;)ﬁlzﬁntm&pmhy&r(BkaAR)5 \wbishafig premixed,

potassium tertiaey-puigxids. and g m%tby@qrmm@% RO gpigr qv@’&%'”ﬁ‘? hargon gas at 130C to

18.0C for 4 mlnutes Another examg e is 2 mole percent ( mol;{% tris dlbenz dene
t

acetonodipalfaditm (0} (Pa:(dha) 3 ahtt 6 ibios C) IR RA ity F £ ?L(S()*” 087 US
2-(diphenylphasphiito}ferrgéenyll sthykirhive: f(R B):PIRAL Whichcars. premixeds sodium

tertlaryfbptw%m%mlugn@hm;s;&%@y%@g% AALEARIRS 3% 5INE: fOF LA MIDUIES, i AN illustrative
procedure fogp Parln t%e g& Ilgand complex of formula (I) from the ligand of formula (Q) is shown
sied Ztu? [éﬁsr addi %

in Scheme 4Tn'E S AR AT EBEYALISH o the ‘M’é(télfﬁﬂﬁ?‘ra EdmpteXidfformula (1) involves
reacting the ﬁé’éﬂé%f formiia-{Q) f(memaﬁed g showisiof Schigme 3)dwitly azsource: opsources of M and

X as shown, Q- @xamplesdpANHARSALQRuallhe co-catalysis for addition polvmerization catalysts are

disclosed in US 5,321,106, Examples of suitable carbenium salts as activating co-catalysts for

25 addition polymerization catalysts are disclosed in US 5.350,723. Examples of suitable silylium
salts as activating co-catabysts for addition polymerization catalvsts are disclosed in US
5.625,087. Examples of suitable compleses of alcohols, mercaptans, stancls, and oximes with
tris(pentafluorophenyhborane are disciosed in US 5,296,432, Some of these catalysts are also
described in a portion of USPN 11§ 6,515,155 B1 beginning at column 50. at line 39, and going

30 through column 56, at line 55. only the portion of which is incorporated by reference herein.

In some embodiments. one or more of the foregoing activating co-catalvsts are used in

combination with each other. An especially preferred combination is a mixture of a iy



option A, the compound of formula (Q) is deprotonated with a non-nucleophilic base to give amide
anion in situ (not shown), which is then allowed to react with a metal halide such as, for 10example,
M(CO n1, wherein M is as defined previously, followed by reaction of the resulting metal-ligand
complex with a organometalbc compound such as, for example, an organolithium (X-Ifi) or Grignard
reagent (X-MgBr) (or organosodium (X-Na) or organopotassium (X-K)), wherein X is as defined above
to give the compound of formula (1), Alternatively in option B, the compound of formula (Q) reacts with
a metal-amifa bsinpetmtabuchuas O eXaiplecBNNRIGIE Lonj; awherein RkandiRlsx are as defined
previously foriﬂ;(%rnr]réylIca{}gc}::)l %Jt‘g;z%ive n intermediate (jn situ (not shown), which then reacts with the
organometaﬂlcf‘compou X- nlco?’“r‘%()ﬁﬂré 'rO(]éFfa‘:i?drganolithium or Grignard reagent) to give the
compound of formulge (Bidwijerbnotherdplitn € cthecompountiehidnmulte(Q)ddacisiwith an
olrganometallic(mmaﬂm;ldrhﬂ@@r& far M(QJ&n@itqlaiy@{mﬁaﬁgmﬁﬁﬁm ;@I).B?ikglmll 'g%c(:'%z 'rr']yet ar(‘Ot;‘ef(
alternative option D, 20the.compound of formula (Q) reacts with the metal halide such as M(Cl)ri (or
followe byogﬁ%{f(% '§ “the Tresdliting rf:}ﬁgi‘-l?ﬁ)é% i”gcgcg))rr’iﬁ’fg\ e (With '3 18 edivarehits BF4n organometallic
compound XEfER- MaBreacHhes 2o exarmslelonseshybdthiumor metliylmagresitembromide to give
the compound effeerusladls Jihe: iastions describegiin.Scheme 4 nreferably.are.carded out under a
substantially jnert gas atmesphere in an anhydro otic.25solvent such as. for example, toluene,
xylenes, tetrg(%% F)(?%%ra%]mi ﬁ’gﬁuﬁec r?lél%%ccgl%lrrﬁué%@l ég?fﬁ%nr,trés pa"%‘é%%ﬁ??;ﬁ%)ﬁ%w&kgﬁd "at a
temperature“ i @ tARGeE Bt AT ab Yt - PERCRby bowigo oOnPeefétably, the reactions are carried out
at atma8pherig presdurepfhe invenrtion contemplatesiresadures for preRarng themetal-ligand
o R B e e o

illustrated 30 in Figs. 1 to 4. Such other procedures would be réa OWR to' Oh& bfBidinary skill in
the art. Spelifitt RBALRIiBEekAMPiés OF the prévdsusiyae serbelr procadarad ltiatediin Figs. 1 to 4
are given belgwoininthie! Preparatitns apdiExampiesm MATERIALS ANR METHQADS General ethylene/l
ctene copolymelizatigpprogedyre. Pass all feeds through purification columns of alumina and
Q5TM catalyst (available from Engleharclt Chemicals Inc.) prior to introduction into the reactor.
Charge™a one galldh Ry 1sHal A delarereactst inharmvae ikarids 4lvemeaSOPAle E (Exxon
Mobil Corpdration; InviegyTexas;lid$A)cabautdiidsug)hanchd-actene2atn2 Heat the charged reactor
to a polymetizaian. egclian LMRRIANIE.G:8id20G fluliR.ofl, a0d shatag e heated feactor with
hydrogen gas (20.1 mmol) followed by approximately 125 2 or 145 g, as the case may be, of ethylene
(after it has BEeN RIS T Stigh WeBarmALETr cBrUIHEY TG BHFg tebarprassete in the reactor to
about 425 patnds persguarecinobegauge:(gsis.) (2.95 megapascals (MPa)). Prepare a catalyst
compogjtion in a diyRoxLnfeLInark AIMESRNGRENE.0:. NHPIEN. G ATB0R 9a5) Q). mixing together a
known amount in _mc%Je of a precatalyst (e.g., the metal-ligand complex of formula (6) with an
activating ¢S Catalgs .ﬂ'ﬁ“é’satl}&‘iiﬁlcéﬁﬂﬁgéﬁyﬁ’étfﬁwgﬁ%ﬁﬂ§8 RS8R 2 Higtel ¥guivalents of a
mixture of nn)é{hlymiﬁ@@qmd a polymerizable olefin. Examples of particulated solids are silica, silica gel,

alumina. clays, expanded clays (aerogels). aluminosilicates, trialkylaluminum compounds. and

organic or inorganic polymeric materials, especially polyolefins such as, for example, a

|3
A

poly{tetratluoroethylene). More preferably. the invention catalyst and solid support are employed
in the invenidon particulated solid-supporied catalyst in amounts that pravide a ratio of {weight of
the invention catalyst {based on metal MJ yirweight of the solid support) of from 1:]-(}6 to 1:](.)3.
more preferably from 1109 w0 1:10%

In some embodiments, the metal-ligand complexes of this invention (L.e.. metal-ligand
30 complexes of formula (I3} are supported on a solid support as described herein and used in olefin
polymerization processes in a slurry or a gas phase polymerization. As e practical limitation,
slarry polymerization preferably takes place in liguid diluents in which the polvmer product is

substantially insoluble (e.g.. less than 50 milligrams of polymer produet dissolves in 1.0 milliliter

40



1 5C18jalkyl)ammonium salts of tetrakis(pentalluorophenyBborate, abbreviated herein as MDATPB |I.
prepared by reaction of a long chain trialkylamine LARMEENImM MAIL, available from Akzo-Nobel, Inc..
1-IC1 and 1413(C60)41, substantially as disclosed in USP 5,919,9883, Ex. 2, and 50 mole equivalents
of triisobutylaluminurn modified methylalumoxane (MMAO-3/1)) with additional mixed alkanes solvent
to give a total volume of about 17 mL, the mole 20 equivalents being based on the moles of the
precatalyst. Then inject the resulting activated catalyst mixture into the reactor over about 4 minutes by

a pump systep, KeepReimenzaton epction lempsratire and pressyre In ihe reactor constant by
feeding ethylene into it during polymerization and cooling the reactor as needed o give product
polymer (e.g pBis Btk fers T8k tetteyCopoiprTet  AftEr seominidgshut it theetwlenalfeed, and
transfer the regultingsslutibasintera. pitipgen-purgedtesin ketie) Adg.an.additive toliieng.solution
containing a 2:1,fafie,hy weight 8f.a,phosphorous stabilizer IRGAIJOSTM 168 from Ciba Geigy
Corporatjon)‘a}nél phenolic aﬁglo?(idant EIRGLAI(\)ICL)i)i(}‘IFrﬁl 1i(()%1%1¥£%n$ élfé}fél égféf 6}rnf)%Fa i‘bH‘T’fo give a total
additive SontEnt S aEErEaRTatER e 949H BREHBUEIpoly o PR RS Uiy Hry aheoprodiiet polymer in
vacuum ovenl38Befweenpolymerization rhsyawasheyoledsconaustadin whighs820 g of mixed
alkanes are addedin the.reagtar andhedeadorizealed.19,430,G, The reactqr is then emptied of
the heated solvent immediately before beginning a new polymerization run. General Considerations.
All solvents df& obtained horn commercial sources (i.e., Aldrich Chemical Company (Aldrich)) and are
dried via passage threughcoohimrs:ofsadpmina, mioleculansieveshorheth fundsiedisolvents are used
for colupyn chrmatographydntollens hexanes.banzener 46 (GERA.ahd. IRluens:d8 are dried and

degassed accorgding to krlovv}n \rio,ce}d’u,res. Nuclear magnetic resonance (NMR) spectra are recorded
on Bruker AVARCE-AUY N Spact S atar. e micar Sh e mipsre Per mmeH (8):4ré reported versus
tetramethylsifarea @i draferéenced e bigsidealprotonsinpardeiterated-salventd NMRspeak and coupling

constant assigamestssare provided dorconvaniense:and arenet imiing: sems efihe, atoms in the
structures of thg Preparations and{ rjﬁ? dll]Erxam les are numbered for ease of reference. All metal-ligand

complexes afe synthesized and stored'in ?\g‘ﬁéﬁﬁ% REHOSPREFSE SUEtARTAIIS st A sphere glove
box under a diycritrpgrhaimasphieseuanbiising stapdardy Sthignkand yacum lipg teghniques. End
groups are analyzed by proton- nuclear magnetic resonance (.1H-NMR) spectroscopy using the
Broker Avancg-4b8 NMR instrument and demerated tetrachloroethane. 8-Bromoquinoline is
purchased from ArkRharrivlsig n2 Aibimethyl-8-hromaguinelingds pirehasad fiom:Rringeton

B|OMOIeCUlagiﬁ%@@@@i}%klQ%tltw}ﬁgr@@lugg%%l;grtpH!’Fﬂq‘?*%’gdf!?xl;ln Ié!gxr imormuiasc}?edal techniques are

employed to improve the signal-to-noise ratio for the I and 13. NMR spectroscopy. respectively.
13C-NMR SAMOEBrEBarAtiON dhd B NMR o es o AGREL cBtaltRr DAgdsapproximately 2.7
grains @) of ia B0/50avolnpeiciumesmixtune of tetrachierpethane-d2terthedichlorobenzene containing
0.025 molar (M-abistagelasRianale) IMINMKL L (GHACARIRN03,0:di@ sample of the polymer to

t
he analyzed in a Norell 1001-7 10 miIIimeterE}jrim) NMR tube. Dissolve sample and homogenize it by

heating the tibe ARt e EaNterte 16 LEBLrGEimEPY HetiAd SIowR aref feargUrrsvidtanmy ispect 25each
sample to ersefechdmoyeneity: Data Adguidition Parirceters13C) Agiite iN\iRedata using. a

6-second pulseusepatiiensalay.a0.degrae fliprangles.and.inversaQared.decounling yith a sample
temperature of 120 '%{al}/lake all measurem?nts 0 non-stfinning,samples in locked'mode. Allow

samples to thermally squilibrata for 7 Miutes FprEP o tHeIEtL S ST P B¢ NIVIR chemical
shifts are inteFAAIE reférenest 1 the i E Brinddranr30.6opprn Datacanalysis foticomanemer content is
carried out usifigrtae-folowing Retheds 4 least one polymerizabie olefin. and the invention catalyst 15

thereby immediately contacted 10 the at least one polymerizablie olefin in the process of the first

embodiment.

