METAL-LIGAND COMPLEXES AND CATALYSTS The present invention generally relates to
rnetal-ligand complexes, catalysts comprising or prepared from the metal-ligand complexes, processes
of catalyzingolefitfiélytherization Sreactions with the catalysts to prepar&paiystetitis4polyolefins
prepared thereby, processes of making the metal-ligand complexes and catalysts, and intermediate
compounds useful therefor. BACKGROUND OF THE INVENTION United States (U.S.) Patent
Number US 6,096,676 mentions] amaggiatierdrngsEd Acatalyshprsgyrsors and catalysts comprising
a Group 4 metal. U.S. Patent Number US 6,803,433 B2 mentions, among other things,
metalloenarnine compounds and catalélsts comprising a metal that is nickel, palladium, platinum,
titanium, zirconium, RAFRTER VARAGRAT B S EARaIGH ¢ S B ARt REMBRIS U8 B 618 413 B2; US
6,919,467 B2;andrys! noro0sRBrakcasiamilyrareriof sahatmeifionyamomgather things, catalyst
precursorganc-eatalysis comprising panetalicriement okany:ene:ofGroppsdde kb and the

anthanide serigs (ot ihe Petiodie Table ot e Elemens disclosed It anae's Hapdhook of Chemistry

(McGraw Hill Handbooks. 15th edition, 1999). Chemical industry desires new metal-ligarxd complexes
and catalysts prepared 90therefrom with improved stability (e.g., towards alkyl group migration) under
olefin polymerization reaction condigAs &y teriparatirgiPEeterably, the new catalysts would be
useful for catalyzing reactmns ted pravidenew Compasitionsofmaties(eig: Hnew polyolefin

compositioNs) ,&@9&\@@&@@&@(&&%@@&#gg%giartgo%lﬁr%gye substrate selectivities (e.g., providing a

new relative selectivity for a monomer and co-monomer in making a polyolefin 25copolymer), reducing
manufacturing costs i prSOInG BrECesS Sarety B0 P EBmHAHGI ER Lrast "SEIAERRY In a first
embodiment, thetecigdoraviehiadl ssrerstaiidicror oo b lexioiaringiang platinuf) ttanium,
zirconinm, hafniom, vanadiom, or scandium,
U.S. Patent Numbers US 6,819,413 B2, US 6,919,467 B2: and US 7,199,255 B2 are
15 family members that mention, among other things, catalyst precursors and catalysts comprising
a metallic elsment of any one of Groups 1 to 15 and the lanthanide series (of the Periodic Table
of the Elaments disclosed in Lange’s Handbook of Chemisoy (MeGraw Hill Handbooks, 15%
edition, 1999).
Chemical industry desires new metal-liand complexes and catalysts prepared
20 therefrom with improved stability (e.g., towards alky! group migration} under olefin
polymerization reaction conditions (e.g., temperature). Preferably. the new catalysts wouid be
useful for catalyzing reactions that provide new compositions of matter (e.g., new polyolefin
conmpositions), improving reaction yields, providing alternative substrate selectivities {e.o.,

providing a new relatlive selectivity for a2 menomer and co-monomer in making a polyolefin

-2
th

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

SUMMARY

Ir a first embodiment, there is provided a metal-ligand complex of formula (I);

[
e |
N N

30 wherein:



30 wherein: Each L independently is halo, hydrogen atom, (C1-C40)hydrocarby1C(0)N(H)-,
(C1-G4olhydrocarbyl1G(0)H((C1-G20)hycirocarbyl), (G1-C40)hydrocarbylC(0)0-,
(C1-C40)hysvocarbyt2{61-C4o)heterohydrocarbyl,RLO-, R'S-, or RD-REPiyuehersinseach Rg and RL
independently is hydrogen, (G1-C4o)hydrocarbyl, VC1-C10)hydrocarhyll3Si,
51(C1-Cio)hydrocarby113Si(Ci-C10)hydrocarbyl, or (C1-C40)heterohydrocarbyl, or RR and RL are

taken together to form.a;(GidsLANNYdroganiyiens leglgbg;@é)ggﬁ%@hg%%@@wgne, wherein each L
ch Xin

independently is @ monoanionic moiety that is bonded,; ependently is absent or is a
‘neutral Lewis Basegiodip st (ERNRRRLRRORL, RDSREYHPRRPRORL:, wherein each Rx

independently( @ Q,y dﬁ%g%&rgg{%]ﬁgéﬁ%g{%ﬁm I’\Y{q{lf\p @-@rh &cgogpfgbﬂip\? jwherein :

[(Gl-GBo)hydr‘o&arr fi3SKI- ocarbyl, or (C1-C40)heterohydrocarbyl and each RE and RL
independentlyteal" deficddatsoieaty i iEaetrk I afid iEdndeptndarty isvaosemtbbis as defined

above for L or X, gr LD an e-taken! to.fern 2026 zC(RRY)-CRP)FE(RD)2, wherein
each RD |Ede6§ﬁ$éﬂﬁ§%sg#%§§%ﬁg§@&%§ %%g&@ %pﬁ%ﬁél, %%%g%fﬁglf{h}@Each M

independentlyds almetadiof sy ond Gf Growgy Suivleror Griotipg R towobarPdtindic Table of the
Elements (desgribed latgn), ibe M¥akReiNg 0 A omalxidation Sl +2, +3, +4, +5, or +6; nis an

integer of 1 or 2, wherein when n is 2, one L is absent, 20Each R1 independently is H,
(Cl-C40)hydrocarby‘f’La,dE)?(Cﬁ;"-iig%‘i‘%‘)‘ﬁéfé‘?’é‘f’ﬂ‘i8’Hf(f’@[}f‘(’i)'?'l?i Lewie Bsh BPR PRI afd R4 independently is H,
(C1-C40)hydrdcamsyh I 1a340Md robaryerc: RiotaatidrorarylS-, (C1-C40)hydrocarbylS(0)-,
(C1-C40)hydracqrbyrséRarns((Gd C4QMwdeasarkyl) 71\7-, ((C1-G40)hydrocarby1)2P-, or
(C1-C40)heterohydrocarbyl, Each R5 independently is (G1-C40)hydrocarbyl or (Ci-C40)he
rohydrocarbyl:(CI-GuaSYERF R B R 2 1BYERE RS, B afd AR 4pd b 2R £25F R5 and an RD of X.

or R1 or R5 anglatt RieRfdeoptioRaliyaredaken together to form a (C1-C40)hydrocarbylene or

Each L and L* independently is absent or is as defined above for L or X, or L9 and L¥

are taken together to form {RD)2C=C(_RD)-C(RD}=C(RD Jn, wherein each R” independently is H,
15 unsubstituted (C,-Cglalicyl, phenyl, or naphthyl;

Each M independently is 2 metal of any one of Groups 3 to 6 or Groups 7 to 9 of a
Periodic Table of the Elements {described later), the metal being in 2 formal oxidation state of
+2, 43, +4, +5, or +6;

o is an nteger of 1 or 2, wherein when nis 2, one L is absent;
20 Bach k1 independently is H, (Cy -Cyplhydrocarbyl, or {C; -Cyppheterohydrocarbyl;
Each of RZ, R?, and RY independently is I, (C1-Cypihydrocarbyl,
(CI-C4O)hydmcarbyi{)‘, (< —C40)hycirocarby15-, (C1-CapibydrocarbylS{O)-,
(Cy-CyplhydrocarbylS(0)q-, ({C1-Cygdhydrocarbyl)sN-, ( {C-Cygihydrocarbyl), P-, or
(Cy-Cygpheterohydrocarbyl
25 Each RO independently is (C;-Cyplhydrocarbyl or (Cq-Cyp)heterohydrocarbyl:
wherein RY and RZ, RZ and R, R® and R%, R% and RS, R 0r RY and an R¥ of X, or
gl orR® andan R of L optionally are taken fogether w form o (Cl—C4{})hydroéarbylene or
(Cq-Cygheterobydrocarbylene, or Rlor R and L optionally are taken together to form
(C1-Cypihydrocarbylene-COIN(H)-, {C1-Cyglhydrocarbylene-C(OIN((C -Crlhydrocarbyl),
30 (Cl-C40}11ydr§carbylene-C{O)O», (Cy-Cyqhydrocarbylene. or
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(C1-C40)heterohydrocarbylene, or R1 or R5 and L optionally are taken together to form
(C1-C40)hydrocarbylene-G(0)N(H)-, (C1-C40)hydrocarbylene-C(0)1S((C1-C20)hydrocarbyl),
30(G1-G40)hydrocarbylene-C(0)0-, (C1-C40)hydrocarbylene, or (C /-C40)heterohydrocarbylene; or
any three or four of R1 to R5. RK of X. and R1 of L optionally are taken together to form a respective

trivalent or tetrayvalentsnnliegah@h-GARhydieaihiere or (G G40)heterehydrocarbylene; or R1 or
R5 and any one or two of the remainder of Rl to R5. RK of X. and RI- of L optionally are taken together
with L to formCRiAEHEiGE R8Tt oIt PR AA5H 6F (12U 1Y artcarbylene-C(O)N(H)-,
(C1-C40)hydriégethyteies SOy (CICC2Q) ydravansythy{@4: -C40)hydrocarbylene-C(0)0-,
(Cl-C40)hydrocqrbyI ne, or (Cl-C40)heterohydrocarl})yler}e; and the remainder of R1 to R5. R of X.
RLofL. and L & &5 RicHihaty e i GRrimater B 61 - WhefrdiniiieAjlisPEowE 2 and either both
R1 groups, bothR& grotpsydr borddRi agraupiand eret R3cgroupmereitakén together to form a (C1

-C40)hydroca(@yt%ram;&@@y%odk@temhxdiaﬁﬁg;w;@aaﬁ;yiene-@@gkz@& l@g@ﬁ%ﬁa&a&@ﬁpned
(C1-Clo)hydrocarbyl, (C1-C20)hydrocarbyl, (C1-C40)hydrocarbyl, (C1-C40)heterohydrocarbyl,

(C1-C40)hydrdary e e e 405y ibeanAsecaabie te 2LC40) heterohydrocarbylene are the same

or different and. ir endently is unsubstituted or substituted with goneg,or.more substituents Rs; Each
P Indamon o T Al R O R h T S ac 160
F2HCO-, F3C8finekarie., =0). R3Si-, RO-, RS-, RS(0)-, RS(0)2-, R2P-, R2N-, R2C=N-, NC-, RC(0)0-,

ROC(0)-, RC(0)N(R)-, or R2N - wherein each R indgpendently is an unsubstityted
(Cl-ClS)hydrocaer &nd = %V(E%:rr%’iﬁqﬁ uéﬁ%m}flméfé] Selétiet ,%g/f)tgr%iﬁlémgﬁ % ormal oxidation

state of metalddysuctothit ﬂrt@;rmt&héi@égdmmpﬂi&m obformulth)«s, in aggregate, neutral. In

some embodim?,@t aklygjgcggyg;@&g&mom@g@&ggﬁégp 6. In other embodiments. M is a metal of
any one of Groups'7 to 9. Preferably, M is a metal of Group 4, which means that M is titanium,

zirconium. or hafniuFAcirAORE PrerarabResifeoniaty 8P FEmive -CroBrasapeet, there is provided a
metal-ligand cemp|ex Rfformuie (10:, (IheBeI& Ry, (C;-Cyhydrocarbylene,

(Co-Cygihydrocarbylene, and (C;~C40)heterohydrocafbyiene are the same or different and

independently is unsubstituted or substituted with one or more substituents R®;
Each R® independently is halo, polyfluoro, perfluoro, unsubstituted
(Cy-Cyginydrocarbyl, FaCx, FCH,O-, FoHCO-, F3 CO-, oxo (i.e., =0). R3Si-, RO-, RS-,

RS(0)-, R8(O)g-, RpP-, RoN-, RyC=N-, NC-, RC(O)0-, ROC(O)-, RC(OIN(R)-, or
RoNC(O)-, wherein each R independentiy is an unsubstituted ( C1-Cglhydrocarbyl; and

wherein LY and L.* are selected, depending on the formal oxidation state of metal M,
such that the metal-tigand complex of formula () is, in aggregare, neutral.

In some embodiments, M is a metal of any one of Groups 3 to0 6. In other embodiments,
M is a metal of any one of Groups 7 to 9. '

Preferably, M is a metal of Group 4, which means that M is titaninm, zirconium, or

. hafniom, more preferably zirconium or hafninm.



each L independently is halo, hydrogen atom, (C1-040)hydrocarby1C(0)N(H)-, '
(C1-C40)hydrocarby1C(0)N((C1-C20)hydrocarbyl), (C1-C40)hydrocarby1C(0)0-, (C1-040)hydrocarbyl,
(C1-C40)heterohydrocarbyl, RKRLN-, Rs0O-, RLS-, or R<RLP_,wherein each RK and RL independently
is hydrogen, (C1-C40)hydrocarbyl, [(C1-C10)hydrocarbylbSi,
[(Ci-Clo)hydrocarbylbSi(Ci-Cio)hydrocarbyl, or (C1-040)heterohydrocarbyl, or RK and RL are taken
together to form a (C2-00)hydrocarbylene or (C1-C40)heterohydrocarbylene, wherein each L
independently is a monoanionic moiety that is bonded; each X independently is absent or a neutral
Lewis base group that is RKNRKRL, RKORL, RKSRL, or R_KPRKRL, wherein each RK independently
is hydrogen, (C1-C40)hydrocarbyl, [(C1-C10)hydrocarbyl]3S1, [(Cr
Cio)hydrocarbyl}3gi¢cd-siehyrrraapbyidt (GieGliyheterahydraddobyliar®:-each RK and RL
independently is as defined above; each LD and LR independently is absent or is as defined above for -
L or X, or_L and LR ate taken together to forn#(RD)2C=C(RD)--C(RD-C(RD)2, wherein each RD
indepen entlyi‘é H,/ﬁ substituted (C1-C6)alkyl, phenyl, or naphthyl; each M independently is a metal
of any one, to GLor Groups 7 to 9 of a Periodic Table of the Elements, the metal being in a
formal oxidation|state lo 2, +3, +4, +5, or +6; n is an integer of 1 or 2, wherein when n is 2, one L is
absent; gachd idepe d?xjﬁ is H, (C1-C40)hydrocarbyl, or (C1-C40)heterohydrocarbyl; each of R2,
R3, and 4indepen};{e tly is H,i(01-C40)hydrocarbyl, (C1-C40)hydrocarby10-, (CiC40)hydrocarby1S-,
(C1-C40)hydrocartYIS(O)--, (C1-C40)hydrocarbyl9(0)2-, ((C1-C40)hydrocarbyl1)2N-,
((C1-040)wyetmearby1)2P-, or (CI-C40)heterohydrocarbyl; each R5 independently is '
.(C1-C40)hydrocarbyl or (C1-C40)heterohydrocarbyl; wherein R1 and R2 are optionally taken together
~to form a non-argmati 1-040)hydrocarhylene or a non-aromatic (C1-C40)heterohydrocarbylene; R2
and R3, ﬁicg}li@eapr? %ﬁgﬁﬁ%oa%(rxg?oﬁing?xﬁ% and an R2 of L optionally are taken together to form a
(Crato)hydrocarbylene or (C1-C40)heterohydrocarbylene, or Ri or R5 and L optionally are taken
together 16fOuh(Gi-CAtHGLarbylene-C(0)N(H)-, (Cr
C40)hydrocarbylene-C(0)N((C1-C20)hydrocarbyl), (C1-C40)hydrocarbylene-C(0)0-, (C1-
C4o0)hydr bylene, ar < erohydro ; ora or four of R1 to R5, RK of X; and
RI' of L 0g%%gﬁwgﬁ?ga?gy(%%gggg%?)%gé?&éﬁagég @?&%@\ﬁé“?ﬁ@%%ﬁ@%fava|ent analog of
(C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene; or Rl or R5 and any one or two of the
remaindefCofRINGRERKI Bf-Ry sidrrtBcidarbptiBIRiN-arad BkeR ®gether with L to form a respective
trivalent or tetravalent analog of (Cr C40)hydrocarbylene-C(0)N(H)-,
(C1-C40)hydrocarbulene: CONUCLG2YeAtIM (Gl C40)hydrocarbylene-C(0)0-,
(Cram)hydrocarbylene, or (C1-C40)heterohydrocarbylene; and the remainder of R1 to R5, RK of X, R1
ofL, and L are as defined above; j is an integer of 1 or 2, wherein when jis 2, n is 2 and either both R’
groups, bEirREHEGHSY ok orieRVERsAPEhe one R5 group are taken together to form a
(C1-C40)hydrocarbylene or (C1- C40)heterohydrocarbylene; each of the aforementioned -
(C1-C10) rlioparAEHER0) byshasabuy (61 a)hydrasarbyb(f by CA0)heterohydrocarbyl,
(C1-C40)hydrocarbylene, (02-040) hydrocarbylene, and (Cl- C40)heterohydrocarbylene
independently is the same or different and is unsubstituted or substituted with one or more
substituerftsRER SHEIRIES IRBRIPRERIBATG ISzt " ERAAE D¥rfluoro, unsubstitute,d
(C1-C18)hydrocarbyl, F3C-, FCH20-, F2HCO-, F300-, oxo (=0), R3Si-, RO-, RS-, RS(0)--, RS(0)2-,
R2P-, R20k:,- RAGsadbnNocaBiad 0iRerdRQEL0)-inBB EINIR) s QrB2ME( mukgrain cosR; |
independeplly,is,anunsusiuiee(Q1:CLibdincada, ald whe e Oandkofresglected. depending
alligan cio&n

on the formal gxidation state ot metal INA, such that the met ex of formula (SI)) is, in
aggregat RroJvherein each R independently is hydrogen, (C-Cyo)hydrocarbyt, [{C-Cag)nydrocarbyllsst, {(Ci-

Cqg)hydrocarbyl]s Si{C4-Cygihydrocarbyl, or (C-Cyptheterohydrocarbyl and sach R¥and R* independantly

is as defined above;
sach L%and 17 independently is absent or is as defined above forL or X, or LYand L% are taken together

to form (R”),C=CIRP—C(R%=C(R?),, wherein sach R” indepandently is H, unsubstituted (C;-Cg)alky!,
phenyl, or naphthyi;
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In another aspect, there is provided a metal-ligand complex, of formula (I): R4N R5 wherein:
each L independently is halo, hydrogen atom, (C1-C40)hydrocarbylC(O)N(H)-, =
(C1-C40)hydrocarbylC(0)N((C1-C20)hydrocarbyl), (C1-040)hydrocarby1C(0)0-, (01- C43)hydrocarby|
(01-C40)heterohydrocarbyl, RKIRLN-, RsO-, RLS-, or RKRI-P-, wherein each RK and Rs
independently is hydrogen, (C1-C40)hydrocarbyl, [(C1-C10)hydrocarby1)331,
[(C1-C20)hydrocarbyl]3Si(C1-C10)hydrocarbyl, or (Ci-C42)heterohydrocarbyl, or

each M independently is a metal of any one of Groups 3 to 6 or Groups 7 fo 9 of a Periodic Tabie of the

