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polymerization reaction conditions (e.g., temperature). Preferably, the new catalysts would be
useful for catalyzing reactions that provide new compositions of matter (e.g., new polyolefin
compositions), improving reaction yields, providing alternative substrate selectivities (e.g.,
providing a new relative selectivity for a monomer and co-monomer in making a polyolefin

25  copolymer), reducing manufacturing costs, improving process safety, or a combination thereof.

SUMMARY OF THE INVENTION

In a first embodiment, the present invention is a metal-ligand complex of formula (I):
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5RC 1 -Ci o) hydrocarbyl|3Si (G -G o)hydrocarbyl, or (Cl-C40) heterohydrocarb
yl, or RK and RL are taken together to forma (C2-C40) hydrocar byl ene or
(Cl- C40) woenmnze28car byl ene, wherein each L i ndependenPCy/Usso/osandani oni c
noiety that is bonded to M Each X independently is absent or is a
neutral Lewis base group that is RXNRKRL, RKORL, RKSRL, or RXPRKRL, wherein

each Rx independently is drogen, 10(Cl- C40) hydroc ar]@\il

RC1- C10) hydrocaﬁWILll@SPende[“{l@fh @f@ﬁlrﬂ%ﬁiﬂ@@a@bﬁm@ﬁlr@@@ %Whrocar byl , or
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above,; t(@ %@lﬂfd& g)?%(bl)_%r@]n @dg&nw (@%48%2%2%&2@&?9 as defined above
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(C1- 40) hydvrhcrelaletp;zlL indgpen(@lly CAMohetnenio mpgtyoarstbyidedtoM;  Each of R2, RS,
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optionally ac[lgL % 1o eth form a (Cl-C40) hydrocar byl ene or

( C1- c40) het" & OHYGPOELY 5&&% ine Oﬁr- or R5 and L optionally are taken
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(Cc1- moﬁhemﬁsnﬁﬁﬁ;u&m@flcpylkﬁnmenyuror@@mhjdhr ee or four of RL to R5, RK of X
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tetraval ent anal#l l\bmd@@)wﬁ@a@m%l@ganapwf@ﬁ@pb? todELGrap) Heb efdbhydr o
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( C1- C40) hydr ocan byah an@erG 0PN, Wherein when n is 2, one L is absent;
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(C1-40) heteroh droc gl ene, and the remainder of RI- to RS, RK of X RL
of L, and L are a%ané'ﬂd Rbisgependently is H, (C}-Cyq)hydrocarbyl,

(C-C 4O)hydrocarby10-, (C1-CyphydrocarbylS-, (C1-Cyp)hydrocarbylS(O)-,
(C1-CyphydrocarbylS(O),-, ((C1-Cyp)hydrocarbyl)oN-, ((C1-Cyp)hydrocarbyl), P-, or
(C1-Cygheterohydrocarbyl;
25 Bach RY independently is (Cy-Cyqhydrocarbyl or (C1-Cypheterohydrocarbyl;
wherein Rl and R2, R2 and R3, R3 and R4, R% and R5, R! or RS and an R¥ of X, or
R! or RO and an RV of L optionally are taken together to form a (Cy-Cyghydrocarbylene or

(C1-Cygpheterohydrocarbylene, or RlorRY and L optionally are taken together to form
(C1-Cyphydrocarbylene-C(O)N(H)-, (C1-Cyhydrocarbylene-C(O)N((Cq-Cp)hydrocarbyl),
30 (Cy-Cyphydrocarbylene-C(0)O-, (C1-Cyphydrocarbylene, or



10j is an integer of 1 or 2, wherein when j is 2, nis 2 and either

bot hgroups, both R5 groups, or onegroup and one R5 group are taken together
to form awQCut@d@2Bydr ocar byl ene or (Cl- C40) het er ohydr oearhs@nms4447

Each of the aforenmentioned (Cl-C10)hydrocarbyl, (Cl-C20)hydrocarbyl,

(Cl1- 40) hydr ocar byl , (C1-C40) het erohydrocarbyl, (Cl-C40)hydrocarbyl ene,

15( C2- C40) hydr ocar byl ene, and (Cl- C40) het er ohydr ocar byl ene are the sane or
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nore substituents Rs; Each Rs independently is halo, polyfluoro, perfluoro,
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prepared from,piiaeeadlent ever-C,Ré@oBuRtEsAAEY two, and still nore
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catal yst of "the second enbodi nent, wherein the ratio of total noles of the
one or nore net ahetin hand LE awptiardsicpadingbathe fypha sxiddtion fige gmetadM. mor e

activati ”9s&'ﬂﬁﬁ%@h&ﬁt1§éadd5coinf)19mf3fér&191a919%, iBQgﬁl%Qté%]neutEﬁ.ef erably, the process
I t (1.e., a acki ng

enpl oys an aprotic solven sol vent -OH, -NH, and -SH

functional groupsyme amtodingntsiM isi metrbefdP el Giones p edentericmpeditsén is a
process of \pfi@RRMEl d8nf &8 oNBloads7lib gand conpl ex of forrmula (1), wherein nis
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hafnium, more preferably zirconium or hatnium.

In a second embodiment, the present invention is a catalyst comprising, or is prepared
from, one or more metal-ligand complexes of formula (I) and one or more activating co-
catalysts, or a reaction product thereof, wherein the ratio of total number of moles of the one or
30  more metal-ligand complexes to total number of moles of the one or more activating co-catalyst
is from 1:10,000 to 100:1. Preferably, the catalyst of the second embodiment comprises, or is

prepared from, three or fewer, more preferably two, and still more preferably one metal-ligand

complex of formula (I).



M R - to R5 and L are as defined above for the first enbodi nent, the
process conprising a step of contacting a netal conpound of formula (2)
M L) m-1( 2v0 20w/0222m8] e equi val ents of a compound of for MeCI/USY)09B24447
RI-R3 "-NH (Y) R4 20R5 or a salt of a conjugate base thereof, under
condi ti ons sufficient to produce a m xture conprising the netal-ligand
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present invention is an intérnedi ate ‘conpound gerred i nternedi ate
conpound |§“%P%%W%6ﬁhdqﬁbmFﬁr%ﬂ$ﬁhﬁqumﬁMdﬁ%mﬁweQ“ﬁ&b@wb@ga conj ugat e base
t her eof ; whegodinRr)RI - 1S (Cl CAO)aIkyI and R5 |s (C6- CAO)aryI or Ri- is
(C6- CAO)aryI ned above for
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nu r welg t , ot (o10) to or
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of the thi rdleNbogdidrEhfunpioedfl eoais).y are prepared as, and are useful in, for

exanpl ggl coat | ngls’fif&ll }ng?d’lmgnlt Be" §e’senﬁ"?‘@ o8 988, sof?f%h%r;ﬁga}% nBlat i bc?s Mbr e

pref er y, the poly I'Ns are use in a p ere p yol ef i ns
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of contacting a metal compound of formula (Z)
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t he
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or a salt of a conjugate base thereof, under conditions sufficient to produce a mixture
comprising the metal-ligand complex of formula (I), wherein m is an integer of from 2 to 6 and
m is selected so that the metal compound of formula (Z) is, in aggregate, neutral.

Another embodiment of the present invention is a polyolefin prepared according to a

25  process of the third embodiment. Preferably, the polyolefin is an ethylene homopolymer, an

ethylene/alpha-olefin interpolymer (e.g., copolymer), or an ethylene/alpha-olefin/diene
interpolymer (e.g., terpolymer).

Still another embodiment of the present invention is an intermediate compound. A

preferred intermediate compound is a compound of formula (Y)



15hi gher than about 30 C). O her exanples are applications requiring

i nproved nechani cal properties such as, for exanple, one or nore of nodul us
(e.g., Yowmogowy/arextal us), |zod inpact strength, yield stpremgishooowsensi| e
strength, elongation at break, stiffness, heat resistance, chem cal

resi stance, ignition resistance, resistance to diffusion of polar Iiquids
or gases, and dinensional stability. 20The netal -l igand conpl ex(es) of
formula (1) and caﬂ&lystﬁs) derived therefromw th the one or nore
activating co-catallysts are useful in the processes of the third and fourth
enbodi nent s. R3 Npbl yol efi ns prepared by the process of the first
enbodi nent are useful| in numerous ?pplications such as, for exanple,
synthetic |ubricants especially for the OBCs, elastic 25filns for

hygi ene applicatiorR$ (e.yg., for diaper covers); flexible nolded goods for
appl i ances, tools, consun%r goods (e.qg., toothbrush handl es), sporting
goods, building and construction, autono and nedi cals applications;

f1 exi bl e gasket %raa?ﬁlHOfﬁrCB‘?JFgaﬁé’aSFé‘Freﬁfa&P?ralﬂge 1S((g1 &40)31F5é1a?q%elﬁ ator door
gaskets and proflles) bui | di ng andsconstruction, gutonntlve

appl i cati ofsg aﬂ%@sr&bgs@bfﬁ@@@kagﬁng<€e¢@@ﬂkﬁdwdﬁsé>P i5dt uri ng
corrugat ed cardbgar ¢ mpgég JomollY 9} Bgﬁmﬁgpllcatlons tapes, and | abels; and
foanms for sporting goo f ts), packagi ng, consuner goods and
aut onot Pve applP@@ﬂﬂbngmmmCmmyﬁﬁﬁd@ﬁﬁwwhﬁmmﬁ@ﬁmhhnﬁWmﬁ@wb%%@@qnents are

descri bed Dgi-RWiesaiiyretiNGot Sl ndsdf & b RAW HBglbr acconpany
this speC|f|(gatllecgrz:gl]&J éIE% DE CRlﬁgﬁgiﬁggls Eﬁﬁﬁnv& S Figure 1

(Fig. 1) sHSRE"SR! e eﬁsﬁé@rrﬁ‘ﬁ%ﬁl}%ﬁt qu’eidb%RiFPdIngFedPVeEWEﬁY“%é?ﬂ ction of a
single Cry@kﬂhw$mvuﬁm&hﬁmd&gpm&ddbymWﬂﬁﬂy;Eﬁa@y&kﬁmﬂ@lﬁﬁﬁﬂ&me 6 bis(1-
met hyl et hyl n amn PP 2 (1-

10net hyl et h%F g%dze’%ur%aé%e Rtf @aﬁaﬁlﬁ)ﬂé (p(h%cﬁy Wel %QW? Ortﬂ dl.(l)m anple 1)

Wit h hmdrogﬂn aimq5famdmu@ﬁuh@bkﬁm¢aﬂymﬂ@nmbmﬁamb@ﬂﬁw@mmﬂmaﬂgﬁmﬂwclarity
Fig. 2 shows an ORTEP depiction of a single crystal structure derived by
x-ray anal yqu§mqu1ment preferably are prepared as, and are useful in, for example, coatings, films,

(2, 6- bi s( 1ipat, Ayd wdifalapd Hrddebhridied Mtypraddriig e pPIPadIs dre @Yl @hexen- 1yl i denel

D N B b Ao T BB 2t P vl ogen
Z EQ}N;S/ San OB @R CthdsO Foq @fin hi Gle NBAEIBIM SE@lce BhboehME @ odRhpMadedY X-Tay

(N-(( 6|I'§ hth‘HtﬂVP PRS- KA SN TRIB ST BRERENS RAYTHE BPERYE B8 hyl et hyl ) ben
zenanlnatOpuhapnawmmsmﬁ@mh@nyhmnﬁhykbfhahnmun;Oﬁmaﬁphmmﬁa)umdmmhydrogen
atoms_and ‘é@e%gtt Shdid 4L68h, PJASM&e ge%ré?&“iﬁm%? aﬁ%fffne Eea?ijé%stt%lce g 4 shows

an ORTEP depiction o si ng ryst structure derive y X-ray anal ysis
of resistance, ignition res1stance res1stance to diffusion of polar 11qu1ds or gases, and dimensional

(N-((6E) - 656Rtgy! i m no- kappahb 1- cycl ohexen- 1- yl) 2 6 bIS(l met hyl et hyl ) ben
zenanlnatokappahgtrls phenyl é#) zi rconi um ( wi th hydrogen

at oms afd unsubshqpaldsen ﬁ@?ﬁ}?x(eé Espala ghi“ldtcétﬁllyﬁi@rdeewﬁrﬂiefef}mmﬂl@ es shows an
ORTEP depl@hnﬁmmﬁhmamﬁmﬁgkﬂm@ﬁyﬁéakmsmwu@RMﬁaxdem¢M&ﬂmhwmxmray anal ysi s
250f

(N-((6E) - 66?B f?ﬁhino-kappahb-l-cyclohexen-l-yl)-2,6-bis(l-nethylethyl)ben
zenani nat o- kapplpbypiefmstorephrediafthi prone{sEX @irpiseenbsjiment prefiagul ifuniespds ogen

atoms are gfﬂh%&tﬁﬁ’s 19 as (}“!)lae&érﬂﬁ{e synthetic Tubrfchds an@ e%@g\ﬁ%/ f@ﬂh%@sp elfgpi ction of a
single crys structure derived by x-ray analysis

[ N- (2, 6°di inkwgPdpgrpsmeptisaionolesufay fapse ﬁw%Sﬁﬁhlwﬂéﬁd@?%f%&w%f ni um

( Exarrpl e 1@ols, dofsufmePeoos, (c. Ry 6 RGRA h&td&ﬁ)ﬁspaﬂﬂg podad bsilding Uk E@nghiany] carbons
are omtted for.clari

orvsem s huplig ALt Rl JyR R AR A TR REBLLOR ! @ Stnate

refrigerator door gaskets and profiles), building and constructlon, and automotive applications;

adhesives for packaging (e.g., for use in manufacturing corrugated cardboard boxes), hygiene



of

[ N, N-di net hyl am no- 2- (2, 6-dii sopropyl anilino)troponi mnatoltribenzyl haf ni um
(Exanpl e wBR2010/02228g. 7, hydrogen atons and unsubsti t ut @dTalseeplosaar bons
are omtted for clarity. DETAILED DESCRI PTI ON OF THE | NVENTI ON 35As

summari zed previously, the present invention generally relates to

nmetal -1 1 gand _conpl exes, catalysts conpri.sing or prepared fromthe

met al - | i gadePIEBIY BRESgnd BP%%é%dsféasmcf‘Fr SPULREA)D (g T8 PRE: BASKAPIRRT i zat i on
reactions \Amshné:rlga)dc,ahcaiuyﬁtoﬁvetappmaﬁmare pol yol ef i ns pol yol ef i ns prepared
thereby, pr Ocesggd?iu nonlﬁ e d{rrn%ttg‘ared sgrl 9beci0w c?gm thecaun%at g'IySt s, and
i nternedi ate corrpoun s Usef 1(g er et sone enb the' process of
the third M@@lmzeﬂntataﬁwmheﬁhleWmlWBODanot her pol ymer i zabI e oI efin (i.

ol efin gonononer) so as to 5enpl oy both an ol efin nononer and ol efin
conononer, a chain shuttling agent % descrl bed | ater), and an associ ate
ol efin polymerization cat® "\‘% “%@W ﬁNr%y Vifyention catal yst, or a
non-i nventi on chigatysitic. dRSIGWE ﬁ&ﬁhkk&ﬁg@Tfhe,rmilhEﬁlp&ﬁ(ﬁf-’lGﬂ’(ORdE]ﬂl’d@lﬁﬁﬁ)ﬁ of Vi ng the

pol yol efin cq rising a poly(olefin n i n cononomer) interpolyner
(e.qg., cop&“%ggrlyﬁt%“ e ﬁlr'“é%%?‘éﬁafyan%ysbs‘)?%gl'[g%’(?ejh“(ﬂbnoner ol efi n conmpnomer)
bl ock copommellethylbphelyllaraino CBEN|-2aaydohenent Oglome|-84bodi- nent s a pol y(et hyl ene
al pha- qjyefi 0 a N o] loTe] §
copol y?rgr pllﬂrge lgsrhglg&é &9&9&%{‘%@% NTﬁgg&ﬁ%/f%tﬁ}telweﬁrgllﬂg(e%lmﬁg%) ‘gehgl 118% and a soft
segment cof9RP a1digs @%‘I“ﬁh’&?“&ylWﬁ?ﬁ%qnﬁ@dé‘l’fﬁﬁﬁlyol efin and ethyl ene as

descri bed | at er Fig Th@ol @mR 1P iy @by aen@ea}ypthlam@dt@& udalxecthcxchy Hopal ymer" i s

used interc the terns ck copolyner,"” "OBC "
"et hyl ene/ ng%gﬁ?ﬁméflg?fﬁﬁ &f@’?)p% fogtyigpine- k&HPGN)'Je l?Peé‘ﬁ‘e a- 150l efin bl ock

copol yner' ythhebetneemmerét@cquipa\l)aise)henlylhlemyﬂ -hifamol (Bfanple 2aweh ysleden atoms

I nter C*l%”g%&mn}!ub*s‘tﬁﬁtgd Mienyl carbons A eHSEA gL €I N, “a, " "an, " "the, " "at |east

one, one or nore" -"are usé% Interc angeabl y. In any enbodi nent
descr i bed her ei Hig-3thavs gpERTEN e IS A seKe Pt Ay uteetesd bEéﬁ"f.’Yr’di@YSﬁg, "
" conpri sesof (el foheue d}linhﬁ% Kamlmh c%&lep%em mﬁalwehqkllemylﬁ&hiéﬂdnﬁmo "having, "

20 and "characteri ze h | ace the respective partially
cl osed (pa?‘fﬂpéwtrif(@?’cﬂﬁ y élj‘fnb‘ﬂlr(g 388H]s]13§]fqgﬁbat‘égssa§ht“is&lfs iyehs v consists
essentl al | ph@fylcarbambnﬁtt&efdrblkﬁyor the respectl ve cl osed (excl ud| ng) phr ases

i , "
"consi %b' ngmca) Flfg ﬁps?'low antCﬁ{ E’d% ?tta sm\%je créfstal st c?ure gerlvedthﬁf rfly anf'igd menber S

l'isting of unl ess s
i ndi vi dual IOS/(W@%KPH%@IM*W)@@WM@M16111) ZQQF((MH@&IMMIJ@&‘@QZ@@#HIIMWS pat ent

practice ang, %h%fphaafineemyneﬁaﬂuhﬁes@hé@Mtﬁlgydlrdge%mma hrgﬂbsgtfuteéubl ect
matter by refperence and 'the entire contents - unless otherw se indicated -

of each U. 8henplferdpis Onﬂteéforﬁlértﬁént application, U 'S. patent application
publ i cat| on, Paplgrﬂsh&?mmeéplcﬁbeaftawn@é’@l})taus&ﬁcejrhaaetniv@hgzlx RBdneRtis
appl i cati on J|c ale enced .in the

i nst an? 5 ta&p(g%:‘\{\géE)“Lfl thmu%o ahpa hd ’he\r}e nglé(?éﬂ eﬁlele&lelélbenzﬁ%aon}“b%or ated by
30refer enceappmmnneaiwahdﬁam é‘ixaapleIS In bt éﬂwdr@gen bo@Bs arpamigted foagplty.cat i on

publication famgys ;ﬁambﬁroﬁﬁﬁ%@p%oma Rlelc ersefm& @e@wsayb rehenange instead
of the PCT international patent application or Afi on equi val ent .

I n an eventf Wh@odlitarepepliegyly? é@ﬂﬁmmetfopwé@wee}trlhwa%haﬁnywﬁ%P&ﬂ6? M t he
present spegié lhsze&bge@ato@mldwh@bsuhﬁed\mntytcefboﬁsrhreaonﬂ@etde&tdan@at ent application,

or patent appli a tion, a portion thereof that is

rome oD onP by R Bl DR R e G PR PSS B8 b bRt cati on
controls. of V.- hlmqhylemmnﬂ (applisopapylaiinofrepdinigso]igergylhatifibefliixample ons™ ) are
used for C?@Vﬁl%gezglﬁdrg%kgcf%h?m{h%sdﬁﬁﬁﬂéd ph ca?d%gé‘grgoﬂﬁgéd Be a%%?d to limt

scope of the pres osure I'n any wa an event where there is a
conflict between a unit value that is recited without par ent heses, e.g., 2

i nches, and a cor r espongiigr v DiEsvRipeHN Otk SNpatgoihetical |y recited,

(32 As summarized previously, the present invention generally relates to metal-ligand

complexes, catalysts comprising or prepared from the metal-ligand complexes, processes of

6



5centineters), the unit value recited w thout parentheses controls.

In an event where there is a conflict between a conpound nane and its

st ruct ur eyvot2zbw/@p228ct ure control s. I n the presentCafskéoasisen, any
lower Iimt of a range, or any preferred lower limt of the range, may be
conbined with any upper limt of the range, or any preferred upper limt of
10the range, to define a preferred enbodi ment of the ra Each range of
nunbers i nEEd ofip PRYREERLON [EEHoRs Witk @%Wéﬁlys’émr?ﬂa‘ieﬁ]iyﬁlﬁ%s RRSETSs,
subsuned Wlpfebzlrdﬂi thehaiy p’r@:lag& o(fe]agng thé hietalr@mgie:oiﬁlplem abl&uﬁilyélts @l about 5

i ncl udes, Unl ess
ot herw se m‘? rm?fr'ﬁ?n% mpblﬁlr gaussgfu é‘:ﬁzf?ro ng el%q()dlme?ts ﬂﬁ’éﬂ (Efsér()rfetﬁ% Lird refers to the
of ficial pemb@dn@t @almremplmrasqﬂ@np@me@dabmﬂminms oROOFmoperivr] whew by t he

| nt er naki O@ﬁ{)lo%ﬂ??ﬂl Srin IRRYAE aﬁﬂgeffb‘g%én%glerqgaﬁh%fuﬁtxngAgQP/(S@A Al SO any

references to G oup or Goups shall be to the G oup or G oups reflected
inthis PerdFSS%hee lﬁFé)mmé AR RS Oﬁﬁérﬁ’ﬁlﬁlﬁl%mauon catalyst FWP%% éﬁ%‘&bﬁn ts Mis a
met al of Ge@apst,dra anmnt&nmﬁmt Ses(rapirhel)) the praellrwqird&gss |gﬁf1h§ 2 polyestirand
actinoids, useful i lgte resent invention. geelsca Fy %) (%/ttrlum(Y)
the | ant hafi?BRESNE 8BSt IBLOROR Ao QRTINS aRC b Es eécf%ﬂo y Vahthanum (La),
cerium (Ce))refeziblypirml?y@@ﬁ}lmoume(r Plelip coneodyami ok ¢ lymerp. @mtﬂﬁ(l)ranf( B ,

samar i ( : I r /[Sprosium
(D). lﬁlg} : Sgrgle en%U& B&ltﬁ%&@ﬁéd ngﬁpl%udl%ﬁﬁm&%oiy&e? TQ%W(&?’@ e algléé 2 ot eti um
(Lu), and Phén@ﬂoabis@ola@ﬁrmqfﬂé%y EBHED phaty! e@aﬂqr@éﬂ laﬁctﬁewna@)m@s peci al ly
stabl e i sotQpRE BhpraGh rRidwn (kA he alpladidRhd cliene @WscHb@NkEMIdHm Unst abl e

actinides g rot a nept uni u | ut. Pu

ameri ci um (Wr%?‘?t Yi‘?ﬁ’fgiﬂ]ﬁ]ﬁﬁ %@#Llo%@l il Ejﬁﬁ Bigj© a‘b(t‘?&ﬁyfh(‘iﬂg &nl(eé?r (P

ei nsteini urfmléfﬁsb)lockecvmiyum TEBC,” mdpidelesdéfirldcMib)erpohotseT andrredNay/o- and

| awr engisum, U Q cl i,0j resent

i nvent |q('5)n %hﬁ%lg%:cg ou%lﬁed[er];{S {a{'}htsa%%rﬁ g (C:1 %ﬁ%ﬁw%?e%éﬁ ! ljghakgen%lgdl ments Mis
a metal of heBup 4. Preferred Goup 4 netals are those in a formal

oxi dation stat eaQfsed®r@f, "d%ian MKE" Rl 105LAPIN "d-or FSfe" RULLPESES of the
present invention, rut her f or di um (Rf). is ‘excl uded from the G oup 4 30netal s

useful in f‘HeéChﬁ‘P?é%b@htm 4% GBPRATERL depgribherein G ARSP-Red BN TETILENFTS a metal  of
G oup 5. G mdrprlﬁngre&ahﬁlsehsehm the like ('fwhﬁh ﬁre g&emnoumﬂnﬁncmﬂm@,r ehaviagadi um (V) ,

ni obi umy, (N alum ¢ oses [ ntion,
dubni u%( Db%d |C§araec>t? cf &i’éc] Y O re%lﬁced %’r res ‘e Fauy CB%‘?E? y ?’ﬁiuamg)esent

i nvent i on. phmpsesidopdistipg %@nt@lmbbdqonmﬁ e§seM1q‘11$ O% areb tha [likeodr tf@r@a@u@ cl@fbu

net al s usefyludify) bGP S8&he afnvs‘daglgtp& aﬁﬁthgﬁﬁeomeuam(Qf)lsedrmi%asigenum (Nb)

and 35tungsten (W. For purposes of present invention, seaborgium (Sg)
i s excl uded! Pt HeEEsSGTETE st gfcs %%Piﬂd mebeR diyidaallyge Welhgpdhtiyon. | n
still otherostri@ai.nents Mis a netal of Goup 7. Goup 7 netals useful in

the present invention ar anese and .rheni um
(Re) " et or abl 5 PROCECH (pUPRORBactf  nureprEEORE TAThO-TBBA um i
excl uded f rOswhiBrtouper by métraks andslf aplireicpni¢nive- ypleegdntwisenw@atel ont catin st i | |

ot her emboglj ﬁ?!ﬂén% M §terﬁ %&Eﬁlbn %t&h'@p BeaiGl n@ﬁ!ﬁcaﬁoﬁ&é}lt Sodpe@fidl in the

present invention aréiro rutheniu . For 5purposes of the
present i n}enRYinl) idypdtigenl Q@’l) apah@tIWﬁ%“iﬂﬁ“PP@)lo%ﬂ@V@%m%@d from Goup 8
met al s usefdibredctt h IR iRGLETRBEIed PGP0 thel veBidnlate h@ﬁeﬁb&hcoﬁ%ﬂiﬂﬂlb nts Mis a

met al 9...Gou tas us |nthe ntlon are cobalt
(Goy. PRoarifReRayeh itie FEsamehy L -brari ey e imeH S Eg Bl poces of

t he pr esentherentreathic drprporetied merienciisteekd]tedied ifiteroamotal pagnt Spphietial ¢ useful in
the presen h : t he
conmpound o}w(? E%%&Itnbl?% &lg-rgeglnag Qgeﬁts\gh\?reeﬁg% %lsggﬁlﬁicg%@%eg%?}éﬁﬁo gtgrﬁ?letheconprl sed
of a nonovafeent spemﬁlcevlpn(aéd ghat ispifen de priettaasrtaglicgion of aagng eppbfatiethe conpound
of formul apfpilatoh,-o8a porfd¥ler@ Gha@in@¥RkAld by FRGaN AR Cadeh Ahe fréaf! es of
overal |,_nonoval ent cations are trityl cation,

tetrafirei - CFOYVRGP SCEPBy| | anmoni un), sodi um cation, calciumdication in a
hem calciumsalt (e.g., Ca+21(Y)-1(counter nonoanion)), and

7



15magnesi um di cation in a hem magnesiumsalt My+2 RY)-1(counter nonoani on,
wherein the counter nonoanion is, for exanple, a carbanion, halide,

bi car bonawe 20t4@23)28 bi sul fate (H8041), or di hydrogen phesphst@9FHAPDAL)) .
When used to describe a chem cal group (e.0., (O' -C40) al kyl), the

parent hetical expression of the form"(Cx-Cy)," nmeans that the

unsubsti tuted verS| on of the chem cal group 20 conprises froma nunber x
carbon atons t oS HisHY APRCUSR: Berdingt (s , PAREPRY Hrekehioncoqyrgicpeeidpiependent | y
IS an i nt egemnoaseaiesdkhdorithof @usddhe hmhem)e@ﬂthgfr@updlsc'[dsms,m fn@vagxanpl e, an
unsubsti tuted ( naneveng ahereytigleré:]ggtcalﬂlébeftle‘/e%n atl 1 \zalueglatls rem%ﬁ wat}l(%qs Wen one or
nore substituents on e chem cal group contaln one or nore carbon atons,

t he subst i putmlksqsQxe.-2@ychys, and a codypamiliogbnigriye farayerothenally notd.canpr i se nor e
than y ot %&ntlﬁ@t'él@})ﬁle%lpvrﬁﬁyerémt&lwuhtmﬁl‘%m&ﬁh‘és&‘wﬂu%ﬁt otal number of carbon atoms
of the substituted (Cx -Cy ) chem cal group wouid be equal to pl us the
sum of the nunbBrangrenpuicgherais @ pnflist bessen 2 srmpepnd nagipditg gexiresHe Any at om
of a chem g@lcn@s@hipold hat is not specified herein is understood to be a

hydr ogen at om vention conpound .g., the

ot a1t gand colgSREn SRR e HR TRk et e Bulat ()

i ndependentHeyangomiagbnenbimed with amp uppeofimit bighe r3Ge swbstprdfared tgpeRenit #r ef er abl y
there gpe pot, E@%F régnﬁ%mbm&t&ﬂﬁefr%{g@% 120k ofRnfe d&h%\ﬁdésgu , and

still nore preferably not nore I'n the conpoun ere the
i nventi on EBRYEUPRE @W@ﬁgraﬂwﬂ wmb%ﬁ@swlihtnu%f%gq%g Batpecrym
l ndependentai)@au@amﬂsiﬁﬂum fareﬁﬁﬁme,@,rszQ,fztﬁrs%ratsosqumtsb tuted chem cal group.

In some enbodi | east one Rs_is f perflu For
T osont pur pos LB ShE: 18R BB R ht e Bhe Re
substit uentofflciﬁh@nbdaq: mlé patlyh dasl June 2200 phtlisired by e fuagnatibrat Utisvwoofor nore H,

but not aII ut ed
cheni ca grP gﬁsncg‘? (H%Fejcp eg%sgg IEP&C?%& orgfle%nct(:é%ré) ag%%g'? ??{}? %S:im@%zém&l%al group.
The term' ﬁécrupoagzromrefbetp«fmdml%fno%%éeoéﬁ@ﬁlemew@nded to carbon atons of a

correspondi ng upsYRSthodiReks mﬁm&ﬁﬂof@?&y@ GSup’ ﬁrﬁétﬁQ@Qnﬂ%Y) ﬁchﬁdnlgor o in the
substituted chem cal used herein, the term (Cl- Q) hydr ocar byl "

0
means a hy d° Bz ds apet "Fg‘ifr‘dé&sefb‘fm fie BiRTCR IR ENURY AESFHOH R DIETYRE )t e t er m

" ( Cl- C40) hygamedas hyhenes cite@nsthaoldy)déspearpaith dihaci) calivnl@ef, from 1 to 40
car bon ,at ons ere h carbon cal - and . diradi cal ,ndependent | y
i's arongtl & Seoyi\,hnntljlnmgg})dneO%iJm Xlgﬁﬁul?ml?ed m?lddhsfgl urmaSm YShrai gLPFt chain or
branched clsadohnium (@d); terbl(lmr(&?ll’)uﬂjfp“mgfmmb@y) helryeh (blol. yrb@ydﬁl)dhulﬁlmﬁm) and

non-fused PRl YEYEYH)Cha Qﬁeu@rﬁ)(lgb'aﬁd th® Etatfle &Qﬁ{@ésr(k%hl'e%s‘éiuew@in&ﬁs)mre thereof;
and each hydrocarbon radical and diradical is the same as or different from

anot her hydP6cdl BB fsalgpes af 2cimgm g -defirem (Thraed 5@@?%@ {nstableqetinids pendent | y
i s 15unsubsiichatifrek i@fumS P Stepintitng ND Yo LOGRIOMPu TBL @icRE. (AR, @bemadiny, a

(C1- c4Q)hy ar e ntI nsub i.tut stituted

(L cao)al SRR SRR BaT e S R S Birbiere R 0835 al kyl ene,

( C6- C40) ar ybhelign (Ndi:&nmmeammél(rme G20l oyl tmtlnlcﬂdspefquelﬁeanamty a

(C1- C40) hydro6ak. Q’}‘err}eﬁ'@‘?o%ﬁﬁ%ms'a}é §c§ncﬁ‘f‘ IH%&Q%&&H&%‘M gr n%'tﬁ?%d}r&f)t ed

(C1- C20) hydr ocar byl C20) a Y (C3-C20)cycl o Kyl ,

20( C3- C10) éy%Fféréﬁd@wp(‘*eiﬂ@lm tavsregﬂl aefﬁ@la ?%U@z@}ea}f yP or more preferably

(Co6- C18) ar yd. f(oﬁémﬁl&)oahqu &A8avetdn| tith B @i (167 ﬁ@@lnjdyd frén (EGref @) hydr ocar byl
[ stituted or substituted - 1%9 ? ocar byl ,

|ndepe ently is _an unsu I
GBS erlpurang i B RO e AT SRR T
C6) al kyI enéirou@s&aeféls&)saulyﬂ the prese(t@beCba parvyikd GV O6ipbibkyNenad tRulfrer abl y, any
(C3- C18)c os A4S . R Qfe ituted
(C3-C10) cy¥ Oﬁg\% ésrb?ﬁ{eg%%ge?lpmﬁ&%&él %%83 glqég?ﬁ?&n%%tﬁggaqg a?%?p;% ed straight
or br anchedheipaipadd ar thopresertdivertion dp stilragher amhodiments Meip boiplalf GrPbhat i s
unsubst i t UtRehp@mehsditivihe e 1%&109&%%@111135(&)5%@%% k&5 @fo) WRGUbSt i t ut ed
(C1- mg%al kyl are unsubstituyted (Cl-C20)al kyl; unsubstjtuted ECl- C10) al kyl ;
unsubst’Pt ut@FPELD gy BB WEPfﬁi?P““VéPtI‘Wi Seabfrgﬁ’ﬁ*b@% is exsludgddign e 1 put y ;

2- but yl ; 2-Group 6 metals useful in the present invention. In still other embodiments M is a metal of
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met hyl propyl ; 1, 1-dinethylethyl; 1-pentyl; 1-hexyl; 1-heptyl; 1-nonyl; and
1-decyl. Exanpl es 30of substituted (Cl-C40)al kyl are substituted

(C1- C20) avkybio/eed2st i t ut ed (CLl- C10) al kyl, trifl uoronet hpCT/tsaao0845) al kyl .
Preferably, each (Cl-05)al kyl independently is net hyI , trifluoronethyl,

ethyl, 1-propyl, or 2-nethylethyl. The term " (Cl- C20) al kyl ene"

means a saturated strai%ht or. branched chain diradical of from1l to 20

carbon at offECUPHaTOM Rl St P iteders et ingerhet 3¢ ’E}?‘@G‘lewl\@héecwtl%F%

Pr ef er abl y and GdmG2 @k 8 biciek®Revn. Fmgﬁtphm of\Ahetﬂﬂesa{tﬁﬁﬁltlﬁlﬁ bblotumll &clpded or f ormul a
(Y) throug (C ene. b

6 henber ed 1 kg g SA L R LSl A o R B i

unsubsti t ut(?e@p@cfim@l&)l)nahlkyﬂe@he thelprﬁeétnumwng%m@m@s(ﬁ)tam rgijerfuR (Ru).€or C

o) al kyl gne!pu Gt the pg_!%gﬁ'gentlon Chamd(l:llci',%f;lﬂ(a:ﬂs)(afetex&lu&ed ﬁom'G(rcgﬁ'%) 5-,
()6, TUER) TS () 8-, tand - (CHR) 4 y? es of

subst it ut ealetaéfsef‘ézvjl%wrwvté%m@ﬁ dng lb)é*ter %mhoéﬁlezﬂé: 4 pyytal 0@@@&8, - CF2-,
-C(0)-, andiroup @ﬂ%)Mf@hBﬂlaﬁlad&)lﬁent(dn afe.coball (6o) GhéliviRtRy knsilishidkyt ed no
rrral-l 20- ei OThe te substituted or

GUbst i1 ut e CEPeTaT bb ROPEREST M RGR ireorgr o pr e pe PR R
hydrocarboﬁnmmmWﬁﬁhKMWﬁm@mnﬁwM®n40 total carbon atons, of whi ch at | east

from 6 b0 14 Catq &l QllPordile08ut 8 ROBBEANBE oA (G IR G overd] - OF

tricyclic radica tPe%ra riﬂgoesC J gla v t‘?nmg ‘%?%rgt secon ar?’éertLl rd
rings, respeteligus wlecuwfem@‘ﬂsw %fﬁyn%@@ﬁtdmw (cpshinposo-fePIROTRINdeRYENt | y i S

;‘;3 ﬁg . |O{: gﬁgthc]; é‘IoSmZ)fquer{:_dg) Al @5 (il E(t% @ an QCerrOﬁ ngrgycvag%nngau&?%ﬁaé%' ;ﬂ]g;' I”g Is

aromati c. Ex%tﬁhh@gvadﬁrnt Q}h@u bistiiitylishted, @@&C@Q)}hymca@y@aﬂmwm tspdiwt ed
(C6-C20)aryl; unsubstituted (C6- C18)aryl; %-(Cl- 05) al kyl - phenyl; 2,4-bis

(Ci -05) al kstlon, pvhleinylldicatyiﬂnémylhﬁniﬁdlqjm etty¢-g.. €At QRadrwérimpopasivy));and ndacenyl ;

hexabydr.oi ndacenyl ; indenyl; dihydroin ;_.hapht h tet ahydr onapht hyl ;
and ph ﬁant“ﬁ%‘@“ﬁ&% diegioh ) HEmpPAGHER ot g}/((k'?:&@gﬁﬁla&ﬁ?ﬁm %gﬁ t ut ed
20( C6- C20) bapler mStRSb] & Ub&ark Bz Q&&Lfaﬁ %Ialndezblélérﬁahé:té ?lblfsi{lllete phenyl ;

pol yfI uor ophenyl : pent af | uoropheny and fluoren-9-oneé- The

term" (C3- cgggl &¥den pRRANR (B KRt ated cyclic hydrocarbon radi cal of
from3 to %y) 5n gt oér?gpt hgita |52P3%Sﬁ{)sti tuted or substituted by one or

nore Rs. Exarrpl Berofseditn siesostel atchiingichl §r0T (E40)G VGl péklykythe mareathetiRsiubst i t ut ed
(C3-C20) cycl oal kyl , unsubstituted 25(C3-C10)cycl oal kyl, cycl opropyl,
cycl obut yi exREVé‘P‘b?fé‘ﬁth (%ygy)oﬁ@ﬁ%ﬁlthat @9&@8&%@'{5%@9 lverﬂ%lwﬂﬂt%l%@mal greyRe | ononyl

d d stitu |k bsti t ut ed
(Ca- o) oy S A Rl BB bt LBy e o A 2 1 e

1-fl uor ocyeﬂdel??ed@yﬂy is Exnlmmresde@ﬁlb(dGQLt@@ylhydrgwarwa fnexample. aunsubst i t ut ed or
substi t ut eqnﬂbsru@a@bd@@{nc@aﬁlt WP &5 Gbm US4l o CATh@MWHen odeGBm&40) cycl oal kyl
(0]

and (C2-C40) al kyl me enbodi nents, the diradicals are on adjacent

car bon at omnwstfthene. opﬂﬂ:cﬁendcat adupcrahtal)l onegrr n@pza:m@dn apey; the bpstonel (L W) or nore

i nterveni ng carbon atons 9 respective 3-diradicals, 1,4-diradicals,
etc. ) Pr efFRTH@HePY May Oémiyf? CO“f“?:? morithﬁnyt‘)@ircaﬁ?ﬁn APPhHaS otH‘ie@%i‘“B‘i“? adi cal

(i.e., 2bavitdig nivaEbet HLLBIbSPAGh N tHo ibd@ed @e:yr) aedineal orep eIt $9 cquimas ¢ pref erabl y
a 1, 2 diradical. Mre preferred are diradi'cal anal ogs, especially

1, 2- di r adi ek the sy of(ieguEh@phgation aPWSolETAN f (e FePAlitkapi(s)- @Wd‘tWﬂMO) al kyl are

chemical group that is not specified herein is understood to be a hydrogen atom.
In some embodiments, an invention compound (e.g., the metal-ligand complex of
formula (I) and the compound of formula (Y)) independently contains one or more of the
30  substituents R®. Preferably there are not more than 20 R®, more preferably not more than 10 R®,
and still more preferably not more than 5 R® in the compound. Where the invention compound
contains two or more substituents R®, each R® independently is bonded to a same or different

substituted chemical group.



(C6-C18) aryl ene, (C3-C20)cycl oal kyl ene, and (C2-C20) al kyl ene, respectively.
5The term " ( Cl- C40) het erohydr ocar byl " neans a het erohydrocarbon radi cal of
from1l towoQonmkxa at ons and one or nore heteroatons NPCEUSR00008IT Si ng
-N=); 0; S S(0); S(0)2; Si(RO2; P(RP); and N(RN), wherein independently
each le is unsubstituted (Cl-Cl18)hydrocarbyl, each RP is unsubstituted
(C1- C18) hydr ocar byl ; and each RN is nsubstltut ed (Cl-C18)hydrocarbyl. The
term " (Cl- C40) hE’tS@P‘bﬁWP%&? t?ﬁllF%h‘é’e Rnﬁ&ﬁlé’ﬂ%?r%‘@ﬁ’&rtﬂé?r%@ﬂ?r%‘&rpblBﬂseﬁ| r adi cal
of from1l tpblﬁ‘momamhdperﬂlto@d”rEacmmdun@mﬂeRs quibdtieichetie raat porg’ aSin( Rc) 2, P(RP),

N( RN) N on %Iu rO 2: n aq g)I‘Ol?l Te %Sbugnot pﬁdb aci%g\( carbTrI;]z(«?tonqgt & ohydr ocar bon
radi cal and”&ach o’i‘n%ﬁ et 8r'o pocar b diradicars®in ependently are on a
car bon at omrmSPOInéltlzew@utaltltgtﬁd th@mel@foup Eamlah@befraélhvdmvhewm@wtqdadl cal and

di radi cgl IRAeRERGE TlMerhS: &ﬂ%qp%fﬁu%egm&g eRHADBbhdel L&GbEPHoANE , OF IO €
Rs), aromatic or non-arona saturated or 15unsaturated, straight chain

or br anchedPEpRmfing wyehssitated ‘fhﬁ@}calcwa isfespased byridlupg s he sbptitged oeraiesl and

non- f used @ﬂ)lup/cycl ic) or acyclic, or a conbination of two or nore thereof;

and each heteroh ar.b iS e.s as or different fr ther

het er ohydr ocar b0 n“sf Cg%r%%l(aleéeﬁlﬁ‘ gﬂr%ﬁ@?‘n& Ca?byg%%%s 4Ry P§op g?%l Ogg

(C1- CA0) hetigg maéfi(n%@fﬁ@a\ﬁhﬂief{@ﬁpﬁq pihka’rodaﬁ)yléf%?%%s athydirﬁé!rbgﬁ dl%ldieﬁt l t Ut ed
et

20( C1- 40) het eroal kyl , (C2-C40) ocycl oal kyl ,
( C2- CA0Phebtirae Y ol 4dahrkgnl atdnElwICRD) @btkiykd®nehon radical and diradical independently is

(C3- C40) CY% Eﬁ—{l&){ Inor{—%&maq:igos)d*] E@%%LJ%M t@d@ralg(qg@ai%%r&l{%ﬂe%r paY.cl@al kyl - (Cl-

C20) hetero ene et eroary

( C1- C20) hel(]é?lwgylim()-c‘(}]}d @Uygp%gﬁqsgqf@d n?@sed@myg_h¢>v11a_cychc or a combination

( le Qoérebm@t Jﬁ&& aioa@of @ld eﬁ@lr&z@g&}%giai@fcﬁlﬁgd/&ra&@lls(t\)ffeos)nlﬂ@ﬁs%‘i @@ﬂgﬂ@w ene. dl\/br e

preferably, ter roca i ndependent unsubstituted or

substi t ut e(ﬁ“”fl @’@2%5 i Wrdgﬁécr%{ﬂsl’wéve@ (“t‘;‘iﬁe&ﬁﬁ &t er oal kyl ,

(Cc2- CZO)Shebm%m@ﬁ@adukyﬁqted(b@znmmowserocycl oal kyl - (C1- C20) al kyl ene,

(C3 Czo) CyC| Oal F era ) € n 1S an uns titu U DStitute

(C2- C20) heter 005% () %y&z%&ﬁ@%c)gﬁg%drg&ﬁiﬂ ene b(s:it 88‘)%?&%%%8& yl,

(C1- C20) hetef-ogpa (C ?(ﬁaﬂl))ak N8y cfcBarnE0) & a,lk 1GE- €2Q)hetebpal kyl ene,
g HYI = CZO};qhe?ﬂgoa}l( kyl gﬁel gg) { Cgoubey

or (Cl-C20)heteroaryl-( i1l more preferably, a

( C1- C40) het@w@fo)@ﬂd@aﬁbwlkﬂmé‘ﬂ@nH@f@tabgy 4 (61 3Rpheligsgtbitindepadently Subst i t ut ed
(Cl- C18) het e

h | kyl -
C18) het ar ol GRREHR ST Shtes & o kSl S g e By S5 elontyt
C3 Cl [§) 31 Or ar ene. Hl
(G- C12) hot e et babio! LK RS T AEl e S ynas W | 12
( C1- C12) hetereqadtyrdbly, @lclesaodiyhgob@m;nd(peﬁleﬁwa9 alrlyléubétﬁiiltecﬁﬁ)sdtetttmcb(ﬂlkyl ene, or
(C1- C12)het eroaryl- (C6) het er oal kyl ene. Preferably,

( C2- C18) hefesBYyF By fk%d e ThdepkHdéat 19>°Y°é°al§ﬁ]si§t3§nzi°éﬁl‘éﬂ%¥clsubst| tuted
(C2-C9) het gr ar nd

(C1- C20) het ér%ﬁﬂieor%nel%r)?%gg? r]z;%ag)%]l( ﬁéd@%&%@@%ﬁ%@ chain radical or
di radi cal , O’1§)Sﬁﬁﬁlkyl\iﬁjeyend@ﬁy fsl’aﬁ)ﬂﬂsﬂ.bshlﬁ)teé@r s@bsuﬂateﬁocgol((p@mbakyl at ons,

respectlvely, and one or nore of the heteroatons Si(Rc)2, P(RP), N(RN), N,
0, S, géo) andThe term “(C1-Cyq)alkyl” means a saturated straight or branched hydrocarbon radical

of from 1 to 40 carbon atoms that is unsubstituted or substituted by one or more R®. Examples

of unsubstituted (Cy-Cyqalkyl are unsubstituted (Cy-Cypalkyl; unsubstituted (C1-Cq)alkyl;
unsubstituted (C-Cg)alkyl; methyl; ethyl; 1-propyl; 2-propyl; 1-butyl; 2-butyl; 2-

methylpropyl; 1,1-dimethylethyl; 1-pentyl; 1-hexyl; 1-heptyl; 1-nonyl; and 1-decyl. Examples
30 of substituted (C-Cyq)alkyl are substituted (C-Cyqalkyl, substituted (C1-Cgalkyl,

trifluoromethyl, and (Cy45)alkyl. Preferably, each (C;-Cg)alkyl independently is methyl,

trifluoromethyl, ethyl, 1-propyl, or 2-methylethyl.
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S(0)2 as defined above, wherein the (Cl-C40) heteroal kyl and

(C1- C20) het er oal kyl ene i ndependently are unsubstituted or substituted by
one or nowe 2Ru/02E2eanpl es of unsubstituted (C2-C40) het er @cyaise@bloyd44ar e
unsubstituted (C2- 10C20) het erocycl oal kyl, unsubstituted

(C2-C10) heterocycl oal kyl, aziridin-I-yl, oxetan-2- yI t et r ahydr of ur an 3 yl,
pyrrolidin-I|-yl tetrabydrothlo hen- S, S—dl oxi de- 2-y nmor phol i n-4-y 1, 4-
di oxan-2-yl, heXiHsar 6%12%@)%@&“% means Ay étFab‘i%?r)bFandgd fh3inaliadieaf ﬁnonyl and
2-aza-cycl %‘Jgﬂé 20 @%gﬁbﬁ%& k&ﬁﬁ&d %k‘&b@ﬂm@% QI)IQ&E f Rf¥dbyy2r €
unsubstitute eteroaryl, unsubstitute - Cl0) hetero "aryl,

pyrrol - 1-y1¢1- 6m>8r11@116n2 t(ggztherf\mhawms99f9fmuﬂw><9pf?érﬁula ﬂlroufsh Viﬂ‘ﬁl?%‘?- 151-y1:

| soxazol - éé(lC%_O_)zﬁl%ﬁen%_%éo%leé cg rise 1 mg%gditinﬁol%gﬁmgas O%u ﬁubsél ulgelfazm 2-yL,

1,2, 4-tria oxadi azot- 1azo

t et razok- lwllc Obaﬂﬁyneaagleu&uvs&mtea r@lzooilky@ny Licupp bbb RBud 19

pyrim din- yl pyrazin-2-yl; dlol 1-y1; ben2| m dazol e- 1- yl

qui nol i n- 2 1 and i soqui ngl i CH.CH The term "hal 0" neans
fluoro (F) ( bﬁm%ﬂﬂavle(l@ ?Hz bF&hSHeBr(?Hz)@r |%%1Co 1y -CEiacaiCH220Pr ef er abl v,
halo is fl or I ferably, there
are no O- 0”(‘@@18), (C(I‘Lmds b(%hgdsﬁd R?ﬁ%)gé@ﬁan j(OESJ(QIEbl ﬁsdogs?brﬁtltgﬁ(P%?O) or S(0)2

di radi cal ftypakilanrate sgisoupd (G AC{hekyres, alFti- @(@dmﬂo@lﬁgC@H@ﬂ@Hyga (.
Preferably, each substituted (Cl-C40) hydrocar byl excludes and is different
t han unsubs$ith # G6elimdhy! shystsdated | CE1ccHg) et er ohydrocarbyl (i.e., each

substi tjgt ed (ClThea&%@dgia Reamnbyk ad dsdsidlef drRedithiid thend dr hbte EYDOdI ment
wherein the substitute 1- C40) hydrocarbyl is not an unsubstituted or

subst i t ut edlo(lmbim@r)ch@tc@romwryg@aarm|r9d1camf@f>er6a<bwota1sa@hn gubsol t ut ed

(Cl1- C40) hYQJ’hQHQJIPanﬁﬂ% €16 LHCRSoRN Gre iy girﬁoﬁ%ﬁ@an&tﬁ@fﬂod&n%il%&l'&c‘ﬂé ed or
substituted (Cl-C40)heterohydrocarbyl ene; and nmore preferably a conbination

t her eof . THEICRlepmprissst g rht Bies (HaRong: é&%f“ﬁ@“‘&%:rrﬁa??ut‘%}f)b‘ﬂﬁred’&ﬂbl e bonds,

car bon-car b&ﬂndd‘rk@h@n@ﬁb@@ﬂﬁntly&ﬁdseﬁbﬂndﬂ&ﬁﬁd{ Qatfﬁdffhﬁg)d}feaihlbth&gar@rﬂibu ps)
car bon- car bon- PP%P ous anq car bocrp | j con. double bonds. Were
Bre cral f’létf)ne [6) secon or

§I tr Og e 1S ar ath an lrd rimes 1s aro
a satur SR ¥ grou uted” S G 8 SO i t uent s Rs,

one or nDr@deﬂﬂaIOéuram’cdvit@ued t%r%ﬁryb@fnd@ub}pmte@ﬂéd Cyp)amelyuneubstineyd (gt be present
in substituents Rs, unsatu ated" peans cantaini ng one or nore

car bon- car E@B?ardb%q:bcﬁ%ﬂd’ge“yb% I?bgfplc%i)ﬂﬁ‘ﬁ PRy PR IHEE ™ iand (i n

het er oat o %ﬂh Jhe NS / 7 @fhg@rous and

car bon- si Iml.tco gj %Pgl%{ Qﬁ hnga'?&cgagcf Qéél?l 919&12} dﬁﬂiﬁgﬁo}ﬁ{)‘ﬁ onds that may
be pr esent tqtrﬁhyﬁmwﬂwlu@ﬁtpgenp&thre@ef Exgpples %frsubSHtuteﬁgfae@z@)a@fleﬁwh%uW ngs, if

any I n fetr val nt, anal og of a

di radl cal 3 %))ar ESU%%G ége @ar{% & hls (g%ﬂl)a?k ?] p?l guBOIY L}ﬁ)rOpF "trivalent or
t et raval entpeml)@ enﬂaﬁ@ﬁ@&én\g&&ﬁé igans a tri radl cal or tetrar adl cal that is

formal |y derive t|n ne or two hydr.o ively,
from the di rad: S GupC e EPgrdi bRl bs ere iy eher o bm

i ndependent] ) d®od Ak Es%muﬂst&téd o Hﬂﬁiﬁt%'ohé&md% kY EValLR05r anal og is
preferred over a tetraval ent anal og. 10l n sSonme enbodi nents, at |east one,

nore pref ewaﬁswmffé (FxGemevelipglkyl afeupubsipicd <‘|&r€zcécryalﬁ1ﬂ§yl APPubPIUE] - to R5, X, L,
other envoch renvah aatrsva il PRUBRY Wb Fabselasnt P SOk B0y arkyi
and nore pl’cﬁﬂ(ﬁhb@h}hyd &clolelylOBxadbleydt.substituted (C5- C4O)cycloalkyl are substituted
(C3-Cyg)eyceloalkyl, substituted (C3-Cyg)eycloalkyl, cyclopentanon-2-yl, and
1-fluorocyclohexyl.
Examples of (C{-Cyp)hydrocarbylene are unsubstituted or substituted diradical analogs
30 of the (C4-Cyqaryl, (C3-Cyg)cycloalkyl, and (Cp-Cyqpalkyl. In some embodiments, the

diradicals are on adjacent carbon 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, etc.). Preferred is

11



I n other enbodi ments, the netal -ligand conplex of fornmula (1) is as
described in the 15first enbodi nent, except wherein one radical group
(e.qg., (yocamydmgatsocar bylC(0)0-, (Cl-C40)hydrocarbyl, &00/US2009/054447
(C1l- 40) hydrocarbylene) is deleted fromthe definitions of any one of RIl-
to R5, L, LQ (when LQis L) and LR (when LR is L). The term
"solvent" neans a liquid suitable, preferably aprotic, that is conpatible
with the de@eéé of ﬁh?”@ﬁ%mgﬁaﬁﬁﬁmpﬂﬁ?ﬂﬁ“ﬁ%ﬁm?@WPﬁmﬂﬂ%BﬂW%%ﬁ?s and,
optlonalIynmkmembhmrdm&QamhﬂdymenHmmSM1Mabbe&&@amemMﬂmmnﬁﬂmﬁe al i phatic and

aromatic h dro th ar
br anched- c%éwn %ﬁ%@%? SO é&MTI 356@(?aﬁﬁi B ﬁe40mkﬂf§he hexane,

hept ane, oqd:baoie‘g)arﬁa@ @Uzgkﬁ%atkb@ﬁeeﬁfd (cgygd)mgy@edes@ml%cl i ¢ hydrocarbons

such as cycl ohexane, cycloheptane, nethyl cycl ohexane, nethyl cycl ohept ane,
and m xbures t hérgoh “(Gefgpnerdpdo@@il 08)mlakytbrokydlystrbanrtdaal dérmednes such as

t ol uene and | ene; 05) al k al k ( ) r cycloalkyl
such as tett P%?ﬂédﬁd°¥%¥Fﬁ%$ﬁ?%%‘ %ggz IS Iﬂﬂﬁmﬁﬁﬁné%g Q?%%( Xe5) al kyl
ethers of @Rﬁ%gﬁ@#?%&@ﬂﬁﬂgQM&9$§Mq%&QﬂH8&&%¢§u&&mh@@df0r990'”9 Activating
co-catalyst T | 1gand conpl exes ‘of fornmula (lI) are rendered

cat al yti cal(CyCpptydmearly. eafhdﬁmstlaaﬂastmgect(ﬁ@@lg)bydr@arb;zlommemhm@ ithemw th, an
activating co- catalést or by using an activating technique such as t hose

that are kHBWptfufFd( ECmﬂl%ydf%@fbs&sTéle e R méualheterabgrocariyl e pmeeps vl ef i n _
pol yme 1b2a§ga§’rﬂfgd%%a%dn er%dma?in}o%bL & 46GHo }4% L In08haG0s &%@4 1%§&o%to‘§ngr use herein

i ncl ude al ic or o oneri ¢ al unoxanes (al so known as
aIunlnoxanéé?)zﬁ@%ﬁ@ﬁR)U@M?§ %@Dd@iﬁﬁhﬂmﬁ@ﬁW®@byhﬁmﬂ@wmhﬂhxé®@rd|natlng,
ion-formn unds. (incl compounds under oxi di zi ng
condi +1 onof il BE PSR b BBt Fethl SuraSHE Ny of R B HRE S <
(explalnedhmnnnmnéwdetE@hhh@meﬂmaﬁmgnymmﬁmmbmﬂaMUmh§m¢ﬁﬂmme or nore of the
foregol ng akbYldidB6%RALA) S bondnR )ta@&{m GUBS. a%;ﬁma“ ptenpl ated. The

term "al k um nunt neans ‘a npbnoa m num e or
nonoal Kyl aPEﬁ%ﬁ“F@EFﬁq iRl chadneor benelied iRy cyalllqjmclﬁﬂrm wyr M@Olyayw faiedl kyl
al um num hahd @8-fused po@ycpcrhbpdr Ky R, biH O mBhat#dh BB @xﬁ&@ﬁle@mm{diasdhr prepar ati ons

are known at, for e Unite es Pat unbe US 6, 103, 657.
Exanpl es o etﬁP@‘P@Wé‘%ﬂlngBT YHEAT ¥ 4 gfereéi 0@%??8 Ff etﬁ‘iogl%‘i?ér g ?agg
met hyl al umoxaiel, rebgettiveigbut yl al um numodi fi ed met hyl al unoxane, and

| sobutyl al um)xapgfera I ef(%lrl nI4&)h&%§4yﬁr0§a%iyq%n%gpghct{lgﬁ lplgisﬁﬁ(%tlt'ﬁ%égfls}ﬁ? il € G oup

13 nmetal conpounds rom rocar substituents as

descri bed @%@41 eteMaIkgL, qr,af 4 m@@@cﬁo@mpl 8- Glgihaleroﬁﬁﬁﬁlﬁﬂmg ng')ﬁkylene,
tri(hydrocar @msubstltute -al um num or trl(hydrocarbylf oron conpounds,

still nore @y éj(ﬁcrypledk}én(@l €rgBetoalByiB)caltoyldodiarer yeioatkplr(C -

trifiCo-Cl nds an | ogenat e cl ydi ng, per hal ogenat ed)
deri vat i ve?ﬁﬁ% e“%v@rh %ﬁ%ﬂ&a’gge@il%azpﬁg‘ff??@((gu &é&%@] ut ed

phenyl ) bor a1 hEVB ARG &r RS PEGHRIcl Mryl-fd, SERHRERNK m%&@nyl)borane
15Preferred éﬁatl%ns ofﬁﬁéu{réi gmfs gc{ é@?lvatlﬁgeco catal ysts

i ncl ude nlpm&més'@ﬁnﬁthmMQhﬂMEmhﬁummmmmmﬂp$uamMmm&d@Pﬁw$mMMy€1aIunlnun1and
a halogenated tri( - Cl8)aryl)boron conpound, especially a

tris(p ﬁtafbﬁ%?ﬁﬂﬁ@ﬁ§¥$ﬁﬁﬁaﬁﬁ(?WQ%F%W%ﬁ Ked s biblinat i ons of such
neutral Le 32 ;Fo%eger %eyﬁ(?dt ZQFlk?lelpeé é?Cl(Qa'ik Pédlg%p LiGaliIoXane, and

conbi nati o
tr|s(pentak¢ygﬂpmhﬁmyhﬁn@r@q gﬂﬂ&@maﬁﬂmﬁo bu@m@myp(hggﬁnkk@mglunnxane

Preferred ratios of nunbers of noles of (netal-|
(C1-Cypalkylene, (Cy-Coparyl-(Cy - CZO)heteroalkylene or (Cy- CZO)heteroaryl-(Cl -
Cypheteroalkylene. Still more preferably, a (C1-Cygheterohydrocarbyl independently is
30 unsubstituted or substituted (C-Cqg)heterohydrocarbyl, e.g., (C1-Cqg)heteroalkyl, (C,-
C1g)heterocycloalkyl, (Cy-Cp)heterocycloalkyl-(Cy-Cgalkylene, (C3-Cqo)cycloalkyl-(Cy -

Cg)heteroalkylene, (Cy-Cqp)heterocycloalkyl-(Cq-Cg)heteroalkylene, (C1-Cqp)heteroaryl,
12



conpl ex): (tris(pentafl uoro-phenyl borane): (alunoxane) [e.g., (Goup 4

netal -1 1 gand conpl ex): (tris(pentafl uoro-phenyl borane): (al unoxane)] are from
1:1: 1 t o WwOoR0103222280re preferably from1:1:1.5 to 1:5: 10CTNB®Rg09Ast44Vat i ng
co-catal ysts and activating techni ques have been previously taught 25w th
respect to different netal -1i gand conplexes in the foll ow ng USPNs: US
5,064, 802; US 5,153, 157; US 5,296,433; US 5,321, 106; US 5, 350, 723; US

5, 425, 872; (UsCB)ssEans it 1-Gigelyleno{ Cabng ayld Cp CpaigiergibylengriCgg3, 204: US

5, 919, 983; 7 tabl e

hydr ocar bylcgsjhgggggr(é gﬁ)ha galggenlzrﬁ%%ab%p Zlg hgéroﬁpllogglof sui tabl e
Bronst ed a&idepes@hilysis iptbsaaadt bi @bktlﬁh&hY@Q%Cg)Zéﬁrbdyﬂoﬂm al ysts are disclosed in
US 5, 064, 802; US 305,919,983; US 5,783,512. Exanples of suitable salts of a
cationic oxidi zE’F?@lP!fg@fd?l*é?n@Ph%ef??élWl and for- @EO%@E@YW&YIGWW%%U%&W oh as
activat co-catal ysts t on nmer,i z ts are disclosed
in US 5|532f afﬁ% Chla—f)I(l)éadlclaleosf 0 lc%w e19c§¥r r(Ialr% t%%qtoéfgl éé)a%%o%% Ivat i ng

co- cat al ystreéspdcm‘relyaaidlom @mlomﬂfmptp@aomm(l%at BRDsNR amNeOds. S6Momed in US

e o i eI R SR
Exanpl es Ofi, Sithdca) e GRIVEGXES: sPsi@lef PR Sr mBEREAPL @ns, silanols, and
oxinmes with tris(pentafl uorophenyl)borane are discl osed in US 5, 296, 433.
Sone of these chteaples Pl indedd 67 Gaebipraeodiy! are povbsiied 6f2- USPN US

6, 515, | - (oo} i) ng through col um
56, at |ne @ggg Oﬂ%’lek%ggﬁq%{gc%g %ﬁtter%yagalg?éo?%grlg’ecf%b 2hy1eference
herein. tetrahydrofurinm FosvRroRITDOgl, mmy&mm@mn@rs B ®- Z)ﬁ Ihmoh@m@g@mng

actlvatlng ts are us in 5co tlonvvl ch ot

copetral |y R A S RS E ok Lo RS R Bonthp A f RS . A

C4) hydr ocar byl )Eiamienuﬁnns@stm(t(dﬂlﬁC&Q)hq;dozmyiarebtystu))bmn@lriél C@(;)heamoaammnl um
borate with an oli %omarl c orgﬁo yneri c al unpxane conpound The ratio

of total nuRRYitusd Pﬂﬁhe@ff‘)a SV n P ek [UpR-gh iRl W@t f or nul a
(1) toqkotal r f r t bl - __stlsfrom
i 10, 005"t 08T e TR B8, AL m AR TREEL 26 hALLIR 190 RS

pr ef er abl y lat#- qxéfh@t)l %Yllbﬁ)ﬁ}thlaéﬁéplﬂ?fyl fetgpol{l gk setrazph?ul; fsrapbd albpvldlle’ﬁ. or | ess.
Wen an al tyrr?%ﬁqm&n@ly@frp%m 2148 @do RSy ARIdbARL 110G RtC AL BhdtSioquiRiigf er ably

t he nunber of noles of the al unoxane that are enployed is at |east 100
times the Adhber of noles of the netal -1igand conplex of fornmula (I). Wen
tris(pentafl uorilil@hermyﬂqallﬁunanﬁlmtoqﬁ)echlao USe troas (B oaotld Wabdiewy co- cat al yst,
preferably | e t (pent af | uor ophenyl ) bor ane t hat
are err%p ok ?e?ab?yfﬁé? lfﬂflor OrCﬂB Oér%orgipre%era;%l f[umfso one or nore netal -1igand
conpl exes of f oPuatgrahly(thgre ﬁenm@@ §:5101t(S b@rdy. othpyhan (hp &frds meh P(Proom 1:1 to
6:1, still s@g@uaraic@ff@rrcamaygrwpolmﬂﬁe ‘ndetdi-Beand dompldA®f Bl . g acti vating
co-catal ysts are generally enployed in approxi mately nole quantities equal
to the total rmPlefeqblarHacItsulmtuaﬁ (Oné€ pirydrooareyl petudés-ahd gaitdreaohgpl exes of

formula (1). 20 Metal -1] nE)Ie es of formul a The netal -1i gand
conpl ex of UPyPsted of ?“}’Stﬁ‘l’gV (exfga/hesgohyroraghyl G- e‘ii‘CIbfiu§§‘f“éqd((§) optionally in

subst anki ald %’)hﬁdé’ Eﬁbm{ a[@dé @mwhe@i{rﬁ%ﬁ% @%&?%&PO ) ?d_'sutﬁ‘t%d m xture with one

or noreé ot hé |gan conpl exes o or mu e formof a
sol vat ed adypeydrocayliiomahd hsubRitded® |svtibied @&%meﬂe@hﬁdybcaaylppg&mb@ l'i quid,

preferably an aprotic solvent; in the formof a dinmer; or in the form
each substituted (C-C 4O)hydrocarbylene excludes and is different than unsubstituted or

substituted (Cy-Cyqheterohydrocarbylene; and more preferably a combination thereof.