30 in some embodiments. the invention catalyst is prepared as a homogeneous calalyst by
addition of one or more metal-ligand complexes of formula (1) and one or more activating co-
catalysts to a solvent or diluent in which the polymerization process of the first embodiment will

be conducied.



omonomer content is determined using the assignments from reference 1 and integrated NMR
spectra to solve the vector equation s=fill where M is an assignment matri is a row vector
representation of the spectrum, andf is a mole fraction composition vector. The elements of fare taken
to be triads of E and 0 with all permutations of E 5and 0. The assignment matrix Al is crated with one
row for each triad in f and a column for each of the integrated NMR signals. The elements of the matrix
are integral values determined by reference to the assignments in reference 1. The equation is solved
by vadriation of the emmeint&ze&di.msﬁﬁeeéeﬁivt@tml&lmig@ tb@ﬁrf@&%{ﬂﬁ iQ@aQ%Mé%b%HSS%&%QI-QZ&e integrated
C13 data for gagh.sample, 10Reference |is Xiaolina Qiu, Zhe Thou, Gjan Gobbi and Oscar 0.
Redwine. Err%?a??r%alél}\%% ?8%%%?§ B%Qf‘yﬁ%’é?"Rﬂio?B%%%‘ad’F’éﬁfé“a‘é‘%‘fé }ﬁjé}r‘{f’ Wit EIBrtion
Standards. AHEPCRBR*S00881 o 0): 858518589 OMHONMR Sipiie Prepsration and method. Add
3.26 g of stockosshitionote:bl pilligramsiot polymes gimnle iR LOBIMNMR LBMRe, Fhestock solution
's a mixtgre oftgliachiorpethane-dt (TICE) and,perchlorosthylens (50:00, wnwt) with, 0,001M Cr3. The
solution in the tube is purged with N7 for 5 minutes to reduce the am 'uh{ ot ydén“éﬁﬁ"reduce
oxidation. ThESEHpTE RIBE Tafeh e FOTHY terplErEtva soetight to diginhic welyimemsample, and then
the sample isdigsolvedtivitaliheuhelp. of avatiexerandiaheahbloakankiQ o AQRUA R LH NMR with
a 10 mm crygpeahe gt 120:0C, Two. ! re [Hn 1o get unsaturation, control and double
presaturatior? experi%eﬁgt%%%gTﬁ%ﬁg?%ﬁ%%ﬁ lé%ﬁ%)g}eq%lggb 6?, 5331,118@)12, SW11 10,000
Hz, AQ 1.64s0148 M hei doabks presaturatibn ekperimientisatinaiith-amedifindpiuise,spguence using
the parame_taﬁﬁ dQ %Zﬁ@a%rgggr%&n WUI%Q@QQ@ H&%’%l@f&ﬂ%ﬁsm%m%gﬁi%? OS:EIﬂ:l; § cit‘hei‘T o calculate
the moro V'”YJHEQ}{ s,ﬁ%gwal from res duaﬁ 1H of TOn is set to 100, the mtegraf rom 3 ppm to -0.5 ppm
e

is used as the signal front wi e BT R Tt B B e iReEHE o Heherparhawi residual T1 of ICE
is set to 100 &fdHe coivespohehmrintetrabyfdrunsatinations: fiinylelapdrisubstitutedinnsaturation,

vinyl and vinyligiere nsaiuiations) arsiahtaipecio the, dauhle presaturation.experiment, Jhe integrals

FZolVen
: ; e )
for the vinyl UP§§&Q{9}}QQ§§@%H§M 3Q39 calculate the moil% vinyl groups, expresseci as vinyl groups

per 1000 carbon atoms fermfﬁ?ﬁ%vbercent incorporation of | -octene and polymer density by infrared

(IR) Spéttroscopy. The inPelssitiaag smidestitersta pafreseh polymic ssalution:onta wsilisaiwafer, heat
at 140C untikiheilaR faishlorobeneng.(hCB) eyaparaiaswand analyzetsing g Migolet Nexus 670

FT-IR with 7,] yeersion software equipped yvith ap AutoPra auto sampler. Gel permeation
chromatogratE)Lh'1 (O)P(I)E131§mg gt'%%edr\gv{?sve(wﬁ%?‘e%?idé?]e]?mﬁgrf]@ & A WRIG IS EY5ge molecular

weights (Mn olefin™ are synonymous and mean a carbon-carbon double or triple bond-containing monomer or
carbon-carbon double or wiple bond-containing oligomer or polyolefin prepared therefrom that
20 independently has from 2 to 100,000 carbon atoms, preferably 50,000 carbon atoms or less, more
preferably 10.000 carbon atoms or less. Preferably there is ai least one carhon-carbon double
bond in the polymerizable olefin, and more preferably the polvmerizable olefin is a carbon-
carbon double bond-containing monomer. Thus, polvmerizable olefins inciude long chain
macromolecular alphea-olefin units that are vinyl terminated polvimeric remnants Tormed in sifu
25 during continuous solution polymerization reactions. In some aspects of the first embadiment,
such iong chain macromolecular alpha-olefin units are readily polymerized along with ethylene
and other short chain olefin monomers to give a polyolefin having long chain branching.
The term “olefin-polymerizing conditions™ means reaction parameters such as, for
example, lemperature, pressure, concentration of olefin rnonomer(s), solvent(s), if any, reaction
30 time, and reaction atmosphere sufficient to produce ar jeast 5 mole rercent yvield of a polyoiefin
therefrom. In some embodiments polymerization of olefin monomers is accomplished using
known conditions for Ziegler-Natta or Kaminsky-Sinn type ofefin polymerization reactions. As
the process of the first embadiment occurs under olefin-polymerizing conditions sufficient to

polymerize at least some of at least one olefin monomer (ie., polymerizable olefin) and produce &

In
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and Mw. respectively) of polymers are determined by GPC. Use a chromatographic system that is
either a Polymer Laboratories Model PL-210 or a Polymer Laboratories Model PL-220. Operate
column and carousel compartments of the chromatographic system at 140 C. Use three Polymer
Laboratories 10-micron Mixed-B columns with a solvent of | ,2.4-grichlorobenzene. Prepare 10
samples at a concentration of 0.1 g of polymer in 50 mi, of solvent. The solvent used to prepare the
samples contains 200 parts per million (ppm) of hutylated hydroxytoluene (BHT). Prepare samples by

agitating them lightly for 2 hours at 160 'C. Use an injection volume of 100 pi, and a flow rate of 1.0
o minute. ELTRATS (S EG o et RSP SO A aTEe At ()
polystyrene staditiards purctrasatifearcPolyiierdleberdtohés: Gonvertibpolystyreneistandard peak
mfolecula;]r wei@b&ﬁﬁ&ﬁ@&@msld@nﬁ m&l@;cfpiaimgi,gdﬂt&)ﬁ@imgaaM@@%meA@@ﬁ%\ﬁiwenﬁ) V\;hﬁrein
Afpoivethviene is the mplecular weight of the thylene. M pojyvvrene is m ular weight of the
poFIJystyrene,uilnfwgg1 ava dlténg %Oﬁéﬁ , z:fﬁttjp &f?q éaé{g?a %/onfrf).pffte%'(g’}l?'ha{p%ﬁ/{eat%ﬁe%nge&ésﬁ%vaIe%t molecular
weight calcultiv i 51y Vised kT ASEC sottRare vErsidn 8- 7oDBAsit): and nDetermine polymer
densities by jiquidiisplacement fArchimedes Bringiplehtsing@-propanolasselyent-isiaccord with

ASTM D792 Method B. Djfferential Scanning Galorimetry. Determining melting and crystallization
tomperature S Kot o e by DA L P S AL TSR ABEC 2610, Th
instruments PHREEPRIE RS Andpie S FromPositEte i peT Attt Fe0Ctal & Hebtingratensf 10C per

minute. Afterbieingibieldianthis:temperatetie:-for 2. te:ddminuties, cook thesamplesdas-4e 'Cat a cooling

rate of 1,0 DG per minyte; hold;the sample at the.gold, tey '| eratire.for 2 19,4 minutes, and then heat

the sample to 160 'C. Obtain melting temperature (‘tm) values from the DSC heating curve. Obtain
tempera I's SBBPCRSTENI AP CRE Vidideaftdnt DSE coBlifgedive  ® B aRdth mtkgtees Celsius
that contesptx’rmgitdmthmgﬂmm;dﬂmmﬁnelermmmmmehei@bt”df_dhe\@eak s(aW&/Z:;gmsmmﬁreﬁponding toa
crystallization ransition figfrem,the RSC:Go0ling curvs: This measirerneqy is ysefulfof characterizing

compositional homogeneity o
conventen? lempetature is from about 120 “C to about 190 °C (e.g., 135 °C). in some

15 embodiments the olefin-polymerizing conditions comprise z pressure from about (.3 atmosphere
(5G kilopascals (kPaj) to 10,000 atmospheres {1LOTGLO00 kPa), more preferably at least about 1
atmosphere (101 kPa), still more preferably at least about 10 atmospheres (1010 kPa); and more
preferably 1000 atmospheres (101.000 kPaj) or fess, still more preferably 500 atmospheres
(50,500 kPa) or iess: preferably under a substantially inert atmosphere (c.g.. a dry {i.e.,

20 substantially free from water) atmosphere consisting essentially of nitrogen gas. a noble gas (e.g.,
argon gas and helium gas). or a mixture of two or more thereof); with mixing (e.g., agitating,
stirring, or shaking) for a time sufficient to praduce the polyolefin {e.g., as determined by
assaving an aliguot of a reaction mixture),

In some embodiments. the process of the first embodiment employs one or more of the

25 invention catalysts and at ieast one additional homogeneous or heterogencous polymerization
catalyst, which may be the same as or different than the invention catalyst or may be a prior art
olefin polymerization catalyst such as that referenced previously, either in the same reactor or in
separate reactors, preferably connected in series or in parallel (o prepare polymer blends having
desirable properties. A general description of such a procegs is disclosed in PCT International

30 Patent Application Publication Number WO 94/00500.

In some embodiments, the polymerization process of the first embodiment is carried ous
as a batchwise or a continuous polymerization process. A continuous process is prefemred, in
which continuous process, for example, invention catalvst, ethylene. 4 co-monomer olefin other

than ethylene, and optionally a solvent, dilvent, dispersant, or combination thereof are essentially

g
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for samples having a crystallization transition temperature Cle) of 60 C or higher. Multiply T he DSC
cooling curve that occurs at a les WI/2(DSC; to obtain a multiplication product thereof that is also
useful for characterizing compositional homogeneity for the samples. Abbreviations (meanings): K
(kappa); i-Pr (isopropyl, i.e., 2-propyl); Ph (phenyl); Bn (benze (methyl); nBu, ii-Bu and the like
(normal-butyl); CH2CI2 (dichloromethane); CD76112 (diehlorodeuteromethane); THE
(tetrahydrofuran); p-Ts01(11170 (para-toluenesuifonic acid rnonohydrate); TiCl4 (titanium(W)
chloride); K4/a03:(potassipmcarbonate)Meémethyli GORE (herdeutembenzene);, toluene-ds
(perdeuterotolyene): ENIN, (triethyls ;Qljrqe); ZrBn4 (zirconium tetrabenzyl); ilflin4 and IIRCH2Phl4
(hafnium tetrabenzyl);r.t. (room temperature): 10a (gram(s)); ml'C (degrees Celsius); x (times (as in
2x15 mL)); mmol (r%i’ﬂf%@(é)’)"ﬁ%b(‘ﬂ%‘ﬂh%%éﬁﬁ SEURPSUPREHY: a5sHy (paundssper squdrediich gauge);
MHz (Megaherti)ydiz (Heidz prvz{massnioieharge) adddaNMR (preten NMR):13C-NMR (carbon-13
NMR); =N lorine:| R EISQC (heteronuclear single quantum coherence), Anal. (elemental
analysis); cglﬁa({ggﬂéﬂ?afza@ﬂ]@@%éé%g i]s(tgipdtr.} égetf)?é%\ §(')Fs”i%ud ue's’tf;()& 3(%38&‘513?)‘;’?‘(&51bi%t’f; m (multiplet);
quat. (quartet o dBdpiHG oSty FIRMS Whig R tésplatioRohinss spestiometey); ES! (electrospray
mass spectrometry)sGCMB(CRI(gas-chinmatqgraphy-mass spectiomelychemisalionization); TLC
(inin layer chRMAIRAERMA RRNEYMERS.a08 Oier.ergAn(, metale, such as alkyl metals and
trialkylsilyl metals, wherein the metals are M as defined for ormula ?B re usefu s‘faling materials for
reacting With“‘%%mﬂﬁﬁhiﬂﬂgné’f%Fnﬁ‘iﬁ%{%)”t@ GReLErtam Hitantghlerteim giscbsbpdoimsula (0. It is
not critidhl howsackdrgano metalslarepreparet In-semaembodiments, suchargang.metals are
prepared starting {ram.a£arseseanding metalalide (9. ML ShIoride or bromide) or metal
alkoxide (e.gc.,_rpeEqI tetrabutoxide) and an organo lithium or organo magnesium alide. For example,
in some embodiments  sUEHBERIY I ThatHis AP isropared Hy abseribeana ¢ dpamntngitber US
7.067,686 131rFheconresponding metalhdlidedtypioally alesavaiable.commercially such as, for
example, fronydhe: SigmasAldrich.Gampanm, SaintLowis; Missaul, USASNd GHEMQS GmbH,
Regen§tauf,h(§iﬁrm;aln%é In other emboadiments, such benzyl metals are puréhase‘c_f%rom a commercial
source (for eXamiple’ CHERES EHtH LR EHABERRN ATk ity tismibeeAtiHERPYL51655 and
tetrabenzylzisbbnitmamderdataloghsumbeict 50405) . 130Nenrdimitingr-exampes ohthe gresent invention
are describeghbelaw-thatillustrate same spgeificambadiments and.dgrementioned advantages of the
present inverntig[gf If; %Igge;g ecmebglqrime;nttsﬂ @_fatjgjej present _inver]tign hinpgrrf)grate. one limitation, and
more preferably any two. imitations of the ExamplE&T WkteRRSITEH6HE tHere k88 as a basis for
amending clARMEIEXAMPIESOF STHECPRESENT iNVENT IQKhEXanipled ppréparation of
N-(2,6aiisopsapylRrbenybsinglin8-anine dhsting monomer concentration. or with the previously

mentioned chain transfer agent. In some embodiments, reactor effluent is contacied with a

catalyst kill agent such as water. A resulting polvolefin product solution is optionally heated. and

the polyolefin is recovered by devolatilizing, e.g., flashing off volatiles such as gaseous

maonomers. resideal solvent, and dijuents at reduced pressure, In some embodiments. farther

]
LN

devolatilization is conducted in equipment such as a devolatilizing extruder. In a continuous
process, mean residence time of the invention catalyst and polyolefin product in the reactor
preferably is from about 5 minutes 1o about § hours. and more preferably from about 10 minutes
to about 6 hours,

Generally the ethylene/alpha-olefin copolymers have densities from (.85 erams per

Lt
]

milliliter (g/mlj to (3,96 g/mL. In some embodiments. 2 comonomer-to-monomer ratio of moles
of alpha-olefin comonomer to moles of cthylene monomer used in the pelymerization is varied in
order to adjust the density of the resulting ethylene/alpha-olefin copolyimer. When producing
ethylene/alpha-olefin copolymers with a preferred density range of from 0.%1 g/ml. to 0.93 g/mL.

preferably the comonomer-to-monomer ratio is less than 0.2, more preferably less than (105, st

o
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charge a round bottomed flask equipped with a reflux condenser with tris(dibenzylidene
acetone)dipalladium(0) (Pds(dba)-i) (0.090 mmol, Aldrich), racemic 2,2'-bisMiphenylphosphine)-
1.P-binaphthyl (rac-BINAP) (0.207 mmol; Fluka division of Aldrich). and sodium tertiary- butoxide
(NaOtBu) (4.05 mmol; Aldrich) in toluene (15 ml). To the resulting suspension acid 10
2,6-diisopropylaniline (2.88 mmol) and 8-hromoquinoline (2.88 mmol), and then heat the resulting
mixture under reflux overnight. Pump down the reaction mixture to dryness under vacuum, and purify
the resulting R 2 I I 0 §|I| lutin Wltth 9:1 entane -diethyl
ether ((:5H115%1%%8)!;tﬁo§ gﬁﬁ*ﬁﬁ’ﬁf’?m) ﬁ?s%[&%i?g (%I% p’hl}éli% f§§6%§ (’3 %6 %ﬁ arpe 5 B4z, COHBN):
7.92 (IH, s, NEPPEPEN 8504 b 1Oy oo ANy yeomry b @echHr coRfeRy é’r‘rd@ﬂ(FPr)ZHs) 6.79
(1H, d, | = 8dhidz)pelpha-(iirdapds 8.4 14 sOrid 2B OHHENY); . 653 Da (kMY gloldsoThbiHzeCAHBN); 3.32 (2H,
] =68 He, CHHRLAIA (A2l SHISHARASC ), YR (CORRYA4E3,147,3:145.5, 1384,
136.1, 135.8, 129.3,128.1, 124.3, 121.7, 114.9, 1065 e 2. preparation of