Elements, the metal being in a formal oxidation state of +2, +3, +4, +5, or +§;

nis an integer of 1 or 2, whersin when n is 2, one L is absent;
sach R'independently is H. {C-Cag)hydrocarbyl, or { C,-Cygiheterohydrocarby;

each of R%, R®, and R*independently is H, (C1-Caglhydrocarbyl, (Cy-CagjhydrocarbylQ-, (Cr-
Capyhydrocarby!S-, (Cq-Cagitrydrocarby!S(O}—, (C-Cap)hydrocarbylS(O)r—, ({(Ci-CaglhydrocarbylpN-—
({T4-Can)hydrocarbyl},P—, or (C;-Cy)heterohydrocarbyt;

'~ each R%independantly is (C-Cyg)hydrocarbyl or {C-Cygheterchydrocarbyt;

wherein R'and R?ars optionally taken together to form a non-aromatic (C,-Cupfhydrocarbylene or a non-
aromatic {C4-Cyplhaterohydrocarbylene; Rfand R®, R'or R%and an R"of X, or R'or R%and an RLofL
optianally are taken fogether to form a (C-Cy)nydrocarbylene or (C-Cylheterchydrocarbylens, or R'or
R®and L optionaliy are taken together to form (C-Cag)hydrocarbylene-C{O)N{H)—, (C4~

| Cm)hydrocarbyléne—C(O)N((Crozo)hydroc;arbyi}, {C1-Cyglhydrocarbviens-C(OY0—, (Cy-
Caodhydrocarbylene, or (C4-Cy)heterohydrocarbyiene; or any three or four of R'to R®, Rfof X, and R'of L
optionally are taken iogether to form a respective trivalent or tefravatent analog of (C-Cylhydrocarbylene
or (C4-Cap)hetershydrocarbylens; or R'or R® and any one or two of the remainder of R'to R®, R"of X, and
RE of L optionally are taken together with L to form a respective trivatent or tetravalent analog of (Cy-
Caothydrocarbylene-C{OIN{(H)}—

(C1-Cyplhydrocarbylene-C(O N({C+-Cyghydrocarbyl},

{C4-Cag)hydrocarbylene-C{0)0——, (C4-Csphydrocarbylens, or

{C4-Cyo)heterohydrocarbyiene; and the remainder of R'to R®, R"of X, R"of L, and L are as defined
above; ' '

iis an integer of 1 or 2, wherein when | is 2, n is 2 and sither both R’ groups, both R® groups, or ong R’
group and one R® group are takeh together to form a (C,-Cy)hydrocarbylene or (C,-

Cagiheterchydrocarbylene;

each of the aforementioned (C-Cygihydrocarbyl, {C4-Cog¥nydrocarbyl, {C-Cugihydrocarbyl, (Cy-
Cagtheterchydrocarbyl, {C4-Cyp)hydrocarbylene, (C4-Cyp) hydrocarbylene, and {Cy-
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Ric and RL are taken together to form a (C2-C42)hydrocarbylene or (C1-040)heterohydrocarbylene,
wherein each L independently is a monoanionic moiety that is bonded; each X independently is absent
or a neutral Lewis base group that is RXNRKRL, RKO-1., IL K R'SR-, or RXPRKRL, wherein each
Rxindependently is hydrogen, (C1-C40)hydrocarbyl, [(C1-C10)hydrocarbyl]3Si, [(Cr
C10)hydrocarby113Si(C1-C10)hydrocarbyl, or (C1-C40)heterohydrocarbyl and each R< and R6
'“depe“@5&'&4%@rgsimﬁ&@mgsér%%gmhah@rgqae%m@p@@gﬁmm@mmﬁf is.8sdefingd above for
L or X, or fand LR are taken together to form (R52C=C(RD)--C(RDC(RD)2, wherein each RD
independ8hfly TOE StlibEfitdied (C1-C6)alkyl, phenyl, or naphthyl: each M independently is a metal
of any omed RS insgpenS:tly6sorB rotpl 7eore o PERERA I ebHIE OF ey ERsmBhtS:the et being in a
formal oxiglation state-of dxd,(#8), Ris =5, rar-+6: fr-israd| integes (Of -0 RE wierein #dieh-a.i82-one L is
absent; ind ently-i (O% drogarhay, » eterehydracarhyk-gach of
R2, R3, %@%deﬁggﬁe—n‘tl’ﬁs@ Ilﬁ(\(R 1:éﬁﬁgocﬁﬁof%ﬁgﬂgﬁ%fwbg10-, (C1-
C40)hydfGearBN 1S {EY:EA0)hydrocarbylS(0)--, (C1-C40)hydrocarbylS(0)2--,
((a1-C40)hydrocarby1)2N-, ((C1-C43)hydrocarbyl1)2P-, or (C1-C40)heterohydrocarbyl; each R6
independegnilyiris.{ert-C42) bydtacarhykotifCdr €4 B¥neterahyiirosatb yf; g fdin R BttenthRest R4 and
RS are taken togesherte.form & pop-giematic {Cd=C40)hydrocarbylene or a non-aromatic

(C1-040)heterohydrocarbylene; j is an integer of 1 or 2; each of the aforementioned
(C1-C10)hydrocarbyl, (C1-C20)hydrocarb é éC1-04 hydrocarbyl, (Ci rohydrocarbyl,
(Cl-C40)hydroc§?l§¥/? eé,afﬁ%-tt:%yﬁ)eﬁiﬂ‘r%‘é/er )allzenﬁtea, %ﬁ%ﬂ ECDP %@é%ﬁéﬁ%@?ﬁarbyle.ne independently
is the same or different and is unsubstituted af substituted with one or more substituents RD; each Rs
independently i5 halo] polyfluoro, perfluoro, unsubstituted (01-C18)hydrocarbyl, F3C--, FCH20-,
F2HCO-, F3C0-, 4 igl)rg;% i-, RO-, RS-, RS(0)--, RS(0)2-, R2P-, R2N-, R2C=N-, NC-, RC(0)O-,
ROC(0)-1, RC(OJN(R)-; R2INC(0)--, wherein each R independently is an unsubstituted _
(C1-C18)hydr ylfﬁrté\ Wherein L and LR are selected, depending on the formal oxidation state of
N iy . . .

metal M, sucfi that the metalligand complex of formula (l) is, in aggregate, neutral. In another aspect,
there is provided a rﬁétal-ligand complex of formula (1): (I) wherein: each L independently is halo,
hydrogen atom, (C1-C40)hydrocarbylC(0O)N(H)--, :

wherein;

eath L independently is halo, hydrogen atom,

(C4-Cag)nydrocarbyiC{ON(H)—,

{C-Cap)hydrocarbylC{OIN{(C-Cop)nydrocarbyl), {Ce-Cypihydrocarbyl C(O YO,

(C-CaoJhydirocarbyl, (C,-Cyg)heterohydrocarbyl, RR"N--, R0, REG, OF

RFRIP—, wherein sach R and R” independently is hydrogen,
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(C1-040)hydrocarby1C(0)N((C1-C20)hydrocarbyl), (CI-C40)hydrocarby1C(0)0-, (01-C40)hydrocarbyl,
(C1-040)heterohydrocarbyl, RKRLN-, RO-, R'S, or IRKRP-7 wherein each RK and RI independently is
hydrogen, (C1-C40)hydrocarbyl, [(Cl ClO)hydrocarbyII3S|
RC1-0-10hydrocarby113Si(C1-C10)hydrocarbyl, or (Cr C40)heterohydrocarbyl or RK and Ft' are
taken together to form a (C2-C40)hydrocarbylene or (CI-C40)he.terchydrocarbylene, wherein each L
independently is a monoanionic moiety that is bonded; each X independently is absent or a neutral
Lewis ba$e-grotiaind RxnfRKIORRBRE:, RKSR, or RXPRKR', wherein each Rxindependently is
hydrogen{S-Duybsrévaci byt {(f@qri@wbﬁy@r@@'é?wm@pt[t(dmcarbyl or
Cio)hydrocarbyllaSi(C1-Cio)hydrocarbyl, or (C1-C40)heterohydrocarbyl and each IRK and FR'
independgnily i as definedahoveieaschd,- @Q%@%&%%gqmly is absent or is as defined above for L

or X, or (L]L@VE’ S JAkEndegsngL.lo J%@Ihﬁ%%@na& RREGARG(IDZ MNareln aaeh Re:

indepen entIy is I-I, unsubstituted (C1-C6)alkyl, phenyl, or naphthyl; each M independently is a metal
of any one of Groups 7 to 9 of a Periodic Table of the Elements, the metal peln%ﬁp a, formal oxidation

state of +62°q-§ 'qgﬁpgr’@mﬁttyi%abr?‘?%ﬁﬁHﬁéIHErLS’INT %75 FBrEm WRdThAs 3, The k Rialent each R'
' mdepena‘%ﬁfﬁ/% HhEn- B0 Ry arseadsiYor PeTsAniReferdhytiacarlf <aohyer RIS difd-R4

independertydsddib(Q:B4C40) yaiocenyy o C1-GCAt yehptarbpi B EhGi0)h i fotan 348y,
(CI-C40) hystrocadayds(@)-, (C1-C40)hydrocarbylS(02-, ((C1-C40)hydrocarby1)2N-,
((CI-C40)hydrocarby1)2P-, or (C1-C40)heterohydrocarbyl; each R5 independently is

RiLof X, o Rl op B L e B arylone o
(01-020) e PO RS ATy e o ik o HECAe Aty S16 Cier Dl B

(C1- 040)H§/‘en¥5c%{t’b%ﬂ'éiﬂ\4 LC(O)N(H,).-, ‘
(C1-010)hydrocarbylene- 0(0)N((C|020)hydrocarbyl) (C1- O40)hydrocarbylene C(CD)0-, ‘
(01-040)hyatroberbstendsnty 04 me#diheterohytifocarbylerfeydiranys three drBericstRate RBeRK of X,

and RL ofkreptionally asestaken iagethexitadormsarespeetvesrigalentor tetravalent analog of

(0i-C40)hydracarbydens o {GiRd3heter physlracarbyleag:or Ri or'R5 and any one or two of the
remainder of R1 to R5, Ri(of X, and RL of L optionally are taken together with L to form a respective

Eglﬁacl:e4n(§)(t)trygﬁrz)&2ar enetne %Qgﬁil %\Cg Q%g{ élt;ylt()e“ylﬁ%(%ﬁ%?%dh r%r(t:)tyaltbyle ne-C(0)0-,

(C1- C40)hydrocarbylene or (01- C40)heterohydrocarbylene and the remainder of R1 to R5, Rk of X,
RLi of L, &PfP Bf & ePaseRefigemsatanty s A fntegby epreenl (WHerdirewesvGs £n is 2 and either
both R." gaipsidsethyRS Grdupbydranyy RiB-grfup-and ne Ryt Up-a iakel togettionis-form a

(Cli-C40) ydrogasaydensy i Cr < 40)bgissehyguocarbylene; each of the aforementioned
(CI-Cm)hydrocarbyl, (CriC20)hydrocarbyl, (C1-043)hydrocarbyl, (CIC43)heterohydrocarbyl,

(C1-C40)hydreearhylene., (02-04Q), @%Q,tg%pyégp% L ANALGEC40hsterohydrocarbylene independently

is the same or. d Eere an JS u itute do ol tltuted wtth 0 bstltuents RS each R5
mdependenflry IS polyflu%nr% p%?f uo?r(‘)tot(]}n{sﬁ stltutea ?&”1‘""85??%3%@2%@3% = Ie FicH 2D-,

F2HCO- ’rf’ﬁétht'BEd‘i PYEEFERETES:, RS(0)2-, R2R-,R2C=N-, NC-, RC(0)0, R0O(0)-,
RC(0)N(R)--, or R2b1C(O)-- Whereln each R independently is an unsubstituted -

jis an integer of 1 or 2;

each of the aforementioned (C+-Cig)hydrocarbyl, (C4-Cyodhydrocarbyl, (C-Caglhydrocarbyl, (C4-

Cag)heterchydrocarbyl, (C-Cygdhydrosarbylene, (C.-Cy) hydrocarbylene, and {(Cy-

Csodheterohydrocarbylene independenily is the same or different and is unsubstituted or substituted with
" one or more substituents R>;

sach R°independently is hale, polyfiuoro, perflucro, unsubstituted (C-Cig)iydrocarbyl, FaCr, FCHyO—,
F,HCO—, E3C0—, ox0 {=0), RuSi—, RO==, RS—, RS{O}—, RS(O}y—, RyPr, RyN-m, RyCoNm, NG,
RC{OYO—, ROC(O)}—, RC(OIN(R}~, ar RaNC(Qp-, wharein esach R independently is an unsubstituted
{C1-C13)hydrbcarbyl; and, ‘
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(C1-C15)hydrocarbyl; and wherein L and Lselected, depending on the formal oxidation state of metal
'kA, such that the metal- ligand complex of formula (l) is, in aggregate, .neutral. In a second
embodiment, there is provided 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 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
comprises, or is prepared from, three or fewer, more preferably two, and still more preferably one
metal-liganéeompiex I6tdelsmatact) sependi arthisdcemiadtitatint, sheres isqpovidech s proeessnf
preparingig.pelalslintheRiocessicennrisiathastgp of contacting at least one polymerizable olefin to
the catalyst of the second embodiment under olefin-polymerizing conditions (described later) sufficient
to polymerize at leash sapie:0fsHie: ahleastpnedeelymerizable olefin rRd mpduse® polyolefin
5therefrom. Preferably, the polyolefin is an ethylene homopolyrner, an ethylene/alpha-olefin
interpolymer (e g., copolymer), or an ethylenejalpha-olefin/diene interpolyrner (e.g., terpolymer). In a
fourth embodifientfthere is provided a process of preparing the catalyst of the second embodiment,
the proces; i a§1;@ of contacting one or more metal-ligand 10 complexes of formula (I) to
one or &t:.g; lysts under conditions sufficient to prepare the catalyst of the second
embodi e\atio of total moles of the one or more metal-I igand complexes to total
moles of{the one ormo acti ating co-catalysts is from 1:10,000 to 100:1. Preferably, the process
employs an aprotic solvent (i.e., a solvent lacking -014, -NH, and -SH functional groups). 15In a fifth
embodiment, there is provided a process of preparing the metal-ligand complex of formula (1), wherein .
nisi,j |§"ﬁ“’?.b and LR are as defined for L, Xis absent, and M, R1 to R5 and L are as defined above
for the firgtce bderinrest Yh%*}?i@é&é@@ﬁﬂﬁi?ﬂbmg a step of contacting a metal compound of formula (Z)
M(L)m+XZ) idpimodeggiivalgirts of a compound of formula (Y) R2 RI R3 N NH (Y) R4 20R5 or a salt
of a conjugats base:thereabundec sppaiianssulficEphiaptaskyeemanixture comprising the
metal-ligand-camplex-of fermula-diuhereingy iaminieges.of fam 2o 6 and m is selected so that
the meta, RQ@ROMQQ of form f@ﬁ@k@ndﬂp@%ﬁ%%ﬁy&%ﬂgﬁ' In another embodiment, there is provided

a pol oIefln are c 0
poly rocar PC1- U)ny:?cparbyﬁ SS H{C-Cyo)hydrocarbyl]aSi{Cy-Cugihvdrosarbyl, or (Cp-
Cw)heterchydrocarbyl, of

RN and R' are taken together fo form a (C-Caghydrocarbyiene or

(C4-Cyptheterchydrocarbylene, wherein each L independently is @ monsanionic moiety that is bonded;
sach X independently is absent or a neutral Lewis base group that is R*NR'RE, RXORY, RFSRE, or
R*PRR", wherein each R independently is hydrogen, (C1-Cagihydrocarbyl, [(Co-Cagdnydrocarbyils3i, (G
Ciothydrocarbyll;Si(C4-Cqgthydrocarby!, or {Cy-Cypihaterohydrocarbyl and each F{_K and R independently
is as defined above;

each L% and L™ independently is absent or is as defined above for L or X, or L%and L are taken together
to form (R%),C=C(R"—C(R"=C(R"),, wherein each R” independentiy is H, unsubstituted (C,-Cg)alkyl,
pheny!, or naphthyl;

sach M independently is a metal of any one of Groups 7 {o 9 of a Periodic Table of the Elements, the
metal being in a formal oxidalion siate of +2, +3, 4, +5, or +8;
nis an integer of 1 or 2, wherein when nis 2, one L. is absent;

each R’ independently is H, {C.-Cap)hydrocarbyl, or (C-Cyg)heterohydrocarbyl;

each of R%, RY, and R*independently is H, (C-Cylhydrocarbyl, {C-Cag)hydrocarbyiO-, (G-
CagthydrocarbylS-, (C-CygihydrocarbylS{O)—, (C1-CugihydrocarbylS{0l—, ((CoCypdhydrocarbyljpN—,
({Cy-Cugthydrocarbyl)aP—, or (C,-Caglheterohydrocarbyl;
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250f the third embodiment. Preferably, the polyolefin is an ethylene homopolymer, an

- ethylene/alpha-olefin interpolyrner (e.g., copolymer), or an ethylene/alpha-olefin/diene interpolymer
(e.g., terpolymer). In still another embodiment, there is provided an intermediate compound. A
preferred intermediate compound is a compound of formula (Y) or a salt of a conjugate base thereof;
wherein Ri is (C1-C40)alkyl and R5 is (C6-C40)aryl, or R." is (C6-C40)aryl and R5 is (C1-C40)alkyl;
and each of R2, R3, a inde IS H,£Cl arbyly-(C1-C40)hydrocarby10-,
(c,-C40)ﬁ@%’ﬁé@%ﬁé@%&%ﬁggﬁﬁﬁﬁﬁﬁg(béf,%(é@%%gﬁydroljcarbylsm)z-,
((C1-C40)hydrocarby1)2N-, ((Cl.-C40)hydrocarhy1)2P-, or (Ci- C40)heterohydrocarbyl. =~ Preferred
disclosedveataly St ot fh;eRéé Rd %m%%%%@& ngr{% ‘bcéﬁeﬁéﬁ:\laggt% ygst“g{;ri%%ﬁé?g%f“a%‘%‘a|“ merization
catalyststégeghehighemgr&ms.ohystyrietesrouCed parlran SrmBsN igant ‘Hd?nﬁ’l‘@ke"so*z‘)‘f)éé“rmu|a O
that are useekieprepare thiermyenrtioicatalysysyand Piidice Pofyolefirsameeitirgpolotefin
10copolymers.havingibenefisiaiybigherweight ayeage,malectialaveights:(Mw), number average
mO'eCU'aEbyg)%QQ.!én 0). 95 hath,compared:ta My orMir of conventienalupglyalefins. Ralyolefins

produced by a disclosed process, of the third %dijg;%@tﬁrgfgrag%%@ preparedas, and are useful
. ther to Tomm g respsciive, fnvatant or (22 (STl f
in, for exaifl fé, coacilngs, fi ms, Tibers, nc} olded and €x rtHedg%a}g g;e%li\/ggr;\&,g\;eggkggm,g@@

and m
polyolefin & BB HHEAp|SiEation S WhéETE BolySfefng Raving Righer Mw or Mr are desired. Examples
of such | bapieaticns ‘alren thegacrafiFiRy HYREFTRaT EnTbRHY Sel IR EINPEI3RTeS (e.g.,

* temperatwgshighersthar-attit-36- G- Othbrdseail e O FicaidHE Yedtifing- improved

mechanicg) prapertiessuch ag-forexanplenoasbnmord Of taddtdus (egarveomgshisdulus), 1zod
impact strength,yigld siremgih,tensile: steerath-elengationatkeak, stiffness, heat resistance,
chemical resistance, ignition resistance, resistance to diffusion of polar liquids or gases, and
dimensional stability. 20The metal-ligand complex(es) of formulas(l ! deriyed:therefrom
with the ohe B it SEéi\r?%\‘?tiﬁ'ﬁi%rS‘fba{’ae% s%r;rrfe)lsué%?ugl T{r{htﬁé) Dé?oacégfég (t)?rfgiIﬂ I?é{yt%ﬁ%%ar?g \?gﬁ?th
embodimérse 2n¢ oTRE poRye RN BRI By te ?)th'géghé?rt%cé“ﬁ%’tn%roﬁtgoﬁiment are useful in
numerouscaptieatiodssaeteas, for example, synthetic lubricants and, especially for the OBCs, elastic
25films for hygiene applications (e.g., for diaper covers); flexible molded goods for appliances, tools,
consumer godsi{e-gortaathbrusithangiesh-sparting -geges;duitging and)eonstedntidf -automotive,
and meo!iC@I @Fé'#gﬁ\}b%&rﬂf?%@ql-% gﬁ%%g%,@ gﬁqﬁLe_@4gpﬁWe(%gj,(cgfri'gerator door gaskets_
and profiles§, building and, cpnstruction, and.aytomative applications adhesives dospaskaging (e.g., for

use in man g@%ﬁrln Cotrugated. cardboard boxes), hygiene 30 applications, tapes, and labels; and

~ foams for §b%ﬁ’iﬁrg°’§o%ﬁ§ﬁf%?§i foam mats), packaging, consumer goods, and automotive applications.