The term “saturated” means lacking carbon-carbon double bonds, carbon-carbon triple
30  bonds, and (in heteroatom-containing groups) carbon-nitrogen, carbon-phosphorous, and
carbon-silicon double bonds. Where a saturated chemical group is substituted by one or more
substituents R®, one or more double and/or triple bonds optionally may or may not be present in

. S ..
substituents R”. The term “unsaturated” means containing one or more carbon-carbon double
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of a chelated derivative thereof, wherein the chelated derivative conprises
the netal -1igand conplex of formula (1) and a chel ating agent. Preferably,

t he chel avOngloage2?8 i s an organic Lewi s base (e.g., an aprate@vosgani c

sol vent such as tetrabydrofuran (THF) or an aprotic am ne base such as
triethylamne). 30l n sone enbodinents, a reducing agent is enployed to
produce | ower oxidation state +2 netal -1 1 gand conpl exes of formula
(1) from hi @WilévrcarB% deep H‘rli’leéjf)%\drsea“f‘g Efteroajr%) C%@tna}gwr(aaﬁaaﬂwm&r%%s of fornmula
(). By thearb(ﬁllip'hibsph(&dupdnﬂgarﬁg@ﬂicon dvaviebonds, SotliRaiding anyrm&tadoumebhms ng agent or
reduci ng age er reducing conditi causes the netal,
M to be rgl pnggj ”%8%{‘135 i en’[“{i lga 1 Ok @et%r)%)lgr at ?Corrllngﬂ aaf% (e.g., froma +6
formal 35oxi dat bowe egrtbadleerttx)coatemnlatﬁ @rrwalbnt@memlmmnamg@f eyhradExl&rqyp es of

suitabl g ”@Js%ph[%@t@lﬂ{é'dﬂg;h@mﬁwpsth@{eﬁn @thlﬁa@énl orﬁ@ﬂa@éle%t an@lh%%ép&%v&?ﬁl&éﬁs et al s,
al um num and zi nc, and alkali netals or alkaline ®earth rretals

such as so&.trﬂ?ﬁ%?réwdla%a aFﬂﬂaﬂld derdigi! DnbpECURESTE PR tHP P LBl es of

sui tabl e redpeiing, agemte dﬁm@mﬁsmaéﬁb@@ddhuﬁgtraca@hiyhhageamodﬁ pot assi um
graphite, Lithi al k um or S kadi enyl s, and Gignard
reagent s (édﬁpen&éﬁ D 8}4%83 a¢ A na}i& ‘%‘?IV%E tfmaotgésfpéef?ré% °Y&duci ng agents
are the al keaflavalenetnalbg or alkaline earth nmetals, especially lithium 5 and
magnesijym nmet al y, Gl éﬁghﬁler‘i@%h@%%@%&r?ﬁr&eﬁﬁ% Q&S@IQ?QE@QOQ}G pRr dinarily
skilled artisan for preparing the netal-liga d conplexes o e ‘present

i nvention anef Known, )dechaﬂ[éﬁabﬂaeyid@ﬂﬁardeﬂsuhseﬂteﬁ (@mablealhsmnﬁmeﬁs)naught for

|e;’<]arsrglng nor télgrlé%% 1men s edc§ u% &zl%ﬂt’ RSLljnsde]ﬁdn? nﬁy 18 atzal c)iallké%/ T émd r%grgpggeragp fornul a

(1), Mis ;Q@le@?an@al ent t| tanium In ot her errbodl ment s, M is tetraval ent
zirconium In still other enbodi nents, Mis hafnium Preferably, the
met al - | i gand cohpitexengfodingrtmbicancfal- )lgalné cinpplexof fogoilatDadastdorcnipedwhthe h means

bei ng %!ébsﬁ‘?s@édm%hin}é SOl Pharlif &R radi@l | R Rba®yitthper cent by
wei ght or |ess of antotéa{)@ oei‘r any rfil::do vgerﬁ?%? (@%eé&;ﬁ aC p?eggr ation thereof

and the net@-cljlgerndarbydrpd € -Gf)hfdvattlyand) is)deloei frgm b dtfidit@asdss arddeby wei ght

of the isolated form Still nore preferably, the rretal-llgand conpl ex of

formul a (1 pfRSwiRd, anlisehal ed.) anid mwhdnfuRescL)f orm (| ., the netal -1igand

conpl ex of for I f . i sing at
nylll ergn )solxbe% or glfser g%ﬁg&ma{@!: Xefe%a%iygag tl{aglg oaﬂ%t,lbqg I’fﬁ{ he

| east 80% by weig nmor e . Peast .
purified fd}emromsofw@é@lnew@ﬁlemﬂh Hélrftf@ﬁmbwnmélaghpptlosalba@@dilf@)n the total

wei ght 20f  anb&QiidRnp rsmmb%fsme%ts iRnaf Alafk ¥nd &R BRLHARI ARRAL an@tydibe
metal -1igand conplex of 20formula (1) in such m xtures is determ ned using

13- car bon a?lerﬁrpafflsﬂafmanéﬁ? iR aPrEboPghiioBu e datang penjane. RRne:
respecti velhyprans, pﬁﬁﬁd’ ﬂﬁi(hﬁ;pyres thereof; cyclicAn&NidRlie hjapdhB@n ksh adcycBhasent from

t he rretal-ll odi.nent s referably X
o the. neutt LRI Tt GO Cirtorpu PR RTRRR TERRRanB " 2 S
K When X i ¢Ct- ﬁéalhxéuuhsamte@m@lemc@s trwapand prplere:; |(ﬁ1e¢35§albjb1@((?qééégbaﬂﬁk RK,
25and dently is hydrogen, (Cl-C40)hydrocarbyl.,

RC1- C1 hyz‘(rjfbggp%‘gg??ﬁyﬁlé tky? as(tﬁtg’;m?fﬁ%‘b & égﬁ? e @I/@?W% (Gcarbyl, or

(C1- C40) he faﬁ@b@de&%@(p@b& alkylene glycols”ﬂd%es@ﬁ’h@%r % L and at |east one
of LQ and LR are present. rn such enbodi ments, the and at | east one of LQ

and LR are the sane. |In other such enbodi nents, at |east one of the L and
at least one.of LQ and LR are different. 30In some enbodinents, preferred
is the neta ‘f nd ¢ nplex of fornmula (I) whereinj is 1; and nis 1; and,
mor e preferabl yThWt%ﬁéaﬂMOlﬁﬂ@e& Akenulp go e Fradergdgatilgiqailgactive by

( C1- CAGphy di e Ak AN dneR Eor @ mtif tﬁé@)vfil?ta%éﬁOMQ%%@aEaﬁw&Bfusdg%ﬁcul%t%erab' y, R3
and R4 are taken together to forma ydr ocar byl ene or

(UL O het GBI hdr BT Bk BT 1 o PaT U BOT oG R ocar byl ene,
and pr ef er ablyyereadh r@ttiord SuishblRbtivanaepeadrsit foyuse Serein include alkyl

aluminums; polymeric or oligomeric alumoxanes (also known as aluminoxanes); neutral Lewis

acids; and non-polymeric, non-coordinating, ion-forming compounds (including the use of such
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(C1- C10) hydrocarbyl, nore preferably (Cl-C10)al kyl, (C3-C10)cycloal kyl, or
(C6-Cl0)aryl, and still nore preferably (Cl-Cl10)al kyl or (C6)aryl. In such
enbodi nerwe,20prvete8ably R2 is H or (Cl-Cl10)al kyl, nore pcefuse@oloy44dr or CH3.

More preferred is a netal-ligand conplex of formula (I1-A): RR Rl

st00.1 ,(1-A) RMR34..LQ R34 5R5 V\,her ein each R34 independently is
C(R35)2, 0, S, ng(O) S(O) 2, N Rc)2,. or P(RP), wherein each R35
i ndependentP{PF FO’?(“@?_“L“?GQBCj ‘66%{?1 FCUV%’?& teghpigye F%IQ“lle?Ctmé‘ﬁH RP

i ndependen t(dxylairlsd i @ibre(@2Qi h@tdﬁaﬁt@ﬁl‘(tbydbmatéﬁﬂdoﬂ\zﬂne JJI md]:fQ;f tﬂe%re@é;ngﬁﬂlrvatn@Z and R5

are as defiped, &hqlrreta&\ mPhex. Q. f.9rm % Still nore
h 1 1
preferred, e Caahys&?ﬂ e o oonée CPEe m)F’ttaer abrye grﬁnrng He’i nner of the

three R34 imon@lkytaliNiiRN) diayvidid¢ drencoedlietaliRBainpdialida e hla@’&lummuel hydride
=c(R2) - R34 oﬁﬁﬁkﬁgﬂnﬂn'ul% hal?d(a Rg)l 'trgh@raﬁmgﬁ% Aﬁlfmn’ognaza)ad (e pIIéKaBN))nsg‘f_éz ). Also

preferred is the nmetal -1igand | ex of fornmu é @% wherein X is
absent. Al és&ovwraéff%refaér&lq e étar?é%’%wnt Nvm'&aﬂéﬁ%%ﬁ BoF- Ferpt g (1-4),

wher ei N R5 piefert@p@yincio geilid@heridlatulotifesRi @dthyXidn@x§n@f tisébutylaluminum-

(C1- C20) hydracarhb Al so p rred is the netal -1igand conpl ex of
formula (I Fﬂ%&%ﬂ%ﬁﬁ‘ﬁ“ﬁ%‘ﬁi”%ﬁ WOy en together with an RL of L to
form a (Cl- C20) hAyidratlamppcdndivailzsocprlgtsera @dun 19 rmeltﬁécqmbaids tangamrg conpl ex

of formylagllA)s m%g@hﬁﬁuen%rasggf&gghére Ao é(lﬁgﬁr%d%: @%tafo form a

di r adi cal nol et rocar ene- 0) N rocarb

( C1- C40) hyd‘?@?ﬁ?"éweéﬁ*@w@(‘@‘%ﬂ) Subeteﬁe@wm?rde Y B59ebpie-borpi compounds

( C1- CAO0) het@r @by pleREal HykigQ k)Rl RACRlg)dMborbn &hoslk shat aken
together, still nore 20pref gfa@a R5 and L areRilal Waken toget her. Al so
nmore pr ef ehrleginitg! (alcln@nmerﬂalog@n@d)cﬂ@mh@x thefeotf eemmbiz efpeci@ly:trifdluoNt R( | - B) R34

\ R34NCc- LQsBsﬁiut\é@ﬁi’e@h)’Bo&?e@ hiilR34n hlﬂfi%&%&Q@Qﬁ%%en!aﬁuo@%h&?f)l&o?ﬁg above for R34

of forrmla(l- are as defined for the
net al - I'Pgand coﬁsﬁfegs@ @@bwﬁwﬁw%@wa}Lewgmdﬁct%% prEflesigdpde piduesopnost  of
the two R34orygisflg @Eonhii2i)n cﬂﬂdl((d]ec4b@ﬁyu)@1mmsﬁl aitBethal ogerfalel? tr{(iCcE -

=c(R2)-R34-R34- is ,c(R2)-0-CH2- =C( RI\E CH2-). Still nore
preferred éfa_g;)hryp@mon compound, especially atrls(pentaﬂuorophenyl) orane. Also preferred are

combinations of such neutral Lewis acid mixtures with a polymeric or oligomeric alumoxane,
and combinations of a single neutral Lewis acid, especially tris(pentafluorophenyl)borane with
20  apolymeric or oligomeric alumoxane. Preferred ratios of numbers of moles of (metal-ligand
complex):(tris(pentafluoro-phenylborane): (alumoxane) [e.g., (Group 4 metal-ligand
complex):(tris(pentafluoro-phenylborane):(alumoxane)] are from 1:1:1 to 1:10:30, more
preferably from 1:1:1.5 to 1:5:10.
Many activating co-catalysts and activating techniques have been previously taught
25 with respect to different metal-ligand complexes in the following USPNs: US 5,064,802; US
5,153,157; US 5,296,433; US 5,321,106; US 5,350,723; US 5,425,872; US 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.
Examples of suitable hydrocarbyloxides are disclosed in US 5,296,433. Examples of suitable
Bronsted acid salts for addition polymerization catalysts are disclosed in US 5,064,802; US
30 5,919,983, US 5,783,512. Examples of suitable salts of a cationic oxidizing agent and a non-
coordinating, compatible anion as activating co-catalysts for addition polymerization catalysts
are disclosed in US 5,321,106. Examples of suitable carbenium salts as activating co-catalysts
for addition polymerization catalysts are disclosed in US 5,350,723. Examples of suitable
silylium salts as activating co-catalysts for addition polymerization catalysts are disclosed in
35 US 5,625,087. Examples of suitable complexes of alcohols, mercaptans, silanols, and oximes

with tris(pentafluorophenyl)borane are disclosed in US 5,296,433. Some of these catalysts are
15



5is CH2. Also preferred is the netal -ligand conplex of formula (I-B),
wherein X is absent. Also preferred is the netal-ligand conplex of formula
(I-B), wwoern/mR@R28s taken together with an RK of X to POTSa009/054447

(C1- C20) hydr ocar byl ene. Al so preferred is the nmetal-1igand conpl ex of
formula (1-B), wherein R1- or R5 is taken together with an RL of L to form
a (CL- C20)hé§lrocarbyl ene. Also preferred is the netal -1igand_conpl ex of

formula (128 desqiet BrRoioRy- USSNW%ﬁd5iBhﬁﬂélﬂﬁla%%ﬁolt‘%é‘% R 35 abr m a

di radi cal gohgihywufbohG) hy tieds ambythavaon O W)idWi§ BlorfazB)dvyderacae byl ) ,

(Cl1- C40) hydr ocar byl ene- C(0) 0-, (Cl-C40) hydrocar byl ene, or

(C1-C40) he erohydrocar byl ene, nore preferably Rl- and L are said taken

t oget her, still Inrmllrleerlrdmélfﬂ@ntat@htyorRB)rfaﬂf@eIiformg@aivelﬁﬂgakeﬁalw@gieqlhedrin Al so nore

preferr gd loSmifn 88 @ith e!a&lg@l'ﬂzg &@&B&c@.ﬂiy Pk]:efefr&f cmillt)ﬁat(oh 1sg)m1xtB:lé 01? L Bﬂ -0 LQ

15R- X wherein each ---- is absent or is a pi-bond and each

I ndependentdyhydrscags)dehinne dri@bev phfdarcarRdbonie, f)mlrztmhmam(lmhék)neamlaﬂ\/l L, LQ
LR, X, Rl-, R2 and RS are as defined for the netal-Iigand conpl ex of

formul a (|)Ohgosw‘f?rpﬁldm%rwp%h@fomeéanp%%h ---- is absent and R34 is CH2. Also
more preferred g raioBetoddl nloht@BdTehold BIdne ¥r 96re mowINLE@ dohpl)es of BBl LR

(I-D) 20 Iﬁ?%g total number of moles of one or more activating co-catalyst is from 1:10,000 to 100:1.

10 Preferably, the ratio is at least 1:5000, 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 (I). When
tris(pentafluorophenyl)borane alone is used as an activating co-catalyst, preferably the number

15  of moles of the tris(pentafluorophenyl)borane that are employed to the total number of moles of
one or more metal-ligand complexes of formula (I) form 0.5:1 to 10:1, more preferably from
1:1 to 6:1, still more preferably from 1:1 to 5:1. The remaining activating co-catalysts are
generally employed in approximately mole quantities equal to the total mole quantities of one
or more metal-ligand complexes of formula (I).

20
Metal-ligand Complexes of formula (I)

The metal-ligand complex of formula (I) may exist as an isolated crystal(s), optionally
in substantially pure form (i.e., greater than 90%), 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,

25  especially an organic liquid, preferably an aprotic 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 (I) and a chelating agent. Preferably, the chelating agent is an organic
Lewis base (e.g., an aprotic organic solvent such as tetrahydrofuran (THF) or an aprotic amine
base such as triethylamine).

30 In some embodiments, a reducing agent is employed to produce lower oxidation state
(e.g., +2) metal-ligand complexes of formula (I) from higher oxidation state (e.g., +4) metal-
ligand complexes of formula (I). By the term “reducing agent” herein is meant a metal
reducing agent or reducing agent compound which, under reducing conditions, causes the
metal, M, to be reduced from a higher to a lower oxidation state (e.g., from a +6 formal

35  oxidation state to a +4 formal oxidation state). Examples of suitable metal reducing agents are
alkali metals, alkaline earth metals, aluminum and zinc, and alloys of alkali metals or alkaline
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wherein each ---- is absent or is a pi-bond and R34 is absent or

I ndependently is as defined above for R34 of fornmula (I-A) and M L, LQ
LR, X, RwWO RR/ee¥8R5 are as defined for the 19 netal - | iPgaruS2@0/0pi4ex of
formula (1). Still nore preferred each ---- is a pi-bond and R34 is 0 or
N(RN). Also still nore preferred, each ---- is absent and R34 is CH2 or is
absent. Also nore preferred is a metal-lléogand conplex of fornmula (I-E): R2

Swher ei n e&¥ i meals sugheas é‘)dﬂim/lﬁﬂﬁ‘ﬂy Hpalgag agg) WI%QF?EFIWW aloy- lp@mpleet ¥ R1-, R2
and R5 ar e sdfabld &ﬁhdilfgdgtfnﬁ)éontphﬁidm'é aidtulm Igﬁ‘rﬂlihldﬁmlﬁ‘[pbﬁs@luﬁf gripafidyidhan 1) . 1 n sone
enbodi nment g, Al so

mor e pr ef er r %IS Ell?hlum OI'rPe%a rU.II'1 a]lgldleraf?s and rlgnar %ea%ents ﬁ'l.ﬁ a]k%r ma&yesm@mﬁc\?ﬁter el n M
L, LQ LR, Mgst plezf@red R2ucifeDgends 8R5tha¢ﬂeaha®t8¢$eﬁ plivdide faoth niehk. qypeclly lithigand conpl ex

of fornyl aal(ci I)lagntl:sﬂmﬁﬁ(gﬁ m&gle%%% thart)lflﬁ%ger ard%gedllﬁ ah g&@mﬁ@& alireh b@amd conpl ex
of formula (1) erein ; R5 inde endently are

t aken togeﬁ%@?epif&gflﬁmﬁ%hgaml %&}P&ﬁ%s ok fha PSYIgR vepiEp. a@zmy\ﬁryfa%{? Mne” or

(C1- c40) hetlef[v@@&dﬁ%@ﬁcfﬂyé @R foa®dmple, ih (UIPRs USR 866704RES 5.908n@l7R2d Uus  are as
defined for g@ metal -1igand conplex of formula (I). More preferred is a
rretal-ligar?& corrpl ex of formula (I-G: R2 (I-G wherein M L, LQ LR X
R1-, and R2 ar elhasmgwbic pertdemtoligmente bighe hétgdipchd conéxex fayfulh Gy, iisa (1). I n

sonme enhodi S s o o Al o Oerforrmla(l)
i o R RSB 14595 A LGRSO S B O

preferably eﬂb‘&ﬂm@(“@lM@)aﬂW ocar byl ;

Preferably, the metal-ligand complex of formula (I) is in an isolated form, which means
being substantially solvent-free, for example, contains 10 percent by weight or less of a total of
any solvent(s) used in a preparation thereof and the metal-ligand complex of formula (I) being

15  atleast 70% by weight of the isolated form. Still more preferably, the metal-ligand complex of
formula (I) is in an isolated and purified form (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

20  formula (I) in such mixtures is determined using 13-carbon or proton nuclear magnetic

resonance (13C- or lH-NMR, respectively) spectroscopy.

In some embodiments, X is absent from the metal-ligand complex of formula (I). In
some embodiments, preferably X is the neutral Lewis base group that is R“'NR*R", R*OR",
RXSRY, or R*PR*R". When X is the neutral Lewis acid group, more preferably each R*, R,

25  and R"independently is hydrogen, (C1-Cyhydrocarbyl, [(C-Cqghydrocarbyl];Si,

[(C1-Cyhydrocarbyl]3Si(Cq-Cqg)hydrocarbyl, or (C1-Cyqheterohydrocarbyl.

In some embodiments, L and at least one of L? and L* are present. In such
embodiments, the L and at least one of 1.2 and L.} are the same. In other such embodiments, at
least one of the I and at least one of .2 and L¥ are different.

30 In some embodiments, preferred is the metal-ligand complex of formula (I) wherein j is
1; and n is 1; and, more preferably, R3 and R% are taken together to form a
(C1-Cyphydrocarbylene or (C1-Cygheterohydrocarbylene. More preferably, R3 and R? are

taken together to form a (Cy-Cq)hydrocarbylene or (C1-Cy)heterohydrocarbylene, still more

preferably (Cy-Cq)hydrocarbylene, and preferably each of R! and RO independently is
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and M L, LQ LR X, Rl-, R4, and R5 are as defined for the netal -1igand
conplex of fornmula (I). More preferred is a netal-ligand conplex of fornula
(I-H: R2RO2RIIDLR(I-H) -L Q RAN R5Xwherein R2 and R3 ace/uSaal/oF44eT

(C1l- 40) hydrocarbyl, preferably H or (C1-C3)hydrocarbyl, and M L, LQ LR
X, Rl1-, R4 and 5R5 are as defined for the netal - hg and conpl ex of fornula
(. Preferabl .. each of R2 to R4 independently

( C1- C20) hy dr 6t mﬂwwocaf%r@“‘pﬁf%fffé‘mﬁlyc10%“% “EadiLoMe‘))%%?r Cogtiolaryonor e
preferably (Cl ClO) al ky and even nore preferabl

D1 of or abl 3 8281 T FREHLVEC A6 hI Gl erer o 6P R o el h P bar byl ene

or (Cl-C20)pgtero Q63 QYelr% o nore preferably, RS is (Cl-C20)al kyl
(e.g., 1- oct&/ti loﬁ?f(g‘ e par ferA{) R4 and R5 are 10t aken together to

forma (Cl- 05) aMl@elpeaﬂ@ned&tamhekal mmecmpeécefﬁ»bwa(ﬁ&: or C4)al kyl ene, even nore
preferably CI-lZCI—lZCﬂ-ZIZ or CH2CH2CH2CH2. In sone enbodi nents, preferred
is the netal -1igan corrpRlex of formula (1) whereinj is 1; nis 2; R3 and
R4 of each n noie areNl ndep ptly taken together to forma

(C1- C40)hydrocaREfyI o?\(\CL,OQg)heterohydr(Io%arbyl ene; and M L, LQ LR
X, Rl-, R2, and! 15R5 are/syMe-LL d for the netal-ligand conplex of formula

(. I\/bre prefePquiu R met -Ilgand conplex of fornmula (1-1), still nore
preferably of formula (I\ 11): vahereln each M X L, LR and Rl- to RS
|ndepen§ently are as defined for the metal -1i gand conmplex of formula (1),

each r i ndepepdent k¥ inge ﬁﬂheht%}&?@@“)gfo% 90 3(@NINRRS R34,  pependent 1y i s

as defined above for ormul a“( | nore pre ferred each r is 1

sand each '%:ﬁ%elh%acﬁﬁ% il Qiedlyiid hoPRY & ﬁ)’h?&r@cra{bgﬂand%%kaqu $nagkrand each R34
is CH2. Also still nore preferred, dac the inner one of the three

R34 is 0 o Qg CR2 5 ]
preferred, Hng%%gi %%gg%@y:a?Mgiid}o%%rgc?ﬁ?ylﬁé&hifggg{oflI nor e

preferabl y, .6aehiBad bAGRROPAGRIA o). isin GG AN AhRCALRY L AR S Shd || 1Ore

preferred, both groups are ta entogether to forma
(Cl- C4Q), hygfe%@& liREr ufdliRQ 1@4'14 d oﬂ”@(‘kﬁ) PR @&t&f I@b 'aéé eQéH Bﬁe groups are
taken together to forma 1,2-(C6-Cl8)arylene; 1, )cycl oal kyl ene;

or 1, 2-(Cl- abkybeps. ; Ry I I 1, 2-
phenyl ene; Qﬁgzl 2- (C% CZSO)%Zglcqgldkngéﬁ ?g@%ﬁ%@g@%ﬁ?ﬁéeﬁgﬁ rg%ré&lor

1, 2- cycl ohexpd ieag:ligaindomplex of fRmICH- Ol Ohealiky iseheni Slsa@prefciiiGiHle moal- - CH2CHCH3

I n sonme enbodi nents, ?referred i's tt’@ nmetal -11gand cgnPI ex of formula (1)
wherein j jligand complex of formula (I-A), wherein R~ is taken together with an R™ of X to form a

(C1-Cyp)hydrocarbylene. Also preferred is the metal-ligand complex of formula (I-A), wherein
15  RlorRY is taken together with an R" of L to form a (C1-Cyphydrocarbylene. Also preferred

is the metal-ligand complex of formula (I-A), wherein R! or R and L are taken together to
form a diradical moiety (Cy-Cypphydrocarbylene-C(O)N((Cy-Cypphydrocarbyl),

(C-C 4O)hydrocarbylene-C(O)O-, (C-C 4O)hydrocarbylene, or
(C1-Cypheterohydrocarbylene, more preferably R! and L are said taken together, still more

20  preferably RS and L are said taken to gether.

Also more preferred is a metal-ligand complex of formula (I-B):

R2 Rl
L
\ 5‘ (I-B)
R34 \ \
\R34 \N / \ 1LQ
X
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152; nis 2; and each M L, LQ LR X and Rl- to R5 independently are as
defined for the netal- |igand conplex of fornula (I). Mire preferred is a
met al - | i gsiodoanzpd2ex of formula (1-J): R3 LR wherei n R' PC3/US2009/054447

(Cl1- 40) hydr ocar byl ene or (Cl-C40)het erohydrocarbyl ene, nore preferably
(C1- A40) hydrocar byl ene, and each M L, LQ LR X and R2 to R5

i ndependently are as defined for the netal-]ligand conplex of forrmula (1).
Pr ef er abl y wéeein eRb R deqrendehitis 35 defined @(\‘»VOiDBR%\‘W formnla (IC0-2G28N) BIIKY| , nore
preferably (Cl-¢l0)alkyl; and Rl is écZ-clO)aIkylene or gCB-C18)arerne,
more pref efabtf 14 RpAEAY{ERE orthamdgal liginf rupRl e rpela ff)- Sulbmgreor g7
tetrakis(1- I - i3k 3p rred is a

ot Al - 1§ gani o of b P AR R BRI K BB

( C1- C40) hyd, LBy Lene ol nLCl&40) h i Irocar 8yl retier abl y
(C1. 040} hydv S arpulens, leﬁnd%g?% e ﬁ%w (RS a}-x?‘“lafﬁﬁgﬁi@?%d%&% i

i ndependentd GHAaRBo asfedef ik me thethDfigand dopleret fatnmlld (RN Vhaeny iexsait. Mor mul a (1) .
Preferably each RI- independently is (C6-Cl8)aryl or (Cl-C20)al kyl, nore

pr ef er abl y paffpbeRr e meanieaRbEonipkx OO rGlO) B, kipken ® ¢ tale i GAS Jvanh yih RNe, nor e

preferably 2 . r referred is e netal-ligand conpl ex
D “any ons ok tram AL 2p Py AR Rt S Er TR 57 R (exbent
for fornmul | -J) nd . R5 cept for formulas (I- and (1-K))
151 ndependditty T PR o dr B B IR G Ry G by al ky
( C3- C10) cy ¢l pahjiypidrocabylqnCeM OB @rey s, theanadal $izdnd kompexet redle flgh] wherein
(Ci1-C10)al kyl or (Co6)aryl. In such enbodi nents, preferably, R2 is H or
(C1- C10Val Rylor Rhrowld. apT telfee tagbrhay tHomr a @HBical moiety (CANCg@hyrprcerbpeef erred i s the
nmetal -1igand conpl ex of any one of fornmulas (1) and (l1-A) t |-1) and
(-1 whor S NRETICE eko @i 1) oF e By B Pl s pobrbieiByirerer | 2
20( C1- C20) hydrocar byl and optionally X i;s absent. Al so nore preferred is
the net al - (FigasitsipiesOy o aRrE 8 | drfidi2gsaig fFendnger @™o (1-1) and
(I-K), wherein Rl ds g01-c_40 het er ohydrocarbyl, still nore preferably RI-
i s (Cl- C20PKETEPIhyae be% By et Bpt i onal Iy X is absent. In still other
enbodi nents, RlABaGo@preRifeOfs aXocal-Bgahdbaiplek ogetines (I°p form a
(C1- C40) hydr ocar byl ene_or (C1l- C40) het erohydr ocar byl ene, nore preferably RI-
and an RK of X are taken tog@ther to forma (Cl-C20)hydrocarbyl ene or
sgill, other enbodi ments, RI- and an RL of
L are taken togg oM~ S AE1- C40) hydr o4rbyl ene or
(C1- C40) het eroh ; gferably RI- and an RL of L 5are taken
together to formg byl ene or (Cl-C20) het er ohydrocar byl ene
and

X

15

wherein each ---- is absent or is a pi-bond and each R34 independently is as defined above for
R34 of formula (I-A) and M, L, L2 1R X, Rl, R2 and RY are as defined for the metal-ligand
complex of formula (I). Still more preferred, each ---- is absent and R34 is CH,.

Also more preferred is a metal-ligand complex of formula (I-D):

Rr2
Rl
/ L

R OSNIN$ L¥

1 I-D
M\LQ (I-D)

e
N
20

wherein each ---- is absent or is a pi-bond and R34 is absent or independently is as defined

above for R34 of formula (I-A) and M, L, L2 LR X, Rl, R2 and R5 are as defined for the
19



optionally X is absent. Also nore preferred is the nmetal-1igand conpl ex of
any one of fornmulas (1) and (I-A) to (I-F), (I-H), and (I-J), wherein R5 is
(Cl1- C40) hwonowarkaz8, still nore preferably R5 is (Cl- Cormgseaoasdayt and
optionally X is absent. Also nore preferred is the netal -1igand 10conpl ex
of any one of formulas (1) and (I-A) to (I-F), (I-H, and (1-J), wherein RS
is (Cl-C40) het erohydrocarbyl, still nore preferably R5 is

( C1- C20) hetrerbligadd oot yf foamda @p$tilomad pryfeied eachabsie api-bohdarsttR 1 is @erher

enbodi nents, R5 and an RK of X are taken toggther to forma

( Cl1- C40) hy&ﬂ(%éa*?lﬁﬂﬁugﬁ’@red?ef?r@i’-e%)'hléf‘lﬁfz%ﬁ@ﬁd%gdsaqwrésd’@?enhore preferably R5
and an RK of X 1 @).hydr ocar byl ene or

(C1- C20) heteroh%ggg%%:ﬁ%%ntgﬁgs%%%hiag%%oﬁp@é?a%%éa g%ii ments, R5 and an RL of
L are taken togetherR’to fgrma (Cl- C40) hydrocarbyl ene or

(Cl- 40) het er ohydr ogar byl;ene, npre preferably RS and an RL of L are taken
together to for &l- G20 hyd\[s‘o arbyl ene or(I_]ﬁ)Cl- C20) het er ohydr ocar byl ene
and optionally v?ef( nore preferred, R5 is 1-butyl, 2-propyl,

1, 1-dinmethyleth 2y | _phegyticycl ohexyl, 1-methyl-piperidin-4-yl,

3- (N, N-di met hyl arfrre] - pr]?prI : 1- 20di net hyl et hyl am no, or pyrrol-I-yl.
Still nore preferred is the netal -1i gand conpl ex of any one of formulas (1)
and (1-A) to (I1-K), wherein RI- and R5 each independent]y are

( C1- CA0P hy tvhociariil-—- iev@rombn @ areefaed Moyl °RLY, Xanﬁ RRBnERte isnid@pendent |y ar e
( C1- C20) hy qr. oAy koAl uRiioP RahY Xt sSm@bg®Binendes @ Stil b bi-gpRy & preferred
is the netal -ligand conpl'ex of any one of formulas (1) and (I-A) to (I-K),
25wherei n ORes&FIRI-ISWHALR5 i s taken together with an RK of X to forma

( C1- C20) hydr ocaphy heRerdired fhnlR20)fel enphydr Reandyrgne and the other of RI-
and R5 is (Cl1-C20)hydrpcarbyl or (Cl-C20)heterohydrocarbyl. Also still nore
preferred is the netgl-ligand conplex of any one of formulas (1) and (I-A)
to (1-K), wherein—ong¢ of RI- andt R5 is taken together with an RL of L to
forma (Cl-C20) aLBANene gi IA- C20) hetarnohydr ocar byl ene and the ot her
of RI- and R5 i§ \rbyl or (Cl-C20) heterohydrocarbyl. In any
one of the neta i P e&sl& formulas (1) and (1-A) to (I1-K),
especially preferred {s one\of RI- (except for formula (1-J)) and RS
(except for fornmulas (I-Ggsand (¥-K)) is 5a figSdei@MOoUntirak ks Rr2

2, 6-bi s(di (C1-C4)al kyl -am no) phenyl ; 2, 6-dinitrophenyl; 2,6-difiCl-

C4) al kylpoxyilcm?eqw*sde@e(l Ot heietabligayd copiperyf fornpil@Ddi ( C1- C4) al kyl - phenyl ;

- C4) a! kyl - phen}ﬁl sbmgen%o@fn{eﬁ&,(pg}én%)s%ew&al-ﬂ%qﬁ'Xgniplé;lopﬂ?rﬁl}{e; ([)inrﬁélre;in Jis

2, 6-di phenyl phenyl; 3,5-di phenyl phenyl; 2,4,6-triphenyl phenyl;

3, 5- bi s( 2, 6:1bis $RC, 24,G4) R kydpbipleyyte)phe pydther B, tGendi filalamaphbpyl ) phenyl ;
3, 5-di (1- napht hyl ) phenyl ; cycl ohexyl; di phenyl neth r trityl;, wherein
Sach (L. O BE KMmorhiRsh il o Sk, and 12

| ;
etpferrehygeeHiplcnc: ek Z I1. lpr Syl and K
1- met hyl et hyl - [y - but v - hyl pr . 0 -1-di et hyl ethyl . Al so
especially %’rase?eélp efdglgy t#l%m%ﬁglgmnpétcglf@ﬁqggoﬁ ulcgzgﬂp Oé(;(pr&f/%rée:dé? W ohe ot R - (except
for forlful gormlexfYormwe (IRD: (except for fornmulas (1-G and (1-K)) is a second
group that is (Cly€20)al kyl (e.g., 1-butyl, 2-propyl, 1,1-dinethylethyl,
and 1-octyl), bendyl, p;liényl ,

$ IR
Y~ 1-G)

wherein M, L, L9, I®, X, R],

and R2 are as defined for the metal-ligand complex of formula (I).

In some embodiments, preferred is the metal-ligand complex of formula (I) wherein j is

I;nis1; R2 and R3 are each H or (C1-Cyphydrocarbyl, preferably H or (C-C3)hydrocarbyl;
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cycl ohexyl, 1-methyl-piperidin-4-yl, 3-(N, NdifiCl-C4)al kyl | am no) - propyl,
(C1- 15C4)al kyl-am no, or pyrrol-I-yl. Even nore preferred is the

nmet al - | i gsiodowanzpi2ex wherein one of RI- and R5 is as defcma2doons44he fir st
group and the other of RI- and R5 is as defined for the second group. Mre
preferred is the netal -ligand conpl ex of any one of fornulas (lI) and (1-A)
to (1- K), wherein each of L, LQ and LR independently is (Cl-05)al kyl,
trimet hyl siahdMnigt Ry, Xdt!, RObehkirs asaiefided i the GibtabBaad éopiplex of formula (1),

trimethyl sh\}goy%g(g%%lwalgtalt@%ere{;}&dof% %%%IbR are taken together to form

(RD) 2C=C(RD n eac iI'ndependently is H,
unsubstituted (Cl-KR6)al kgl, phenyl, or naphthyl. More preferred is
t he metal-ligandcrrplex/of any one of fornulas (1-A) to (1-D), wherein
each R34 indepenpd (RS Rand each is Hor nmethyl. Also nore
preferred 25is the taI-I| rrplex of orrrula(l), wherein one R34 is
0 or N(RN) and the g ?4 |f any, independently are C(R35)2 and
each R35 is H or thyI In the above enbodi nents of netal -1igand

conpl ex of any one of fglsrrul asX1) and (IA) to L%z @ ably at
| east one (Cl-CA40) heterohydrocarbyl is 2- [((Clvgheff R2 APR® LR B

al ky1) 2NCH3d«((; Cy, Gl@dartyi, preftably dfmle(éphﬁii&ﬁrajaj ad B, LR(TCLR, X0R), R% and
al ky1) 2NCH21- phenyl ; at | east one (Cl-C40) het erohydrocarbyl ene is

2-[((C 505){é|ak:)él; B@fi@ﬁ&rtﬁ@ﬁet@l&)@rcyﬂlplex (Stf(ﬂrhlhlal(ﬁﬁ)mﬂef@m edcrbt B/Z to R%
2-[ ((Cl- 05) XclleN?ly 18 %!]or thé?q()}hlyélrocarb trnolr ep?'e erab n?l 0@ ﬁ?‘]legfgg%k tlllf)car byl ene i s

2-nmet hyl p erre '§anhd conpl ex

of fornula%h % forrmlpgz A%gs (Jr | - Ad4),
(1 - AS) abgf((F 1 Qg)olgxq an%‘%\jen m()fe «3rz§DQy(, e N Alg? pre 5>1y, % argz ( |- BS),
E Clg ( | 1diecn) toge@ﬂer &39rm a((éz aza)hyd%aﬁtbﬁéne @2@1 ng het&%ﬂydr&bﬁ“&&lso e

more preferably, RY is (C1-Cyalkyl (e.g., 1-octyl). Also more preferably, R% and RY are

10 taken together to form a (C{-Cs)alkylene, still more preferably (C5 or Cy4)alkylene, even more
preferably CH,CH,CH, or CH,CH>CH,CHj.
In some embodiments, preferred is the metal-ligand complex of formula (I) wherein j is
I;nis2; R3 and R4 of each n moiety are independently taken together to form a

(CI-C4O)hydrocarbylene or (C1-C4O)heter0hydrocarbylene; and M, L, L LR, X, Rl, R2, and

15 RS are as defined for the metal-ligand complex of formula (I). More preferred is a metal-ligand

complex of formula (I-I), still more preferably of formula (I-I1):

R4

\ = R? (I-)
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0 R5-N\ 7-Rl ,Hf MeN R5-N HF \ R5 -N\ -R Hf | 'ss.
( CH3) 3CH2Si NNCH2Si ( CH3) 3
WO 2010/022228 PCT/US2009/054447

(I-11)

wherein each M, X, L, L¥, and R1 to R5 independently are as defined for the metal-ligand
complex of formula (I), each r independently is an integer of 1 or 2 and each R34
independently is as detined above for R34 of formula (I-A). Even more preferred each ris 1

5  andeach R3%is CH,. Also still more preferred, each r is 2 and each R34 is CH,. Also still

more preferred, each r is 2, the inner one of the three R34 s O or N(RN), and the two outer R34

are each CH,. Still more preferred, each RS independently 1s (C-Cyg)hydrocarbyl. Also still
more preferably, each RS independently 1s (C1-Cyhydrocarbyl. Also still more preferred,
both RY groups are taken together to form a (C{-Cyghydrocarbylene. Also still more

10 preferably both RS groups are taken together to form a 1,2-(Cg-C g)arylene; 1,2-
(C3-C20)cycloalkylene; or 1,2-(C1-C10)a]kylene. Preferably, the 1,2-(C6-C18)arylene isal,2-

phenylene; the 1,2-(C3-Cyq)eycloalkylene is a 1,2-cyclopentylene or 1,2-cyclohexylene; and

|
the 1,2-(C1-Cpalkylene is a -CHyCH,- or -CH;CHCHj .
In some embodiments, preferred is the metal-ligand complex of formula (I) wherein j is

15 2;nis2;and each M, [, L2, L}, X, and R1 to R5 independently are as defined for the metal-

ligand complex of formula (I). More preferred is a metal-ligand complex of formula (I-J):

R3 R3

RS/N\ /N\R“/ \ /N\Rs (1))
Ml/ M

Y 7 T~
X \"’L L/\\ X
S
L? IR & L

wherein R is (C1-Cyphydrocarbylene or (Cy-Cyqheterohydrocarbylene, more preferably

(C-C 4O)hydrocarbylene, and each M, L, L2, L¥, X, and R2 to R5 independently are as defined
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NN R5-N NR Hf o''" A\ RS-M NR H \'"'S. i wherein RL and R5 are
as defined for the netal -ligand conplex of formula (1). Even nore preferred
are the swocnfoe2zet al -1 i gand conpl exes of fornul as (1 - RCXUSE09/05442]
(1-A3), (I-A4), (1-A5), (I-B1), (1-B2), (I-B3), (I1-B4), (I-B5, (1-B6),
(r-B7), (1-B8), (1-C1), (I-C2), (1-C3), (1-Di), and (I-D2) that are shown
in Table 1 below. In Table 1, the specific netal-ligand conpl exes are
respect i velfy trumbéligdd (ohiplek of foon(lAD- RERYaply €A2-RD )indepndehly B 70)C ga3-1) to
(A3-170), (A4-1) to (A4-170), (A5-1) to (A5 170), (B1-1) to (B1-170),
(B2-1) to (EBR+IAQRIkyl BB pleferably((B3Cly@kyl; (nBAR- L_Ll)s (€ C{BaAkyETO)r, (B5-1) to
(B5-170), (B6-1 to ( B6- 170) 10(B7 to (B7-170), (B8- 1% to (B8-170),
(Gio1) 1o (GIompByne(ess Byiekbly 6 (o rrrgfens (e Bpitgoieehe 2rbg.(b1-1) Lo
(D1-170), %ghg(p%egl}leﬁlg)g%p@‘g)meﬁo save space and avoid |listing each pair
of RL and R5 groups nore nce, the Al to A5, Bl to B8, O to C3, D1
and D2 Porti onsAbp mpli@séerigisalmefal- b@ﬁ‘éic%@ﬂ?ﬁlo'éﬁ@fm}l%@s are generically
indicated in Table lzusing "LN." Table 1., Metalfigand Conpl ex nunmber Rl RS
(LN-1) 2,6 -bis (1 rrethyl ethyl)phenyl

J K

R4

Rl/ \ R55/N\ /N\Rl (I-K)
/VM’/// M«
X \//,, L/\s \ X
N
LQ L LS Q

wherein R is (C1-Cyphydrocarbylene or (C-Cypheterohydrocarbylene, more preferably
(CI-C 4O)hydrocarbylene, and each M, L, L%, L¥, X, and R! to R4 independently are as defined
10 for the metal-ligand complex of formula (I). Preferably each Rl independently 1s (Cg-Cqglaryl

or (C1-Cyy)alkyl, more preferably a phenyl; and R is (Cy-Cqalkylene or (Cy-Cqglarylene,
more preferably CHyCH,CH,CHj.
More preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to (I-

K), wherein each of Rl (except for formula (I-J)) and RS (except for formulas (I-G) and (I-K))
15 independently is (C1-Cqq)hydrocarbyl, more preferably (C-Cqqalkyl, (C3-Cqqcycloalkyl, or

(Cg-Craryl, and still more preferably (C1-Cyqalkyl or (Cg)aryl. In such embodiments,

preferably, R2is Hor (C1-Cqpalkyl, more preferably H or CHy.
Also more preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to
(I-D) and (I-K) wherein Rl is (C1-Cyphydrocarbyl, still more preferably RLis
20 (Cq-Cyphydrocarbyl and optionally X is absent. Also more preferred is the metal-ligand
complex of any one of formulas (I) and (I-A) to (I-I) and (I-K), wherein Rlis

(C1-Cygheterohydrocarbyl, still more preferably R1is (C1-Cypheterohydrocarbyl and

optionally X is absent. In still other embodiments, R! and an R® of X are taken together to form
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1-butyl (LN-2) 2,6-bis(1-nethylethyl)phenyl 2-propyl (LN 3)

2, 6-bi s(1-net hyl et hyl ) phenyl 1, 1-di net hyl ethyl (LN-4)

2, 6- bi s( woebtwizer2By| ) phenyl benzyl (LN-5) 2,6 -bis(lrogtusgéoeiobss) phenyl
phenyl (LN-6) 2,6 -bis(1-nethylethyl)phenyl cyclohexyl (LN-7) 2,6

- bi s(1- et hyl et hyl ) phenyl 1 -nethyl -pi peridine-4-y1 (LN-8) 2,6

- bi s(1- et hyl et hyl ) phenyl 3 - (N, N-di net hyl am no) - propyl (LN-9) 2,6

- bi s( 1- net Iay(ll pCJ{Wﬂyﬁph@dene or (Cl-C4O)heter0hydrocarbylene, more preferably R and an R¥ of

X are taken together to form a (C1-Cyg)hydrocarbylene or (C1-Cyp)heterohydrocarbylene. In

still other embodiments, R! and an R of I are taken together to form a
(C1-Cyp)hydrocarbylene or (Cy-Cyppheterohydrocarbylene, more preferably R! and an R" of L
5  are taken together to form a (C;-Cyq)hydrocarbylene or (C1-Cyqheterohydrocarbylene and

optionally X is absent.

Also more preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to
(I-F), (I-H), and (I-]), wherein R? is (C-Cyghydrocarbyl, still more preferably R is

(C1-Cy)hydrocarbyl and optionally X is absent. Also more preferred is the metal-ligand

10 complex of any one of formulas (I) and (I-A) to (I-F), (I-H), and (I-J), wherein RS is

(C1-Cygheterohydrocarbyl, still more preferably RY is (C1-Cypheterohydrocarbyl and

optionally X is absent. In still other embodiments, R and an R¥ of X are taken together to form
a (C1-Cyphydrocarbylene or (C1-Cyqheterohydrocarbylene, more preferably R and an R of

X are taken together to form a (C1-Cyg)hydrocarbylene or (C1-Cyp)heterohydrocarbylene. In

15  still other embodiments, R and an R" of L are taken together to form a
(C1-Cyp)hydrocarbylene or (Cy-Cyppheterohydrocarbylene, more preferably RS and an R" of L
are taken together to form a (Cq-Cyhydrocarbylene or (C1-Cygheterohydrocarbylene and
optionally X is absent. Even more preferred, RS is 1-butyl, 2-propyl, 1,1-dimethylethyl, benzyl,
phenyl, cyclohexyl, 1-methyl-piperidin-4-yl, 3-(N,N-dimethylamino)-propyl, 1,1-

20  dimethylethylamino, or pyrrol-1-yl.

Still more preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to

(I-K), wherein R! and R each independently are (Cy-Cyqhydrocarbyl, even more preferably

R! and RS each independently are (C1-Cyhydrocarbyl and optionally X is absent. Also still
more preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to (I-K),

25  wherein one of R! and R is taken together with an R of X to form a (C1-Cyphydrocarbylene

or (Cq-Cypheterohydrocarbylene and the other of Rl and R is (C1-Cyphydrocarbyl or

(C1-Cypheterohydrocarbyl. Also still more preferred is the metal-ligand complex of any one

of formulas (I) and (I-A) to (I-K), wherein one of R and RY is taken together with an R“ of L.
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1,1 -dinethylethylam no (LN-10) 2,6 -bis(1-nethylethyl)phenyl

(LN-11) 2-

2- propyl woONemdR228 (1 -nethyl et hyl) phenyl
- et hyl et hyl ) phenyl benzyl (LN-15) 2- (1 -nethylethyl)phenyl phenyl

pyrrol -1 -yl

(1 -nethylethyl)phenyl 1-butyl (LN-12) 2-(1 -nethylethyl)phenyl

1,1 - di met hylPemhuskoooiobaar) 2- (1

(LN 16)

2- (1 -nmethylethyl)phenyl cyclohexyl (LN-17) 2- (1 -nethylethyl)phenyl 1
- et hyl - pi peridine-4-yl (LN 18)

10

15

20

25

to form a (C-Cyphydrocarbylene or (C1-Cy)heterohydrocarbylene and the other of R! and

RS is (C1-Cyphydrocarbyl or (C-Cy)heterohydrocarbyl.
In any one of the metal-ligand complexes of formulas (I) and (I-A) to (I-K), especially

preferred is one of Rl (except for formula (I-J)) and RS (except for formulas (I-G) and (I-K)) 1s
a first group that is 2,6-bis(di(Cy-Cy)alkyl-amino)phenyl; 2,6-dinitrophenyl; 2,6-di((Cy-

Cyalkyloxy)phenyl; 2-(C{-Cy)alkyl-phenyl; 2,6-di(C;-Cy)alkyl-phenyl; 3,5-di(C-Cylalkyl-
phenyl; 2,4,6-tri(C{-Cy)alkyl-phenyl; biphenyl-2-yl; 2,6-diphenylphenyl; 3,5-diphenylphenyl;
2,4,6-triphenylphenyl; 3,5-bis(2,6-bis[(C1-Cy)alkyllphenyl)phenyl; 2,6-di(1-naphthyl)phenyl;
3,5-di(1-naphthyl)phenyl; cyclohexyl; diphenylmethyl; or trityl; wherein each (C{-Cy)alkyl
independently is methyl, ethyl, 1-propyl, 1-methylethyl, 1-butyl, 2-butyl, 2-methylpropyl, or
1,1-dimethylethyl. Also especially preferred is the metal-ligand complex wherein one of Rl

(except for formula (I-J)) and RS (except for formulas (I-G) and (I-K)) is a second group that is
(C1-Cyalkyl (e.g., 1-butyl, 2-propyl, 1,1-dimethylethyl, and 1-octyl), benzyl, phenyl,

cyclohexyl, 1-methyl-piperidin-4-yl, 3-(N,N-di((C;-Cy)alkyl)amino)-propyl, (C-
Cy)alkyl-amino, or pyrrol-1-yl. Even more preferred is the metal-ligand complex wherein one
of R! and RY is as defined for the first group and the other of R! and RY is as defined for the
second group.

More preferred is the metal-ligand complex of any one of formulas (I) and (I-A) to (I-

K), wherein each of L, L2 and L* independently is (C1-Cy)alkyl, trimethylsilylmethyl, or
benzyl; or L is (C1-Cq)alkyl, trimethylsilylmethyl, or benzyl and L2 and L* are taken together
to form (RD)ZC:C(RD)-C(RD):C(RD)Z, wherein each R” independently is H, unsubstituted

(C1-Cg)alkyl, phenyl, or naphthyl.

More preferred is the metal-ligand complex of any one of formulas (I-A) to (I-D),

wherein each R3% independently is C(R35 ) and each R3S is Hoor methyl. Also more preferred

is the metal-ligand complex of formula (I), wherein one R34 is O or N(R") and the remaining
R34, if any, independently are C(R35 )7 and each R3S is Hor methyl.

In the above embodiments of metal-ligand complex of any one of formulas (I) and (I-

A) to (I-K), more preferably at least one (C{-Cygheterohydrocarbyl is 2-
[((C1-Cs)alkyl)oNCH, ]-(Cg-C g)aryl, still more preferably 2-[((Cy-Cg)alkyl)yNCH,]-phenyl;
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2- (1 -nmethylethyl)phenyl 3 -(N, N-di nethyl am no)-propyl (LN-19) 2- (1

nmet hyl et hyl ) phenyl 1,1 -dinethyl ethylam no (LN-20) 2-(1
- met hyl etwol2ppheeme8 pyrrol -1 -yl (LN 21) PCT/US2009/054447
2,4,6-tris(1, 1-dinmet hyl et hyl ) phenyl 1-butyl (LN 22)
2,4,6-tris(1, 1-di nmet hyl et hyl ) phenyl 2-propyl (LN-23)

2,4,6-tris(1, 1-di net hyl et hyl ) phenyl 1,1 -dinethylethyl (LN 24)
2,4,6-tris (C.. :

2 4 6-tri S%tlle togk @t% h%ge %(&ﬁ(%ﬁlx e I%%gﬁg %)IaMS’Z ?Hz] (C6-Cyglaryl, still
2,4,6-tris(1, 1- dlnethylethyIPphen | cycl ohexyl

more preferably 2-[((C1-Cs)alkyIN)CH,]-phenyl ; or at least one (C1-Cyg)hydrocarbylene is

2-methylphenyl.
Still more preferred is the metal-ligand complex of formula (I) of any one of formulas
5  (L-Al), (I-A2), (I-A3), (I-A4), (I-AS5), (I-B1), (I-B2), (I-B3), (I-B4), (I-BS), (I-B6), (I-B7), (I-
B3), (I-C1), (I-C2), (I-C3), (I-D1), and (I-D2):

R> \ l \\
(I-A1) (I-A2),
0
7 R°—N N—R!
5_ _pl
R N\ /N R \‘Hf\
.Hf\ (CH;);CH,Si™ 1 CH,Si(CH,);
W
MeN / Rl
/ $
R*—N_ N—R! ~_ 2
N\ //”,Hf
Hf \N \
W l \
(I-A5), R? I-B1),
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(LN-27) 2,4,6-tris(1, 1-di nethyl et hyl)phenyl 1 -nethyl-piperidine-4-yl
(LN-28) 2,4,6-tris(1, 1-di nethylethyl)phenyl 3 -(N, N-di net hyl am no) - pr opyl
(LN-29) 2wo0,26r0mex=g1, 1- di net hyl et hyl ) phenyl 1,1 -di net hpCetusgéoanssaa7 (LN- 30)
2,4,6-tris(1, 1-di nmet hyl ethyl)phenyl pyrrol-1 -yl (LN-31) 2 -(1,1

-di et hyl et hyl ) phenyl 1-butyl (LN-32) 2 -(1,1 -dinethylethyl)phenyl

2-propyl (LN-33) 2 -(1,1 -dinethyl | ) phenyl 1,1 -dinethylethyl (LN-34) 2
-(1,1 -di et hyl et hyl ) phenyl benzyIO(L O35) 2 -(1,1 -dinethyl et hyl)phenyl

R>-N_  N-R! \Hf/
N/ ~
Hf / // CH;
W l \ —
(I-B2), (I-B3),
0
R*—N ~ N—R! R3— N—R!
\z/ \Hf/
Lr R
o ‘\ W l \
(I-B4) (I-B5),

R°P—N_  N—R! \Hf/
\Hf/ WS
W ‘\
CHQSi(CH3)3 (I-B6), (I-B7),
RS_N I\]—l{1 5_I\I 1\1_1{1
\/ N/
H H
\\\“ ‘ \ W l \
(I-B8), (I-CD),
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phenyl (LN-36) 2 -(1,1 -dinethylethyl)phenyl cyclohexyl (LN-37) 2 -(1,1
-di net hyl et hyl ) phenyl 1 -nethyl-piperidine-4-yl (LN-38) 2 -(1,1

- di et hylwolhwioqakeayl 3 - (N, N-di net hyl am no) - propyl ( LNP8F)US2009(034427

-di et hyl et hyl ) phenyl 1,1 -di net hyl et hyl am no (LN-40) 2 -(1,1

-di net hyl et hyl ) phenyl pyrrol-1 -yl (LN-41) 3,4

-bi s(1, 1-di net hyl et hyl ) phenyl 1-but (LN-42) 3,4

-bis(1, 1-di nmet L hyl ) phenyl 2-prgpyl \(LN-43) 3,4

-bi s(1, 1-di met\ ' hyl ) phenyl

SHIS

R3-N /N— : R5—N /N—R1
JHf W Zr
W l N W l \
(I-C2), (I-C3),
R>-N /N—R1 5—N\ /N—R1
Hf Hf
w l\ W l\
(I-D1), and (I-D2),

wherein R! and R are as defined for the metal-ligand complex of formula (I).
Even more preferred are the specific metal-ligand complexes of formulas (I-A1), (I-

5 A2), (I-A3), (I-A4), (I-AS), (I-B1), (I-B2), (I-B3), (I-B4), (I-BS), (I-B6), (I-B7), (I-B8), (I-C1),
(I-C2), (I-C3), (I-D1), and (I-D2) that are shown in Table 1 below. In Table 1, the specific
metal-ligand complexes are respectively numbered (Al-1) to (A1-170), (A2-1) to (A2-170),
(A3-1) to (A3-170), (A4-1) to (A4-170), (A5-1) to (A5-170), (B1-1) to (B1-170), (B2-1) to
(B2-170), (B3-1) to (B3-170), (B4-1) to (B4-170), (B5-1) to (B5-170), (B6-1) to (B6-170),

10  (B7-1)to (B7-170), (B8-1) to (B8-170), (C1-1) to (C1-170), (C2-1) to (C2-170), (C3-1) to (C3-
170), (D1-1) to (D1-170), and (D2-1) to (D2-170). To save space and avoid listing each pair of
R! and RO groups more than once, the Al to A5, B1 to B8, C1 to C3, D1 and D2 portions of

these metal-ligand complex numbers are generically indicated in Table 1 using “LLN.”