N-(2.6- d1meﬂ’1‘)}lﬁi?é‘h@fﬁ{ﬁmeﬁlbl g hihdine ‘(?ﬂ 2y éﬁ‘R@p%&t‘%hé‘er‘Gééj% ofmple 1 except use
2.6-dimethylanilinetingtebd. o#2. 6kbn|8topm]@y[amlmtagmekpuwﬁlﬁdx(&)xm@m&];«y&ﬁiduﬁlal NMR
(C6D6): 8.6G; (LI ddh b leﬂﬁ%ltﬁn G- 83 G SoNien aéu%ﬂ(lemhqg f&x exgn é]' 5 Hz,
C9H6N); 7.11 OH, t, 1 = 7.9 Hz, C9HG6N): 7.03 (3H br, C6H3Me2) 6.92 (1H, d, 1=8. Hz C9H6N);
6.83 (1H, de" 9P I8S Isp s bRRkR: é%%“tfﬂ A Y HP B IeNTSHE BRI CH). DC{ IH}
NMR (C6D6):t#¥:2 | - 14315, 188 Rt 3816 p18F0}al 3610111298 11288 B28ut, :b26,6,idBAdsb, 115.1,

106.2, 18.4. Examnle 3:ppeparationafN-(2s0pienylphenyauinglin8-aming 43), ., ... (JRepeat the
procedure of Lxample 1 except use 2 Tropylaniiine instead of 2,6- diisopropylaniline to give purified (3)

in 73% yield  FOTL L IIRIB O8] B B OHETE A8 PSP e SORENT SPa AR P LI NiRS): 7.59 (I H,
rid, 1 =8.1, ibngZ“)drw 5*Z><(‘1|H)Pdw?ﬂﬁHZ?,??))Q@(ddﬁbdidgloﬁﬁﬂ."&\ﬂ:lﬁ Hz)2 Aydib<kB5: (Nirddd); 6.94 (1H,
dd. 1=7.7. 1, % gl& d—834 g(LC%]I[ andC60 Pr)ll4?335(1HS p,1= 6.8 Hz,
CH(CH3)2) ?tlél (éﬁl ) Oﬁ"‘“’@?—i’ %_@) (jz . & eyclohexadiene, ethyhidene-nor! ornene.

and nmhumadn,m, an aromatic ring-substituted olefin of from § 1o 20 carbon atoms (e.g..

1

TN

styrene, (C-Cylalkyl-substituted styrenes. and 4-phenylbutene); a vinyl monomer that is, for
exampie, 4-vinylcyclohexene, divinylbenzene, and mixtures thercof with ethylene, an
acrylonitrile, maleic acid ester, vinyl acetale, acrylate ester, methacrylate ester. or vinyl trialkyl
sitane; and mixtures thereof such as mixtures of ethylene and styrene. mixtures of cthylene,
propylene, and styvrene: muxtures of ethylene, styrene or propyviene. and 1,4-hexadiene or a non-
20 conjugated diene, especially ethylidene-norbornene,

As mentioned previously, the present invention contemplates a process of preparing the
metal-ligand complex of formula {I}. Metal-ligand compiexes of formuia (I) may be made by
adapting any relevant process known in the art and the particular process is nol crifical to the
present invention, The metal-ligand complex of formula (1) may exist as an isolated crystal(s),

25 optionally being in substantially pure form (i.e.. greater than 905 ), or as a mixture with one or
more other metal-ligand complexes of formula (I} in the form of a solvated adduct, optionally in
a solvent. especially an organic liguid. preferably an asprotic solvent: in the form of a dimer; or in
the form of a chelated derivative thereof, wherein the chelated derivative comprises the metal-
ligand complex of formula (1) and a chelating agent. Preferably. the chelating agent is an organic
30 Lewis base (e.g.. an aprotic organic solvent such as tetrahydrofuran (THF) or an aprotic amine
base such as triethylamine).
In some embodiments. a reducing agent is also employed (either in a synthesis of the

metal-ligand compiex of formuia (1} or preparation of the invention catalyst therefrom) so as to

RS
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NMR (C6D6): 147.4, 142.99, 142.97, 139.2, 139.1, 136.1, 129.3, 127.9, 126.8, 15126.7, 124.9, 124.2,
121.7, 115.8, 107.3, 28.4, 23.3. Example 4: preparation of N-(2,6-dimethylpheny1)-2.4-i
nethylquini8-amin (4). Repeat the procedure of Example 1 except use 2,6-dimethylaniline instead of
2,6- diisopropylaniline and 8-bromo-2.4-dimethylquinoline instead of 8-bromoquinoline to give
20purified (4) in 467. yield. NMR (C6D6): 7.95 (1H, s, NH); 7.16-7.05 (5H. in). 6.97 (IH, s), 6.41 (1H,
d, J =7 0.9 Hz), (C91/4MesN and C6H3Me2); 2.55 (3H, s, COH4CHSs)2N); 2.25 (314, s,

C9H4CH3) 2Ny b 8i-bxsla@e148¢ Ckis) 2).¢.. +Bxarmple:bl-preparatipin:of of formula (1) from
N-(quinolin-gryilkapnadh2Erdiisopropylbenzeneaminatokappalllziribenty-hafiym,(5). [also can be

named [8- (2 6- dlls pro Iandlldo qumollno]hafnlum tribenzyll Cool a solution of
N-(2.6- dusopréﬁrﬁp T RVHGGINONR SaHing (E??S\‘l‘f}lﬁf@l)dtﬁ”@d‘i}i’rcfﬁ%‘l) i {RRAR (57#8LY to -20 'C. and
then add thetsteked sokstionto(avialcontaningitDtenabenzyt hafnitim(fif{BL}4ah{ @95 mmol), wherein

B is bepayl, Alpw the [esultng, solution fp warmn fo room temperature anda. 4 fours. over which ime

a dark oranee/ieci color forms. PUMP the reaction mixtura down lt{mbfyﬁégénﬁjﬁaé(}“%‘éﬁﬁfh and purify
the resulting'¢rudd ¥asidiiécsyrerystlliZatohfrdmitehlerdupentane ate 204 (ndids. givei purified (Siin
76% yield_ L;NMR:l(&GQmﬁ)mﬁﬂ lithcHark=A &2 2 ELIHAN s &%ﬁ@ﬂuﬁﬁgm&xg kg, GOH6N); 7.30 (SH
IN, C6(i-Pr 2H CH2C61 |—79HZ C9H6N); 6.81 (3H, brt,
1=7. Z(Hz )é%z%)c%ﬁ“s’?& Tég’m anff’H’ﬁé‘}/(p ﬁ%‘)“‘é“s%%l?r"&m “é’ ZhLy. “Hﬁ‘sﬁH%Nj‘“%“&)(lH d((j '/=5.0,
7.9 Hz, C9H‘63I\f)“6f€)?°(’ﬂnf%mbdm?d‘7 PR CHHE)HS: 3iiM 2BpisgithiuR ¢2o@H(@H3)2); 2.33 (6H, br
S, CH2R14);a kB3040 26l Gri dudriz o &G CHI)2) 0 Q88 Hmthiali .o . 21z GEHGHIN2) 20EXample 6:

preparation of Iskquinolin-8-vl-kappalN)-(2.6-di ethylbenzen a nato- kappaN)-tribenz I-hafnium (6).
[also can be hamed [8-(2, 61d|meth§lanﬁ%( - Ldrqufﬂﬁof‘no] a{fﬁiluryrrll ?Ibl l¢1=§1n‘tzr%'lr’£:fl RSP gat the procedure

of Example é‘“‘éﬁ@éb‘t"ﬂ%‘éw ealslsid é’rh%ﬂﬂ@h%ﬁlﬁﬁéﬂﬁ% %H?@(W{’E&l&mpi@@)lﬁﬂsmw of
N-(2.6-diisopropy tpheemd)guinofin8ramingi (i hoigivepurified-(8) ﬂh@@%ﬁ&ﬂﬂmﬂa&%\!@ (C6D6):
775 (0 1 0uJ5 AN OV 74T (4 4 =79 He SSHON 105 (0.0, 75 2, Coliez1)

7.12 (1H,t,1 =7.3 Hz, C6(Me)2H2)7O 6H ); 6.81 (3H, 1 J =7.3 Hz,
CH2CERI5); 6.66 (S PEF-PIEEMICEHE 68 (PP Supdrimpasbds ©UHENY 8151 (1H, dd, / -=
5.0, 7.9 Hz, G8N);6.06i (1 Hgohs being fubizsnCOT E6N) 2329, (6Hyx snH2R) a2 @Qe@iﬂi By
C(CH3)ZH3):; fxamRle s RIRAANQR AL N AHinglin:B-y A kaPRaN): (G dsorrepyitienzeneaato-

complex of formula (I} being at least 70% by weight of the isolated form. Still more preferably.,

the metal-ligand complex of formula (1) is collected and purified in an isolated and purified form

20 (i.e., the metal-ligand complex of formula (I) being substantially solvent-free and comprising at
least 80% by weight, more preferably at least 90% by weight, of the purified form. As used
herein, percent by weight is based on the total weight of a form or mixture, Preferably, the weight

percent of the metal-ligand complex of formula (1) in such mixtures is determined using 13-

. 3 - D
carbon or proton nuclear magnetic resonance (}3’(,.— or LH-NMR. regpectively) spectroscopy.

b2
h

Syntheses of some of the ligands (e.g., a compound formed by removing M and X from
formula (1)) employed 1o prepare the metal-ligand complexes of formula (I) may utilize starting
materials, intermediates, or reaction products that contain more than one reactive functional
group. During chemical reactions. a reactive functional group may be protecied from unwanzed
side reactions by a protecting group that renders the reactive functional group substantially inert
30 o the reaction conditions emploved. A protecting group is selectively introduced onto & starting
malerial or intermediate prior to carrying out the reaction step for which the protecting group is
needed. Omnce the protecting group is no longer needed, the protecting eroup can be removed. 1t is
well within the ordinary skill in the art 1o introduce protecting groups during a synthesis and then

fater remove them, Procedures for introducing and removing protecting groups are known. for

46



kappaN)-tribenzyl-hafnium (7). [also can he named 1.8-(24sopropylanitido)- quinolinolhafnium
tribenzyll Repeat the procedure of Example 5 except use N42 opropylphenyl)quinolin-8-amine
(3) (Example 3) instead of N42.61-ciiisopropylphenyl)quinol 8-amine (1) to give purified (7) in 1565%
yield. 11-1 NMR (C6D6): 7.70 OH. dd, J = 4.8, 11 Hz, C9H6N); 740 (2H, m, C9H6N and C6H5(iPr));
7.23 (2H, m, C6H5(i-Pr)); 7.04 (6H,t, 1 = 7.9 Hz, CH2C6H5); 6.95 (1H, t, = 7.9 Hz, C6H5(i-Pr)); 6.87
(IH, m, C6H2(i-Pr)); 6.79 (3H, t, | = 7.9 Hz, CH2C6Hs)' 6.69 (6H d, 1=7.9 Hz, CH2C6H5); 6.59 OH,
d, | =7.9 Hz, CIHB N);6.48, EH(%%SIIE(?N?]’HC %&—1 5507( 4q,w-77Hz C9H6N); 3.31
OH, sp. .1 =7 31z, CHUHYY: 358 5 R H) ENBh) 5 35 f 55%2, c(1-1)(H)Ph):
1.28 (3H, d, ‘é’#rzlﬂz?ewce%yzmkow‘(% hgy ! ‘*W*@HZ“’GH{@H wnpiw of Ef)‘e&mm@%mprfeparatlon of
N-(2,4-dimethylguinslins8 b kappad 2:6- fdimlathyliﬁanien&amimatawk@pp@b\l)d{ibemyl -hafnium (8).
also can he BAMEAlS 2 2pisaaony Anlldo) auninaARalium enal., Bepegl fhe procedure of

Example 5 except use N-(2. 6 -climethylphenyE- 12 4- ciimet qumo in-8-am ne xample 4) instead
of N-(2.6- thléﬁm’b*ﬁgﬂbhéhyf)qﬁr%ﬁh “8raRHire 1 (Jwéfﬁb’ﬁfiefaﬁ(é)wh 5o BAsIga e NIMR (C6D6): 7.19
(1H, hr s. Ce{M @)y hck ¥ iy hnslCIG (Me)2 dah rdu@Os (ki zeldod e—m?n@k 68 Hiz:6OMe1N); 7.00
(1. 1 92 790 GELIAMERN L 81 (G SECREIS) B O s T ConatteaN) 0,69
(3H, hr. CH2C61/ : 6.60 (6H, h H)2 C6/1 é’l—? C H4Me2N) 2.54 (6H, bi-,
CH2Ph); 2. 1@1%%4“&*@@(@}&% 19 @@z@ﬁ %mé a%éié%éwmr\rhgnb{wmégha) OExample 9:
preparation offfdiz8 ouinolino}ramidoithafriium rihenzybih@)lata firstueactiondepeat the procedure of
Examplg 1 e\m@!&\%%m%@QO%QF%M%%P%@%@%&% LR MM QLA BINAP: 0.323

g.3.36 mmol of NaQtBu; 8-aminoquinolirie (0.346 mmol) instead of 2.6- dusopropylanlllne

0.500 g, 2. 45“?13‘14161#%?%08}6%6‘& 8?|!r18‘°5‘ﬁ63§b8ﬁ é%)MétHSﬁ &t 'erystaniYetie t8iiting material
from pentan&at20E; pielditig 9 myifdldde pofr (@ atypale GBIowotpystals. for example.

nydrogen gas at about 3.4 atmospheres in the presence of a hydrogenation catalyst such as 1%

palladium on carbon, acidotysis of BOC or MOM groups using, for example, hvdrogen chloride