In another aspect, there is provided a metal-ligand complex, wherein the metal-ligand complex is of
formula (I-&échl@ﬁ%@iependenﬂy is halo, palyfiuoro, perfluoro, unsubstituted (Cr-Chgihydrocarbyl) Fal—, FCRL—,

F,HCO—, F3CO—, oxo (=0}, RgSi—, RO—, R&—, RS(O)—, RS(O)—, RoP—, RoN-—, R;C=N—, NC—,
RC(OYC—, ROC[O— RCOMN(R—, or 2NCI0—, wherein each R independently is an unsubstituted -~
(C4-Cyglhydrocarbyl; and

wharein L% ang Lf are selected, depending on the formal oxidation state of metal M, stch that the metab

ligand complex of formuta (1) is, in aggregate, neutral,

In a second embodiment, there is provided a catalyst comprising, or 1s 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 more metal-ligand complexes to total
qumber of moles of the one or more activating co-catalyst is from 1:10,000 to 100:1. Preferably, the
catalyst comprises, or is prepared {rom, three or fewer, more preferably two, and still more preferably one

metal-tigand complex of formula (I).
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N L\ RtRI wherein: L and LR each independently is halo, hydrogen atom,
(C1.-0,40)hydrocarby1C(0)N(H)-, (C-,-.0.40)hydrocarby1C(0)N((01-020)hydrocarbyl),
(C1-C40)hydrocarbylC(0)0-, (C1-040)hydrocarbyl, (C1-040)heterohydrocarbyl, RKRLN-, R80-, iRSS-,
or RKRLP-, whergjn, eachRkanhBY. indenepdsniy Lsﬁmeag@gegw[g%gawawﬁwh [(01-
Cio)hydrocarbylI3Si, [(Cl-Clo)hydrocarbyl]3Si(CIl-Clo)hydrocarbyl, or (C1-C40)heterohydrocarbyl, or
IRK and REBFEEAET TG SRS FSHM L {REACH6) ﬁi}‘aPSEé{PBE}Fé\HI’& Bt 1odtherarshgliBtarbylene,
wherein eaghdndrgepaenaentlyds alsfionodnienicnyn ovetitihat(oobabtioptidfieky: o and LR are taken

together to f@%&%&?&?&%?&%%)ﬁ%%%é&% Hééwééf%a&@‘%ﬁ’e}%i&%%%ﬁlﬂ%%‘%i%ﬁﬁ%{”subSt“Uted

(C1-Co)alkyl, phenyl, or naphthyl; M is a metal of any one of Groups'3 to 6 or Groups 7 to 9 of a
Periodic Téb?@@ﬁ%hé’ﬁféﬁk&t@em@wéfm Bamhghnasdnnarekiation %%a@é%@@a%gfm, +5, Or +6;
each R1 indensagaetlieis, HofChinQi0 Mrydrasahyl.prdGliGARheterohydiasarhy; each of R2, Rs, and
R4 indepertléje&% H, (01-040)hydrocarbyl, (C1-C40)hydrocarby10-, (C1- C40)hydrocarbylS-,
(C1-C40)hydpo ar )}B(O)--, (C1-C40)hydrocarbylS(0)2-, ((C1-C40)hydrocarby1)2N-,
((C1-C40)hydrocdryyfyzp-ciobq@magy Olisesér orypitotarhytesadivResindgdhe pidnshofghe

(C1-CA0)hydracarbybaidl f4hheisrohyaigraryl, Whersin R and RadRsaid ReniRs and R4, R4
and 53 R'or R6 and an RK of X, or RI- or RS and, an Rs of L opt%nally are taken togfether to form a
0

(C1-CA0)hy ARSI BYIEREBHEE SCA6)HETSFORGUTB L BIEHEY B RO FRUdHPts StsITaN are taken
together tofegnd Gt -GAGH pdtheariapié nebCIoR(tFhe@r the ratio of total moles of the one or
Cohydrocayiydene;GIONAGHARANIRARNN G AN WIFOGAIBYIRRE SN (s
C40)hydrocarbylene, or (C1-C40)heterohydrocarbylene; or any three or four of R' to R5, RK of X, and
RL of L optioHaiiPdpe taKke Rrtdeiabhethe iR a TeRITEE BV @RI BHYBY thfrat/ B/ BIREIE of
(C1-C4o)hyorocamyieneser fiatto4f) hekterghydrocarbylene; or Ri or R5 and any one or two of the
remainder of R1 tgp R5, RK of X, and RL- of L optignally are taken together with L to. form a respective
valeit o tetravalh A o (TP S By e R o e el
(al_C40)hycmséeriofleraut @MN(ISEC 203 Hy divtakiyhd (Cicdeyytred srbliché €8)0-an01-040)

hydrocarby, or (€1-C40)heter f%jr carhylepe;.and the.remainder of R1 to R5, RK of X, RL of L,
and L are AR B0 et L e o B (L ety SRk e Ay crocarby,
(C1-C40)hydroctadipis {Oretd oyhexarahytioomibyE)(C1-C40)hydrocarbylene, (C2-C40) hydrocarbylene,
and (CIC40)heterqu_%arbyle%Q§’ {pdepardentiviisdhg sameQndiffergatand s unsubstituted or
substituted with one or more substituents Rs; each Rs independently is halo, polyfluoro, perfluoro,
unsubstituted (CrCis)hypdrocarhy], F3C-, FC-120-, F2HCO-, F300-, oxo (=0), R3S1-, RO-, RS-, RS(0)-,
RS(0)2-, P.2P-, R2N-, R20=N-;"NC-, RC(0)0--, ROC(0)-, RC(0)N(R)-, or R2NC(0)-, wherein each R
independently is ap stitnfgd (C1-C18)hydrocarbyl; and wherein L and LR are selected,
depending on the formal oxidation state of m?{%l M, such that the metalligand complex of formula (1) is,
in aggregate, neutral. In tb\?r aspect, there is provided a metal-ligand complex of formula (1-3):
R* ! '
20 }15
or a salt of a conjugate base thereof, under conditions sufficient to produce a mixture

comprising the metal-ligand complex of formula (1), wherein m is an iﬁteger of from 2 to 6 and
m is selected so that the metal compound of formula (Z) is, in aggregate, neutral.
In another embodiment, there is provided a polyolefin prepared according to a process
25  of the third embodiment. Preferably, the polyolefin is an ethylene homopolymer, an
cthylene/alpha-olefin interpolymer (e.g., copolymer), or an ethylene/alpha-olefin/diene
interpolymer {e.g., terpolymer).
In still another embodiment, there is provided an intermediate compound. A preferred

intermediate compound is a compound of formula (Y)



Its R4 R4 NNN R5vI RS ------ r/M'c"L 1,0 LRLR LO wherein each L independently is halo, hydrogen
atom, (C1-C40)hydrocarbylC(0)N(H)-, (01-C40)hydrocarby1C(0)N((01-C20)hydrocarbyl),
(C1-040)hydrocarby1C(0)0-, (C1-C40)hydrocarbyl, (C1-040)heterohydrocarbyl, RKRLN-, RLO-, RLS-,
or RKRLP-, wherein e cp RK and RL independently is hydrogen, (C1-C40)hydrocarbyl,
[(C1-C10)hydrocarbyll2sSi, I|C1}C§10)hydrocarbylb8|(C1 -C10)hydrocarbyl, or

(C1- O4O)heterohydr30 byl, offRK and RL are taken together to form a (C2-C40)hydrocarbylene or
(C1- C40)heterohy8focar er% herein each L. independently is a monoanionic moiety that is
bonded; each LD and LR independently is ad3ent or is as defined above for L, or L and LR are taken
together to form, (R0)2G= )--0(RDC(RD)2wherein each RD independently is H, unsubstituted
(C1-C6)alkyl, phenyl, napht%gl; 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,

+3, +4, +5,9k 6 @ﬁ&@oﬁﬁh@é@&ﬁ@@éﬂ@féﬁy i@ﬂéﬁe@1@491‘byxdrg}aamyaln@f<(@keﬁg@4)m3@r&hﬂdieocarbyl; each

of R2, R3, d 4in s(0 0)hyd C;40 droc rb 0-,.(Cr

C40)hydro yf%’“ nyé@%&d}ﬁ d‘ri? aéjgr ylgé) G%ﬁ%é%O)hyérocarB@/ ]éifﬁ Q/E{ (-

((C1- C4O)f@dmmyb)2NC (@P@@@%ﬁdﬂ@eeﬂ@yﬁ@ﬁ@kymﬂ(@ﬂ&l@ﬂél@ib?@dw@af&@@)ﬁach R5
independergly is (- 1:04pdracarhybor (Gl @4 heterehy diocarbylwhersin Rl ageR2, R2 and R3,
R3 and R4[(@RY4 é)n%% ?b@fﬂ atr?{j an gﬁyof X nﬁ ?Rl oqu(QS an% gn RL 1(%‘}[?_ optloneﬁ{lﬁ are taken
together toqwmtﬁr?&¥éfﬁ@rﬁyhrocarbylene or (CrC40)heterohydrocarbylene, or or R6 and L optionally
are taken togethepPideforidi{@ked 483 lyyd o daripyton eaG{A)M ko (Geneficial catalyst efficiencies as

C40)hyd rog@rmﬁ%og (QINKOR-L 200y epcartydlnle brSaa Qi EarREDHERN ek MmekGes of
'C4O)hydr0(1;arb e{hgr g01 %}O hetertghxldrot(!:{%rp%a?n on arpq thre r ouro{ Rl 1o R5, RS of X, and

di
RL ofLoptlona re ta eneég ther to form aresp ctive thvalento tetrlgsvé ent a %ﬁg

(C1-C4 O)hya?e}mﬂ&ﬁ@@e mﬂb)ﬁélf@rwwl%%%w@ﬁém&m%<M5y)aﬁanaﬁw6ﬁéeor two of the

remainder ghRider R& K] Xor 806 Bkpafcl «optjonallyatertakendqgetherwitailotgfiorm a respective

trivalent or tetravalent analo% of (Cr
produced by a disclose process of the third embodiment preferably are prepared as, and are useful in,

for example, coatings, films, fibers, and molded and extruded articles. More preferably, the polyolefins

are usefyl in applications where polyolefins having higher My, or My, are desired. Ex_amples of such

15 applications are those requiring higher than ambient service temperatures (e.g., femperatures higher than
aboﬁt 30 °C). Other examples are applications requiring immproved mechanical properties such as, for
example, one or more of modukis (e.g., Young’s modulus), Izod impact strength, vield strength, tensile
streﬁgth, elongation at break, stiffness, heat resistance, chemical resistance, ignition resistance, resistance
to diffusion of polar liquids or gases, and dimensional stability.

20 The metal-ligand complex(es) of formula (I} and catalyst(s) derived therefrom with the
one or more activating co-catalysts are useful in the processes of the third and fourth
embodiments.

The polyolefins prepared by the process of the first embodiment are useful in numerous
applications such as, for example, synthetic lubricants and, especially for the OBCs, elastic

25  films for hygiene applications (e.g., for diaper covers); flexible molded goods for appliances,
tools, consumer goods {e.g., toothbrush handles), sporting goods, building and construction,
automotive, and medical applications; fiexible gaskets and profiles for appliance (e.g.,
refrigerator door gaskets and profiles), building and construction, and automotive applications;

adhesives for packaging (e.g., for use in manufacturing corrugated cardboard boxes), hygiene
30



C)hydrosarbylene-0(0)N(H)-, (C1-040)hydrocarbylene-C(0)1\4(C1-C20Thydrocarbyl), (Cr
C40)hydrocarbylene-C(0)0-, (C1-C40)hydrocarbylene, or (C1-C43)heterohydrocarbylene; and the
remainder of R1 to R5, Rs of X, RL of L, and L are as defined above; each of the aforementioned
(01-013)hydrocarbyl, (C1-020)hydrocarbyl, (C1-040)hydrocarbyl, (Cr, C43)heterohydrocarbyl,
(01-040)hydrocarbylene, (C2-C40) hydrocarbylene, and (Cr C40)heterohydrocarbylene independently
is the same GPHiffaRSR a8 Faddibeliretiiuten Br eotismared with bme onsmerecsihstituents Re; each Rs
independentlscisdhaiogopdydid eroppérflyplicitiunsubstituted (C1-e16)hydrocarbyl, F3C-, FCH20-,
F2HCO-, F300-, oxQ ( O) R3Si-, RO-, RS-, RS(0)--, RS(0)2-, R2P-, R21V-, R2C=N-, NC-, RC(0)0-,
ROC(0)--, RC(0)N()-2ShaRaMestoicrivi dratided armetidissan senpyis v shshbstitteitand complex is
(O1-C15)hydrbicauthyd; (\Nhereln Ls and LR are selected, depending on the formal oxidation state of
metal M, such that the metalllgand complex gf formula (I) is, in aggregate, neutral; and, wherein R11 is
(C1- C40)hyd1[pcar ylene:or (C1-C43)heterohydrocarbylene. In another aspect, there is provided a
metal-ligand ¢ Y (I-K): (1-K) wherein each L independently is halo, hydrogen atom,
(C1-C40)ydrc arbNC}d)N( )-, (G4_040)hydrocarby10(0)N((C1-C20)hydrocarbyl),

(CI-C43)hy froc byﬂ:;’:“(G)Q 2040)hydrocarbyl, (C1-040)heterohydrocarbyl,R50-, RLS-, or
RKRLP- w’nerelh edch R' amd Rlzindependently is hydrogen, (C1-C40)hydrocarbyl,

[(C1- ClO)hydrocarbyI]33| [(&1C|0)hydrocarbyl]381(CrC|o)hydrOcarbyI or (C1-040)heterohydrocarbyl,
or Ric and RL are taken together to form a (C2-043)hydrocarbyle.ne or (C1C40)heterohydrocarbylene,
wherein &58Hi independently is a monoanionic moiety that is bonded; each L and LA independently is
absent or is as defined above for L, or L and LR are taken together to form
(R0)20=C(R0)--C(RDC(Rs)2, wherein each R independently is H, unsubstituted (CrCe)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 4-2, +3, +4, +5, or +6; each RI
independently is H, (C1-C40)hydrocarbyl, or (CrC)heterohydrocarbyl;




each of R2, R3, and R4 independently is H, (C1-C40)hydrocarbyl, (Ci-C40)hydrocarby10-, (Cr
C40)hydrocarbylS-, (C1-040)hydrocarbylG(0)--, (C1-040)hydrocarbylS(0)2-,
((C1-C40)hydrocarby1)2N-, ((C1-C40)hydrocarby1)2P-, or (C1-C40)heterohydrocarbyl; each R5
independently is (C1-C40)hydrocarbyl or (C1-C40)heterohydrocarbyl; wherein Rl and R2, R2 and R3,
R3 and R4, R4 and R5, R' or R5 and an RKof X, or 121 or R5 and an RL of L optionally are taken
together to form a (C1-C40)hydrocarbylene or (KC1 C40)heterohydrocarbylene, or Rl or RS and L
optionally aiélizeh itsgrarientts ForaP (019048 Mr%ocarbylene-C(0)N(H)-, (Cr
C40)hydioearyleneaC@R{{CHE20)hydrocarbyl), (C1-C40)hydrocarbylene-C(0)0-, (Cy
C40)hydrocarhyeneay{CGd0)balerohyetotabyneyopanybi@e-er. four of Rl to R5, RK of X, and
RL of L «E“@n%%%%?lk@ﬂ togethesdpifonna rspectivestiivaléstopietravalent analog of
(C1-Ca0)Rydiocarbylsne or &qﬁa"ﬂh%%&hérg{%@%%@n QL R, 0%@?&%9& qiy.one or two of the

d let R5,. R t tak ti
valont 6 BORATEAR St B (T CRR)Ry AraATy ne IOy e el & fespecive

(C1_ C40)hydrocarbylene C(O)N((C1-020)hydrocarbyl), (C1e40 ocarbylene C(0)0-,
(C1-CAOR\rart zatsyrsme togp i ErTtocort) Réteroh i CH By ERe” oaéwa%mmaf BFEBE'RK of X,
RL of L, anth L aterasddefined abmesiceachrsttiiaaforerehtioned (C1-010)hydrocarbyl,
(01-C20)hydrocarbyl, (CI-C40)hydrocarbyl, (C1- 040)heterohydrocarbyl, (C1-C40)hydrocarbylene,

(C2-040) QF%W@@%‘ER 204G Bieeterahy didcathylene ndBperfenty issthessart® or different and

is unsubstituted.o tituted with ope or maresybstituents,iRs; each Rs independently is halo,
polytluoroC}pBrﬂaot uﬁsubst%ut%d( 513)%3?dro§arbyl 5&3 , FCH20-, F2HCO-, F3CO0-, oxo (=0),