Table 1.
Metal-
ligand
Complex
number Rl RS
(LN-1) 2,6-bis(1-methylethyl)phenyl 1-butyl
(LN-2) 2,6-bis(1-methylethyl)phenyl 2-propyl
(LN-3) 2,6-bis(1-methylethyl)phenyl 1,1-dimethylethyl
(LN-4) 2,6-bis(1-methylethyl)phenyl benzyl
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1,1 -dinethylethyl (LN-44) 3,4 -bis(1, 1-di nethyl et hyl)phenyl benzyl (LN 45)
3,4 -bis(1,1-dinethylethyl)phenyl phenyl (LN-46) 3,4
-bi s( 1, 1-wpreetonzbe8hyl ) phenyl cycl ohexyl (LN-47) 3,4 PCT/US2009/054447
- bi s(1, 1- di net hyl et hyl ) phenyl 1 -nmet hyl - pi peri di ne-4-yl1 (LN-48) 3,4
- bi s(1, 1- di net hyl et hyl ) phenyl - (N, N-di net hyl am no) - propyl (LN-49) 3,4
-bis(1,1- thylamino (LN-50) 3 4
-bis(1,1- WW‘WLN 51) 2, HhGBYIt ri phenyl phenyl
1- butyl (N-GR)6) 2,6-bis(1-methylethyl)phenyl cyclohexyl

(LN-7) 2,6-bis(1-methylethyl)phenyl 1-methyl-piperidine-4-yl

(LN-8) 2,6-bis(1-methylethyl)phenyl 3-(N,N-dimethylamino)-propyl

(LN-9) 2,6-bis(1-methylethyl)phenyl 1,1-dimethylethylamino

(LN-10) 2,6-bis(1-methylethyl)phenyl pyrrol-1-yl

(LN-11) 2-(1-methylethyl)phenyl 1-butyl

(LN-12) 2-(1-methylethyl)phenyl 2-propyl

(LN-13) 2-(1-methylethyl)phenyl 1,1-dimethylethyl

(LN-14) 2-(1-methylethyl)phenyl benzyl

(LN-15) 2-(1-methylethyl)phenyl phenyl

(LN-16) 2-(1-methylethyl)phenyl cyclohexyl

(LN-17) 2-(1-methylethyl)phenyl 1-methyl-piperidine-4-yl

(LN-18) 2-(1-methylethyl)phenyl 3-(N,N-dimethylamino)-propyl

(LN-19) 2-(1-methylethyl)phenyl 1,1-dimethylethylamino

(LN-20) 2-(1-methylethyl)phenyl pyrrol-1-yl

(LN-21) 2,4,6-tris(1,1-dimethylethyl)phenyl 1-butyl

(LN-22) 2,4,6-tris(1,1-dimethylethyl)phenyl 2-propyl

(LN-23) 2,4,6-tris(1,1-dimethylethyl)phenyl 1,1-dimethylethyl

(LN-24) 2,4,6-tris(1,1-dimethylethyl)phenyl benzyl

(LN-25) 2,4,6-tris(1,1-dimethylethyl)phenyl phenyl

(LN-26) 2,4,6-tris(1,1-dimethylethyl)phenyl cyclohexyl

(LN-27) 2,4,6-tris(1,1-dimethylethyl)phenyl 1-methyl-piperidine-4-yl

(LN-28) 2,4,6-tris(1,1-dimethylethyl)phenyl 3-(N,N-dimethylamino)-propyl

(LN-29) 2,4,6-tris(1,1-dimethylethyl)phenyl 1,1-dimethylethylamino

(LN-30) 2,4,6-tris(1,1-dimethylethyl)phenyl pyrrol-1-yl

(LN-31) 2-(1,1-dimethylethyl)phenyl 1-butyl

(LN-32) 2-(1,1-dimethylethyl)phenyl 2-propyl

(LN-33) 2-(1,1-dimethylethyl)phenyl 1,1-dimethylethyl

(LN-34) 2-(1,1-dimethylethyl)phenyl benzyl

(LN-35) 2-(1,1-dimethylethyl)phenyl phenyl

(LN-36) 2-(1,1-dimethylethyl)phenyl cyclohexyl

(LN-37) 2-(1,1-dimethylethyl)phenyl 1-methyl-piperidine-4-yl

(LN-38) 2-(1,1-dimethylethyl)phenyl 3-(N,N-dimethylamino)-propyl

(LN-39) 2-(1,1-dimethylethyl)phenyl 1,1-dimethylethylamino
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2,4,6-triphenyl phenyl 2-propyl (LN-53) 2,4,6-triphenyl phenyl 1,1
-di net hyl ethyl (LN-54) 2,4,6-triphenyl phenyl benzyl (LN 55)
2,4, 6-triywbenywqpbeayl phenyl (LN-56) 2,4, 6-triphenyl phergir/usgabdobenty|
(LN-57) 2,4,6-tri phenyl phenyl 1 -methyl-piperidine-4-yl (LN-58)
2,4,6-tri phenyl phenyl - (N, N-di met hyl am no) - propyl (LN-59)
2,4,6-tr phen%_l_gheaw_l_l_m_ncel_h?ﬁl_ef hylamng (LN-60) 2 4 6-triphenyl phenyl
pyrrol -1 Jy|LN-40) 2:(1,1-dimethylethyl)pheriyl pyrrol-1-y1

(LN-41) 3,4-bis(1,1-dimethylethyl)phenyl 1-butyl

(LN-42) 3,4-bis(1,1-dimethylethyl)phenyl 2-propyl

(LN-43) 3,4-bis(1,1-dimethylethyl)phenyl 1,1-dimethylethyl

(LN-44) 3,4-bis(1,1-dimethylethyl)phenyl benzyl

(LN-45) 3,4-bis(1,1-dimethylethyl)phenyl phenyl

(LN-46) 3,4-bis(1,1-dimethylethyl)phenyl cyclohexyl

(LN-47) 3,4-bis(1,1-dimethylethyl)phenyl 1-methyl-piperidine-4-yl

(LN-48) 3,4-bis(1,1-dimethylethyl)phenyl 3-(N,N-dimethylamino)-propyl

(LN-49) 3,4-bis(1,1-dimethylethyl)phenyl 1,1-dimethylethylamino

(LN-50) 3,4-bis(1,1-dimethylethyl)phenyl pyrrol-1-yl

(LN-51) 2,4,6-triphenylphenyl 1-butyl

(LN-52) 2,4,6-triphenylphenyl 2-propyl

(LN-53) 2,4,6-triphenylphenyl 1,1-dimethylethyl

(LN-54) 2,4,6-triphenylphenyl benzyl

(LN-55) 2,4,6-triphenylphenyl phenyl

(LN-56) 2,4,6-triphenylphenyl cyclohexyl

(LN-57) 2,4,6-triphenylphenyl 1-methyl-piperidine-4-yl

(LN-58) 2,4,6-triphenylphenyl 3-(N,N-dimethylamino)-propyl

(LN-59) 2,4,6-triphenylphenyl 1,1-dimethylethylamino

(LN-60) 2,4,6-triphenylphenyl pyrrol-1-yl

(LN-61) biphenyl-2-yl 1-butyl

(LN-62) biphenyl-2-yl 2-propyl

(LN-63) biphenyl-2-yl 1,1-dimethylethyl

(LN-64) biphenyl-2-yl benzyl

(LN-65) biphenyl-2-yl phenyl

(LN-66) biphenyl-2-yl cyclohexyl

(LN-67) biphenyl-2-yl 1-methyl-piperidine-4-yl

(LN-68) biphenyl-2-yl 3-(N,N-dimethylamino)-propyl

(LN-69) biphenyl-2-yl 1,1-dimethylethylamino

(LN-70) biphenyl-2-yl pyrrol-1-yl

(LN-71) 3,5-diphenylphenyl 1-butyl

(LN-72) 3,5-diphenylphenyl 2-propyl

(LN-73) 3,5-diphenylphenyl 1,1-dimethylethyl

(LN-74) 3,5-diphenylphenyl benzyl
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(LN-61) biphenyl-2-y' 1-butyl (LN-62) biphenyl-2-y' 2-propyl (LN 63)

bi phenyl -2-y" 1,1 -di nmethyl ethyl (LN 64) biphenyl-2-y' benzyl (LN 65)

bi phenyl -woyo1ophizeazgl (LN-66) bi phenyl -2-y' cycl ohexyl (RTARRoiopagnyl - 2-y'
1 -nmethyl -piperidine-4-yl (LN-68) biphenyl-2-y' 3

- (N, N-di net hyl am no) - propyl (LN-69) biphenyl-2-y'

(LN-75) 3,5-diphenylphenyl phenyl

(LN-76) 3,5-diphenylphenyl cyclohexyl

(LN-77) 3,5-diphenylphenyl 1-methyl-piperidine-4-yl
(LN-78) 3,5-diphenylphenyl 3-(N,N-dimethylamino)-propyl
(LN-79) 3,5-diphenylphenyl 1,1-dimethylethylamino
(LN-80) 3,5-diphenylphenyl pyrrol-1-yl

(LN-81) cyclohexyl 1-butyl

(LN-82) cyclohexyl 2-propyl

(LN-83) cyclohexyl 1,1-dimethylethyl
(LN-84) cyclohexyl benzyl

(LN-85) cyclohexyl phenyl

(LN-86) cyclohexyl cyclohexyl

(LN-87) cyclohexyl 1-methyl-piperidine-4-yl
(LN-88) cyclohexyl 3-(N,N-dimethylamino)-propyl
(LN-89) cyclohexyl 1,1-dimethylethylamino
(LN-90) cyclohexyl pyrrol-1-yl

(LN-91) diphenylmethyl 1-butyl

(LN-92) diphenylmethyl 2-propyl

(LN-93) diphenylmethyl 1,1-dimethylethyl
(LN-94) diphenylmethyl benzyl

(LN-95) diphenylmethyl phenyl

(LN-96) diphenylmethyl cyclohexyl

(LN-97) diphenylmethyl 1-methyl-piperidine-4-yl
(LN-98) diphenylmethyl 3-(N,N-dimethylamino)-propyl
(LN-99) diphenylmethyl 1,1-dimethylethylamino
(LN-100) diphenylmethyl pyrrol-1-yl

(LN-101) triphenylmethyl 1-butyl

(LN-102) triphenylmethyl 2-propyl

(LN-103) triphenylmethyl 1,1-dimethylethyl
(LN-104) triphenylmethyl benzyl

(LN-105) triphenylmethyl phenyl

(LN-106) triphenylmethyl cyclohexyl

(LN-107) triphenylmethyl 1-methyl-piperidine-4-yl
(LN-108) triphenylmethyl 3-(N,N-dimethylamino)-propyl
(LN-109) triphenylmethyl 1,1-dimethylethylamino
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-di met hyl et hyl am no (LN-70) biphenyl-2-y' pyrrol-1 -yl (LN 71)
- di phenyl phenyl 1-butyl (LN72) 3,5-diphenyl phenyl 2-propyl (LN 73)
- di phewol2ptoamyi2s1l, 1 - di net hyl et hyl (LN-74) 3, 5-di phemgirfisesopiosdagnzy|
N-75) 3, 5-di phenyl phenyl phenyl (LN-76) 3,5-di phenyl phenyl cycl ohexyl
N-77) 3, 5-di phenyl phenyl
(LN-110) triphenylmethyl pyrrol-1-yl
(LN-111) 3,5-bis(2,6-dimethylphenyl)phenyl 1-butyl
(LN-112) 3,5-bis(2,6-dimethylphenyl)phenyl 2-propyl
(LN-113) 3,5-bis(2,6-dimethylphenyl)phenyl 1,1-dimethylethyl
(LN-114) 3,5-bis(2,6-dimethylphenyl)phenyl benzyl
(LN-115) 3,5-bis(2,6-dimethylphenyl)phenyl phenyl
(LN-116) 3,5-bis(2,6-dimethylphenyl)phenyl cyclohexyl
(LN-117) 3,5-bis(2,6-dimethylphenyl)phenyl 1-methyl-piperidine-4-yl
(LN-118) 3,5-bis(2,6-dimethylphenyl)phenyl 3-(N,N-dimethylamino)-propyl
(LN-119) 3,5-bis(2,6-dimethylphenyl)phenyl 1,1-dimethylethylamino
(LN-120) 3,5-bis(2,6-dimethylphenyl)phenyl pyrrol-1-yl
(LN-121) 2,6-bis(dimethylamino)phenyl 1-butyl
(LN-122) 2,6-bis(dimethylamino)phenyl 2-propyl
(LN-123) 2,6-bis(dimethylamino)phenyl 1,1-dimethylethyl
(LN-124) 2,6-bis(dimethylamino)phenyl benzyl
(LN-125) 2,6-bis(dimethylamino)phenyl phenyl
(LN-126) 2,6-bis(dimethylamino)phenyl cyclohexyl
(LN-127) 2,6-bis(dimethylamino)phenyl 1-methyl-piperidine-4-yl
(LN-128) 2,6-bis(dimethylamino)phenyl 3-(N,N-dimethylamino)-propyl
(LN-129) 2,6-bis(dimethylamino)phenyl 1,1-dimethylethylamino
(LN-130) 2,6-bis(dimethylamino)phenyl pyrrol-1-yl
(LN-131) 2,6-dinitrophenyl 1-butyl
(LN-132) 2,6-dinitrophenyl 2-propyl
(LN-133) 2,6-dinitrophenyl 1,1-dimethylethyl
(LN-134) 2,6-dinitrophenyl benzyl
(LN-135) 2,6-dinitrophenyl phenyl
(LN-1306) 2,6-dinitrophenyl cyclohexyl
(LN-137) 2,6-dinitrophenyl 1-methyl-piperidine-4-yl
(LN-138) 2,6-dinitrophenyl 3-(N,N-dimethylamino)-propyl
(LN-139) 2,6-dinitrophenyl 1,1-dimethylethylamino
(LN-140) 2,6-dinitrophenyl pyrrol-1-yl
(LN-141) 2,6-di(1-methylethoxy)phenyl 1-butyl
(LN-142) 2,6-di(1-methylethoxy)phenyl 2-propyl
(LN-143) 2,6-di(1-methylethoxy)phenyl 1,1-dimethylethyl
(LN-144) 2,6-di(1-methylethoxy)phenyl benzyl
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1 -methyl -piperidine-4-yl (LN-78) 3,5-di phenyl phenyl 3

- (N, N- di net hyl am no) - pr opyl
- di net hylwOlyleanea2e (LN-80) 3, 5-di phenyl phenyl
(LN-82) cycl ohexyl 2-propyl

cycl ohexyl 1-butyl

-di met hyl et hyl (LN-84) cycl ohexyl benzyl

(LN-79) 3,5-di phenyl phenyl 1,1

pyr r ol - 1 PEFIUSEAOBHSMYT
(LN-83) cyclohexyl 1,1

(LN-85) cycl ohexyl phenyl (LN 86)

(LN-145) 2,6-di(1-methylethoxy)phenyl phenyl

(LN-146) 2,6-di(1-methylethoxy)phenyl cyclohexyl

(LN-147) 2,6-di(1-methylethoxy)phenyl 1-methyl-piperidine-4-yl
(LN-148) 2,6-di(1-methylethoxy)phenyl 3-(N,N-dimethylamino)-propyl
(LN-149) 2,6-di(1-methylethoxy)phenyl 1,1-dimethylethylamino
(LN-150) 2,6-di(1-methylethoxy)phenyl pyrrol-1-yl
(LN-151) 2,6-di(1-naphthyl)phenyl 1-butyl

(LN-152) 2,6-di(1-naphthyl)phenyl 2-propyl

(LN-153) 2,6-di(1-naphthyl)phenyl 1,1-dimethylethyl
(LN-154) 2,6-di(1-naphthyl)phenyl benzyl

(LN-155) 2,6-di(1-naphthyl)phenyl phenyl

(LN-156) 2,6-di(1-naphthyl)phenyl cyclohexyl
(LN-157) 2,6-di(1-naphthyl)phenyl 1-methyl-piperidine-4-yl
(LN-158) 2,6-di(1-naphthyl)phenyl 3-(N,N-dimethylamino)-propyl
(LN-159) 2,6-di(1-naphthyl)phenyl 1,1-dimethylethylamino
(LN-160) 2,6-di(1-naphthyl)phenyl pyrrol-1-yl

(LN-161) 3,5-di(1-naphthyl)phenyl 1-butyl

(LN-162) 3,5-di(1-naphthyl)phenyl 2-propyl

(LN-163) 3,5-di(1-naphthyl)phenyl 1,1-dimethylethyl
(LN-164) 3,5-di(1-naphthyl)phenyl benzyl

(LN-165) 3,5-di(1-naphthyl)phenyl phenyl

(LN-166) 3,5-di(1-naphthyl)phenyl cyclohexyl

(LN-167) 3,5-di(1-naphthyl)phenyl 1-methyl-piperidine-4-yl
(LN-168) 3,5-di(1-naphthyl)phenyl 3-(N,N-dimethylamino)-propyl
(LN-169) 3,5-di(1-naphthyl)phenyl 1,1-dimethylethylamino
(LN-170) 3,5-di(1-naphthyl)phenyl pyrrol-1-yl

Still more preferred are the metal-ligand complexes of any one of formulas (I-A1), (I-

A2), (I-A3), (I-A4), (I-AS5), (I-B1), (I-B2), (I-B3), (I-B4), (I-BS), (I-B6), (I-B7), (I-BY), (I-C1),

(I-C2), (I-C3), (I-D1), and (I-D2), wherein Rlis 1-butyl, 1-octyl, 2,6-bis(1-methylethyl)phenyl,
5  2-(1-methylethyl)phenyl, 2,4,6-tris(1,1-dimethylethyl)phenyl, 2-(1,1-dimethylethyl)phenyl, or

3,4-bis(1,1-dimethylethyl)phenyl, and RY is 2-propyl, 1-butyl, 1-octyl, 1,1-dimethylethyl,

phenyl, or 2,6-bis(1-methylethyl)phenyl.

Also still more preferred is the metal-ligand complex of formula (I) of any one of the

following structures (A1-171), (A1-172), (A1-173), (A1-174), (A1-175), (A1-176), (A1-177),
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cycl ohexyl cycl ohexyl (LN-87) cyclohexyl 1 -methyl-piperidine-4-yl (LN 88)
cycl ohexyl 3 -(N, Ndi net hyl am no) - propyl (LN-89) cycl ohexyl 1,1
- di net hylwOolygloanea28 (LN-90) cycl ohexyl pyrrol-1 -yl (LNr@TI)USdéopleayt met hyl
1-butyl (LN-92) diphenyl methyl 2-prop yl (LN-93) diphenylnmethyl 1,1
-di met hyl et hyl (LN-94) di phenyl net hyl benzyl

(A1-178), (E1-1), (E1-2), (E2-1), (F1-1), (G1-1), (H1-1), (H2-1), (I1-1), (12-1), (13-1), (14-1),

(I5-1), (16-1), J1-1), (K1-1), (K2-1), (K3-1), and (K4-1):

OIS O &
o )2

CHs
HyC (A1-171), HsC (A1-172),

€2 (2.
()= )

MeN

-Pr
Mes—;Hf\ MezN‘:‘.Hf\
e | Nen, me™ | e,
HsC (A1-173), HsC (A1-174),
Q i-Pr Q i-Pr
5 \/ N/
Mt Hf
/ \CH3 Me,N' \CH3
5 H3C (A1-175), H3C (A1-176)
Q i-Pr Q -Pr
~ N/ F ~ N/
o f\NMEZ \\"‘in\NMe
HAC" /\ HaC' /
HsC (A1-177) HaC (A1-178),
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(LN-95) di phenyl net hyl phenyl (LN-96) diphenyl nethyl cyclohexyl (LN-97)

di phenyl net hyl 1 -nethyl-piperidine-4-yl1 (LN-98) diphenyl nethyl 3

- (N, N- di n®Olzgiozn22228) - propyl (LN-99) di phenyl nethyl 1,1 Pdirmseéogloatshyl am no
(LN-100) di phenyl nmethyl pyrrol-1 -yl (LN-101) triphenyl nethyl 1-butyl
(LN-102) triphenyl nethyl 2-propyl (LN-103) triphenyl nethyl

i-Pr. i-Pr
1-octyl—N N@ Y N@
\ / i-Pr \ / i-Pr
K Hf.,l,/ |/ Hf',,/,
Ph ( Ph (

Ph P (E1-1), Ph Ph (E1-2)
i-Pr
1-octyl—N /N@
i-Pr
Hf
HC™ [ on,
HsC (B2-1),

Ph Ph (F1-1), HyC (G1-1),

\Hf/ i-Pr f
Phpn  Ph @iy, Pho PN (H2-1),
5
N N N
N A¥4
— —"
i-Pr N Me2\N i-Pr i-Pr N Me2\N i-Pr
&1—& i-Pr\@ &l-m i-Pr\@
(T1-1), (12-1)



1,1 -dinethylethyl (LN104) triphenyl nethyl benzyl (LN-105) triphenyl nethyl
phenyl (LN-106) triphenyl nethyl cyclohexyl (LN-107) triphenylnethyl 1

- met hyl - pvpepiodizex284-y1 (LN-108) triphenyl methyl 3 PCT/US2009/054447

- (N, N-di net hyl am no) - propyl (LN-109) triphenylnethyl 1,1

- di et hyl et hyl am no (LN-110) triphenyl nethyl pyrrol-1-y1 (LN111) 3

, 5-bi s( 2, 6-di net hyl phenyl ) phenyl

N\ 7 N/
\\ // i-Pr i-Pr \\ //
Hf r/?yﬂ
Ph Ph Ph Ph Ph Ph J1-1),
i-Pr Q i-Pr.
4 é—N N N N@
i-Pr \ / N/ \ / i-Pr
Hf,,’/ Hf,
///| ’/ %,
5 Ph 5, Ph Ph 5, Ph KL-1),



1-butyl (LN-112) 3, 5-bis(2,6-dinethyl phenyl)phenyl 2-propyl (LN 113) 3

, 5-bi s(2, 6-di net hyl phenyl ) phenyl 1, 1-di nethylethyl (LN 114)

3, 5- bi s( 2v6-2diomeeirgl phenyl ) phenyl benzyl (LN 115) PCT/US2009/054447

3, 5-bi s(2, 6-di met hyl phenyl ) phenyl phenyl (LN 116)

3, 5-bi s(2, 6-di net hyl phenyl ) phenyl cycl ohexyl (LN-117) 3

, 5-bi s(2, 6-di net hyl phenyl ) phenyl 1-nethyl -pi peridine-4-yl (LN 118) 3

, 5-bi s(2, 6-di net hyl g | ) phenyl 3 - N-di met hyl am no) - propyl (LN 119) 3
6- di

, 5-bi s(2, met yl o | ) phenyl 1,1 ret.hyl et hyl ami no (LN-120)
N N N
i-Pr \ '/ _\_/_ \ / i-Pr
Hf,
K I,,//| K /,//
Ph pnh  Ph Ph pn  Ph K1)
éi-PrH g
i-Pr / _\—/_ \ / i-Pr
H3C/ \ CH;  HC" ‘ \CH
CHs HyC (K3-1), and

RS Hin

|Pr\/ \/'Pr
T 1

Ph g, Ph Ph g, Ph

(K4-1)

wherein i-Pr means iso-propyl (i.e., 1-methylethyl), Me means methyl, and Ph means phenyl.
5 Also still more preferred is the metal-ligand complex of any one of metal-ligand

complex numbers (Al-1) to (D2-170) and (A1-171) to (K4-1), wherein Hf is instead Zr or Ti.
Such metal-ligand complexes containing Zr instead of Hf are respectively numbered herein as
(AZ1-1) to (AZ1-170), (AZ2-1) to (AZ2-170), (AZ3-1) to (AZ3-170), (AZ4-1) to (AZ4-170),
(AZ5-1) to (AZ5-170), (BZ1-1) to (BZ1-170), (BZ2-1) to (BZ2-170), (BZ3-1) to (BZ3-170),

10 (BZ4-1) to (BZ4-170), (BZ5-1) to (BZ5-170), (BZ6-1) to (BZ6-170), (BZ7-1) to (BZ7-170),
(BZ8-1) to (BZ8-170), (CZ1-1) to (CZ1-170), (CZ2-1) to (CZ2-170), (CZ3-1) to (CZ3-170),
(DZ1-1) to (DZ1-170), (DZ2-1) to (DZ2-170), (AZ1-171), (AZ1-172), (AZ1-173), (AZ1-174),
(AZ1-175), (AZ1-176), (AZ1-177), (AZ1-178), (EZ1-1), (EZ1-2), (EZ2-1), (FZ1-1), (HZ1-1),
(HZ2-1), (GZ1-1), (IZ1-1), (IZ2-1), (IZ3-1), (IZ4-1), (IZ5-1), (IZ6-1), JZ1-1), (KZ1-1), (KZ2-

15 1), (KZ3-1), and (KZ4-1); and such metal-ligand complexes containing Ti instead of Hf are
respectively numbered herein as (AT1-1) to (AT1-170), (AT2-1) to (AT2-170), (AT3-1) to
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I s(2, 6-di net hyl phenyl ) phenyl pyrrol-1-y1 (LN-121)
I s(di met hyl am no) phenyl 1-butyl (LN 122) 2, 6-bi s(di nethyl am no) phenyl
pyl Woldeha@)228, 6- bi s(di met hyl am no) phenyl 1, 1-di me®oyIusevlos{GiN- 124)
i s(di met hyl am no) phenyl benzyl (LN 125) 2, 6-bi s(di net hyl am no) phenyl
I ( LN- 126) 2, 6- bi s(di net hyI am' no) phenyl cycI ohexyl (LN-127)
ani no ph@ﬁy Kﬁ K?}g ne-4-y1 (LN-128)
S R RoDBreit 78 (X odR b IRHRE Ry i ggh 8120 1o
(BT2-170), (BT3-1) to (BT3-170), (BT4-1) to (BT4-170), (BT5-1) to (BT5-170), (BT6-1) to
(BT6-170), (BT7-1) to (BT7-170), (BT8-1) to (BT8-170), (CT1-1) to (CT1-170), (CT2-1) to
(CT2-170), (CT3-1) to (CT3-170), (DT1-1) to (DT1-170), (DT2-1) to (DT2-170), (AT1-171),
5  (AT1-172), (AT1-173), (AT1-174), (AT1-175), (AT1-176), (AT1-177), (AT1-178), (ET1-1),
(ET1-2), (ET2-1), (FT'1-1), (HT1-1), (HT2-1), (GT1-1), (IT1-1), (IT2-1), (IT3-1), (IT4-1),
(IT5-1), (IT6-1), JT1-1), (KT1-1), (KT2-1), (KT3-1), and (KT4-1).
Also still more preferred is an analog of any one of metal-ligand complexes (Al-1) to
(KT4-1) wherein at least one of L, L2 and L® is methyl, the analog being a metal-ligand
10 complex wherein each such methyl of L, L? and/or L* instead is benzyl, trimethylsilylmethyl,
ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl. Also still more preferred is an analog of any
one of metal-ligand complexes (A1-1) to (KT4-1) wherein at least each of L.2 and L* is methyl,
the analog being a metal-ligand complex wherein L and L* are instead taken together to form

(RD)ZC:C(RD)-C(RD):C(RD)Z, wherein each RP independently is H, methyl, or phenyl and L is

15  methyl, benzyl, trimethylsilylmethyl, ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl.

Also still more preferred is an analog of the metal-ligand complex of any one of metal-
ligand complex numbers (E1-1), (E1-2), (F1-1), (H1-1), (H2-1), (J1-1), (K1-1), (K2-1), (K4-1),
(EZ1-1), (FZ1-1), (HZ1-1), (HZ2-1), (JZ1-1), (KZ1-1), (KZ2-1), (KZ4-1), (ET1-1), (FT1-1),
(HT1-1), (HT2-1), JT1-1), (KT1-1), (KT2-1), and (KT4-1), wherein instead of being benzyl,

20  each of L, L2 and L* is trimethylsilylmethyl, methyl, ethyl, 1-propyl, 1-butyl, or 2,2-
dimethylpropyl. Alternatively instead of being benzyl, .2 and L® are taken together to form
(RD)ZC:C(RD)-C(RD):C(RD)Z, wherein each R” independently is H, methyl, or phenyl, and L

is trimethylsilylmethyl, methyl, ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl.
Also still more preferred is an analog of the metal-ligand complex of any one of metal-
25  ligand complex numbers (A4-1) to (A4-170), (AZ4-1) to (AZ4-170), and (AT4-1) to (AT4-
170), wherein instead of being trimethylsilylmethyl, each of L, L2 and L* is benzyl, methyl,
ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl. Alternatively instead of being
trimethylsilylmethyl, L° and L* are taken together to form (R”),C=C(R")-C(R")=C(R"),,

wherein each R independently is H, methyl, or phenyl, and L is trimethylsilylmethyl, methyl,

30  ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl.
Also still more preferred is the metal-ligand complex of formula (I) of any one of

Examples 1 to 4 described later. Also preferred is the metal-ligand complex of formula (I) of

any one of Examples 21 to 26 described later. Even more preferred is the metal-ligand complex

of formula (I) of any one of Examples 13 to 20 described later. Yet more preferred is the metal-
35  ligand complex of formula (I) of Examples 14 and 15 (i.e., Metal Complex (6) described later).

In some embodiments, bis(N-((6E)-6-(butylimino-kN)-1-cyclohexen-1-y1)-2,6-bis(1-
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(LN-129) 2, 6-bi s(di et hyl am no) phenyl
2, 6- bi s(di net hyl am no) phenyl

(
1
2
2

L

N-
1-
6-
6-

d
d
d

i met hyl et hyl (LN-134) 2,6-dinitrophenyl benzyl (LN 135)
i ni trophenyl phenyl (LN-136) 2,6-dinitrophenyl cycl ohexyl (LN-137)
I ni trophen

10

15

20

25

30

35

I
methylePﬁyl)benzenaminato-KN)dimethyl-hafnium (Example 27 later) is excluded (e.g., by

proviso) from the metal-ligand complex of formula (I).

Catalysts of the second embodiment

In some embodiments, the catalyst of the second embodiment comprises, or is prepared
trom, a preferred metal-ligand complex of formula (I) and a preferred activating co-catalyst, or
a reaction product thereof. In other embodiments, the catalyst of the second embodiment
comprises, or is prepated from, two or more preferred metal-ligand complexes of formula (I), at
least one preferred activating co-catalyst, or a reaction product thereof.

In some embodiments, the catalyst of the second embodiment further comprisesione or
more solvents, diluents, or a combination thereof, as described herein. In other embodiments,
the catalyst of the second embodiment still further comprises a dispersant, e.g., an elastomer,
preferably dissolved in the diluent. In these embodiments, the catalyst of the second
embodiment preferably comprises a homogeneous catalyst.

In some embodiments, the catalyst of the second embodiment further comprises, or is
turther prepared from, an inorganic or organic particulated solid support, wherein the catalyst
of the second embodiment is in supporting operative contact with the particulated solid support
to give a particulated solid-supported catalyst. In these embodiments, the invention particulated
solid-supported catalyst comprises a heterogeneous catalyst.

The particulated solid support is any material that is capable of supporting the catalyst
of the second embodiment and allows the resulting invention particulated solid-supported
catalyst to catalyze polymerization of 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 poly(tetrafluoroethylene). More preferably, the catalyst of
the second embodiment and solid support are employed in the invention particulated solid-

supported catalyst in amounts that provide a ratio of (weight of the catalyst of the second
embodiment (based on metal M)):weight of the solid support) of from 1:100 o 1:103, more

preferably from 1:100 to 1:10%.

Process of the third embodiment for polymerizing olefins to make a polyolefin therefrom

The term “olefin-polymerizing conditions” means reaction parameters such as, for
example, temperature, pressure, concentration of olefin monomer(s), solvent(s), if any, reaction
time, and reaction atmosphere sufficient to produce at least 5 mole percent yield of a polyolefin
therefrom. In some embodiments, polymerization of olefins is accomplished using known
conditions for Ziegler-Natta or Kaminsky-Sinn type olefin polymerization reactions. As the
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1, 1-di met hyl et hyl am no (LN-130)
pyrrol-1-y1 (LN-131) 2,6-dinitrophenyl
132) woeedvme2sophenyl 2-prop yl (LN 133) 2, 6-di ni t POPISAg00/054447
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1- net hyl - pi peri di ne-4-y1 (LN-138) 2,6-dinitrophenyl 3
(N, N-di net hyl am no) - propyl (LN 139) 2,6-dinitrophenyl

, 1- di metwol2etonzbzsi no (LN 140) 2, 6-di ni trophenyl pyrrolPCTAB20001058417 1)

-di (1- net hyl et hoxy) phenyl 1-butyl (LN 142) 2,6-di (1-nethyl ethoxy)phenyl
opyl (LN-143) 2,6-di (1-nethylethoxy)phenyl 1,1-dinmethylethyl (LN 144)
di (1- met hyl et hox.yCP phenyl benzyl (LN-145) 2,6-di (1-nethyl ethoxy)phenyl

embodiiment occurs under olefin-polymerizing conditions sufficierit to

procéss of the thir
polymerize at least some of the at least one 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
5 the polymerization reaction occurs. Preferably the conditions comprise a temperature of from
about -100 °C to about 300 °C, more preferably at least about 0 °C, still more preferably at least
about 20 °C, even more preferably at least about 50 °C; and more preferably about 250 °C or
less, still more preferably about 200 °C or less, still more preferably about 150 °C or less; and a
pressure from about 0.5 atmosphere (50 kilopascals (kPa) to 10,000 atmospheres (1,010,000

10 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 kPa) or less, still
more preferably 500 atmospheres (50,500 kPa) or less; preferably under a substantially inert
atmosphere (e.g., a dry (i.e., 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);

15  with mixing (e.g., agitating, stirring, or shaking) for a time sufficient to produce the polyolefin
(e.g., as determined by assaying an aliquot of a reaction mixture).

In some embodiments, the metal-ligand complexes of this invention are supported on a
solid support as described herein and used in olefin polymerization processes in a slurry or a
gas phase polymerization. As a practical limitation, slurry polymerization preferably takes

20 place in liquid diluents in which the polymer product is substantially insoluble (e.g., less than
50 milligrams of polymer product dissolves in 1.0 milliliter of liquid diluent at 25 °C).
Preferably, the diluent for slurry polymerization is one or more hydrocarbons, each with less
than 5 carbon atoms. In some embodiments, one or more saturated hydrocarbons such as
ethane, propane or butane are used in whole or part as the diluent. In other embodiments, an

25  alpha-olefin monomer or a mixture of different alpha-olefin monomers are used in whole or
part as the diluent. Most preferably, at least a major part of the diluent comprises the alpha-
olefin monomer or monomers to be polymerized. In some embodiments, a dispersant,
particularly an elastomet, is dissolved in the diluent, preferably utilizing techniques known in
the art.

30 In some embodiments, suspension, solution, slurry, gas phase, solid state powder
polymerization or other process conditions are employed. In other embodiments, a particulated
solid support is employed in the form of the invention particulated solid-supported catalyst
described previously, preferably when the invention particulated solid-supported catalysts are
used in an aspect of the third embodiment comprising a gas phase polymerization process. In

35  most polymerization reactions of the third embodiment, the ratio of (moles of catalyst of the
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| (LN-146) 2,6-di (1-nethylethoxy)phenyl cycl ohexyl (LN-147)
I (1-met hyl et hoxy) phenyl 1-nethyl-piperidine-4-yl (LN 148)
i ( 1-wotzhieeizexy) phenyl 3- (N, N-di net hyl am no) - pr opPCT(USkBO2AS)47
i (1- et hyl et hoxy) phenyl 1, 1-di net hyl et hyl am no (LN 150)
I (1- et hyl et hoxy) phenyl pyrrol-1 -yl (LN 151) 2,6-di(1- napht hyl ) phenyl
yI (LN-152) 2, 6-di (1- napht hyl ) phenyl 2-propyl ( LN- 153)
i (1- na@hmd'ﬂyﬂb))quanwotal mbleglotipely mytizeblaympoiuNs dibplyyed) is from 101
10'1:1, more preferably from 10:1 to 1075:1.

The catalysts of the second embodiment, whether or not supported on a solid support,

preferably are used to polymerize a polymerizable olefin, or co-polymerize two or more

5 polymerizable olefins (i.e., olefin monomers), to prepare a polyolefin. The term “polymerizable
olefin” means an ethylenically unsaturated monomer or ethylenically unsaturated polyolefin
prepared therefrom, wherein each monomer or ethylenically unsaturated polyolefin comprises
at least one carbon-carbon double bond and independently has from 2 to 100,000 carbon atoms,
preferably 50,000 carbon atoms or less, more preferably 10,000 carbon atoms or less. Thus,

10 polymerizable olefins include long chain macromolecular alpha-olefin units that are vinyl
terminated polymeric remnants formed in sifu during continuous solution polymerization
reactions. In some aspects of the third embodiment, such long 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.

15 In some embodiments, a process of the third embodiment employs one or more of the
catalysts of the second embodiment and at least one additional homogeneous or heterogeneous
polymerization catalyst, which may be a same or different catalyst of the second embodiment
or 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, to prepare

20  polymer blends having desirable properties. A general description of such a process is
disclosed in PCT International Patent Application Publication Number WO 94/00500.

In some embodiments, the polymerization process of the third embodiment is carried
out as a batchwise or a continuous polymerization process. A continuous process is preferred,
in which continuous process, for example, catalyst of the second embodiment, ethylene, a co-

25  monomer olefin other than ethylene, and optionally a solvent, diluent, dispersant, or
combination thereof are essentially continuously supplied to the reaction zone, and resulting
polyolefin product is essentially continuously removed therefrom.

Preferably, such polyolefin products are produced in a solution process, most
preferably a continuous solution process. Without limiting in any way the scope of the

30  invention, an illustrative means for carrying out such an essentially continuous polymerization
process is as follows. In a stirred-tank reactor, the monomer olefins to be polymerized are
introduced continuously, together with solvent and an optional chain transfer agent such as, for
example, a 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

35  dissolved polymer. In other embodiments, a small amount of a “H”-branch-inducing diene
such as norbornadiene, 1,7-octadiene, or 1,9-decadiene is also added. Metal-ligand Complex of
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2, 6-di (1- napht hyl ) phenyl benzyl (LN 155) 2,6-di (1-naphthyl)phenyl phenyl
(LN-156) 2, 6-di (1-naphthyl)phenyl cycl ohexyl (LN 157)

2,6-di (1 wepmomzlz)zphenyl 1- met hyl - pi peri di ne-4-y1 (LN 1B8Y/US2009/054447

2, 6-di (1- napht hyl ) phenyl 3-(N, N-di net hyl am no) - propyl (LN 159)

2, 6-di (1- napht hyl )phenyl 1, 1-di rret hyI et hyl am no (LN 160)

2, 6-di (1- napht hyl ) phenyl pyrrol (LN- 16 5-di (1- napht hyl ) phenyl
1-butyl ( Ll(?_rlilglgﬂ) gldgctaffitcn:g ey éﬁﬂy&}t@}]ey(ﬁ]ﬁgw%ly ?trbcﬁsﬁeﬁy? the reactor 11qu1d 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 liquid
phase (e.g., using coils, jackets or both), or a combination thereof. In some embodiments, rate
5 of polymerization is controlled by adjusting rate of addition of catalyst of the second
embodiment. In some embodiments, ethylene content of a polymer product thereof is varied by
adjusting the ratio of ethylene to comonomer olefin in the reactor, which ratio preferably is
controlled by manipulating the respective feed rates of the monomers to the reactor. In some
embodiments, molecular weight of polymer product is controlled by adjusting temperature,

10 adjusting monomer concentration, or with the previously mention chain transfer agent. In some
embodiments, reactor effluent is contacted with a catalyst kill agent such as water. A resulting
polyolefin product solution is optionally heated, and the polyolefin is recovered by
devolatilizing, e.g., flashing off volatiles such as gaseous monomers, residual solvent, and
diluents at reduced pressure. In some embodiments, further devolatilization is conducted in

15  equipment such as a devolatilizing extruder. In a continuous process, mean residence time of
the catalyst of the second embodiment and polyolefin product in the reactor preferably is from
about 5 minutes to about 8 hours, and more preferably from about 10 minutes to about 6 hours.

In some embodiments, the catalysts of the second embodiment are employed in the
production of ethylene homopolymers and ethylene/alpha-olefin copolymers having high levels

20  of long chain branching. The use of the catalysts of the second embodiment in continuous
polymerization processes, especially continuous, solution polymerization processes, allows for
elevated reactor temperatures, which favor the formation of vinyl terminated polymer chains. In
some embodiments, vinyl terminated polymer chains are incorporated into a growing polymer,
thereby giving a polymer comprising a long chain branch. The use of the catalysts of the

25  second embodiment advantageously allows for the economical production of ethylene/alpha-
olefin copolymers having processability similar to high pressure, free radical produced low
density polyethylene.

Generally the ethylene/alpha-olefin copolymers have densities from 0.85 grams per
milliliter (g/ml.) to 0.96 g/ml.. In some embodiments, a comonomer-to-monomer ratio of

30  moles of alpha-olefin comonomer to moles of ethylene monomer used in the polymerization is
varied in order to adjust the density of the resulting ethylene/alpha-olefin copolymer. When
producing ethylene/alpha-olefin copolymers with a preferred density range of from 0.91 g/mL
to 0.93 g/mlL, preferably the comonomer-to-monomer ratio is less than 0.2, more preferably
less than 0.05, still more preferably less than 0.02, and even more preferably less than 0.01. In

35  some embodiments, use of hydrogen gas has been found to effectively control the molecular

weight of the resulting ethylene/alpha-olefin copolymer. In some embodiments, the ratio of
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(LN-163) 3,5-di(1-naphthyl)phenyl 1,1-dinethylethyl (LN 164)
3, 5-di (1- napht hyl ) phenyl benzyl (LN 165) 3,5-di (1-naphthyl)phenyl phenyl
(LN-166) wo20tvii228apht hyl ) phenyl cycl ohexyl (LN 167) PCT/US2009/054447
3, 5-di (1- napht hyl ) phenyl 1-nethyl -pi peridine-4-yl1 (LN-168)
3, 5-di (1- napht hyI )phenyl 3 (N N- di et hyl am no) - propyl (LN- 169)
3, 5-di (1- napht hyl ) phenyl dlmethlethlamnoq(
3, 5-di (1- n&ﬁi‘?ﬁ Y}‘fﬁﬁeé‘r%ffﬁ to HVPF%f | mopomggyis less than abouic P‘iefeF?BeréeSb%‘f ®tred are the
metal -1i gamﬁbreqmmhmy(ES tieh 0 AR tI0MEre PfefchIyTesk asn .02 Ad kyen (lore2dferatlly - A3) ,

-A4), I-leAé%%anddl-Bl), (r-B2), (1-B3), (1-B4), (I-B5), (1-B6), (1-B7),

) | ] 01

NN

Preferably, each polymerizable olefin independently is ethylene; a linear or branched
5  alpha-olefin of from about 3 to about 20 carbon atoms such as, for example, propylene,
isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene,
1-decene, long chain macromolecular a-olefins, and mixtures thereof; an acyclic diene such as,
for example, 1,4-butadiene, 1,4-hexadiene, and 1,7-octadiene; a cyclic olefin such as, for
example, cyclobutene, cyclopentene, norbornene, and norbornene derivatives that are

10 substituted in the 5- and 6-positions with (C-Cyhydrocarbyl groups; a cyclic diene

hydrocarbon of from about 4 to about 40 carbon atoms such as, for example , a cyclohexadiene,
ethylidene-norbornene, and norbornadiene; an aromatic ring-substituted olefin of from 8 to 20

carbon atoms (e.g., styrene, (C1-Cy)alkyl-substituted styrenes, and 4-phenylbutene); a vinyl

monomer that is, for example, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with
15 ethylene, an acrylonitrile, maleic acid ester, vinyl acetate, acrylate ester, methacrylate ester, or
vinyl trialkyl silane; and mixtures thereof such as mixtures of ethylene and styrene, mixtures of
ethylene, propylene, and styrene; mixtures of ethylene, styrene or propylene, and 1,4-hexadiene
or a non-conjugated diene, especially ethylidene-norbornene.
In preferred embodiments, the respective metal-ligand complexes of formula (I),
20 catalysts of the second embodiment, including invention solid-supported catalysts, show
decreased or no thermally-induced alkyl group migration when heated at a preferred operating

temperature as described above.

Process of the fourth embodiment for preparing a catalyst of the second embodiment

25 Catalysts of the second embodiment may be made by adapting any relevant process
known in the art and the particular process is not critical to the present invention. Preferably,
the catalyst of the second embodiment is prepared by a process of the fourth embodiment. More
preferably, the process of the fourth embodiment comprises contacting the metal-ligand
complex of formula (I) to an activating co-catalyst and a solvent, preferably an aprotic solvent,

30  under conditions sufficient to produce a catalyst of the second embodiment. Preferably, the
conditions sufficient to produce the catalyst of the second embodiment include those described
above for the process of the third embodiment. Preferably, the catalyst of the second
embodiment is prepared in sifu. More preferably, the catalyst of the second embodiment is
prepated in sifu and used in the process of the third embodiment. In some embodiments, the

35  catalyst of the second embodiment is prepared in situ in the presence of at least one
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1-C2), (1-C3), (1-Di), and (I-D2), wherein R1 is 1-butyl, 1-octyl,
[

(1-C2),

2, 6-bi s(1-net hyl et hyl ) phenyl, 52-(1-nethyl et hyl) phenyl,

2,4, 6-triwO2oto/adeazet hyl et hyl ) phenyl , 2- (1, 1-di met hyl et hpCrfiseenglos44at
3,4-bis(1,1-dinmethyl ethyl)phenyl, and RS is 2-propyl, 1-butyl, 1-octyl,
1,1-di methyl ethyl, phenyl, or 2, 6 bi s(1- et hyl et hyl ) phenyl . Al so
still nore referred S the netal-lr gand conpl ex of formula ( of any one

of the 1ol POWEFHERNE figfce thodie cpiast pirds Secrnﬁ\fmieﬂgyemler&freiwe)medletﬁly 174)
(Al-175), (hilachkd 6)the 4 Adst Me?p)olyn{ev@ihbl&@ﬂﬁn in(@Eprebyss of Elh2) emtoEdred)) , (F1- 1),

(GL-1), (H1-1),,(H2- 1 14- 15-1 16-1),
(J1-1). (K1-1). "In S@e ir{\bodl g s }%e m\(enta)n (:%&fysﬁﬁ)fg the %gongl embo% n’lelgl(ls prlc:.,ti)’a}eﬁ/ag NNi-Pr\
[/ -\ \ /i .albpm(pgﬁ:neo&qcata}yet by 1¢d(1t10‘n 'of ot dr PprPmePhligPhRlymPlgxes .oﬁornQula (Djanger | -Pr \

{ t P}‘ I 5~ Plond B3 Ghord acﬂn’ah%‘%gal%tslto NG R ARG in which Ne Ml{rrhur}‘zatmn 'proEJss (AN

of the third embodiment will be conducted.

In other embodiments, the catalyst of the second embodiment is a solid-supported
catalyst that is prepared as a heterogeneous catalyst by adsorbing, depositing or chemically
attaching one or more metal-ligand complexes of formula (I) and optionally one or more

10 activating co-catalysts on an inorganic or organic particulated solid support to give the
invention particulated solid-supported catalyst described herein. In some embodiments, the
metal-ligand complex(es) is(are) added to the solid support either subsequently, simultaneously
to, or prior to addition of the activating co-catalyst(s) to the solid support. In a preferred
embodiment, the invention heterogeneous catalyst is prepared by reacting an inorganic solid

15 support, preferably a tri((C{-Cy)alkyl)aluminum compound, with an activating co-catalyst.

Preferably, the activating co-catalyst is an ammonium salt of a

hydroxyaryl(tris(pentafluorophenyl))borate, more preferably an ammonium salt of either (4-

hydroxy-3,5-ditertiarybutylphenyDtris(pentafluorophenyl)borate or (4-hydroxyphenyl)-

tris(pentafluorophenyl)borate. Preferably, the activating co-catalyst is deposited onto the solid
20  support by co-precipitating, imbibing, spraying, or a similar technique, and thereafter any

solvent or diluent are preferably removed.

Process of the fifth embodiment for making the metal-ligand complex of formula (I)
Metal-ligand Complexes of formula (I) may be made by adapting any relevant process
25  known in the art and the particular process is not critical to the present invention. Preferred is
the process of the fifth embodiment. In some embodiments of the process of the fifth
embodiment, the metal compound of formula (7)) is any one of the preferred embodiments
thereof. Examples of preferred metal compounds of formula (7) are: tetramethyl-, tetraethyl,
tetrabenzyl-, tetrakis(trimethylsilylmethyl)-, tetrakis(dimethylamine)-, dichlorodibenzyl-,
30  chlorotribenzyl-, trichlorobenzyl-, and bis(dimethylamine)-dibenzyl-titanium, -zirconium, and -
hafnium.
In the process of the fifth embodiment, the metal-ligand complex of formula (I)
preferably is made by contacting a solution of the metal compound of formula (Z), as described

herein such as, for example, M(benzyl)4 or M(benzyl)Cl3, wherein M is as defined above, in a

35  solvent to a solution of one (e.g., for n = 1) or two (e.g., for n = 2) mole equivalents of the
compound of formula (Y), as described above, in a solvent (e.g., toluene) under conditions

44



wherein i-Pr neans iso-propyl (i.e., 1l-nethylethyl), M neans nethyl, and
Ph neans phenyl. 5Also still nore preferred is the netal-ligand conpl ex of
any one owvormetoal22328gand conpl ex nunbers (Al-1) to (D2-1POY/tspad9(Au4171) to
(K4-1), wherein H is instead Zr or Ti. Such netal -ligand conpl exes
containing Zr instead of Hf are respectively nunbered herein as (AZ1-1) to
(AZ1-170), &AZZ 1) to (AZ2- 170)d (AZ3-1) to %AZ3 170§ (AZ4- 1g to

(AZ4- 170) , SYgg pyprodgoe thzmetdf-fighnd coipppa.of yorpla (1pFhe copgfions fuyseend fo

(BZ2-170), pfoBu&3-thk)metadligaBd SondpleQ of forrh@a (Bpfeferdhly 4ro thO BAdsc AN hbové BLD- l) to
(BZ5-170), BZ60‘;I[§ [Eurd%@%mﬂm (BZ7-1) to (BZ7-170), (Bz8-1) to

(Bz8- 170), P(°C21 (Cz2-1) to (Cz2-170), (CZ3-1) to
(Cz3-170), (EZlhmmom@e@EEmmmmﬁﬁpﬂﬁﬁﬁﬂln1ﬁ@@ﬂ@@ﬁ@ﬂm1@wnﬂ%h@ﬂmiﬂmy

Egi 13331 of fEZ%l-ll )33 macfe%;;irs%ﬂt)actméﬁ%%orﬁg)ﬁad of@%;%%g)qgam@l‘(glz&raﬂ%%é (GZ1-1)
(121 -1), 661gz2T1‘i1)4 Zr?linz%ldﬂf 4 1[2‘41162)00“%0%2&311%)68““(%2@% tO erFEmpey (Kz1-1) .

KZ2- 151 t |

ooz oy et ooy AR GRRE LBt SHERLITE & o BANGEIR X2 110 1) Lo
PR 1 SHh el ‘f‘?egm AT Q1o £7 Ok oM Sk

(BT2- 170) , {iBT3ete m@lﬂlwecqw of (ommi GI) Tig sl elmha:r antoYimeRT Sprojest B

(BT5- 11@) , e BiEB el%ﬁodtrﬁén% ﬁﬁI@negaFﬁ)%and &%Hex & foﬁn@hla(( b mdeé @%r firsk @I@ctﬂi% the O
(BT8-170), (CT1-1 CT1-170 to (CT2-170 (CT3-1

5. 170) | tsrndy grguih o 9 ghrbanpiopasphent § xSPaal g onitsii post pithe

5( AT1- 172) corfytidet &t T@nula (W Tdod 14 ponte MBI BBgatc(AELo (7 Biptal (AFA267) |

AT1-178), (ET1.1 FT1 -1), (HTL -1), (HT2 -1),
EGTl 1), )(F’%R T?}“bt(ﬂ(ﬁgﬁ“dl “‘%’lf’igr‘lé:rorﬂui%)()l(T4 1), %lT(S- 1), ()1T6E 1), (J)Tl ‘1),
(KTL -1}, (KT2- hysiil friqh@s diymatiym dmifddiiantof theAlcsess sitthd fittreediperafter r ed i s an
anal og 1ef %ﬁ%l9@@6Q%mﬁﬁBﬁ%n&mQ@qgm&Q%?hﬁ&%ﬁm&ﬁ%ﬂélmﬂﬁu&ﬁ%ﬁn&ﬂh%ﬂere'n at

| east one of L, LQand LR is % he anal og# being a netal -1igand
10conpl ex Wﬁ%&aﬁo%%ﬁlngﬁ@ﬁeﬁ@?ﬁﬁr or grample, 4 14 lﬁFlltﬁlPénl(%%tlewll s benzyl ,

trimethyl SI1 hle {¢é§4 a%gyh%ligne PR e%/ gnﬁletgﬂtﬂ}{ig?esﬁlrn bng‘ch‘l ?lnrg%g é/nlt Rr opyl . AI SO

still nore pre s an anal og o net a gan conpl exes
(Al-1) to ﬁ)l@zﬁe e3peWhier; @ilithivat orlnagr&gluﬁa@lme@afltdﬁ@@lﬁt@atbﬁbse st hebhydund bhe anal og

being a ne aI i.gan | e erein and LR are instead. tagken together
Lo 1 or m ( R 20 Rl 1 By Sy eaahe sk OB RS e i <%

met hyl 20or cighdtayto famdn Lntarmedlﬁerm{trhjldy silyd emizoglof tht canmetukdf Sirnyih 0Ot Theh,, et hyl
1-propyl, ori?&éguyétt e IQrtna%(gFﬂ)ﬁ Iaﬁg?gﬁgyélg&%q%hnd formula (ﬁltézp Ll'ul,ul EFB&L: e preferr ed

is an analqg any one of meta and conpl ex

number s (Ei Ipyved kypepotgefing @F@s fyng Wlmr@ﬂ for eﬁzlplf)aca{bsrmomf (Cy- %038115 (K2-1),

K4-1 1 J 1 Kz2-1),
E KZ4- )1) , (E@E: ) a}l‘gfﬁ(&) ?aﬁk( ’ 1'%0?“9'15%5@){?3,'&(@?fll%‘%l'((ééz k‘]@f‘@?&( KT2- )1) . and
(KT4-1), V\Af@é’-@ig)‘arjflnﬁt(@éadlg@e{rylll@i-@g)aﬁl?l&?e)ﬁ a solvent prepares the metal-ligand complex
25  of formula (I).

Preferably, the process of the fifth embodiment employs one or more aprotic solvents.