—
e

mn dichloromethane or trifiuoroacetic acid (TFA) in dichloromethane, reaction of silyl groups with
fuoride ions, and reductive cleavage of TCEC groups with zinc metal.
The invention contemplates preparing the metal-ligand complex of formuia (I) and
ligands of formula (Q) by any suitable method. The method of preparation is not critical, A
preferred process for preparing the metal-ligand complex of formula (13 employs the ligand of
20 formula (Q). The ligand of formula (Q) can be prepared in turn by any one of & number of
conventional methods and starting from materials readily synthesizable by a person of ordinary
skill in the art or. preferably. starting from commercially available starting inaterials. Some
preferred methods are described below, Preferably the method employs a convergent synthesis
approach involving coupling together of two primary intermediates. Preferred iliustrative
25 procedures are described below and shown in Figs. 1o 4,

An iltustrative procedure for preparing a first primary intermediate of formula useful in
the convergent synthesis is shown in Scheme 1 in Fig. 1. In Scheme 1. the first primary
intermediate is of formula (a2). which preferably is availabie from a commercial source. The
preparation of the {irst primary intermediate of formula (a2} can be accomplished by converting

30 starting material (al) having a penultimate moiety T (o the primary intermediate of formmla (a2)
by conventional means. Preferabiy. T is, for example. & nityo. azido. or hvdrazide, all converted
via reduction; hydroxyl, acetate, wriflate, fluoro, brome, or lodo. all converted via a substituiion

reaction (catalyzed or uncatlalyzedy, phthaltimido, imino, isocyanide. or carboxamido, all

converted via a hydrolysis: or aminocarbonyl {converted via a Hofmann rearrangement),



1F1 NMR (C6D6): 11.64 (1R, s, NH); 8.66 (2H, dd, j = 4.0, 1.7 Hz); 7.81 (2H, d, J = 7.7 Hz); 7.55 (2H,
dd.j=8.3,1.5Hz); 7.30 (2H, t,j = 8.3 Hz); 7.05 (2H, d, J = 8.3 Hz); 6.77 (2H, dd. J = 8.3, 4.0 Hz). 20In
a second reaction repeat the procedure of Example 5 except use diquinol n-8- yi amine (0) instead of
N-(2.6-chisopropylphenyl)quinolin-8-amine (1) to give purified Olin 50% yield. IF1 NMR (C6D6): 8.37
(2H, hr d, | = 4.8 Hz, (C9RoN)2N); 7.53 (2H, d, | = 7.9 Hz, (C9116N)2N); 7.37 (2H, d, | = 8.3 Hz,
(C91/6N)2N); 7.17 (2H, t, superimposed, (CO9H6N)2N); 7.15 (611, br, CH2C6H5); 6.80 (914, hr m,
CH2C6/15); 8:59-(PH sddeni91b (0] Hz c(@OLIGN)2NYBIES (2d:baty4 16,8521 71R/46N)2N); 2.28
(BH, br, CH2Rratior ExmAles v fed2:de b o138, ADELG copomRrizaion of.efylene and

1-octene to give poly(ethylene 1-octene) copolymers Follow the general procedure for
copolymerizatisirefethjierié ahdt-oeiene @@Sbrifbé“d{a%ovemis’m thecrivetaltliaand:camplex (MEC) (5).

(6), (7), (8) (%QTTR!' Nes).0r (10) jofespe v\éely glv ﬁOIX(%%h}fL e l-0 tenerq co % émer (PM) of Example

A /B,C,19,F. Elto 178, or G. Emp oy 01 ylenein't %‘lfgégio é’o éﬂlnplesA B, C,0,E.

and Gi and emqiakgyn:k%cgﬁthylenemthama@tlaﬂ&mﬁﬁmmbleﬁaﬁbt& asaggqg@ggg@fu@olymerlzatlon

reactions at the, palymerization reagtian, temperature of 1206 exe APERL B0 @9‘{%}3}@;& g‘e”za“on
reaction of Example Eat the polymerization reactlon temperature of -1 5 " Analyzé the resultlng P130

copolymer usingB8Giand GP® &s deisemﬁédmﬁewausivi@ne;temp@«ratur@ peakind8E. curves (not

shown) of h low 15(Watts rsus temperature (C) between 40C and 120 "C, a PD! of 2.5
e [)r?l ation rE(]:'l’ého TRaiCARSs Sy C YT AP B d e AT, Results are shown

or less, or pre era?)ly aco
below in Tabterzy i @acuber AN orakedi zetdleﬁweh@yi1[56’1@@5@&1@:15@[aﬁvé%)a)smdamﬂ]mtalyst which is

run at the Saﬂﬂ&ﬂi@mpﬁlﬁﬂéﬁﬁ anetQRENeRAMBAAY: underkARIR kL CAMAIN ChArgGIGHIZAlions Of processes
of Examplesé% EI to 38, %\d G 20employ|n metal-ligand complexes (5). (6), (7), (8) (ten

times). and Rl et iy EX NS MatSl-TigaRE cb‘"r‘ﬁ‘p}éf‘l\ldﬁlfﬁéf WeiGHt i‘df‘*lhﬁi‘rﬁVI’éﬁbtaken up

respectlve
PO|ymer-iZaﬁ@ﬁilﬁl@‘ﬁcﬁéﬁ’m@ﬁmé#-@ﬁl‘m@@@)mh}ndilon thereof and at a temperature in a range of from

about -78 “C to about 200 “C. Preparation of first primary intermediate (a2) can also be carried
out in polar organic solvents such as. for example. acelone, ethyl acetate, acetonitrile, ethanol. a

15 mixwre thereol. and water-containing mixtures thereof, Preferably. the reactions are carried out at
atmospheric pressure.

An iflustrative procedure for preparing a second primary intermediate useful in the
convergent synthesis is shown in Scheme 2 in Fig. 2. In Scheme 2. the second primary
intermediate is of formula (h2), which preferably is available from a commercial source. The

20 preparation of the second primary intermediate of formula (b2) can be accomplished by reacting
starting material (b1} with a source L.G-Y of a leaving group LG to give functionalized guinoline
(b2, wherein LG is, for example. Br or 1. The source of the leaving group LG-Y can be. for
example, Bry. N-bromesuccinimide (NBS), or Iy, Depending on particular r! 1o RO employed in
Scheme 2. starting material (b!) is available from commercial suppliers or can be readily

25 prepared by a person of ordipary skill in the art, Alternatively in Scheme 2, preparation of the
second primary iniermediate of formula (b2) can be accomplished by converting a starting
material (b3) having at leest one penultimate moiety (R12, r2a pia pda pda RO%) and the
rematnder being R* 10 R® as defined for formula (). Preferably. the penultimate moiety is. for
example, a hydrogen atom or halogen atom that is replaced by a substituent or an alkvl,

30 cycloalkyl, or phenyl that undereoes a reaction 1o form a derivative thereof, Examples of such
reactions are alkylation, halogenation, reduction, oxidation, and substitution. Not indicated in

Scheme 2, preparation of the second primary intermediate of formula (h2) can be accompiished



Catalyst Efficiency :0/ taM of MEG) Normalized Catalyst Efficiency (to STD) STD*NlaN/a N/a N/a 1.0
A (1)i33 120C127.000 1 B (6)43.6 20 (16200 C D (7)
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30

by also converling the starting material (b1} having the at least one penultimate moiety (R la
RZa‘ R3 a R%_ Rﬁag ar 1"{63; not indicated) and the remainder being Rl t0 R6 as defined for
formula (I} before or after the aforementioned introduction of LG, Alternatively in Scheme 2, an
aniline (b4) can be reacted with an unsaturated carbonyl-containing compound (b3} that is an
unsaturated aldehyde (‘_R3 is Hj or ketone (Rg s (Cy-Cyphrydrocarbyl) under cyeloaddition
conditions {(e.g.. in presence of a Lewis acid such as anhvdrous zine chloride) 1o give the second
primary infermediate of formula (h23. Not shown in Scheme 2 is still another ajternative route
emploving a satuwrated analog in place of the unsaturated carbonvl-containing compound (b3)
(i.e.. wherein the -CH(RZy=CHR ! group in (b3} has been replaced in Scheme 2 with
—CI—E?_QRZ}—CI’IQRE‘} and. after the cycleaddition reaction, conventionally oxidizing the resulting
3. 4-dibydroguinoline intermediate (not shown} to give the second primary intermediate of
formula (b2). The reactions described in Scheme 2 preferably are carried out under a
substantially merl gas atmosphere in an anhydrous aprotic solvent such as, for exampie. diethyl
ether, 1oluene, xylenes, tetrahydrofuran, diethylene ghveol dimethyl ether, or a combination
thereof and at a temperature in a range of from about -78 °C to about 200 °C. Preparation of
second primary intermediate (b2F can also be carried out in polar organic solvents such as, for
example, acetone, ethyl acetate. acetonitrile, ethanol, & mixture thereof, and water-containing
mixtures thereof. Preferably, the reactions are camried out at atmospheric pressure,

An illustrative procedure for preparing the ligand of formula (Q} from the first and
second primary intermediaies is shown in Scheme 3 in Fig. 3. In Scheme 3, the preparation of the
tigand of formula (Q) comprises coupling of first primary intermediate (a2) (prepared as shown in
Scheme 1) with second primary intermediate (b2j (prepared as shown in Scheme 2} to give a
Hgand of formula (Q). The reactions described in Scheme 3 preferably are carried out under
coupling conditions such as in the presence of a catalyst {e.g.. a palladium catalyst as described
latery under a substantially inert gas atmosphere in an anhvdrous aprotic soivent such as. for
example, dimethyvHormamide. diethyl ether, toluene. xylenes, tewrabydrofuran. diethylene glyeol
dimethyl ether, or a combination thereof and at a temperature in a range of from about -78 °C 10
about 200 °C. Preferably, the reactions are carried out at atmospheric pressure. An example of
such coupling conditions is so-called Buchwald/Hartwig conditions such as catalytic amounts of
palizdium{IDacetate and 2.2 -bistdiphenylphosphine -1, 1'-binaphthyl {BINAPY. which are
premixed: potassium teruary-butoxide, and dimethyliormamide (DMF): microwave under argon

gas at 130°C 10 180 °C for 4 minutes. Another example is 2 mole percent (mol %)
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iris(dibenzylidene acetone)dipalladium(0) (Pdyldba)s) and 6 mol% (-)-(R)-N N-dimethyl-1-[(S}-
2-(diphenylphosphino)ferrocenyl]-ethylamine [(R.S)-PPFA]. which are premixed; sodium
tertiary-butoxide, and toluene: microwave under argon gas at 120 °C for 10 minutes.

An illustrative procedure for preparing the metal-ligand complex of formula (1) from the
ligand of formula (Q) is shown in Scheme 4 in Fig. 4. In Scheme 4, the preparation of the metal-
ligand complex of formula (1) involves reacting the ligand of formuia () (prepared as shown in
Scheme 3) with a source or sources of M and X as shown, for example, in Options A 10D, In
option A, the compound of fermula (Q) is deprotonated with a non-nucleophilic base to give
ampide anton in sifu (not shown), which is then allowed to react with a metal halide such as, for

example. M(Cl),_q., wherein M is as defined previously. followed by reaction of the resulting
metal-ligand complex with a organometallic compound such as. for example. an organolithium
(X-Li) or Grignard reagent (X-MgBr) (or organosodiam (X-Naj or organopotassium (X-K),
wherein X is as defined above to give the compound of formula (1), Alternatively in option B, the
compound of formula (3} reacts with a metal-amido compound such as, for example,
M{NR}‘”RL);}%. wherein R* and R are as defined previously for formala (I} wo give an
intermediate in site (not shown), which then reacts with the organometallic compound X-Li or X-
MgBr (e.g.. organolithium or Grignard reagenty 1o give the compound of formuia (I3, In yet
another option C, the compound of formula (Q) reacts with an organometallic compound

M{X) 1 {or M(ClY, L 9) to give the compound of formula (1), In vet another alternative option D,

the compound of formuia (Q) reacts with the metal halide such as M(CI_‘)n 41 lor M( Cl)n ),

followed by reaction of the resulting metal-ligand complex with 3 mole eqguivalents of an
organometatlic compound X-Li or X-MgBr such as, for example, methy! lithium or methyl
magnesium bromide to give the compound of formula (I3. The reactions described in Scheme 4
preferably are carried out under a substantially inert gas atmosphere in an anhydrous aprotic
solvent such as. for example, toluene. xylenes, retrahydrofuran, diethylene gtveol dimethyl ether,
or a combinatior: thereof and at a temperature in & range of from about -78 °C to about 200 °C.
Preferably, the reactions are carried out at atmospheric pressure,

The mvention contemplates procedures for preparing the metal-ligand complex of
formula (I) and ligands of formula (Q) other than the previously described procedures illustrated
in Figs. 110 4. Such other procedures would be readily known to one of ordinary skill in the art.
Specific non-fimiting examples of the previously described procedures illustrated in Figs. 1 1o 4

are given below in the Preparations and Examples.

N
<
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MATERIALS AND METHODS
(eneral ethyiene/1-octene copolymerization procedure,

Pass all feeds through purification columns of alumina and Q-3™ catalvst (available

from Inglehardt Chemicals Ine.) prior (o introduciion into the reactor,
3 Charge a one gallon (3.79 L) surred autoclave reactor with mixed alkanes solvent
(ISOPAR™ E (Exxon Mobil Corporation. Irving, Texas. USA): abour 1.35 keg) and 1-octene (230
g). Heat the charged reacior to a polymerization reaction temperature (e.g,. 120°C or 135 °C), and
charge the heated reactor with hydrogen gas (20,1 mmol) followed by approximately 125 g or
145 ¢. us the case may be, of ethylene (after it has been passed through the purification columns)
10 to bring total pressure in the reactor to about 425 pounds per square inch auge (psig) (2.95
megapascals (MPa)). Prepare a catalyst composition in a drybox under inert atmosphere (e.o.,
nitrogen or argon gas} by mixing together a known amount in moles of & precatalyst (e.e.. the
metal-higand compiex of formula (I)) with an activating co-catalyst. The activating co-catalyst
comprises & mixture of 1.2 mole equivalents of a mixture of methyldit(Cq 4-
CrglalkyBammonium  salls  of  tetrakis(pentafluorophenylyborate,  abbreviated  herein  as
MDATPB), prepared by reaction of a long chain wiatkylamine (ARMEENT™ M2HT. availabie
from Akzo-Nobel, Inc.), HCI and Li[B(CyFs)]. substantially as disclosed in USP 5.919,9883, Ex.
1. and 50 mole equivalents of glisobutvlaluminum meodified methvialumoxane (MMAO-3AY
wilh additional mixed alkanes solvent to give a total volume of abowt 17 ml. the mole
20 equivalents being based on the moles of the precatalvst, Then inject the resulting activated
catalyst mixture into the reactor over about 4 minutes by a pump svsiem. Keep polymerization
reaction temperature and pressure in the reactor constant by feeding ethylene into it during
polvmerization and cooling the reactor as needed to give product polvmer {e.g., poly{ethylene 1-
octene) copolymer). After 10 minutes. shut off the ethylene feed, and wansfer the resulting
25 solution into a nitrogen-purged resin kettle. Add an additive toluene solution containing a 2:1
raiio by weight of a phosphorous stabilizer JRGAFOS™ 168 from Ciba Geigy Corporation} and
phenolic antoxidant (JRGANOX™ 1010 from Ciba Geigy Corporation (o give a total additive
content of approximately (L1% in the product polymer. Thoroughly dry the product polymer in a

VaCuumy Oven.