R3S1-, RD-, RS-, RS(0)-, R R2R-, R2N-, R2C=N-, NC- RC 0 ) or
RZNC(O)M ShBREAPEABIPRE ﬁ%é%ﬁ@ﬁ&éﬁﬁﬂs%%?ﬁ%% ﬁte%f‘?af %E)ﬂ%ar(%?;{%n?q&erelﬁand LPare -
selected,@@gendingrerriisatioy frit oxidation™ E‘sté?e%f*ﬁ\etal M, such that the etal- ligand complex of
formula (1) is, in appreciate, neutral; and, wherein R56 is (C1-C40)hydrocarbylene or

(C1-CA0)heterohydrerarylene.(C.-CAndiiaaahnend imitingeenmbatinents are described below,
including the claims, and in the drawings that accompany this specification. BRIEF DESCRIPTION OF

THE DRANINGR & SR %&esﬁage&wﬂwé %0, QoRu0s F@%fm@lo?db%?@ Rigt (OR1EP) depiction

of a singl& Cry&tal fructure zly . —
methyletfMBREAAIRTINO-KSEH AR Z[c); lc %is"“)%?g%’ﬁaer |s(1- ~CalydrocarbylN
methyletH%b%ﬁf@ﬁ’éﬁﬁfﬁﬂfgraﬁb@Nﬁﬁ ﬁ@ hafnium (Example 1) with hydrogen atoms and
unsubstitetst Phiefapecaepds @M@W?&Pvéfﬁﬂt?f C?“Cmg@@ﬁm% WORTEP depiction of a single
crystal straieterie dbrivart, quj;ﬁ; gﬁ]alyfsfg OF and R®, R'or R®and an RFof X, of R'or R°and an R of L

(2,6-bis(1methyiethybrbi- () (o eirtamiheckappai):2yeyelohexenildidensjrenzsnammnalerkappaN)t
ris(phenylmethyl)-hafnium (Example 2) with hydrogen atoms and unsubstituted phenyl carbons

omitted foRCRRY .onfikga%sm%ggw@@% flenicl %@E@r@ﬂ@wx@% abstrtmwre derived by x-ray
analysis of (N Ii)x - but Lw@: ?E) c:]ér Egueéesp] Jroé’a]r?a
fis

erthyObe(?fie amlna¥0|cap met hafnium (Exam ygdeagen a and
unsubsUHﬁ@H’b’HW’@%d’ﬁéCér%ﬂjéﬁafSP RPYENSER) 2gvd ﬁree g 8’“’6 I{:Og:%eg)ﬁctlon o#%né?r%gle
crystal Strgmgfi‘é”ﬂéf‘?\ié%?bfp&eﬂw tgﬁwsqg%f)nctwe trrvaierzt or tmtravalen‘t analog of (C yhydrocarbylene
(N-46E)-6sfhatytimine-kappaspleoycto ReRER 10§ B2 s (L orrictisy R BER 78 faPiatdRaPFaN) tris(p
henylmethyl}zireaniwng (exarepleghheithithydrogencatomsiandivsubstiiredeptreaipccalbons omitted
for clarity.c, hfagzérme!@@fwﬁmﬁ depistivs-abasisgemystat sirvetremorized by x-ray analysis
of (N- OE)' - '}in PﬁeKQP;P@ '1 EY@&O h’\?&%@arby%ene or {C-Cag)heterohydrocarbylene; and the

-y1)-2,6- bIS - gt %b%ze%qgnqutokzgq_pggl%xmgyggg@imum (Example 15). In Fig. 5, hydrogen

atoms are'dnfitted or clari 6 Sshows an ORTEP depiction of a single crystal structure derived
by x-ray analysis of [N-(2,6-diisopropylphenyl)-2- butylamlnotroponlmlnatoltflben fnlum (Example

16). In Fige® e gbremasinsasr@ creletrod: phehsy REFBTRY ale e 67 a Fig. 7
shows an QRAEP-Hepicton dfaSintlererystasstriicnire) detivetityy e &y Analysis of
[N.N-dimethyjrsinayd-{2:Gehisopiepylanilins) trepemiemindtettribenszy lrstrisliv ¢E xapypEtdiey. il Flg 7,
hydrogen atemgsqnd Mg&q@ggtﬁed phenyl carbons are omltted for clarity.

ba



DETAILED DESCRIPTION OF THE INVENTION As summarized previously, the present invention
generally relates to metal-ligand complexes, catalysts comprising or prepared from the metal-ligand
complexes, processes of catalyzing olefin polymerization reactions with the catalysts to prepare
polyolefins, polyolefins prepared thereby, processes of making the metal-ligand complexes and
catalysts, and intermediate compounds useful therefor. In some embodiments the process of the third

embodiment fyrther employs another polymerizable olefin (i lefin comongme ) SQ 5employ
both an BIEMNR MBHSATEP 44 BIRHT KBRS r'r%éfr’maucpﬁﬁlns tétHg ff i eﬁ?rf’f%ﬁ? § é r‘lﬁég éltér) and an

associatedtiéim forme Asation: %Wsﬁ@ﬁhlgﬁm%ﬁ@—npn%ht‘b ‘Caralya; orRaCf'i‘&w inVertion
catalyst BogtiibeRREeP)hROQIFfERed prodesSpivintass sotpdichiceoimntisingaupsiytdieth monomer
olefin comongmerdaterpelymer (e.g., copolymer), more preferably a poly(oiefin monomer olefin
comonomer) block copolymer (i.e., an OBC), and in 1.0some embodiments a poly(ethylene

alpha- O'GLn ploek: ﬁfg g@&%&h%@%@%ﬁml@%ﬂ%@x olafinkhlock copqlymer, praferably.comprises
an eth yene Lgerlv ent and a soft segment comprising residuals from the alpha-olefin and
ethylene‘%sn &SER Jaa BL A THE AT | 8?y?etﬁy etae alpha- olefln) block copolymer” is used
interchangeahly herein with the terms "olefin block copolymer,” "OBC, lene/a-olefin block
interpolymer,"TAARP %@ﬂ%ﬁ?&/@e{f%@%‘iﬂ%%@bg%?@%@‘ Fﬁ?"’ali’p(lié{ olefin and "a-olefin" are
used interchangeably herein. ~ As used hereln 'a," "an;" "the," "at least &ne," and "one or more" are
used mterchanggaably In agsy embodiment dégcribed- herein, the open-ended (non excluding) terms
"comprising," prises,? and the like (which are synonymous with "including," "having,” 20 and
"characteriz ") ¥haly b\ aced by the respective partially closed (partially excluding) phrases
conS|st|ng se tlaIIy of," con§ists essentially of," and the like or the respective closed (excluding)
phrases Rcf)nslstlﬁg\of ~*tonsists©f," and the like. The term "or" used in a listing of members, unless
stated othems\e} refers todhexl d members individually as well as in any combination. 25For
purposes of U.S. patent practlce and other patent practices allowing incorporation of subject matter by
reference, and the entire contents - unless otherwise indicated - of each U.S. patent, U.S. patent
appl|cat|dﬁ‘e@‘@e%5ie'ﬂ?%’ﬁﬁﬂ%%ﬁ%Péﬁﬁgrp #4tent Cooperation Treaty (PCT) international patent
applicatidf-ghdWocpapicaidhiequivalent thereof, referenced in the instant Detailed Description of the
Invention@re heyebyaingst pord e hyh3imsterghde.- Wherravaialiié))@-u.S. patent or U.S. patent
applicatiqa, piblicatiemfamiyonembenibetentnrR be-inetrparated-hy reference instead of the PCT
internatiogral-pateApplicatien-an W ublieation eaubgalent. In an event where there i.s a conflict
between whet I)%S)élrrdgg q@%ga)g§c@gga§%f:glcatlon and what Is written in a patent, patent application,

or patent %tél np éﬁi t&orb h@r‘g fjs O(C)é:{)op &reejnglq dggcrg f"t&d by reference, what is written

in the pr peC| @resen atlon eadlngs (e.g., "Definitions™) are

used for &W@ﬁéﬁc?@ﬁ&og?@?{ot? FRERAL AT ?&rﬁﬁ? 'E)e Yised, to limit scope of the present
disclosuréGnanieiRmepyirearesamt WIREe ik TSP REIANEL BaNEER RPN # S8 RSEited without

each L° énd LR independently is absent oris as defined above for L, or 1 %and L® are taken together to
form, (R%},C=C(R7—C(R™=C(R"), wherein each R” independently is H, unsubstifuted (C+-CeJalkyl,
phenyi, or naphthyl;

each M independently is & metal of any one of Groups 2 to € or Groups 7 10 8 of & Periodic Table of the
Elements, the metal being in & formal oxidation state of +2, +3, +4, +§, or +6,

sach R'independently is H, (C1-Cyg)nydrocarbyl, or (C-Cagthaterohydrocarbyl;
each of R%, R®, and R*independently is H, (C-Cydhydrocarby!, (C4-Cag)nydrocarbylO-, (Cq-

CaothydrocarbylS-, {C.-Cag)nydrocarbylS(O)—, (C4-CyglhydrocarbylS(O);—, ((C4-Cap)hydrocarbyllpN—,
{{C4-Cyg)hvdrocarbyljoP—, or {C4-Cap)neterohydrocarbyl;

&b



parentheses, e.g., 2 inches, and a corresponding unit value that is parenthetically recited, e.g., (5
5centimeters), die unit value recited without parentheses controls. In an event where there is a
conflict between a compound name and its structure, the structure controls. In the present
application, any lower limit of a range, or any preferred tower limit of the range, may be combined with
any upper limit of the range, or any preferred upper limit of 10the range, to define a preferred
embodiment qf the range. Each ran 2 of I‘tl) mb rs mg‘utde alIr nur@l’?ers both rational and irrational
number§a§h%§ﬂ%%?§‘%ﬂmﬁsthcdt$ﬁwg ] ar oM 0Ot T to about 5 includes, for example,
1,15, 2,2.75, 3, 3.80, 4, and 5) Unless otherW|se noted, the phrase "Periodic Table of the
ElementsharefeR! a0dtRb Bﬁomﬁpem@dﬁoqtaﬁf@ﬂ@&si%rpdﬁf@ﬁdJ@Ih@ “2DX 2B cpBbtishEdrbyithe
Internatipnahsdpion eftSRsesand Applicd Ghamistub kiR AGT. Alsih ey neferercis o Gyoup or
Groups shallhede.the, GrouparGraups refledted irthis Rasiodic Jable-ntthe Elements.  In some

embocirgenis N 5.5 Metabal 104D 34G1aup, Imetal Rymollanelsing lenshanoids and actinoids,

useful in {hie orese |nvent um (S ttrl Y | sQme Salled
Ianthanmd‘%% espe(,y aﬁn AN anﬂ%\}fg yéé%??um&é‘by ér]ag‘séem ﬂqmé é ) %r%]ﬁ% q;I\%)
prometh i AT <A RERT (SR ELr R (E L) GauBiIRG 3‘“%(9%.u 1'?8?" R o).

holium (RId§; &rolfre oEY RRRURIETPRT. 9{1%5*\9@?(\@5? %{ﬁwqefé me"acﬁ tFPeRst ré ’é@fﬂ.des
(sometinrest taliéahaivtimeidsyn espdsiatiistablersoopessbrdtvranhe (& drotiend (T #){ @nd uranium
(V). Unstgbleaetinigessstchyas protactnitinr(Bal)y neptOiaiihy OND)) pldtanaiti). (Pu), americium (Am),
curium (Gmpydabestetisum (k). californiven(&Qiak sheipium, fhek daysndan () mendelevium (Md),
nobelium (No), apdJawrencium, (L) are gxeluded fom.the,agtinides useful in die present invention.

Preferred Group 3 metals are Sc and Y. In other embodiments M is a metal of Group 4. Preferred
Group 4 metals are those in a formal oxidation state of +3 or +4, more preferabl?// +4. For purposes of
the pres&RETRERFERIETRIERR duif el |%C@%ll’d8é8ﬂ)8mr8?@r@’|[0&? “GaBHRERIEOSEHUI in the present
_|nventlor&bﬁi‘gﬁﬂf’b‘tﬁ@ﬁ%ﬁibé‘&rﬁ@?hédWF%bé‘?ﬁ%l@Pﬁ@mﬁﬁ?ﬁr@iﬁl‘fp%ﬁ%%t‘als useful in the present
inventioncajestastadiorarfW¥naiobearmddut) scihel e aludiiiRa). o ispunsbsiigesf anrpridseAtivention,
dubniumRB) is-exsludrdfrorrthe Group 5 metals useful in the present invention. In still other
embodiments M is a metal of Group 6. Group 6 metals useful in the present invention are chromium

(Cr), moly b Mk ape ﬁ%ﬂa&%@&& 306, mn&m&@é {Be prevankinvanien. seahergium (Sg)
is excludedp r Grog}pn?__r@ wppe fS @é tlonRIr};, stllﬁq\}he%eéngpderr@_ts Mis a
Is usefu In

metal of GLllou rom(ij the present inventio man nese (Mn E chpetium
(Tc), andTHEN m?ﬁ@ preferaBi . ﬁb?ﬁ&r@&‘ e?%?rﬁﬂ'é@&;es%nt | BHEAURT IS excluded from
Group 7 h@e‘f%nlé“ﬁfé’é?ﬂﬁﬂ the present invention. In still other embodlments M is a metal of Group 8.
Group 8 metals useful in the present invention are iron (Fe) and ruthenium (Ru). For 5purposes of the
present intenditorf, dsnfure (s)tahddpassigmn(iHs oarelexalattedcsfrzm! Geou P! Smietbds thiseftiblin the
present inyeptionlaxshilniher @mbedisgegisMdsqaimastal of Group 9. Group 9 metals useful inthe
present LGP A SSSalh Ol R (30l g gl prferably Co or Rh For purposes o

the present invention, meltnerlum Is excluded from Group 9 metals useful in the present invention.
10The phrase_ "salt of a COI”Itj ! ate base. ec{g%ce:mm%an d off %Iiargm)l rp%ms an overall

In another aspect, there 18 provi comp

&K)

N N N
2N ST N R
M, - AN
* Lé \?J‘L L1:" \ﬂ *

wherein each L indepandently is halo, hydrogan atom,
(C1-CagihydrocarbyiC{OIN(H}—, _
(C-Cug)hydrocarbylC{OIN{(C4-Cap)hydrocarbyl), {C4-Cap)hydrecarbyiC{O)0—,

6c_



neutral ionic molecule comprised of a monovalent anion (e.g., mono-deprotonated) derivative of the
compound of formula (Y) (i.e., [(Y)s1) and an overall monovalent cation. Examples of overall
monovalent cations are trityl cation, tetra((C1sC40Ohydrocarbyl)ammonium), sodium cation, calcium
dication in a hemi calcium salt (e.g., Ca+2[(Y)1(counter monoanion)), and 15magnesium dication in a
hemi magnesium salt Mg t(Y) ]J(counter monoanion, wherein the counter monoanion is, for example, a
carbanion, halide, bicarbonate (HCO34), bisulfa %S 44), Lg%ihydrogen phosphate (H2PO44)).
When u%@@@é%ﬁﬁ’é‘é%ﬁ%ﬁ@%ﬁ”ﬁ%ﬁ%i@&,R(%l-_4 aciﬂﬁj%, hé Parenthetical expression of the
form "(OXRP):2. miesanis ebrit Rhand oS SRAnEEA Yt ¥ sethe chemical group 20comprises from a
number xx carhparatarmg, ((CadwimbecsradisBon atoms, wherein each x and y independentlyis an
integer gg desgribeddenike chepysalgsaun of s forexanyptesaryiuasubstituted (C1-C40)alkyl
contains:from 41040, carbon.atemsmWhenne abrerg-sulstituents on die chemical group contain

one or more. corbon, sloms. (e SRSIIEE (L Ik chesal oA mAY A5 AY Somaise more

thany totdl on atoms; I.e., the maximum total number of carbon atoms of die substituted (Cx-Cy)
chemical group Wo%ld be eggyal to y plus the sum of the number of g_arg(aﬁl atcgr%ﬂ%eﬂ Ce*? of die '
substituent{s). Awylattieret %HM@“@?&E&W&F@%8?%"6&85%@ﬁe?@m i hasTetota ™ be a
hydrogefmatdRi ) BrSoRie-6imS tefife ntenarrmeetitdn compound (e.g., the metal-ligand complex of
formula (anedhecempouncitforBub: @) .intepérdeatlifebntains one or more of the 30
substituents Rs. Preferably there are not more than 20 Rs, more preferably not more than 10 Rs, and
still more preferahly.natmare than & Bs inihe crmpouRd Woripdhedoventieneampatistieontains two
or more gibstiyents s, eachRedndensndaniiy s eved (o sage:or different substituted chemical

- group. T 'Some em o&}?ﬁen s, at least one Rs lyfluorg o oro. For present purposes
"polyﬂuo?@“"hﬁd“ﬁ@ﬁ?ﬁ%'%gch &C)?‘t‘j’r)m‘}%éo%aﬁ%yh%r é%k?(gf%égr?{o r{é‘%’%ﬁ% oly" 35 in "polyfluoro” means
that two ezamet& HR benddtairrensBrbdd td Saryehy SRS b & SR BEhSH H%'u?1§0bstituted chemical
group ar€spkioettita Muciolmche sy Miate P s CnéritsrHIER Thé fefme PErP 3R Berfluoro”
means eachd] poadesddn)carhonatanphetaleorrespohding unsubstituted chemical group is replaced
by a tluoro in the substituted chemical group. As.used herein, the term "(Ci-C40)hydrocarbyr means a
hydrocarbaocrp\ WQ%&%Q’ is’L(&q_épﬂ)%ggg@;m@@@g)qg@_;@{mrgeg@?g:m)hydrocarbyl_ene" means a
hydrocarbon dirgdical 40of frams1:%0, 40-aragn atorms wherein,ach hydrecasrondadieakand diradical
mdepend"e’ne_'tly IS aromatic or non-aromat@;, 8agw ted or unsat _I;S:d gé%%r&trg&@we%bgp@%ped chain,
cyclic (inCRIBIAGHBE A RPHER &y RTie 2ruged? ﬁ'grﬁganr- Sed ngf?c‘%fﬂc or acyclic, or & combination of
two or mtﬁ"rseﬂfﬁﬁéf%i‘?@Hﬁaéeatﬁ’ﬁwﬂ%@ﬁ?%fﬁ{%&?éﬁ‘%}%dﬁ’l%@%%Efé {he “Same ‘8% or different from