More preferably, the process employs one or more aprotic solvents and the metal-ligand
complex of formula (I) is isolated via an isolating step, more preferably isolated and purified
via isolating and purifying step(s), to respectively give the isolated or isolated and purified

30  forms thereof as described previously. In some embodiments, the isolating and purifying steps
are essentially simultaneous, 1.e., essentially a single step. An example of the isolating step is
evaporation of the solvent and other volatile components from the metal-ligand complex.
Preferably, the evaporation is done under vacuum, under a substantially inert atmosphere, or
both. In other embodiments, the process further comprises the steps of isolating the metal-

35  ligand complex from the solvent and purifying the isolated metal-ligand complex to give a
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20each of L, LQand LR is trinethylsilylmethyl, nmethyl, ethyl, 1-propyl,
1-butyl, or 2,2- dinmethylpropyl. Alternatively instead of being benzyl, LQ
and LR arwotaloem2128get her to form ( RD) 2C=C( RD) - C( RD) =C( RDrais2atesaiun each
RD i ndependent | y is H nethyl, or phenyl, and L is trinethylsilylnethyl,
met hyl, ethyl, 1-propyl, 1-butyl, or 2, 2-dinethylpropyl. Also still nore
preferred i s.an anal og of t he rretal-lr and conpl ex of any one of netal -

251 i gand c@hﬁrfreérpeﬁhlra&&fr%mrmoﬁﬁ)t lepsgh 7Q woidhi peggent W@rufu}y brﬁowrz&ﬂaim) and
(AT4- 1) t o nfeAdds AdHQnple WSy thd’lﬁé:tzeaganﬁfcorh}ﬂftxmﬂ fdrﬂhillﬁfﬁillﬁy‘lra@d)rhtyﬂgﬁet hyl , each

of L, LQ an nz
o 2+ i ot g TRy R e PR ol PP e S a8 et iyt Lo
and LR areC@mﬂieﬁlftogﬁ@mhmndmmfmgrhﬁ(rﬁ@ﬂORDbeX J(fRDYCPRE) 2, wher ei n
??C PYEFES: ggllﬂﬂlﬁsﬂlgﬁﬂ)t rﬁ(ur!ltﬁﬁg 1s<§r§££d1}{étal 1?£ndl%&ﬁ[§lé&l of f(ﬁl'ﬁﬁila h) ;p§01p1tatmg or

i yl si ,
2, 2- di net h)?’lybtr‘lbﬁ'% e et hgand/sp%le%?f ffrrrm%lﬁ Olﬁr@ffertr%dmr%rephféo%t al -1igand
ConPleX gfp&ﬁkmmham@mXQgiaa@ymmnenm&aﬁmaaah@§tﬂm&@m4mdeaeQJMQd1Ia;er Alfo
preferred is n e of Exanpl es
Do o6 astuprmsirdh 0 SEDERERRe el i el e ddde B e B hang conpl bx
of fornul afdrinyla @l isanly panélyeélul&(ambb@e‘_ﬁﬁdmm@ﬁg tesiorithéd ckatp@rof Yet nore
preferngd i ; ; ~ HExanpl es 14 and
15 (i . 161 s%laﬂ(fhednﬁrﬁ%ﬁlcat og <% e[s}%? Iﬁ[ggrgc)#te%)fs tﬂreﬁ Ilgoimsp‘}'tatgd )ﬂng 1 (%FE‘IE nts,
bi s( N- 46E) <Hulexff Jarinpp Horeng reactiey Bpgie edenallyypyhing te: rpjuling filtesgke of a
et hyl et hylpbeb@meem@m ngarq@cdﬁm)dshomhﬂm ahatnni sumn(t Exaaphenfidaker) is
excl uded (e 9 pr Vldirw%ﬁjaﬁg] mggal-l gaﬁ&ﬂguex of forrrula(l)
Catalysts &f e R SRR h FHEATS? PPhe catal yst of
the s ec ond enbobhi smea¢mtooinpnt siesyetadtigdng cqupgya ednifls Onis papapiel enaad
met al - | 9andGORPlEX.Qf ik PRI Al A0 e LA LI 5l PRLLY BLIRA £ O Cat Al VSt
or a reactron pr oduct er eo I'rent's, e cata yst of the
second enbdumpie i 15@@915?4 ig @iy, follpwiddy pordgsarectbe lflfrteﬁqgaqdmn@rx Horevlptlef erred

metal -1 i gaf’tﬂatfeQﬂBﬁeea%@@m(gf colcBINU bR & e)tst o¥lpoly®@$AbIOBeriD EShArih fh, @t | vating
co-catalyst, or a reaction product thereof. 10l n sone enbodi nents, the

cat al yst ofmﬂﬁ%oggﬁﬁﬁﬁdﬁﬂ%ﬁﬂﬁﬁﬁﬁFﬁWﬂﬁﬁh%Wb&@ﬁﬁ??§e§ﬂEﬁ@“@FmH%?@méolvents
di luents, aiid the @@yt dfi &k is@bnd dAdbEDENt isAkcrdbe medbmk denatdio the bt 1ektas

enbodi ngnt s S further conprises
a dispgﬁsa pymHEMﬁ?daﬁ%npbg?gﬁ%gxmﬁﬁe(g%gggkg Wd Tvﬁéh¥% the diluent. In
t hese enbodlnenﬂbﬁmvhﬂﬂ%e@ﬁﬁﬁsmﬂmﬁmghewhbﬂmh@HQWE@dfﬁemﬂa@W%ﬁ%wwmly
conprises g Qipmoeneous catal yst. 151 n sone enbodi nents, the catal yst of

t he second enbodi nent further conprises, or is further prepared from an

i norgani c or organic particul ated solid support, wherein the catal yst of

t he second enbodi nent is in supporting operative contact with the

particul ated solid support to give a particul ated solid-supported catal yst.
In these enbodi nents, the invention particul ated solid-supported catal yst
conpri ses a heterogeneous catal yst. 20The particul ated solid support is any
material that is capable of supporting the catal yst of the second

enbodi ment and allows the resulting invention particul ated solid-supported
catal yst to catalyze polynerization of a polynerizable olefin. Exanples of
particul ated solids are silica, silica gel, alumna, clays, expanded cl ays
(aerogel s), alumnosilicates, trialkylalum num conpounds, and organi c or

i norganic polyneric materials, especially 25polyol efins such as, for
exanple, a poly(tetrafluoroethylene). Mre preferably, the catal yst of the
second enbodi nent and solid support are enployed in the invention

particul ated soli d-
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supported catalyst in anounts that provide a ratio of (weight of the

catal yst of the second enbodi nent (based on netal M):weight of the solid
support) w0 20roone228106 to 1:103, nore preferably from 1rCodISe@9nsud7. 30
Process of the third enbodi ment for polynerizing olefins to make a

pol yol efin therefrom The term "ol efi n-pol yneri zing condi ti ons" mneans
reaction paraneters such as, for exanple, tenperature, pressure,

concent r at P61 ol efi n nononer (s), solvent(s), if any, reaction tinme, and
reaction atnosphere suffici enDptign gr oduce at |east 5 nole percent yield of
a polyolefin 35therefrom In sonme enbodi nents, polynerization of olefins is
acconpl i shed usi ng known condPtF®hs for Ziegler-Natta or Kam nsky-Sinn type
ol efin polymerization react i oRM(Gknit he process of thesthird enmbodi ment
occurs under ol efin-polyneriz : Tt sufficjent Yo polynerize at

| east some of therat |east oﬁéLg;FWHéWEQ%bIe ol ef i an pﬁ%duce a

pol yolefin thgrefr rThe process can be perforned r with any
tenmperature, pNessfire, or other gepdition (e.g. R3>SRl venk—rdt nosphere, and
absol ut e an% rél at\ ve 9nnunts_oL_E§gLedLean) at whiMch/5t he pol yneri zation
reacti on odtuls. PMNefRBrably t M(Ldenditions conprise Mtenperature of from
about -100 Cto out 300 C, nore preferably at | eastDabout 0 C, still nore
preferably at |east about 20 C, ¥V&N%fbdre preferably at.least about 50 C
and nore preferably about 250 C or keqs, still nmore preferably about 200 C
or less, still nore preferably) MoSRtRD60 C or less; and a pressure from

b

about 0.5 atnosphere (50 klloggiiaéiﬁﬁﬁ%gf'to 10, 000 at nospheres (1,010, 000

10kPa), nore preferably at le ) at nosphere (101 kPa), still nore
preferably at |east about 10 atnospheres (1010 kPa); and nore preferably
1000 at nospheres (101,000 kPa) or less, still nore preferably 500

at nospheres (50,500 kPa) or Ies§¥099@¥@¥ably under a substantially inert
atnosphere (e.g., a dry (i.e———substantiabkly free fromwater) atnosphere
consisting essentially of nitlybgeh,gas, a noble gas (e.g., argon gas and
hel i um gas), or a m xture of 2} fmobrreqmivalents bereof); 15with m xing (e.qg.,
agitating, stirring, or shakiOiyli dradHMdBrme sufficient to produce the
polyolefin (e.g., as determ ned by assaying an aliquot of a reaction

m xture). Scheige § Binerasmpyertratehtidhe mapdligaad somnlexgh ey hoviesdst of this

i nvention ane; SYRROLE PO EndRkd | RUARLL A% 49SFKI REY MLl AN Used in
olefin polyné+|zat|on processes Ina slurfy or a gas phase poiynerlzatlon.
As a pract ik fdr ihaifirsaenhediment) $pch § mplal-heged-jomalek hqymet deharng Yastteekes 20pl ace
in liquid gihent:d), inNcidieahofitea RR! BABEunRbOIMGHa (v$ (sidhsdlidRtlogly) s | nsol ubl e
(e.g., less than 50 mlIligranms _of polyner product dissolves in 1.0

mi L1 liter deFotpnagaivgh gpegipieorhtlic bese fo)divesp giragydginal shopRla WHE 58158 for sl urry
pol ynmer i zatil@wd iSre@N@itod méal hatidd yadh ackrdns, wieaahn Wat lefinesdolcian 5 car bon
atonms. I n sone enbodi nents, one or nore saturated hydrocarbons such as

et hane, pr épania (or OBt v reastion astbresuingfslakliggnd gpaptex adh g prgangieiaint . | n

ot her qubOdbfRAASsuctAR, ($RRhRA 2Rbr@io HLARNDMBIor OfigrrdTeastdd (1EMRBr) e f er ent

al pha-ol efin nononers _are used in o] r rt as_.the dil uent. st
pr ef er abl y,Orgé‘EOS‘Pdé‘E%{L' g %?r%ﬁnopﬁéaﬁ?“%ﬂ'%ﬁ’ew ’ieP AEs d&%?fﬁﬁ?%&%“ﬁ’ﬁé“&'pha- olefin
nononer or lipmdosmerls df ribda Jpioygive rhie z@sthouhdvf S@mela @roditmenitdy, insopders per sant ,

particul arl n,&l.ast LSsal ved, i e, di| refer
utilizing Fg% ﬁ?ﬁﬁgghﬁﬁ%%ﬁabﬁr%ﬁgwgé%ﬁg§ﬁﬁﬁ&§§ﬁgh%ﬁﬁgﬁgﬁgﬁﬂgfg%ﬁ%%ension,
sol ution, shhgoayd of @@Hulp IASEIN ySQhbiEer Skedda@vd) ML T, POLYIFBIN 2ol @1) Ot her

process_.conditions are enpl oyed ther enbodi.nment rticulated solid
Suppor 131 5 Rahsr Gy e ETE PR MR oS S gar et G B e

sol i d- suppQlfct thef RLA! Wit hdgSHELRAL RLEMInOUS]. Yorea RGN &b M RBeh e

i nvention particul ated SO|Id-SU% orted catal ysts are used in an aspect of

the third é‘h%%?dllerféﬁ?o‘%ﬁ%ffmi“%‘ilar{b I‘g%a“ﬁ%rsaéterﬁﬁiv?r?@?cini%\fﬁeﬁﬂnw%‘gss. I n
35nost  pol yérRiilh Z78trtoR wik dehieansaliod sutihe MOD} d,, esnoae tyeeuciiontdiger at i 0 of

(nol es of catal yst of the
resulting metal-ligand complex with 4 mole equivalents of an organometallic compound such
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second enbodi nent): (total noles of polynerizable conpounds enpl oyed) is
from10-12:1 to 10-1:1, nore preferably from10-9:1 to 10-5:1. The
cat al yst swof2otoe228cond enbodi nent, whet her or not supp@cras2@/oad48pl i d
support, preferably are used to polynerize a polynerizable olefin, or
co-pol ymerize two or nore 5polynerizable olefins (i.e., olefin nononers),
to prepare a polyolefin. The term "polynerizable ol efin" neans an

et hyl eni caPt T GHERtuPLRE JRHEHES mstylgrazadsin omiddle gye th spnerdt®d pol yol ef i n
prepared t hemehilam wherein each nonomer or ethylenically unsaturated

pol yol efin conprj ses..at | east. carbon-carbon. doubl e bond a

ndopendent |y ot FRal F%0 3 et ek B e S Bt P A8 000 car bon
atons or | esggasmnephgreaf ar mhydyous @rg@oolzar omasatooeremple. thlews, xyFmys,

10pol ynmsr i zabharl:&f §iB8y1tRGlyHe Qinle@futh 3 NeMBGL ARG AR £ Pha- ol ef i n
units that are vinyl terminated polymeric _remmants fornmed in situ during
cont i nuous "EWEELFedh2 FasAEPR 22t I ¢/ ©abeyt gHs C- referabfphegegsiens &cof the third
enbodi ment carfeicht 4t an@sphbad pleskier onol ecul ar al pha-olefin units are readily
pol yneri zed along with ethylene and other short chain olefin nononers to
gi ve a polyolefin having | ong chain branching. 151 n sone enbodi nents, a
process of Pblgdefichi rd enbodi nent enpl oys one or nore of the catalysts of the
second {gnbodi e ; AN S, Qr rogeneous
polyne#?zation g%?%?s??%o*ﬁ%@%mﬁ&ﬁgﬁQQEE gﬁéagﬂgﬁgggggggﬁggﬁ?%.%ft of the
second enbetihtBHe crpodinepl [ngpmeenebogimerts. polyarnzakle plofae vl dbeipyegtionsych as
that ref er gpe@eks Bl @V]-OyiyMsocRbdnhnsibtiig bh@rbsRER h@8&h @omPhindicBntSGRAT at €
reactors, preferably connected in series or in parallel, to prepare

20pol ymer bt leasdisanh asgferalylydie siorethying . g operrréfeasbly i gantipnl cadescarbgt i on of such
a process gsubi p3ds Of §nd dhbbéhed N H:E6H 1AL 4 _ﬁ%mﬁﬁ&&ﬂkmé@%#@ﬁ@%&&&mﬁHb|'Cat'on
Number WO 94/ 00500. I n sone enbodi nents, the polynerization process
of the 16hi nd reidaiéaiehy a hadgaedan, @atfcoty fasroar Hadre v dalosutatitcedtd,nuous

pol ymeri zati on process. A continuous process is preferred, in which

cont i nuous ‘peBYEXEL o helkianpn Bydrecabatsy hily-sudpiie a6 R ea b Sttt
et hyl ene, d?})lﬁl%érizgé%% 1re., glleﬁrf 15&091%%&6&1%%%%463}(@)@016%(QIe%Hl felg)enal | y a

sol vent ent, dispersant, or conblnhation t are essentially
cont i nuousyd polypstizagld (€pChPaetmedde ((GriCaitrtins iarlederap slaha dlety. porheol ef i n
product is sentially caontinuqusly re d therefrom . Preferably,
Puch. pol yor EPEavlspbaie Sk R Hinke BRFRVES wo ME iR bmissgte Gats
preferaply Oéo)ﬁl NLAIEHAOMSre §1@fe¥ht)!yg®raﬂﬁf3@%ﬁ-(C%g@QHﬁa—dléﬁm diill RBrel pref@ityy WAy t he
scope of the 30invention, an illustrative s for carrying out such an
essenti al | ylicanthiamyOy€ paphardatinzati 0ore pieoblys lingr awinf(Oh-Coysphalatefia
stirred-tank reactor, the nononer olefins to be polynerized are introduced
cont i nuous Py év =l KB HsHM)- Ahere R iGPeTeRat! ToRd 34 Pt er agent
such as, f CAr i engi .ofd t,C reactor. The
eact o coniaree R s B R e L B HER, i o rar s,

t oget her WptdienaNyheS@bMapte! 1-addhic li-@aalk, dickdheNtunantene3bdédssad, ved pol yner. In

other egbodienl 3., ol | ANBUDL Pl ALA0CN:L NOUELNG, dlgne such as

nor bor nadi ene, oc e o-decadi ene’°s"a1's6 added “Met al - 1i gand
Conpl ex of liiar-paindCfd-§) patchaattin \Patiiraidy boeyckdt ddfipst a @€ 400t pladus| y
introduced in the reactor |iquid. phase

In so nbodi nents, reactor
t enper at ur &"5EEDp el o 2axelic Lo HEaoine Prg‘r%ragyaﬁfﬂyéﬁc g RS ng
SO'Ve”t/”PB%&E%bﬂﬁ%bﬁhc&Hﬁgﬁhkéﬁcﬁgﬂ&khﬁﬂgﬁ@ﬁﬁﬁwa&%%hkﬂ%«%&ugﬁﬁt'ng the
reactor liquid phase (e.gd., usihg coils, jackets or "both), ‘or a conbi nation
t her eof . | nCgOpdienhaditienirsprefeable 1 Sahtagialeymeri zation is controll ed by
adjusting rate of addition of catalyst of the second enbodinment. In sone
enbodi #Bnt's, et RSrdaEs Bevhsimags banpiieying progisoticiede PheP®dlf i s vari ed by
adj usting phigethyiink ShdQhterBSMdrSNE cbiBprEO MBI e@Y18k iaftl dnB o figte r €act or, whi ch

ratio preferably is controlle ni pyl atin h espective feed rates of
he mononerespete Gage b ThiRs TRt Ere b br B Rt Gt of

pol ymer pr @g\gyidns. FeQitel lidrSilynRYs AALS bieptBedtt Q@ﬁ&%&&ﬁg a dPadt bslb ng mononer
concentration, or wwth the previously nention chain transfer agent. In sone
enbodi nents, reactor effluent is contagted with a catalyst kill agent such
as water. A resulting polyolefin product solution is optionally heated, and
the polyolefin is recovered by devolatilizing, e.g., flashing off volatiles
such as gaseous nononers, residual solvent, and diluents at reduced
pressure. In sonme enbodi nents, further devolatilization is conducted in



15 equi prent such as a devolatilizing extruder. In a continuous process,
nmean residence tinme of the catalyst of the second enbodi nent and pol yolefin
product iwothw/merstor preferably is fromabout 5 m nut @STius2@084448 hour s,
and nore preferably fromabout 10 m nutes to about 6 hours. In sone
enbodi nents, the catal ysts of the second enbodi nent are enployed in the
producti on of et hyl ene honppol yners and et hyl ene/ al pha-ol efi n copol yners
havi ng hi gi* P BplEmT e ‘?I%fﬁés"f%%ﬁ for prexperilne/prrry s shylencfifiagt ysts of

t he secondemmmmmpammeemmaemﬂmﬂmaaﬁﬂeQMyﬂamﬂZ@eu@ﬁemwmmes&e&e especially
cont i nuous 0 zat vat ed reactor
t enper at urgtélsl SEyr 1 Rlyfexe%%ﬂ)g %/?u%gfer on o?‘ Vi n;l/\fel erpglryrrlﬁerrsra reémﬁéﬁérrer chai ns.
In sone enbddﬂﬂﬁmtgﬁﬂvkmwmnmeﬂnn%ame@yb@%yWEpkﬁma&nSWaﬁekgncorporated into

a grow /g QQ{JO}%HEF)10rtarh§ﬁﬁ&l¥/alghavdlé}grld?enpﬁﬂ ep@%p[el‘p%l B & l'ong chain branch.
The use of the catal gsts of the 25second enbodi nent advanta%eously al | ows

for the economni BAferah dH%%¥$%ﬁnBFW%¥%9PQM@¢3?%ﬁ§maBF@ﬁbhw%%ﬁ P¥¢fer s havi ng

pr ocessabi Ipfepatecsdcmrdlegrtota@afliregkhuplree@&whed prBreese)fﬂediueahlb@ﬁMtrqed | ow density

pol yet hyl en ene/ al ha olefin co have densities
P Fom 0. 85 G MFERE TPl ek PN Betyr bR R el rents. o
conononer - mdymmmmnbmdﬁamﬁm)aﬁa3®h®kmeugmnahmham¢h3ﬁmnnmﬁmmmehﬁmmﬁo mol es of
ethyle u o adj ust
The deng: 1y nOPRy paEub ot SR LUIEL AR AR By BE B AL
produci ng éistprtetis tgispihgedres i n copolyners mnth a preferred density range

of fromO0.91 g/ PhefetalyOn&1@Nlene HFBESRALE YhatabEriAOEBNAGES kisAABRRERr ratio
is less than O nor.e prefe s than 0.05, still nore referably

e bly |
|55 than 6T e (g R PnppsFRb <y SR Bl iR Mg e
enbodi nent $y nuder ofgndiiy desogen agascrivaslatbeen found to effectrvely control t he
mol ecul,3r wei ght, Rf, I N . Iy ool mer. In sonme
enbodrngnts thg §5P§gﬁ&§%ﬁﬁ%&igﬁgf<ﬂ¥%f@§%%L 2%1?0%%0 éggg %Dnoner
| ess than abowa TEleg tqyipefreath Ripatpralng 10thdearees Celsiugppné mprie gfeteragbyl gealees s than
0.05, stil knRwsecpis@benalhyy begRntddRnHe L@ EYE) MRS helshBll ¥ | ess

than 0.01. Preferably each polynerizable olefin independently is ethyl ene;
a linear of%ranched 5al pha-ol efin of from about 3 to about 20 carbon atons

such as, for examnb@@&g&apyﬂﬁnﬁﬁnﬂﬂﬁbummbﬁﬁﬁpmﬁﬂbﬂhﬁmﬁeK&ﬂmﬁﬂheme

1 heXEQ@ %I' more C(}/ melpza& %ﬁn COl’IlOIlO ééres ueHs 16[16 Il% one (pr%iorel decene l Ong
chai n nacronn? gr a-ol &1 I'ns, ture reo? an acyclic diene such

as, for exawpb@wﬂ4mmubﬁﬁa@wememﬂ&m4mh@wa@d@ﬁ@'UEH@W®ﬂWk0@ﬂﬁdﬂeﬁe) a cyclic

ol ef' n SUClBlo@@coprﬁl?xﬁer?ﬁﬁr@ma}a@terlz%&' 9}L QQH‘%)Igﬂ@cks Gﬁ/sg}grﬁ)éﬁ%%% %%r m@l@ 912155}%@ and
nor bor nene derivatives that are 10substituted in the 5- posi tions

Wi th (Cl- COUNYAFYESHTyIe igFhsuyral or ghysisalprapergiese dRat iy te %&?%@r?l‘@fl from about 4
to about 4Ghieppan @dmlﬁapdrym péﬁfabl@)ﬁﬁnp&@k iferfYEh@Ne xadiyals,

g} 2?: :,lqueleﬂglelbn%r ?1 errfbrmgeg? copo é/rlrlgragr%%s% interc r]ifa%ez%rreﬁelre?n rIrll an substituted
(Cl-C4)aIkymeMb@mnhumédbkt&uedweﬂcamwrdxﬁhewVWMuﬁéhew%ﬂammhnyl nmonomer
that is, for ex 4-vi nyl cycl ohexene, divinyl benzene, and m xtures
thereof with eth | ene, an acrylonitrile, maleic acid ester, vinyl
acetate, acryl awbﬂre%tserleaShlePr%%ePSY|aetné€ge§feerer thgy L. gichgd 2. 1% &I1RYP: M5 | ane: and

m xt ures t henesh, &Ue)s@so,mox bHkigs:, oA~ epﬂaséheaﬁarmecksi V@B andYipet ur es of
| ene d styren rene.or

o oyl ofe. Pearees SR Sy P AT Houe B Sinrae B i
ethyIldenebnmﬂb®mmeme&ﬂmm.preferred enbodi nents, the respective

metal -1igand CO*EE’ c?)gggﬁnegis rerg (ﬁﬁécﬁs fﬂpélym%@z%@&rﬁ“!s S\hﬁchc%:thfeE'eere§

G
enbodi ment, inclu invention so supporte cat al yst cﬁ]howdecreased
or no ther m@l%qnym i efpetRreek (han Y vpught Pﬁr@nta%rﬁ@rrfqr&bé/rgr%eaﬂleware@t preferred

operating bLetRehaWoE RSl thhiloRES) vRRRVG olymers. In other words, the comonomer

35  (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
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Process of the fourth enbodi ment for preparing a catalyst of the second
enbodi nent 25Catal ysts of the second enbodi nent may be made by adapti ng any
rel evant wocosge2sown in the art and the particul ar pr @CEAS2009/06447
critical to the present invention. Preferably, the catal yst of the second
enbodi ment is prepared by a process of the fourth enbodi nent. Mre
preferably, the process of the fourth enmbodi ment conprises contacting the
metal -1 gaﬁ‘ﬂ’“&'&i dlethyfens gspithpisa Tt‘q Bh“ls?f Blyesetersiaed %‘?8“‘“616 "B%lte&yi?g? and a
sol vent, prefved bl yeoment 24pd QhongmsBlakeintan ti2Ouiddemetipadiol bfanslystiyfen€i ent to
produce a ¢ EaHM$ bg&ﬁ%hq second enbodi ment. Preferably, the conditions
sufficient o produce the''c catalyst of the second enbodi nent include those
descri bed above "F@f’ segmeniprefie éshdock ofphlgmerivid ehite mydekihnisrypmorPpef @¢-abl y, the

catal ysg Ofalpﬁehﬁeﬁl? Fe@iﬁlgals%'ap[gg ﬁsré?e@{er t'h§ﬂ m@@@ﬁ&&nﬁ ﬂrei%fafaly greg@xr tﬁan@rv@ﬁg‘ﬁf ably, the
catal yst of the second enbodinment is prepared in situ and used in the

process of PER&ELeKpiEdha g gichesicent on esdrdiaa Ab yeiehhered! intkeolsthylen yst of t he

second enba;ﬁhzmmn) blSckﬂprﬁﬁdi:‘ﬁ Th gbnﬁ;lehluoduﬂentshme PheSENnE siabal@ont@ashe one
pol ymeri zabl e ol efin | ment, i s thereby

at al o
i medi at el yOIESAPLE C%‘Hbetgéea eﬁ%‘a‘b@ Weé%glfm(%‘htegre%ﬁr thﬁ‘é%) QIQ%P%CQS FEF YR the
process of 30 keightipercaht, erebiedhamsh tweight percent, gquatesmmm%wﬂ@hdpemm geater Hen | nvent i on

catal ysh Ofis Wig 3eeand SObRAITL] . BLEPALE] A3 3, BpTAREnFoUS catalyst by

addition of on e netal - and conplexes o ) and 5one or
nmore acti vat i nglicemggpberipspts, Atlaio s a9 (BRderks ¢ ragombetittrifuieddlenreh t he
pol ymer i zabbQmerRbQRRES chtin 3R pbiictidieRMANMEio RBMI0MK LdpoBfieC BNGIkLE tveds, I n

ot her enbodi nents,. th t of the second enmbodi nent
OOl 6- cunodtrateRueh S Sl b Skt BHSRL 45 TRre Fhohe e cat al yst by
adsorbi ng, depositi-rmA-8BBefdimi cal |y attaching one or nore netal -1igand

| f f
co-tat ATyst s on'ahel seruaffE @EARIThN RS R St QBF AN DR (5 give

t he i nvent hais apaiditine of bledkd-es @ thgpﬁ’rbleﬂt@a@apwﬁtdl@kel?dilhéﬁB herein. In

sone e”bOd%ﬁ&9H§mﬂhm%r&ﬁkahwhkQﬁm%f&aﬁﬂiﬁﬁ@ﬁﬁﬁBbﬁ&@ﬁﬁ%ﬂﬁﬁQ@@@ﬁ@ the solid
support either subsequently, sinultaneously t or. prior to addition of the

act i vat i ng *EBVOHCE PPl Py h%S@OP%er%‘HICPIBO@H‘Eﬁ&n?OHﬂY ﬂ‘“&b‘ﬁ‘?de“f‘@f“r%ed) ®bodi nent ,
t he InventHmmm@@bﬂﬁ@@Mﬁﬁ@mﬁjmﬁﬁﬁbyGHMM$n@%e@ﬁﬁﬁﬂmb%mkﬁ@@ﬂbﬂ@ﬂ@ﬂ@bﬂorganlC

solid £BSUBPPHCE éop‘fé{)s%ot%rs% réé %P aeﬁinent W c%zpas cﬂfer n%compos&’lont QMRS slggf with an

activating co-ca e activatlng rco-catal yst I's an
anmoni um sd&ietblogk. a hydroxyarylflrls(pentafluorophenyl))borate nmor e

preferably an apnppi Hﬂﬂoﬁﬁlehts Qﬁe p%lyt)llgﬁ{ co('rérlses an ethylene/a olefm mterpolymer
hydroxy-3,5-ditertiary )tris(pentafl uorop pé orate or
I\o‘%}# i P

(4- hydr oxy p¥EAy 43t dew‘reée aﬁrﬂllnwe}@ﬁt@ﬁwrﬂlba&fa&%@bew@ 803044 he
act|vat|ng“maeﬁakahypﬂwmﬁmqam@smﬁ£mmmmﬁﬁbhhgaﬁnbh@n£Q§M@p@gmmbyma

co- pre% pl%&.l qplblng, spraying, or a simlar technique, and

t her ea Per any so vent or diluent are preferably renmoved. Process of the
fifth enbodi menta) ko r nwikilagyetzhelismiuadn, Migddp ditic offppinesbowfl . 7ft@showd 3e6; (1)

Met al -1igand Co exes qf fornu I be nade ting.any rel evant
process 25knomnH$hsfﬁgh Cgﬁﬁl?ﬁggﬁgfﬁ?%ﬁpgﬁe ‘gﬁgm%geﬁ*Fg?ﬁ?%.ca| to

t he pr esenbasedweniddon otdPmeficarer @dtentSn hdnesepmotes s of the fifth enbodiment. In
sone enbodi nent g, of ed conpound
of formula (2) ?% an)h%%g£%§§%ﬁggtm%?§?éeéghﬁgnﬁln%ﬁ%g%gﬁégggﬁgﬁgxanples of
pr ef er PEd ﬁéfﬁt@llmecmmmwasteme@w )gn e%}eea‘ﬁfémt( & pathastapppynt of alsdepget hyl |
tetrabenzyl traki SI| | met h di met.h

di chl or odi be\%el%/hl?percen (év{g} % ere the nul%erlcal Va s) of Ty, 3w9’/k b %rrespond tc}/ Llham ne)

relationship:

90 °C = T}, 2 4.1276(wt% C,) — 244.76; or
(11) has a hard segment composition of less than 40%, at least one T, and wt% C,

35  wherein the numerical values of T, , (°C) and wt% C, correspond to the relationship:
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30chl orotri benzyl -, trichlorobenzyl-, and

bi s(di met hyl am ne) - di benzyl -titanium -zirconium and - hafnium I n
t he procewe 20fo/2kesfifth enbodi ment, the netal -1igand cecpluszo00/05449T mul a
(1) preferably is nade by contacting a solution of the netal conpound of
formula (Z), as described herei n such as, for exanple, Mhbenzyl)4 or

M benzyl ) C13, wherein Mis i ned above in a 35solvent to a solution
of one (e.g., fotGr i 18?6(‘?%@%2@495 for n = 2) nole equivalents of the

conpound of for Ml a i é@a%a]gt@l%zeﬁjﬁfﬁiralvggng e g‘réatef"‘ﬂq %%&tanégptgabout ol uene)

under conditions 44 Iclent to produce tHe nmeta i'gand ‘conpl ex of
formul a (I} arheMedhdeeddHsn siprsl-Eicent to produce the netal -1igand conpl ex

f f I I f o f th
S %%@%ﬁ?ﬁ?stﬁe i

enmbodi mént [ragtieeatqgasiag low epanstitusoinmize ki gokacienpiing (BRI ) chirgctorgeiien Bgt the r st

cont act i ng fhhLn GRRQR Sorhof@chddnof(aast S)pe@ceﬁm br th eﬁ‘atﬂﬁa@m%bﬁﬁm(b?e 9 Ti Cl14,
ZrBr4, and Hf Cl4 and t hen contactl n%ett e resulting mxture to

exanpl e, a C4MBSATIEN WBIPUEEr EHPRivpE (er@ihe(%l)‘%l‘leli??/eﬁhi‘f%ﬁ vesteipmyh kyI
(C3-C10) Cy@J)rﬁ}&fdby|randa§rﬁ:8thy1@]:Gl)tﬁy(ﬂj/rmhi@yﬁe-s(iﬁeoﬁah(&hdﬂ(yﬂ aaiBas a(n@ﬁ 11@6.;8) ar yI or
(C6- C18) ary, ns1 y%[id m%laI er(Tnomer co rlfn%g)as gﬁgﬂle Wﬂ% gorlﬁrge?‘){ ﬂ]‘f;nhl% perc ftil gand

conpl ex of ocess ‘of 10t he
fifth éﬁbodftheﬁhylen?h@letﬁrenréﬁrpdyl@awd conpl ex of formula (1) |s made by first

contacting the FV?”D%E‘QI‘GQ[BOIISBE Hyliv@én(at){grleﬁecéoﬁta@mC\@tr%Qﬂﬁ]logﬂlole@ulﬁ vx%%htv ent to
give a salt of a conbu gat e base of the conmpound of fornula '(g and t hen

cont act i ng S{REAEDHIRIHEER BhEENeran e dersvs fog mofegt s a¥sight @epyrep Peishr e t he
met al - | i gapeneidp big¥m@sgrdphy-mirhdd {pkitmosdopy GIPCHR) 1 ot dvedluiabibRimnpdticy@l
enbodi nent  of th {ocess of the fifth enbodinent, the 15netal -1igand

conpl ex of ‘¢ 6rlersﬁj is made by first contacting the conpound of formula

(Y) to 1a car ban(VOnhas@nDh’mlﬁr frgctbmwhiclselats basyeerf 4XC exd Al evhermlr{c@ina©4) al kyl|
li thium (e,gy, Tﬂﬁrbula%heﬂlﬂe& [ thmhe ﬁacu(n%s Al Elond YRGB R %Izalf@hfag%r (e.g.,

met hyl magne5| um brom de % I n solvent to prepare respectively a |lithiumor
magnesi um K&} @ehes@prtitgf aOlébﬁrG@% S0ppEdergfly grepder Shpiegrl ioghe aBul a (1Y),
and then ceobac)hirngl 6NehGONjsUgaHuBeRABRIE 6f de fak abdoykipbplurebatbde (e. g.
trimet hyl si Fﬁlh 20chl ori d 0 fdorm an internediate N-trialkylsilyl anal og
of the conpSURH* P EPHE %:‘(3“ Then, contacting the N-trialkylsilyl analog
of the 20onpoundhsf tlfl‘bldlm,théiaSL(réﬁ)enitQﬁ 2 2. 0veY ablutiopof @hethylche/o-detin| owed by

(&1 ooy ar iyt (r R BT 9r E) Yoo Rnedt R Ryr By SRR T B,
(C3-C10) cy@‘PI@PaEi leyprofyaet @33}63‘4 oy oapparable %o]@pg‘)ha@— ¢ samg Differential Scanmng

(C6- C18) ar mroﬁlgé{rﬁ@);@ éﬁﬂlla%?]@odl&p@rgﬁ'ﬁlll YeNlq)RI SRk fhan e Wiekals-jldgand conpl ex
250f formula (I ocess of the fifth enbodi nent enpl oys

:
one or nor éheé?ﬂ‘ ‘iVFr&ﬁ 8YIgRs e eﬂt%‘%{)ﬂ& eferably, the process enploys one or
nore apsoti c solnweint antanithehthieherpdlyalefid dogarids mmmdleaeqaofeﬁlﬁ Drerpalymet | ) 1S

I solated vi s@ndl those(acleszca‘rgljleg th ﬁ&.efgdwsmnaﬁ’alent%fp%ﬁ P on)é\Tum% ﬁ&%ﬁz@gh et Ified
family member PCT International Patent Application Number PCT/US2009/032699, which are
herein incorporated by reference, preferably a block copolymer, which comprises a hard

segment and a soft segment, and is characterized by a M, /M, in the range of from about 1.4 to

30 about2.8 and:

(a) has at least one T, (°C), and a density (d) in grams/cubic centimeter, wherein
the numerical values of T, and d correspond to the relationship:
Ty > -6553.3 + 13735(d) — 7051.7(d)’, or

(b) is characterized by a heat of fusion (AH, in J/g), and a delta temperature
35  quantity (AT, in °C), defined as the temperature difference between the tallest DSC peak
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via isolating and purifying step(s), to respectively give the isolated or
i solated and purified 30forns thereof as described previously. In sone
enbodi merwe,20tame21280l ati ng and purifying steps are essemCITAISR§09/054447

sinmultaneous, i.e., essentially a single step. An exanple of the isolating
step is evaporation of the solvent and other volatile conponents fromthe
netal -1 i1 gand conplex. Preferably, the evaporation is done under vacuum

under a suB¥tEnpiley gryptaflizaiop anylysy &ptiigpadion GRYSEAR Peply WBtiR e enbodi nent s, t he
process f umnth@icalcelo@ror A€ andATehst dpolloking &okiadshipg t he netal - 351 i gand
conpl ex fromthe.sc i fyLn he ispl ated -ligand conplex to
give a purifie n%ﬁja]?%%ggﬁ '@g{ﬁ‘rp%%%eo?r %fl Z‘Tr%?%?ndﬂ? tym%:i)g}ﬁt percent (W%
purity by conventional néflhosC fodHexatepihen B0 Jjguri fyi ng the netal -1i gand

conpl ex 50f wfh%imﬂle%R(Y's)rA:F%ea@‘(s?d%@fﬁhéd%&n%8!1éé;%tpé1§éntQfﬂﬁ’ec‘ahlhﬁ{iveV()' atile
conmponents froma reaction m xture containing the netal -1igand conpl ex

(i.e., isoPalymegrndifdespiipn ¥ Bareaes of e pehepgihey o dlpiapls MBI akAbPor nul a (1) are

5 si mul t an@eh&) CRYSTABeabéhgreaBoi’sarat ed netal -1i gand conpl ex of fornul a

(I'), precipitating ar crystallizing.the netal-Iigand | ex of forrmula (I)
{rom Ehe-react i 5 m KEGFECEP Pt Sratiostior vy LGt ok SorvaRTSs or a

conbi nat i Ofguiirhaﬁlﬁfi@%ole rEJa%Ir@c{r\f?&@J a)/comﬁﬂédsfolo}fnﬁlde@ﬂhrﬁffﬁkQ%yl@Fé/@Lléﬁd gand conpl ex of
f or mul ﬁﬂ(l) is perforned with a solvent in wh he nmetal -1i gand conpl ex

ich t
of for mil a™ggobmerght i pAFEAl i gramgFib et ndeeriicd sk td r enovi ng t he
triturate. vAteseKRNPLE@ sofstyIih Sidiwatg ramioasheh yaeh kthiletd-ddinGoapslysirng a singl e
step is filtering a precipitated netal-ligand conplex of fornmula (1) froma
reacti on niSérbptagtally e JrarosylinkesMirsg t he resulting filtercake of a
preci pitated netal -1igand conptex49fiomput a (1) with a solvent, and drying
the filtercalce, wherein the precipitated netal-ligand conpl ex of formula
(1) is at |east(d70 vit9s poeelar frpctigowkicleribodictrent 4),°C el 3¢ ahen| | gand conpl ex

of formyl apfdondi u&%@ﬁﬁl@ghajrdateﬁieﬁ% @R¢he thioHBR, nhdber LHonBhGcess of the
fourth enbodi nent. re preferably, the netal -ligand conplex of formula (1)

i s prepar edontt &jat gast ¥ prdepiiistesiendiphefacomprEbeHRIABERYENS gand conpl ex of
formul a (1 )ndrgoldker kr@ASH IO barGtdn\iatshii@te@per@@talvi&tin antbodparh@ast one
pol ymeri zabl e ol efin, so.tha in turn, the catalyst of the second
enbod ment LB ER BT E b sy brienproeie e YRk Ptk R Bhbodi ment, and
t he cat al ystd wodlartchpormecondee tiediomntwhple poljreerebihin Hpedeabethy ofont acted to
the at )heagl. . I VhEeLLZakl & olefin in the process of the third

> %n%ag a pdglg{l;o? i

enbodi ment to yie ef 1 n. Illustrative procedures for
preparing netal ) i gdiiti deragsiresdeles £ FolGat 1Yy 2 deragedpoils #A0EeHeme 1. WO

éOlO/ 022228R0H)VUSRIG 10 hd 4i7G (2Sehrse (100 °®3s infR-rMeEbNDRE 1(Y) abofddti; on A: 1)
asS e

or
® is characterized by an average block index greater than zero (0) and up to about
25 1.0; or
(2) has a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a molar comonomer content
greater than, or equal to, the quantity (- 0.2013) T + 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

30  temperature of the TREF fraction, measured in °C; and,

wherein the ethylene/a-olefin block interpolymer is mesophase separated.
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2) MCl)mtl 3) L-Li or L-MgBr or Option B: ML)m+i or Option C 1)
M NRKRL) mt1 2) L-Li or L-MgBr or Option D0 R3 R5 - N\ N R (L)m(I1-X
1) M C1) rw 28)0/0222181 € equi val ents of CH3Li or CH3MgBr Sehers2d09i0544u%t r at es

preparation of the netal-ligand conplex of formula (1) wherein nis 1,j is
1, LQ and LR are as defined for L, Xis absent, and M Rl- to R5 and L are
as defined 5above for the first enbodl ment . Such a netal -I|9and conplex is

shown in Schene™roRgepipdingegs.ih Pﬁly()lFfl%Omp’flsr‘?S Geiuirac/a olefpiofegRYRCT t he conpound
of fornul asfcXhs thal@setibebao prrawhaus Uy 7,35 So0sdapd 101 oruesh esbpiit dtibn Eubhcation

non- nucl eoRJh ﬂTé EOOQ%%SF@%(PWQI G\JIII?th%E]ten r%/?%f%rf]era%ly a\%ﬁ:v@ldpo I]:Czl;l]ndl s then al [ oned

to react with al'tde suc eremmn mi s as defined
above for fonpnsésa hard)segnfent andgvedt swnenea@tﬂne(ﬂhybﬁe/q blefir iespblyinay et al -1 i gand

conpl exswi {fy a Qa[s%«mﬂﬁtﬁ%ln'ab&u19%@&%%%&&1@15 ({9 TanEX RNy R, in@N
organol it h| um (L-Li)" of Gi gnard reagent (L-M r“)‘ or or ganosodl um (L- Na)

or or ganop@taas/sibitmeftimeky,Jwhetatelicgiumetical ﬁlua@fdg{anmedor&mv@tofﬂ@r the netal -

| i gand corrpl ex of formula (1) to give the conpound of fornmula (I-X).
Alternatlvéfl%}mﬁh‘rﬂ option B, the conmpound of fornmula (Y) reacts with an
organonet al | i ¢ Taspeund +M(5$95m1_2t42)2 gingeort he corrpound of formula (I-X).

W th o mot - ankd (ORI R NEERTIRT 6 G T A HedHaar B o
zrogﬂéili()\t/\ﬂinpjk Eﬂlﬁﬂlel’teﬁ'@@ﬁt? , Wt POt d@indarag aud Qfe@frﬁtgﬂeldgfeﬁeﬁémfé%éh tﬁ@ta%suti a (1-%).
I ngyet anotnﬁg1 a&fhggﬁ?“ %ﬁ‘?@gﬁeﬁnp(‘f%f( Bger?ﬂ 68'61%85]9{58 Pg% ha("eﬁl) reacts
wi th the mateadllohalgirdeioshps as M Cl) m+1, foll owed by reaction of the
Lgfr;'ohinggsg'étha' AL LIRMRoGOTRLE¥1 M AR oRulhf SIS 05 0f an organonetallic
AT > 48 °C for AH greater than 130 J/g,
15  wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative 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 R, in percent at 300 percent strain and 1 cycle measured with a

compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d, in

20 grams/cubic centimeter, wherein the numerical values of R, and d satisfy the following

relationship when ethylene/o-olefin interpolymer is substantially free of a cross-linked phase:

R, >1481-1629(d); or

(d) has a molecular fraction which elutes between 40 °C and 130 °C when fractionated
using TREF, characterized in that the fraction has a molar comonomer content of at least 5
25  percent higher than that of a comparable random ethylene interpolymer fraction eluting
between the same temperatures, wherein said comparable random ethylene interpolymer has
the same comonomer(s) and has a melt index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the ethylene/a-olefin interpolymer; or
(e) has a storage modulus at 25 °C (G'(25 °C)), and a storage modulus at 100 °C, (G'(100
30  °C)), wherein the ratio of G'(25 °C) to G'(100 °C) is in the range of about 1:1 to about 9:1 or
(f) has a molecular fraction which elutes between 40 °C and 130 °C when fractionated
using TREF, characterized in that the fraction has a block index of at least 0.5 and up to about 1
and a My,/M;, greater than about 1.3; or

(2) has an average block index greater than zero (0) and up to about 1.0 and a My/M,

35  greater than about 1.3; or
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as, for exanple, nethyl lithiumor nmethyl magnesium brom de to give the
conpound of forrmula (I-X). The reactions described in Schene 1

pr ef er ablwoan®w/e2228i ed out under a substantially inert ®as/tsRonospiaeTe in an
anhydrous aprotic sol vent such as, for exanple, toluene, xylenes,
Stetrahydrofuran, diethylene glycol dinethyl ether, or a conbination

t her eof and at a tenperature_in a ran ron1about -78 C to about 200 C.
Pref er abl y (W{ipe pdegules iggaongyhich clyfes P%H%B 69 Cé’Pd HOrfoubmdpstongiidasiagr e,
P0|y0|eflHSREQABﬁhhﬁﬁuﬁﬁp@mieﬁﬁmmﬂﬁs@Mﬁs&ﬁmmMBMﬁmhkmgnhﬁrmmﬁmﬂqmﬂEﬁin
prepared agcording r.0c of

enbodlnentg 9”8Wm ??&%%ﬁjq* i%’os]'.e e F%Egnmw ﬁ%“?ﬁumn he; Zmag‘;sses are
(Cc2- CAO)hy@ﬂ@E%Eb@h@7@bﬂsTSﬁhﬂgnﬁﬁukemboﬁmemﬁkﬂwEmGQQWﬂaﬁnﬁﬂwéﬁﬂFcontaining
at least 1pand,prshauabdy no nore than 3, and nore preferably no nore than
2 carbon-carbon doubl e bonds. In sonme enbodinents, from1 to dr ogen
atons of the (COLEAROVRAYRIFUTRPBEY PYERFTS apddpIcases quchan bpseidgscabed i %ﬁjﬁn at om
pref er abl y iftérhk@bl Pdten€ Ap@icQioh Butgication Nad. 952005090k 2, &b £002090@44) why dr ocar bons.
The (C2-C4Q% %gf@%%%pons (not hal o-substituted) are preferred. Preferred
pol ymeri zable oF S (i.e., olefin nonomers) useful for making the

pol yol ef i ns ar eMetdwer anl@naerdhopahey netanzdtic@oly @8inCARY bd wfasurgl usifipeny

( C3- 4Q)ol I ene, and a
Cyel o by Seu L & AR I R Sy ol BBl o e (o
20C40) al ph&soiaaiNMRygegropopy. @ﬂtht?lclgﬂwa%d%a%?ﬁ@ﬁéTMRcaﬁ%ﬁtrﬁSC()Iw-e@ael)e&rr%a ol efin,
still moreapr&fvenabNyRap 4ctrase@gydo@1hginareﬁ%£&1@)aa&erbmmplmm SpR¥QBopIDT €
preferably a |linear chal :

olefin of fornula
e ot ( BT EREUA Sae FEhA e pe B Rt o PP L6 U8 and yet
even nore piefrep@abitaghlorotthanediorthbdiéhiprgtoBec40) dlgphiae pilfidr maniphedt ail&  1- pr opene,
1-but eng, %mlilme eﬁ%ﬁ%% ﬂaggm nd HonfdER% z%'{h% olg 9&&% Eby, ﬁleatﬂl% 1-decene,
1-undecene db ecene %- tri d

, ecene, ecen E{gf cene,
1- hexadeceed its FoHengt e 4k Eneolleq.carberathdBUR épectmscqay Hgtvesine 2 A Hlipse™

(C20- C24) a|4m1p4p€6cubﬁet61pdi§f\7§ﬁaﬁbjnﬁy Ivlh@quhmi:spwt@In&ta doBre c%m( $£40) cyclic
olefin. Preferahly, the cyclic or acyclic diene is ) di ene,

preferably Cﬁhonaléﬁ‘ésf)‘?aﬁce&fe&‘ﬁécy Hor® %Fé‘f‘%@fl‘&fﬂ ®e Cé‘il?o'é&%“fai e 69ﬁ0ugat ed
(- C40)d|ﬁ&&wmﬁﬁﬁﬁm@ﬁEh&habhymﬁﬂmaey@Mhﬁndd@fEﬂﬂhﬂgﬁmﬁﬂm@G%ﬂﬂnﬁ)dlene and

still gre ngllseet{)r uarglté(we 4 alys1? c?ddmu %’P ¢ cl‘ia’lgaqp (%/gytlhe‘f T3 t pzﬁ P@OOr}?de by an

i nvention process inclu thyl°ehe and er pol’'yners that
conpri se r esthdgaligunfiesizhyl 3@#1)@0 WO@FﬁeAnﬂlYZﬁﬁlP enabiok yamwl ag éﬁ@l ‘emnalld

(C3- C40) ol gfil KSaa d&ﬁoegr@orer@éﬂermmg%mgﬁla lﬁggoﬁgdm&hﬁ@ @fd6n- 1%@{;&5@ pyl ene,
and pol ybutyl ene. Preferred inte @ﬁ ners are those prepare

co- pol yner F21datys BagdinghesBangpll f {vo I MacrpEPy ﬁ%‘“rni‘ i Bﬁl 26 1PRF f’lﬂs such as, for

exanpl e, emhy%enmapﬁmaybﬁmauwe&hymﬁnaﬁaunbumﬁag ethylene/l-pentene
ethyle g/l-hexep b hene/ﬂh y cPent ene. Hy e/I-octene

et hyl end/ styrené,’ m%% ‘eher ﬁréﬁ&oﬁn8§%ella?%ﬁgwgﬁc SEREMEBDM t er pol yners.
PreferablypOWMéﬁpmbwmkeﬂmhumsmamwewhykemewmgnmp@mynﬂmgﬂéncmHmwnmd

eth y | ene/ a lbp Q @t)_n%ln%ér thbﬂﬂ&@ﬁo%ﬂ%gqs ugeg 'h&ein, 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
30  polymerization conditions. Preferably, the olefin monomer is ethylene or propylene and the

comonomer respectively is an (C3-Cyg)alpha-olefin or (C4-Cyqalpha-olefin. The olefin

polymerization conditions are ideally under steady-state, continuous solution polymerization

conditions in a hydrocarbon diluent at 100 °C, 4.5 megapascals (MPa) ethylene (or propylene)

pressure (reactor pressure), greater than 92 percent (more preferably greater than 95 percent)
35  olefin monomer conversion, and greater than 0.01 percent olefin comonomer conversion. The

selection of catalyst compositions, which include the invention catalyst, having the greatest
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5copol ynmer), or an ethyl ene/ al pha-ol efin/diene interpolyner (e.g.,
terpolynmer). Preferably, the polyolefin conprises a poly(ethylene

al pha- ol evprep1oizex2k copol ynmer prepared accordi ng to an aConseemvsaned
preferred process of the third enbodi nent. The pol y(ethyl ene al pha-ol efin)
bl ock copol ymer conprises an ethyl ene-derived hard segment (i.e.,
polyethylene har d ment) and a soft segnent conprising residuals fromthe
al pha- oIef|ﬁeﬁﬁﬁ”ﬂ@@%HVP@HEErWﬁemrﬁﬁ?Hﬂﬁ?@“ﬁ*”?ﬁﬂwﬁ?%hﬁmﬁFﬁﬁ?ﬁhhnd et hyl ene
typi cal |y asmonappy mmkrfapce;rn)ersrfamd@zmoymd*e skefii fudoadrshavidghe: 1s@ést segnent .
Preferably,.the m%lgc lene rr(l)a(rrges £ pt S characterizabl e as having |ess
than 5 nol e percen % &? of R8s ot t he al pha-ol efin covalently

i ncor por at ed t hkrceitam Cnasm&ﬂ@lﬁferthﬂcnle@homyr ingeaiomsien indeg ey bedateasioptnce as

descri bed ldfi‘écﬁi| forl:?ei?ﬁp@( lﬁ/rtl?eb.llsé/(af I\h\msﬂe&{(ﬂ&)ﬁk If&fnﬁcﬂr@s &Ld@i@ér ﬂ?évﬁjfukly)ﬁr ﬁ}l ock

COpOl yner IS C aracteri zabl e as havi ng a mel ti I’lgDé erature of greater
than 100 défyPregieoseopy-df MR oniRpperpssons *érhérqaqﬁrcvma afeéfthetnwahd@eewem as
det er m ned ciiyonBinbfigdofpotatial is DM dbgarrﬁa&d)F(br@Blfyﬁlb’rs ﬂﬁmagrdnhreum;n@c edure

described later. The poly(ethyl ene al bl oc rs conprise
cthyl ene. r ot - DUBRAHLEHONS 1oy B BETuMyRe T bugr iR R Bomononer
resi dual s (onenc rettivyieene and one or nore copol yneri zable a-ol efin
comonongrs in pplyaRELZR%:JR! (R N RRB o85Sk DI 0Ck
copoly@rs are cialr;%)c}{nzeer ﬁgﬁgd eg))y?r%-b& % é\%orosegrrentsn o%r tc\irvo or nore
pol yner i zedorvPSiehe q@ﬁrlfleerdrcrffe&e.ﬂﬁgop%y@ﬁerwpeerwndr degsrpaedairelgieperti es.
That is, tRhgesetRYdienNs3meloaki dﬂd i3 bRk QTR Scaly Be RbIAGKIJ dilt:@ﬁdﬂ@rhém&%r S,

pref er abl y mul ti-bloc nt er p: 25The
Lt er pol P 0 BeAh e A Vs L L) SAK PGB TR some
enbodi ment $Q08tThe[0A¥l]t i - bl ock copol ynmer can be represented by the foll ow ng

such ad o o " alOgh el §h gy BAGherbyh By o oy € ghoRt 08 | IER D
"A" repres dpferdent rrramtymt@wd@@m@egwemle fetior IB'fhegf@werpI%em@alao ssft bl ock or

segnent .  Pr&tek i YomASmad mBsonRf ﬁselrﬁdﬂlﬁﬁgoécﬂr(ﬁnl hd&X offi@shi on, not in a
branched or a star. fashjon. Hard" segnents refer to bI ocks of

pol ymer i zed GRADILTiZion i REe GBiHyP 8RBOWES | dual s are present in an ampunt
greater than 95Rmeu@d51traupeimﬁem th@ﬂafégcpﬁgeﬁ@realaiaybeg;rre;mteerrusm@aal @8wivei ght

per cent,,i n_t he et hyl ene. ef i.n).block.¢c I n ot her

wor ds tzto hethc?‘érﬁ%“gptﬁ%&q%%%r cene a?p GD°“fmlv‘°“%f‘)?f Ol pmé%i’rcfa““r%a%ﬁl %}ﬁ in the hard
segrrent s i ghepreiaayl tedhaiquds aggelisglhted, ﬁerree@mle ingh&- Brlef(éeaiodlynd Bogeest han 2 wei ght

percent. | nySRPBSRROHABNR,, p&éﬁﬁce%md@@m@kédhapﬁ%ﬂg%a@ (RK9Y
substanti aIIy al'l et h\él ene residuals. ?17? rases "polyet hyI ene hard
Pp

segment " amgiatigh ¢yadn et %dwrrargc?a%@r%% Hpé& 1%%}n%‘ﬁwﬁ§%§ Yand nean the
har d segneatailpé doft@hre elfo g@mpPobyHeabdiy anie idligpRiag ehelviyaikleek copol ymer.

"Soft" ,segnent.s f cks of |zed un| i ch the conmononer
(i.e., % efpeﬁmemaﬁl T%en g?agasgaeué(f‘mpl%gfﬁs % ‘ivare 57 tP?”s{rﬁm\Xn "wei ght percent,
pr ef erabl yTgcrhe@lDarInt h&m (Enal\éargrﬂampmz%@,el‘rmpﬂjﬂémlérsﬂ han 10 wei ght percent,

or greater thanA@tﬁnéé@t'l%Bye%ﬁ&@iﬁqu%]e téﬁ}ﬁef@&hc%%&ey LG&% 2abahdsi0hef i n) bl ock

copolynmers. In sonme enbodi nents cononomner duals content in the
sof t segmeRplmeraionsatyys delen bapser ip gmbgdingits ope weion reeater than 25 ei ght

percent, ghehezing Qﬁ-ﬁlef@tﬁco\ﬁ@htﬁh@chﬂﬁ Ere@itg, an@EAsy@1p tlch@Rnida cal@hir per cent,
greater,.than 40 wei ercent greater t han 1045 wei %E%Pﬁercent, greater

than 50weCgNETPar ﬁﬁ?ﬂs SEReYge At ET MY GOV HEPGRIOCRE P ELR 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 catalyst is the same as the
invention catalyst and the second olefin polymerization catalyst is the same as the associate

35  olefin polymerization catalyst; and vice versa in other embodiments. In some embodiments, the

first and second olefin polymerization catalysts each independently is an invention catalyst. As
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In some enbodi ments, A blocks and B bl ocks are randomly distributed along a
pol ymer (backbone) chain of the poly(ethylene al pha-olefin) block

copol ymerwol2n100ke28 wor ds, the pol y(et hyl ene al pha- ol ef iPax/usb@elsaepol yner s
usual ly do not have a structure |ike: AAA-AA-BBB-BB. 15In other

enbodi nents, the poly(ethylene alpha olefin) bl ock copol ymers usually do
not have a th|rd tL%/ pe of bl ock, i do. not have a "C' block that is not
an A bl ock “sAderrBt Mg OE?fIBE‘P%qurﬁat‘ooP Figlyspis ReracBlenarg 2 ighch of bl ock A
and bl ock Bor@dnomhenqa@bm(lﬁtlmekeﬂrtah@demﬁaoleﬁreﬁoﬂmenkﬂuo{c&taq@tpol ymers has

MONOMEr S OI‘ aracel a%p%s%vm C onx grl Strorat (gnelr(tjdex atis lressttllt]a%9§)|<3cr)gekt ftn ot her
words, neit bf'OcK or %HP cKB™ IS’rrprlses WO Or m)repse rrenhts (or

sub- bl oc ks)llgbﬁomdmstlmcnwprawms|Ptqumbly,ﬂ@@@oglsolfélnmblmmsr@gmmﬂalymm ch has a

di fferent %ﬁ)ﬂ%@ﬁketj'a%v&?@@orﬁﬂ%n@r%%rp@tfatﬁnh&eplhgtqgless than 90 ereeﬂt ROITE
enbodi ments, the polyolefin conprises an ethyl ene/ a- ol e}f)| n i nterpol yner,

such as t h&te eaaé?%?SP Blélbl5q Ryrepetfl RegmrAtbnlsss 1Hateprceaipidicsatiosh nunber

PCT/ U508/ 0@@%@4@ ] elaleurpetchﬁ of ¢ BRIP@IMeA®fer inSorpsrafoe firabi of ua fidt oekn copol yner,
and conprises a. egnent and a 25soft segnent, and: (a) has a

nol ecul ar \R/%?/lﬁ?{tzatﬂmctt??%uti on, MV M ratio of fromabout 1.7 to about 3.5;
(b) has an et hyWarepreontahd polytettiyhae higlraebldspriedtcopotynichecording® tiof from 60 w %
to 95 wy% ??e?e‘ﬁgd DB 89 1A hBid@hen QR st SP[H% &ng %xﬁbd’dﬁﬁeﬁt &ﬁﬂﬂlﬁ‘}}%ﬁ?

(c) (i) ha segnent conposition o east 40% at [east one

mel ting po@hﬁaﬁ‘)@%"t‘%]/}@tsétft?mﬁ@%lytt|SY§§1T1§(9PlﬁltIS“tgé‘rfﬁétF“ﬁtOH‘fe@u()WduciCﬁ degr ees

Cel sius (C) and(p@ra BT poBimeRidayl @DG/si, Me VBRI <g<tftn BB he@Aton(wh Yo 6a)e Wher ei n
the nuneric val yes of Tg]gl?nd wt % C2 cor r espon to the relationship: 90 C

> Tm > 4.15 tﬁf%/e @ljaving 3 igh ggnoneyper (eprppraondideyy 4 segnent conposi tion of
| ess than 40% &b aIs®amatolcm‘m@orymraatcbth@fys&;Zhe&EMeoleiﬁrrpotylrrermumatatmd val ues of

Tm ( C) Béﬂi % Sh%%ctgr%%’ g%?\?l{ﬁ%d% &%gﬁo@%a{ngdéf?bté%tﬁg glgexﬁhat §Qesgthan wgégﬁ 112 76(wt %

. 1T y an avera ock i ndex
gr eat er thétwczletr@meloycomwuefpmt% opihelitst olefp palpterivaddy/cNRlyraedt er t han about
1.3; or (M rnfpsu@indRiegeul ar fraction which elutes between 0 C and

130 C when 5fractionated usjng |low tenperature rising eI ution fractionation
(TREF), chdeqdiy PEtEﬁseF%dFWé‘tdmtel'tbcofnP’é%‘t% Gher g drshontgioRt lg¥nonomer  cont ent  of
at | east b5 ppenaeaionkitgher than that of a corrpar abl e random et hyl ene

I nt erp Byrrer fr%‘l(l:tteron‘c%z!tlus A n% nera secpherel ma rntferto an nactlvateé %rrh fWher ein said
conpar abl e random e T ter has' 't ane com)nomera(s) and has a

mel t i ndex metehgid gompw&i ennteatrsw@mrﬁéq@ty, tho adtimaied folyad et 6ne-talier whol e

p0| yner) Wc&rndcpofl-lg uH&ElG&@éatfotﬁlf w1¥h@ﬁtact1]v9[91% c&é&ﬁlyﬁk@%b@i@(&@ﬁ&hl?Edtlge i nterpol ymer;
(v) has a relationship between ethyl ene content in wt% and | og

m)l ecul ar WETYRET RERfRH therrad- Lor (e Aottt o yPrap iRy caRlst CYPRIENE “Ver sus | og
mol ecul ar ywepght fr(ﬁﬁSa iR asdhted nldyl-Gehd @afpRR at oﬁher @mt\@groamaw iigahd ar ed

t b t th 4,
IR L A R N

fracti onat etithe Elements Examples of types of suitable non-invention metal-ligand complexes are

metallocene, half-metallocene, constrained geometry, and polyvalent pyridylamine-, polyether-,
or other polychelating base complexes. Such non-invention metal-ligand complexes are
described in the WO 2008/027283 and corresponding US Patent Application No. 12/377,034.