8]
-

Between potymerization runs a wash cvele is conducted in which 850 g of mixed alkanes
are added 1o the reactor and the reactor is heated 1o 150 *C. The reactor 18 then emplicd of the

heated solvent immediately before beginning a new polvinerization run,




F7(8) 18.5 120 "C 139.000 1.5 138(8) 21.2 120C 118.000 1.7 01(10) N/c) 120C N/o N/o Ex. No. =
Example Number; PEO = poly ethylene 1-octene) copolymer; Catalyst Efficiency (gPEO/iiiM of Ml () =
invention catalyst efficiency calculated by dividing weight in grams of MO product by weight in grams
of metal (M) of metal-ligand complex used; Normalized Catalyst Efficiency (to STD) is calculated by
normalizing the aforementioned invention catalyst 5efficiency against a catalyst efficiency for a
non-invention standard catalyst (*STD, not disclosed), i.e., dividing invention catalyst efficiency by the
STD catalysteffivieheysidsaerein a normalized value of the STD catalyst efficiency is set equal to 1.0;

N/a means not appligabie: and-N/gmeans.nopelvmerization.ohserved:. .. Table2i %%(%%i.fhv

characterizatigns of poly( ethylene. 1-octene) copolymer (PRO) of Exam )[eg AB 19(:, 1) Por1ltoH
employing rﬁéfﬁ"ﬁh%}éﬁﬁxcgfhﬁ%lé’ﬁééa(gﬁsiﬁ‘; PR (8 ttert %)?”re@ﬁ@b‘f?\?‘éli}?‘ﬁ&: or both

{undried solvents are used for column chromatography). Toluene, hexanes, benzene-dg (Cglg).

3 and toluene-dg are dried and degassed according o known procedures. Nuclear magnelic

resonance (NMR) specira are recorded on Bruker Avance-400 NMR spectrometer, Chemeal
shifts in parts per million (3) are reported versus tetramethylsilane and referenced 1o residual
protons in a deaterated solvent. NMR peak and coupling constant assignments are provided for
convenience and are not limiting. Some of the atoms in the structures of the Preparations and

10 Examples are numbered for ease of reference. Al metai-ligand complexes are synthesized and
stored in a Vacuum Atmospheres substantially iner atmosphere glove box under a dry nitrogen
atmosphere or by using standard Schlenk and vacuum line technigues. End groups are analyzed
by proton- nuclear magnetic resonance {]I--I‘NMR} speclroscopy using the Bruker Avance.400
NMR instrament and deuterated tetrachloroethane. 8-Bromoguinoline is purchased from

15 ArkPharm Inc. 2.4-Dimethyl-8-bromoquinoline is purchased from Princeton BioMolecular
Research. Substituted anilines are purchased from Aldrich.

Special technigues are employed to improve the signal-to-noise ratio for the 'H and °C
NMR spectroscopy. respectively,
m(f—NMR Sample Preparation and method { l3(‘—NMR for comopomer content).

20 Add approximately 2.7 grams (g) of a 50/50 volume/volume mixiure of
tetrachloroethane-dy/orthodichlorobenzene containing 6.025 molar (M) of
tris{acetylacetonato)chromivin( 1) ( Cr(AcAciy) to a 0.1 g sample of the polymer to be analyzed
in a Norell 1001-7 10 millimeter {mm) NMR wbe. Dissolve sample and homogenize it by
heating the tube and its contents to 150 C using a heating block and heat gun. Visually ispect

25 cach sampie (o ensure homogeneity,

Data Acquisition Parameters {13C),

Aquire NMR data using a 6-second pulse repettion delav, 90 degree flip angles, and
iverse gated decoupling with a sample temperature of 120 °C. Make all measurements on
non-spinning samples in locked mode, Allow samples to thermally equilibrate for 7 minutes

30 prior to the data acquisition. The 7 NMR chemical shifts are internally referenced 1o the EEE
triad at 30.0 ppm. Data analysis for comonomer content is carried out using the following

method:

LA
[



No. MEC No. No. peaks in DSC curve Tm CC) Tc ("C) \7B2(DSO CC) ', \\711/2(DSC * Te., 0( -) -)

Comonomer content is determined using the assignments from reference | and integrated
C13 NMR spectra 16 solve the vector equation s=fM where M is an assignmen! matrix. s
is a row vector representation of the spectrum, and fis a mole {raction composition
vector. The elements of fare taken (o be triads of E and O with all permutations of |2

5 and O. The assignment matrix M is crated with one row for each wiad inf and a

column for each of the integrated NMR signals. The elements of the matrix are integral
values determined by reference to the assignments in reference 1. The eguation is solved
by variation of the elements of £ as needed to minimize the error function between s and
the integrated (13 data for each sample,

10 Reference 1 is Xiaollua Qiu, Zhe Zhou, Gian Gobbi and Oscar D, Redwine. Error Analvsis for
NMR Polymer Microstructure Measurement withowt Calibrarion Standards, Anal, Chem.,
2009;81 (201 85858589,

HHLNMR Sample Preparation and method.

Add 3.26 g of stock solution to 50 milligrams {mg) of polvmer sampie in 10 mm NMR

[
(e

tube. The stock solution is a mixture of tetrachloroethane~d, (TCE) and perchloroethylene (30050,
wlwi) with 0.001 M C‘.r'j’"*". The solution in the tube is purged with N for § minutes 10 reduce the
amount of oxygen and reduce oxidation, The sumple tube is left at room temperature overnight ta
sweil the polymer sampie, and then the sampie is dissolved with the help of a vortexer and a heat
block at 110 °C.

20 Run the 'H NMR with a 10 mm eryoprobe at 120 °C. Two experiments are run 1o get
unsaturation, control and double presaturation experiments. The control is run with ZG pulse. TD
32768. NS 4. DS 12, SWH 10,000 Hz. AQ 1.64s, ID; 14s. The double presaturation experiment is
run with 2 modified pulse sequence using the parameters T 32768, NS 200, DS 4. SWH 11000
Hz, AQ 1.645, D 1 5. Dys 135,

!
h

To calculate the mol% viny! groups, sienal from residual 'H of TCE is set to 1M}, the
integral from 3 ppm to -0.5 ppm is used as the signal from whole polvmer in the control
experiment. The signal from residual 'H of TCE is set to 100 and the corresponding miegrals for
unsaturations (vinviene. trisubstituted unsaturation, vinyl and vinvlidene unsaturations) are
obtained in the double presaturation experiment. The integrals for the vinyl unsaturations are used

30 to calculate the mol% vinyl groups. expressed as vinyl groups per 1000 carbon atoms,

Determining percent incarporation of 1-octene and polvmer density by Infrared (IR)
S pECirosCopy,

n
[
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Deposit 140 microliters (ul.) of each polvmer solution onto a sitica wafer, heat at 146 °C
until the 1.2 4-trichlorobenzne (TCB) evaporases. and analyze using a Nicolet Nexus 670 FT-IR
with 7.1 version software equipped with an AutePro auto sampler.

Ciel permeation chromatography (GPC).

Unless otherwise noted, determnine number and weight-average molecular weights (M
and M., respectively) of polymers are determined by GPC. Use a chromatographic system that is

etther a Polymer Laboratories Model PL-210 or a Polymer Laboratories Model PL-220, Operate
column and carousel compartments of the chromatographic system at 1400 °C. Use three Polymer
Luaboralories 10-micron Mixed-B columns with a solvent of 1.2 4-trichiorobenzene. Prepare
samples at a concentration of (L1 g of polymer in 50 mL of solvent. The soiveni used fo prepare
the samples contains 200 parts per million (ppm) of butylated hydroxytoluene (BHT). Prepare
sampies by agitating them lightly for 2 hours at 160 °C. Use an injection volume of 100 L and =
fiow rate of 1.0 mL/minute. Calibrate the GPC column set with narrow molecular weight
distribution (MWD} polystyrene standards purchased from Polymer Laboratories, Convert
polystyrene standard peak molecular weights to polyethyiens molecular weights using:

Mpoiy()fhylene = mMp

[t
olvstyrene’

wherein M polyethylene is the molecular weight of the polvethviene. M 1s mojecular

polvstvrene
weight of the polystyrene, 4 has a value of 0.4316, and B is cqual to 1.0. Perform polyethylene
equivalent molecular weight calculations using Viscotek TriSEC software Version 3.0,

Density.

Determine polymer densities by liquid displacement {(Archimedes Principle) using 2-
propanol as solvent in accord with ASTM D742 Method B.

Differential Scanning Calorimetry.

Determining melting and crystallization temperatures and heat of fusion by Differential
Scanning Calorimetry (DSC: DSC 2910, TA Instruments. Inc.). First heat samples from room
temperature 10 180 °C al a heating rate of 10 °C per minuie. After being held at this temperature
for 2 to 4 minutes. cool the samples 1o -40 “C at a cooling raie of 10 °C per minute; hold the
sample at the cold lemperature for 2 to 4 minutes, and then heat the sample to 160 °C.

(btain meliing temperature (Ty,) values from the DSC heating curve. Obtain lemperature
of erystallization (T values from DSC cooling curve,

Ubtaln a width in degrees Celsius that corresponds to the full width at half the maximum

height of the peak (Wysmget corresponding to a crystallization wansition {i.e.. T,.) from the

DSC cooling curve. This measurement is useful for characterizing compositional homogeneity

L
f=
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for samples baving a crystallization ransition from the DSC cooling curve that cccurs at a
temperature (T of 60 °C or higher. Multiply T, times W 1y(DSC 10 obtain a multiplication
product thereof that is also useful for characterizing compositional homogeneity for the samples.
Abbreviations (meanings): x (kappa): i-Pr {isopropyl, i.e.. 2-propyD): Ph {pheny]); Bn
{(benzyly: Me {methyly; nBu. n-Bu and the like (normal-butyl); (f‘.lflz(.fiz {dichloromethane);
('.‘;}jf.)2€_f‘12 {dichlorodeuteromethane j; THE (tetrahvdrofuran); p—TSOE}I'E"IzO (para-toluenesulfonic
acid monohydrate); TiCh 4 (titanium(IV} chloride): KECO3 {potassium carbonate); Me (methvi);
CgDyg (perdeuterobenzene); toluene-dg {perdeuterotoluene); EtqN (iriethylamine): ZrBny
{zirconium fetrabenzyvl); HiBn 4 and E“If(CI-"IzI’m 4 Chafnium tetrabenzyl): 1.l (room temperature);
g {gram(s)); mi (millifiter(s)y; “C (degrees Celsing); x (times {as in 2x13 ml.)):; mmol
(millimole(s)): psi (pounds per square inch}, psig {pounds per square inch gauge), MHz
{(Megallertzy; Hz (Hertz) mv/z {mass-to-charge): THNMR (proton NMR); H(Z‘ZANMR {carbon-13

NMRY; 19k NMR {fluorine-19 NMR); HSQC (heteronuclear single quantum coherence);, Anal.
(elemental analysis); caled (calculated); br (broad); sept. (septet): s {singlety; d (doublei); 1
(riplety: m (multiplet); quat. (quartet); J (coupling constant); HRMS (high resolution mass
spectrometry s ESI (electrospray mass spectrometryy, GC/MS (CI) (gas chromatography-mass
spectromelry chemical ionization); T1.C (thin fayer chiromatography).

Benzyl metals and other organe meials such as alkyl metals and trialkylsilvl metals,
wherein the metals are M as defined for formula (1), are usefu] starling materials for reacting with
compounds of formula () 1o give certain metal-ligand compiexes of formuta (I}, It is not critical
how such organo metals are prepared. In some embodiments, such organo metals are prepared
starting from a corresponding meta! halide {e.g.. metal chioride or bromide) or metal alkoxide
{e.g.. metal tetrabutoxide} and an organo lithium or organo magnesium halide. For example. in
some embadiments, such benzyl metals are prepared as described in U.S. Patent Number US
7.067,686 B1L. The corresponding metal halides typically are available commercially such as, for
example, from the Sigma-Aldrich Company, Saint Louis, Missouri, USA and CHEMOS Gmbli,
Regenstauf, Germany. In other embodiments. such benzyl metals are purchased from a
commercial seurce (for example, CHEMOS GmblI sells tetrabenzylhafnium under catalog
number 131635 and tetrabenzyizirconium under catalog number 1304053,

Non-linnting examples of the present invention are described below that illusirale some

specific embodiments and alorementioned advantages of the present invention. Preferred

A
tr
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embodiments of the present invention incorporate one limitation, and more prefi erably any two,
limitations of the Examples, which limitations thereby serve as & basis for amending claims.
EXAMPLES OF THE PRESENT INVENTION

Example 1! preparation of N-(2.6-diisopropylphenyl iquinolin-8-amine (1),

Charge a round bottomed flask equipped with a reflux condenser with tris( dibenzylidene

acetone)dipalladium(Q) (Pd(dba)3) (0.090 mmol, Aldrich), racemic 2. 2-bisidiphenyiphosphine)-
L.1-binaphthyl (rac-BINAP) (0.207 mmol; Fluka division of Aldrich). and sodium rertiary-
butoxide (NaOtBu) (4.05 mmol; Aldrich) in toluene (15 mLy To the resulting suspension add
2.6-diisopropylaniline (2.88 mmol} and 8-bromoguinoline (2.88 mmol). and then heat the
resulting mixture under reflux overnight.  Pump down the reaction mixture 1o dryness under
vacuum, and purify the resulting crude residue by column chromatography on silica gel cluting
with 9:1 peptanewdiethyl ether (CgHy 5 EROY 1o give purified (1) in 389 vield.
"H NMR (C¢Dg): 8.56 {1H, d, J = 3.5 Hz. ColdgNy 7.92 {1H. s, NH): 7.53 (1H, d, J = 8.1
Hz, CoHeN), 7.23-7.04 (4H, m, CoHgN and Ce(i-PrisHs); 6.79 (1H. d, J = 8.1 Hz); 6.77
(1H, dd, J = 8.1, 4.0 Hz, CoH¢N); 6.35 (1H, d. J = 7.5 Hz, CeH N 3.32 (2H, sp, J=6.8
Hz, CH(CH;):); 1.10 (12H, br, CH(CH:)2). PC{'H} NMR (CeDg): 148.3, 147.3, 145.5.
138.4,136.1, 135.8, 129.3, 128.1. 1243, 121.7, 114.9. 106.3, 28.8, 24.9, 23.3,

Example 2: preparation of N-(2.6-dumethyiphenyliguinolin-§-amine (2).