" another k@dﬁa@mmwmef@ﬁpﬁﬁﬂ:dﬁa&bﬁ%{ﬁqaégﬁé&ﬁv@v?@ﬁ@?ﬁﬁ’éﬁ%ﬁﬁ%ﬁs(g'K " L
Cao)nydrocarbytene, or (C.-Cag)heterohydrocarbyiene; or any three or four of R'to R°, R"of X, and R of L

optionally are taken together to form a respective frivalent or tetravalent analog of (C-Cuplhydrocarbylene
or (C1-Cagiheterohydrocarbytene; or R’ or R® and any one or two of the remainder of R'to R°, R of X, and

R! of L opfionally are taken together with L to form a respect'ive trivalent or tetravalent analog of (Cy-
Cag)nydrocarbylene-C{OIN(H}—, .
(01-C4D)hydrocarby%ene»C(O)N{(Q-Caa)hydrocarbyl),

(01¥C4O)hydmcarbylene-0(O}O—-, (C4-Cagihydrocarbylene, or

(C4-Cag)neterchydrocarbylene; and the remainder of R"to R®, RKof,X, Rtof L, and L are as defined

above;

cach of the aforementionad (C4~Cqg)hydrocarbyl, (C+-Cag)hydrocarbyl, {CCag)nydrosarbyl, (Cs-
Cup)heterohydrocarbyl, {Ci-Cap)nydrocarbylens, (Ca~Cag)hydrocarbyiene, and (T
Cug)heterohydrocarbylens independently is the same or different and is unsubstituted or substituted with

or 5
sne or more substituents R™;

od



15unsubstituted or substituted by one or more RS. Preferably, a (C1-C40)hydrocarbyl independently is
an Unstﬂg%qtaﬁ% SHDsHWRE( %@(%&@mgéeﬁl{%d(@& yeloalkel(Clreg@alkylene,

(Ce-C4 ) C2 C2Q)alkylenpe. pr 1- 40 h o ar
mdepend 7S afr%(l?méu s |tu)fe%%r su 6'Istltutegld g%@ ?%@b?ncar’o } eg cgo %é-
(C3- cz&%% wﬁ%&be“%?d%%rmﬂkﬁ“{%ﬁtc1‘6’51§rﬁy1eﬁé“ ?@@@Ebﬁ’a? BF" bt
(C6-C1&aryigeezttyalkylene Still more preferably. a (C1-C40)hydrocarbyl independently is an
unsubstituted or substituted (C1- C18)hydrocarbyl. e.g.. (C1-C18)alkyl, (C3-C18)cycloalkyl,
(C3-Cljeuclpaliafd ClardGe)atky) ebes(dit C )ty ardiaricl ey yi(ed-06) alkylensh Preferably, any
(C3-Cl @Mq&%@g sheepgngently isfpunpsHbstitkitad or substituted (C3-C1 olcycloalkyl. The term
"(C1- C4or)ngMI mg?gscgoﬁ%por%%giggadgm k %g&gggﬁll&g{r&%@igoon radical of from 1 to 40 carbon

atoms that is unsubstituted’or substituted b y one or more RS."Examples of unsubstituted

(C1-C40)alkyl are unsubstituted (C1-C20)alkyl; unsubstituted (C1-C10)alkyl; unsubstituted

(C1-05)alkyl: methyfEtHRAE TopiEpre STRRSIFE 5% Aeotpt R ncludiahe iy R4 1 -dimethylethyl; |

-pentyl: 1-hexi;d=heptyiatbaomphyangd spedéayloiExamples 300f substituted (C1-C40)alkyl are

substituted (C1-C2o0)alkyl, substituted (C1-C10)alkyl, trifluommethyl. and (C45)alkyl. Preferably. each

(Cl 05)alkyl independently is methyl, 6&@}9{19% il ﬁ%ﬁ%@gﬁ@@l or 2-methylethyl The term
ran

"(C1-C20)alkylene" means a saturated straight or ed chain diradical of from 1 to 20 carbon

atoms that is unsubEstited 8 BBttt d b % Br miordinss! BoLteRaBly dreitienfialkylene, together
with atoms ofsfapmutat{l yior fordvaiad(ys) trp ughywhic iNtie [(315820)alkylene is bonded, comprlse a 5-

or 6- memberaﬁtﬁlﬁghﬁm@j@g@fmg@dy&t&yﬂgﬁeﬁcﬂ_ﬁ&@@kﬂgne are unsubstituted

(C1-Clo)alky] din 1 10- Olalkylen H2CH2-, -(CH2)3-,
-CH2CHCH3¥(S§%‘5MHCA i e cfgréﬁ\‘g%pg %ihy-q%%;)s &naﬁré“’% 215}21%%5(&13) Examples

of substituted*{¢¥- at’f’Z’(ﬁ‘?& ﬁé’%@gﬁ%g‘fﬁﬁ?@&‘if @’I'(B‘*}alkylene -CF2-, -C(0)-, and -(CH C(CH 1
(CH1, 2,14 , Fui 25wfize ORIEReidiviethylsiisstitoted worm/dd20-bicorylankyis10The term
"(C6- C4O)arybfm@af§1aﬂem9§mg$mmtmj -orsubstitsted.tay) onganmers .125) mono-, hi- or tricyclic
aromatic hydracarben radical 8“1;%9555)@&%1@}8%&?%W%tﬂinénp% W@‘%@h%z‘%@ﬂ&%m 6 to 14 carbon

atoms are ring carbon atoms, and the mono-, hi- or tricyclic radical comprises™1,2 or 3 rings (first,

second, and ﬁﬂ?&‘ﬁﬁ‘&g“ﬁ“éds%‘é%?f \?%rr?f)“s\ﬁ?‘i’ét}‘eé%ﬁoéﬂ??econd or third ring independently is fused or
non-fused to a first frg dreash(GtRET damelohe St ingas aronwradic e dy praferablys at least one of
any second OBﬂmidﬂ&I}lgSH&ﬂfﬁﬂaaaﬂﬁpdN} 1-cyclohexen-1 -y1)-2,6-bis(I-methylethyl)benzenaminato-

kappaN)ris(phenylmethyl)-hafntum (Example 3) with hydrogen atoms and unsubstiwted

phenyl carbons omitted for clarity.

Fig. 4 shows an ORTEP depiction of a single crystal structure derived by x-ray analysts
of (N-{{6E)-6-(butyliminc-kappaN)-1-cyclohexen-1-yh)-2,6-bis(1-methylethyhbenzenaminate-
kappaNris(phenyimethy!}-zirconium (Example 4) with hydrogen atoms-and unsubstituted
pheny! carbons omitted for clarity. .

g, 5 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis
of {N-((6E}-0-(butylimino-kappaN)-L-cyclohexen-1-y1}-2.6-bis(i -methylethyl)benzenaminato-
kappaNtrimethyl-hafniom (Exampie 15). In Fig. 5, hiydrogen atoms are omitted for clarity.

Fig. 6 shows an ORTEF depiction of a single crystal structure derived by x-ray analysis
of {N-{2,6-diisopropylphenyl)-2-butylaminotropon iminato ribenzylhafnium (Example 16). In
Fig. 6, hydrogen atoms and unsubstituted phenyl carbons are omitted for clarity.

Fig. 7 shows an ORTEF depiction of a single crystal structure derived by x-ray analysis
of {N,N-dimethyiamino-2-(2,6-dizsopropylanilinoytroponiminatojtribenzythafninm (Example

18). In Fig. 7, hydrogen atoms and unsubstituted phenyl carbons are omitted for clarity.

DETAILED DESCRIPTION OF THE INVENTION
As summarized previously, the present invention generally relates to metal-ligand

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

be



unsubstituted (C6- Examples of unsubstituted (C6-C40)aryl are unsubstituted (C6-C20)arYh Ci8)ary!l:
2-(C1-05)alkyl-phenyl; 2,4-bis(Ci -05)alkyl-phenyl; phenyl; fluorenyl: tetrahydrofluorenyl; indacenyl,

hexahydroindacer%?/l' indenyl; dihydroindenyl; naphthyl: tetrahydronaphttp@;rﬂ%gﬁ%}g{lgghrene.
t

Examples of Suthd G&%ezg.]s (C6-C40)aryl are substituted 110(C6-C20)aryl; substituted (C6-C18)aryl;

24-bisi(C20)alkylli-phenyl; polyfluorophenyh pentafluorophenyl; and fluoren-9-one-1-yi. The term
"(C3-C40)cycloalkyl" means a saturated cyclic hydrocarbon radical of from 3 to 40 carbon atoms that
is unsubstituté#brEaIsSHRRRAITGRY G RE De ipe BrRRbeitite W E10)cycloalkyl are
unsubstituted (€3:C 2@)elychoatkyts uhsobstituted 25(G8! Ciopeyeicaliylbyteleptopyl, cyclobutyl,
cyclopentyl, cyglahexyl cyslahentvk.cyslanctylseyclananykand-cysiedacyl Examples of substituted
(C3-C40)cycloalkyl. are substituted (c3-c20)cycloalkyl, substit - loalcyl,
cyclopentanoﬁ{lﬁj-%gﬁngﬁﬁli- irj_%nr1 %% gﬂtgir IQ%Qear;ﬁﬁ%g%%%@i%%%1(%%?%%%%%5% are unsubstituted or
substituted! dirEAPARATCYBEBFIRE FEEHDTAPILEE 3-CAD; RIS AL ‘arer (C2-C4o)alkyl. In some
embodimentsdtheidii fasiitals aresonisdjademetarboniatoay(. evigh2ugiipadicarsyior spaced apart by
one, two, or meig,nteryening Sarbonatoms(e-d l.kespegive i Jroliradicalsit phidirddicals, etc.).

Preferred is 11 a 1.2 1.3 Jden0hal2lRba.amegasditagical e . havipgmaximum spacing between
the radical carbons ore preferably a 1,2-thradical. More preferred.are diradical analogs, especially
1,2-diradicals FEEEBL & AR ?@?—’f‘fﬁﬁseéﬁ?c'i%?ﬂflﬁmé)nb (ESREABFR Ky £ are ?&:@%R)arylene,
(C3-C20)éycloaliytenedinad: (OPLGIOjelkylene daghdskven y8Thébie (lec 40 eterohydrocarby!”
means a hetephydracathpnnadisakabframiite: 40carbenatamsanckone ok mofe heteroatoms N

(when compriging sN==): 0s 5 SO SIR @2 RR)eANd NIR . Wheteinindependently each Re is
unsubstituted ‘(él-C18)hydrocarb,¥I, each RI? is ynsubstituted g%'%lﬁe}hxfd&osfaﬁ%ls; and each RN is
unsubstituted (EFEHEIHRAREEAFBYI MR BRANE 11 B AR atEHES drocarbylene means a
10heterohydroekfsdirdirathiarst ffowr-1 thabrearbisip Aorh & 4malgre oPmE REt8roatoms Si(itc)2,
P(R), N(RN), Nief; Soh(@poaidh'S (@) 2-as:defineddiboue. Thehéterckydrocarentriadical and each of
the heterohydragarbon diradicals independently are on a carbon atom or heteroatom thereof. Each
heterohydrocarbon rgdical and djraqical,ii.gg,e,peggs?nlgy, ia% cy%ubstitu_teq oursescpbstituted (by one or more

. s used hereln, at, . Che, € GL mote are . .
Rs), aromatic or nor-AfSMatc. saturited o 16uRsaturated straight chain or branched chain, cyclic

(including morieraezey-&yaliccriebaahir S BrIdEEH P8Iy O aeEi By & B8mbination of two or
more thereof; andyeach, heterphydtocatkondsithe: sameasiondifférentiffom ahothel heterohydrocarbon
radical a@@ d"ﬁﬁ'{i‘@uﬁ@éﬁ%ﬁy@}ﬁay be replaced by the respective partially closed (partially excluding)
phrases “consisting essentially of,” consists essentially of,” and the like or the respective closed
(excluding) phrases “consisting of,” “consists of,” and the like. The term “or” used 1n a listing
of members, unless staled otherwise, refers io the listed mentbers individually as well as in any
combination.
25 For purposes of 1U.S. palent practice and other patent practices allowing incorporation
of subject matter by reference. and the entire contents — uniess otherwise indicated - of each
11.S. patent, U.S. patent application, U.S. patent application publication, Patent Cooperation
Treaty (PCT) international patent application and WO publication equivalent thereo,
referenced in the instant Detailed Description of the Invention are hereby incorporated by
30 reference. When available, a U.S. patent or U.S. patent application pubitcation family member
thereof may be incorporated by reference instead of the PCT international patent application or
WO publication equivalent. In an event where there is a conflict between what is written in the
present specification and what is written in a patent, patent application, or patent application
publication, or & portion thereof that is incorporated by reference, what is written in the present

35  specification controis.



Preferably, a (C1-C40)beterohydrocarbyl independently is unsubstituted or substituted
20(CFC40)heteroalkyl, (C2-C40)heterocycloalkyl, (C2-C40)heterocycloalkyl-(C1-C20)alkylene,
(C3-C40)cycloalk Cl C,O)heteroalkylene, (C2-C40)heterocycloalkyl- (C|C2 ézfeteroalkylene

(C1- C4o)he‘t%?o%§%9 @i -C20)heteroaryl1-(C1-C20)allcylene. (C6- C20)ar§/ l{ 0af%adjalf%eteroalkylene
or (Cl -C20)heteroary1-(C1-C20)heteroalkylene. More preferably, a (C1-C4o)heterohydrocarbyl
independently is unsubstituted or substituted (C1- C20)heterohydrocarbyl, e.g., (C1-C2pheteroalkyl,
(C2-C20)heterocycldatks (@2 O2oitadracyeidaty Mt T o] 4T idhe, conveniencs and
(C3sC2cycloadleyon( eyl 42 mhetesoal kde reli(G 262 6) hetereay cikdadkylx(@l-&20) heteroalkylene,

(C1-C20)heteroaryl, (G :GR0MeteroRty 1 - dGikGaNalkylene.{CE:GANRY h(Gl-C20)heteroalkylene, or
(C1-C20)heteroa gl gC1 Cgogpetergal lene. StlII mo “é{) eferabl ly mg%l 403hete ghydrocarbyl

independently’is 30tinsaBbstitlitetl or su e d T B hatarohydrocarbyl. e g;

(C1-C18)Retersalikyt ?fetéwwsyl%@féﬁ%ﬂdf&i@rkﬂmf&e*@mﬁ@lferocyclo alkyl- (Cl CG)aIkerne,
(C3-C19)cycloalkyl- (€4 @) hateroatky e ne; (G 2:612) hetervoytloakkyld(G ruG&)heteroalkylene,
(C1-C12)hetergatyk. (Sads12)heteroaryl-(C1-C6)alkylene, (C6-C18)aryl-(C1-C6Theteroalkylene, or
(Cy C|2)heteroary1 C| CG heter aIk lene.. Prefer c2-Cl8)heterocycloalkyl independently is
unsubstituted or substltu e P(?fg) hetero ki/“é ogﬁw?%é(a (Ql1 esof 8%1 é%fge etefloﬁlkyl and

(C1- C20)heteﬂ%?@ﬂ"eﬁ@vakf‘é“%%i?u%é’dhﬁél’é’ﬁ‘frd’f@tﬂfd’ﬁéﬁ% &ﬁiﬁ%ﬁb@l‘ﬁ’?ﬁl?ﬁ&%bl respectively, of
from 1 tol40 ofd te 20cariben @téms, mespettivelyand:oechraore ofithe: netetoatoms Si(RC)2.

P(RP), N(RN) al¥atss o (Qho 2N 8(0)0 a8 defieedabove, whearein the: (€4; c4hheteroalkyl and

(C1-C20)hetergalkyle gohqqerpgggsepwx% 1%19']551?5} ty;gd or ﬁupsm@gd by one or more Rs. Examples
of unsubstituted ECZ C40 heterocycloalky are unsubstitutec| (C2- 1 CZO%heterocycIoalkyl

unsubstituted (C2-CYO¥HetEie s sikyic A2irdin Tfﬁﬂdlbﬁé‘f%rﬁ’féhﬁlpféﬁléb)fé FETAR-3-y1, pyrroliclin-l-yl,
tetrahydrothiopfisiiSeBediosdde-2ybuvrerh holiA24 2007 1pdhiighok ind2-ichasehl drvazépin-411,
3-oxa-cyakoci.-ardhianaelonanydy and 2=azascycledacyes 1« : BExamples:af unsubstituted

(C1- C40>betef@r%5¥'o@ﬁemlap MH@M@ﬁLIﬁ%isa?co%!:b@x%mrﬂem&ubst'tuted (C1 -C io)hetemaryl,
pyrrol-1-y1; pyrrol- o%l‘lil furan-3-yl, th 33{) en-2-y razol- 15 1-y1: |sog§zol -2- l isothiazol-5-y1;

imidazol-2-y1; oxazof4%{1! e’f?ﬂ‘édiﬁﬁfuf ‘qi’ﬁeif}t?fa%‘g By ffhofeg gt Ay 5y 4ite 3 4-thiadiazol-2- -yl;
tetrazol-1-y1; tetrearoldPayd adtridy olsBulyn the prretAEeiprpyristHERIR () Wa%ﬁ-’z@ﬁl indol-1 -yl
benzimidazole}ayhisguinalianZyhianchisogidinelipeylly 1anthanubhe desdhate’, means fluoro (F), chimp

(Cl). bromg (B{;)ae@&%(.'aqV@S'9@&%95’{%%{@9‘&@&1@&@5&9QQIQMHJ@% w&@{@i@rably fluoro.
Preferably, there are no e£0 un( f@ § bonI%I 40 gn 5(10 r 5(0)) diradical

functional grodi {HIHE ((Qdéta‘l mmﬁ{b% %B ehimélf FRfSTABIY Sach Substituted
(Ci-C4(011 ydﬁééférﬁyl(&bﬂﬁ’éé%%‘ﬁél (@Hﬂéﬂéﬁwhlﬁﬁcﬂﬁé‘trﬁg‘t%‘fé& eHist pstited
(C1-C46)heterabycimpcaHnyikdiess eachosubstituted i (G] FH25@A@hdr dcathyligeastidefined in the first
embodiment, Mﬁ&@mamumw%g{%m rg&aﬁm}i&m%m&mumti%%qmubstituted

(C14140)'h§e ero%rocﬁrby%xg;gﬁ%" t%/ L%‘Ea e%mum%étﬁcnm 42%%_1% ZPS eleviuz hydrocarbylene

excludes’and is erent than unsub or substituted eterolﬁy rocarbylene and more
preferably a C@ﬁ‘?ﬁﬁﬁ%@ﬁ)tﬁ’é}@ﬂm‘:wm (L}.) are excluded from the actinides useful in the present
invention. Preferred Group 3 metals are Sc and Y. In other entbodiments M 1s a metal of Group

4. Preferred Group 4 metals are those in a formal oxidation state of +3 or +4, more preferably
+4. For purpases of the present mvention, rutherfordium (Rf) is excluded from the Group 4
30  metals useful i the present invention. In still other embodiments M is a metal of Group 3.
Group 5 metals useful in the present invention are vanadium {V), niobium (Nb), and tantalum
(Ta}. For purposes of the present invention, dubnium (Db) 1s excluded from the Group 3
metals useful in the present invention. In still other embodimenis M is a metal of Group 6.
Group 6 metals useful in the present invention are chromium (Cr), molybdenum (Mo}, and
35 tungsten (W), For purposes of the present Invention, seaborgium (Sg) is excluded from the