30 Other suitable non-invention metal-ligand 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 5,425,872; US 5,470,993; US
5,625,087; US 5,721,185; US 5,783,512; US 5,866,704; US 5,883,204; US 5,919,983; US
6,015,868; US 6,034,022; US 6,103,657; US 6,150,297; US 6,268,444; US 6,320,005; US
6,515,155; US 6,555,634; US 6,696,379; US 7,163,907; and US 7,355,089, as well as in

35  applications WO 02/02577; WO 02/92610; WO 02/38628; WO 03/40195; WO 03/78480; WO
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usi ng TREF, characterized in that the fraction has a nolar conononer

content greater than, or equal to, the quantity (- 0.2013) T + 20.07, nore

pr ef er ablwogneanea28t han or equal to the quantity (-0.20P8Y/UF2000054%7 where

T is the nunerical value of the peak elution tenperature of the TREF

fraction, neasured in C, and, 20(d) has a turbi dity neasurenent of a 1.0
%solutlonoft 0\{ eaoleflnl mer in oil or a 1.5 %

soI ution |H3/a%‘§éac‘%%0%’f #3 ézt‘ﬁ%%POEYPOOé‘a%?afmdt% C?‘f?&%ooé?; V& 200aPaBI e

copol yner wheve2m70h@sTonpaiabs mogopokymer has the sane Differenti al

Scanni ng Cal ori JiIEt J:flgs} SIQS rﬁgly{lﬁrmaﬁmp c¥1ta ‘s]to% uﬁTrcIB?%_?a‘tﬁ%re%ec'i to%erb /g) at greater

t han 55 CvmthlneS € Ssane overa ne content within 10%
25l n sone éhbdpht hééntTée ‘sedvad poinolyefiirtigonplyks ésnterphaegehh}ly efrgedool ef i n

inter p0|5y mﬁérem%&“@ta% Ehoﬁﬁ% sdesel 6%@1 &d’llnpy,xé "or Ezftz@%l &@%ionﬁﬁnfﬁ the
Appl i cation Nunmber US 61/ 024,674 and fam'| | nt er nati onal Pat ent

Appl i cat i oBTeRETBRECIETY 8D EITF BIDEYGion wﬁiceSHeSalrtSem ﬁ‘é’Pb(Plﬁfs ARV DY ed by

ref erence, n@h@ﬁeeﬂablhythala@ea@kfefeﬁ@olhMm&ror se\gmlﬁbrog@ﬂaarslu&eﬁ dansfvar d segnent and
a soft segnent, s, characteri zed ran of from about
1 3°to 30apout SRRl PAR e TR el i B Getinl Ty
gr ans/ cubi endceert pwietably lesw\ﬂharﬁeperpemthéthﬂenmmorc@hncmabrm upiEx dirfagyst (d).cor r espond

to the 1be| %tn OQCS%?} gl%) ééggfoém%nu%l:ﬁeaa?sg&}ate ole}gééalg( d)2, or (b) is

char acteri zed fusion % a eltate erature
35quantity (AT, Insameymbodisentpdly cadlysthbthe wagnd eapedieengisonpeice ha@yhetheen t he
tal | est DSGuipeakaARABY hesubbhiaimesE Yodiadbly Bat ity @ af tiSdatalykisagdoh @nat i on

CRYSTAF k in th ' f h

Fol low ng perabonchge s REHAGE Kl 58l BTEEIRE "Fhan zero
(0) and up AtloUS BE558G BLATWO 4B/ R0 ARH greater than 130 J/g , 5Swherein the
CRYSTAR k : ti

ol yrer ™ and 17 g el Bl of B8R hond RELERD ol P GUTHDE, LoT e
CRYSTAF peékt nOt(F?é%hYSt%é Iwgwdtr@ﬁt&e’r@éftrﬂﬂsethﬁt SatdpGA) @f the catalyst sygtey isj s

characteri %@%@M (ﬁmeﬁ‘dnae%tlh Gsrzﬁ%m{@%o ARa)s dop7/pen $RMN; BS 2@RP3 N8I cent
strain and $(7 e neasur conpr essi on- nol ded filmof the

et hyl ene/ aAdIIé -1y ﬁ@é)tr%? Wplzzgnﬂz has a density d in grams/cubic
centineter, whergirgedidiee QuatRes (BRdndViB) i €S 2066/(Re9%aNA 1 djssm)weféyslsha fol | owi ng

rel ati Shl l ally free of a
Cross- %Bnke Bﬁgsé%lg}& qi@zé%s%ggg%&f Wﬁb&?&})ﬁﬁs %rte% E%YUS OHOfnrmé%/tl on whi ch
el utes bet \(\é@rﬁo @OC(BndB1BOLY) wheh. 48flPHct i onat ed using TREF, characterized
in that the fragfhon A8 (R-EBLRA-nEAMRRRFR yhamido)(2-isopropylphenyl)(ox

naphthalen-2-diyl(6-pyridin-2-diyl)methane)[hathium dimethyl, prepared according to the
teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO
25 04/24740, and having the structure:

CH(CHj3),

(H;C),HC /CH N\
oAy
/ \

(H3C);HC CH; CHj (Al
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content of at |east 5 percent higher than that of a conparable random
ethyl ene interpolyner fraction eluting between the sane tenperatures,
wher ei n ssiodomanpasabl e random et hyl ene i nt er pol ynmer ha®CriuS2&0/084447
conononer (s) and has a nelt index, density, and nolar cononomer content
(based on the whole polynmer) within 10 percent of that of 20the
et hyl ene/ a-ol efin interpolyner; or (e) .has a storage nodulus at 25 C
(G (25 Q) and Qat%‘tf%ﬁ%é[Nﬂ%néuﬂﬁ%ma@ylitbﬁdéh@@aﬂt%@*@ﬂylpméﬁ@'r2ﬁ the ratio of
G (25 O t @hdoyledd@-pElidin-S-diyhméth@e ) iangen die@outpatkd dccbrding bobd te@hibgs or (0i s
characteri z { reater th ze d up to
about 251, 01 GBI AREN B A SN IIED G R Bar B Rk Rl 108 ana
130C when frdovinpthattedugsi ng TREF, characterized in that the fraction has a
nol ar conmononer conteptgreater than, or equal to, the quantity (- 0.2013)
T + 20.07, nore pref:(is}v<gheater than or equal to the quantity (-0.2013)
T+ 21.07, where T is thAe( nunep=sal val ue of the peak elution 30tenperature
of the TREF fraction, ne i C, and, wherein the ethylene/a-olefin
bl ock i nter pol yfEf-4! ophase4separ at ed. In some enbodi ments, the
pol yol efin conpris expyene efin interpolymer, such as that
described in U S t  Notf ,089 and U.S. Patent Application
Publ i cation No. US gT §m0%é9§§p, erein the interpolyner is preferably a
bl ock c6pol ymer, and conpriées’'a hard gagment and a soft segnent, and the
et hyl ene/ a-ol ef j.p ;i n | s 298 : . 10 about
3.5, at |east 0%%”¥ﬁb%£%§? and gaégﬁgﬁﬁyﬁgg%é%%8®éﬁﬂ%%%%?%ﬂ%%%?%neter,
wher ei n t hdibpgsieriddayingthd eguief Tm and d correspond to the relationship: Tm
> -2002.9 + 4538-5(QQc' 2422(§£d)2; or (b) has a MW Mh fromabout 1.7 to
about 3.5, and is char rzed by a heat of fusion, AH 10in Jig, and a
delta quantity, C fined as the tenperature difference between the
tall est DSC pea andéﬂhe al | est CRYSTAF peak, wherein the nunerical val ues

a

r

of AT and AH haye the foldmawi ng yel ationships: AT > -0.1299(AH + 62.81 for
AH greater than ero\and up to ﬁ&@%@lf AT > 48 C for AH greater than 130
Jig, 1l5wherein téﬁyﬂé STAF peak is determ ned using at |east 5 percent of
the cunul ative po \d if less than 5 percent of the polyner has an
identifiable CRYSTAF. pe

then the CRYSTAF tenperature is 30C, or (c) is
characterized by an’Re Nrpercent at 300 percent strain and 1 cycle
measured with a conpregg?on-nnlded filtADf the ethylene/a-olefin

i nterpol yner, apg,hass8id@nsiok¥i3 tindatd. A2 %%E{-ffﬁhﬁeﬂ%ﬁﬁehﬂﬁﬁ-er’ wher ei n
the nunerical values of Re and’d sathfY he fo oW ng
phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl, prepared substantially

according to the teachings of US-A-2004/0010103, and having the structure:

(A4);
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rel ati onship when ethylene/a-olefin interpolyner is substantially free of a
cross-linked phase: Re >1481-1629(d); or (d) has a nolecular fraction
whi ch el we=otyaeeen 40C and 130C when fracti onat ed usi RGT/REN9/054447
characterized in that the fraction has a nolar conononer content of at
| east 5 25percent higher than that of a conparabl e random et hyl ene
i nterpolynmer fraction elutjng between the sane tenperatures, wherein said
conparabl e randbHEY HyY ée- %%ihg?%‘ﬂﬂyﬂ/%% -mEGK- ¥ Y SRR Yo nomer (s) and has a
mel t 1 ndex y)elapgatdnyde|tamnethymniiarm, @epnaodhbiandaRhantdifdbase dadimgt ffevahol e
polyner) W c hat of the ethylene/a-olefin interpolymer;

(e) hag&gKEF%SéB§EW1 hFS 25 C(G (25 ©), and a storage nodul us at
100 C (G (100 30C3) wherein th |oPof G (25 C to G(100 © is in the
range of about 1:1 to about 9:1 f 5" hy nol ecul ar fraction which
el ut es between Mﬂ\lf r apk @ usi ng TREF, characterized in
that the fraction has a bl ock i ndgx /of at ast 0.5 and up to about 1 and a
Mv Mh greater than about 1.3; or Hg) r&$ an average bl ock index greater
than zero (0) and up to about Me f NM/Nh 35greater than about 1.3; or
(h) has a nolecular fraction whigpg %s between 40C and 130C when

fractiopated usjng T ar t er he fri4cti on has a nol ar
conono conteh?gﬁ?ggggﬂgpﬂ ﬁ% hﬁﬁﬁﬁPﬁvﬁﬂ? ‘quantity (- 0.2013) T +
20. 07, nnrawmyem@mambymgwé@kapﬂlh@mnmmqumﬂhmﬁmWHm@wqmamtéty (- 0.2013) T+
21.07, where T is the nunerical vaIueCRﬁlghe peak elution tenperature of
the TREF 5fraction, neasured in C. O her enbodi nents conpri se

pol ymers and processes such as ¢ﬂ3§590e5t i bed in PCT International Patent
Appl i cation Publication Nos.—AR 200 >—,2005/ 090426, and WO

2005/ 090427. Mononer and a [
measur ed usi ng any 105

\ & t¢ hi gue such as, for exanple, infrared (IR
spect roscopy andifu O ¢ Nesonance (NNR) spectroscopy, wth

t echni ques based on N ctrosg§R¥H elngjpcﬁygﬂged and carbon-13 NWR
spectroscopy being nore pre{erre 0”use carbon-13 NMR spectroscopy,
prepare an anal ysi s sanple (Shba pol ynmer sanpl e by addj,ng approxi mately 3g
of a 50/50 m xture of etr Qr oe 2/ 0 di chl orobenzene to 0.4 g of
t he pol yner sang?éwiﬁn “f& Wthﬁgapnqﬁﬁ¥{hR&IFW%@”“@?% élve and
hoanenizehmh®npmwyhemw§am@mmnhmEm@ahmhgwmbﬁeMmemand its contents to 150
C. Collect carbon-13 NWR spectrqscopy data using a JEOL EclipseTM 400MHz
spectronmeter or a Varian Unit uSTMc4OQWHz spectroneter, corresponding to
a carbon-13 resonance fre 5 MHz. Acquire the carbon-13 data
usi ng 4000 transients per dataffile a6 second pul se repetition del ay.
To achi eve m ni mum si gnal -t g=—20n quaiftizbat i ve anal ysis, add

i 2 . width is 25,000 Hz with a
mnimumfile size of 32/000\ datd%oinys. Analyze the analysis sanple at 130

Cin a 10 mm br 848" bant ~ODe ermie the comononer incorporation with
t he carbon-13 data usinyg =ﬁndallgiizifaﬁ methdd slRandal |, J.C.; JM5-Rev.

Macronol . Chem Phys., , 1989), which is |ncorporated by
referenge herein in its entirery n sonme enbodi mengs,. the anmount of

ol efin conmonomer incorporated into the poly(olefin mononer - ol ef i n
conononer) bl ock copol yner or segnents thereof is characterized by a
conmonomner incorporation index. As used herein, the term "conononer

i ncorporation index", refers to the nole percent of residuals of olefin
conmononer incorporated into ol efin nononer/cononomer copol yner, or segnent
t hereof, prepared under representative ol efin 30pol ynerization conditions.
Preferably, the ol efin nononmer is ethylene or propylene and the conononer
respectively is an (C3-C40)al pha-ol efin or (C4-C40)al pha-ol efin. The ol efin
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pol yneri zation conditions are ideally under steady-state, continuous

sol ution polynerization conditions in a hydrocarbon diluent at 100 C, 4.5
megapascawe 20vRre)228t hyl ene (or propyl ene) pressure (rea®COIUSPIOSHSUAT) ,
greater than 92 percent (nore preferably greater than 95 percent) 350l efin
nononer conversion, and greater than 0.01 percent ol efin conpnoner
conversion. The selectlon of catalyst canpositiaqns, which include the

i nvention cat al GEHYSt Y SAPUREIdp LR O-N-PYToIf-dPereda T8 bf i n comonormer
InCOFpOFatWDﬁmmmdmﬁﬁﬁumﬁ@Ubkﬁmhﬂm@ﬂ%&ﬂ@h&%kmgmnm@ﬁﬂmqﬂhefUBPCOHDHOHEF)

bl ock copo%&ggLa nem.two or nore ol efin monomers having the | argest
difference in blbcﬁ orgse neﬁ% properties, such as density. In certain

ci rcunst ances t he esspno ncorporation i ndex nmay be determ ned
S5directly, for ex a_bynth€ use of NWR spectroscopi ¢ techni ques descri bed
previously or by IF gt roscopy. If NMR or IR spectroscopic techni ques
cannot be used, then --< di fference in conononer incorporation is

[ i chg) yners formed frommultiple nononers this

i ndirect determi natiog“may be acconplished by various t echni ques based on
nononer reactivities. |10For copol yners produced by a given catal yst, the
relative anounts of cémdhonmer and oner in the copolyner and hence the
copol ymer conposition is determ ned relative rates of reaction of
cononomér and n@ﬁﬁﬂéﬁxnN%&b%ﬁﬁﬂ@QﬁﬂﬂﬁfﬂWH@“WB@dwmﬁéﬂ?é36?a&6ﬁﬁhbner to
nononer is ygglmyﬂtabmmtdhm@qg@pdrmsbs@ham&la&eﬂlmgrb hiSe2804 ALE7678 A, in

par agr aphs 081 0090] . 15For this nodel as well the pol ymer
conpositioﬁ&ﬁngﬁﬁﬁﬂggVBﬁ Of tenperature dependent reactivity ratios

and conononer nole fractjos |n the reactor. The sane is al so true when
reverse cononongr_or no insertion may occur or in the case of the

i nterpol yneriza Pox br€(t jan two nononers. Reactivity ratios for use in
t he foregoi ng nodel @ beyptediict ed using well known 20t heoreti cal

techni ques or enpiri Ivswerlﬁ@ﬂ9§r0n1actual pol ynerization data. Suitable

t heoretical techniques di6cl osed, for exanple, in B. G Kyle, Chenical
and Process Thernndyiggi [Third Edition, Prentice-Hall, 1999 and in
Redl i ch- Kwong- Soa ) Eqm%%%on of State, Chem cal Engi neering Science,
1972, pp 1197- 120 Commerci al ly avail d6Pe software prograns may be used to

assist in deerCQQ,ﬁﬁ% kKN&Eﬂﬁ&&ﬁ&@%m%%ﬁﬂh%@@Aﬁ%&gWE@%QEANsﬂﬁ&kﬂ@ﬁ dat a.
One exggple of suc% tware i s Aspen from Aspen Tec nology Inc., Ten

Canal ky)%%ﬁﬁPPﬂﬁéﬂmﬂﬂl@?Eﬁ%hﬁ%ﬁﬁuiky¥0ﬂdmg“)m%Fm?Pﬁﬁg St s conveni ent

t o i ncor pore3moseral rrvence sexampl es of an associate ol efin pol ynerization
catal yst that can be useq in enbodi ments of the invention process for

pol ynmeri zing an ol efi @-n sing chain shuttling and enpl oyi ng the
invention catalyst. qnveni ence and consi stency, one of the invention
catal yst and asé$l iipxﬂynerlzatlon catal yst are thus sonetines
referred to herein ke c.ternms such as a "first olefin

pol ynmeri zati on cat abys and e as a "second ol efin polynerization

catal yst" or vice ver hat XEKHJh sonme enbodi ments, the first olefin

pol yneri zati on cat al S H e sane as the invention catalyst and the
second ol efin pol yne tiome@sal yst is the sane as the associate 350l efin

pol ymeri zati on catlafyst; and vice versackpadat her enbodinents. In some
enbodi ments, the first and second ol efin polynerization catal ysts each

i ndependently is an invention catalyst. As used herein, the first olefin
pol yneri zation catalyst is characterizable as having a high conononer

i ncorporation index and the second ol efin polynerization catalyst is
characteri zabl e as having a conononer incorporation index that is |ess than
95 percent of the high conononmer incorporation index. Preferably, the
second ol efin polymerization catalyst is
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5characterized as having a conmononer incorporation index that is |ess than
90 percent, nore preferably |l ess than 50 percent, still nore preferably

| ess t harw@20panerst, and even nore preferably | ess tharCT@WSp@vosnt7 of the
hi gh conononer incorporation index of the first olefin polynerization
catal yst. \Wen preparing the poly(ethyl ene al pha-ol efin) block copol yner
according to the 10preferred process of the third. enbodi nent, the catalyst
of the second ehHyyi s bisddimpyidisiarngandsas-{-yiypreopiymdichiqride. axgilableyy ¢ he

cat al yst sysheana0XidhSintl @avinghextrukthee:0r reacti on product of: (A a

first olefin polynerization catalyst, the first olefin polynerization

cat al yst being charg i zed as having a high conononer incorporation

i ndex; (B) sgnd ol efin pol ynerization catal yst, the second

ol efin polynerization il yst 15bei ng characterized as having a cononomer
i ncorporation index th s less than 90 percent of the conononer

i ncor poration iQfﬁ?sgf the\first olefin polynerization catalyst; and

(C© a chain shuf't 2ﬁg\agen *“the catal yst of the second enbodi nent

or second ol efin polynerization catalyst. 20The
used herein may refer to an unactivated form
of a netal-ligand conpl gx .e., precursor) or, preferably, the activated

formthereof (e.g., af ontact of the unactivated formw th an
activating cocatal yst tle=give a ca(t]ﬁg ytically active m xture or product

thereof). For the associate ol efin polynerization catalyst conprising or
prepar ed from aAnoentorderayionty. sareaimbpdigentcbt dhgnprtion prycayefoppolmferizing

non- i nvent i,RPiEhAker byd@NFLh R GRS erf Afe REnE IR BhiRf . RRY aRN€sRF G Oups 3

to 15, preferably G oup 4, of the Periodic Table of the El enents. Exanpl es
of types ofrediifreiapgeablneid hemmdirde ritompornd b chagiisTiaRleds b8 met al | ocene,
hal f - net al kgeaeeaef cagonsindailretig papmézyion andiipe, Yrdngnif apyllnetyl i ne-
e T b A N

cor r espondippigmisBatiRatcenlfstshbp hodd ineplyNerizat@/c87lyst 0842 1300k hen cgdist abl e

Us 5, 199, 18 BBt g ARy R S b UE5RL 3R a2 s
5, 470, 993; "USnsengoaplTs daysibsd proviouplgsThayis tgnsieg of apphymey igegelEEuF04;  US

5, 883, 204; bbifptcun8 k8mn 383r nldR I aldil&siBO6& ;thelditif pO3ferDidn Ay, 103, 657; US
0150297 2 €400 441, R RER0S9% b S e SHOuBRR I D

6, 696, 379; US 7, ; ; : ; : i cati ons WO
02/ 02577; VYByOR/cBRAGIHOwthWD HRUBS G2 ne- ik OBSHEOL PSlymdMNDo03Y Z8YB0s.2. WD 03/ 78483;

WO 2009k01 . A2 ; - ' 99930 Al;
Us 200770185878 S GhgROR B8 E 31 13- P TRRDR dpn i RAR AL

pol yner i zathoerselakian pjeperingipslyplafirdioaiepmyessiring ranggnapalyodplip gorkkymeisriheas " Cat al yst
(A)." The (SRGOMEkaQERABINOIRANIRIpiaZ AEHaRRrafBdr AdMS TThat isSthd £ Changeabl y
referred to 5 herein_ as "Catal yst §§¢ " The sel ection ?f thﬁ%:B conpl exes
or cat al ysthESpEEIces BAde 5%/1“ﬁ‘@j'¥‘taﬁ”é‘ Hhtreis f o rraHE S f pRliBnoner

i ncor por at ihemopolythec@ santl@s phlfdefinRopebpo! Yot Softed i shahpomeritie fr@AGNEr S

havi ng ,he .| argest. differen i.n. bl ock .or s n ties, such as
donsi g0 oA HERE BT ARG R RO Pl R PHOBSALERn 2UC0 b yst
(B) is | essmpdamen50t pericerstsariel Uredite\ prasfreiblaishyn shetds a tvelnergogigcelent of t he
COMDNONEr  iyCANRARY BN ohdWl&H pBfymEBhdntahly{ Alhich AR 62 IR bRy 8fe Catal yst (B)
is the aforenenti oned "associ até olefin catalyst."’ In" sone

enbodi nent &1V fIBLYS| yst of the second enbodi nent conprises Catalyst (A),
but not Cat al ystn soi emtofin®hks, heefkio chufi@iatagent Privkeicabbly at heinfatmliyst (B) of
t he cat,al yst stemis. t al yst described ipn US 2006/0199930 Al ; US
2007/ 07870 e S s d ohs gt %eniﬁgg}ob@yfv,v%?g’%@ég)@f?(%r8%53’2‘009/ 012215 A2.

shuttling activity ratio R, 3/Rp_4 is calculated by dividing a rate of chain transfer from an active

conprising either the djrs

site of a catalyst (A) to an active site of a catalyst (B) (R4 ) by a rate of chain transfer from the

active site of the catalyst (B) to the active site of the catalyst (A) (Rp_4). Preferably the catalyst
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151 n sone enbodi nents, the catal yst of the second enbodi nent conprises
Catal yst (B), but not Catalyst (A). In such enbodi nents, preferably the
Cat al yst wW@)owfio2eize catal yst systemis a Catal yst (A) destnished/os441S
2006/ 0199930 Al; US 2007/0167578 Al ; US 2008/0311812 Al; US 7, 355,089 B2;
or WD 2009/012215 A2. Representative Catal ysts (A) and (B) of US
2006/ 0199930 Al ; US 2007/0167578 Al ; 20US 2008/0311812 Al; US 7, 355,089 B2;
or VO 2009/ 1294 ivapsiongalysiad Hlﬁf%i?IX%@ isdfe FYrhfiopsd Esﬁi?ojatet%ef‘(lAS) (B1),
(B2), (d) pblgmérZajon camighst.([Hodthe ck@ﬁhtsﬁittjdﬁg agrA preférsbly the chain shuttling activity

[N-(2, 6-di ethyl e 0).§,2:d.SOPLLO henyl ) -
napht hal en([%1 %?@?6 Sp%})r |&ddmO Eaédt)r f])agl a%anrt% a 1l[ri%lnllflabdtlwrgreéltd% CIhal pr epar ed
accordi ng slottieagte astheydynefyl V@@Sﬂ/ﬂﬁ@@%/ S@@%UB@@(M‘M?UOHUSQN“@U/ 429, 024,
fCIalt eld 'VtQY( Zare. %O(Bc?lyoléﬂq)owgdgglp&/n%%?néghm@&gtﬂﬂ@\éée'ﬂgs Erh&alﬁlglé HGhidre:

alys
[ NT- (2, 6- dllf(t%mFPé‘ttﬁyl et hyl ) phenyl ) ani do) ( 2- net hyl phenyl ) (1, 2-
phenyl ene- ( 6- pyB¥ dzlldaur%-dﬁifey@mhfbﬁlﬂtﬁ))lk bravliafih yayﬂérﬁatohy&talys@rtﬁﬁag ﬁderf:h@COl’ ding to

t he teachings of WO 0195 204 USSN 10/ 429,024, filed May 2,
2003, and \?\%“‘Blﬂ?‘%‘ﬁ@omté??&atﬁ (\a}s &“‘Fsdg‘eref“ e“ra%§§fff‘—“|g§ea8f¥ 3 B cH3
5( A2) coml@ang_ﬂwy ot mQrAg)SAs nd preferably 3 or less CSAs) different poly(olefin monomer-

bi s[ N, Ny Rn tedhiohbihd RIMAR C@J’&W%&&Q&s et LRpE lﬁ‘FGn{é%ln?&fl én‘rkrl}fd' benzyl,

and haV| ng the structure:

bi s( (2- oxOy Bt BepFOLLRFirias gL olelipajucdifipratt WﬂycﬁmﬁWy sezments of
10phenoxy matriaych) @ yslco hesab@miks c%n@htyalmlzsl dhﬁf&@dt vy kddns diifaeae mbeRbepar ed
subst anti al I%Saccordlbrllog to the teachin of US-A-2004/0 l}Q:LO?» and havi ng

t he struct B segments or Efa?ra‘.’I ?@Pm?tﬂg elie For example, 1f the chain shuttling adtivity
I ri2-2, 6- diol bogrnpltdint {e2utislbhylaide e eblyhérrhaopbpipaion Rie of one or more

yl ) benzg ”e%ﬂhg\%!:r%d %ﬁ%bg@a&l ! ngéreoﬁ)o%f; fe ﬂﬂ%ﬁl@&t @1}n¥ersga%8 phdhg to the

t eachi ngs 0 and havi ng t structur -Pr
blends may be obtained as products Contrar1w1se if cham shuttling is very fast relative to
polymer chain propagation, a copolymer product having a more random chain structure and
shorter block lengths is obtained. In generally, an extremely fast chain shuttling agent may
produce a multiblock copolymer having substantially random copolymer properties. By proper

20 selection of both 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

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

25 13 metal compounds or complexes containing at least one (C-Cyghydrocarbyl group,
preferably (C-Cqo)hydrocarbyl substituted aluminum, gallium or zinc compounds, and
reaction products thereof with a proton source. Preferred (C-Cyphydrocarbyl groups are alkyl
groups, preferably linear or branched, (C1-Cg)alkyl groups. Most preferred shuttling agents for

use in the present invention are trialkyl aluminum and dialkyl zinc compounds, especially

30  triethylaluminum, tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-hexyl)aluminum, tri(n-
octyl)aluminum, triethylgallium, or diethylzinc. Additional suitable shuttling agents include the
reaction product or mixture formed by combining the foregoing organometal compound,
preferably a tri((Cq-Cg)alkyl) aluminum or di((C{-Cg)alkyl) zinc compound, especially
triethylaluminum, tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-hexyl)aluminum, tri(n-

35  octyl)aluminum, or diethylzinc, with less than a stoichiometric quantity (relative to the number
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/ ,H /-Pr Me' Me(A5); 5Catalyst (Bl) is

1,2-bis-(3,5-di-t-butyl phenyl ene)(1-(N(1-

met hyl et hwO)2oro/a2ed28et hyl ) (2- oxoyl ) zirconi um di benzyl, aou/usasovns4the
structure: (Bl); Catal yst (B2) is

1, 2-bis-(3,5-di-t- butyI phenyl ene) (1- (N- (2- met hyl cycl ohexyl') -

i m no) net hyl})l(z oxoyl) zirconium di benzyl, and having the structure: 10
(B2); yé%?ﬁ%’l’&?t‘)“l(sd)f)a prgaiy ol ﬁﬁi“ﬁ?éﬁ@‘&%}’ﬂ@ﬁ%?hﬁ‘{“@“@%ﬂ”& yl-1,2,3,3
a, 7 a- m ndetiellor hycwx)ysdoh@ma|ets@ammymmdnnneﬂhhyﬂyl)a@hepaﬁtﬁdjuﬁmm)tsmmdm ally
according to. the i of USP the.structure:
(H3C ) 2S i c{roxzmﬂ%a% 1@ ?(95 (ﬁ@ftg%IMHe%%aﬁ brlty@?helaogffhyﬁynapgthylpannne,

(t-butyl ambd@)3eﬁ [ dibaret- hydagsielohgpitan¢apninei tdhphény Ibh@pl8nc3 2, 6-AgL-trvtyiitheaphdnol, or

y1) sil aget hisap bﬂ?;pﬁjagﬂab%%@@@ﬁt%@tﬂa§ R0, 'tlﬁ‘dllo\{hﬁ&'&@f@ééz B idRed he

t eachi ngs of S 003/ 00428 havi ng the structure:
Cat al yst ( @3,51 thakat least one hydrocarbyl group remains per metal atom. The primary reactlon ‘products

(t-butyl amotay d)te(gémgmiﬂbylbmgﬂlyét)iés&edm WY ln-tie, pleséht BRerBian ﬁ&hdtﬂﬁﬁlg’:\zigelﬁls 1-
101 1| 2Nkl LSBT0 DXL B SRR GE, SURSUAON AL BR01 L 1) Lo, L e
Cat al yst ( BliyDsilgxidy).sidn-neyliyhdis di(@xidng)f malderie) tbwflalenipgoni um di chl ori de,
avai | atibe fb[s%mle%ygnﬁftyﬂs%xh&sl ’i-bgtg)lglum%hlr&gbig(H&eﬁ&fsﬁ'ﬁialﬁfd@)-, n-octylaluminum
di(pyridine-2-methoxide), i-butylaluminum bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-
di-t-butylphenoxide), n-octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t-
butyldimethylsiloxide), ethylaluminum di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-
dibenzo-1-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-
15  azacycloheptaneamide), n-octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-
diphenylphenoxide), and ethylzinc (t-butoxide). Other suitable non-invention chain shuttling
agents are described in WO 2005/073283 Al; WO 2005/090425 A1; WO 2005/090426 Al;
WO 2005/090427 A2; WO 2006/101595 Al; WO 2007/035485 Al; WO 2007/035492 Al; and
WO 2007/035493 A2.
20 Polyolefins prepared by a process of the third embodiment are useful, among other
things, as synthetic lubricants (synthetic motor oils) and as materials for use in manufacturing

foams, films, coatings, fibers, fabrics, extruded articles, and molded articles.

Intermediate compounds

25 Another aspect of the present invention is the intermediate compound that is the
compound of formula (Y) as described previously. Compounds of formula (Y) may be made by
adapting any relevant process known in the art and the particular process is not critical to the
present invention. Preferably, the compounds of formulas (Y) are prepared according to one of

the processes illustrated in Scheme 2.
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(D1). As nentioned previously, some enbodi nents of the invention process
for polynerizing 5an olefin further enploy a chain shuttling agent. The
terns "chaiOrrosiaei2Bi ng agent” and " CSA" are interchangeabiruse@ess4ser ei n and
refer to a conpound that is characterizable as being capabl e of causing,
under the ol efin polynerization conditions, exchange of a polyneryl chain
(i.e., polynmer chain or fragnent) between at |east two active catal yst
sites of twoBFéfin pol ymeri zation catal ysts, the two ol efin polynerization
catal ysts being the invention catal ystg310apd the associate ol efin

pol yneri zation catal yst such as anﬁiherkgﬁvention catal yst or one of the
non-invention catal ysts descri bed pxevifously. That is, transfer of a

pol ymer fragment occurs both to and/from-ond)or nore of active sites of the
ol efin polynerization catal ysts. In contrast to a chain shuttling
agent, a "chain transfer agent” causeifmfﬁnination of polymer chain growth
and anounts to a one-tine transfer of yolyner froma catalyst (e.g., the
15i nvention catalyst) to the transfer agent. In some pol ynerization process
embodi ments sugh as those useful for pReparing polyol efin honopol yners and

random pol yol efi\a_copol ymers, the QBA i racterizabl e of functioning as
a chain transfey/ agent. Hh&R is, th is c@?racterizable as functioning
in such a atGthere is a one-t¥me \ransf of a pol yol efi n honopol yrer

or random po@l yol@fi n copol yner pro&hct rfed in such pol ymeri zati on
process 20fro Ly ol efin polynerization catalyst (e.g., the invention
catalyst) to t|h K. I n such enbodi mgHA-Rit is not necessary for the CSA
to reversibly lchairfiGshuttl e, as such dnbodi nents typically enploy only one
ol efin polymerization gatg , which may have or use only one active

catal yst site. Jsn some énpdgdi nents, theschain shuttling agen®3is
characteri zabl e\as havi aQPd cathlgitn hutX | i activity rauio  BPRB A In
general , fd%pany tﬁ% catal ysts (A)%éﬁd )}Q?he1¢Bakn shut\t |1 pg Eétivity
ratio RA B/RB—A\is cal cul ated by divydiRg a rat'e_of, chaingransfer froman
active sitegof apgatal yst (A) toRéﬁNactHNeﬂ§ite:%?[a cRt-a¥yst XBR!(RA B) by
a rate of chailf) transfer fromthe actiye site of the catal ys®) (B) to the
active site of the catalyst (A) (RBA). Preferably the catalyst (A) is the

invention catalyst. and the catalyst (B) is the aforenentjoned associate

ol efin pol yneri g’a*i“‘%‘ﬁ%c‘_ap?&f‘%@i’ Whéﬁpfefeﬁﬁlyesrpawﬁf_e% R RLegBNE Ty of or abl y
the chaisn ghilblhnNg . 8GkelpohdiYe I-8ohDis BBl RBefe b Bh QMR 1N L @ i1 00.
Preferably, an |nperned|atef%prned between the chain shuttling agent and

t he p_0| yrrercyrljuggtla%ign kBN f, F}fefe!ra%f}tuln&r ﬁéh?&litﬁlgtc&ﬁlgtioﬁs}k@}gpinttl?er ﬂi’ésélﬁé bigh 1S
relatively 5rare. A (polyo efln-golyradlcal -containing chain shuttling
agent is adcledians agenpfuck & ahydrppes-prsgirost Belecular sieves @anhydioprqalciig di f f er ent
combi nat i oRgb&Hhte Vr eﬁdeflcoa&z{icmmcig ze&zi;]daﬂpiga;hﬁwsmaite%muigngrg?ﬁnfe%i ng cononomner
i ncorporation rates (as describe rein well_ as differing.

Foactivi 11 QoS ob a5 BT PR B Ol bR (R M EPEBTY 3 or 1 ess
CSAs) , 1di f Renant plelabil Qhef dleﬂycﬁ@fﬂg%ﬁﬁionslz@lte?rlaﬁtfélﬁn‘éﬁﬁ@@?ﬂ?fe%)argﬂ-ﬂyt' bl ock
copol yner prod c?s can be prepared in sone enbodi nents o he i'nvention
process f orepabnatiny i, 2zdikgona i) elite b non-nuSlagthilid ibfisk 6r g rddipn byiddd, Sthoan have
segnents of,.dj Lt . . ratj ons i.fferent

o1 ock | ongt Aa oG AL pARNSY b GBRlyRIRNATRE LEIRRRTLS ElLAR OBl |

conbi nat i ot @elplc apey witheeitrelatinstagert o tiralfuarogtlienchulingic erbydridety of t he
chai n shut {1i,09 (AgRNEwleRol (OVKIEERT 4V tHeRalRwBl YR ik RbRsdEQpagat i on rate
of one or nore 150f the olefin polynerization catalysts, |onger block

| engt h 18Ul MQHB&Km99@@&%HEMﬁm§@@a&@h&@ﬁﬁﬂkhﬁ&G§lmﬁ%t@@y@&@@h@@ﬁ as
products. ntrariw se, if chain shuttling is veryfast relative to polyner
chai n propagahiho®) is alel@éll%%d’m%éact%_ﬂa%ﬁﬁﬁn@ﬁﬁ’-mg, RetOiISuldnEdRahai n structure
and shorter block Iengths is obtained. In geferally, an extrenely fast
chai n shut téridngnagent traympruode/demalatl. fltbhaiedy, cepohynmed offerviuhgY)

substanti a‘lisl I){relga?ela%9 Hép?&&lgin}fgws-lgﬁng REr \%/ﬂi&ﬁ)’fef@ybl}pig BBEefred by conventional
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20sel ection of both catalyst(s) and the CSA, relatively pure block

copol yners, copolyners containing relatively |arge pol ynmer segnents or

bl ocks, amo/20ro/kake2ads of the foregoing with various ethpCeEs2am/0pt40pyl ene
honopol ynmers and/ or copol yners can be obtai ned as products. In sone
enbodi nents of the invention process for polynerizing an ol efin enpl oying
the CSAs, the chain shuttling agents that are suitable for use therein

i ncl ude G ewperkatioR (nolshown) 025miﬁesrﬁsltl‘élﬂ2 @dﬂkﬁ@ﬂi@d@thdﬂ diknmbé“»le@econt ai ni ng at
| east one (C1-C20) hydrocarbyl group, preferably (Cl-Cl2)hydr ocar byl

substi t ut edehéfflrt%ﬁgrfﬂ?ﬂmoﬁ%tlwlltpﬁﬁ?“o‘f“df‘?ﬂiiﬂlc%s 6‘%&% Y‘ﬁ‘ﬁ‘&hwé%‘g‘? G t1zfi‘|goduct S

t her eof W thnadeprihtpeierSOUN G&e ed@ivak@Ior £pkefefally m&lljﬁlys(iﬁ(ﬂﬁadfuﬂ)yalg groups are

al kyl grou;grsﬂu {) Celcacadgly | i near or branched, (Cl-C8)al kyl groups. Most
preferred shuttr ents for use in the present invention are trialkyl
al um num and di dhdeydctions Ascidodmdiuhue, 2 pedqret ad ¢ayie80utunét mydbethntiniinum

tri(i-propylek g§s| aﬂﬁ@sﬂ}éfgm % dn(l&d'réﬁ%"élﬁf&t)c%&yéﬁ't Qs fof é)&ﬂﬂpl@qg(lﬁ(én)z %lyféﬁ@snum tri(n-
octyl)alum num tri etatéblé al [Tum or diethylzinc. Additional "suitable

shuttling &yandeiyseti efteﬁ@cqlé%flﬁywebwaeftbmaﬁmﬁliwwﬁ%né %prmed by

conbi ni ng &dﬁ@eﬁamfeag@taﬂg oD R ARTEY &FC GARRORIVAC. REEfaBly,akl iYacBons are
tri((C1-C8)al. kdy 2 taI umhnum or di ((Cl-C8)alkyl) zinc conpound, especially
triethyl al ﬁ?ﬁ” U 2P al umi num tri (i - butyl)al umi num

tri (n-Héxyl ) al ubiefetahdy, the ¢ofrpoun8 SOtylY & isrdiervampouod (Adi Bb.16) eri(ATef Wit h | ess
than a st OIEQmpp@mtgbcre%a% Ws&ﬁo@d @b b8a LR of NS Gnf DL, @fiftydr ocar byl
groups) of rimary or sec am ne, primar r secondary phosphi ne,
thiol, or hydroR}p P@@ﬁﬁbﬁuwnte@%e@é@|cwnoyndo£§e5ttbq Seperpt §b oy () éf)r/n

t-but yl (di MRANds s Fas@bativdy (dBydb@xdet hyl pyri di ne, di (n- pentyl)arri ne,

2, 6-di (t-butyl)phenol, ethyl (1-naphthyl)am ne,

bi s(2, 3,6, 7-di benzo- 1- azacycl ohept aneam ne), di phenyl phosphi ne,

2, 6-di (I6-butyl ) t hi ophenol , oMAERBALS pNBWIEPHIMO! . Desirably, sufficient

am ne, phosphi e, ddl.ls Or hydroxyl reagent is used such that at |east one
hydrocar byl group renains per nmetal atom The primary reaction products of
t he foregoi ng cohBilyratieirsagapsare ehsdied dgmfcommersial sowrcas lped yedasagseivédnvent i on as

shuttling ageRtRicAEEodrREd Xbiadd ety dirbing Olveh IR RS dnY bt de) |
i - propyl al un num bi s( di rreth | fibutyfisiloxide), and n-octylal uni num

di (pyri di nf}%mﬁhnﬁ’éct 1H18&]P ar@se urFs Bﬁlflﬁ‘fél}aﬁl?ﬁtlﬁ{?ﬁﬁﬂaﬂce (NMR) spectra are tecorded on

10bi s(a@o rTEMﬁi;iin(NZ[erbmi Yk-B80 dn@ ¥aIMRS- S(I)slliwﬁr()hhe&lrd.l Mhewdigal shifts in parts per million

di (bis(tri e in thOX| de),
i -butyl al u nu IT? 1Iftesd( 81)s1€srﬂztrag]?ﬁt{hyﬂane ané r%%erence o tresﬂaﬁ(l 81#[‘0%% ina eu%e(rgE

di -t-butyl phiembliMieeak fnld@@xpylhaiouﬂmnnumrdme@etalhwto(vmem@pmw1emr¢ndj@9

et hyl al um gumn, i ($otoy thd bRt Bl(ﬂe%lr&c%és@?ﬂle Pl%{a) Mo R aldH'E%{ﬂes are

di (bisfirinethylsilyfiamde), ethylal um num bis(2,

di benzo- 1 - a%a‘efwfemé%@%ﬁ%@é?medébl metﬁl lb%%%ﬂoalplﬁ%ﬁsmﬁﬁéﬂmeél%@é aed $orelidebenzo- 1-
15azacysl ohaamaln@magpd@és sumra@lcaulylnaﬂt biospuier: Blo 6tk DRtchydr( hitrtbathy| ) si | oxi de,

et hyl zi nc (at%d b hen t% (a;& r%( nd etlh Itz nc (t-butoxide). Qher

sui t abl e nén- Ofpnsrgﬁ yus & RAA SR G R HE S MR Hescri bed in WO

2005/ 073283 Al ; Dmm@@eﬁwm&pﬁhuonw -2008 AGQOYAEr dhsity WDINZERS(1BD0427 A2; WO
2006/ 101599 é%lmscés%? %957{ 1Q§§ﬁ*§éué°é (pLWPeZCQgZMé%ﬁ&n%hm aagnga 94!1%@1%93/ 035493

A2. 20Pol yo efin ar ed process dinent are useful,
anong ot hegt 1t49|(hl;5f§1 th&é%?ﬁ*ﬁﬂ?éi"?‘%?“‘? depi %V&Pﬂfaées(@?ﬁ@%@?P%ﬂgr?ﬁ‘fl%ﬂletHF’f“é) and as
mat er i abs f6mF1Uﬁ{ewﬂtH'l7 mmﬁna@ﬁwu%déalglp QaNH an ALLPS au6 Qalplengs, fibers, fabrics,
extruded arti clﬁ P?Fﬁ" | nt er medi at e conpounds 25Anot her
aspect of the p 8@8 eat}oﬁ\?@ﬂ‘i“i”%%’i”% i nternedi ate conpound that is the
conpound of f or PekmnireYeighsavelegondldoeldr m@vﬁ\w)szhg/polﬁmpmmymﬂﬁx dfetcfomnerul a (1Y)
may be made by adap ny rel evant process known in the art and the

part i cul ar Vb HEESE of MUAME (PEBIERGAY M RO BB UI I GERE dA 2By of er abl v,

t he conpouRgge@fureor Me@@on(c?ﬁ%m% %a;m BRAEEImACCRIE I NG bhoRAGyIRfe t he

processes illustrated in Schene
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Schenme 2. R3 R4 R5-NN-R (5) In Scheme 2, epoxide (1), which
preferably is prepared by conventional epoxidation 5(not shown) of a
correspormiDregroazeardéne, is allowed to react with an am n@CRIS20@54am7 it S
conjugate anion R1-N(H) , preferably under dehydrating conditions (e.g., in
the presence of a dehydrating agent such as anhydrous 3-angstrom nol ecul ar
si eves or anhydrous cal cium carbonate, or under conditions such as

azeot r opi ¢ PPREREVIRE s GHuigtat B i it didvierigdiipsohenrsng (stgbilizag yith Druylagsygroxenani ne
(2) is preparcedBdy)ahdaoat Bigkaat 1o dbdoaioane (3) to react with the am ne
10R1- -NH2, preferably under dehydrating conditians. ter ively enam ne
(215 prepar ety s iR e SR AR Lo fubPHIRRERY PR ¢
base (e.g. Scmodg Gavidmyadyi(deC; DSCt2A1 G i disiraiopitsolyy ) alfmistheeat spropless inmym

hexanet Ryl dingilaide 18020 4 NGidglr4i€dr 1H0b b&%&t@)&ft&%@i&l?ﬁél@g ¢@f the resulting
enol ate anion with a sul fonyl ating aqent e. trifluoronethanesul fonic
t

: e.g., r
anhydri de (cnpoale fprg g panuteatcpl disdpmiiep)o 4Ret -2agnding fam of L4 °¢ pra pindfer owed t o
coupl e in thbie tREESAUE the 0bld Pahh@der2md € atnaley Shd & 1gat theRahpladitomtd. | )
acetate) with the amne RL--NH2 to give enamne (2).. Enamine (2) is then
al lowed to reactnahizing cecheretps ReprRE0-Ipgcar pagpratshancy i HaTMRIshsedPaetyng

condi t i ons ysihOs GrML6ANEHEQNMRAMAIMGH adiQEdRthEa €tknlodbhgenatively, the .
conpougg of forrmula (Y) is prepared by deprotonating a bis-imne (4), which
I

preferably is pfrePardaissyerssyentiBral EoRdehsatTBPYPNGt PRV of ~ ani nes
R1-- NH2 andbeR3HNH2 (madtityh); dBu2n-Bi ket thiiee (:B)maindeh; dejoyduahibogetandi tions, with
a non-nucl eophilic base, followed by quenching of the resulting enam de

wi th pref ey (dichgspisutegupthane s At §ptrafydselamey aribtQH Helh (Rgredelgenpiuseic aci d
(e.g., trifl.uoro acetic. aci.d). react i escribed in,Schene 2
preferably a%{érijgo%ogycﬁf%%?dﬁg%t(htﬁ%\lﬁ%&g&? ﬁlgegga?n |33P(1q§/ssnllmn§arr Onét%Mgt mosphere in an
anhydr ous apém); C 15 OlpMakkerdhBISBneR Soludh Qg @Y Qoludn®); HERRUicKYLERSS

t et rahydrofuran, diethylene glycol dinethyl ether, or a conbination thereof
and at la t énparatcoren leabgnay Anigi@n pindfHHE H g (talningle@btmylilyo o200 C.
T0Pr o or bl P EHE CorpBON bfF DFFI & (75d “EHE OB KR (5, (), or
(D) of Examploggnikiniol(sD; psi @syecier w@hry inclhessty (pdads deatqedrd inclogagd; Akt of a
cor uae o BaRELIRISL 23,1 S SR LSO 1€ GTBRHTS P 1o
15MATERI AL 3 NMB)METNOBS gerrer] A NMBO nd5 Qfé fateiopysisar single quantim coherence);
20  Anal. (elemental analysis); caled (calculated); br (broad); sept. (septet); s (singlet); d (doublet);
t (triplet); m (multiplet); quat. (quaternary); J (coupling constant); HRMS (high resolution mass
spectrometry); ESI (electrospray mass spectrometery) and GC/MS (CI) (gas chromatography-
mass spectrometry chemical ionization); TLC (thin layer chromatography).
Benzyl metals and other organo metals such as alkyl metals and trialkylsilyl metals,
25  wherein the metals are M as defined for formula (I), are useful starting materials for reacting
with compounds of formula (Y) to give certain metal-ligand complexes of formula (I). It is not
critical how such organo metals are prepared. In some embodiments, such organo metals are
prepared starting from a corresponding metal halide (e.g., metal chloride or bromide) or metal
alkoxide (e.g., metal tetrabutoxide) and an organo lithium or organo magnesium halide. For
30  example, in some embodiments, such benzyl metals are prepared as described in U.S. Patent
Number US 7,067,686 B1. The corresponding metal halides typically are available
commercially such as, for example, from the Sigma-Aldrich Company, Saint Louis, Missouri,
USA and CHEMOS GmbH, Regenstauf, Germany. In other embodiments, such benzyl metals

are purchased from a commercial source (for example, CHEMOS GmbH sells

66



Al'l solvents and reagents are obtained fromcomercial sources and used as
recei ved unl ess indicated otherw se. Tol uene, hexanes, C6D6, and tol uene-d8
are dri edwendiodegrssed accordi ng to known procedures. NRCaseoommsIer i C
resonance (NVR) spectra are recorded on 20Vari an Mercury-Vx-300 and

VNVRS- 500 spectroneters. Chem cal shifts in parts per mllion (6) are
reported versus tetranethylsilane and referenced to residual protons in a
deut er at ed '<arpefiiniyyrdgearionpimbeplape e tﬁ%ﬂl?g"tzéilﬁ‘ffcoélgglluﬁﬁ]fﬁ‘éaﬁat%g are provi ded
for convenmneneelsag)are not limting. Some of the atons in the structures
of the Preparations and Exanpl es are nunbered for ease of reference. All
nmetal -1 1 gand conpl exes are synthesized and stored in a 25Vacuum At nospher es
subst ant i aP-wyy imbrit at nosphere gl ove box under a dry nitrogen atnosphere or
by using st andagqa)%lggg,gﬂg @@gne\ggg&ggmbgd@ge t echni ques. Det er m ni ng
percent incorporation of ?L octene an mer density by Infrared (IR
Spect roscopy: DEpN8SPHecamoA fingls EW‘it@clé?%‘“‘(b@Lfg‘lm‘“(?Flo'égdﬁlﬁmﬁﬁF%/ﬁ@F sol ution onto a
silica waf earAlreaE®at (ChéGorTnidMiciubl Pfrd’pert}ﬂLIZJ)Aavﬁlrablﬁ b AERkerBRiciId GB),

evapor at es, nd nal Ni co et 7.1 version
sof t war e e&uﬂﬁougﬁd Wi %/ﬁ‘ agl]njass o%rhﬁscri i %agﬁ%f g}o Ol%gfer glgﬁ#@tt |1%t¥r]?rm

C hlr o] (rjrat ogr dpinyetohSeC)quipPeltvathrigraphiwenogbdhranage aw}l Ml eKudadiationsaugra . £ Mn) andd
pol ydi sper si [ e I t / spersity index
o b1 yOusrrd A o ict I S Ra iR e M RE W SRR D

chr omat ogr amqgenlﬁtr@pdpehes@n@bleﬁdatsmgctm (#g0°6f. pol yet hyI ene polyner that is
diluted with 16 f el L S t iyl ated
hydroxy tol ueneP ot Syéq%ea(atv%fn@mrﬁ&%g& glfég%(l)&ckgho}ﬂrs'dn %%g%n\ré\fg ﬂﬂspg%t

Det er mi ni ngseﬁé‘?ftdlfﬁﬁt‘)&ﬁ&f enyalt fEnieissas indprince pisataBen pdx alselatieateadf f usion by

IE:J! ff ter enti @Jluaéﬁiﬁﬂﬁﬁn?:gt oeaéuq;raiaﬂie&lrsycrﬁlaﬁt@es RSGuRAH and Ae Ia&lﬁrl] &aw{r? nts, L nc. ]2 ) 0
I rs rom e era eat.l rate oO
& por 8o R s BobhOMerRAT GVEans kot PG e, B WS At o6 coor

t he sanpl ess us@l te dDuGlagtcoBectoohrtngy. rat e of 10 C per minute; hold the sarrpl e
at the col d tenper a1 ?neﬁ%re%d%fm rm§Mﬁﬁ$M Aot RER BRgAIAt NG Sarmpl e to 160
C. Anal yzi ng end grou yp ¥ ot on- nucl ear magnet i c reésonance

(1H-NWR) s ;M@éwnoWewwmu‘éiiﬁq)gm@m\staﬁateénmm mﬁﬂlnmmrltw rhenspritingqeta deut er at ed

t et rachl or Q@tréaa&a 10 ﬂr%@&{kﬂéﬂé’&lb&@% élapﬁ@hﬂ% dnid ebtin(abARRAMrd devilllond | SOPT OpY!
(phenyl); Bn (benzyl) ;. nBu, n-Bu and the

| | ke ( §8I’ ngﬁymaﬁ ‘)OHeCGﬂQf@j_[?re(l&aﬁd[ﬂO&‘P@?ﬁ‘f ﬁ%ﬁté) Su(fwgectlons are'collected
(di chl or odeutgtematigae)l; 51Td-ﬁ:1€(1‘éﬁinﬁﬁb5yldfed)$viﬂl{ @B, votod Odd.of26 percent, at

Kooos. (pot Jean i aBoRalEs ok P reenshoe heimg2 (el AR ET PSR Sone):

t ol uene- d8 (tpel deytcenatial v gPeId andts Jdns marri etdaptl &hd uné kel pabadireBrsdire( zi r coni um

t et rabenzy o t%}ri%_ ) i rabenzyl); r.t. (room
t enper at urg% CHIY?&% @%% E?%A‘]gfepﬁft?ée}ré W& C (degrees Cel sius); X
(times2fas in ZMSBYPHRW)OH@Ware(mlveﬂlbﬁwlteé(a@%ba%é@ﬂ lﬂéwﬂlﬁld@ufp(é?%%quare i nch);

psi g (pounqbata@, RparS i & Grried&l u g@g@ag{ammhgﬁmm& Zbin B AJRS, i), M 2
(mass-to-char ton NWR); a%éar bo =13 NVR) :  19F- NVR

(f1uorine- 1§49 Wlscﬂg@djﬁ‘%?eﬁg?%‘ﬁﬁf&ﬁeé%ﬂm%q %’1“8“ fits IéFolﬁ%Tr[éﬂce) 20 Anal .
(el ement al (am&byﬁmm)lsrulemm Iﬁccafllaamdnamd)mmbt}s;(shfm\dbmh tEteg@)Emor(ssész et); s
(singlet); Iet tri . e (! rnary); J
(coupling cons a 3t0m%-ﬂ§?\)§)ta%lﬁd erserés'do i ?%quﬁle&ﬁ%lgosnéhg%gﬁnlet ry %“ESI

(el ect PEspmayixiagsqgpe etinowret éﬂly)lonairlneltomrwsfl(l@mlth(aglaéromh thomt ogr aphy- mass

spect r omet L..6hemfal of QOI12@khk 40 kalculkdd if Jd&ihﬂad'p@.«)ﬁﬁ{ns &RLQeE @Giaphy) . Benzyl
netal s and ot her organo netals such_as alkyl netals and trial kyl silyl

met al s, 2§wWﬁ@Wé@ﬁmfWé“ﬁ@?%??f@F@”Nﬁg§m85$Fﬁ@HqW%?“¥8¥ﬁﬁ¢ﬂnﬁpﬁ are useful
starting rra&remuai SAE@Irectroeaﬁtsdcﬂ@awemhcmmﬂmﬁ@ﬁedofrhé ﬁrﬁanmhaen(ek()ls to give
certain nmetal: ed ou aéﬂld €9 OLEan%S aﬁ)les R 1s atécf t)) rO 1de are epe%Ee tg' hI tical how such
organo netal's are ?epare I'n"“Some " &b P v such organo netals are

pr epar &4 s@antMmgﬂRn@h¢mnabmn®@@@mdmNQHWE@aAMMQhﬂUeWK£8@eﬁmWBnahtchlorlde
or brom de), phiniRhahd @ koxi de (e.g., metal tetrabutoxide) and an organo

|'i thi um or organo nagne5|un1hallde For 30exanple, in sonme enbodi nents,
such benzyl netals are prepared as desgribed in U S. Patent Nunber US
7,067,686 Bl. The corresponding netal halides typically are avail abl e
commercially such as, for exanple, fromthe Signma-Al drich Conpany, Saint
Louis, Mssouri, USA and CHEMOS GhbH, Regenstauf, Gernmany. |n other

enbodi nents, such benzyl netals are purchased froma comercial source (for
exanpl e, CHEMOS GtbH sel |'s



t et rabenzyl haf ni um under catal og nunber 151655 and tetrabenzyl zi rconi um
under catal og nunber 150405). X-ray analysis 5X-ray analysis is perforned
as descriwodotianre22s Data Col | ection: A single crygcalusedoossistabl e
dimensions is imersed in oil, PARATONEO N (Chevron Intellectual Property
LLC), available from Exxon Chem cals, Inc., and nounted on a thin glass
fiber. The crystal is transferred to a Bruker SMARTT"" Pl atform

di ffractoneter @&ﬁ}i“ﬁaﬁé‘&fOYR/P‘E“rfogﬁﬁF‘édfﬂmtwescﬁiﬁﬁ%fﬁ?t?fﬁﬁtdlaﬁo%ﬁlvéfhéﬂ’em% MoKa

radi ati on s@uce@s (Xcacul@Q frBﬂaG/ZIaesA)om tamlteﬁlaﬁaﬁl Tablaaihge-rgauptaticerapyi ce) area

det ect or (o I bat hed r hor.lihe duration
of data colpgc)t?%ﬁrsl&? 15588(‘:3 nghiin: K roessr %&ﬁiﬁ&%‘”’fs[?é‘\e%. %rldehf[ om Br uker
AXS, Inc., MadiBdevan\Wistansi n, USA) is used for diffractoneter control,
frane sgans, indexgngy@fil @0t AHFQN matrix cal cul ations, |east squares
refinenment of cell paraneters, crystal faces neasurenents and the actual
data 15col | ecti on. wﬁgﬂmmmwﬁ[w@aﬂqﬂﬂ@abl e from Bruker AXS, Inc.

Madi son, W sconsin, USA) is used to set up data collection strategy.

Raw data franes arkint eictFo%qu?megn)aZWES?A?]I\rrTm (avail abl e from Bruker AXS,

Inc., Madison, Wsconsin S@) and i M egr at ed using 3D profiling algorithns
The resulti ng dataS AP vieduE élzh/@llﬁ} odvher nhHithe pusshedd rollgeionseand ik r
intensities a[bgdleﬁﬁgep@tpelgmégrgggggdd devi ations. 20The data are corrected for
Lorentz and pol arization effects. Sufficient reflections are collected to
represdfit a range ofE 121[023]1020JGEOQ37mﬁ))2r+édwmd@ﬁ:dylai(&;@)+wlfcl%]/ﬂn Rsym val ue range
of 2.5 percent shel | r ef O percent at

t he hi ghest Zéllélﬁ g@‘fsoﬁv%sce@fc?%ﬁeén a(r%%e}mte%?v %@t% Pa%&%ﬁityg%%r ection is
applied and is Iess than 1 percent. The unit cell paraneters are refined by
| east squares of the setting anglmg{mgﬂﬁqsr efl ections. 25Absorption
corrections are applied by integration based on i ndexed neasured faces.

Dat a pr epartipieirnil sprepaferpned 1Y -CoSiorigsopropy Phery XPRERTFIh e aivlidebte from

Br uker 18XSy, 6Ldo propMadii®on, Wsconsin, USA). The structure is solved by
direct methods in SHELXTLS. 1n4 (aval I abl e from Bruker AX I nc., Madison,

W sconsi n, USA) from which e positions of all of thgp i#tons are
obt ai ned. T} tructure i ~® i ned, atzmidp@idSHELXT Il -
30matrix |esg squar es ipef Nemanpt .