()

FIN

Repeat the procedure of Ixample 1 except use 2,6-dimethylanitine instead of 2.6-

dusopropylaniline to give purified (2) in 57% vield.

in
S8



(8)194815.0405F7 (8) 1836943297 F8(8) 16457 N/aN/a Ex. No. = Example Number; MEC
No = n 1-ligand complex structure number; 1m = melting temperature (from DSC heating curve); Tn. =
crystallization transition temperature (from DSC cooling curve); W1/20)sc) is as defined previously; *
means multiplication; and IN/a means not

"H NMR (CsDq): 8.60 (1H, dd. J = 4.0, 1.5 Hz, CoHgNY; 7.83 (1H, s. NH); 7.59 (1H. dd, J
= 8.1, 1.5 Hz, CoHeNY; 7.11 (1H, t, J = 7.9 Hz, CsHNJ; 7.03 (3H, br, CH:Me,): 6,92
(1H,d, J=8.1 Hz, CoHgN); 6.83 (1H, dd. J = 8.3, 4.0 Hz, CoHeN); 6.35 (1H, dd, J = 7.7,
0.7 Hz, CoHNY, 215 (6H, s, CH3). PCUHY NMR (CeDg): 1472, 143.5, 138.7, 138.6,
137.0, 136.0,120.3,128.9, 128.1, 1266, 121.5, 115.1, 106.2, 18.4.

LA

Fxample 3: preparation of N-(2-isopropylphenyDquinolin-8-amine (3).

Repeat the procedure of Example 1 except use 2-isopropylaniline instead of 2.6-
diisopropylariline to give purified (3} in 73% yield.

10 'H NMR (CeDs): 8.37 (1H,dd, J =4.2, 1.7 Hz, CoH N): 8.37 (1H. s. NH}: 759 (1H, dd, J
=81, 1.3Hz), 752 (1H, 4, /=7.5Hzy» 725 (1H. dd. /= 7.3, 1 .3 Hz». 7.17-7.05 (m.
dHp 694 (1H, dd. J=7.7, 1.3 Hz»n 6.83 (1H. dd. /= 8.3, 4.2 Hz): {CoHN and Cyli-
PriH;) 3.35 (1R, sp, J = 6.8 Hz, CH(CH:)2); 1.14 (6H, d. J = 6.8 Hz, CH(CH;)-).

FC{'H} NMR (CeDg): 147.4, 142.99, 142,97, 139.2, 139.1, 136.1. 129.3, 127.9, 126 8,

15 126.7,1249,1242,121.7,115.8,107.3, 28 4, 233,

Ixample 4: preparation of N-(2,6-dimethyvlphenv] -2 4-dimethviguinolin-8-amine (4},

Repeat the procedure of Example 1 except use 2.6-dimethylaniline instead of 2.6-
diisopropylaniline and 8-bromo-2.4-dimethylguinoline instead of 8-bromoguinoline to give

20 purified (4) i 46% yield.

LAy
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available. 5Table 2b: certain characterizations of poly(ethylene 1-octene) copolymer (PLO) of _
Examples A, B, C, D, E. or FI.S employing metaldigand complexes (5), C,6), (7), and (8) (ten times),
respectively. Ex. No. MIS: No. Mw (g/mol) Mn (g/mol) PIA (Mw 1 Mn) Octene incor- poratio n (%) M1%
Mrsvis (1H NMR)

h
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'H NMR (CeDgk: 7.95 (1H, s, NH3 7.16-7.05 (SH, m). 6.97 (1K, s), 6.41 (1H. d, J = 7.3,
0.9 Hz), (CoHiMeaN and CyHsMes); 2.55 (3H, s, CoHo(CH: 1N, 2.25 (3H, s,
CoHaCH3 Ny, 2.21 (6H, s, CeHA(CH:,),

Example 5: preparation of N-{quinolin-8-y1-kappaN)-(2.6-diisopropylbenzencaminato-
kappaN)-tribenzyl-halnium (5). [also can be named [8-(2.6-diisopropylanilido)-

quinolino]hafnivm tribenzyl]

)

Cool a solution of N-(2,6-diisopropylphenyliquinolin-8-amine (1) (Example 1) (1.00

mmel) in toluene (3 ml) 1o -20 °C. and then add the cooled solution fo a vial containing
ietrabenzyl hafntum (HT (Bnjy) (0.95 mmol}, wherein Bn is benzyl, Allow the resulling solution
Lo warm Lo room temperature, and stir for 4 hours, over which time a dark orange/red color forms.
Pump the reaction mixture down to dryness under vacuum, and purify the resulting crude residue
by erystatlization from toluene-pentane at -20 “C 1o give purified (5) in 76% vield.
'"H NMR (CiD): 7.72 (1H. d. /= 4.6 Hz, CoHeNY 7.40 (1H, d. J = 8.2 Hz, CoHeNY: 7.30
(3H, br, Ce(i-Pri;H3); 7.06 (6H, br ¢, J = 7.2 Hz. CH-CoHs): 6.94 (1H., t. J = 7.9 Ho.
CoHgNJ; 6.81 (3HL br ¢, J = 7.2 Hz. CH2CeHs); 6.70 (6H, br, CH-CeHs); 659 (1H. d, J =
8.2 Hz, CoHgN); 6.44 (1H. dd, J = 5.0, 7.9 Hz, CoHeN): 6.07 (1H, d, J = 7.7 Hz, CoHeN:
3.31 2H. sp, J = 7.2 Bz. CH(CHs)2): 2.33 (6H, br s, CH.Ph); 1.30 (6H. d. J = 7.2 Hz,
CH{CH ) 0.98 (6H, d, J = 7.2 Hz, CH(CH).).

Example 6 preparation of N-(quinolin-8-yi-kappaN1-(2.6-dimethylbenzeneaminato-
XappaN iribenzyl-hafniam (6. [also can be named [8-(2.6-dimethylanilido)-

quinolinoihafnium tribenzyl]

=Ny N (6)



(5) 280.300 100,500 2.79 13.4 0.131 B (6) 403,610 116.800 3.46 16.510,109 I1 (7) 159,800 54.600
2.93 610.039 D (8) 632,200
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Repeat the procedure of Example 3 except use N-(2.6-dimethyiphenyhguinolin-8-amine
(2) (Exampie 2) instead of N-{2.6-diisopropyiphenyquinolin-8-amine (1) to give purified (6) in
66% yield.
'H NMR (CsDe): 7.73 (1H. d, J = 4.4 Hz, CoHeNY: 747 (1K, d, J = 7.9 Hz, CoHNY; 7.16
(2H.d, /=73 Hz, Cs(MepH: 3 712 (1H, . /= 7.3 Hz, CstMe-H:): 7.04 (6H, 6. T = 7.3
Hz, CHCefls3; 6.81 BH, t. J = 7.3 Hz, CHCoHs): 6.66 (6H. 4. J = 7.3 Hz, CH.CeH< )
6.63 (1H, superimposed, CoHeN): 6.51 (1H. dd, J = 3.0, 7.9 Hz, CoHgNY, 6.06 (1H, d, J =
7.7 Hz, CoHgN};, 2.19 (6H, s, CHPh); 2.09 (6H, s, Co(CH3)2Hz).

Example 7: preparation of N-{guinolin-8-yl-kappuN}-(Z-isopropylbenzencaminato-
kappaNj-tribenzyl-hatnium (7). [also can be named  [8-(2-isopropylanilido)-

guinolinoThafnium tribenzyt)

Lo
Hf

B - \hgﬂ
8 Bn

Repeat the proceduore of Exampile 5 except use N-(2-isopropylphenyliguinolin-8-amine
(3) (Example 3) instead of N-(2.6-diisopropylphenyliquinolin-8-amine (1) 1o give purified (7) in
65% yield,
"H NMR (CsDg): 7.70 (1H, dd, J = 4.8, 11 Hz, CoHgN): 7.40 (2H. m. ColgN and CeHs(i-
Pryy; 723 (2H, m. CeHs(i-Pr)); 7.04 (6H, €. J = 7.9 Hz, CH-CeHs); 695 (IH, .7 = 79
Hz. CsHs(1-Pryy; 6.87 (1H, m. CeHs{-Pri): 6.79 (3H, t, J = 7.9 Hz, CH.CeHs): 6.69 (6H,
d, J =79 Hz, CH:xCeHs), 639 (1H. d,J = 7.9 Hz, CoHgN);, 648 {1H,dd, J = 4.8, 7.6
Hz, CoHeNY 6.07 (1H, d, J = 7.7 Hz, CoHNY; 3.31 (1H, sp, J = 7.2 Hz, CH(CHz)2); 2.30
(3H,d. J=12.1 Hz, C(H)H)Ph); 2.25 (3H. d. /= 12.1 Hz, C(HHHPhy: 1.28 (3H. 4, J =
7.2 Hz. CH(CH=)0) 104 (B3H. d.J = 7.2 Hz, CH{CH:)),

Example &: preparation of N-(2.4-dimethylquinolin-8-vI-kappaN)-(2,6-
dimethylhenzeneaminato-kappaN)-tribenzyl-hafnium (8), lalso can be named  [8-(2-

isopropylanilido)-quinoline]hafnium tribenzvl]

h
D



212.5002.97 14.910.0521 (8) 514.600 194300 2.65 15.510.012I | FI(8) 680,500 276.600 2.46 4.40.023I
F2 808.000 268.500 3.01 4.60.031 (8)

(" 5

-
LA

(8}

= Hf’N
Bn” ;\%; Bn

Repeat the procedure of Example 5 except use N-(2.6-dimethyiphenyl)-2.4-
dimethyviguinolin-8-amine (4} (Example 4} instead of N-( 2.6-diisopropylphenyliguinolin-8-amine
(1) o give purified (8} in 85% vield.

"'H NMR (C¢Dg): 7.19 (1H, br s, CetMe)Hs); 7.17 (2H, br s, CefMe)Hsy: 7.09 (1H, dd. J
=7.9,6.8 Hz, CoH:Me;N}; 7.00 (1H. t. J = 7.9 Hz, CoH . Me,N}: 6.91 (6H. br. CHyCeHsy
681 (1H. d, J = 7.9 Hz, CoH:Me:N); 6.69 (3H, br, CH,CeHs): 6.60 (6H, br. CHALCoHs),

6.19 (IH, brt. /= 4.0 Hz, CoH;MeaN): 2.54 (6H, br, CH.Ph): 2.18 (6H. s, Ce(CH+)Hs)
2.00 (6H. s, CoH4(CH)(CH-)N, superimposed).

Example 9: preparation of [di-(8-quinolino)-amido] hafnium tribenzyl (107,

(10)

In a first reaction repeat the procedure of Example 1 except use 0.066 e 0.072
mmo} of Pdg_(dba):%; 0.108 g. .173 mmol of rac-BINAP: 0.323 g, 3.36 mmoi of NaOtBu:
8-aminoquinoline (0.346 g, 2.40 mmol) instead of 2.6-diisopropyianiline; 0.500 g, 2.40
mmol of 8-bromoquinoline: and 3:2 pentane:diethyl ether. Crystallize the resultin g
material from pentane at -20 °C, yielding 94 mg (14%; of (9) as pale vellow crystals,

TH NMR (CODO6): 11.64 (1H, s. NH); 8.66 (2H,dd. ] =4.0, 1.7 Hz); 7.81 CH. d, ] = 7.7
Hz); 7.55 (2H. dd, J = 8.3, 1.5 Hz); 7.30 (2H, t, ] = 8.3 Hz3: 7.05 (2H, d. ] = 8.3 Hz): 6.77
(2H, dd, ¥ =8.3, 4.0 Hz),

In 4 second reaction repeat the procedure of Exampie 5 except use diquinolin-§-

vlamine (9) instead of N-(2.6-diisopropviphenyliquinolin-8-amine (1) 1o give purified (10} in

509 vield.
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900.800 363.700 2.48 5,2 0.016 F4(8) 633,800 269,000 2.36 9.2 0.033 5 (8) 691.500 283.100,2.44 |
10.8 0.033 F6' 640,500 205.80pI3.-11 14.7

LA

10

o
thn

"H NMR (CD¢): 8.37 (2H, brd. J = 4.8 Hz, (CaHeNNY 753 (2H, d, /= 7.9 Hz,
(CoHN)RNY, 7.37 (2H. d, J = 8.3 Hz, (CoHeN):N}; 7.17 (2H, ¢, superimposed,
(CoHeN)NY; 7.15 (6H, br, CHLC¢Hs); 6.80 (9H, br m, CH.C¢Hs), 6.59 (2H, dd, J = 7.9,
5.0 Hz, (CoHN)N), 6.53 (2H, t, J = 6.8 Hz, (CoHN)-N); 2.28 (6H, br, CH,Ph).