Group 6 metals useful in the present invention. In still other embodiments M is & metal of

8



The term "saturated" means lacking carbon-carbon double bonds, carbon-carbon triple 30bonds, and
On heteroatom-containing groups) carbon-nitrogen, carbon-phosphorous, and carbon-silicon double
bonds. Where a saturated chemical group is substituted by one or more 58%5&#5"@% 5, one or more
double andﬁgptﬁ?}fg‘}ﬁ%zr?as optionally may or may not be present in substitients Rs. The term
"unsaturated” means containing one or more carbon-carbon double bonds, carbon-carbon triple
bonds, and (in heteroatom-containing groups) carbon-nitrogen, carbon-phosphorous, and
carbon-siliconCeutleChnd st iréridifg BPRRS U EULBIE BRHER tAYE i) 58 BréSent in substituents
Rs, if any, or in.{hetese)aromatic#ings,. iFapyrmSome iembsedimentsccontemplatecadeivalent or
tetravalent anglog9f & disadical group. 2AsArplisdtothetimdicalarae, die term tivalent or
tetravalent analog” Z%es, ecgivellyime S altriradical or tetraradic(ql }ha IS form‘a(llyu)c‘ig{r)irved by abstracting
. (a our;l),lsmc ) ? 1

¥ s usetul i the presenl wpveption are 11on {I'e) and raflemun: |
one or two hydfdge , respec |ve1y, ffom the diradica roup. refleraﬁjfy, each abstracted

hydrogen atorPrinepiefartiy idTaREN PoRTE CuRIfetEmaliy AeGrouBRTaRafsyis preferred over a
tetravalent analags 10in soragremibockiments;, st least.ohalinroreMrefera yf &tdeast two, still more
prefehrably atl)l %Irﬁi)t,on@éys Kockol Lgale%&@ewms&@w%ﬁtiyl@@, uﬁbcs:mbﬁmtlaﬁi?@@uﬂa@& subsﬁitue&ts Rs).
In other embodiments, each, substituent RS independently is i-Cio ‘ s preferably a
(C1-05)alkyl. prgémb Ccc))tﬂ].erhérﬁb%uéﬁ)fﬁ%sn%?}%ﬁée?hgg@- ?é%%i 11ec%c;&rﬁ{ioIné(ExS gf%%%enﬁ%ql(%]%%s described in
the 15first emBaiAketit i 8xBpPRKEEIIfe radical group (e.g., (C1-C40)hydrocarby1C(0)0-,
(C1-C40)tydrocarbylhapid«£Cts@40hydirgoatiyent) isaeleted fromitHe dafimtiens othny one of Rl to
R5, L, LO (WhegyLQ isuld) andba-twhen baeisidahvalendbienterm nsalventomeansailiguid suitable,
preferably aprotic, that is compatible with the process of any one of the fourth and fifth embodiments
and, optionalIyi{fh%Cﬂ%Pé]“?@%H%ﬁﬂlﬁﬁgHﬁeS XAbIa"d STVERTY i RERTE A BALH & S S Bmatic
hydrocarbons sethénsyanecyclicethe rstypattoukdary Granchedchiaih mydroearbefigsuch as isobutane,
butane, pentane, hexane, heptane, octane, and mixtures.thereof; cyclic and alicg/clic hydrocarbons
such as cycloR&PE CYRIBHEIBEARE ITRETAIEY CrOHERaNE, MEtHIVEORENARE 4RS mixtures thereof:
benzene and (G10alkdaistitwied hanzenas sueh as folungrandogigneherein the
(C1-05)alkyl-O-(C1-05)alkyl; (C4-05)heterocycloalkyl such as tetra%rg{uran tetrahydropyran, and

alkyl such N, te
1,4-dioxane; (CTEREL SYARYI VRS B {86 SR By oI ERer it és)o?’fﬁga'f%regoing. Activating
co-catalyst Thﬁﬁ?@'&g%@ dg:oompk%éq]sa tg{ﬁo}g@ui%_(l) are rendered catalytically active by 30contacting

diem to, or com em wit e,n n fctlvatlﬁg @o-catalyst or by using an activating technique such as

those that are knowriictheeart foscibeawiithinbato(elgs; Grotimaiolefis protigrization reactions.
Suttable activaing. co:cataiysts for.use erein inelis kol Al iume wRaNmerG.ag efigomeric

alumoxanes (ac[éo'known as alumirioxXanes); neutral Lewis acids; and non-polymeric, non-coordinating,
ion-formiag compouradscfinctudingthebusewissyemnumber y carbon atoms, wherein each x and y

independently is an integer as described for the chemicat group. Thus, for example, an
unsubstituted (Cy-Czp)atkyl contains from 1 to 40 carbon atoms. When one or more
substituents on the chemical group contain one or more carbon atoms, the substituted (CX—Cy)
chemical group may or may not comprise mote than y total carbon atoms; L.e., the maximum
25 tofal namber of carbon atoms of the substituted (C, -C,) chemical group would be equal o ¥
plus the sum of the number of carbon atoms of each of the subsiituent(s). Aay atom of 2
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 (1) and the compound of formula (Y)) independently contains one or more of the
. 3 8
30  substitzents R®. Preferably there are not more than 20 R®. more preferably not more than 10 R”,
and stili more preferably not more than 5 R” in the compound. Where the invention compound
contains (wo or more substituents R, each R® independently is bonded to a same or different

substituted chemical group.

G



compounds under oxidizing conditions). A suitable activating technique is bulk electrolysis (explained
in more detail hereinafter). Combinations of one or more of the foregoing activating co-catalysts and
techniques are also contemplated. The term "alkyl aluminum" means a monoalkall aluminum dihydride
or monoalkﬁa{?&%m{fﬁ%&%ﬁhalicle, a clialk-y1 aluminum hydride 5 or dialkyrgi{m%g%ﬂﬁ*é‘ﬁe, ora
trialkylaluminunt Aluminoxanes and their preparations are known at, for example, United States Patent
Number (USPN) US 6,103,657. Examples of preferred polymeric or oligomeric alumoxanes are
methylalumoxane, tfisepapandmmtmhetitrsR nathlyRmeesHEoa P IsEBIIERItOXane. Preferred
Lewis acid actipdtiing:odecatalygis:areaGroup 43 metakecompolhdsoontaining:10from 1 to 3

hydrocarbyl sufstituents.asdesctibedharein.Mera:piefareed Qranp A3metal compounds are
wthydrocarbyL). substtutec aluminum or ity dhocarbyl-boran.compounds, il more preferred are
tri((CrCio)alkyealuminur or (IR B- : ée)lar_y )goor%n compounds and halogenated (including
perhalogehatéBytigtivatieStHerR I eteh MOMEEs FeeiIfiHHE ARSI SUBEGLAE A ényl)boranes, still,
even more especighydins (pentafivordphemdiborangldSRreidired cdmbimatiorstemhiveutral Lewis acid
activating co-gaalysts include mixtures comprising a combination of a tri((CrC4)alkyl)aluminum and a
halogenated tri(Ce- Cifanlboren, compound, especially aris(peniafluoraphienyforanc. Also
preferred are combinations o such neutral L&wis acid mixtures with a po‘]ymenc or S]igomeric
alumoxane, anddombimationsaof dsurglehelifrahidevis deid, Bspeeiallyctasipentaffubrophenyl)borane
Wit 702 RPIY Ll o QlBOmel I Aluiasene, RISIRUel Aes pLIWRARIS ol Jolen of (metaigand
complex):(tris(penta Iuoro-ﬁlhenyl(i)orane " (alumoxan e.g., (Group 4 metal- |gancyl

complex):(tris PFEFEIGRE: FREMAEFAME) TRUITTIREHCAR FomP1 ey 124636 fnore preferably from
1:1:1.5 to 1:5:0@&:hMianyact vatirdycoctatabys twamd -dotivating dethniqués. icaebaenipreviously taught
75with respectte.diffesaptimetaldigand somplexasdadnefalowing WSRNs: WU3ik.064,802; US
5,153,157, U%éﬁ?a%%?’%ch’o§a§m3ﬁ%%a9&%&§-£1§a§Q&Zé%aiv‘éﬁ R Bl A2,625,087; US 5,721,185,
US 5,783,512; US 5_,883,%04; US 5,919,983; US 6,6 6,379 and US 7,163,907. Examples of suitable
hyclrocarbyloXHaEErE HE CHESEHH W &5 586983, Examples of suitable Bronsted acid salts for

addition polymgrizatPéﬁeéﬁJﬂalyéié é_‘r@ﬂ@ii@éﬂ@@d iiﬁ@@ﬁ%{@ﬁ&,@@ﬂ?@@@%@i@,@%dus 5,783,512.
Examples of s(@ta(blem f’s(@hf_@ C?&g@&(ﬁ{ﬁﬂgg@ )93%%@1%?1’-}% an _{k%ggq .agngaé;pggpatlble anion as
ve {6 hre i Ug5 3

activating co-catalysts for addifitn polymeriZatioh catalysts isclosed 21,106. Examples
of suitable carlberiomreaits; dsaetivitindles-ratahpsts:i6h dtditivhopobyherpationicatlysts are

disclosed in U3 30123, Fuamels ofslable b lumcsalts agacvating.ca:gatalysts for addion

polymerization catalysts are disclosed US 5,625,087. E%gmples f suitable complexes of
alcohols,herdéaptanssysiaiols Cahdontines. wWitCrigipentaffedrophenyhbonatielare Bibclosed in US

5,296,433. Some. of these catalysts,are. alse fdeseriber 0 4 RAMGN.ALYSEN M 515,155 B

beginning at column 50, at line 3@, and going through column 56, at line 55, only the portion of which is
incorporated By géfsrereyhegeiffl1-Crg)alkyl (C3-Cygleysioalkyl, (C3-Cypleycloalkyl-(Cy-

Cé)alkyiene, (C-Cygraryl. or (Cé—(‘,lz)aryl-(_ C]-C6)a§kyien€. Preferably, any (Cg—
Cygleyeloalkyl independently 1s an unsubstituted or substituted (C3-Cqpleycloalkyl.

25 The term *(Cq-Cyplalkyl” means a saturated straight or branched hydrocarbon radical
of from 1 to 40 carbon atoms that is unsubstitated or substituted by one or more R®, Examples
of unsubstituted (C-Cypyjatkyl are unsubstitmted (Cq-Copalkyl; unsubstitated (C1-Cyglalkyl;
unsubstituted (C-Cqlalicyl; methy; ethyl; 1-propyl; 2-propyl: 1-butyl; 2-butyl; 2-

methyipropyl: 1,1-dimethylethyl; 1-pentyl: 1-hexyl: 1-heptyl: 1-nonyl; and 1-decyl. Examples
30 of substituted (CI-C4O)aH§yi are substituted (C;-C sgralkyl, substituted (Cy-Cyglalkyl,

trifluoromethyl, and (C4g)alkyl. Preferably, each (Cy-Cqlalky! independently is methyl,

trifluoromethyl. ethyl, 1-propyl, or 2-methylethyl.
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In some embodiments, one or more of the foregoing activating co-catalysts are used in 5combination
with each other. An especially preferred combination is a. mixture of a tri((Cl-
C4)hydrocarbyEalurninum, tri((C1-C4)ltydrocarbyl)borane, or an ammonium borate with an oligomeric
or polymeri¢*8dtt¢&réEcompound. The ratio of total number of mofest6f BRE &r¥iidre
metal-ligand complexes of formula () to total number of moles of one or more activating co-catalyst is
from 1:10,000 to 100:1. 10Preferably, the ratio is at least 1:5000, more preferably at least 1:1000; and
10:1 or less, more pFeferablyCl :CoprledsiaVivar: artifandorank albrechs’ dyeadgalsnl ectivating
co-catalyst, preferably the, number,of moles,of.ihe, Alnqxans, that, Ars.employedys, at least 100 dines

the number of moles of the metal-ligand cqueplex of fi)rr_r]fula % ¥Vhen ris p%r;ltaﬂuorophenyEborane
alone is used %9 GPOANERE NGB E SIS b e RPRbly thE HUMB Y 18P OIS 8% the
tris(pentafluorgp eranassthaldasenpmployeddathectatahpunbenebmelaseiane or more
metal-ligand complexes of formula (1) form 0.5:1 to l10:1_, more Bref}t}a\r{qt{% (r m 1:1 to 6:1, still more
preferably’front T 248 By o#is YERREIRRG Getvatiiy 85 Axtaivs e Sre geherally employed in
approximately mole quantities equal to the total mole quantities of one or more metal-ligand
complexes of ferfukifiepo WMeta garidicofpiares O formula (5 e riefifigand complex of formula
(I) may exist agaf) isolaigg crvstal(s), Aptienalh-imsuhstantialhpuretoimdi ) greater than 90%), or
as a mixture with one or more other metal-ligand complexes of formula (1); in the form of a solvated
adduct, optiorfadly#visorsents @speGaify arfargsnichiquid Oprarerabip as ddtett Sokient: in the form of
a dimer; or in the farmafachelated.desivativedhesegd.avherein the chelated derivative comprises the
metal-liaapd complex of formula (1).and a chelating agent. Preferably, the chelating agent is an organic
Lewis bas@ (e.g., an%g{ﬁtr%ﬁlc (c%L’J %m&ﬂgg\%ﬁ?bgﬂgﬁsg?%%aﬁiﬁ ?8$£$§%¥?¥ﬁ%()&cf%§gnﬁa%protic amine base
such as triethytaming) o36kysiomeernbedimentspace diicny agéntigd employed.tg produce lower

oxidation state,{g.0. t2) Mgtaklisambcomplexes.of formuladd) from: highenoxidatiencstate (e.g., +4)

metalligand compiexes.af Jormuta (1. e, lerm, egucing. adenls gsel (s megnt a metal reducing
agent or reducing agerPt compoun whic , under reducing conditions, causes thé metal, M. to be

reduced from &TgHE e a6 waPesdetidhi et 1a g™ froht S 68 arsebXidatilh state to a +4
fon-nal oxitation: state)rExaimple sefcstitableanetabi educingday dntsrace ialkatizidetals, alkaline earth

metals, aluminym.gRd.zincRAdalleysgf alkalimetalaasalkaling sarbsmetals:sugh as
sodium/mercury amalgam and sodium/potassium alloy. Examples of suitable reducing agent
compounds a 13881&%{1‘—%55%@1@%%’};ﬁélta’é‘ﬁmiﬁﬁﬁ‘r‘%ﬁﬁgfyﬁ’tH}ilﬁ‘?ﬁhéﬂig}i%‘,yﬁthium or potassium
alkadienyls, ang Grignaklreagenis (€ @tk magnesivmyhalides)nMastiasefetred reducing agents

are the alkal el of AN AR, SeReciI NG 219 Mmagossete, Sutabl

techniques that m e'adapted by an ordinarily skilled artisan for preparing the metal-ligand
complexe¥ of thig-Presemtsivantio are; Knowa ariel (rafdiabiyiard: debilfedofisn ! techniques taught, for

example, in (USPNs 66 Lﬁoéelg§_gi‘§§%047; and US 6,268,444, In some more preferred
a

e H/5,5:806.7
embodiments 8?“tﬁeu%ﬂgt§ﬁﬁ’ an complex of formula (1), M is 10tetravalent tit%r])iyfrp. In other

embodiments, M is tetfa¢Eletzired it M stiftthEPERboE MBS TR RafAigm™
to 40 carbon atoms that is unsubstituted or substituted by one or more R®. Examples of

unsubstituted (C5-C 40)cycloaiky] are unsubstituted (C33-(72(]}cyc10alkyl, unsubstituted
25 {C4-Cypicycloalkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycioheptyl, cyclooctyl,
cyclononyl, and cyclodecyl. Examples of substituted {C3-C gp)cycloaltkyl are substituted
{Cq-Copieycloaikyl, substituted (C5-Cypicycloalkyl, cyclopentanon-2-yl, and
i-flnorocyclohexyl. '
Examples of (C;-Cqhydiocarbylene are unsubstituted or substituted diradical analogs
30 of the (Co-Cypraryl, (C3-Cypeyeloalkyl, and (Cy-Cyppalkyl. In some embodiments, the

diradicals are on adjacent carbon atoms {i.e., 1,2-diradicals), or spaced apart by one, two, ot

more mtervening cathon atoms (e.g., respective 1,3-dwadicals, 1,4-diradicals, eic ). Preferred is
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Preferably, the metalligand complex of formula (1) 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 ({? being 15at least
70% by weidift #HE1&Blated form. Still more preferably, the metal-ligandl CBHBIEY B éfmula (1) 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. Ab2uset: héreinanpémeentdy deight s besed Dathentoratineijnesfiz form or mixture.
Preferably, theaweightopescant: ofdbanmetat-igand complex-atd Qfonmatal @aingsuch mixtures is
determined usag})gc?aﬁgfq%aggh@gig59%@,3.550% ,r@a@%@éf&glgaﬁtﬁn@m&(@gﬂk i ,U-NMR, respectively)

) rom

spectroscopy. In'some embodiments; X'is abserit e metal-ligand complex of formula (1). In
some embodirthgrits; préfesrabiyOsoisyiheidenrairiévis mpdy roup et BYRXNRKR4, RKSRL, or

RXPRKRLs When X {5 the nedtral, Lewis a6id. gioun,ots RIRiEabneachiRx. apsRL independently is
hydrogen, (C1-C40)hydrocarb I,‘f i-Cio)hydrocarbylbSi, [(CI -C 10)hydrocarbylbSi(Ci -Ci
0)hydrocarby! <ot(@thag ati0)rvesterohydrocddsyhairms onehenibisrlipientss Loand> &t ie43tone of L,Q. and
IJpresent. In sych-embpdimentsethe L.and.atleast, s of LQ.andilR.are the same. In other such

embodiments, at leBist one of the L and at least one of LQ and LR are differgnt. 30In some
embodiments,{Préferiodrisathe. metd-ligjereb itk 61 ddnuratywiiessinfiss 1; and n is 1; and, more

preferably, R3 and.Rd.are tﬁke%&gsyaﬁr 19/ (GL-GADRXAFACAIMIENE-Q: o
(Cl-C40)heterohydrocarb;}leﬁ%. ore preferably, R3 and R4 are taken together to form a