1n4 i ng)-f4

£ 4 pf iHNee @

ani sotropi ¢t hgy mal par anet gis R are cal cupated in
i deal i zed positions and refined riding on their parenkPrat ons,-Por are
obtained froma Difference Fourier map and refined without any constraints.
A correction fogyaRGONLRIY iR Xdr Bde@&e {G:ateQQj Paﬁwjda,eﬁA dhge, &l; Radliant €f | nenment
is carried out u5|n F2 rather, t to provide a

reference foMHEmsBchiveicohar BF?O{?%?P% %fon}o{eg‘ll‘fsu%%? ?%%?Zfl) ggaﬁgt m ni m zed

Addi t i anal |Cy/clolwmlei18 di&me (2f (]!BIZ(gI 1808 ninfodtand B6- ﬂisﬁprﬂpyZa‘ﬁdme arsd gnast 78 Rimol) The
l'inear absor F%hsso(? mLo m tar’lol aIto(?hls solu%(:ﬁfjl 1tst pgl#fo?‘ﬁ')rrmc mc?‘ aanth
anomal ous- &r I sper SI on corrections are ca rom va ues romthe

| nt er nat i omattud sblies! rerday-at wpm@mypstapild. Blg‘rlaplw whitQFwjalling/gilid is] V,  p. 55
Bi rm ngha%ﬂé&@@&mé’ﬁ@%shéf&%eaﬁmgll (§>E16 mslmrdm@mdae&oqgéd Eregl(afe% geht .

Rel evant functions: E(Iroi - ) / Eroi Fe2)21
E[ wF02. 21i f/lzg(ﬁ%”m@ ﬁﬁ@?compmeﬁ%famaf%l E[ FO2] ON(FOZ - Fe2) 21/
(n-p)12%2 where n is the nunber of reflectlons and p is the total nunber of

pal ameter's plShhiied: pdpirafontat Frhbfdit U PAQoRAE ot P P = 1 max(F02, 0)+ 27

3 4
0]
toluene 2 5
" reflux ! 5
N
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Al'l thermal ellipsoids described herein are depicted at the 40% probability
| evel . PREPARATI ONS Preparation 1. preparation of

(E) - N- ( 2-w0,2610di2e28pr opyl phenyl am no) cycl ohex- 2- enyl i deR€XAIS2009/054447

152, 6-di i sopropyl aniline Synthesis based on |iterature procedure (Gates, D.
P.; Svejda, S. AL Onate, E.; Killian, C M, Johnson, L. K ; Wite, P. S ;
Brookhart M WMacranol ecul es, 2000; 33: 2320- 2334 é ZOQ/CI ohexane 1, 2-di one
(2.062 g, 18. 39 ¥R5HY Paswlen Htegids maiind SRy rdur (PPaski Yo Taighgshi. Bgingus. $ip1 ) ar e
di ssol ved iSaxo,7Q Bulleti@ fCheritH doddty of'lfﬁpaﬁ hoss;4salsert)i H500H81 adeteebtdmedflaof f orm c

acid and the m xture .S Lred for da
Precipitat echl\llvﬂlfege t@rg/)s%nsslttﬂrl ‘e SOl Sttilr})a% a%d}af mlegg\ggas aﬁﬁ@leﬁ Lﬂle f\}\%léhed wth
met hanol (b@h@gm\’yltha?ﬁwdml@dxamﬁdﬁer (15 d ¢l acle i Opmmgis umogphplane gl A& 241701 (51. 8%

yield) ef Eﬂnﬁd}f%n&@lﬁp&t{ﬁlﬁ) ). PhEPRidaE &é?l@szolut%'ﬁ i RRAG Al O r Zihoddd, €PAr ati on of
2- (nor phol i n- 1) - 2- cycl ohexen- 1- one Synt hesis based on literature

nodi fi ed pﬁs&t@a&ﬁ@wt‘éﬁ%wut SiimL of gyateh afs pllecterd o o terfesgdtars; Thedgevgr K. Bul | etin
Cheni cal Segl@hYs c@iﬁantl&@@d’}f frohihibicid@1 ah8 9rged wih BRreTIhE Uitk B odlamedd f | ask i s

i d t De St t b N2
ot hoopher ot ke At R ERDERTERY kBt o g Ring B RSl S 15754 o
135. 00 mmlbyownrmlrdphol ine (14.82 g, 170.10 5mm|) and toluene (330 nL). The

result htﬁy\ﬁ I s ref ng i s
stoppe dﬁ ou ﬁor@%ﬁ?@v\/g?%begrlgogoﬁée e on356t4}tglgl @aznﬁgtaéaéfk The
br own sol Ut gD 25! Sdecidrimet. Y- 871 Shina 2HhHOK! 4} (Huisteio2IE i Fsed HaiH®h t ol uene.
The sol uti @/ N1§ (@PR&S Nk RheduRs A +jgh vacuum to afford 23.33 g (95.34%
yield) of title compound of Preparatlon 2 as a brown solid. 1011 NWR
(C6D6, 300 MHz, 30C) 8 5.35 (t, 1H, 3J 4.6 Hz), 3.67 - 3.64 (m 4H),
2.70- 2.66 P(emrat?blﬂ)% Prépaik8orr of 2- (lB-d(i%proﬁ)libheﬂrﬂ%)minolcy&Zhel=2&fhor(em 2H, H4), 1.42
(quintet, 2H_3J= 6.4 Hz, H3) GC/M5 (Cl) nmass spectrum mz 182 (M + H).

Pr epar ation , _
2-(2,6-diis ycl ohexpZsngne @SA-P 0-nmL

‘ ; uipped with a c| nser s inlet and
septas is p aced wnder N2 at sphere Theueh¢ ask is €haihy

2- (m)rphol i n-4\y1Y- 2- cycl ohexen-1-one ($9°6046 g, 38.65 ~ Preparation
2), tolldene (74.0 nL) and 2, 6- diisopropylaniline (6. 8521’P(j 38.65 mml ) To
t he yel |l ow sol umzo(thshr@debeldad prubdbaemesildsk apippedAtigc cdndemsao basdirlatel (7. 3520

0 351 8% Tk LR R TG AERRLL AL MR S RESRIE 441 Y. T ck wth 2

| ot of precip mxture is eate tenperature) and
al | oned to%ﬂthhﬁxenAwm P4z, 63-pA mepl; Prepaptine)alpensddebmbland 261 | i t at e

stirring. Hhs%pﬂ&b%in&lfn@(d %2% I3R 6§ﬁlmf>9r T@th@&bl%v% solRRA G Len pf{bli{énblsruﬁodms al I owned
to reach roomtenp mxture is filtered. The filtrate is

concentPat &gd H’ﬁ'&PéWdrﬁF 6@5%% é%r?ﬁ %‘Olali’ i S?IE{HZ@ e rﬁaCB‘T“ %X?@IbFW 4g¥id. The

sol i d is 2 lv t | The

ol urr o ¢ BATACL R TAAR pISHANER At SO Mh AR TS
freezer. Thwestis@dngth¢rdn) misofftplpene pre dddgghiol fecilpasesttirmgfe. ffhﬁemlgtyteuﬁsurrsd foe2t behi nd on

the flask. hJLt;geRfeelcaéﬁmkérem Ap&eh te&aano&ﬁﬁemp@fatbre TR &isak isdidsa. riesed with two
about 6 nlL portions of cold hexanes ow solid is allowd to dry,

transfer t &t Cé?Fm&"ﬁ‘iﬁedl”‘é?k‘tr high, vagpym @\Fg?rﬂlléﬁ? 2 offaeow b s i st cr op:

4. 05502g) . divitke i Hot IGHGES (h&)ucnnﬂ@rahd ateed. anckoBbor i Blloysd alcbdlmbbr@n is

E ggggf‘]gdcf‘ \é\%npgntru{;f?%?ﬁ fnd é)]-zgg ?rﬁ eezerclrhg Igoluqon ];s%jltered whliie IPRSI ?f e so 31 1£ ngS hours
0. 6919 ). Iefithehigberyhaidedk. heflagk @fplatthOhen o bgio Ghalsobd 1s Pn@pa/nthtwomhm@ 6i s 5.8254

g (55.549 portions of cold hexanes. The yellow solid is allowed to dry, transfer to a vial and left to

dry overnight under vacuum (first crop: 4.0550 g). Mother liquor is concentrated and

30  recrystallization is repeated two more times. The second crop is left in the freezer for 5 hours
(second crop: 1.0785 g) and third crop is left overnight (third crop: 0.6919 g). The combined
yield of title compound of Preparation 3 is 5.8254 g (55.54%).
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NVR (C6D6, 300 MHz) 8 7.17 -7.06 (m 3H), 6.00 (broad s, 1H), 4.95 (t, 1H,
J = 4.7 Hz), 3.15 (septet, 2H, J= 6.9 Hz), 2.21 -2.16 (m 2H, H2), 1.75 (q,
2H, J= 5.\§OHm10/#Rs 1.41 (quintet, 2H, J= 6.3 Hz, H3), PCIWSGaooilky J= 6.9

Hz) . &/ Ms (Cl) mass spectrum mz 272 (M+ H. HRVS (ESI, MtNa)):
(mz) calcd for 5C181125NONa 294. 180, found 294.183. Preparation 4:
preparation of an olcémeri C n- butgl am no-titani um rea(%ent (Ti;N( n- Bu) 2) r

Ti (NMe2) 4 (BeMR (Cgle 38 M P 7i14 -di08 g3 ¢- 00 frevgo: 1D 8 (4 dildlere” 1A t he dry
b8>0<I i}lnﬁt8 hg3§f@b@a§2}f6 Ua%binb_',:cZ@SKZi.lS (haken2), n73 %ﬁz_mge&s ﬁz@léﬂ)?iﬁl sol uti o]p are
adde : - u ne ich caused formation o
orange sol i(Od‘.mtegF%g’ Z’lzﬁggizellﬁslﬁégzglgﬂ J;%%'gg%)y smal | reflux with nitrogen
sweep at t KE€/MOCIphas hectoon der?Se M +Yiel HROMS 6351, M-iNoi): e acmeddeep red wit hin
m nut es saf tC%E{ﬁRT%F&QISO%&n%rZ%@l&%QWs of reflux, solution is cooled to room
t enperature and solvent is renoved under reduced pressure to give
deep-red-bl ack glassy solid. The product is transferred into the dry box
for storagerepihionsNGehadior’ ddpdyrihic hibhhy RmnS AQR MM el BRRE-BL), 0N 4, _
15wherein r indicates a nunber of repeat units of Ti(N(n-Bu)2. Preparation
5: preparation &{NMthaoxye 21{@n@) dilissbpd oPpPd ambiof olweetin tpyrlyibopmn the

tetrafl uor QBRLR%RIAask is e I nob &b 8fid HRGARYE A& RBLIWHd6 mdp 45.-9. 6. 74
n CH2C12 (5 niL d f

mol ) is dissolved i ) 20and a solution o
2- (2, 6-18i i Seiprops Fakh Fauire fermes REorpnee stidglhe midwe inhegted of yeroppd1glug 10 nL) is
added to i tyifl hEPWNSRePlat BStofof TN @n&Bdeb ey dofutibit bcdn@hegied Witght f ol | owed

and then product i reci.pitated. by addition of excess dieth et her

(Bt 20) - eSS o PP o p BpPrE O ot oo R Srsaiedt on 11

m ni num gquagitednt iy repfoveSHAET Rdered prpssere iqditeake¢pond -Whdkiplaesycelss TietpfR@uctks nal [y, t he
solidisr ize i.on: |l ayered with
220 Lar ga akrearis REa M P AR 2 B ERSHORG AR R e P O e
crushed) wadped r widichesEmober ghgpat regofidérBWacuum to give 1.38 g (65 %
yield) of the title product of Preparation 5 as a white crystalline solid.
The product is air stable. NVR_ (CD2C12, 500 MHz, 30 . 9.25 (br s, 1H,
NH), 8.07 (fegaratpydpprepasiion Ofi@‘?’%f'%:@&'dilﬁ‘ﬁpr%@‘}ﬂm??t%ylt“ai tetﬂa%‘flf)bfraieo. 6 Hz, 1H,
H6), 7.88 (tm JH H = 10.3 Hz, 1H, H3), 7466 (tm JHH = 9.5 30Hz, 1H H4),
§ Hz, 1H, H11), 7.40° IJHH =g¢.8 Hz, 2H, HL0, HL12),

7.19 (d, J1-1-H .6 Hz, 1Hc R), 4.7 2JH-H = 7.0 Hz, 2H, H14), 2.79
(septet, JH H = B« tpr 2H, —YAE—268/ 02 CTINIS2009/ 054447 CH(CL- 13) 2),
1.69 (t, ./HH &7, , H15), 1.220 dﬁNﬁf&/gﬂ 6.8 Hz, 6H, CH(CH3)2),
1.12 (d, JIIH = 6.8 Hg,” BH, CH(CH3)?2). -§r:* NMR‘CCI2C12, 470 Mz, 30 O):

-152.8. Anal. Calcd for C21H28BEINO. C, 63.49; H, 7.10; N, 3.53. Found: C,
63.44; H, 6.99; TidthyBteb&luoroborate (Et30BFy, 1.28 g, 6.74 mmol) is dissolved in CH,CL, (5 mL)

20  and a solution of 2-(2,6-diisopropylanilino)tropone (1.50 g, 5.33 mmol) in CH,Cl, (10 mL) is
added to it dropwise at 25 °C. The solution is stirred overnight followed and then product is
precipitated by addition of excess diethyl ether (Et;O). The resulting off-white solid is purified
by dissolution in a minimum quantity of CH,Cl, and precipitation with excess Et,O. Finally,
the solid is recrystallized from a concentrated acetone solution layered with Et;O. Large

25 colorless block crystals formed. The crystals are filtered, crushed, washed with Et,O, and dried
under vacuum to give 1.38 g (65 % yield) of the title product of Preparation 5 as a white
crystalline solid. The product is air stable.

'H NMR (CD,Cl,, 500 MHz, 30 °C): 9.25 (br s, 1H, NH), 8.07 (td, Jun = 1.4, 10.4 Hz, 1H,
H5), 796 (d, Jun = 10.6 Hz, 1H, H6), 7.88 (tm, Ju.g = 10.3 Hz, 1H, H3), 7.66 (tm, Jyy =9.5

30 Hz, 1H, H4), 7.55 (tm, Jyg = 7.8 Hz, 1H, H11), 7.40 (d, Jun = 7.8 Hz, 2H, H10, H12), 7.19 (d,

Jun = 11.6 Hz, 1H, H2), 4.74 (q, Jun = 7.0 Hz, 2H, H14), 2.79 (septet, Ju.u = 6.8 Hz, 2H,
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Preparation 6: preparation of
2,(2,6-diisopropyl phenyl am no) - 3, 5-di net hyl cycl opent - 2- enone 3 Fol | ow a
pr ocedur eweiznmioi@e2280 t hat of Preparati on 3 except use 3pETdiSawdloyd41, 2- 10
cycl opent adi one (1.5043 g, 11.9237 mmol), toluene (6.0 n),
2,6-diisopropylaniline (2.4 nL 12. 7117 mmol ) and para toluenesulfonic acid
nnnohydrate 0.4584 % 2. 409 ?ﬁ heat to refl £0|I ath tenperature
150 Q); an&F¥dtis-op eJHrHers7qufI? A WSkt P &5 dir 2688 1 6(% HE bl & 18 (fe/t o

rel ativel y ysrd iz, viol@reshereof ) on a silica gel colum for chromat ography,

eluting wt S%_.hexanes to afford 2.5156 g (73.9% of
2,(2, 6- d||5%53§%§ﬁgﬁén3§§%fﬁ§)8 %9%15dinethylcyclopent 2-enone as a yell ow
solid. 'H MR C4aber, C.BRMBINFD:,C, 81)49(:)1 B10Z N155%. bowwad_, 06344 H, 6.99: N, 756 Hz,

par a- Ph, 705(d 2H, J = 7.7 Hz, neta-Ph), 5.45 (S, 1H NH) , 328(broad
s, 2H, (CH3)2), 2.22-2.14 (m 2H H2 and 1@%3 1.63-1.58 (m 1H, H3), 1.21
(s, 3H O%@anafatlom O1gepeetion s (2, @*lsepf&’ﬂﬁleﬂytéﬁe ?2‘1%10@-4%%%0@0 Not shown
are ' 3C NWMR (C6De6, 125 MHz, 30 C) and HRMS (ESI, (N%FD) data. Preparation

7: preparation of 2-((1, 1"3' erphenxﬁgo@thlanH sohexen- 1- one
Ph 25Fol | owl:& gdse sinl that of—Preparation 1 xeepl use

1, 2-cycl ohexan ne (1+0098rg, 19. 0085 nnnp%nez 6- di phghy lnpiléne 2. 2258
g, 9.0731 nmol ®l uene (22 nLNH:pt ol uene$®¥% oni c aci d nongpydrate (0.0859

g, 0.4516 mmol); reflux reaction mxture for 2.3 hours; to isolate 3.5678 g
of a brown thick oil u he t hi k oi |l he chro ar using a

Bi ot age_SNAP 50l ORISR TS b d G td PR OB 19,2 e o
4% et hylb amartt@/m%%iﬂes(anegzﬁmdnol)o(a%ret(hghﬂaa@tmc@rc@yndnimemznmy, wth a

gradi ent Of 1'18 o%t P%’L‘Jjafggog}e%fﬁlf dnfd a&ﬁﬁ%gﬁdr%@ (0314{5 p %}q 6(§8tr§1£01 %1 alt ﬁt ion 1.1388

g (37.2% o ter cycl ohexen-1-one
as a yell owfhlhioellbafbltdmpem (20608 andGEOLyNkz csuB02 @)Xt@e dire@® (flpwaldlpidue] =7, 2 Hz,

EI:') J ] 7=24 Qéjmlag\lég slllal'l'vﬁulﬁe thg'eof)P Jﬁ)a’sﬂlgz; geil-cﬁbh(lﬁn’ fordblﬁiromlﬁ)gr?iplgf éﬂ?tmg R‘Ilﬁ 5‘@; 06 (t,

1.89(t, Hethﬂl acqgatg %hexma b aﬁmﬁééééé P 9%>0f2 érdwprommwnﬂami@) ?am ntet, 2H,
J = 6.35Hzamﬁa])y1cyd}kp%ntszt@maaﬁ@euoa%liNI\/R (C6D6, 125 MHz, 30 C) and HSQCAD

(€806, 500, MK 200506/ RE: 301 5 7.15 broad 1, 11, =76 Hz, para-ph, 705 (@, 21, 7 =

7.7 Hz, meta-Ph), 5.45 (S, 1H, NH), 3.28 (broad s, 2H, CH(CH,),), 2.22-2.14 (m, 2H, H2 and
H3), 1.63-1.58 (m, 1H, H3), 1.21 (s, 3H, CHCH,), 1.10 (d, 15H, J = 6.8 Hz, CH(CH5), and
C=CCH,).

20  Not shown are °C NMR (CgDyg, 125 MHz, 30 °C) and HRMS (ESI, (M+H)") data.

Preparation 7: preparation of 2-((1,1":3',1"-terphenyl)-2'-ylamino)-2-cyclohexen-1-one

34
p-TsOH+H,0 2 °* Ph
Q T 4
+ Ph Ph toluene O HN
O O NH, 110°C
Ph
25 Follow a procedure similar to that of Preparation 2 except use 1,2-cyclohexanedione

(1.0099 g, 9.0065 mmol); 2,6-diphenylaniline (2.2258 g, 9.0731 mmol); toluene (22 mL); p-
toluenesulfonic acid monohydrate (0.0859 g, 0.4516 mmol); reflux reaction mixture for 2.3
hours; to isolate 3.5678 g of a brown thick oil. Purify the thick oil be chromatography using a
Biotage SNAP 50 g KP-Sil column, loading the thick oil with small amount of 4% ethyl
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EXAMPLES OF THE PRESENT | NVENTI ON Reactions of the Exanples are run in a

gl ove box under nitrogen unless otherw se noted. Exanpl e A

pr epar at iwo 200/022228 PCT/US2009/054447
(E)-2, 6-diisopropyl -N(2-(octyl am no)cycl ohex-2-enylidene)aniline 15(A)
14 I'n the purge box, a400reriaI i's charged with 2-(2, 6-

di i sopropyl phenyl am no) cgcl ohex-2-enone (1.1128 4.1003 mmol ; Preparation
3), tol uendEoF fikanes g3 699%?%&?%@&@@ %‘gﬁ‘gﬂﬂhaﬁraﬂlﬁgﬁf‘}%e}hﬂ ¥ePEcul ar

si eves and 1rﬂfexzfn@ﬂ’tﬂhffora€ﬂtdﬂ1s()1@tmha 12884 (37 4% 1 @6k 20001} 1"-TR@enyid-ur e is place to
shake at 751C Opgcr‘qoﬁe 0|nésaslaef JiRcShgke overnight. After al nobst 27
hours, the sﬁnank ﬁ/althe mxture is all owed to reach room

t enper at ur &l NM%(Qng,tSO(D MHiz,s30f°C] § epd. 4/ Fé@(ﬂv,eDhbrﬁIZémBIa,rJ sil.eNegand
concentrated under reduced pressure to affo a yell ow t hi ck
oil with sgrjré(tsﬁ’i’d.7~8'l}i[?eP’8r£ tPH fpu??ﬁizéﬁ) QQO&SMP&%{)OHP%W 7sthg buf fered
silica gel mab)el.sot(edHw Holv HABIEL BN Q, B etshyz, Boet at @hil8t, A%/26dexanes to
afford O. QW (59.48 % of compound (A) of Exanple A as a thick yellow
oil. Note: plates are buffered by treating with a solution of 5%

tri et hyl amNoeshB&96rh e as (sDp, 1aDdILz. B M ad HBQCand Chen0@MHowedCt 0 dry. The
silica gel for the colum is also treated with a 5%triethylam ne/ 95%
hexanes sol#tion and | oaded in the colum in that sol ution. NVR
(CeD6, 1800 MHz, 30C) 8 7.11 -7.18 (m 2H), 7.05 -7.09 (m 1H), 5.10 (t, 1H

3J = 305.3 Hz, NH), 5.04 = .91 (g, 2H, 3J= 7.0 Hz,
H7), 2.87 (septet, 2H, 3§%A¥Pé%?%ﬂﬁ%ﬁgé§%§w@?ﬁ?’q, 2H, 3J= 5.9 Hz, H3),
2. 06 (pseudo t , R&ktion3 dithdxamples areHS)l jn a]gl@db@@ande\t\@'trogen unless otherwise

2010/ 022228pCT/ US2009/ 054447 (quintet, 2H, 3J = 6.2 Hz, H4), 1.49 (quintet,
2H, 33 = 7.2 Hz, H8), 1.19-1.32 (CH2 overt one rn 10H), 1.19 (d, 6H, 3J= 6. 8
Hz, CH( CH32gmple A: préparaigpn of (-2 Fhiisoprapylely 2-(oxilmpigyyclohgs-Banyfigend)gifine3] = 7. 0
Hz, H14y. () GO M (Cl) mass spectrum mz 383 (M+ H. HRVMS (ESI, M+H)):
(rrlz) calcd for C26HA3N2 5383. 342, found 383.340. Exanple B: preparation of

(E)-N-(6-(B B1no)cyc|ohex 1- enyl) 2, 6- d||sopropyla ne (B) 4
+[ (n- Bu-N)
formic acid
_<: > n-octyNH;, ————

toluene, 75 °C
molecular sieves

In the purge box, a 40.0 mL vial is charged with 2-(2,6-
diisopropylphenylamino)cyclohex-2-enone (1.1128 g, 4.1003 mmol; Preparation 3), toluene
(20.0 mL), n-octylamine (0.680 ml., 4.1090 mmol), molecular sieves and of formic acid (0.16
20  ml, 4.1364 mmol). The mixture is place to shake at 75°C. The mixture is left to shake
overnight. After almost 27 hours, the shaker is stopped and the mixture is allowed to reach
room temperature. The mixture is filtered to remove molecular sieves and concentrated under
reduced pressure to atford 1.5337 g of a yellow thick oil with some solid. The crude is purified
by chromatography using buffered silica gel and eluted with 1% Et;N/0.5% ethyl acetate/98.5%
25  hexanes to afford 0.9332 g (59.48 %) of compound (A) of Example A as a thick yellow oil.
Note: TLC plates are buffered by treating with a solution of 5% triethylamine/95% hexanes for
about 5 minutes and then allowed to dry. The silica gel for the column is also treated with a 5%
triethylamine/95 % hexanes solution and loaded in the column in that solution.
"H NMR (C¢Ds, 500 MHz, 30°C) § 7.11 — 7.18 (m, 2H), 7.05 — 7.09 (m, 1H), 5.10 (t, 1H,°J =
30 5.3 Hz, NH),5.04 (1, 1H,°J = 4.6 Hz, H2), 2.91 (q, 2H, °J = 7.0 Hz, H7), 2.87 (septet, 2H, °J =
7.0 Hz, CH(CHs),), 2.17 (g, 2H, °J = 5.9 Hz, H3), 2.06 (pseudo t, 2H, °J = 6.5 Hz, H5), 1.54
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2 ]r The r indicates a nunber of repeat units of Ti(N(n-Bu)2. Reaction is
set up in a glove 10box under N2 at nosphere. A 20-nlL vial equipped with a
stir bar we2eotvmegred with (0.4858 g, 1.7900 nmol) of PCT/US2009/054447

2- (2, 6-diisopropyl phenyl am no) cycl ohex- 2- enone (Preparation 3), toluene
(6.0 nL) and (0.3022 g, 0.8984 nmol) of polyneric n-butylam no-titanium
reagent (Preparatl n m xture is stirred overnight (24 hours)
TTIINVR OF b ol okt [her bt TedHol 8L bl ABGL% D6RUGE ot ar ti ng
material reomi nex(dlieref @8 Hy, (IDCHHH), M XWWITE * 157 arle @AUdEg,).AR72:, big “of

pol ymeric n- %ZKIEE J1i no- titaniumreagent (Preparation 4). After stirring
over ni ght, of aliquot showed that no starting material renained To
t he m xt ur §CAYIS (Hildesd sivetvan e, 38A 0 +THSIRMS (HSL Mg D i (e/2) eaded far EitlNer ed.
Hexanes sar gg 5 o tizieds §4 wash filtercake solids. The filtrate (yeI | ow
solution) is concentrated under reduced pressure to afford 305.8 ng (52. 3%
of conpound (B) of Exanple B as a yellowoil. 20"1-1 NWR (C6D6, 500 MHz, 30
C 8 7.23 ExampleB:(piBpardkdn of @)Qﬁ(ﬁ’hﬁutylﬁm&gcy@lﬁhexﬂk&nﬂmb{bﬂii&p@ylétﬁline 1, J = 4.6
Hz, H5), 3.39 (septet, 2H, 3J 6 9 Hz, CH(CH3)2), 3.26 (t, 2H, 3J = 6.8

Hz, H7), 2.09 \pseudo t, 2H, 3J 6.6 Hz, H2), 1.96 ( H, 3J—55Hz

H4), 1.69 ( ef of nultip H| 3] =tofe8 Hz, H8)’, égP( uintet, 2H,

3J= 6.5 Hz, 43) (s’ext é{&@ N}Jllu plrets; 2H, 3J= 7. 1.22 (d,

12H, 3J= 6.8 )2), 2 r3H 3J= 7.3 17 2 (ESI,
for

MtH) ) : (m z) cal ?-Qr _
alternate prepation of (B) - preparation of
(E) - N- (6- (But yl T rriacapcd e of repey iits onh(N(diBiu)gmﬁ@myisamubﬁd@lc(val so naned

Bta ﬁ\g 2 E?at m6 n %?’y%él g I\m\?\%%%%rﬁlc %%b %@%ﬁ%%ﬂ%%%ﬂ%ﬂ ?Qﬁargeﬁ%ﬁm{d %é ‘t | on is set

up in a gl avedtbmxolLwi@dR.oN2soptopyisieinémenoc)cholomor2mbrel Bieydratiamd n@lu¢meBuNH2)

di ssol ved i Cl4 dissolved in
5 nmL of (g? ﬁig)na[e;qh (%)gécglo;gg%m})?@&agﬂf?gﬁ{gj @éc nﬁﬁor t?t%ﬁ%%g‘%til on and then

or ange aboulrerarapmtit e afittere istshigedDaefoighti(Prhojus). deMReﬂtfehquméhqy@Flat ure

i ncreases ¢ukdongk r@%hﬁ)le%nAﬁoﬁ%%Zf s@r{in‘g nfh@rifrerdMd STIRFd e, 48R SRRENY t WO
m nutes after the addition is conplete. After stirring for 1.5 hour at room

t enper dt ur & 2gdeg 36. %mﬁ|°§1(°iymeﬁ‘“e’€ﬁwléff‘ﬁ91“)ab‘ﬁ’é‘r‘i§?\g‘f“é?ﬁr%’6‘?“02‘ A POWEREN-  1- one

(Pr egg_r at i QRerdyht 8- mdnie?ahq&é aqé)g@dhm no B@%ug hadtal feR@sdd. QO ﬂf@rﬁiitb&ié@rel sdst irred

at a | ent er at ur or our s. eact | on Xt e | I1tere

o Tont s alFIRS R At Syt SR it cspies pr Pk s L8 S £ o i ng

2.1 g of amcblyidrTiuﬁﬂdﬁ%(C@Blpwaclfldlohheccfnpdntraecblaﬂde rédaadd psepsutego witne#d.Stge ti mes

w t h hexane( he. stirred for 2 hours with K2CG3,
%23%/ éé&?“&m*ﬁ ®)IE &#%epbegsa] S,

and t hen f| a syri er) to give a colorless solution
( K2COB 28bs ot UMWH)@WO@@H@% ‘f@)@ﬁﬂﬁ hé.18 oh.uth &n)Ph). 8P e b, NIB, 4+ BribvEd from

J = 4.6 Hz, H5), 3.39 (septet, 2H, °J = 6.9 Hz, CH(CH,),), 3.26 (t, 2H, *J = 6.8 Hz, H7), 2.09
(pseudo t, 2H, °J = 6.6 Hz, H2), 1.96 (g, 2H, *J = 5.5 Hz, H4), 1.69 (pentet of multiplets, 2H, J
=7.8 Hz, H8), 1.53 (quintet, 2H, °J = 6.5 Hz, H3), 1.44 (sextet of multiplets, 2H, *J=7. Hz,
HY9), 1.22 (d, 12H, °J = 6.8 Hz, CH(CH5),), 0.94 (t, 3H, °J = 7.3 Hz, H10).

25  HRMS (ESI, M+H)*): (m/z) calcd for C,,HssN, 327.277, found 327.280.

C22H35N2 327. 277. found 828@3 xampl e C:

10

Example C: alternate prepation of (B) — preparation of (£)-N-(6-(Butylimino)cyclohex-1-enyl)-
2,6-diisopropylaniline (also named N-((6E)-6-(butylimino)-1-cyclohexen-1-yl)-2,6-bis(1-
methylethyl)- benzenamine) (B)
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t he sol ution under reduced pressure to give 4.66 g (95.6%yield) of
conpound (B) of Exanple 15C as a colorless oil. "Il NVR and HRVS of the
product iwoOcongi2gz2ént with conpound (B) of Exanpl e C an#Crhis2000lo5MVR and
HRVS of conmpound (B) of Exanple B. Exanple D. preparation of

N- (2, 6-diisopropyl phenyl)-2-butyl am notroponimne (D) 4 20Et 30BF4 (418
mg, 2.20 nmmol) is dissolved in CH2C12 (5 nL). A's tion of 2-(2,6-

di i sopropyl i no)tropone (C) (587 ny, 2.09 mmol iGH2C12 (15 m) is
sl oW y adde te stirringii for 3 hours, es ution is cooled to
about 0 C

ool ed—(0 C) sofuti on of 7 g, 20 nmmol) in
CH2C12 (5 ) i's ad . The solT€kon is al Mto war mt¢ 25 C and stirred

overni ght. The spb¥ent is renoved under vacuum agg tH& residue 25
purified by colum chromatography (eluent: hexane: Et20 3:1 containing 3
vol % Et 3N) af f oRefeEPns5 Fet g i 8Os/ bax| wer dY. agaasehste; ald spripidelycdmpotind (D) of

Exarrpl e D @%Nﬁ? dggmg%mgftoluene%déd%% 4ﬁQ&nMﬁCl4%gs0®ed 1n75 %E fhl’ s, 1H
NH), 7.25 Hz, 2H, H10, H12), 7.15 (tm' JH Hz, 1H,

H11), 6.64 tc(lliem Rmtlbh mlmﬁae rrstzed dubng KB)tion BBQer( atangd kbdit ;nﬂlﬁﬁteOlftHzthe 1H, H2),

6. 31 1 - 10.0
e, 1|(4m5 He add”gﬁ) 8 spge%et g%xgﬂeﬁﬁmcre%sgs aﬂzh% a“bd#lj éﬂ?)cie 3%%9(9 aélw‘aws JHH =
7.0 He. 2Hdeq£teayg (o MBIt pter AEISDE) compleRO (¢, JH H = 6. 8 Ho., 6H

CH( CH3) 2), 1. 17 AfPstirdibl foL8 hour dt-rddhn (eﬁiperalﬂe,}j @, (ﬁbl&lHZ 6H CH( CH3)2), 0.71
(t, ./HH= Anal . Calcd for C23H32N2: C, 82.09; H, 9.58;

N, 8.32. Fﬁlﬁﬁéi]‘*hé)l’hg?l)%no)lg) Cyglob%en }\‘PneéPrﬂ?’m“@%?r’rﬁdgedEs ab‘?hép%s'ﬁ?‘igon of
N, N- di met hydaativh Rdxtde (s2tieddi instiqdr ©fydraint fdr 3.0 hduapREktitinmext(E)s filtered

Et hoxy-2- ( -dii s Ian|I| 0 Liumtetraf | rate (Preparation
5, a1 g, Oip5E RO AR AMEL PR B bRl S LR BTG
N, N- di et h}qzﬁﬂj’gtraad:ihﬂélté(r@k@@alﬁlls washectm thmep yith e (Yx dpw-séhe The col or of

t he solutionirmediat I% trhurns f%o yeIIow% Cmv The r tio.n m xture is
stirred at SYBEOR Brugdfgaleus vz 155 hr R B NEONRED® 4re 15
removed Un@élBrle\@s%}ﬁHBH KFb_égﬁbs&M QU %érQBﬁyme(s%iuH&ﬁtSovaﬁ&@&ﬁoﬁ& £0n3: 1
containing 3 | % Et 3 is performed and sol vents are renoved under vacuum

to give 31_ﬂlem@ut€®5n% wilekdpreaire oaipdwad ({6% gtldbt amjoendEBast Faxad@ge kK red oil .

NIVR O 11.6 Hz,
1H l(_lg)qgﬁ CS gg W?eésl_?:ﬁ lﬁMR%ﬂcﬁl@Rl&? HS e %rg-@% 18@[131&%? %a%%&iﬂpgt?r;—é ((%_f d JHH =
1.1, 10.1 IQZamqu'p 311431}3 HENI\@@aI(dtHﬁMS CQ@P‘P“ﬁd@ of Byample . H4) , 5. 87 (d JH_H =
10.0 Hz, 1H, H2), 3.06 (septet JH H=6.8 Hz, 2H, CH(CH3)2), 2.46 (s, 6H,

H14, H15), 1.09 (d" ./H H 12H, CH(CH3) 2) Anal Galed for
C211- 129N3FXgmPler: pgeparayign °§N(§%1z6 dw’OPff@ﬂ@g“ﬂﬁo‘ﬂWdFm@tmﬁ%“@Be My 9.03; N,

12. 67.
Q 1) Et;OBF,4 Q
p 2) n-BuNH; \ i-Prss 1
_Q > NH N—@
i-Pr I-

20 Et;OBFE, (418 mg, 2.20 mmol) is dissolved in CH,Cl, (5 mL). A solution of 2-(2,6-
diisopropylanilino)tropone (C) (587 mg, 2.09 mmol) in CH,Cl, (15 mL) is slowly added. After
stirring at 25 °C for 3 hours, the solution is cooled to about 0 °C, and a pre-cooled (0 °C)
solution of n-BuNH, (1.467 g, 20 mmol) in CH,Cl, (5 mL) is added. The solution is allowed to
warm to 25 °C and stirred overnight. The solvent is removed under vacuum, and the residue

25  purified by column chromatography (eluent: hexane:Et,;O 3:1 containing 3 vol% Et;N)
afforded 557 mg (80% yield) of essentially pure compound (D) of Example D as an orange
solid.
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Exanpl e F. preparation of

N, N1-[ 2- (2, 6-di i sopropyl phenyl )troponi m nol-1, 4-butyl enedi am ne 25(F)

BF4- 2i - Awoaotd2222Rri - Pr - (F) -2 PCT/US2009/054447

Et hoxy-2- (2, 6-diisopropylanilino)tropyliumtetrafl uoroborate (Preparation
5, 300 ng, 0.76 mml) is dissolved in CH2C12 to give a solution. A solution
of 1, 4-di am nobut ane 14H ((é 3.3 rrgr:; 0. 38 m*ml%J in CH2Cl2 is slowly added to
the et hoxy-BNMR E:Dp (04l SRV ant] ibho ) Hr Sy 7 2ufth fetT AF HacdtoB&h A& sol uti on,
and the regubidNg,/LA¢ 0, M X} 6L (uhS/,$H Toread, atl, nHBKEenpRg=ature,

over ni ght . Cl2 i empved under, va e resj |fied by
col um chr6%&%@%@7l%’zf{}’e@:(mhé%‘aﬁg?é%%ﬁ%’%;ggl(%p'g’f ?/?qg' IE‘SH P’50% yi el d)
of 5essent 28B l(septpurien € opidu A, CHICIRL), E)Sar(mplhen F7é)sta2§IeHll4)v\/1 Holo,@H, " 11 NWR
(CDh2C124 5 C 74 ( y2H _ Hz 4H
o 9195)'\’5‘% (39 268?278117, c[kyz(c%g H, IZ%%“I 1(4% J/JH 111% 69,

H3), 6. 60 @M(C@sl)d) O%Xt JH®77131@%§H8H7) H2 H4 H6) 3. 49 (m 4H H14) 2.68
(septet, Ik cub i Har,H, sEhEHBY N, 832 $hurind, s8h: 1HBGY N 3408 (d, JH H =
6.8 Hz, 6H, CH(CH3)2), 1.05 (d, JH H = 6.8 Hz, 6H CH(Cl/3)2) 10 Exanple G
preparation of (E)-N-(5-(butylimno)-2,4-dinethylcyclopent-1-enyl)-2, 6-

di i sopr opy[Eamgld Rr@repfBhtion of X HFirhétongnd?-Ogedisspeopsiatiiihc@topbdminh@t) of Exanple C
except use n-butylam ne (0.3098 g, 4.23 rrm)l), ,toluene (5.0 nL); then a
solution of titagm(| Wr,chloride (0.0841 g,564¢ mol) in toluene (2.0
mL); and then at| on ‘of the 2- éz 6-dii SQ2| phenyl am no) - 3, 5-

di met hyl cycl open) efrgne (0. 2 repér atpoef 6pPrJ:n .4 ol uene (2 n); and
stir reaction n tUNe—%@ni ght; yield 0.2858 th@1 of the product (G
as a brogwn oil. 20" 12prNVR (C6D6, 500 MHz,%s30 8i#7/17"(t, 1H, 3J = 7.8 Hz,
i-Pr2-g8ra-Ph), 7.09 (d, 2H, 3J = 7.5 Hz, i-Pr2-neta-Ph), 5.95 (s, 1H NH),
3.58 (dt, 1H, 2Ethmy123(2szii5®ﬂopyﬂalﬁli®)tszliuHB')%traf@m@@Dr(tbKPrepsepon 1H103®k. = 6.0 Hz,
(2 §3H3) igHHZPH)os nﬁno;i% GQgclveéﬁpCH%dﬂf ((531JL) an@eQeMNﬁ%Qy%%aﬂaf&)(o 8@({11@}_' %!]"
16 Hz, 3J m6ﬂ>|d&add1=ff53@}fop“ise7ﬂle(%0f oftfie spfpfion immgdiately tunisv‘ifonzi?ﬂo‘w T Th‘Hs) 1. 46
(m 2H H8}eactibn2ﬁxt(1ﬁ,1s lthked@H@a 2C Tor 22002R, HhbBY the @H2(31|{|,ancBeJxees51\/@ N, {&£€H3) 2CH)

(ol S iyt Bl SRSy tpoRbgae PR S a1 o 3= 7
Hz, CH3) @13§31s(1161;f0r31bﬂ ar§lJsolvenfs de k@qovédg.)nder vacuum to give 317 mg (95 % yleld) of

compound (E) of Example E as a dark red oil.

'H NMR (C4Ds, 500 MHz, 30 °C): 8.46 (br s, 1H, NH), 7.39 (d, Jun = 11.6 Hz, 1H, H6), 7.16

(m, 3H, H10, H11, H12), 6.52 (m, 1H, H5), 6.26 (td, Juuy = 1.1, 10.1 Hz, 1H, H3), 5.92 (tm, Ji.

20 4 = 9.2 Hz, 1H, H4), 5.87 (d, Juy = 10.0 Hz, 1H, H2), 3.06 (septet, Jyy = 6.8 Hz, 2H,
CH(CHs;),), 2.46 (s, 6H, H14, H15), 1.09 (d, , Jun = 6.8 Hz, 12H, CH(CHs),).
Anal. Caled for C, HxsN5: C, 77.97; H, 9.04; N, 12.99. Found: C, 78.30; H, 9.03; N, 12.67.

Example I: preparation of N,N'-[2-(2,6-diisopropylphenyl)troponimino]-1,4-butylenediamine
25 (B

4

O )

, NH2(CH)4NH 6 2

2 i-Pr % ——15\_7 1 -Pras 12
o> HN—@ \_NH Nﬁ@”

i-Pr j-Pr79 10
— (F) -2

Ethoxy-2-(2,6-diisopropylanilino)tropylium tetrafluoroborate (Preparation 5, 300 mg,

0.76 mmol) is dissolved in CH,Cl, to give a solution. A solution of 1,4-diaminobutane
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Not shown are '3C NWR (C6D6, 125 MHz, 30 C), HSQCAD (C6D6, 500 MHz, 30 O),
and HRMS (ESI, (M+H)) data. 30 Exanple H preparation of

N2- ( ( 1E) -wo(0R/@2128s( 1- et hyl et hyl ) phenyf | am no) - 2- cycl eheASne02A54447

yl i dene) - N1, N1- di net hyl - 1, 2- et hanedi am ne (H 76 WO

2010/ 022228PCT/ U82009/ 054447 i-PrTiCl4 0O HNNH2CH2CH2NME2 Me2-N HN i - Pr
/ N8i - Pr g: 1: Charge a vial wth N, N-dineth Iethylenedlanlne (0.58
m., 5.3098 8 éﬁﬁ t BP9 nén(fH@CﬁLys'ﬂ?@%eaﬁﬁﬂoﬁPe§@3sS@ﬁ@T%@ add a

sol ution ofdustopﬁoﬁmnum()jtr\w‘])yhﬁﬂﬁltafaﬂd(eot(oanelmo@,an@ 1}52r€sﬁluﬂgnada)uoh mikodetiene (3.0
nm). Red sqlids are observ ermthttl}? EH% sol ve | n sol ution M%en ostrong

. strr f 00 era U.I' 1S remove er vacuum and
stirring is applie he' res or ange PN ST L TRSUY . Then,

add a sol urigrdbf CQur(nzd@omtquow @byﬂt]d‘r@efmy IEaﬁ1 hb)to 2ive Yl mheRé@ndcld)ohe (0. 2437

g, 0. 89?9 mtlall}Pﬂu?et@ﬁlﬁ(;dn@fF)ébEﬂa&plE@laygg@m(/golﬁ nm). Rinse the vial that
contai ned the solution with tol uene and add the rinse to the

reaction mi BNYR(CDiy 590 MBa 547Gk éw(bb?s 8581?”@ & 140k =8 Wt #BAHIGF t he

titani um r@ﬁg)emB@tJQHhaWleaZH am)oé@zf J01=10 411,00t BBY, 6160 LD 2HATH-ENani ne) by
charging a vial wt

| enedi am he 3098 mmol )
and t ol uen& (! H2H: ‘&H@r%“%%“ﬁoﬁ‘%‘h% S SR i %“ag%ﬁﬂt%lo%(@f
titani un( |l ¥, etsh.arosde J.0= 4001, ayl, CA(GRYL 105l Jud26.8 Bl 6ENEHCH:)0. nL) . Red
sol i ds ;are observed, but dissolve in solution when strong stirring is
applied. Stir the resulting orange solution for 1 hour. 15After stirring
reacti on miExanepleG fprepanBaet (6)d@r(hitdintno)-dddlimahyldydopentaletnybd.om xt ure 3. 3

diisopropylaniline (G)

HsC CHs Hsg 2N 1éHs
\ﬂ/i—Pr TiCly ﬁgj.m
o HN—Q n-BuNH, . /N HN@
i-Pr /_7/7 i-Pr
15 Follow a procedure similar to that of Example C except use n-butylamine (0.3098 g,
4.23 mmol); toluene (5.0 mL); then a solution of titanium(IV) chloride (0.0841 g, 0.44 mmol)
in toluene (2.0 mL); and then a solution of the 2-(2,6-diisopropylphenylamino)-3,5-
dimethylcyclopent-2-enone (0.2056 g, Preparation 6) in toluene (2 mlL.); and stir reaction
mixture overnight; yield 0.2253 g (91.8 %) of the product (G) as a brown oil.
20  'HNMR (CgDg, 500 MHz, 30 °C) § 7.17 (t, 1H, °J = 7.8 Hz, i-Pr,-para-Ph), 7.09 (d, 2H, °J =

7.5 Hz, i-Pro-meta-Ph), 5.95 (s, 1H, NH), 3.58 (dt, 1H, *J = 13 Hz, °J = 6.5 Hz, H6), 3.50 (br.
sep. 1H, °J = 6.0 Hz, (CH3),CH-Ph), 3.42 (br. sep. 1H, *J = 6.0 Hz, (CH;),CH-Ph), 3.41 (dt,
1H, *J = 13 Hz, °J =7 Hz, H6), 2.63 (t, 1H, °J = 7 Hz, H2), 2.45 (dd, 1H, °J = 16 Hz, °J = 6 Hz,
H3), 1.74 (m, 2H, H7), 1.67 (d, 1H, *J = 16 Hz, H3), 1.46 (m, 2H, H8), 1.26 (s, 1H, CH5), 1.22
25  (br.d, 3H,°J = 6.5 Hz, (CH;),CH), 1.18 (br. d, 3H, °J = 6 Hz, (CH;),CH), 1.14 (br. d, 3H,°J =
6 Hz, (CH;),CH-Ph)), 1.13 (br. d, 3H, *J = 6 Hz, (CH;),CH-Ph)), 1.03 (d, 3H, °J = 7 Hz, CH>),
0.93 (1, 3H, °J = 7.4 Hz, HY).
Not shown are “C NMR (CgDg, 125 MHz, 30 °C), HSQCAD (CgDg, 500 MHz, 30 °C), and

HRMS (ESIL, (M+H)") data.
30

Example H: preparation of Nz-((lE)-Z-((2,6-bis( I-methylethyl)phenyl)amino)-2-cyclohexen-1-
ylidene)-N 1 N 1 -dimethyl-1,2-ethanediamine (H)
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m. of the stock solution (prepared as descri bed above) of the titanium
reagent. Stir the resulting mxture for 3 hours. Filter the m xture

(syri nge Wolzbmwop2228si ng hexanes to wash the solids. Coneemtusate/os41a7 yel | ow
filtrate solution in vacuo to afford a yellow oil. Dissolve the oil in
hexanes (10 nL) to precipitate solids. Filter the m xture (syringe filter)
and wash the soI ids 20w th two 5-nmlL portions of hexanes Concentrate the

yeIIowflltr solution in vacuo to afford02790 (90 979 of the

pr oduct (H) eI | ow 0|I NVR (C6D6, 500 MHz, 2 5_8 7.24-7.18 (m 3H,
i - Pr2-Ph), , 47804 (1, 1H = a—f PFB) . 3.49-3.38 (m
4H, CH(C113:)2)HH CHZI\&HZC;Q @ﬁ K\lMe 2H,mel = NHzH N), 2.19 (s,
6H, N(CH3)2), 2.0 2H, J= f—|2 N (q, 2H, J .4 Hz, H4),

251.49 (quintet, BH 3= 6.2 Hz HB) 1. 23 M, 12H, H?] 6P7 Hz, CH(CH3)2) Not
shown are '3C NVR (C6D6, 125 M—lz 30 CZ dat a. Exan% | designation not
used to avoid cBmfushser Wlﬁlwltfléfr]ﬁmm&th(ye)hyle%%%ﬁ? gk, 569%@@‘&1@% of

( 6E) - 6- ( butgpehsi7mad) Ned o bloridss ysalutloh‘ﬁﬁd)ﬂ%mﬁat)Gf%tahi)iﬂaﬂil) Q¥&lohaxens 1- an ne
(J) WO 2010/ 022228PCT/ US2009/ 054447 |.ow a pr, ocedure simlar

to that of UPFETEPAUL S eXdWgtRysaidn afsﬂ'fﬂ?ivac}ﬁ“h@eft G585 RO IAgs Mol ) ;
t ol uene5( 7 s@ngkiriingis syplieit Bxnheatsulting amigd st f@hlhouri Ten, @0d m&ﬁorgqf 0. 5303

nmol) int I e resul I on f r r; then add
a sol uti onao?ggm{) Frfpy?phe?hmﬁl.not) > ng(?lexenel One%ﬂ% %Igg?% no eparatl?n &xen- 1- one
(0.3062 g, tq@uego2D Wmselﬂreefpéﬁlattcmﬁneﬂ)thq splutiqy| Vuélri@lue(nﬂ(ld) lnL)) aﬂdtddﬂ thene rinse
(1.0 m); trlgseq;ﬁlgfegct@ﬁglg&uré solation 0.3352 g (94.18% of the product (J) as
a brown oil. "11 NMR (C6D6, 500 MHz, 30 C) 8 7.50 (d, 4H, J =7.7 Hz, Ph),
7.29 (d, 2H, J Da>72 Sempgatelyspgpare p sipek splutionggljthe jitanpmpeapent (ipfyve asatiq ol 7 06 (m

3H, Ph)ip 6.198, (tSyiunl W, ketkdhamide) B3l cHatginghjal WitleENAV-Gimkthyleth@bodiamide @F8(t, 2H, J =

0.6 1%, Ty by BBy o Bafii By el f 5° 155 s
(qui ntet, 2pugdVichloridy (0.100) g, 00288nrfidl) in BHengd(3H nl)A(eld{zohdp—ﬂr@))bserved, Exanpl e
K. prepar atb{thl%scﬁve 1& E)lutl'é'ﬁ cvﬁen(saor% sgllrlqgis Qﬁ(ﬂhlacy gfuatﬂé)ﬂg&)tﬁlg 811 %&%&ﬁéﬁn%&yll) -2, 6-

15di i soprogy ani | i ne ow a procedure Simflar to that of
Exanpl e C 8Xept use toI uene (12 nlL); 1,1- dinethyl hydrazine (0.81 ni,
10. 6473 5mol ) ; Aft&@hﬂdhg Rtef metutr@ﬂﬁinUU{ﬁ Mve@zhQsdadené RactiOd hix@e 43 0600 nol )

20di | sopr oBVSHEAYT S He) Byerahes o e GG 88 rosm a3 o
Pr epar at i omes@)ing rhigtuteduweschours. Filter the mixture (syringe filter), using hexanes to wash the
solids. Concentrate the yellow filtrate solution in vacuo to afford a yellow oil. Dissolve the oil
in hexanes (10 mL) to precipitate solids. Filter the mixture (syringe filter) and wash the solids
20 with two S-mL portions of hexanes. Concentrate the yellow filtrate solution in vacuo to afford
0.2790 g (90.97%) of the product (H) as a yellow oil.
'H NMR (CgDg, 500 MHz, 30 °C) 6 7.24-7.18 (m, 3H, i-Pr,-Ph), 6.85 (s, 1H, NH), 4.80 (t, 1H,
J =4.4 Hz, HS), 3.49-3.38 (m, 4H, CH(CHjs),) and NCH,CH,N), 2.67 (t, 2H, J = 7.1 Hz,
NCH,CH,N), 2.19 (s, 6H, N(CHs),), 2.07 (t, 2H, J = 6.4 Hz, H2), 1.94 (q, 2H, J = 5.4 Hz, H4),
25  1.49 (quintet, 2H, J = 6.2 Hz, H3), 1.23 (d, 12H, J = 6.7 Hz, CH(CHs),).
Not shown are *C NMR (CgDg, 125 MHz, 30 °C) data.

Example I: designation not used to avoid confusion with formula (I).

30  Example J: preparation of (6E)-6-(butylimino)-N-(1,1"3",1"-terphenyl)-2"-yl-1-cyclohexen-1-

amine (J)
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by 1 nL of rinse toluene; stir the resulting reaction m xture overnight; to
give after isolation 0.5222 g (92.5% of the product (K) as a yellow oil
cont ai ni nyoabmu2228 of a m nor isoneric product. '11 NNRC(PE(SDQ/OS@WM—IZ 30
C 8 7.24-7.17 (m 3H|Pr2Ph) 6.50 (s, 1H, NH), 4.76 (t, 1H, 25J 4.6
Hz, H5), 3.43 (septept, 2H, J 6.9 Hz, CH(CH3)2), 2.56-2.53 (m 2H, H2),
2.44 (s, 6H N(CH3)2), 1.93 (td 2H, J= 5.9 Hz, 4.8 Hz, H4), 1.51 (quintet,

2H, J= 6.2 H3), 1.23 (d, 12H, J = 6.8 Hz, 5)2) WO

2010/ 022228 S2009/ 054447 Not shown are ' 3C2 CeR6, 125 MHz, 30 O,

HSQCAD ( C6 00 30 O), T@hd HRVB (ESI, (Ml dat Exanpl e L:
N 7

preparatio OfHN
(E) -2, 6-diisopropyl 2- (burpubh® no) cycl}a.he&z- enyI i de niline 5(L)
Charge a vial wt ® P

N- ( (BE) - 6- (but ylI i kf'no) - 1- cycl ohexen- 1- y¥) - 2, 6- bi $1- met hyl et hyl ) -
benzenam ne (B) F&ll%wq(?)?b%ecgre s%ml]agt%%a%@repm%%kgepﬁ)se f?@ﬂyﬁrﬁihé’@%@ n{L?’O' 0 ).

Stir the 10resulting yell ow solution and a sol ution of

(aqueous, 0:34% mpol: (plugge (HPBRL): 4 sAluderet H?Plu@flﬁé?hbﬂs‘s% i0r10‘9%015éﬂ§>ummlhg reaction
][n'rt ur)e formtslusuat@?mL)T@mtﬂlkaesmtmg Mﬁoﬁﬁdlﬂ@xmsﬁd&o{m&%n aad(n;]umer (syEI6 nge
Ilter tor e | Ne S | . re 1 ds. W_t exanes

m)  Cand R Rt R Lot Re it SEh G iRt TPl o ro' o ve
3.0107 g of2.¢ he); phwokudtse (1L0)mal)as aﬁoruhﬁtemisolbmcmmng(% 180k NVRro(l@6 06, 500 MHz,
30 O: 7.144, %gw 0}1‘ 3./HH =8 Hz, i-Pr2-Ph), 7.143 (d, 1H, 3JHH = 7 Hz,

i -Pr2-pPh), ?d 1H, 3./HH=8.8 Hz, 3./HH = 6.5 Hz, i-Pr2-Ph), 5.11
(br. s, 1H1HNMR(%D@40QMH2,13Q°CB§]WQ-{d-4mJI=|27 Hei2yn), 729 888H (A= 7-@H. PBIH H = 7

e 1) 205 LS £t AT S s TR g B8 S

2H, 3. /19 H}§)298(t]—12H JHB)6, H/LH281 . {B@xHN = RFHz312)H. 7 (¢ 21, &mHzHM)),, 1.16 (d,

6H, 341|| . )2k, L3 (4, 7, , CH(CH3) 2),
0,80 (¢, 3t oy T G ok Akt S 1 AP o 56 ) o
C) data. HZ H3), (B8 hplle/ 174 Br.8PAx at i on of Metal -1igand Conplex (1),

[ Nd24[ 2, 6- bi s( 1-

O bbb Kiraar g s ABRER T Fu el RNEKE o b dene 23, O bi (1 v
met hyl ashyldidogngemant k@t o- kappaN tri s(phenyl nethyl ) -hafnium i-Pri-Pr N

3 4
2 5
TiCl, .
i-Pr. - o 7\ 1 6 i-Pr
Jd  uN NMe,-NH, N—N HN@
i-Pr 7 (K) i-Pr

Follow a procedure similar to that of Example C except use toluene (12 mL); 1,1-
dimethylhydrazine (0.81 mL, 10.6472 mmol); a solution of titanium(IV) chloride (0.2011 g,
1.0600 mol) in toluene (5 mL); stir for 1 hour; then add 2-(2,6-

20 diisopropylphenylamino)cyclohex-2-enone (0.4889 g, 1.8014 mmol, Preparation 3); followed
by 1 mL of rinse toluene; stir the resulting reaction mixture overnight; to give after isolation
0.5222 g (92.5%) of the product (K) as a yellow oil containing about 7% of a minor isomeric
product.

'H NMR (CgDg: S00 MHz, 30 °C) 6 7.24-7.17 (m, 3H, iPr,-Ph), 6.50 (s, 1H, NH), 4.76 (t, 1H,

25  J=4.6 Hz, H5), 3.43 (septept, 2H, J = 6.9 Hz, CH(CHs),), 2.56-2.53 (m, 2H, H2), 2.44 (s, 6H,
N(CHs),), 1.93 (td, 2H, J = 5.9 Hz, 4.8 Hz, H4), 1.51 (quintet, 2H, J = 6.2 Hz, H3), 1.23 (d,
12H, J = 6.8 Hz, CH(CH;),).
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76C, 5 daysi-Pr \H .i-Pr PhPh Ph (1)

(BE)-N-(2-(2, 6-diisopropyl phenyl am no) cycl ohex-2-enyl i dene) -2, 6-di i sopropyl a
niline (OW02910222280 mol ; Preparation 1) and tetrabenzyCThskomwos44D. 554 g,
1 0 mol) are dissolved 5 in 6 nL of C6D6. Solution is heated for 4 days
at 76C. NWR showed conplete conversion of HfBn4 with product to Iigand
ration of 9:1. Solvent is renoved under reduced pressure. The residue is

di ssol ved Mt Bowt arpf COMRIEnRodrd M PVeFedlSOFaiheld PPt YHEE019)> #dded 8 ni of
hexane. thﬁ;Ffs l,] ow crystals appeared. After standing at ambient
t enperature (E§ F”'ﬁ% %ﬁnt of hexane are added and solution is put into
freezer (-26C) overnight. Solvent is decanted 10and yell ow crystals are
washed W t iy Bt @N§repartidd 230l dpREN- L B EyIMRHSE [o@&uﬁ LRhesIMee to give
0.486 g ofXNEtal-f?gandOﬁca?rrp exso% PR P Ese e &%6 RS e,

300): 7°25%)m 3H, iPr2-Ph), 7.11 (tm 6H, 3./HH= 7 5 Hz, metaCH2Ph),

7.06 (m 3H, iPr2-Ph), 6.84. (m 3H 3./HH-= 7.5 Hz3 para-CH), 6.61 (d,
6H, 3.41-(1= 7.5 rtho-CH2Ph), 4.96 (t, 1H 3./ 5.0 Hz, H5), 3.51
(sept. 2H, 3JH H Hz, 15CH(CH)2), 2.74 (sept 3] H = 7.0 He,
CH(CH3)2), 2.11 (MF. \s."'6 - CH2PHiC! 1.98 (t, AN (15 Hz, H2),
1.81 (q, 2H 3/TH' H N5, / HA),” 1.25 (p, 2H ./ﬁH:iEm), 1.22 (d,
6H 3JHH =/7-0 Hz, CH(eB)2), 1.16 (d, 6H 3/HH = §,5 H CHCH)2),
1.14 (d, 6H, 3. /H® = 6.5 Hz, CH(CH3)2), O.98¢(d, 6H, é/HH_ .0 Hz,

CH(CH3)2). Anal. Calcd for C511162HF N2: C, 69.49; H 7.09; N, 3. 18. Found:
C, 69.36; H 6.96, N, 3.06. 20 Fig. 1 shows an ORTEP depiction of a single
crystal struct uflrgenia adh By(6k)»-6-typtyimaby beslobéxebybl2 ottigameh@ahplex (1). In
Fig. 1, hy@s&aﬁ&n@k r@o@@g Mb’é&'l@lﬂﬁi E%ﬁ% Efaaﬁ&%iuen§%§&9ﬁﬁ> e Of benzyl)

groups are renoved or cl soids are shown at the 40%
pr obabilPi t yestlaregiellow %ﬁm@ Sﬁh@ﬂa?féto%ﬂcﬁﬁqum A4onilg BATERH ex (2),
(2, 6- bi s( Lupat hyleptshyihd reN‘ltﬂé@acu%n Q&L Yok 30RO TE AP PANIre aG¥Ghahexen- 1

21 dene e aar oo AR, A L0 SUBNPOITEI ]y DSL LU L (1 o1 ove

(octyl am n@ﬂmﬁde@tk’mthe?ﬁletﬂyb‘tedm&)tﬂmrédulﬂi@l pfBsud:34 §ivg3.0107 8 68@e pmanlc; Exanpl e

A), benzen ind tetrabenzyl hafnium (0.4741 g, 0.8731 nol). The
sol ution bz%)g%%étglcg%% br own color. After about 5 to 10 m nutes, "11- NMR
showed 16he H@MR(@@@@@@ MﬁzeﬁﬁdCbéﬁé‘l (& BRVun eddini-figPMhet4efornd, Ja: drop of the
ligand is added. The m xture is stirred. The reacti on 10m xture is

concent r at dafrderr BHitedplessiif E‘Ztﬁwﬁﬁ%ﬁﬁ Yod g 1t 96 594 NGp-

Met al - | i gand4 GormpP ey =(42)z, HS), assorudea, *raddi Bh 19, 2Ry (seol2Bd’/, Mebalt] | gand
Conmpl 2 t f t t -40C
Corpt e, (211 pfEIRL BUTLEL S SSRGS gt R Nnes oL o
6.99-7.06 . 1#2Hm. 2By’ B«Ph7-&Hd P@btlﬁé(S@HZPH{fJHH&B%H(ﬁ% 1364(d, 83V = 7.5 Hz,

par a- CdaF’hLésﬁHzléH dH3)2)1H113 ﬁg@hﬁﬁ H@ ﬁz @H ; 5"8)80 (t%}iﬂ%gﬁh 25, H7), 2.35
(septet, 2I£|f ).. 22

Not shown are *C NMR (CgDg, 125 MHz, 30 °C) data.