Examples A, B, C. D. L, I'1 to P8, and G: copolymerization of ethyviense and 1-oclene to
aive polviethyiene 1-octene) copolymers

Foliow the general procedure for copolymerization of ethviene and 1-octene described
above using the metaldigand complex (MLC) (51 (6. (7), (8) (10 times). or (1() 10 respectively
give polylethviene 1-octene) copolymer (PEQ) of Example A, B, C. DL E, F1 to F8. or G. Employ
145 g of ethylene in the reactions of Examples A, B, C, D, E. and G; and employ 125 g ethviene
in the reactions of Examples I'! to IF8. Conduct all polymerization reactions at the polymerization
reaction temperature of 120 °C except conduct the polymerization reaction of Example E at the
polymerization reaction temperature of 135 °C. Analyze the resulting PEO copolymer using DSC
and GPC as described previously. One temperature peak in DSC curves {not shown) of heat flow
(Watts per gram} versus temiperature (°C) between 40 °C and 120 °C, a PDI of 2.5 or less, or
preferably a combination thereof, indicates compositional homogeneity, Resulis are shown below
in Tables 1, 2a, and 2b. Normalized efficiency ratios are relative to a standard catalyst which is
run at the same temperature and on the same day,
Table 1: certain characterizations of processes of Examples A, B. C. D E. F1 to P8, and G

emploving metal-ligand complexes (5). (6}, (7}, (8) (len times). and (10, respectively,

Polymer-
Weight izalion Cazalyst
Meral- of Reaction | Efficiency | Normalized
Hgand | Ethvlene | Temper- {gPry/ Catalyst
Ex. | complex | taken up alure M of Efficiency
Na. | Number i3 0 M) (to STD)
STD* Nia N/a N/a N/a 1.0
A 5 333 120°C 125.000 1.5
B (o) 43.6 120°C 162.000 1.8
C | {7 264 120°C 74.000 0.7
I {8 L 120 °C 1800060 1y
E (8] 34.6 135°C 155,000 3.1
F1 {8 18.6 120°C 210,800 2.7
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0.015 P7) 577,300 172.800 i3.34 2.65 20.3 27.4 0.006 0.017 138 (8) 514,600 514.600
Example Number; ML,C No. = met ligand complex structure number; Mw (g/mol)

10

F2 {8 4.1 120°C IS8.000 2.1
F3 (%) 142 120°C 212.000 21
F4 (8) 22.8 120°C 128,000 1.8
3 (&) 1.1 120°C 135,000 17
Fb (8 0.5 120°C 115000 1.6
=7 (8) 18.5 120°C 139,000 1.5
ks {8) 212 120°C 11R.000 1.7
G (10) N/o 120°C Nfo Nlo

Ex. No. = Example Number; PEO = poly(ethylene 1-octene) copolymer; Catatyst Efficiency
{gPEQ/gM of MLC) = invention catalyst efficiency calculated by dividing weight in grams of
PEG product by weight in grams of metal (M) of metal-ligand complex used; Normalized
Catalyst Efficiency (io STD} is calculated by normalizing the aforementioned invention catalyst
efficiency against a catalyst efficiency for a non-invention standard catalyst (*STD, not
disclosed). i.e., dividing invention catalyst efficiency by the STD catalyst efficiency. wherein a
normalized value of the STD catalyst efficiency is set equal 1o 1.4 N/a means not applicable; and
Nfo means no polymerization observed,

Table 2: certain characlerizations of poly(ethylene 1-octene) copolymer (PEO) of Examples A, B,

C. D, E, or F1 1o F§ employing metal-ligand complexes (5}, (6). (7, and (8) {ten times).

respectively.
No. WS
peaks -

. in i, . ; T
Ex. |MLC | DSC | "m | Tc | Wimso <
No, | No. fcarve | (°CY | (°O) (¢ °C=)

93,
A 5 I 107 92 N/a N/a
89 84,
B {6) 2 115 86 N/a Nfa
C {7} 1 122 07 Nfa N/a
D (8) 1 a6 84 N/a Nfa
E {8) 1 93 81 N/a N/a
Fl gy b1 1 118 108 3.1 335
2 {8y 1 116 115 31 326
3 (8) | 114 103 39 402
P4l 1 167 | 62 4.9 45]

Ex. No. =



[or Mw (g/mol)1= weight average molecular weight in grams per mole determined by GPC; Mn
10(e/mol) [or Mn (g/mol)1= number average molecular weight in grains per mole determined by C3PC;
Mw/Mn = polydispersity index (PDT); Octene incorporation (wt%) means weight of 1- octene
consumed divided by weight of PEO produced, expressed as a percent; Mork vinyls NMR) = mole
percent of -01=Cf12 remaining in the PEG as determined by proton nuclear magnetic resonance
spectroscopy; and N/a means not available. As shown by the above description, including the
Examples, ang data Ech prepared-from-the ntion metal-ligand complexes
polymerizes o ef| mono erizés ethylene and Poctene) when used in the invention
process. In soffte pnbloo n catalysts are cH¥racterizable as having desirable
properties suchras operdting te polymerization reaction

LN
1mrv

|||\ﬁcnﬁ| mba ai}é‘ﬁtS

ers (e.g.,.copolyn
iménts tr?é invehtio
mperaturm (functianing at prefeyred

of-a

QYD

temperatures);-ca alyst efficien yrpfareg mbinati 9f-of-any-twe-er-rmore thereof as described
previously. This polymerization|in tzﬂe invention process|desirably yvields polyolefins. Polyolefins

prepared by the Procdsaraf ele st TobmbBodiment-Arendsefatiamongother things =as:tescribed
previously, Iglyling,as syt bieants (synihgtie maleroils) and as aterials fosqise in
manufacturing foams, films, coatings, fibers, fabrics, extruded articles, ‘and molde artlcles In some
embodimentsthespelyoisfiis.are ghraradterizableiasshaling:desirgblegproperties:suchsasMw, Mn. PDI.
Tm, mol% vmyéls .8 combination of any two or more thereof, as described previously. 15While the
invention has been described above according to its preferred embodiments, it can be modified within
the spirit-and ‘SE&p® ofthis discigsire oThis ppktation istereforelirmendé@ todovemanyivariations,
uses, or adaptationsiob.iive instantinventienusingdbe-generak principlesdiscleseshhgrein. Further, the

instant appllcl%goe@u@dntended to cover such departures from the present disclosure as come within the

known or customary practice.in the art to which 20this invention pertains and which fall within the limits
of the foIIovag claims. Ci,AIMS What is claim's: A pritess ﬁ%lgol merizing an olefin monomer, the
process comprising a step of contacting together a dﬁjfé’{ytu apqunt of a catalyst comprising a mixture
or reaction preductof ngredignts (a) qmd (b), wheref'i i 1g?re dlgn (a comprises a metalligand complex
and ingrediengy(h) cgmpnsgg,n@p)a,tly_gmg cmm_ﬂa.y%l qd ag fin monomer as ingredient (c); the
ingredient () BENG GHE Ok MOoke Melalrioand camplexesd WHeTein as precatalysts) of formula (1):
R4R5

B (6 | 403,610 | 116800 | 346 | 165 | 0,109

C (7y | 139,800 | 34.600 | 2.93 6.9 0.039

D 8y | 632200 | 212500 | 297 |+ 149 | 0.052

E By | 514.600 | 194300 | 2.63 135 0.012

Fl (&) | 680300 | 276600 | 2.46 4.4 0.023

F2 | (8 | 808000 | 268500 | 3.01 4.6 0.031

F3 | (8) | 900.800 | 363.700 | 2.48 5.2 0.016

F4 | (&) | 633800 | 269000 | 2.36 9.2 0.033

F5 | (8 | 601500 | 283.100 | 244 | 108 | 0.033

Fé (8) | 640500 | 205800 | 3.11 147 1 0015

F7 | (8) | 577300 © 172,800 | 3.34 § 203 | 0.006

FS | (8) | 514,600 | 514600 | 2.65 | 274 | 0.017

£x. No. = Ixample Number; MLC No. = metal-ligand complex structure number; My, (g/mol)
for My, {g/mol}] = weight average molecular weight in grams per mole determined by GPC; M,
fg/mol) for My (g/mol)] = number average molecular weight in grams per mole determined by
GPC My/Mp = polydispersity index (PDI): Octene incorporation (wt%) means weight of 1-

octene consumed divided by weight of PEO produced, expressed as a percent; Mol% vinvis
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wherein: metal of Group 4 of the Periodic Table of hElements, he metal being in a formal
oxidation state of +3 or 44: n is an integer of from | to 5; | 5Each X independently is a inonodentate
ligand that is neutral, monoanionic, or dianionic: or two X are taken together to form a bidentate ligand
that is neutral, monoanionic, or dianionic; X and n are chosen in such a way that the metal-ligand
complex of formula (1) is, in aggregate, neutral: Each of Rl to R6 independently is a hydrogen
atom, (C1-C40)hydrocarbyl, (Cl -C40)heterohydrocarbyl, (C1-C40)hydrocarbyl-0-, or halogen atom; R
independentiirissa(G &40 faydrocarylon(C-d-GARhstaranysrocatbyl, Qrone X, when,a
monodentate ligand, is taken together with any one of R1 to R7 in such a way so that the metal-ligand
complex of ORI (P EoRtaTsHwideT e Tgardn: I5Eaekbithe aforementioned hydrocarbyl and
heterohydrocarbyl ind@épendenity:iswnsubstituied-eusubstititetwithQng Qrmoreststituents R'; and
Each Rs indgpendently.is a.halogen atom, polyfluorp, pertluoro, unsubstituted (C1-Ci 8)alkyl, F3C-,
FCH30-, ngﬁﬁé%?f,’%g&?bﬁ‘ﬁi’%&g”F}i”b”-,“’Ffi%g‘%érﬁ’ifd@%)’&,pﬁ%BET 455 itl R NES RC(0)0-,
ROC(0)2, REMINIIE bF 1PON ed)-0uiterdifr i R itisparidentyds dn wnsubdtititec(C1-C18)alkyl;
and  the ihgredieni:(b)being onaranmerng-activaing ca-calalyptsiokaKeastionproduct thereof,

wherein the [afio.of total number, of moles of the one or more metal-14:am” com !f)gqs of formula (1) to
total number of}%noles of the one O}E more Véti\llgtilﬁg }é)g-lgg%aj?f/}s[%n S from Cfba%f)l(g o 1601

wherein the SHIXBHRG St 18PHSFREH UKHSF B1EfiT PRy dbiditoms vosiptepares a
polyolefin. 2iTheiprosesssassinchaimnids pherainsthe metakligane:-complaxtfosmma(l) is

characfgrizable oy, any.AneAn MArSRHMIfAans () 12(H;, Q)M hafniumi, ) fis 3 and each Xis a
monodentate ligand that is a monoanionic ligand; R
lubricants (synthetic motor oils) and as materials for use in manufacturing foams, films, coulings,

fibers, fabrics. extruded articles, and molded articles. In some embodiments the polvolefins are
characterizable as having desirabie properties such as Mw, Mn. PDI. Tm. mol% vinpyls, or a
combination of any two or more thereof, as described previousty.

15 While the invention has been described above according to its preferred embodiments. it
can be modified within the spirit and scope of this disciosure. This application is therefore
intended to cover any variations, uses, or adaptations of the instant invention using the general
principles disclosed herein. Further. the instant application is intended fo cover such departures
from the present disclosure as come within the known or customary practice in the art to which

20 this invention pertains and which fall within the limils of the Tollowing claims.



15(c) at least R1 is (C14140 )hydrocarbyl; (d) R7 is a substituted (C6-(140)aryl; (e) at least R3 is
(C1-C40)hydrocarbyl; (f) the catalyst is characterizable by a catalyst efficiency of at least 130.000
grams of the poly,:olefin per gram of metal (M) of the metal-ligand complex of formula (I) when
90measured at a reaction mixture temperature of 120 degrees Celsius as in Example Fl or 135
degrees Celsius as in Example E; (2) the polyolefin is a poly(ethylene alpha-ol In) copolymer
characterizable with differential scanning calorimetry by a crystallization transition temperature
(i.e.,117c) of 60C or higher; heat flow versus terp(;:)%ﬁ\fgre cooling and heating curves independently
exhibiting single peaks for both crystallization and melfing transitions, respectively; and either (i) a full
width at half akimtl#isedk height in degrees Celsius (W1/2(DSCO0) corresponding to a crystallization
transition from the DSC cooling curve of less than 5.0 degrees Celsius or (ii) a multiplication product of
Tc times W1]72(Dsb thatislessithan 500degreesCelsiussguared; 3Q{ithe palyolefin is a
poly(ethylene alpha:glefin), QQQ@!E’m%EQFI(‘}[@%%H%MﬁQX[@HQQME:@R]%@'&}{ Jndex gf,Jesg than 3.0, (i)

the polyglefin is a poly(eth ene alpha-olefi %}r olymer characterizable with proton nuclear magnetic
resonante spectroSEsp {/ DR BB O Vit g rBasE By SaLRE A UTHALEI 2 groups per 1000
carbon atoms of the%wiyoteﬂnwfdie@s thanhi@molepercent;-cfrithe polyoléfimisapoly( ethylene
alpha-olefin) copolyémggrgaarqggerizable by a weight average molecular weight of at least 500,0(X)
grams per mole as eterm ned b ermeation chromatography (k) the polydefin is a poly(ethylene
alpha-olefin) copolyméra éf?g rlza F Vﬁiﬁ’r‘rﬁkﬁ%“‘é\/’é’f‘&&éo%ré‘&u [AFWElgHiof 4F18A4F 170,000
grants per mole asmetéininied byrgek Permeation chromatography; and (i) the process is performed at

a reaction temperature of leagt: 140 dggrees Celsius and less than 300 degrees Celsius.  The

limitation (d); or 15The% oces | characterizable by at least each of limitations (a) 10(c) and
limitation (e) and, optiona RO The process being characterizable by at least each
of limitations (a) to (€ ) and, optionalll, limitationor (limitations (d) and (e); or
N N—R’
i N/
Y
10 (XD
wherein:

M ig a metal of Group 4 of the Periodic Table of the Elements, the metal being in
a formal oxidation state of +3 or +4:
nis an mieger of from ! Lo §;

15 Each X independerntly is a monrodentate ligand that is neutral, monoanionic, or
dianionic: or two X are taken together to Torm a bidentate ligand that is neutral,
monocanionic, or dianionic;

X and n are chosen in such a way that the metal-ligand complex of formuia (1) is.
in aggregate, newral;

20 Each of R! 10 R® independently is a hydrogen atom. {Cy-Cypihydrocarbyl,

(C-Cypheterohydrocarbyt, (C-C 40 hydrocarbyl-O-, or halogen atom;
R’ independently is a (Cy-Cypphydrocarbyt or (C4-Cypheterobydrocarbyl;