(C2-05)hydrodarhyetrecabavdiadiaT piterohydioearyiene stimgeragst Bfsfaii{C2-05)hydrocarbylene,
and preferablysgrth, effRrart], RSUntlepensertip)is:s(@intiboyhy drocatyilymotepreferably
(C1-Clo)alkyl, (C§-Clo)cycloalk¥l_or §C6-Clq aryl. and s‘tilllhrrglorejprefelr nyt C1-C10)alkyl or
(C6)aryl. In suCH EhBOUThEHES PBFETaraRTy R AT E T R More Praférabiy B &r CH3. More
preferred is a histadifigaises doraplekor Tofneiee flumicabRs dijfkidindsa*RB 4% ndependently is C(R35) 0,
S. 5(0), S(0) 2uN\N{RM)-SitRehorivheeineash R 3arindependeaiynisdborr{@leC20)hydrocarbyl, and

each RN, Re, and RRdndependentiyis (Gel-Gao)hyvaresarh. ant MadpdQydig, ReR1, R2 and RS are
as defined for the metal-HgD_ nd complex. of formulglm(l : Styl more g&e&grred&ﬁagq R34 is CI-12. Also still
er

more 10preferfad e HHer of the thies R34 S0 SHRTRN ) ana The ol e B84 ST each CII2 (i.e.,

=c(R2)-R34-RBeRBuoGa ok {RDY seiperp o Eff pont S m ey ek 1299404 so prefeired is the
metal-ligancl cormplex-epdaivigla (I-A), wherein X is absent. Also preferred is the metal- ligand complex

of formula (I-A), wheggin R is taken ingetherwithyan Blkeh toufeisn e drGEQidrocarbylene. Also
preferred is the metal-ligand complex of formula (I-A), wherein 15RI or R5 is taken together with an RI'

of L to for# a (Erl@etyryalsbatbyienicmissrardrfee e olesiararrgumt comptesst-formula (1-A),
o S Am e s e ot
Cypiheteroalkylene, (Cy-Cypineteroaryl, (CI'CQ(} heteroaryl-{Cy-Coplalkylene, (Cg-
CZ{)) aryl-(C 1 wC20}11eter0alky] ene, or (C 1 -C Zo)heieroaryi-( C 1 «Czo}hetcroa]kylene. Muore
preferably, a {Cy-Cyplheterohydrocarbyl independently is unsubstituted or substituted (Cy-
25 Cypoheterohydrocarbyl, e.g., (C-Copiheteroalkyl, (Cy-Coplheterocycloalkyl,
{Cy-Coplheterocycloalkyl-{C-Coplalkylene, {Cy-Copleye loalkyl-(C1-Copheteroalkylene,
(Cy-Cypheterocyclo alleyl-(C 1 -(320)laetej'oalkylenc, (C1-Copheteroaryl, (C-Cogtheteroaryl-
(C1-Copalkylene, (Cq-Copparyi-( C;-Coppheteroalkylene, ar (Cy-Coplheteroaryl-(Cy -
Coplheteroalkylene. Still more preferably, a (Cy-Cypibeterohydrocarbyl independently s
30 unsubstituted or substituted (C1-Cygtheterohydrocarbyl, e.g.. (Cy-Cygheteroalkyl, (Co-
Cygiheterocycloatkyl, (Cr-Cpoiheterocycloalkyl-(Cy -Celalkylene, (C5-Cqp Jeyeloalkyl-(C1-

Cgheteroalkylene, {Cy-Cyo)heterocycloalkyt-(Cy-Colheteroulkylene, (Cy-Cyojheteroaryl,
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(C1-C4o)hydrocarbylene-C(0)0-, (C1-C40)hydrocarbylene, or (Cj-C40)heterohydrocarhylene, more
preferably R1 and L are said taken together, still more 20preferably R1) and I, are said taken together.
Also more preferred is a metal-ligand complex of formula (I-B): R2 L R34 12'X wherein each R34
independenWi%"égﬂa@?ﬁed above for R34 of formula (I-A) and M, L. LO, iﬁj%zﬂ)ﬁ/ﬁ’f’%d R5 are as
defined for the metal-ligand complex of formula (1). Still more preferred, the topmost of the two R34 is
0 or N(RN) and the bottommost R34 is CH2 (i.e., =cia2) R34 R34 is =c (R2)-0.a12_or
=C(R2)-N(RN)GH2)eStilimidre-prefertay: dach RB48is Crl'g sadvpisfariéd-is the metal-ligand

complex of formula. (:B) wherein. X isahsent Al preferred isthe metaligand complex of formula
(I-B), wherein Rléu% taol%gyrlm tolge %er Witr}?z!t-;)1€?1k RK of Xyg)%oqrzmza l(%1-Cd2g(1);)€hydr%carbylene. Also preferred

is the metal-ligedsokednplex ottt ar Bt éreirddreioR5 98 dken together with an RL of L to form

a (Cl-CZDhydrocar%é!ﬁn%ﬁeg%ﬁﬁ 9635%@_%Aﬁgl;hﬁlm@ltﬁlg%%@q)gg lex.Qf fermula,¢rR). wherein 10RI or
R5 and L are taken together to form a diradical moiety

ther m'a | y (C] -C-40) hydrocarbylene- C(O)N((C1
-C20)hydrdcattslyhqhacad iy oeansysrmecteio) of iqel ChoThydioedisasse; or
(C1-C40)heterehydrasaraylene; merefpreferaklyRIsant . Hre) said taken, togethendstill more preferably
R5 and 1, are said taken together, Also more preferred is a metal:ligand complex of formula (I-C):
wherein each §-(9}?s"‘(’a%e§é‘ﬁ°{%”‘f§’ ﬁlhﬁlr-%%%?ghﬁp ‘éxc Mf% ?’ﬁ%ge‘déh%ﬂ%%ﬁf/o%& Isfpnﬁefined above for R34 of
formula (I-A) ankpddkytlyQrdRyudecRiedR2saindREG Byerasraefinkd for the metal-ligand complex of

formula (1). Still more.prefRred . Sacher s RIS RaLRILIRA4 s CH2nMlseimere preferred is a
metal-ligand complex of formula (I-D): R2 ‘wherein each ---- is absent or is a pi-bond and R34 is

absent of thdeprriErty 96 & deRnEE e foroRIFSFRIRRUI AR SRd RFA 10, | R, X, R1, R2 and
RS are as deﬁ@ﬁgum{omn;lﬂgmyi, pyrrolidin- 1 -vl, tetrahydrothiophen-S,5-dioxide-2-y1, nyorpholin-4-yl, 1.4-
dioxan-2-yl, hexahydroazepin-4-yi, 3-oxa-cyclooctyl, 5-thia-cyclononyl, and 2-aza-cyclodecyl.
Examples of unsubstituted (Cg-Cyqpiheteroaryl are unsubstimted (Cq-Cop)heteroaryl,
unsubstituted (Cy-Cglbeteroazryl, pyrrol-1-yl; pyrrol-2-yl; furan-3-yl; thiophen-2-yl; pyrazol-
15 [-yl; isoxazol-2-yl; isothiazol-5-vi; imidazol-2-yl; oxazol-4-yl; thiazol-2-yl; 1,2, 4-triazol-1-yl;
1,3,4-oxadiazol-2-y1; 1,3 4-thiadiazol-2-yl; tewazol-1-yl; tetrazol-2-yl; tetrazol-5-yl; pyridine-2-
yl; pyrimidin-2-yt, pyrazin-2-yl; indol-1-yl; benzimidazole-1-yl; quinolin-2-vi; and isoquinolin-
i-yL
The term “halo” means finoro (F), chloro (Cl), bromo (Br}, or indo (1) radical.
2{}  Preferably, halo is fluoro or chlorc, more preferably flvoro,
Preferably, there are no 0-0, 8-S, or O-S bonds, other than O-5 bonds in an 8(O) or

S€0), diradical functional group, in the metal-ligand complex of formula ().
Preferably, each substituted (C4-C 40)hydrocarhyl excludes and 15 different than
unsubstituted or substituted ( Cl-C4O)heter0hydrocarbyf {i.e., each substituted (Cy-

25 Cyqihydrocarbyl is as defined in the first embodiment, wherein the substituted (C-
Cyphydrocarbyl is not an unsubstituted or substituted (C}-C 4())1161&&1‘0}3ydrocarbyl); preferably,
each substituted (C)-Cygihydrocarbylene exciudes and is different than unsubstituted or
substituted (C1-Cyq)heterchydrocarbylene; and more preferably a combination thereof.

The term “samrated” means lacking carbon-carbon double bonds, carbon-carbon miple
30  bonds, and (in heteroatom-containing groups) carbon-nitrogen, carbon-phosphoreus, and
carbon-silicon double bonds. Where 1 samrated chemical group is substituted by one or more
substitwents R, one or more double and/or triple bonds optionally may or may not be present ini

substitzents R®. The term “unsaturated” means containing one or more carbon-carbon double
13



WO 20101022228PCT/US21109/054447 metal-ligand complex of formula (I). Sti iore preferred each
---- Is a pi-bond andis or N(RN). Also still more preferred, each ---- is absent and R34 is CH2 or is

absent. Also more preferred is a metal-ligand complex of formula (1-F.): R2 RI LR
X 5wherein W&H 14582 ni-hond or is absent and M, L. LO, LR, X, RI, RZSHFRE"

Speud

,0016% c-LQ. k
" defined for

the metal-hgand complex of formula (I). In some embodiments, each ---- is a pi-bond, in others each
---- IS absent. Also more preferred is a meta gand complex of formula (I-F): R2 Rl wherein M., L. LO.
LR, X, Rl. R2 i@dnd:-REnare>astitefimadsferdhie wietakdigentkoomplexsotfbamulea s In some
embodiments -peafesregisihe metaldigandcomplex:of, formuilaith whereisohis bymdis 1,123, R4, and
RS '”depe”deﬂﬁb’iﬁ%é%‘r‘&&t%?gs%‘ﬁﬁ%cﬁ%fﬁf”ﬁﬁ“%é% %néténﬁl&gagt (G4-Q4Qhydrocarbylene or

(C1-C46)heterohydrocarbylene; and M,

are as defined for the metal-ligand

complex of formula O RIBPECHRTET A ?5‘%%éﬂﬁf?faﬁﬁﬁef%%?ﬂtp‘\‘éalobf’ SRS USRS R2 where

10

20

30

As applied to the diradical group, the term “trivalent or tetravalent analog™ respectively means
a triradical or tetraradical that is formally derived by abstracting one or two hydrogen aloms,
respectively, from the diradical group. Preferably, eack abstracted hydrogen atom
independently is taken from a C-F functionality. A trivalent analog 13 preferred over a
tetravalent analog,

In some embodiments, at least one, more preferably al least two, still more preferably

allof R 1o RS, XL LY and LR independently are unsubstituted (i.e., lack substituents R, In

other embodiments, each substituent R® independently is a (C 1-Cyglalkyl, and more preferably
a(Cy -CS) alkyl.
In other embodiments, the metal-ligand complex of formula (D) is as described in the

first embodiment, except wherein one radical group (e.g., (C-CyqhydrocarbylC{(()O-,

(C 1 -C 4O)hydrocarby§, and (C 1 - 40)hydrocarbylene) is deleted from the definitions of any one

of R} o R, 1, 1.9 (when L2s L} and L® (when L™ is L).

The tesmn “solvent” means a liquid suitable, preferably aprotic, that is compatible with
the process of any one of the fourth and fifth embodiments and, optionaily, the third
embodiment. Suitable solvents inclade aliphatic and aromalic hydrocarbons, ethers, and cyclic
ethers, particularly branched-cham hydrocarbons such as isobutane, butane, pentane, hexane,
heptane, octane, and mixtures thereof; cyclic and alicychic hydrocarbons soch as cyclohexane,
cycloheptane, methylcyclonexane, methylcycloheptane, and mixtures thereof; benzene and

(Cy-Cqralkyl-substituted benzenes such as toluene and xylene; (C) -Cs)alkyl-O-(Cy-Cy)atkyl;
(C4-Cgiheterocycloalkyl such as tetrahydrofuran, tetrahydropyran, and 1 4-dioxane; (Cq-

Cs)aikyl ethers of (poly)alkylene ghycols; and mixtures of the faregoing.

Activating co-catalyst

The metal-ligand complexes of formula (I} are rendered catalytically active by
contacting them to, or combining them with, an activating co-catalyst or by using an activating
technigue such as those that are known in the art for use with metal (e.g., Group 4) olefin
polymerization reactions. Suitable activating co-catalysts for use herein include alkyl
aleminums; polymertic or oligomeric ajumoxanes (also known as aluminoxanes); neutral Lewis

acids; and non-polymeric, noa-coordinating, ion-forming compounds (including the use of such
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and R2 are as defined for the metal-hgaml complex of formula (I). In sonic embodiments, preferred is
the metal-ligand complex of formula (I) wherein] is is ; R2 and R3 are each H or (C1-C40)hydrocarbyl,
preferably H or (Ci -C3)hydrocarbyl; and M, L. LQ, LR, X, RI, R4, and R5 are as defined for the
metalligand WORHER28# ¥ormula (1). More preferred is a metal-ligand confSiELStHGMtHA (1-H): R2
wherein R2 and R3 are each H or (C1-C401hydrocarbyl, preferably H or (C i-C3)hydrocarbyt, and M.
L. LQ, L. X, R1, R4 and 5R5 are as defined for the metal-ligand complex of formula (). Preferably,
each of R2 to Ragindependenitii-isscboi{@l-C20) iy drpeanh ysimorerpraferabtylyt or (C1-Clo)alkyl,
still more preferghlydGl totOialil.anshayen.moredreiaiablymmethyh Hisoipreferably, R2 and R3 are

taken together to form a (C2-C20)hydrocarbylene or{C1-C20Mheterohydr bylene. Also more
preferably, R5u|)s”38{i/§é§1&%§§ﬁ?§}ﬁ?%sc%§ Also more pré?ierré%lﬁ?k R4 and R”S%EE% “J?{Otaken together to form

a (C1-05)alkylBAe Sl Mot Brétetamy e reaaia il ieh PAGTE Breferaby €H2Cc 1-12C1-12 or
CH2C1-12CH2GQkIQ! alumilmsiodie, embudinedntsiypreterran-isuth enatbtalriigamdeomiplex of formula (1)
whcereinj 1; n igdwR3, and. R4l each numoietyaenindepandantly taken. togethar.to form a

(C1-C40)hydracarbylene or(G/ 6§%r%@§5%!1%%9£9gx%rxlgé/t(l%ﬁ%M%M&ihoﬂrn&kﬁmﬁmﬁl’ R2, and 15R-9
| .

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

formula (I-1), SRS EHRtErABRP HEG B MUY ™ R34r34 IANN\/ N —--mmmmemv 27\/X L LR RI

Preferred Lewis acid activating co-catalysts are Group 13 metal compounds containing
10 from 1 to 3 hydrocarbyl substituents as described herein. More preferred Group 13 metal
compounds are tri(hvdrocarbyl)-substituted-aluminum or iri(hydrocarbyi}-boron compounds,

still more preferred are tri((Cl~C10)a1kyl)a]uminum o ri({Cg-Cy g aryl)boron compounds and

halogenated (including perhalogenated) derivatives thereof, even more especially mis{fluoro-
substimted phenylhoranes, still even more especially tris(pentafluorophenyliborane.
15 Preferred combinations of neutral Lewis acid activating co-catalysts include rmxtures

comprising a combination of a tri{(C-Clalkyhaluminum and a halogenated ti((Cg-
CygraryDboron compound, especially a tris{pentafluorophenybborane. Also preferred are

combinations of such neutral Lewis acid mixtures with a polymeric or oligomeric alamoxane,
and combinations of a single neutral Lewis acid, especially tris(pentallucrophenyliborane with
20 apolymeric or oligomeric alumoxane. Preferred ratios of numbers of moles of (metal-ligand
complex)i{tris(pentaftuoro-phenylborane): (alumoxane) [e.g., (Group 4 metal-ligand
conplex):(iris(pentafinoro-phenylborane):(alumoxane}j are from 1:1:1 to 1:1¢:3{, 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 fo different metal-ligand complexes in the folowing USPNs: US 5,064,802; US
5,153,157; US 5,206,433, US 5,321,106; US 5,350,723; 1S 5,425,872, US 5,625,087, US
3,721,185, 1JS 5,783,512; US 5,883,204, 1JS 5,919,983; US 6,696,379; and US 7,163,907
Examples of suitable hydrocarbyloxides are disclosed in US 5,290,433, Examples of suitable
Bronsted acid salis for addition polymerization catalysts are disclosed in US 5,004,802; US
30 5,919,983, 178 5,783,312, Examples of suitable salts of a cationic oxidizing agent and & non-
coordinating, compatible anion as activating co-catalysts for addittion polymerization cataiysts
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 suitabie

silylivm salts as activating co-catalysts for addition polymerization catalysts are disclosed in

(%)
h

US 5.625,087. Examples of suitable complexes of alcohols, mercaptans, silanols, and oximes

with tris{pentaflucrophenylthorane are disclosed in US 5,296,433, Some of these catalysts are
15



wherein each M. X, L, LR, and Ri to R5 independently are as defined for the metal gand complex of
formula (1), each r independently is an integer of 1 or 2 and each R34 independently is as defined
above for R34 of formula (I-A). Even more preferred each r is 1 5and each R34 is CH2. Also still more
preferred, eddh018/92838 each R34 is Cl-12. Also still more preferred, eaBRYISPHHE4#MTer one of the
three R34 is 0 or N(R"), and the two outer R34 are each C112. Still more preferred, each R5
independently is (C1-C401hydrocarbyl. Also still more preferably, each R5 independently is
(C1-C20)hydrasarbydialso stitkinosetprafersads 1both RS gretps-areitaken togetkernto form a
(C1-C40)hydrogarhylene -ANse stilhmeres10preferahib, BOMBI.GQHRS.at6 lakeRdegether to form a
1,2-(C6- ClS)a}]ré/Iene 1,2- (C3-Ci20)cycloalkylene; or 1,2-(C1-Clo)alkylene. Preferably, the
1.2-(C6-C 18)ar3?|ene is a 1.2- phenylene: the 1.2-(C3-C20)cycloalkyletie is a 1,2-cyclopentylene or
1,2-cyclohexylene; dhdPtiee et SYEIRy KRl [Tsavtngaic T 19e s CFased v |n some
embodiments cpréfeniedwsithematal hgaﬂadccaﬁm&xmﬁ@mml@él%whmmf w8 is 2; and each M, L.
Uo0. LK, X, an%, 5%5; pqelggggenr} Sdr%?ﬂ?%%f% the metal- r!ll g%glﬁom lex of formula (1).
More preferre a metal- |gan com éx 6t formu g Jr) 12583 for the metal- and complex of
formula (I). Preferalbli eastyRSindepsndentlyisi{ C6-C18)aryl or (C1-C20)alkyl, more preferably
(Ci-Cio)alkyl; and Rlrlaé$a(i(;8r%ﬂ)@&l@a&mm&(@%@&&)&%&mgmeerﬂﬂ@{@rawﬁﬂa 4-phenylene or

ey eN & 8 ARA L RN meMeD-A 4] bs& VIpnE)palspmore preferred is a
metal-ligand compexo ormula ‘3; vherein R5 roca Ieéene or

(C1-Cao)HbterSHyURSC Artéreseve: 69%%?5’6191%@@&4 ydrb rl‘Méﬁé A d3EA M, L, LQ, LR, X.
and RI to R4 indépéhdehtiyiare Es:defifedoigfondremetbdsligarndcomplexcbsformula (1). Preferably

each RI indepgﬁ@%ﬂm@ (e dBanylonGinG20)alkykqepa prefarably aphenyh.and R55 is

(C2-Clo)alkylene or o d n@)lg%%%%%eﬁ? ngnp f%}c%r!xupl-{?%llZCHZCHz More preferred is the
metal-ligand complex of any one of formulas (l) and (1-A) to (I-K), wherein each of R1 (except for

formula (1.- 1)5“%8“‘%‘3“(@32&%9%%?’%%36 ef)a&ﬁmw)%?ﬁ&ébaﬁ&@%{wligf(éﬁé.o)hydrocarbw
more pretérably (Gts <C10)atky (BR:@iaid\polas| kit r (@824 0) v hndnstilohseres preferably

(Ci-Cio)alkyl oedCeb)anyl kit slugh eimhodimentsnpeaierably, R 2:isc0r, (Gh-fckakyly meare preferably H or
CH3. 1:1 to 6:1, still more preferably from 1:1 to 5:1. The remaining actvating co-catalysts are
generaily emploved i approximately mole quantities equal to the total mole quantities of one

or more metal-ligand complexes of formmia {I}.