Example 1: preparation of Metal-ligand Complex (1), [N-[2-[[2,6-bis(1-
methylethyl)phenylJamino-kappaN]-2-cyclohexen-1-ylidene]-2,6-bis(1-
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6H, Hf-CH2Ph), 2.10 (q, 2H, 3JHH =5.6 Hz, H3), 1.89 (t, 2H, 3JH H=6.2
Hz, H5), 1.64 (m 2H, H8), 1.27 (p, 2H, 3/HH—61 H4 - determ ned by
TOCSY1D) ,Wi.28i0/02e328 10H, H9- H13), 1.15 (d, 6H, 3JH H = 7POTHS200066343) 2) ,
0.92 (d, 6H, 3./HH=6.5 CHCH3)2), 0.91 (t, 3H, 3JHH = 7.0, H10).
20Anal . Calcd for C471162HfN2: C, 67.73; H, 7.50; N, 3.36. Found: C, 67.63;
H 7.47, N, 3. shows an ORTEP depiction of a single crystal
structure %W@@ﬂ)bﬁ?eﬁmrl‘?ﬁpgl&ﬁ%ﬁwtgr(Eh68¥lmﬁ}€¥lb]llaﬁfl?rﬁand Conplex (2). In Fig. 2,
hydr ogen atons and unsubstitut ed phenyl carbons are offitted for clarity.
Thermal el li psor d e shown at the 40% probabilit I p O

s
2010/ 022228PCT/-852 00 054447 Exanpl e 3: Erepar nPrO/ Ve taI and Conpl ex
(3), (N-46 \ (b i mn ppaN) H{CH:Ph); N N
cycl ohexen- = 6HH| S thyI e;éh(yls)d%ﬁnzenam natmr I}Wﬁoam)r ri s(phenyl net h
i

yl) - haf ni um 1\ Pr N\ / r Ph Ph (3) ﬁ

(E) - N- ( 6- ( but yIhi no) C)}’E’Fohex 1- enyl) 2, 6-di i sopropyp |I| e (0.3005, 0.92
5mmol ; Exanpl e B) and tetrabenzyl hafnium (0.4997 rrm)IF} are di ssolved in 6
nm. of toluene at roomterrperature giving light red sol uti on. After stirring
overni ght (yell |oné IS r ressure

gi ving highly c&s\lgfgl PHEOP %eny?gfmoacyc eggreé1 ldjneg§6du%ﬁp 1P§ in 2 nL of
t ol uene foI(Q@rﬂedl Bymald Bicpdratian d))fan8terrtbeu¥fyll’wémalm@ 556! 1uft ioel) arsdlﬁsrothCEred and
put aside qy b, bulAAMLBIREE ANLE M 100 Do LoD, of 1arge
yel | ow gryst(glﬁ1Jz| 9% t;%tllucl)n F?ée grg) de anttg dF£ arg%e yE‘P g@v}vcry%tal S are
washed wit ﬁlflé@l“ﬂ!hln@fé%m@ liggdpatipn girfyl- tsh]éfﬁltGlrffrﬂmecl}rlilé@rfedrl@dlﬂ@éﬁﬂfepﬂ@ssure to

gi ve 331 myesRfic Mak@lved ingal&dof@rmé%fﬁt&)sd ToRleUfidaRNs AAch HaxanL«ash are
conbi ned and put. into freezer -20;2 overni ght. Solvent is decant ed and

yel | ow crySYnsmigptes YglasnEyptaky spprarsg fW{St%‘Flm%‘raﬂl iR epRsraa ot Wanl%r i ed under

reduced pl’ﬁﬁSdﬂh@(aﬁeQrfgddH@l aﬁ&ddﬂlﬁlb@ﬂ@ht idd fredd®y (Q6°dybtaadightisgrad lsaemade@x (3).
75.8% '11 NMR

Conbi d f I\/E i 0.54 5

ool vegt nitd Sudt g R GOTRE B¢ ap Sy PR ui g diindie 31
7.6 Hz, neteeGHRN)e o6MBdEL ligan] COMlexat)t Yieldpata- CH2F), 4.57 (t, 1H, 3./HH =
5.0 Hz, H5 2 2), 80 2H, H7
211 (br. )HNgﬁ%ﬁéS%@@gﬁ %fﬁgﬁyf‘ﬁmzhrﬁjﬂ?@ “%(%@Fl)z 7%—5 483 (a, 2?4
3 7H H = 5Bl 7.064), 3@@1@@84% 3, l&ﬂﬂiHﬁp@al-@{zl}IQ@-@)@? =29 20(p,

é‘::( CIP:B; g) H73 16, z?%thge'@?zPh)h%?%ﬁmJ 'isé"f—i} ,HHé3351 s(egc 2}5%1{ /;La 9, oo
HL0) . Andal CHé%Iﬂ%z& 2f76rseﬁ4%‘h5’4HFMéJHchH@§ai hgéll_rbr? b QHZ@) PRSI &

66.58; H 65,89 6.NHz31265.81 (g, 2H, *Jin = 5.6 Hz, H4), 1.25 (p, 2H, JH_H = 6.0, H3), 1.22 (d,
6H, *Jyu = 7.0 Hz, CH(CH:),), 1.16 (d, 6H, *Jiy = 6.5 Hz, CH(CH3),), 1.14 (d, 6H, *Jyy = 6.5
Hz, CH(CHs),), 0.98 (d, 6H, *Ji = 7.0 Hz, CH(CH,),).
Anal. Caled for C5;Hg,HfN,: C, 69.49; H, 7.09; N, 3.18. Found: C, 69.36; H, 6.96, N, 3.00.

20 Fig. 1 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis
of Metal-ligand Complex (1). In Fig. 1, hydrogen atoms and unsubstituted phenyl carbons (i.e.,
of benzyl) groups are removed for clarity. Thermal ellipsoids are shown at the 40% probability

level.
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Thernol ysis study of Metal-1igand Conplex (3). Metal-ligand Conplex (3) (25
ng) is dissolved in 0.6 nL of toluene-d8. Solution is heated for 42 hours
at 89. 3C.wanvavozeiz8s ti ne 25 NVR spectrum showed about 2¢adsSecaapssitlion.
Fig. 3 shows an ORTEP depiction of a single crystal structure derived by
x-ray analysis of Metal-1ligand Conpl ex (3) In Fig. 3, hydrogen atons and
unsubstituted phenyl carbons are omtted for cl arlt%@zTher mal el lipsoids

are shown &ranne’ R@%fﬁPBB%FtPI liggnd Capplex D -di4 ordy 8 BRct 82009/ 054447
Exanpl e 4: (@[y%ﬁffo@ltapp)ﬂ)-@fcydl@h)&h-ll}lllgeﬁlﬁlﬂerﬁélﬁmhﬁ% kagbhN)tris(phenylmethyl)-

(N-fi 6E) - 6+ %tbutyl i m no- kappaN) - 1-

cycl ohexen- yT) 2, 6-bi s(1-net hyl et hyl ) benzenam nat o- kappaN)tri s(phenyl net h
yl)-zirconium The

(E)-N-(6-(butylimno) ohex- 1-enyl ) - 2, 6-di i sopr opyl ipe (0.35 g, 1.07
mol ; 5Exanpl e B) and r apenzyl FHCHSRE um (0.488 %%Eml) are
dissolved in 3 nL NS 2 oom mure gi ng%\ /ghVer red sol ution.
After stirrin or 1 hour,_prroton NVR i s takeA show npl ete reaction
t aken pl ace ntents of the NVR tube are returned golre ction mxture. To
the reactidn mixture are added 8 nL of hexane, solutioh is filtered and put
into freezer (-45C) overnight. Solvent is decanted and yel | ow crystals are
washed with cold hexane 10(2x4 nm.) and then dried unde@ reduced pressure to
give 0.%66 g of Canp Y NVR (C6D6, 500 MHz,
300) : 7522 (pseﬂ%et Velpbb’g%g“ w%lﬂ‘(é)g 26‘1&5’% ?IBW 6H, 34141= 7.8 Hz,
or t ho- CH2 Pi)ctylagiggeyelphpx- Z:aepwhdswanslm%(@ﬁ +H9. 87%3&%@@42@14)% A).gegge(ddm  6H,
gﬁ14é /H8 @s.0raL) @Hte]&%egzzﬁa}“murﬂ((ﬁ@4(a §,0.824, ma3). friré_ﬁlunorﬁ)e&nlé&,recia@ 3. 3gH(SeI0t-
S.
Hf - CH2PhY b%gole{%ﬂez SR hinty §‘ﬂ%§ ‘fwfd 5ty %Oa‘l’%éﬁ”‘ds H = 5.8 He,
H4) 1 32 (B, GdrhainBng/ Fhekdfoze, 6 ABp bzthe IGHGH3) @Y. Thd mB8urd ipstir@H, Th8rehdtiot] = 6. 5,

0 g Rl colrchufhe o Gty e 2 EoPiog G S Pl 00 (30
CA3H54Zr N2 Cogpley@) @4 crude rediggpticky solyl. Migtal-lgih{eomplsx (4s fgoher pprifipd /3, N, 4. 28.

20 Fig. 4 shpwsuiamoRiERdephciden of a SI ngl e crystal structure derived by
x-ray analysis of Metal-]|i and Conpl ex In Fig. 4, hydrogen atons and

unsubst i t utVEheéyene-gatlodhsz A°e): G#Pﬂtne f'blm—c&(hlfli trgta- CHR 1716 | psoi ds

are shown at, 1t2hapéﬁ>?(0am Shakit,pitye sLug 3, JHH_7§X§%L@@H§>1J 914@ 1H,
et hyl egrg/ 1-octene co %(merl zations prgparl .ng po§ ﬁ( et h ene 1- oct ene) 25

copol y Ton=5.0T) 5 PEer Py eRdisiet P sed® %)%rﬂ?rzsatl ons. All
f eeds are pHSSRAHPhY DUDGQ, z.H)PJl,m&ss ofiz.alizumsna, And/,QBToL HatH%l) Vst havai | abl e

from Engl ehar s Ln prior. t reactor.

Sol uti ons 2?‘ g%hgﬁgegla(j%‘ deter Cplfl vacgﬁqﬁs:tl 37 i #‘;)%Jt E%()actl vat ors)
are handl ed-1afHeH. "an 5 heHt. Cél(%ﬁzﬁx@é’ﬂéd €8 gy = ﬁﬁt@%@@f)z)gh%l)(t B “augt ove box.

A stirred 3Q2m]g). ter react or is charged with about 533 g of m xed al kanes

sol vent_ (I sopar 1- oct ene conononer. en gas (45 psi)
o 2G0€8 adnh Sk TR Bt Bl 101 NaGnkosy Cof PPt 81 Sk easur o

e)ﬁ pansi on from &gmhm aadmmrasplctuaﬁlkf aastngfé(a@stalsstruc(uaé)&@ww HyQE‘a}Sﬁlalbfﬁsf (kPa)).
Tereactor ont ent rrerlzat erature 0 120 C
and sat urat’e ok lfgﬁnds(E 222 %gyda ena GHSHLS%mte(lf 4Y **et al -1i gand
Conpl exes (mjtted or (ldrjty. éfrhdrnabﬁlhwa@s amgphamoatdaﬂa%y)slb@ﬂmteWI di oct adecyl anmoni um
t etraki s(pentafl uorophenyl) borate (1.2 nole equival ents) and nodified

met hyl al um noxane- 3A (MVAO- 3A) (10 nol e equivalents), as dilute solutions
in toluene, are mxed and transferred to a catal yst addition tank and
injected into the reactor. The polynerization conditions are nmaintai ned for
15 minutes with ethyl ene added on demand. Heat is continuously renoved from
the reaction through an internal cooling
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10coil. The resulting solution is renmoved fromthe reactor, quenched wth
i sopropyl al cohol, and stabilized by addition of 10 nL of a toluene

sol uti on worbewmparg approxi mately 67 ng of a hi ndered plremalS2@asanti dant
(1 RGANOXTM 1010 from G ba CGei gy Corporation) and 133 ng of a phosphorus
stabilizer (1 RGAFOSTM 168 from Ci ba Cei gy Cor por at | on) Bet ween

pol ynmeri zation runs a wash cycle is conducted in whi of m xed

al kanes ar &*dgiet Piepralisp H%M?t%ld@?‘lﬁlrcogﬁ}?xf%élvr(@gb? &“tylllgnnﬁé‘élfé]g to 150 C. The
react or i s cididexeerrpl)i2a@bigl -niethgleln @ftiedn S0l vaappiNrgplieagiabyyl pefaire begi nni ng
a new pol ynerization run. Product polyners (Pl) to ) are recovered by
drying for about 12 hours in a tenperature ranped umoven with a final
set point of 140 IF;| ng and crystal l'i zati on tefypefatryes of polyners
(P1) to (PX) are ureg by 20 2910 TA_I\ st N.m%@ Inc.).
Sanpl es of (P1) b (PX) A flrs eét ergp_zgjmt ey re to 210 C at
10 C per mnutg. "Aft g held at this t rrperatu for 4 minutes, the
sanpl es are/cooled to _-4 Cat 10 C per mnute an réf| then heated to 215 C
at 10 C per ninute aftdf being held at -40 C for # ki nytes. Ml ecul ar

wei ghts of polyners (Pl1) to (PX) are neasured either on Synyx

25Technol ogi es, Inc.'s SYMYXT"" Hi gh- Throughput Gel ®erneation

Chr omat ogr apher (SHT- GPC) or Viscotek HT-350 Gel Perneation

Chr omat ogr apher TiyEGFPQ)-(bufhainglqyeldpcl gt 3. ¢ digoprorylapding/ @803 &@bs PLgel 1 Onm
M XED- Bsco |nﬂ@ﬂ%x£§@9ﬁﬂ%ra@ﬁz&@haffdugﬂv(d 4@§ﬁmﬁlf)l) e ﬁlsmmn@qﬁLeoflt@uene at
1,2,4-Trichl orbenzene at 160 IS equip

| ow angl e/ FIGHEERFEGINES £y ghitehsed stdop nﬁteﬂ%‘f“fépéto&ermlglﬁ (Yzfu‘é‘ﬁmhlulo%?r PVEHIY ne

Vi sconet er rardedunti@frddaet ipreeuienile hcgetyeﬁ_,tst@mlne wowsdBPQha raldysiesisstvied | zed
three Polymey labs Pl ums (300 at.a flowrate
of 1 0 m/m in e tlolﬁe 9@10216{%)}/ adfll\ﬂl enzeneeX§ S&?tﬁm tﬁlgé mpd’ g ]élf)

Sanpl e pr epaareEglt @trroqrmten@fﬁfur@@lltlﬂmn Brigapbidarst wilky cpgtly ivelnti@anpl e is

vei g herOUtdedaﬁlEcpang hagg%%/elms@tlstaf%heﬁ %th&%ﬁd H&%Q? lnggén@ $en B4 uHid- Ut ed to

30mg/ mL in 1, ri.chl orobenzene % glass stir bar is
pl aced i nt 6edé%?é ﬁrefsmséo P me o5 Mkpl le%ab@l ‘8&%@&% Mgy é‘}drhé’am‘i #ash aleat ed
shaker ( 16Qoihined 2RRRMntof fREzed (- rm@rgver}ﬂg&uahvehﬂ&ple@ttddaﬁu wilowt:i580d 46 i on/ sanpl e

viscosity is d n ol t hose.whi.ch have not
Futty i gy SR PG fii Tk e SABSGRrtle e FAE En e bl ock

i s returne@ltog bihidetdighodComplex G5 Grinhutdssld efdietdliemd Coaplsf 6 s€@d42 0 t he

sanmpl e ;geck,0fs he SHT-GPC, which is heated at 140 C. The sanples are

di l uted by transferrlng a smal | aliquot of the 30 ng/nL 5solution into a
second t ubel AR Gruthagy. FWIMIERBO°CE 748 4. FEHr-P. T oHhdwgedP Hed

concentr at i,Qp.@%,pw, dTQ/ (H—QHOthh hﬁltt}ﬁﬂp) h's’ﬂ-(taﬂhe Jht}e@ oY Bt esh it o the GPC.
Sanpl e preparation i nt o g(;l asg test-vials

usi ng t he é@m’u%u?é#ét%cgaﬁp%@@r@bé‘ﬁé@nlbﬁﬂ(ssﬁiéﬁ)f Ceidgriathls tibpliized by

Vi scot ek, En&7 Honee 1we|(cg|zﬂd11gm 5.6 Hz254b: 1311 (MISI}D?JQQEBDQHECH(SEI@QMEQD to each
sanpl e ,hy ute tr pum i e SASP
prograth o(Et ?@reEP’T* é3%? 19éoncé ? ?9@ &9 H*Tefnghﬁ@o%f?gox\t 2%’2 is

pl aced i nt 6IHa&T7h4 aauwm, Fubes= é@erﬂapped and | oaded into an aI um num bl ock
and placed Qn @ leatEdyFHRKer o A6R, Loo, R2068PMund: @7 elsdhAYf st R, Reshour's unti |

total dissolution is observed upon vi sual i nsp ection. The vials are then

transferred to TheEnHeisedy M%ﬂlélﬁafﬁﬁémalﬁf o :MF&II Hgand £amplex (Y €A MgHignet i ¢
stirring) wheied idheyme¥@bherld). 861didANs hefte@®P4d Hokrsialioset i aR: @fs iheeach sanpl e

IS mad% With a run tinme of 45 m nut es. Results are shown bel ow in
Tabl e 7 | AMRpregrum shovged abqyyd% decamppsitioy i ¢ Number, nnol es means
m cronol es, "g-pi@l yshgwmt(}ﬂTEPﬁqﬁmn ot :airile @fystplotrydiae dgpivathycady emenymgr am of

conpl ex use
previously. pl%t‘"fla%]f mepef( %J)] en1§/ %%ydr%g[eféﬁtgm%%l oflsilﬂr)rsel}{rﬁteggﬁ nsar%?réssar lts. Ex.

omitted for clarity. Thermal ellipsoids are shown at the 40% probability level.
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No. Metal - |igand Conpl ex Nunmber/ (netal) Amount Metal - |igand Conpl ex
(nnmol es) Exotherm (C) Yield of Polyner (g) Catalyst Efficiency (g-poly!

g- et al ) wb 210522280 Pol yner Mv (g) , =5 (1)/(H) 0.7 @C&/UBA009/03647672 117
961,875 2.2 6 (2)/(H) 0.7 1.2

Example 4: preparation of Metal-ligand Complex (4), (N-((6E)-6-(butylimino-kappaN)-1-
cyclohexen-1-yl)-2,6-bis(1-methylethyl)benzenaminato-kappaN)tris(phenylmethyl)-zirconium.

s
N/
p

Q P Zr(CH,Ph), /_F
N HN@ -
/_/7 i-Pr

h pn h
Q)
The (E)-N-(6-(butylimino)cyclohex-1-enyl)-2,6-diisopropylaniline (0.35 g, 1.07 mmol;
5 Example B) and tetrabenzyl zirconium (0.4885 g, 1.07 mmol) are dissolved in 3 mL of CsDs at
room temperature giving light red solution. After stirring for 1 hour, proton NMR is taken
showing complete reaction taken place. Contents of the NMR tube are returned to reaction
mixture. To the reaction mixture are added 8 mL of hexane, solution is filtered and put into
treezer (-45°C) overnight. Solvent is decanted and yellow crystals are washed with cold hexane
10 (2x4 mL) and then dried under reduced pressure to give 0.566 g of Metal-ligand Complex (4).
Yield 68%.
'H NMR (CDs, 500 MHz, 30°C): 7.22 (pseudo-triplet, 3H, iPr,-Ph), 7.12 (tm, 6H, *Ji.y = 7.8
Hz, ortho-CH,Ph), 6.88 (tm, 3H, *Jin = 7.0 Hz, para-CH,Ph), 6.88 (dm, 6H, *Jii = 8.0 Hz,
ortho-CH,Ph), 4.64 (t, 1H, *Jyy = 5.0 Hz, H5), 3.30 (sept. 2H, *Jyy = 7.0 Hz, CH(CHy),), 2.83
15 (m,2H, H7), 2.24 (br. s. 6H, Hf-CH,Ph), 1.95 (t, 2H, *Jy.u = 6.3 Hz, H2), 1.78 (q, 2H, *Jup =
5.8 Hz, H4), 1.32 (d, 6H, *Jyy = 6.5 Hz, CH(CH5),), 1.28 (p, 2H, *Jun = 6.5, H3), 1.21 (m, 2H,
H8), 1.14 (d, 6H, *Jiry = 6.5, CH(CH3),), 1.05 (sex., 2H, *Jyn = 7.5, H9), 0.73 (t, 3H, *Jyn =
7.5, H10).
Anal. Calcd for C;3Hs,7ZrN,: C, 74.84; H, 7.89; N, 4.06. Found: C, 74.60; H, 7.73, N, 4.28.
20 Fig. 4 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis
of Metal-ligand Complex (4). In Fig. 4, hydrogen atoms and unsubstituted phenyl carbons are
omitted for clarity. Thermal ellipsoids are shown at the 40% probability level.

Examples 5 to 12: ethylene/1-octene copolymerizations preparing poly(ethylene 1-octene)
25  copolymer
A 2-liter Parr reactor is used in the polymerizations. All feeds are passed through
columns of alumina and Q-5™ catalyst (available from Englehardt Chemicals Inc.) prior to
introduction into the reactor. Solutions of complexes (1) to (4) and activating co-catalysts
(activators) are handled under an inert atmosphere (e.g., nitrogen gas) in a glove box. A stirred

30  2-liter reactor is charged with about 533 g of mixed alkanes solvent (Isopar E) and 250 g of
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14.7 117,654 105 557,666 2.2 7 (3)/(H) 0.4 5.7 45.3 634,489 74 1,277, 000
1.8 8% (3)/(H) 0.4 3.6 24.7 345,058 80 472,415 2.1 9 (4)/(2Zr) 0.7
WO 2010/022228 PCT/US2009/054447

1-octene comonomer. Hydrogen gas (45 psi) is added as a molecular weight control agent by
differential pressure expansion from a 75 mL addition tank at 300 psi (2070 kiloPascals (kPa)).
The reactor contents are heated to a polymerization temperature of 120 °C and saturated with
ethylene at 460 psig to 470 psig (3.4 MPa). Metal-ligand Complexes (1) to (4) and activating
5 co-catalysts methyldioctadecylammonium tetrakis(pentafluorophenyl) borate (1.2 mole
equivalents) and modified methylaluminoxane-3A (MMAO-3A) (10 mole equivalents), as
dilute solutions in toluene, are mixed and transferred to a catalyst addition tank and injected
into the reactor. The polymerization conditions are maintained for 15 minutes with ethylene
added on demand. Heat is continuously removed from the reaction through an internal cooling
10 coil. The resulting solution is removed from the reactor, quenched with isopropyl alcohol, and
stabilized by addition of 10 mL of a toluene solution containing approximately 67 mg of a
hindered phenol antioxidant (IRGANOX™ 1010 from Ciba Geigy Corporation) and 133 mg of
a phosphorus stabilizer (IRGAFOS™ 168 from Ciba Geigy Corporation). Between
polymerization runs a wash cycle is conducted in which 850 g of mixed alkanes are added to
15  the reactor and the reactor is heated to 150 °C. The reactor is then emptied of the heated
solvent immediately before beginning a new polymerization run. Product polymers (P1) to
(PX) are recovered by drying for about 12 hours in a temperature ramped vacuum oven with a
final set point of 140 °C.
Melting and crystallization temperatures of polymers (P1) to (PX) are measured by
20  DSC (DSC 2910, TA Instruments, Inc.). Samples of (P1) to (PX) are first heated from room
temperature to 210 °C at 10 °C per minute. After being held at this temperature for 4 minutes,
the samples are cooled to -40 °C at 10 °C per minute and are then heated to 215 °C at 10 °C per
minute after being held at -40 °C for 4 minutes.
Molecular weights of polymers (P1) to (PX) are measured either on Symyx
25  Technologies, Inc.’s SYMYX™ High-Throughput Gel Permeation Chromatographer (SHT-
GPC) or Viscotek HT-350 Gel Permeation Chromatographer (V-GPC). The SHT-GPC utilized
two Polymer Labs PLgel 10um MIXED-B columns (300x10mm) at a flow rate of 2.5
ml/minute in 1,2,4-Trichlorbenzene at 160 °C. The V-GPC is equipped with a low-angle/right-
angle light scattering detector, a 4-capillary inline viscometer and a refractive index detector.
30  V-GPC analyses utilized three Polymer Labs PLgel 10um MIXED-B columns
(300mmx7.5mm) at a flow rate of 1.0 mL/minute in 1,2,4-trichlorbenzene at either 145 °C or
160 °C.
Sample preparation for SHT-GPC: In a sample block, polymer sample is weighed out
into glass sample tubes (Symyx Technologies) and diluted to 30mg/mlL. in 1,2,4-
35  Trichlorobenzene (1,2,4-TCB). A glass stir bar is placed into each tube and the sample block is
transferred to a heated shaker (160 °C, 220RPM) for 1 hour. Visual inspection of
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12.5 42.1 659,288 91 439,111 2.2 10 (3)/(H) 0.2 1.6 31.9 893, 607 80
1,373,000 1.7 11** (3)/(H) 0.2 1.2 21.9 613,480 90 588,555 1.6 12**

(3)/ (Hf) WO 2010/022228
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15

20

PCT/US2009/054447

dissolution/sample viscosity is made, and solvent (1,2,4-TCB) is added to those which have not
tully dissolved, or which are too thick for the SHT-GPC. The sample block is returned to the
shaker for 15 minutes, and then transferred to the sample deck of the SHT-GPC, which is
heated at 140 °C. The samples are diluted by transferring a small aliquot of the 30 mg/mL
solution into a second tube and adding solvent (1,2,4-TCB) to reach the desired concentration
of 1 mg/ml., of which 500 uL. are then injected into the GPC.

Sample preparation for V-GPC: Polymer is weighed out into glass test-vials using the
Semi-Automated Sample Preparation (SASP) program supplied by Viscotek, Inc. Once
weighed out, 1,2,4-Trichlorobenzene is added to each sample by a computer-controlled syringe
pump interfaced with the SASP program to give 1.00 mg/mL concentration. A Teflon-coated
stir bar is placed into each and the tubes are capped and loaded into an aluminum block and
placed on a heated shaker (160 °C, 220RPM) for 1 hour to 2 hours until total dissolution is
observed upon visual inspection. The vials are then transferred to the heated deck of the
autosampler (145 °C with magnetic stirring) where they await injection. A 270 pl. injection of
each sample is made, with a run time of 45 minutes.

Results are shown below in Table 1. In Table 1, “Ex. No.” means Example Number,
umoles means micromoles, “g-poly/g-metal” means grams of polymer produced per gram of

complex used), T My, in grams (g), My, and My, / M}, are as defined previously.

Table 1: ethylene/1-octene copolymerizations results.

Metal- Amount Mg,
ligand Metal- Catalyst /
Complex | ligand Yield of | Efficiency M,
Ex. | Number/ | Complex | Exotherm | Polymer | (g-poly/ Tm Polymer
No. | (metal) | (umoles) (°C) (g) g-metal) | (°C) | My (®
5 (1)/(Hf) 0.7 6.6 19.7 157,672 117 961,875 22
6 (2)/(Hf) 0.7 1.2 147 117,654 105 557,666 22
7 (3)/(Hf) 04 5.7 453 634,489 74 1,277,000 | 1.8
8* | (3)/(HD) 04 3.6 247 345,958 80 472,415 2.1
9 (H/(Zx) 0.7 12.5 42.1 659,288 91 439,111 22
10 | (3)/(Hf) 02 1.6 319 893,607 80 1,373,000 | 1.7
11%#* | (3)/(Hf) 0.2 12 219 613,480 90 588,555 1.6
12%* | (3)/(Hf) 0.2 1.9 27.17 775,954 89 351,532 1.6

*polymerization temperature is 150 °C; and

**polymerization reaction further comprised diethyl zinc (DEZ; 40 umoles DEZ, in Example 11
and 100 pmoles DEZ in Example 12).
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0.2 1.9 27.7 775,954 89 351,532 1.6 *polynerization tenperature is 150 C
and **pol yneri zation reaction further conprised diethyl zinc (DEZ, 40

nnol es DBEYOi2n1062222pl € 11 and 100 nnol es DEZ in Exanpl e PEY/US2000054447

2010/ 022228PCT/ US2009/ 054447 Exanple 13: preparation of Metal-Iigand
Complex (5): (N-((6E)-6-(butylimno-kappaN)-1-

cycl ohexen-1-yl)-2, 6-bis(1l-nethylethyl)benzenam nat o- kappaN)trii odo-haf ni um
3 NN (3)Ph ph Ph(5) 5To 1.5624 g (2.01 nmol) of

(N- ((6E) - 64dmuiley13i pricpaeutikagadl h@anﬂﬁh@&e@w mNJ((éyﬂf) ébﬁtyﬁmmo kappaN)-1-

bi s(1- net h | t t Iy | ) - hat
(et al 1 gai TR (o o AR SRR SR TEb B "6 "GPtz et

roomtenperature dded within 20 m nutes iodiné—{2) dissolved in 60 nL
of CH2Cl2. After rleg for 10 minutes at room¢{enperature, solvent is
removed under redficey

re. To the resul ti ng ne odu@ is added 30 10 niL
of hexane, ang/t sur suspersion is stip —}@nutes The
Q‘ged'FV\llthafrlt the fil gak ed with 15 L of

suspension As filt
hexane and drie der reduced pressure to gl ve 1 of yel | ow
Metal -1 gand Conpllex I%s) (82. 7% yiel d). NVR (cams“ !5 MHz, 30 O): 7.24 (m
1H, i Pr2-pafia-P 7 (m 2H, iPr2-nmneta- Ph)() 1H 3./HH= 4.9
Hz, H5), 359(m 2H H7), 3.56 (sept. 2H, 3.7H H-68Hz CH(CH02), 15
1.68 (q5 2H, 3JR H56245(?701Hzm01HZ¢)(N (BEBG (hatylimptka@dMi- HeyeloBexgn- Hx)-212) , 1.61

d 6H 3‘] c N7 a. 1S en c sha wil dal {q) X 3JH H -
é 5 oo m'ﬁ!lsﬁrfrﬂ@-le% bBe Qﬂ&g&@)( N)Jr éﬁ (ym th%lfh fhﬁ)n(Mlt 11ng ﬁdjc nﬁJré el

= 6.0 Hz, i@ @mrw @ISSOWmé@mLﬂfCHzﬁlz&tﬂzmteﬂmmsure1% Eﬂ"ﬁ‘ﬁ?‘i%?n about the
chenri cal sfﬁhﬂu&e,s ldmkm)mismwam @nel. @auRC. mgteﬁmﬂ&tga@tle nfites ki3ocand HO i s

Cc)gtna)': ggd ( f6; %rpfr-éﬁ.la{c;(s%é%)nts rf% Vecell ]Jnd%ﬁ;iorﬁcg%%gp essu'{ﬁ %ﬁ_ R T SEHE rll‘gaftésmﬁ)llc’e] 1s91£1de%6 al -11gand
cycl ohédfennil-of hyxai, @mbhesrésmtlmmulsgchmnhysttl)nb@f@z Enampa o kepppal)d filiervet hyl - haf ni
um with a frit, the filtercake is washed with 15 mL of hexane and dried under reduced pressure to
give 1.47 g of yellow Metal-ligand Complex (5) (82.7% yield).
"H NMR (C¢Ds, 500 MHz, 30 °C): 7.24 (m, 1H, iPr,-para-Ph), 7.17 (m, 2H, iPr,-meta-Ph),
4.72 (t, 1H, *Jupu = 4.9 Hz, H5), 3.59 (m, 2H, H7), 3.56 (sept. 2H, *Jyn = 6.8 Hz, CH(CH;),),
15 1.68(q, 2H, *Jyu = 5.7 Hz, H4), 1.66 (t, 2H, *Jyy = 6.4 Hz, H2), 1.61 (d, 6H, *Ji.4y = 6.9 Hz,
CH(CH5),), 1.58 (m, 2H, H8), 1.11 (d, 6H, *Jyyy = 6.8 Hz, CH(CH,),), 1.10 (sex., 2H, *Jyp =
7.1 Hz, H9), 1.07 (p, 2H, *Jiu = 6.0 Hz, H3), 0.79 (t, 3H, *Jypq = 7.4 Hz , H10). Information
about the chemical shift, multiplicity and coupling constants for H3 and H9 is obtained from
TOCSY1D spectra.
20
Example 14: preparation of Metal-ligand Complex (6): (N-((6E)-6-(butylimino-kappaN)-1-
cyclohexen-1-yl)-2,6-bis(1-methylethyl)benzenaminato-kappaN)trimethyl-hafnium

-4 4L
A e )82

Pr
[ /\ Me™ /\

(%) (6)
To a 30 mL toluene solution containing 0.7486 g (0.85 mmol) of (N-((6E)-6-
25  (butylimino-kappaN)-1-cyclohexen-1-yl)-2,6-bis(1-methylethyl)benzenaminato-
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To a 30 nL toluene solution containing 0.7486 g (0.85 mml) of (N-((6E)-6-
25(butyl i m no- kappaN) - 1- cycl ohexen-1-y1) -2, 6-bi s(1-net hyl et hyl ) benzenam nat
o- kappai)2bro/azezts- haf ni um (Met al -1 i gand Conpl ex (5) ofPCEAma@bas43) is
added 0.88 nL (2.65 mol ) of 3 molar (M nethyl magnesi um brom de (CH3MyBr
or CH3MgBr) solution in diethyl ether. The resulting reaction m xture is
stirred for 20 m nutes, then solvent is renoved under reduced pressure. The
resul ting Fengpitpodozhaiuny Yotk Beapsl Eempder (LOf Sramplsdns adisdi 083 &8, 5Sol vent

i s renoved nfufodror B i@laf (M)toliedily Bmig@esginyi@oBidd @21 ,1696. AMpBe)sdijti@fin Met al -1 i gand
Conpl ex (6) as yellow crystalline solid. Exanple 15: preparation of

Met al - | i gadthgoist- dke egfting (qetop SEYure s CHERdy o1 2R AR aplyeng is removed

cycl ogexenulgfiﬁ){lucadl\l Zslal;@ (rhe FERN Ir@Idheylls rhrazenamonat &“hkﬁﬁ@ﬁb&'ﬁtér@rdmt hyl - | gaf ni
umi - Pr 0.a co

("5 0 57 o RHb L] B BB fo it 0 HEE) et YFRRTHE) Cmgif ohexen- 1-
y1) - 2, 6- bi afelloetdyhiitchylid - benzenam ne (3.03, 9.28 nol, Exanple C) and

Hf C14 (2.972 g, 9.28 mmol ) is added 12.68 nL of 3 M CHSI\/gBr et her sol ution.
During addition of CH3MgBr gas evolution is observed. The resulting

reacti on mitanpel dperaragen ofddatal eandCopplehion (M (At @dutylimigo-kegppeilon m xt ure
changed CO'c&UiohfefeQm gejd AW E&th?lb@ﬁh»enz@@inﬁﬁak&&pﬁa&)tﬁ&btﬁﬁ%@fnfuﬁ{ 1 hour. Sol vent
i s renoved under uced pressure. To the residue is_added 50 nL of hexane

and the resultlng vell ow solution is filtered. The ercake (salts) is

washed wi th addit 30 nL of hexane. Solvent is #ved under reduced
pressure to give 4 03 g, (79.1%yi el of Metal-1i [ 6) as a

yel |l ow solid. 20" ¥4 R , 500 30 O: 7/19- , 1 Pr2-Ph),
4.66 (t, 1H, 3/HNHHN . HB) amdudd (sept/ 2H, 3V A HPE 7.0 Hz,

CH(CH3) 2) , 4 (m 2I-|+F’rH7) 1.89 (t, 2H, 3Jx_x = 6 6H fl% H2)() 1.88 (g, 2H,
3./H_H:5.5Hz H4), 1.42 (d, 6H, 3/HH-70|—|£’Ie )2),” 1.34 (m 2H,

H8), 1.128 (p, 2H, 3./HH = 6.2 Hz, H3), 1.21 (d, 6HMe3/HH—69Hz

CH(CH3) 2), 1.08r¢ §&?fd(1252’U) tofBrel sbluuon7(565mtizofzv|rd&)5) 6%u?ﬁmﬁﬂo)1 1oh3xe411'[| H=17.4
Hz , HL0), 175. 30

(heoy 28 v At B g Oy, o A4 A1 el g o 1Tgs 7 29
(i Pr2- par aﬂatb»,ls Q&1 [0S (IPG{2 VIEtRMRBY cthdt dlutibh. 10CH) adB@ns0C(EMIGHR) , 49. 57
(C7), 31.00 28. 48 (CH(CH3)2), 28.00 (C2), 26.00 (CH(CH3)2), 24.69
(C4), 24.53Y m@ﬁbsgyed Be fepulfigz3ipaction npgure dogs, noy 3etgRrp OO BOUMSQC
(C6D6) ,1550@:abddz ;midbre Sangdd ColbPfrdm 2éiowkia B1abk Soldi2e il Gitred (081 Bbur. %sxema , (1.89,

28.00), (1.88, (1.42, 24.53 1.3 6. 00 0.77,
13. 82; 1 E 0 reg?j)vec%ﬁld%d)fduc 4pre6s%1re o the 1)es1du(e 18 adéclied gO m]g }hexgme ang ‘the resufgl (

yellow solution is filtered. The filtercake (salts) is washed with additional 30 mL of hexane.
Solvent is removed under reduced pressure to give 4.03 g (79.1% yield) of Metal-ligand
Complex (6) as a yellow solid.

20 'H NMR (C¢Dy, 500 MHz, 30 °C): 7.19-7.24 (m, 3H, iPr,-Ph), 4.66 (t, 1H, *Jy.y = 4.9 Hz, HS),
3.64 (sept. 2H, *Jyy = 7.0 Hz, CH(CHs),), 3.34 (m, 2H, H7), 1.89 (, 2H, *Juu = 6.6 Hz, H2),
1.88 (q, 2H, *Jun = 5.5 Hz, H4), 1.42 (d, 6H, *Junu = 7.0 Hz, CH(CH,),), 1.34 (m, 2H, HS),
1.28 (p, 2H, *Jy.u = 6.2 Hz, H3), 1.21 (d, 6H, *Jyyyq = 6.9 Hz, CH(CH,),), 1.08 (sex., 2H, *Jypy =
7.5 Hz, H9), 0.77 (t, 3H, *Jyu = 7.4 Hz , H10), 0.50 (s, 9H, Hf-CH.).

25  PC{'H} NMR (C¢Ds, 125 MHz, 30 °C): 175.30 (N=C), 152.07 (quat.), 144.98 (quat.), 144.31
(quat.), 126.07 (iPr;-para-Ph), 124.16 (iPr,-meta-Ph), 114.71 (C5), 60.40 (Hf-CHs), 49.57 (C7),
31.00 (C8), 28.48 (CH(CHs;)y), 28.00 (C2), 26.00 (CH(CHs),), 24.69 (C4), 24.53 (CH(CHa;)y),
23.12(C3), 21.00 (C9), 13.82 (C10).
HSQC (CgDs), 500 MHz, 30 °C): (7.19-7.24, 126.07, 124.16), (4.66, 114.71), (3.64, 28.48),

30  (3.34,49.57), (1.89, 28.00), (1.88, 24.69), (1.42, 24.53), (1.34, 31.00), (1.28, 23.12), (1.21,

26.00), (1.08, 21.00), (0.77, 13.82), (0.50, 60.40).
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31.00), 114.71), (3.64, (1.28, 23.12), 28.48), (1.21, WO

2010/ 022228PCT/ US2009/ 054447 Fig. 5 shows an ORTEP depiction of a

si ngl e cryetalo/eea2act ure derived by x-ray anal ysis of MeCaluskéogasd4Conpl ex
(6). In Fig. 5 hydrogen atons are omtted for clarity. Exanpl e 16:
preparation of Metal-ligand Conplex (7): [N(2,6-diisopropyl phenyl)-2-
5but yl am not ropom m natol tribhenzyl hafnium 17 i-Pr 32 i-PrH Bn416 14 NN (7)
NH M /i-pr 9 0 F F§fs P aﬁﬁ)l?ig“llff depiction of a single crystal structure derived by x-ray analysis

N (2, 6- D i sppeashphemplx(@-bteys, apdroweh nopost omitel fotanpl e D, 250 ng, 0.74
mml ) and H Bn4 (403 ng, 0.74 mmol) are dissolved in dry C6D6 (3 nL) giving
an orange solution, which is stirred at 25 C. Conpletion of the reaction is
confirmnmed Byamhdld LoNVRaratikieet Md@aldigdng Coplent’n (¥-€50-difhmopybhetyD@n m xture i s

concent kat %QKHBQ@&Opgﬁ&ngmmgewaﬁgnﬁMth hexane and cooled to -45 C

over ni ght . e resulting yellow crystals are filtered, washed with cold
hexane and dri ed under vacuumto give 557 ng 5 Yyield) of Metal-1ligand
Conpl ex (7). CeD6, 500 MHz, 30 Q)r 3H, H10, H11, H12), 7.15
(fin, JHH:= 6H, neta- CHZPh) 6. 15(d =$H.1 Hz, 6H,

ort ho- CHZP m-pr3H, par 2iBMop N.%"E 6) 59 (d, JH H=
11. 2 Hz, NH6 (MY 1H, H2) 648(m 1 H3))96°25( JHH = 8.8
Hz, 1H, H4) 3.18 (m @A, H14), 279(septetr vwH = 6.8 Hz, 2H, CH(CH3)2),
2.21 (br s, 6H, CH2Ph), 1.38 (m 2H, H15) JHH= 6.8 Hz, 6H,
CH(CH3)2), 1.14 (sextet, JHH=7.5 Hz, 2H, h094(d JHH—68Hz
6H, CH(CH3) 2) ﬁ (X @-Diibapropiipidnd)-7- bayllﬂzmotﬁjpbmﬂrﬂﬂﬂ) (Exﬁmﬂé D,Cab@ dng, 00.74

CA4H52Hf N2; 60; N, 3.65.
20F1 g 6 SHBD B4 TRl b Ok i e Sl e Sy B il 8% vea by
X-ray anal y@ut@no&f/hlms slireefl A€’ Congitiex of 01y reaqtlnn i cgnflr@ed by & YBnakat ons and

unsubstjpt ut,gg oPRERNL. G2 Eé%&f&ﬁ nfMtére Q%ﬁ&ﬁﬁteﬁ %de‘f‘ Lé’%ﬁdnﬁ B{ayered with Ee@rmh@ 17:
preparation of Metal-Iigand Conple 8): [N-(2 diisop Rl B henyl) - 2-
CO

25but yI ani RAIIdp i’ 910?‘%%1%}}%1?11? ﬁéﬁ%‘%ﬂﬁ P ETamAre fﬂtefed washed wi hexdne
N- (2, 6- D i sepirepyldehanyb)to gvOsH7mham aGidd povitdiiend(@sprrl®. D, 250 ng, 0.74

dry )CGE%S?I ke WUl AP rg e e Bl GEbPs T ey 6 1 68 13 Four s, t hen
concent r at edwuGHIEk), MAICHLTl=styeie dHWrihb- Cﬂawamessmm}cgamlae:mmo G%S(mC
overni git . § rg§dj(lgelﬂng Mezlﬁo;{\% ésséﬁ)z(g‘aﬁﬁ%iflg " elﬁg{?%@?q with cold

hexane and vacuum TRl -1 gand
88Hz 1H, H4), 3.18 (m, 2H, H14), 279 (septet, JHH—68HZ 2H, CH(CH3)2) 2.21 (brs, 6H,

CH,Ph), 1.38 (m, 2H, H15), 1.26 (d, Ju.a = 6.8 Hz, 6H, CH(CH),), 1.14 (sextet, Jun = 7.5 Hz,
2H, H16), 0.94 (d, Ju.u = 6.8 Hz, 6H, CH(CHs),), 0.77 (t, Jun = 7.3 Hz, 6H, H17).
Anal. Caled for C4Hs5,HEN,: C, 67.12; H, 6.66; N, 3.56. Found: C, 66.40; H, 6.60; N, 3.65.

20 Fig. 6 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis
of Metal-ligand Complex (7). In Fig. 6, hydrogen atoms and unsubstituted phenyl carbons are

omitted for clarity.

Example 17: preparation of Metal-ligand Complex (8): [N-(2,6-diisopropylphenyl)-2-

25  butylaminotroponiminato]tribenzylzirconium

4
3

5
17
5 ° :
7 1 -Praas_12
Zan4 16 N 1

i-Pr —_ 14 N N—
\_\—NH N@ \Zr/ ipr’e 1 8

i-Pr u,

Phph Ph
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Conpl ex (8). NVR (C6D6, 500 MHz, 30 C): 7.19 (m 3H, H10, H11, H12),
7.10 (tm JHH=7.5 Hz, 6H nmeta-CH2Ph), 6.88 (hr s, 6H, ortho-CH2Ph),

6. 85 (m B 20pan22€H2Ph), 6.80 (m 1H, H5), 6.56 (d, JHPHTAIS:M9DS4427 1H,
H2), 6.52 (d, JHH = 11.2 Hz, 1H H6), 6.45 (t, JHH = 8.8 Hz, 1H 10 H3),
6.24 (t, JH H= 9.3 H, lH H4) 3.04 (m 2H, H14), 2 79 (septet, JHH =
6.8 Hz, 2H, CH(C'_B%Q%—W hr s, 6H, CH2Ph), 1.35 2H H15¥l{ 1.23 (d,
JHH= 6.8 H Oﬁ%ylzl)eﬂylkz Titylel?}é%f‘)@?mm@ﬁ ﬁﬁxamp}e +250 ope Wiik), 0. 93
(d, JH_H =nfind® (ks0,m@Gbi74 &l@%)?&);m (513971153 (0.4 mdhbl) bte Rissohvad hizdry G4t (3—1&12))

El-ilE)lil-agP lr’rg t #13? ge%ﬂthrp a})réa%t !%g)guugn 1th:’1rrecf for hgg‘urr]sd then rgpncen)&at(zc? ).mder vacuum, layered

di i sopr opy Ivathihtxanodntl cepalrtp MSriEtootreiglitbBrzsshibed yellowncrystals are filtered, washed

N, N- Di gt hwltﬁ%ﬂ%egan(e%n@ dﬁéd B QaQMJn@'EH %M‘QM QRN AL A (yEM%fSPiC%mE 250 ml
0.77 mml ) and Hf Bn4 (420 ng, 0.7 are dissolved in dry

and t he re§81nPIF’h@) 20 orange sol ut| on stl rred for 2 hours. Conpl eti on of the
reaction i SH@@«nidc%ﬂi;esbohMHz 3 ~tWR19 FheH! BAE HIOMIN), XUY(&, J,S Lenaent at ed
under vacuum i C._over ni The

wi t h _hexane_and cool ed to -45
A A Ui A S T S R I R ST
under VaCUl6r561(cDJ1gﬂ[¥el.3?IQ Mg HR B B. 5%y /e ) 1.011zNEL alby, biugand »CohpHexn( 9) . NWR

(CeDe, ;500 , 0, CH2R 94 (d,
S oD e Eae fel- T W B0 RO puf e, S0 el By pg Ry B
par a- CH2PhCH(@L:1:6 2(3|§1(br21-6H K5, Phiyg )35 (8. BB 1Y), 1 IHdHm =198 Bz |6, CHQ@Hs)HZ) 6. 45
(t, JHH —131@(s3xt&'t|ZJ HJ—H’sﬂI@)ZH }@}635)9@(&1%{%]:'@'81}17 (%J@H(@ )25 (L, 44, 2. 66
(septet, JH H Vit H15).," 2.09 (hr s,
6H, CH2Ph) H‘ﬁ&*ﬂlld JH H = 6. 8 Hz, 6H CH(CHB)Z) '0.93 (d, JHH = 6.8 Hz.
6H, CH(CH3)2) Anal. Calcd for CA2HA9HE NB: C, 65.15; H 6.38; N, 5.43.
Found: ORTEP depi ction
of a si rgl:gl %X%nrlpqé 5 Pre%afa%Oﬂ ?fll#’rleég%f%and veHPIEy Ok U?Z\{%méeﬁlg VEi's {52 1% Met al - | i gand
Conpl ex (9)dusopmpﬁangmﬁmpdmymnmgemeratlmfmuland unsubstl tut ed phenyl carbons are
omtted for clarity. 5Exanple 19: preparat| ony of Met al -1igand Conpl ex (10):
1IN, N- di net hyl am no- 2- (2, 6-

di i sopropyl ani troponi m natol tri benzyl z ium4 2 "i-Pr 3 12
i-PrN-NN11 N 810) /1 15\|-Pr 9 1§( |z rf'PI'13 12
N i-P N— 11
ON—=N" HN Z \ / j-Pr ©
i-Pr "ll
Phph Ph

N,N-Dimethylamino-2-(2,6-diisopropylanilino)troponimine (Example E, 250 mg, 0.77

mmol) and HfBn, (420 mg, 0.77 mmol) are dissolved in dry C¢Ds (3 ml) and the resulting
20  orange solution stirred for 2 hours. Completion of the reaction is confirmed by 'H NMR. The

reaction mixture is concentrated under vacuum, layered with hexane and cooled to -45 °C

overnight. The resulting yellow crystals are filtered, washed with cold hexane and dried under

vacuum to give 370 mg (62 % yield) of Metal-ligand Complex (9).

'H NMR (C4Ds, 500 MHz, 30 °C): 7.16 (m, 9H, H10, H11, H12, meta-CH,Ph), 6.94 (d, Jun =
25 7.6 Hz, 6H, ortho-CH,Ph), 6.88 (t, Juu = 7.3 Hz, 3H, para-CH,Ph), 6.76 (m, 2H, H5, HO6), 6.68

(d, Ju.m = 11.5 Hz, 1H, H2), 6.45 (t, Ju.u = 10.3 Hz, 1H, H3), 6.25 (td, Jun = 2.5, 8.5 Hz, 1H,

H4), 2.66 (septet, Jun = 0.8 Hz, 2H, CH(CHs),), 2.61 (s, 6H, H14, H15), 2.09 (br s, 6H,

CH,Ph), 1.17 (d, Jun = 6.8 Hz, 6H, CH(CH5),), 0.93 (d, Jun = 6.8 Hz, 6H, CH(CH>),).

Anal. Caled for C4,,HuioHIfN;: C, 65.15; H, 6.38; N, 5.43. Found: C, 64.68; H, 6.32; N, 5.57.
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rf -1 Ph ph Ph

N, N- Di net hyl am no- 2- (2, 6-di i sopropyl ani |l i no)troponi m ne (Exanple E, 150 ny,
0. 46 nmolwoand/ZeB84 (211 ng, 0.46 mmol) are dissol ved PaTAISg0@ODE413 i) .
The resulting orange 10solution is stirred for 4.5 hours, then concentrated
under vacuum |ayered wth hexane and cooled to -45 C overnight. The
resulting yellow crystals are filtered, washed with cold hexane and dried
under vacuum t oF'gi V8O0 YRy EF S9P190Y pled stpple Ry stRhstragiure fgixsfPyEgmpnaysiy 10) . ' 11
NVR ( C6D6, obRieralNtdand Gfapek (9) An 2. 1, mydrSdeln atbihOand kidshipstibdied phenyl chdbofstarg JH H =
7.7 Hz, 6H,mﬂ§5%-ﬁlgr%Ph), 6.91 (m 9H, ortho-CH2Ph, para-CH2Ph), 6.76 (d,
JHH = 11. 7 . 1R f), 6.71 15 (t, JHH = 10.0 Hz, 1H H5), 6.62 (d, JHH
= 10.4 Hz, 1H H6), 6.41 (tm JHH = 10.5 Hz, 1H H3), 6.23 (t, JHH=9.3
Hz, 1H, SM)Exangple?@:%ﬁ%%igﬁ @fwiéfﬁ-ﬁgﬁd@oﬁpltkﬂoﬁmzvﬁﬂ(e htb2-2623 (s, 6H, Hl4,
H15), 2.25 (br s, 6H, CH2Ph), 1.20 (d, JHH =6.8 , 6H, CH(CH3)2), 0.97
(d,  JH_H =dgsogropglanilgpjtropyymgpglpipensplpscqiipiie 20: preparati on of Metal -1i gand
Conpl ex (11): {N1, 1\74242, 6- 4

di i sopropyl phenyl] t roponi m nol -1, 4-butyl e dm nol tribenzyl haf ni um _
-2 21213 i-P [\Ni-Pr 13 12 _ NN 72 Pr8|\|\ /' N 14148 i-Pr\\ [ i-Pr
Hf, Hf,, r1" "1r Ph ph PhPrergsa Ph N 77N TR

N, N -[ 2‘(2,]:3\‘,_% %ohenyl )troponi,n’i‘ﬁH%— NZspuA enggj ani ne (Exanpl e F,
100 ng, O. nmol)  a Bn4 (177 ny, ©.33 iy are dissolved in dry THF

(15 nL) and the red€tion mixture is stirr &, room tenperature overnight.

The solution is then cooled to -45 C Ph ph Fl,h

N,N-Dimethylamino-2-(2,6-diisopropylanilino)troponimine (Example E, 150 mg, 0.46
mmol) and ZrBn, (211 mg, 0.46 mmol) are dissolved in dry Ce¢Ds (3 mL). The resulting orange
10 solution is stirred for 4.5 hours, then concentrated under vacuum, layered with hexane and
cooled to -45 °C overnight. The resulting yellow crystals are filtered, washed with cold hexane
and dried under vacuum to give 100 mg (31 % yield) of Metal-ligand Complex (10).
'H NMR (C4Ds, 500 MHz, 30 °C): 7.20 (m, 3H, H10, H11, H12), 7.14 (tm, Jyiy = 7.7 Hz, 6H,
meta-CH,Ph), 6.91 (m, 9H, ortho-CH,Ph, para-CH,Ph), 6.76 (d, Jug = 11.7 Hz, 1H, H2), 6.71
15  (t, Juu = 10.0 Hz, 1H, HS), 6.62 (d, Juu = 10.4 Hz, 1H, H6), 6.41 (tm, Jiz = 10.5 Hz, 1H, H3),
6.23 (t, Jun = 9.3 Hz, 1H, H4), 2.70 (septet, Ju.q = 6.8 Hz, 2H, CH(CHs;),), 2.53 (s, 6H, H14,
H15), 2.25 (br s, 6H, CH,Ph), 1.20 (d, Jun = 6.8 Hz, 6H, CH(CHs),), 0.97 (d, Jun = 6.8 Hz,
6H, CH(CH:),).