Or one X, when a monodentate ligand. is taken together with any one of R} o R7
in such a way so that the metal-ligand complex of formula (I) contains 2 tridentate ligand;
I3 Each of the aforementioned hydrocarbyl and heterohydrocarby! independently is

unsubstituted or substituted with one or more substituents R and
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The process being characterizable by at least each of limitations (a) to (c) and 20limitation (g) and,
optionally, limitation (d), (e). or (f) or limitations (d), (e) and (f); or The process being
characterizable by at least each of limitations (a) to (c) and limitation (h) and, optionally, limitation (d),
(e), (0, or (g) or limitations (d), (e), (f) and (g); or The process being characterizable by at least
each of limitations (a) to (c) aand limitation (i) and. optionally, limitation(g), or (h) or limitations (d), (g)
and (10; or The process being characterizable by at least each of limitations (a) to (c) and
limitation (j) and, optionallysHiRiitatipand)i(e}, ) h{R)eteor. fiomlimitatinns{dndekif.49). (h) and (i);
or 30The process keipg Gl eHza it t each of,lImitatj (a C) limitation (k) and
optionally, Iimitatio%g(gﬁ E\?gﬁ(gtqf%ﬁ (ﬁ)m? g\(l)? ﬁ%ﬁgﬁlifl?tg%dr%sﬁ“ d) %t&esj)ngb %i‘lg)?(%) é?r%g or The
process being chatatterizable, byt lasreach of tintitations:(a)xor(c)anrdNimitatian(grand optionally.
limitation (d). (e),(gg.}}( ). QQ. %I:? 0{,@?),: or li rgir_atign(s Y(dr\(e)‘.g};l"r.(h). (). (j) and ft); or The process
being characterizable by atleast each oFHtAtoHs (a) tey@)&hd imitation (k) and, optionally,
limitatian (d), (€). (1)), [ iteke @l OpdimitAions. 4 o 8D (d@h14): 90 LNk} 2R (1). 4.The
process as in claiq?]e%egf 3 :gpeemg (Ix%lleofiorllik())[eai}nx%gg)q_p?lvg?:[hx}e%p’eal_ ha-olefin) ~ copolymer, the
poly(ethylene alpha-olefini1 copolymer being characterizable By AL TeAS A BHibIFATON comprising a
polydispersity indég b {essoarmslo Lt g peaksioth senved(ithObutlr the DSEaheating and cooling
curves; and Wv2osa:lessithamn5.0cdegreesdCelsius; or the polyolefin being the poly(ethylene
alpha-olefin) copolymer, the poly(ethylene alpha-olefin) copolymer being characterizable by at least a
combination comprising ‘5“581’9} )iés&pgeoﬁs{ffyl?ﬁ %e%() Bﬁ%i% Lgﬁgg%;%? %&i%(ﬁ% 1838tH%h 4.0 degrees
Celsiut and the 18HB@BETEEALGIRTT-groups is less than 0.03 mole percent; or the polyolefin being
the poly(ethylene alpha-olefin) copolymer, the poly(ethylene alpha-olefin) copolymer being
characterizable by atTeasteaccombiraiion .compiisiagrargalydispernsity:indexefless.than 3.0; single
peaks observed:in hath:the;DSC healing,andisaeling Guryes; and TcIKW 1/2(Dso less than 500
degrees Celsius sgua ed; or 20the polyolefin being the poly(ethylene alpha-olefin) copolymer, the
poly(ethylene alpﬁd-hé]léﬁﬁg)”b‘ﬂlb’olymer being characterizable by at least a combination comprising a

polydispersity indéx ofdeéssdharn X 5 dioswWik()seyliless than 400 degreesigealsius

15 (c) at least R7 is (C1-Cyp)bydracarbyl;
(d) R is a substiruted (Cg-Cyglaryl;
e) at least R is (C;-Cyg)hydrocarbyl:
(1) the catalyst is characterizable by a catalyst efficiency of at least 130,000 grams of the
polvolefin per gram of metal (M) of the metal-ligand complex of formula (1) when

20 measured at a reaction mixture temperature of 120 degrees Celsius as in Exampie F1 or
135 degrees Celsius as in Example E;
(g} the polyoiefin is a poly(ethylene alpha-olefin) copolymer characterizable with
differential scanning calorimetry by a crysiallization transition temperature (e, T of
60 °C or higher; heat flow versus emperature cooling and heating curves independently

25 exhibiting single peaks for both crystallization and melting transitions, respectively; and
either {1) a full width ai half maximum peak height in degrees Celsius (Wiomse)
corresponding to a crystaliization transition from the DSC cooling curve of less than 5.0
degrees Celstus or {ii) a multiplication product of T times W (DS that is jess than
500 degrees Celsius squared;

30 {h) the polyolefin is a poly(ethylene alpha-olefin) copolymer characterizable by a

potydispersity index of less than 3.4;
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squared; and the mole percent vinyl groups is less than 0.03 mole percent. 'The process as in claim 4,
wherein the charactenzahle by a catalyst efficiency 25of at least 200,000 grams of the polyolefin per
gram of meta (M) of the metal-ligand complex of formula (1) when measured at a reaction mixture
temperature of 120 degrees Celsius as in Example EI. 6.The process as in any one of claims | to 5,
wherein the metal-ligand complex of formula (1) is a metal-ligand complex of formula (Ip). (E). (la- ),
(la-1 .1). OF (la-2), Op) R73 wherein at least one of R72 and R76 independent s a (314:40)alkyl and

each of the remalnqgnr of BgleﬁI;%BJGJ'\Wdr%H%QQ nl;dayoﬁ,ianby u at om ggmbh Ir r—i*eln |n formula (1a-1)
each of R72 to R76 mdependenty Isa hydroger?atom or RS, herein R's is as defined previously: or
(C FC:18)alkyl R" nuclear magnetic resonance spectroscopy by a mole pu cmi of vinyl groups, expressed as

-CH=CH, groups per 1006 carbon atoms of the polyolefin, of less than 0.10 mole
pereent;

3 (j) the polyolefin is a poly{ethvlene alpha-olefiny copolvmer characterizable by a weight
average molecular weight of at least 500,000 grams per mole as determined by gel
permeation chromatography;

{X) the polyolefin is a poly{ethylene alpha-olefin) copolymer characierizable by a number
average molecular weight of at least 170,000 grams per mole as determined by gel

10 permeation chromatography; and

(1) the process is performed at a reaction temperarure of af least 140 deerees Celsius and

less than 300 degrees Celsius.

J

3. The process as in claim 2, the process being characterizable by at least sach of

limitations (a) to (¢} and hmitation {(d); or

—
LN

The process being characterizabie by at least cach of limitations (&} 1o (¢) and
limitation (e} and. optionally, Hmitation {d); or
The process being characterizable by at least cach of limitations (&) to {¢) and
limitation (f) and, optiorally, imitation (d) or (e), or limitations (d) and ie); or
The process being characterizable by at least each of hmitations (&) to () and
20 limitation {(g) and. optionally, limitation (d3, (e}, or (fj or limitations (4}, (23 and (f}; or
The process being characterizable by at least cach of limitations (a) to (¢) and
limitation (h} and. optionally, limitation (d}, (e). (), or (g) or limitations (d), {e). (f) and
(g or
The process being characterizable by at least each of limirations {a) to (¢} and
25 limitation (1) and. optionally, Hmitation (d). {23, (£, {g). or (hy or lmitations (d), (e}, (1.
{gyand (h): or
The process being characterizable by at least each of limitations (a) to {¢) and
limitation (3) and. optionally. Hmitation (d), £}, (I (2). {(h). or (i} or limitations (d), (e).

({3 (). (hyand () or

Lt
fa]

The process being characterizable by at least each of limitations (a} to (¢) and
limitation (k) and. {')p{i.{mfzilj.f. Hrdtation (d), (e}, (1. (). (h), (1), or (1) or limatations (d).

ed. (B (). (. Gy and () or
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\,.N4/ (C1.-C3)alkyl (X)n 7. The process as in claim 6, wherein at leastf R72 and R76 independently
is (C1-C-40)alkYI. 8. The process as in any one of claims 1 to 7, wherein Rl is (CI-C4&hvdro
5(C1-C40)heterohydrocarbyl, (C1-C40)hydrocarby1-0-, or halogen atom. 9. The process as in claim 6,
wherein the meta _and complex(lal is me linand complex (8) (8) ; and wherein the
metal-ligand complex of formula (Ta-1 .2) is any one of metal-ligand 10complexes (5) to (7) and (10):
A catalyst comprising or prepared from one or more metal-ligand complexes of formula (I) as
described in claim 10 and’smecersiivies abtivating blo-batalystsadr d fediction productaiereof, wherein

the ratio of total numberefimealespfithe; 1ON8QE RIS m@t@hlkgamg) an@plgxg@ gfifermula, (1) to total
number of moles of the o&e{or rporej e&gtlvgt 9 co-catalysts is from 1:10,000 to 100:1.

The process being characterizable by at least each of limitations {a) to (¢} and
5 Himitation {k} and, optionally, imitation (d), {e). (). (g}, (B). (). ). (), or (D or

Imitations (). ey, £f% (g, (b, G), G (k) and (D,

oS

The process as in claim 2 or 3, the polyolefin being the poty(ethylene alpha-olefin)
copolymer, the poly{ethylene aipha-olefin) copolymer being characterizable by at least a
combination comprising a polydispersity index of less than 3.0; single peaks ohserved in
10 both the DSC heating and cooling curves; and W, ADSCr ess than 5.0 degrees Celsius;
or
the polyolefin being the poly(ethylene alpha-olefiny copolymer, the poly(ethyiene alpha-
olefin) copolymer being characterizable by at least a combination comprising a
polydispersity index of less than 2.5, Wl/z{'DSC-’ less than 4.0 degrees Celsius; and the
15 mole percent vinyl groups is less than (.03 mole percent; or
the polyolefin being the poly(ethylene aipha-olefin copolymer, the poly(cthylene alpha-
olefin} copolymer being characterizable by at least a combination comprising a
polydispersity index of less than 3.0: single peaks observed in both the DSC heating and
cooling curves; and 'I‘C:kwi/z(IJS(?'f less than 500 degrees Celsius squared; or
20 the polyolefin being the polv(ethylene alpha-olefin) copolymer. the poly(ethylene alpha-
olefin) copolymer being characterizable by at least a combination comprising a
polvdispersity index of less than 2.5; —{Cl#“;%fé(l}SCi less thar 400 degrees Celsius

squared; and the mole percent vinyl groups is less than 0,03 mole percent,

n

The process as i clavm 4, wherein the catalyst is characterizable by a catalyst efficiency
25 of at least 200,000 grams of the polyolefin per gram of metal (M) of the metal-ligand
complex of formula (1) when measured af a reaction mixture temperature of 120 degrees

Celsius as in Example F1.

6. The process as in any one of claims | to 3, wherein the metal-ligand complex of

formula (I3 15 a metat-ligand complex of formula (p), (Ia), Ja-1), (la-1.10 or {1a-2);

68



Rt15 or a Group | or 2 metal salt thereof, wherein the Group | or 2 metal of the oup | or 2 metal salt is a
cation of any one of the metals of Groups | and 2 of the Periodic Table of the Elements; Each of RI to
R6 independently' is a hydrogen atom, (C1-C40)hydrocar (C1-C40theterohydrocarbyl, (Cl
41:40)hydrocarby1-0-, or halogen atom: At least one of R72 and R76 independently is a (C1-C4ojallcyl
and each of the ret ainitier 150f R72 to R76 independently is a hydrogen atom or Rs, wherein Rs is as
defined previously ; Each of the aforementioned hydrocarbvC1-C40)hydroctutyl) and
heterohydrocarbyl independe@tlr is ungwbstituted or substituted with one or more substituents Rs; and
20Each Rs mdependently is a Raloggn atom, polyfluoro, perfluoro unsubstituted (C1-C18F3C-,

X RS(0)2-, R2P-.RIC=N-. NC-. R0010-. ROC(0)-. RC(0)N(R)-, or
§ Ior yHS an ynsubstituted (C1C18)alkyl. 13.The ligand as in claim
12, whereln the ligamd.of ) ) is any ong of ligands (1) to (4): | or 2 metal salt thereof,
wherein the Group | or 2 Ynetal of the\Group | &'salt is a cation of any one of the metals of

Groups 1 and 2 of the F}; |od‘8{ab/er the H

{p)

i
(XD,
wherein at least one of R72 and R 70 independently 1s a (U -Cyppatkyl and each

of the remainder of R’< 1o R70 independently is a hydrogen atom or R¥:

{1a)

Lh

b
Wherein in formula (Ia-1) each of R7< 1o R76 independently is 4 hydrogen atom or R,
. 5 . N .
wherein R” is as defined previously: or

(C,-Cpalky]

' (Il
N N R™
(C,-Cygralkyi

L OF
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(fa-1.2)
R'M
M
) !7 RT& R?\
(X)n
7. The process as in claim 6, wherein at least one of R72 and R 70 independently is a
(C i W 40)31.};},!{.
g, The process as in any one of claims | to 7. wherein R} 1s (Cy-Cyphydrocarbyl,
5 (C-Cygbeterohydrocarbyl, (Cy-Cyqhvdrocarbyl-O-, or halogen atom.
9, The process as in claim 6. wherein the metal-ligand complex of formula (1a-1.1) is metal-

hegand complex (8}

(8)

; and
wherein the metal-ligand complex of formula (fa-1.2) is any one of metal-ligand

10 complexes (5510 (7) and (10

{6)
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10.

11
5
12
16
15
20

A metal-ligand complex of formula (I) as described in any one of the preceding claims.

A catalyst comprising or prepared from one or more metal-ligand complexes of formula
(D) as described in claim 10t and one or more activating co-catalysts, or a reaction product
thereof, wherein the ratio of total number of moles of the one or more metal-ligand
complexes of formula (1) to total number of moles of the one or more activating co-

catalysts is from 1:10.000 w 100:1.

A ligand of formala (Qp):

(Qp)

or a Group 1 or 2 metal salt thereof, wherein the Group 1 or 2 metal of the Group T or 2
metal sait is a cation of any one of the metals of Groups 1 and 2 of the Periodic Table of
the Flements;

Fach of R} 10 RO mdependently is a hvdrogen atom, { C1-(ﬁg_}izydro(';m%yi.
(Cy-Cypiheterohydrocarbyl. (C-Cypihydrocarbyl-O-, or halogen atom;

At least one of R72 andg R70 independently is a (C-Cypatkyl and each of the remainder
of R’ 16RO independently 15 a hydrogen atom or R®, wherein R® is as defined
previously

Each of the aforementioned hydrocarbyi {e.g., (Cy-Cygihydrocarbyl) and
heterohydrocarbyl independently is unsubstinured or substituted with one or more
substituents R*; and

Each R independently is a halogen atom. polvfluore. perfluoro, unsubstituted
(C}-C} glalkyl, FSC—\ FCH:C% FyHCO-, F3CO-, RBSi—“ RO-, RS-,

RS(0)- RS(O}2-, RoP-, RyN-, RyC=N-, NC-, RC(O)0-, ROC(O)-,



a2

RC({OIN(R)-, or RANC(O)-, wherein each R independently is an

unsubstituted (C1-Cjglalkyl.

The ligand as in claim 12, wherein the ligand of formula (Qp) is any one of

ligands (1) to {4):

4

; or a Group
I or 2 metal salt thereof, wherein the Group 1 or 2 metal of the Group 1 or 2 metal salt is

& cation of any one of the metals of Groups 1 and 2 of the Periodic Table of the Elements,