20  Example 20: preparation of Metal-ligand Complex (11): {N,N"-[2-(2,6-

diisopropylphenyl)troponimino]-1,4-butylenediamino} tribenzylhatnium

2 HfBny4
_—
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5for 48 hours. The solution contains no solids, however, when it is allowed
to warmto roomtenperature, yellow solid precipitates. The solid product
is filterwo20maebed with col d hexane and dried under vaeaurast@ogsiser 100 ng
(40 %yield) of Metal-ligand Conplex (11). '11 NMR (CD2Cl12, 500 WMHz, 30 O):
7.32 (s, 6H, para-CH2Ph), 7.06 (t, JHH= 7.5 Hz, 12H, neta-CH2Ph), 6.92
(m 2H H11), 6.78 (t, JHH=7.5 Hz, 4H H10 H12) 6.63 (hr s, 12H,

ortho- 10CH2Ph), 7.47 (tm JHH 3 51Hz H)s 22 (tm JHH = 10.1 Hz,
2H), 6.90 (m 2H), 672(d JH_ @51(d JHH=11.1 H,
2H), 3.08 (m 4H H14), 2.63,(sep S 4H, ,CH(CH3) 2), 1.83
(hr s, 12H, CH2Ph), 1.44 « 15 m K68 Hz11)12H,
CH(CH3)2), 0.92 (d, JH H =06y Hz\ 2H, " CH( )\2)/ Nz a1crple 21:
preparation of Metal-ligand Corrp (,12) (E)- 5 (butylimno-KN)-2, 4-

di met hyl cycl opent -1 -enyl)-2, 6- b| niet hyl et h behzenam nato-KN)tri s(pheny
| met hyl ) - haf ni um 20Fol | ow a FﬂilcéDdI'ure Si nﬁ’ﬂmf Rro that of Exanple

except use 410 gg;

N- (5- (butyl i ni no) - gzl (é%%d]mneégg %ﬁ?ﬁﬁl‘?“@@‘) QAT T Gy BB | SSBOpyY I ant | i ne
(Exanple (@) 91¢ pngh gnd Hbng 617&@@(303 oeob 3u fhﬁgol(eﬂ ip diyrig{hy (1o Ph)4; stir
the resul t i@ioh@aahk Qufddd o t@rﬁ}{eraalre oveMI $hd DRGAOE madeborde ub anal

| i gand) ; stallize from3 ni, gluene and 20 nmL of hexane to give 0.335

my of MBt alfgél“'géla‘r‘f& PR Ctni‘??s noﬁo 1 PO3EVET B WPW JUEPT Y Y st al s
from 25t ol ueipehtexgiew saldveaipittx The &lid phNRt (GBI, vBikdMith,co@Getahe 8 7. 15

(m 57 AR By sl Bl ot 2 e, 02

(CH3) 2CH) , 'BNMR (CHe@.. SAMH3 F8 °6); 93}@%63@4@%) 7.80 @8ug pd,s HZH2H2J= 12.5 Hz,
3J= 5 Hz, '7;’%@}?—1%‘)56 &éj(q{szJIHq) 45’@ 2 774, @Pi‘Hl@ Ihzz) 6%550 1§H"JZrthoH3) 2. 34
(p, 1H, 3J= , BT 24T 21 (d, 3H,
3)= 12 1Py, C@W@HW (tfl é&nﬂplliﬂ HBJ 22 g, 5HH2101I-EB)2H)16 Ay 2RD: @ﬁ! A4y, 1.29
(d, 3H, 3J5-619 Hinn (633N 2CH 1.1 11227 (38 (BHL, 35, @@(s e, JI(IQEB%ZQ-D 1.23

(m 1H H7) Hz 06 2 1.05 (d,
3H, 3J= 6. ?Hré”&?‘éﬁs %"c@ﬁ %é* 52’21’%% 14{#&‘%?%%‘% %g]ﬁlz L 7 Hz, CH3),
0.76 (t, SHH(GH%)T)%(d-IZHHm;HzMGH Giewr),)ar e ' 3C NIVR (CGD6 125 MHz, 30 O
and HSQCAD (C6D6, 500 MHz, 30 C) 10data and an ORTEP depiction of a single
crystal structure derived by x-ray analysis. Exanple 22: preparation of

Vet al - 1P gakdanaiigdh prrpagatigy of Mayg-ligand Complexyl gy g£)-N-(5-(butylimino-kN)-2,4-

met hyl et hyId)r&h@m%dlap@mmyll;(bl)sb%c1caialll}méaeya<>salzénawnhtglﬁﬂﬁbisr%}&lnmetﬁgu)net hyl-1,2-eth
anedi am nat oKN KN )tris(phenyl nethyl)-hafni um ow a procedure
sinilar toltRYE of Exanpl e 2 except use N2-41E)-24(2, 6-bis(1-

met hyl et hyl ) phenyl ) am no) - 2- cycl ohexen-1 -yl i dene) - N1 'N1-gli meg hyl - 1, 2- et hane
di am ne (H) (%‘%58 9, - . 7566 nmol); toluene (3 m_)H3Ci\ﬂ/ 3sol ution of
haf ni um t etrabé

). 103 g, 0.7556 mmol) in toluene" mhrt ol uene
rinse (1 nml); and)st{ r-PF i on mi HFEPRer 30 ni nutj ‘Q
% \ / i-Pr

N HN
/—F i-Pr 6 r

(©) A

(12)
h

=

20 Follow a procedure similar to that of Example 2 except use 410 mg (1.2 mmol) of (E)-
N-(5-(butylimino)-2,4-dimethylcyclopent-1-enyl)-2,6-diisopropylaniline (Example ((3)); in 8
mL of toluene; add 654 mg (1.2 mmol) of Hf(CHyPh); stir the resulting reaction mixture for 2
hours (do not add additional ligand); crystallize from 3 mL of toluene and 20 mL of hexane to
give 0.335 mg of Metal-ligand Complex (12). Yield 35%. Grow X-ray quality crystals from

25 toluene/hexane solvent mixture.
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20 crystallize from3 nL of toluene and 17 nL of hexane to give 235 ng of
Metal -1igand Conplex (13). Yield 39.3% NW (C6D6, 500 MHz, 30 C) 8
7.30-7. 23V0rep10812228- Pr2- Ph), 7.14 (t, 6H, J = 7.6 Hz, meCIASAMRPHH47 6. 93
(d, 6H, J = 7.5 Hz, ortho-CH2Ph), 6.81 (t, 3H, J= 7.3 Hz, para-CH2Ph),
4.86(t, 1H, J= 5.0 Hz, H5), 4 07 (septet, 2H, J= 6.8 Hz, CH(CHS)Z) 2.19
(t, 2H, J=,6.0 Hz, H?% 2.10 broad s, 6H, CH2Ph), 2. 065

N(CH3) 2), 21K EsPeH OMHZ53060PE SET 9H1P821Ph13ﬂ¢'ref(' 2P, 0.9 éﬁdfﬁz) 1.46

(quintet, 2H, Z\]-6 , (e 8 Hz, C 2), 1.24 (d,
6H J= 6. 7%|f‘|zH %6%@ shom#a}?é”“%;ﬁ“ ?;&E%IH 59@ 30 O,
HSQCAD (CGDBHz)zQ@?O) 3!%128613 3. @)=693EM(CH3)2CHEBQ$T@|5\{?&1 Il Sy § {01z HO. N)  dat a
and an ORT Elis@tfa@u@lt 'JonmeZavSJﬁr}gJ @—Clré’ﬁi rﬂb) §T3ﬁ tbcmﬁﬁ—@wz\m; MRy, x-ray
anal ysi s. 0/ 022228PCT/ US2009/ 05444 & Bar ation of
Met al - | Pgar’iH éorlrblgél% CEHY; 26 BlthA %ZrH%qSHR 1 @1”1 i 3

t er pheny1) 4124 ¢y 1] HEYy ChDlaeRE -6 A, nat 9-CKN) t.27 @(Jphényé. maz m(gzmzdma,f ni um

5Fol | ow a ce t t S

( 6E) - 6- (bu'?y rr‘lqlgl!lg)gﬂi\l!m(J‘}aSrf1 iz é%ﬁ t(gﬁﬁmq%ﬁlﬁ%ﬁa?%l?@ @I’o exen 7| -anine
(J) (0. 297212gCH@2@53394rfm§H)C(1ﬂ£9861(31@1|3Hl dHﬁlHZ(Gljlz)aWdéd)m Toldéhed3 nl); a
solution o Zy 9, Nyl t.glthene (2 ni);
t ol uene ri #sg&%%%&%yl?g%ﬁ 12? é@ﬁ@l ﬁé%’rde}fa%c |on(Cﬁ1 §<t5%10r1{e/lﬁ’rZ i 0 m nutes;
then add hexanfisn ORTRR Jiépidbis&alsigle b§Qhidt@ehrd RS AW xirdy adalidis. of tol uene, add
10 nL of hexane; filter, and 10concentrate to give 350 ng of Metal-1ligand
Conmpl ex (14) as yellow thick oil. Yield 55.0% NWR (C6D6, 500 MHz, 30 C) 8
7.47-7.45 Emmpldf2: 1'5?l"/|1)aqrati<7fr1@Wle(tfdhligaﬁzllellCorilplEX @AI7T(NE-(Bhpis(17. 21 (t, 4H, J = 7.7

JHZ; shz Hijeil\Setthylg%tﬁé/l) o ZI§)62 k}%lohfx}ga i- yﬂdei‘ré N Nﬁ)ﬁmﬁgﬁyl 175"ethf ?c}lanﬁ%ﬁoaoj( t, 5331
Hz, HB), Dirpephynpimetpd)-hpfripm 1 92 (broad s, 6H, CHZPh) 1 86 (q, 2H, J=

5.6 Hz, H4), 1.63 (t, 2H, J= 6.4 Hz, H2), 1.11 15(quimtet, 2H, J= 6.2 Hz,
H3), 0.98-0.90 (m 4H, H8 and H9), 0. 68 (t, 3H, J= s Hz, H10). Not shown
are ' 3C NWR (C6D6 25 MHz, 30 C) and HSQCAD (C6D6 90-P 30 O data.
Exanpl e 24: prepa (;1|3r of Met al -kfganpg, Conpl ex ), N% >

(N-(6- (but y}d mi nog v | ohexen i (HQ* j-Pr

201-y1) -2, 6- s 1- e ﬁ yI)benzenam nat o- m@ﬂif’ 4, 1- di met hyl et hyl ) phen
ol ato- KO) q\nemst hyl I_paf i um | (13)

Follow a procedure similar to that of Example 2 except use Nz-((lE)-Z-((2,6-bis(1-

methylethyl)phenyl)amino)-2-cyclohexen-1-ylidene)-N 1 N 1 -dimethyl-1,2-ethanediamine (H)

(0.2584 g, 0.7566 mmol); toluene (3 mL); a yellow solution of hafnium tetrabenzyl (0.4103 g,

0.7556 mmol) in toluene (2 mL); toluene rinse (1 mL); and stir reaction mixture for 30 minutes;
20  crystallize from 3 mL of toluene and 17 mL of hexane to give 235 mg of Metal-ligand Complex

(13). Yield 39.3%.

'H NMR (CgDg: S00 MHz, 30 °C) 6 7.30-7.23 (m, 3H, i-Pr,-Ph), 7.14 (t, 6H, J = 7.6 Hz, meta-

CH,Ph), 6.93 (d, 6H, J = 7.5 Hz, ortho-CH,Ph), 6.81 (t, 3H, J = 7.3 Hz, para-CH,Ph), 4.86 (1,

1H, J=5.0 Hz, HS), 4.07 (septet, 2H, J = 6.8 Hz, CH(CHs;),), 2.19 (t, 2H, J = 6.0 Hz, H7), 2.10
25  (broad s, 6H, CH,Ph), 2.06 (s, 6H, N(CHs)2), 2.02 (q, 2H, J = 5.6 Hz, H4), 1.81-1.77 (m, 4H,

H8 and H2), 1.46 (quintet, 2H, J = 6.4 Hz, H3), 1.44 (d, 6H, J = 6.8 Hz, CH(CH5),), 1.24 (d,

6H, J=06.7 Hz, CH(CH3),).

Not shown are *C NMR (CgDyg, 125 MHz, 30 °C), HSQCAD (CgDy, 500 MHz, 30 °C), and

elemental analysis (C, H, N) data and an ORTEP depiction of a single crystal structure derived
30 by x-ray analysis.
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Charge a vial with 157 ng (0.28 mmol) of

[ N-[ 24] 2, 6- bi s(1-net hyl et hyl ) phenyl | am no- KN1- 2-

cycl ohexewol20lazeael- 2, 6- bi s(1- net hyl et hyl ) benzenam natroTHKINpamwiosathyl - haf n
ium (6) (Exanple 14) dissolved in 2 nL of C6D6. To the m xture add 57.3 ngy
of phenol in 1 nL of C6D6. Stir the resulting reaction m xture for 2 hours

at roomtenperature. After 2 hours, NMR shows formation of product (15) and
about 25% of unreacted starting nmaterials. Allow reaction mxture to stand
over ni ght, lﬁ&mngwwmmﬁmmﬂmmmam&@ﬁmQMﬁmmmasxameﬂgmm@tN%NauB3and formation

of 5Sthe desjred cpopl e ye. sol ¥ nt under duced pressure to give 204
my of Met AT 47 Conpl Ohexe”}i%‘?‘“at%“ g™ g‘Ffth I {'(08D6, 500 Mz, 30 O

87.38 (d, 2H J = 7.7 Hz, ortho-Ph), 7.301 (1, 1H, 3= 8.5 Hz, ortho-Ph),
7.299 (d, 1H, 333;}2 Hz, ortho-Ph), 7.25 (dd, 1H, 28 5k 3J= 6.5 Hz,
(-

para-Ph), 6.91 ( H_3J = 7.8 Hz, para-Ph), 4.66

5 Hz), 370
(sep. 1H, 3J = 6, i%fCHS)ZCHBf(CI&P% (m 2 N88 m§3:‘21}4 3 = 5.

Hz), 1.87 (t, \ ), T.62 (5, I8H), SFPhSJ— 6. Ft
(CH3) 2CH) , 5 (p, 2WKn'3J= 6.4 Hz), 1.23 (d, ABH Béﬁ F54)(
1.20 (m ZFD 91 (sex 2H, 3J= 7.2 Hz), 0.94 (t, H 0 57

(s, 6H). Not showh' are ' 3C NMR (C6D6, 125 MHz, 30 plraE’*a and an ORTEP

depictign of a | e crystal. struct ived by anal is. 15
Exanpleg25 pre%ﬁggfﬁgﬁﬁ%FSW%ar ﬂf?f%&ﬁm@%ﬁwfg’uff@§6(%§ﬂ 3i s(1-
met hyl et hyl(). pRdriydrphamiDrayloL-¢tlphere {rathioh X @972 g, 64833 mmol) (no addltlonal )

2, 2-di met hyl ydraze ?ﬁ@”a%&h%%hﬁa@&ﬁ%ﬁ%hzéf@ﬂ)@' a7 n?nQJf)qL oAPha procedure

simlar to that of m@ e C exce use 0O gﬁé of (E)-N-(6-
(2, 2-di met ﬁ%/mh&mvé%m%f) y@l)éﬁb@%eTSLlé‘WI9a°t2)n@H%}PrF Q@ﬁwamepﬁ% (K) (Exanpl e
K); 8 nlL ohedaidsuenEey; dlgsoﬂfgﬂs@a@d {ead&ln mmlo} toRbndHdBN G mLS hdxadehiter, @811 t i Ng

m xture . for 1 hour; ive gand Conpl ex
(16) a0 Frrgntratbias e BT &t Mo P firnilie? rikeat st . 300
7.16 (m 3HaNMmchg>h))oMm,m CIE}76HZ453(M—!4HHRh)734(d—IZI,—I Jeet aHz, %DHZPh) 6. 87
(d, 6H, 3JHH = ort ho- CH2Ph 6.82 (t, 3H 3JHH=7.2

par a- CH2PhY&- 4HH537 7(ItIZ P’l)H7 166 2H, 26 Bz, THy.08 g 1781, Ploeh0 (. 3H, J?MH H=26.8
Hz, CH(CH3)2)pn), %@@bréatd,d At =33HI, 7164 8 (a1, H23 0 12,188, 2(3012.27%m, BH, CHZPh)

2. 26 (s, H H4) ,
220 (51 o8 NOPEME. ol Ing R I P s S el kg (Ros2ry o
3JHH =16.9 (dedinytet, CH( CHBP 2., H3) WD 8A0IDAMOAP ZB&RCH%)USQHXQQHOE{L%@YIZ H10).

Not shown are *C NMR (C6D6’ 125 MHz, 30 °C) and HSQCAD (C6D6’ 500 MHz, 30 °C)

data.

Example 24: preparation of Metal-ligand Complex (15), (N-(6-(butylimino-«kN)-1-cyclohexen-
20 1-yD-2,6-bis(1-methylethyl)benzenaminato-kN)(2,6-(1,1-dimethylethyl)phenolato-
kO)dimethyl-hatnium

g::? g::?iPr

i-Pr N M_%;:>

N N——;::> OH /r—/ﬁ_\\//;

~ \7/\ S t'B“(jt'B“ e
Me™

(6)

Me O
Me t—Bu\©/t—Bu

Charge a vial with 157 mg (0.28 mmol) of [N-[2-[[2,6-bis(1-methylethyl)phenyl]amino-kN]-2-
cyclohexen-1-ylidene]-2,6-bis(1-methylethyl)benzenaminato-kNtrimethyl-hafnium (6)
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Not shown are '3C NWR (C6D6, 125 MHz, 30 C) data. Exanple 26: preparation
of Metal-1igand Conplex (17), (2,6-bis(1-nethylethyl)-N-filE)-2-

(but yl amwo-261j022228ycl ohexen- 1-yl i denel benzenam nat o- KNpCTiuseaoapb4aaf ni um
i-Pr i-Pr 4 MeMyBr, .Hf (L)i-Pr10 Me"s"/ "NM 5Me To a 40 nL of

t ol uene sol ution containing 1.0168 g (3. 11 mmol)

(B)-2,6-dii sopropX (butyl am no cl ohex-2-enylidene)aniline (L)
(Exanpl e Lytxapgle >s99*‘~701§ed Til/ ¥‘ © P24 dds PerbPlsnd Jui WaPlent s of a 3M

MeEMBr et h%%DS%'u fuk féEhlur{Qw’éa'ctﬁbq nﬁﬁﬂ'ﬂe%r@ﬁ{o& at M YD E{; SR ¥R HLQMR observed.
After stirrin t e resul'ting reaction m xture ¥ 2 Rours at room

10t enper at diicgys fdrﬁmmeflﬁadumqmin ahMeﬁtzﬁ%dﬂﬁedctpd ﬁz&ﬁngrrmterm@ Allbe réaesdndue add 20
nmL of toluene f and filter .the resulti el | ow
e S S R AT
yel | ow &r ydteakdiehenplyki REmoN\VRIvsth owdst feducnditresoute ofgive Bed ldgsﬁM@d dligendduct (17)
and a smal ICOQigqug).qfeldiggg%i ties. Dissolve the solid in 2 nL of warm

t ol uene an d 18 hexane. Filter the resulting sol ution, and place

m. o
filtrate i nItINMHf@eEeﬁOQ MHr596CE) 7- 5 dr Al g Rt.7 ot thedty) r3@]cﬁ1pﬁ ahe¥s yel | ow
solid on a;s n h it C xane, and dry
it under reéuocrél P%r%gésgﬁ(ﬁ 1}{5&“ 678{/ ﬂ'fs‘% Fy oérgll(acpf1 ZL Io}{Z gf'%cslqgan pr oduct

(17). Renoyeragt) \éél‘h(t P ohs T. &Ez lpataergh, 4f601(t HaLEs 5 Hs$ ) wep. tihe/ # 681kt | ng
resi duggi n A% k) Qb iE%ANA. 88@&92}@“& kREQ), ﬁ@‘?(tfzrrﬁejle& Hé}ff&r(s J3dpys in

freezer, decan sql vent and remai ning | arge crysta s wth 2 nmL of cold
hexane and 1&PK%§IHunEIé19HrZe@6’e)éH{)p¥%%(§@r}b hob-Hilwel B3 Wy /ot0-Bllsecond 201 ot of
eroﬁlll\J/th ( %é%m)z%%mlzoerd el (%%Qgg@:(ﬂaﬁlﬂﬁ%%qf 3Méyghglﬂzgand(scampl ex (1h7)

) I = ) ]
3OH H = 5 R RRy e SN sn2s M S need s ok Eahir Sl 1
CH(CH3) 2) , ﬁ\st&l%tr&c%re%ﬁved%%l;c'—r analg 9 Hz, H8), 2.01 (t, 2H 3JHH = 6.4 Hz,
H5), 1.76 (M 2H HB). '1.34 H H41H9), 1.19 (d, 6H, 3JH H 6.4 Hz,
CH(CHB)'Z), 0.92 (t, 3H, 3JHH = 7.4 Hz , HI0), 0.91 (d, 6H 3JHH = 6.8 Hz,
CH( CH3) 2) , ERBfbI4B:: fiSparddbh ofh‘ifletaﬁlr@a)nd Cbhaple;sd]@)wa @.&bisBC NWVR (C6D6, 125 MHz, 30

O, HSQCAD t al sis (C, H, data and
an ORTEP d@%?‘?géﬁwi yl)%fmﬁ?t?@g%z @FVE‘?XS‘F ?QPer 9W@yggllf%é%d E)y X- raDl) anal ysi s.

WO 2010/ 02 2R PBREhAIYBROGD/hehAd4 7 Exarrpl e 27. preparation of Metal-Iigand
Compl ex (18), bi s(N—46E) 6- (butyl i m no-KN) - 1-
cycl ohexen-1-yl)-2, 6-bis(1l-nethylethyl)benzenam na N) di met hyl - haf ni um

7Me 1 s i-Pr
i-Pr. Hf(CH,Ph), NN N
Me\ - M/
NN HN 7 Ve N/ e
Me .
i-Pr
(K) ' |
16
(18) Ph Ph

20  Follow a procedure similar to that of Example C except use 0.2855 g (0.91 mmol) of (E)-N-(6-
(2,2-dimethylhydrazono)cyclohex-1-enyl)-2,6-diisopropylaniline (K) (Example K); 8 mL of
toluene; 0.4945 g (0.91 mmol) of HiBny; stir the resulting mixture for 1 hour; to give after
isolation 0.688 g of Metal-ligand Complex (16) as a light brown thick oil. Yield 98.8%.
'HNMR (CgDg, 500 MHz, 30 °C): 7.16 (m, 3H, i-Pr>-Ph), 7.13 (t, 6H, *Jy. = 7.4 Hz, meta-

25  CH,Ph), 6.87 (d, 6H, *Jiyy = 7.6 Hz, ortho-CH,PR), 6.82 (1, 3H, *Jyy = 7.2 Hz, para-CH,Ph),
4.53 (t, 1H, *Jyy = 5 Hz, H5), 3.19 (sept. 2H, *Jyp = 6.8 Hz, CH(CHs),), 2.33 (t, 2H, *Jy.p =
6.5 Hz, H2), 2.28 (br. s, 6H, CH,Ph), 2.26 (s, 6H, N(CHs),), 1.78 (q, 2H, *Jun = 5.6 Hz, H4),
1.25 (p, 2H, *Jy = 6.3 Hz, H3), 1.19 (d, 6H, *Juy = 6.9 Hz, CH(CHs),), 1.07 (d, 6H, *Jyu =
6.9 Hz, CH(CH),).
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5 Di ssol ve (N-46E)-6-(Butylimno-KN)-1-cycl ohexen-1-y1)-2, 6-bis(1-

nmet hyl et hyl ) benzenam nat o- KN) t ri met hyl - haf nium (6) (0.4625 g, 0.82 mol,
Exanpl e ™D 2010c)22228 PCT/US2009/054447

N ((6E) - 6- (butylimno)-1-cycl ohexen-1-y1)-2, 6-bis(1-methylethyl)-benzenamn n
e (B) (0.2672 g, 0.82 mol, Exarrple B) in 6 nL of toluene. Heat the

resul ting solution at 80 C for days. 10Cool the reaction mxture to room
t enper at ur ot HAHn F%%W%@Wéﬂtﬁ Mliﬁe?fo Fetitced pressure |eaving yel | ow

gl assy solid. To the residue add 8 nL of hexane to dissolve all of the

material. Wthin mnutes yellow crystalline material appears. After

st andi ng atEXEFlmmﬁﬁt prameation ofMetabigand Cgmplex d@ke Bitbig bingéniethgd hil-((Es2t he resi due
with 3 nmb efuyiex )szk?clt)llf&%h Ay )ﬁeﬁe@beh‘i’éﬁ@ﬂmdﬁ&l@%ﬁﬁﬂ%@ﬁﬁwe to give 230 g of
Met al -1i gand "Conpl ex (18 Yled32 7% MR (C6D6, 500 MHz, 30 O):
7.14-7.27 (m 6H), 464(t 2H, 3JH H = 4.5 Hz, H5) 70(hr m 2H, H7),
3.49 (hr. sept. 2 JHH=6.5 Hz, CH CH3)2), 341 5 m 2H, H7), 3.19
(hr. sept. 2H, 3J 6.5 Hz, CH(0113)2) 2.22 (hrio)—me 208~ H2), 2.02, (br,
m 2H, H2), 1.95 4H,er4 157 hr. m 2H N 1. AN aﬁ/ H8 and

H3) , 1.40(hr ﬂ@g z)\jj JHH=6.5
Hz, CH(CH3) 2 119(m Amdnlget d, 6H 3.9H HW 6.5 Hz, 20CH(CH3)?2),

1.07 (d, 6 3JH_H(L—6’HE CH(CHS)Z) 08411thr e \JH(H7 7.2 Hz ,
H10), 0145(hr 6H, Hf-CH3). Not shown are '3C N ( D6, 125 MHz, 30

C, elenental a aI data .a EP ion of a si ngI e
crystal structu %ﬁpﬁ\%(aglhw S?Jmoﬁconéarﬂ[ﬁ'il%r}sqlggg%mmo %ﬁ“sgﬂr “Rper i ment
repeating the- (btﬁglﬂl@ﬁ@kbh@@ﬂy@h@ﬂﬂmb AdatiEampllLoaddiPeg 6f 1 1Exeriplfe 5 25wi t h
Metal -11i ga@ﬁ’Clcg{Epﬁl ﬁ&ﬁeé %Llentp a%ﬁ\@l(/lpl‘g JSORI%&I? B ng%ﬁﬁ%%r%’d?‘ﬁ/fel\d g8, not
observed. Exafipl e 28: general proce ure for propyl ene pol ymer| Zation to
prepare polg;smaptwﬂmsmﬂnﬁ&k il tKeara i@ reactiph apylree? pakymebinzati on in a
1.8 L ai nl ess. st eel bat ch..3 react or nuf ured by Buchi
AG ands@ol By Ve TTer S%E% g rééuced FSact glf“ r‘°“éo T eh sm\};i‘)gm{“ﬁ“e vessel

j acket and fqlleaect tyr20hd ad hexdse a@;ﬂltﬁlhéq gyulingd y@lbWhelatuont Rm@ﬁ etvefidfpindhe

control i ngd.t uQXer ?ed%@?r"eé%ﬁr@ 1&@5@ G GO IRKNIIR SRALERag@nd (aoni tor both
t he reactor and /cooling sySstemwith a Camle TG process

conput er . B%%fedal?’fo%‘@‘i %i%dra%llg@wm ‘Pféléﬁ‘tf’é‘?s Etﬁ??&\@ﬁltessohdpp?ﬂ&%ey%m portion of

the r eact ortohwné fhdadd B@CofdkLahé. (Fﬂtelbtﬁé ﬁegumngmlouaahmacemaeélmak&&w enptyi ng
t to a 30

of 5t h r cante i nt.o np. P

gai T on 101196 15 kTSR Sy hffkPuaRe Sl soi R o SR s ctonn  t ank
with ni t r ogéwldjasane Rnd ¢y itvodec eriducpressge & ghel4gimmp pizdirstdn of d@acpiodwrt pass al |
chemi cal s 1'57‘?%{:; Ve sBl%nY &L % s O« RL, dﬁ?oﬁx%lﬂ}é%suﬁ ﬁéé’fﬁu%tu{ R‘I}Pﬂy‘frh%ﬂ@
purification colums to renove any inpurities a may ef

pol yner i zatidnt inforthedzeeter- évdited daypia disezpi ers gt é‘ﬂ‘é’nt e Pedgnaigigdags opar E

t hrough 2 Q@Lthlmﬁh 2 her édlcr 1fekand Q€ MO d6QABGREdPrddGirAd ot 8T oftiR@oecond

Cingl o 05 Deabiafe o et v g M Bl SRl o 8P cact or 1o 50 C

for chem call NakdiC(, DRSO MWL 30 °Che.0agios ati,0H, operat 3.1g, and¢oens HalH.ng W th
the Canmile TG process conputer, add about 667 g of Isopar E, using a
mi cro- not i 887 fh.GHHTe? 5% GeracBy Pat o Hadef(CHe» delsi (.. Aoand HzNEXt  add

hydrogen gasgi (L1, by, pfé@&%ﬁb‘ﬁm@ﬁﬁh @Hi@S)nﬂ—%S(lﬁOJH trano) hiviednwth-a pressure
gauge to 240 SI {?{{700 Ki | OP‘a§ y addi ng the h drogen gas
until abouf*? 2k §97 &PHedred 4%‘Ztﬁé0>s%%1t<d16§m{wr $dlir el add

propyl ese, Oab(BUQHZB@fQ), t hrough the m cro-notion fl owret er After t hese

chem cal s e.in the the t t|on

t enper at ur qu otggnipire I—ﬁ@{ﬁg Cg %ﬁgﬂ agcbt FEI%@&?‘%(E Qﬁg@ He conpl ex of
formul a (I)elefnl%tﬁ'ana!lﬂﬁlf@ H, 29 a] AU GPOKTEMIKiclidr & Rhad ¥$dal aﬁfcaumweﬁs) and
metal -1i gand compl ex of fornula (1) together in a vial, draw the m xture

into a syriPhy&y BH¥pressure transfer the mixture from the syringe into a
catal yst shot tank. Followwith 3 x 5 nL rinses of the vial with tol uene,
adding the rinses to the catalyst shot tank. Add the m xture of catalyst
activator(s) and netal -ligand conplex of fornmula (I) to the
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25 reactor. Imediately after the addition, begin a run tiner. Usually
within the first 2 mnutes of successful catal yst runs, polynerization

i ndi cat orwoomm2a28an exot herm and decreasi ng reactor pPETAS2@IASE4T
observabl e. Run polynerizations for 10 m nutes, then stop the agitator.
Pressurize the reactor up to about 500 psi (3400 kil opascals) with nitrogen
gas, and open the bottom dunp valve to reactor contents to the dunp
pot. Then pd ﬂ?Plec%;nPrélﬁfaé‘mb?fM%aéh&‘ﬁlﬁﬁO’BB]FXnﬁ%ésw\’j@%?é@d@”ﬁ‘l‘f@ﬂ )fays placed in
a | ab hood cycmekealllyove, @il (vakihy kaylgéapanaie-of dimomarminghat . Transfer the
trays containing the product polyner to a vacuum oven, and hgat themup to
145C under vacuumto renove any renmai ning solvent. Cool t, s, t 0 anbi ent
tenperature, and weigh the dried p mer for yield. Calcu YAt ,taI yst

efficiencies. Determn ght aver age Ml ec ar 3 (Mw)
and pol ydi sper s@val ues (PDI) by isonasS \ QP r oughput
Gel Perneation eit” apher C utiliczeswmeh (3 Pol ymer

Labs PLgel 10/ 17 *cofums éOG’ﬁmx 1Omy) at a W of 2.5
nL/minute ifh 1,2, 4-tFchl orbenzene.- 1\160 C. I\/baspFrr ti ng and
crystallization t(Qmeratures of P"F\@, pdeyners by differ '7‘ nnitfg
calorinetry (DSC 2910, TA Instrurrents Inc.). First h fromroom
Stenperature to 210 C at a heating rate of 10C per mnute. After hol ding at
this tepgperature for 4 mnutes, cool the sanples to -40 C at a cooling rate
of 10C per mnute, hold for 4 mnutes at -40 C, and then heat sanples to
215 C at the sabhisdhedati((0D)-6-atuglimmoadPHl ey@&exqpdlynksé-bizilng pr opyl ene usi ng
the Metal -| 0 e of Exanpl e
28 usi ng lnlﬁglgﬁéﬁé{y@g{?%{qﬁ?a(& d&i&%ﬁgﬁ{m{lﬁ%) 8@45‘%)& Bl hii81, BLOGRIYS S

bi s( 1- met hMEEDrpt(yujnfiro)- E)Cywtﬁetlwl)a?iﬁ hdlmﬁlpﬂaﬁlyb benggpainmh 80éh2472 ¢ | dene) ben
zenam nat Ob%@HﬁM E&Anﬁﬁéﬁ}%‘& iRk Wkede: Nk M Qs Ex AL & 2 @S dafe

nmet al -1.i gand npl e 2 nnol es of bis(octadecyl) et hyl ammoni um
tetr akllg( péjﬁ?léli‘elr%?‘lﬁlﬁﬁétﬂﬂ‘fﬁ‘? @Wﬁ“@er@%ﬁﬁ%ovﬁ?ﬁve&@“?ﬁ‘rﬁﬁ% H6Efi ed
met hyl al Ul’flld’zl(m(@ybﬁm(/ M@ollaﬁdtlikﬁeﬁﬁhadld)&ﬁi atickanatoalisSol{(d all@®f the aa@tktiarat i ng

15cocat al y%%ﬁi Iﬁlnlﬂ yeﬁ)ovT cer}{lstalhne Ima%gal a%)en s 3R stalﬁ 1n$fI %ttrosom G a[%HOI’ ted in Table

2 below T ations resu | i gand Conpl ex
Anount Met aberniglit, giawdt solYpré uggl vmfs thaftsabwtth ENhE pilicegme ynd then dry it under

reduced pressure to give 230 g of Metal-ligand Complex (18). Yield 32.7%.
15 'HNMR (CeDg» 500 MHz, 30 °C): 7.14-7.27 (m, 6H), 4.64 (t, 2H, *Jin = 4.5 Hz, H5), 3.70

(br. m, 2H, H7), 3.49 (br. sept. 2H, *Jyy.y = 6.5 Hz, CH(CH;),), 3.41 (br. m, 2H, H7), 3.19 (br.
sept. 2H, *Ji.yy = 6.5 Hz, CH(CHs,),), 2.22 (br. m, 2H, H2), 2.02, (br, m, 2H, H2), 1.95 (m, 4H,
H4), 1.57 (br. m, 2H, HS), 1.47 (m, 6H, HS and H3), 1.40 (br. d, 6H, *Juy = 6 Hz, CH(CHs),),
1.24 (d, 6H, *Jyy = 6.5 Hz, CH(CH),), 1.19 (m, 4H, H9), 1.11 (d, 6H, *Ji.y = 6.5 Hz,

20  CH(CHs),), 1.07 (d, 6H, *Jyy = 6 Hz, CH(CHs),), 0.841 (br. t, 6H, *Jyy = 7.2 Hz , H10), 0.145
(br. s, 6H, Hf-CH>).
Not shown are *C NMR (C6D6, 125 MHz, 30 °C), elemental analysis (C, H, N) data and an

ORTEP depiction of a single crystal structure derived by x-ray analysis.
In an experiment repeating the ethylene/octene polymerization procedure of Example 5

25  with Metal-ligand Complex (18), poly(ethylene-1-octene) copolymer is not observed.

Example 28: general procedure for propylene polymerization to prepate polypropylene
homopolymer
Conduct a propylene polymerization in a 1.8 L stainless steel (SS) jacketed batch
30  reactor manufactured by Buchi AG and sold by Mettler. Heat and cool reactor contents via the
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, Ex. Nunber/ Conpl ex Exotherm Pol yner (g-poly! g- Polyner No. (netal)
(nmoles) (O (g) netal) Mv (g) 29 (3)/(HF) 1 2.37 25.1 140,624 100,264 2.1
WO 2010/022228 PCT/US2009/054447

vessel jacket and reactor head. Use Syltherm XLT as heat transfer fluid, controlling it by a
separate heating/cooling skid. Control and monitor both the reactor and the heating/cooling
system with a Camile TG process computer. Use an agitator to stir reactor contents. Fit a
bottom portion of the reactor with a large orifice bottom dump valve, which allows emptying of
5  thereactor contents into a 6 L. SS dump pot. Vent the dump pot to a 30 gallon (113 L)
blowdown tank. Purge both the dump pot and the blowdown tank with nitrogen gas. Prior to
conducting a polymerization reaction, pass all chemicals used for polymerization or catalyst
preparation through purification columns to remove any impurities that may effect
polymerization. In particular, pass propylene, toluene, and Isopar E through 2 columns, the first
10 column containing A2 alumna, the second column containing Q3 reactant. Pass nitrogen gas
and hydrogen gas through a single Q5 reactant column.
Bring temperature of the reactor to 50 °C for chemical additions. With the agitator
operating and controlling with the Camile TG process computer, add about 667 g of Isopar E,
using a micro-motion flowmeter to accurately add the desired amount. Next add hydrogen gas
15 by pressuring up a 50 ml shot tank fitted with a pressure gauge to 240 psi (1700 kilopascals),
and slowly adding the hydrogen gas until about 59 A psi is reflected in the shot tank pressure.
Next add propylene, about 286 g, through the micro-motion flowmeter. After these chemicals
are in the reactor, heat the reactor to the polymerization temperature, 90 °C.
Handle catalyst activator(s) and metal-ligand complex of formula (I) in an inert
20  glovebox. Mix the catalyst activator(s) and metal-ligand complex of formula (I) together in a
vial, draw the mixture into a syringe, and pressure transfer the mixture from the syringe into a
catalyst shot tank. Follow with 3 x 5 mL rinses of the vial with toluene, adding the rinses to the
catalyst shot tank.
Add the mixture of catalyst activator(s) and metal-ligand complex of formula (I) to the
25  reactor. Immediately after the addition, begin a run timer. Usually within the first 2 minutes of
successful catalyst runs, polymerization indicators such as an exotherm and decreasing reactor
pressure are observable. Run polymerizations for 10 minutes, then stop the agitator. Pressurize
the reactor up to about 500 psi (3400 kilopascals) with nitrogen gas, and open the bottom dump
valve to empty reactor contents to the dump pot. Then pour contents of the dump pot into
30  preweighed trays placed in a lab hood, and allow solvent to evaporate off overnight. Transfer
the trays containing the product polymer to a vacuum oven, and heat them up to 145°C under
vacuum to remove any remaining solvent. Cool trays to ambient temperature, and weigh the
dried polymer for yield. Calculate catalyst efficiencies.
Determine weight average Molecular weights (Mw) and polydispersity values (PDI) by
35  analysis on a SYMYX™ High-Throughput Gel Permeation Chromatographer (GPC). The GPC
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As shown by the above Exanpl es and Figures, the catal ysts of the second
enbodi nent 20show beneficial catalyst efficiencies as pol ynerization

cat al yst swQeogr/a22428gher grans of pol ymer produced per gramiustoorwsai? | i gand
conpl exes of formula (1) that are used to prepare the catalysts of the
second enbodi ment) and produce pol yolefins, including polyolefin

copol yners, _having beneficially higher weight average nol ecul ar wei ghts
(M), nunbéPllza%%%ea@éPﬂﬁP%&ﬁ‘P%’.Lg%P glﬁ@@x%%qwlws bOPH S IRpR! 83 P8 My or n
of conventk@ﬂﬁDSpﬂUMmhemins4uﬁﬂ%bmhawthmPﬂvent|on has been descri bed above
according to it referred e hin the
spirit and scopg/legs ret“ﬁ’[tmg di ‘ scl St(%ﬁillzjaruém ]f]ﬁ?r%turgs (?fr&le@altyfngrﬁlb dl%dr I\égrataf ore intended
to cover aﬁvmmaww@UmQHGPSQ§é§LTéﬂmadam@ahpbﬁsﬂb@ﬂ$MEk$ﬁ@ﬁ&nmr|nvent|on

using the Q%ﬁ%ﬁﬁkt@ékﬁ@%?i@ﬁm%&é&&ﬂ@@ﬂmﬁ@ﬁﬁkﬂm%fﬂh&@?&ﬂn&@ﬁmiﬂﬁéa”t
appllcatlon is intended to cover such departures fromthe present

di scl osur e [%¢ " SRPR SATPIREO KoMt oo lgsttortd Py RS @&Wieé@ldu ¥4 he art to
whi ch 30t hinSnutdd Ve Al $(Q BndRthadt RenpaR e MR PC hx ticahhe Matidgiriiet he 1im ts of the
following claims. CLAIMS What is clainmed is: 1. A netal-ligand conpl ex of
formula (1): - (1) i _ 5wherein: Each L independently is halo, hydrogen
atom ( Cl- CAQ)y/2x Pm)aﬂebiyimg:(n@])}ﬂd(nbwgng the Metal-ligand Complex (2) of Example 2

(a &8?253?%2&%*%% T A e v S
RS, lepneth%maév Rz HCtW@“a?TBaPN_N)r%fd@@‘??ﬁ%!’ehi’l}d?neﬂt@n%w%n’ ’

1%&%‘-th0) mmgmlﬁ(ﬂgw lmeaglj?-'ohaﬁ;ﬂagl)dﬂﬁgd’nmb | AWelnd&i-ligahd Edmplex; 1.2 umoles of byl

- ydroca [ racar r rocarbyl, or
R RS R R S S e e

(C1- CAO)hemﬁmbhmdﬁmmamhyhmnmmxmhGMEMmDeamhmmbkmdmpendanMMymmg a nonoani oni c

pase oroup tap SPCHEAR AR et DRI S Bt o G R

ereln each Rx
i ndependently is hydrogen, (Cl-C40)hydroc arbyl, [(C1 Ci o) hydrocar byl | 3Si,
Table 2: propylene polymerizations results.

Metal- Amount Mg, /
ligand Metal- Catalyst M,
Complex ligand Yield of | Efficiency
Ex. | Number/ | Complex | Exotherm | Polymer | (g-poly/g- Polymer
No. | (metal) | (umoles) (°C) (2) metal) My, (&)
29 | (3)/(Hf) 1 2.37 25.1 140,624 100,264 2.1

As shown by the above Examples and Figures, the catalysts of the second embodiment

20  show beneficial catalyst efficiencies as polymerization catalysts (e.g., higher grams of polymer
produced per gram of metal-ligand complexes of formula (I) that are used to prepare the

catalysts of the second embodiment) and produce polyolefins, including polyolefin copolymers,

having beneficially higher weight average molecular weights (My,), number average molecular
weights (Mp,), or both compared to My, or M, of conventional polyolefins.

25 While the invention has been described above according to its preferred embodiments,
it can be modified within the spirit and scope of this disclosure. 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 to cover such departures
trom the present disclosure as come within the known or customary practice in the art to which

30  this invention pertains and which fall within the limits of the following claims.
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[ (Cl _ -C10) hydrocar byl | 35i (C1- C10) hydr ocar byl , or (Cl-C40)heterohydrocar byl
and each RK and RL independently is as defined above; 20Each LQ and LR

i ndependewol2g10/e222Bsent or is as defined above for L or PKI/useooo@emd LR are
t aken together to form (RD)2C=C( RD) - C(RD) =C( RD) 2, wherein each RD

i ndependently is H, unsubstituted (Cl-C6)al kyl, phenyl, or naphthyl;

Each M independently is a netal of anx one of Goups 3to 6 or Goups 7 to
9 of a Periodic Table of the El emenft$?MNbe netal bei ng in a fornal

oxi dati on stmatiecleined, 25+3, +4, +5, or +6; n is an integer of 1 or 2,

wher ei n when n ksmefai_hoagg LS g@sn(;qg 1 Each 10- independently is H,
(Cl1- C40) hydr ocar byl or f(tﬂ)&f het eQ'c')hydrocar byl ; Each of R2, R3,
and R4 independently js H  (Cl-C40) hydrocarbyl, (Cl-C40)hydrocarbyl0-,

(C1- 40) hydr oca'by1§3, (CR!CAP) hydr ocdr byl S(0)-, (Cl-C40)hydrocarbyl S(0) 2-,
( (Cl -C40) hydrpcarblyl) 2N/, (dL - c40) hydrocar byl) 2P-, or

( C1- C40) het er ohydk’dc N agﬁ}BRi dependently is (Cl-C40) hydrocar byl or
( Cl1- C40) het er ohydr ocar byl ; M\V\&er in RR{Dand R2, R2 and R3, R3 and R4,
R4 and R5, RI- opr R54 K¥Wf X gr RI- or R5 and an RL of L optionally
are taken together R0 form CIx C40) hydr ocar byl ene or

( C1- C40) het er ohydr ocar byl &l ,n'orXRI - of R5 and L 10optionally are taken
together to form (CLl- C40) hydrocar byl ene- C(0) N(H) -,

(Cl- CAO)hydr ocaghydigne- C(0) N( ( C1l- C20) hydr ocar byl ),

(C1- 40) hydr ocar byl ene- C(0) 0-d lﬁClh%/%l{O]) h(égr ocar byl ene, or

( C1- C40) het er ohydr ocar bl FErsndegty Ispajo. ¥ #P™f our of RI- to R5, RK of X,
and RL of L opt{QAayhydateytCakNiti-ageihehydr@abadCo)a((Cespebidrocarbyly,i val ent  or
tetraval ent anal og of 15(Cl- C40) hydrocar byl ene or

( C1- C40) het er oh{fdrioiody trysaeni:(© eé LaohydsaRid Carfyobpeobtdracypylof t he

remai nder of Rlphi Ron. R Of p¥erpaldl.Bh ez?c{h k ,0Pgy oNaL Y855, 4RKEN toget her
with L to forma respective trival ent or tetraval'ent ana og of

( C1- c40Phydr ocafthylsieda@@yN((H) C¢)hydrocarbyl]3Si,

oo cat) i SEY SRR DG CaabNIRISH Bl i rgprot. or
(C1- C40) heterohmw%rtm[t@g@ierm&nm_@%.zg@mm%ymeoa- to R5, RK of X, RL

of L, and L are as defined above; j i Integer of 1 or 2, wherein when |j
is 2, nis 2 and’eifyivecrobgldraRylencgwiupssach L independently ifxoiménoRRBongir oups, or one
Rl - group and one R5 group are taken together to forma

25( C1- C40) hydr oIBR8 ( C1- C40) het er ohydr ocar byl ene; Each of the
?f or enﬁ)s';]i gned ( C1- Gion Rydiepaadntiyik absét@lmrﬁ%@%zﬂl%d{/fsa@é a¥ip that is .

Cl1- C40) hydr oca L (&l CAQ) het ydrocar. C1- C40 rocar byl ene,
( C2- C40) hydr oca{r{%%%{n’el{, g)aRrT % 19%1)(8’;%%{‘51%6 l@é/rc%%alrn %?Fnélﬁ‘}etgi){sﬂlderﬁ Ndently are
t he sane or dif {(§r@jpihydmairtys [([(psypbidrécatediSor substituted with one or nore

substituents Rs; )
B rocar 1 - rocar , Or B clero rocar an
[(C-Cyhyd byll3Si(Cy-Cypdhyd byl, or (C-Cyqheterohyd byl and

each R® and R" independently is as defined above;

20 Each L2 and L* independently is absent or is as defined above for L or X, or
L2 and L* are taken together to form (RD)ZC:C(RD)-C(RD):C(RD)Z, wherein each R”
independently is H, unsubstituted (C{-Cg)alkyl, phenyl, or naphthyl;

Each M independently is a metal of any one of Groups 3 to 6 or Groups 7 to 9
of a Periodic Table of the Elements, the metal being in a formal oxidation state of +2,
25 +3, +4, 45, or +0;

n is an integer of 1 or 2, wherein when n is 2, one L is absent;
Each R1 independently is H, (C1-Cyq)hydrocarbyl, or
(C1-Cygheterohydrocarbyl;
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Each Rs independently is halo, polyfluoro, perfluoro, unsubstituted
(C1-C18) hydrocarbyl, F3C, FCH20-, F2HCO, F3CO0-, oxo (i.e., =0), R3S -,
RO, RS-,wB8300)02222RS( 0) 2-, R2P-, RZN-, R2C=N-, NC-, RC(0LTAS200Q064N87 ,
RC(O)N(R)-, or R2ZNC(0)-, wherein each R independently is an unsubstituted
(C1- C18) hydrocar byl ; 5and wherein LQ and LR are sel ected, dependi ng
on the formal oxidation state of metal M such that the rretal-llgand

conpl ex of fornula (Hla):h ost R% aagg‘?mmtrﬂﬁntlmaﬂ r(@i Cybyfitvearbst al - | i gand
conplex as in clal is a netal done of Goups 7 to 9.

103. The netal -1 Cgaqﬂ@)hé@ﬁﬁfbé@? a(gllcﬁO)EYdé‘?cﬁ‘ibils \(1@11«3(1: Waprry¥Ohet al of any one
of Goups 3 to h ! a ﬁ?{mh‘ﬁl (e gpogérb}y—nlereln Mis a
G oup 4 netal, %l )gE Cnag@tsﬁ(g)tz Kgl@ 34?1) ni u n?zQHf) 1@ céni um’ , or
titanium (Ti). &I(CLCIPhedRiyRotarty); RAN LQ RSX 6. The rret al -1igand conpl ex as
in any one of clains 1 to 5 wherein R3 and R4 are taken together to forma
(C2- 05) Bydr ocar byl enecord ﬁq@ébeﬁéﬂttyest(ﬁlm}émycﬁ&afprrene each of RI- and RS
i ndependently is (Cl-C10) hydrocarbyl, and R2 is H or (Cl-Cl0)al kyl. 207.The
met al - | i gand cofftewhasopyigapylone of claims 1 to 5, wherei n t he
metal -1igand conplex is of, forgul A, Rl / R34-
d P wherein R1 and Rg.u Za aj SR3 123 and R4 R% and R5 R-1 or Rg_ and an R¥ of
X, or R! or RS and an R" of I optionally are taken together to form a
(C1-Cyphydrocarbylene or (C1-Cygheterohydrocarbylene, or Rl or RO and L
10 optionally are taken together to form (C{-Cyg)hydrocarbylene-C(O)N(H)-,
(C1-Cyphydrocarbylene-C(O)N((C1-Cyp)hydrocarbyl),

(C-C 4O)hydrocarbylene-C(O)O-, (C-C 4O)hydrocarbylene, or

(C1-Cypheterohydrocarbylene; or any three or four of R! o RY ,R¥of X, and R"of L
optionally are taken together to form a respective trivalent or tetravalent analog of

15 (C1-Cyphydrocarbylene or (Cy-Cyp)heterohydrocarbylene; or R! or RS and any one
or two of the remainder of R1 to RY , R® of X, and R" of L optionally are taken together

with L to form a respective trivalent or tetravalent analog of

(C-C 4O)hydrocarbylene-C(O)N(H) -
(C-C 4O)hydrocarbylene-C(O)N( (] -CZO)hydrocarbyl),
20 (C1-Cyphydrocarbylene-C(O)O-, (C1-Cyhydrocarbylene, or

(CI-C 4O)heter0hydrocarbylene; and the remainder of R1 to R5 ,RFof X, R of L, and
L are as defined above;
j1s an integer of 1 or 2, wherein when j is 2, n is 2 and either both Rr! groups,

both RY groups, or one Rl group and one RS group are taken together to form a

25 (C1-Cyhydrocarbylene or (C1-Cyqpheterohydrocarbylene;
Each of the aforementioned (C-Cyhydrocarbyl, (C;-Coihydrocarbyl,
(C1-Cyphydrocarbyl, (C1-Cyplheterohydrocarbyl, (C1-Cypphydrocarbylene,
(Cy-Cyphydrocarbylene, and (Cy-Cyp)heterohydrocarbylene independently are the

same or different and is unsubstituted or substituted with one or more substituents R®;
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?21 ,R(I-A) 1. --". R34 """ .. .". ... " -lr RB4ANM\ LQ\ , RX
V\/nereln each R34 independently is C(RX)2, 0, S, S(0), S(0) 2, N(RN),

Si (Rc) 2, WO 2P(0RR2228Wher ei n each R35 independently is H ®CT/US2009/054447

(C1- C20) hydrocarbyl, and each RN, le, and RP independently is

(C1- C20) hydrocarbyl . 8.The netal -1igand conplex as in any one of clainms 1
to 5, wherein the netal - | and 5conplex is of formula (1-B): RL LR(I-B) R34
"LQ R'N R5X wherein %’ﬁl&ﬁ ReNpE B ety orp pegupggspaubsiguieds g0y | 5(0) 2,

N(RN), Si(Rc)2, ((qrcllg(hW))qarwag(e;FCIezamleFi@S) Jimdependentoy, R3sl-J-R(o>r
(C1- C20) hydrocarb |, and each RN, le, and RP independently
( C1- C20) hydr ocaR%yRS(Oiﬂgs(@l}lze Rt Rp . Rg(éﬂ‘& N@nﬁp@% agopﬁp)aW(%%Rbf claims 1

tegcﬁ ) \_/vf]_er IeIS naége r?ﬁ%é&l “whed 181‘1%90 rrlr%pen enltl§/ 1s91];1 unsuf;anlte% (éll-Cl B))hydrocarbyl; wher ei n

5
wherein L2 and L* are selected, depending on the formal oxidation state of

metal M, such that the metal-ligand complex of formula (I) s, in aggregate, neutral.

2. The metal-ligand complex as in claim 1, wherein M is a metal of any one of Groups 7

to 9.

10 3. The metal-ligand complex as in claim 1, wherein M is a metal of any one of Groups 3

to 6.

4. The metal-ligand complex as in claim 3, wherein M is a Group 4 metal, which means

that M is hafnium (Hf), zirconium (Zr), or titanium (T1).

5. The metal-ligand complex as in any one of claims 1 to 4, whereinnis 1 and jis 1,

15 wherein the metal-ligand complex is of formula (I-H):

RN $M° (I-H)

6. The metal-ligand complex as in any one of claims 1 to 5, wherein R3 and R% are taken

together to form a (C-Cq)hydrocarbylene or (C-Cy)heterohydrocarbylene, each of
R! and RS independently is (C1-Cq)hydrocarbyl, and R2is Hor (C1-Cqalkyl.

20 7. The metal-ligand complex as in any one of claims 1 to 5, wherein the metal-ligand

complex is of formula (I-A):

R? R1
\L
N R
R34 AN \ $ gL (I-A)
|
R ~ / M—_ LQ
\R34 N\
R X
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10. The netal -ligand conplex as in any one of clains 1 to 5, wherein the
netal -1igand 15conplex is of formula (I1-1): WO

2010/ 022226R0IVI282809/ 054447 11. The netal -1 i gand conpl eecaaiseovoanissdne of
claims 1 to 5, wherein the netal-hg and conmplex is of formula (1-J): R3 R2
R11 wherein R' is (cl-C40) hydrocarbyl ene or (Cl-C40) het er ohydrocar byl ene.
512. The netal -l1igand conplex as in any_one of clains 1 to 5, wherein the
metal - hg and coniréxedcs RST independertla isARK)y: Owh 8B HORSH(R'S, Si(R%),, or

(Cl1l- 40) hydr ocar byl ene or (Cl-C40) het erohydrocarbyl ene. 1013. The

met al -1 i gand coh(¥ exhasgn ¢agh &Wndyn@dafﬂy@Ifhbrr@l-ﬁz(y)mydiozarbydeeaicmRéeBc?h of L, LQ
and LR i ndependentl|y is (Cl-05)al kyl, trimethylsilylmethyl, or benzyl; or L
is (Cl- C5)al kyidR mdrpsperpibeis I'?@XWW?MW}' benzyl and LQ and LR are taken
together to form (RD) 2C=C(RD) - C(RD) =C( RD) 2, wherein each RD i ndependently
is H (Cl-85) al Kydmetahizgnd eonpitlex a3 Biagy qisel plaimall 1d 3. ghevein domslableaas in cl ai m
13, whekei n eachn@fexlsof kfdn@R@-ByR i ndependently is (Cl-05)al kyl,

trimethylsilylmethyl, or benzyl. 15.The netal -ligand conplex as in claim1l
of any one of foxrulas gl) to (11): c- Nc- N NNNN /
/ L
~—" S (I-B)
R34 I\/T\
\R34 \N/ \ L
booX

wherein each R34 independently is C(R37),, O, S, S(0), S(0) 5, N(R™), Si(R%),, or

P(R"), wherein each R3S independently 1s H or (C{-Cyhydrocarbyl, and each R", RS,
and R” independently is (C1-Cyphydrocarbyl.

10 o. The metal-ligand complex as in any one of claims 1 to 5, wherein the metal-ligand

complex is of formula (I-E):
s (1-B),

wherein each ---- is absent or is a pi-bond.

10. The metal-ligand complex as in any one of claims 1 to 5, wherein the metal-ligand
15 complex is of formula (I-I):
R RS
R / §\I R
N

— 3

R3 = \ / R
/AT ke

R® /¢ IR\ R

Rl R

102



i-PrHf,H, rf Ph ph Ph wherein i-Pr neans iso-propyl, Me neans nethyl, and
Ph neans phenyl. 16. A catal yst conprising, or prepared from one or nore
nmet al - | i gsiodowanpi2exes of any one of clains 1 to 15 andPOmAISO#09/0614a7
activating co-catalysts, or a reaction product 5thereof, wherein the ratio
of total number of noles of the one or nmore netal-ligand conpl exes to total
nunber of rrol es of the one or nore activating co-catalyst is from1:10, 000
to 100: 1 171 A breoneaddieasdl coprisas gy aneobrigips gfq hhereip g mstalisand onpr i si ng a
step of cont actto%g;leaﬁsdfﬁﬁﬁﬁla(lrm pol ynmeri zabl e olefin to the catal yst of
claim 16 under ol efin- pggyrreri zing 1Qconditions sufficient to polynerize at
| east sonme of the at t one pol yyerizable olefin and produce a

pol yol efin therefrrin 18 RRrocesg of preparing a catal yst, the process
conprising a step o acti ngRone e netal -1igand conpl exes of any
one of clains 1 to one or nore/acty vati ng co-catal ysts under

condi tions suffieieht tcN-pr&Qa e thr catalyst, whereig@pthe ratio of total
15nol es of the one B‘yﬁre meBaI-Ilg nd /o exes to total noles of the one
or nore activating c atalysts is fr 1: 10,000 to 100:1. 19. A process of
preparing the neta gnd conpl ex of Miy one of claims 1 to 15, wherein n
is 1, j is 1, LQXzﬁ:I‘L/f_ 4iie as deﬁjﬂ(&iﬁl ﬁ#& and X is absent, the process
conprising a step ofQ coffiracting a rfe?al Leonmpound of formula (Z)

20M L) mt1(Z) to n nol e equival ents of a conpound of formula (Y) 1
NH (Y) N\ R5 orwaersaRt! iofC aC gonjlugatyenbase, -t hphaodhydundetencondi t i ons
suffici ent to produce the netal ligand conpl ex of any one of clainms 1 to 15,
wher ei nom i ¥ anThpegdpangrom G 2 appgne of e}a@Séfﬂﬁ ihiren depeetedndo that the
met al conpound @fmpinisvska@am(id).K)s, in aggregate, neutral. 20.A conpound of
formula (Y) R2

R3
2 4
RI/N\ /N\RSS/N\ /N\RI (I'K)
x— M//,,,// M <
\ b 2GRN
L IR &1

wherein R is (C1-Cyphydrocarbylene or (C-Cypheterohydrocarbylene.

10 13. The metal-ligand complex as in any one of claims 1 to 12, wherein each of L, L2 and

L* independently is (C1-Cgalkyl, trimethylsilylmethyl, or benzyl; or L is (Cq-
Cg)alkyl, trimethylsilylmethyl, or benzyl and L2 and L"® are taken together to form
(R”),C=C(R)-C(R”)=C(RP),, wherein each R” independently is H, (C{-Cg)alkyl, or
phenyl.

15 14 The metal-ligand complex as in claim 13, wherein each of L, L? and L* independently

15 (C1-Cgq)alkyl, trimethylsilylmethyl, or benzyl.

15. The metal-ligand complex as in claim 1 of any one of formulas (1) to (11):
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(Y) R5 5or a salt of a conjugate base thereof; wherein RL is (G -C40) al kyl
and R5 is (C6-C40)aryl, or RLis (Co-C40)aryl and R5 is (G -C40)al kyl; and
R2 to R4 woeon2eeBi ned in the any one of clains 1 to 1BCT/US2009/054447

i- Pr i-Pr i-Pr
f( 7
2
Ph Ph h Ph p(h ||3h )

Ph ph Ph . F’h ph pn :

Q i-Pr: QI-PF

= —<
~ N\ N\

‘‘‘‘‘‘ Hf H

"IN s Me* / Sme  (6)

i-Pr.
\ / i-Pr \ / @

i-Pr

", .
K( | ) ({ | ®)
5 Phph Ph : Phph Ph ;
N Q i-Pr N —[\Qj i-Pr
ya /
\H{ i-Pr \Zr/,l i-Pr
Phph Ph . Phph Ph - and
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16.

17.

18.

19.

-8 R

F( f(

Ph ph Ph Ph ph Ph

wherein i-Pr means iso-propyl, Me means methyl, and Ph means phenyl.

(11)

k]

A catalyst comprising, or prepared from, one or more metal-ligand complexes of any
one of claims 1 to 15 and one or more activating co-catalysts, ot a reaction product
thereof, wherein the ratio of total number of moles of the one or more metal-ligand
complexes to total number of moles of the one or more activating co-catalyst is from

1:10,000 to 100:1

A process of preparing a polyolefin, the process comprising a step of contacting at least
one polymerizable olefin to the catalyst of claim 16 under olefin-polymerizing
conditions sufficient to polymerize at least some of the at least one polymerizable

olefin and produce a polyolefin therefrom.

A process of preparing a catalyst, the process comprising a step of contacting one or
more metal-ligand complexes of any one of claims 1 to 15 to one or more activating
co-catalysts under conditions sufficient to prepare the catalyst, wherein the ratio of total
moles of the one or more metal-ligand complexes to total moles of the one or more

activating co-catalysts is from 1:10,000 to 100:1.

A process of preparing the metal-ligand complex of any one of claims 1 to 15, wherein
nisl,jis 1, 1.2 and L.} are as defined for I, and X is absent, the process comprising a

step of contacting a metal compound of formula (Z)

M(L) Z) to

m+1

n mole equivalents of a compound of formula (Y)

R2 R!
/

R3 NH

()
R* N\
RS
or a salt of a conjugate base thereof, under conditions sufficient to produce the metal-

ligand complex of any one of claims 1 to 15, wherein m is an integer of from 2
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to 6 and m is selected so that the metal compound of formula (Z) is, in

aggregate, neutral.

20. A compound of formula (Y)

()

RS

or a salt of a conjugate base thereof;

wherein R! is (C[-Cyalkyl and R? is (Cg-Cyqparyl, or Rl is (Cg-Cgpparyl and R is

(C1-Cypalkyl; and R2to R are as defined in the any one of claims 1 to 15.

106