Metal-ligand Complexes of formula (1)

The metal-higand complex of formula (T) may exist as an 1solated crystal(s), optionally
in substantially pure form (1.e., greater than 90%), or as a mixture with one or more other
metai-ligand complexes of formula (I); in the form of a solvated adduct, optionally in a solvent,

25 especially an organic liguid, 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-figand
compiex of formula {I) and a chelating agent. Preferably, the chelating agent is an organic
Lewis base (e.2., an aprotic organic solvent such as tetrahydrofuran (THF) or an aprotic amine
base such as wiethylamine).

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} metai-
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 oxidaton state to a +4 formal oxidation state). Examples of suitable metal reducing agents are
alkali metals, alkaline earth metals, aluminum and zine, and alloys of alkali metals or alkaline
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Also more preferred is the metad complex of any one of formulas (I) and (I-A) to (I-1) and (I-K) Wherein
R1 is (C1-C40)hydrocarbyl, still more preferably R1 is 20(C1-C20)hydroearbyl and optionally X is
absent. Also more preferred is the metal gand complex of any one of formulas (I) and (LA) to (I-I) and
(I-K), whereWER01/0¢3228 40)heterohydrocarbyl, still more preferably R1 B9 HétErohydrocarbyl
and optionally Xis absent. In still other embodiments, R and an RK of X are taken together to form a
(C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene, more preferably R1 and an RE of X are
taken togetherdahfoersaC AG20)hwideocarbylane orl (Cl=@20¥eterelhydibeaniiyslene. In still other
embodiments ;R 800K, 10kt 858 Jake aiegather iifREaka ponlGls Gy digearbylene or

(C1-C4o)heterahydrocarbylene, more preferably R1 and an ILL of L. Sare taken t er to form a
(C1-Co0)ycr Mt T o B AL TR AL & s RS BORIRSo more
preferred is th¥PHEERIEASPEBAIBRER 6 4y SHeserormbiraes iy ahac ARG R HD M), and (1-),
wherein R5 is @€ 1»@48)wy drodafbitbstithimigre: preferabhypRB:as CH «@REHydrbeamtygdrand optionally Xis
absent. Also mgre-preferredisithemetalligand ddsemplex-afany ensetifopsulas,(hand (I-A) to (I-F),
(I-H), and (FA wherein Ra.i%(GLiG a0 heteromdrocasiyd, silk mose prefetably Raiss

(Cl-CZO)heteroh ﬁrocarbyl nd optionally X'is absent. In still other embodiments. R5 and an RE of X
are taken toge(tﬁé{f*%’i‘form a (C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene, more
preferably R5 and aiRExfiXcareitakenttogetier dofontiab{@1d cRorhylioceibileMesor
(C1-C20)heterphydracanbylene onlbstidiother embodiments.Rb.and @niehof L are taken together to
form a (C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene, more preferably RS and an Rl of L
are taken together tq for'rp a (Cl -CIZQ)hygrocaf)bylefne or § 1.-C20)bet§r?hxldr?c rb%/rle‘ne and optionally
X is absent. Even movaPrardit QY RS LBREE 2 B8R 1 dib Sty it BER AT Bheny,
cyclohexyl,3-(ReNe slinettiglamirio)-propy ear2Gainetn{ietspammins B eplsyid 1191441 Still more
preferred is thexmetahligand: complexefany.oneohforiliasdl)candelo?ton i )penberein R1 and R5
each 'nd%een%@&b/%%&é@@hxq{a&a@{-h.%\{fﬂnnmgﬁ%mﬁ@rab%Esi-gqu%éns@%flndependently are
(Cl-CZO)hydrocartf IIand oEtlprally )é is abg?nt. Alscg1 still trar%%e n;3referge s gglelrg tal-hgand complex
of any one of fOMUAAE (i 8Rd (1A 18" Ay WHEY&in Bne B 1 And B5 1< thken Egether with an RE of
X to form a (CheeyoihyersbarbyieHeoriCIeroetérshiiirdeartyhe FeE AL RS b M ERDF Rl and R5 is
(C1-C20)hydrocearbyher{CE-G2)etarohy s ocanpyinAlsodcstilymardt preferredtis the metal-ligand
complex of any, oneof formulas. (1) angksA) 4R Hatsh whereineng-of Ri.and-Rscistaken together with

an R.L of : . : . o :
2 formula () in such mixtures is determined wsing 13-carbon or proton nuclear magnetic

resonance { Be ortHNMR, respectively) spectroscopy.
In some embodiments, X is absent from the metal-ligand complex of formula (I). In
some embodiments, preferably X 1s the neutral Lewis base group that is RENE* R, RFORY

RESRY, or RXPRERY. When X is the neutral Lewis acid group, more preferably each R™, RY,

]
h

and R" independently is hydrogen, (C 1-Caphydrocarbyl, [(Cq-Cyghydrocarbyl];S,
[(C-C ghhydrocarbyl]s Si(Cy-Cy gibydrocarbyl, or (C-Cypiheterohydrocarbyl.

Iu some embodiments, I and at feast one of LY and L* are present. In such
embodiments, the L and at least one of L% and L* are the same. In other such embodiments, at
jeast one of the L and at least one of L and L* are different.

30 In some embodiments, preferred is the metal-figand complex of formula () wherein j is
1;and n 18 1; and, more preferably, R3 and R4 are taken together to form a
(C1-Cypihydrocarbylene or (C-Cyqheterohydrocarbylene. More preferably, R and RY are

taken together to form a (Cy-Cqhydrocarbylene or (Cq-Cyiheterchydrocarbylene, still more

preferably (Co-Cg)hydrocarbylene, and preferably cach of R! and RO independentiy is
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to form a (C1-C20)hydrocarbylene or (C1-C20)heterohydrocarbylene and the other of R1 and R5 is
(C1IC20)hydrocarbyl or (C1-C20)heterohydrocarbyl. In any one of the metal-ligand complexes of
formulas (1) and (I-A) to (I-K), especially  preferred is one of R1- (except for formula (I-J)) and R5
(except for HIFMIROIEAY and (I-K)) is 5a first group that is 2,6-bis(di(( 1-E454IR3AERTHSTphenyl;
2,6-ciinitrophenyl; 2d-di( C1 C4)alkyloxy)phenyh 2-(C1-C4)alkyl-phenyl; 2,6-di(Ci-C4)alkyl-phenyl;
3,5-di(C1-C4)alkylphenyl; 2,4,6-tri(C1-C4)alkyl-phenyl; biphenyl1-2-y1; 2,6-diphenylphenyl;
3,5-diphenylphengk 2, 0xriphenylphenyiB,54bis(2,6Hbis GG dyalkyiphersdiphenyl
2,6-di(1-naphthyl)plienyl; 3,5-di(1-naplithyl)phenyi; cyclohexyl; diphenylinethyl; or trityl; wherein each
(C1-C4)alkyl FOIIEHeEHI Y Hiethyn) BtHyE Sprahir stchiatPristet: mebmbly B-butyl, 2-meitylpropyl,
or 1,1-dimethy([p&lfg%/_b@@@3@%91@@%@{@@@@; the metal-ligand complex wherein one of R1 (except
for formula (1-J)) and R5 (except for formulas (I-C) and G-K)) is a second group that is (Ci-C20)alkyl
(e.g., 1-butyl, 2-prop¥erapieridetiyTetyissndorrseyhicoresnyt:-Bhenyl, cyclohexyl,
1-methyl-piperidin-4-yl, 8(N,N-¢li((Ci -C4)alkyl)amino)-propyl, (C1- C4)alkyl-amino, or pyrrol-1-yl. Even
more preferred is the mgtal-ligahd comglex wherein one of R1 and RS is as defined for the first group
and the other of R1 ar i §$de\ﬁ:§$r}‘the second gkdup. More preferred is the metal-ligand
complex of any one d)fwlform las (/1)_;;1 @) to (I- K), wherein each of L, LD and LD independently is
(Ci-Cs)alkyl, trimethﬁ;sﬂxi ethyly or 20Renzyl; or L is (C1-05)alkyl, trimethylsilylmethyl, or henry! and
ID and Lk are taken together to\g,orm (RR) C-C(I'D) C(RD)=C(RD)7, wherein each RD independently is
H, unsubstituted (C1-C6)alkyl, phenyl, or naphthyl. More preferred is the metal-ligand complex of
any one of formiksteis GARIS fkpwHeNir B R34 SnHEpSHlentyRs Gii35) 2 Bfdeach R35 is H or
methyl. Also more preferred 25is the metal-ligand complex of formula (|), wherein one R34 is 0 or
N(RN) and thewflé’r’f“fﬁﬁ"i'ﬁl}d{R3%{%%‘?1‘%%%5&%@%%%’@@5%‘)‘écgﬁdze’ﬁh"‘R%% is H or methyl. In
the above embadiments of Metacligandomple of poy.oneiel frmules . ang AL o (-0, more
preferably at least one ( 1-CI4O?Re erohydrocarbylis 2- ffiC1-Cs lalkyll2NCH21-(C6-C18laryl, still
more preferably.2EiGlafesdatsdi2N Gk b-phenylinad jeastenadGEGA0heterohydreearbylene is
2-R(C -05)alkyIN)CH2]-(C6-C 18)aryl, still more preferably 2-R(C -05)alkyIN)CH21-phenylat leasl one
(C1-C40)Hydrocdvbyleheiispftattiyhofeiid O or NIStikmhbrepreReited dsbidimétal-ligand complex of
formula (I) of an e of formulas 5(1-A1), (I-A2), (1-AS), (-A4), (I-Ap). (I-B1), (I-B2), (I-B3), (I-B4),
(155). (-56). (CH T8y 1D D) (L -y A (g L, M

is the metal-ligand complex of formula {I-A), wherein X is absent. Also preferrad is the metal-

ligand complex of formuia (1A}, wherein R” is taken together with an REof X toforma

(Cy-Coplhydrocarbylene. Also preferred is the metal-ligand complex of formula (I-A), wherein
15 RorRY is taken together with an R* of L to form a (C1-Copphydrocarbylene. Also preferred

is the metal-ligand corplex of formula (I-A), wherein R! or RY and L are taken together to

form a diradical moiety (Cy-Cynlhydrocarbylene-CIOIN((Cy-Coppbydrocarbyl),

(C4 -C40)hydrocarhy}ene-C(_ 0)0-, {C-Cyphydrocarbylene, or
(Cy-Cypheterohydrocarbylene, more preferably R! and L are said wken together, still more

20 preferably R> and L are said taken together.

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

(1-B)
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RI -NN-R/ (I-A5). R5(1-131), WO 2010/022228PCT/US2009/0541447

WO 2010/022228 PCTAIS2609/054447

wherein each R34 independenily is as defined above for R34 of formuta (I-Ayand M, L, e
LE X, RI, R2 and RY are as defined for the metal-ligand complex of formula (D). Stli more
preferred, the topmost of the two RMis O or N(R™) and the botiommost R34 s CHs (i.c..
=CR-RI R s =CR?)-0-CH,- or =CR?)-N(RY)-CHy-). Still more preferred each R34
5 s CHy. Also preferred is the metal-ligand complex of formula (I-B), wherein X 1 absent, Also

preferred is the metal-ligand complex of formuia (I-B), wherem R is taken together with an R®

of X to form a (Cy-Copphydrocarbylene. Also preferred 1s the metal-ligand complex of

formula (I-B), wherein RLor kY is raken together with an R of Lto form a

{C }l~C20)hydrocarbyiene. Also preferred is the metal-ligand complex of formula (I-B), wherein
10 R! or RD and L are taken together to form a diradical moiery ( 1-Cyphydrocarbylene-

CIOMN((Cy -Copahydrocarbyl), (Cp-C 4o hydrocarbylene-C( 0YO-, (Cy-Cyplhydrocarbylene, or

(C1-Cyqyheterohydrocarbylene, more preferably R and 1. arc said taken together, still more

preferably R and L are said taken together,

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

{1-C)

13
wherein each ---- 13 absent or 1s a pi-bond and each R34 independently is as defined above for
R34 of formula (1-A) and M, L, 19 LR %, Ri, R2 and R5 are as defined for the metal-ligand
compilex of formuia (I). Still more preferred, each ---- 1s absent and R is CH,.
Alsc more preferrec is a metal-Jigand compiex of formula (I-D):
R? ‘
R)
/ L
R Xy I\\ § 1R
Mo (1-D)
=y e \ LY
b X
20

wherein each ---- 1s absent or is & pi-bond and R34 is absent or independently is as defined
above for R34 of formula (I-A} and M, L, LY LR X, Rl, R2 and R5 are as defined for the
19



(2-C2),(1-C3), (I-D2), wherein Rl and R5 arc as defined for the metal-ligand complex of formula (I).
Even more preferred are the specific metal-ligancl complexes of formulas (I-Al). (1- SA2), (I-A3),
(LA4).(1-131), (1-132), (1-B3), (1434), (1-135), (1-136),(1-B8), (I-C2). (I-C3), (1-Di), and (I-D2) that are
shown in TalR2IBEBHEIN Table 1, the specific metal-ligand complexes #rd/FeéfEdtiddty numbered
(A1-1) to (A1-170). (A2-1) to (A2-170), (A3-1) to (A3-170), (A4-1) to (A4-170). (A5-1) to (A5-170),
(81-1) to (B1-170), (B2-1) to (B2-170). (B3-1) to (33-170). (B4-1) to (B4-170), (85-1) to (B5-170). (86-1)
to (B6-170), 10(13 %10, A3 LF DmRBBN 4Q1(138 e Cr1) 10 (GLrd A0 €2 4)I0:(C2-170), (C3-11
to (C3- 170). (Dl;ql) to (DI -170), and (D2-1) to (D2-170). J_4Q save space and avoid listing each pair of
RI and R5 grolifs mdrestiiarramedeie Aflto-AS B B88, ¢ t8cs 10154ihd D2 portions of these
metal-ligand complex,numbersiare: gensrigalbuindicptedinofabledryusing "LN." Table 1. Metalligand
Complex number RI R5 (LRI\J-I) 12,6-bis(1ethylethyl)phenyl 1-butyl (,N-2)2,6-bis(1-methylethyOphenyl
2-propyl (LN-3) ,2,6-bis(1-methylethyOphenyl
_ / .

i~
=

w\ SMa (I-E)
RS X
5 wherein each - s a pi-bond or s absent and M, L, 1915 X, Rl, RZ and RY are as defined
for the metal-ligand complex of formula (1. In some embodiments, each ---- 1s a pi-bond, m
ofhers each -« 15 absent.

Also more preferred is a metal-ligand complex of fornwla (I-F):

2

Rl
/ L
N $alt G-F)
M\ ()
. .
R~ X wherein M, L, L2, L® x_R], R?

10 and RY are as defined for the metal-ligand complex of formula (T).

In some embodiments, preferred is the metal-ligand complex of formula (1) wherein § is
Linisl; R3, R4, and RY independently are taken together to form a trivalent anaiog of
(C1-Cygihydrocarbylenc or (Cq-Cygheterohydrocarbylene; and M, L, 121X %X, R, and R2

are as defined for the metal-ligand complex of formula (I). More preferred is 2 metal-ligand
15 complex of formula (3-G):
B2

L
SN
\ ,\f{ (1Y
==, ad \ 1R
X

wherein M, L. L 1LX X, RI,

and R are as defined for the metal-ligand complex of formula (I).
i3

1t some ernbodiments, preferred is the metal-tigand complex of formula (1) wherein j 18

Linis 1. RZ and R are each H or (C-Cypphydrocarbyl, preferably H or (C1-Caliydrocarbyl;

20



1,1-dimethylethyl (LN-4) 2,6-his(1-methylethyl)phenyl benzyl (LN-5)2,6-bis(1eyleth 1)pl enyl phenyl
(LN-6) 2,6-bis(1-methylethyl)phenyl cyclohexyl (LN-7) 2,6-bis(1-methylethyl)phenyl 1-methyl-piper
din4-y1 (8) 2,6-bis(1-thylethyl)phenyl 3 -(N,N-dimethylamino)-propyl (LN-9)
2,6-Ms(1-m&vRAatRPAERENYI 1,1-dimethylethylamo (LN-10) 2,6-ths(1-mefASBYIBHENT pyrrol-1 -yl
(LN -1 1)2-(1 -meth ylethyl)phenyl

and M, L, L% L%, %, RL, R4, and R are as defined for the metal-figand complex of formula (I).

More preferred is a metal-hgand complex of formula (I-H):

R- RI
/ L
a S R
R SNN~ \f/L (-4
I \
L9
R* \\N/ \
l 5 X -
R” wherein R2 and R- are each H

or {(C-Cmhvdrocarbyl, preferabiy H or (C-Cahvdrocarbyl, and M, L, L2 LR, X, RI, Rd’ and
1 408¥ YL P ¥ (L Jh) Y

S R are as defined for the metal-figand complex of formula (I). Preferably, each of k% 0 R4
independently 1s H or (Cy-Cygihydrocarbyl, more preferably, H or (C-Cygalkyl, stili more
preferably (C1-Cyplalkyl and even more preferably. methyl. Alse preferably, R? and R? are
taken together t form a (Cy-Cophydrocarbylene or (Cq-Coppheterchydrocarbylene. Also
more preferably, R s (C1-Chpaikyl (e.g., T-octyl). Also more preferably, R* and R? are

10 taken together to form a (Cy-Cyqlalkylene, still more preferably (Cq or Cy)alkylene, even more
preferably CHyCHoCH» or CHyCHoCHACHy.
In some embodiments, preferred 1s the metal-ligand complex of formula (I) wherein j is
limis 2 ®3 and R? of each n motety are independently taken together to form a
(Cq-Cypihydrocarbylene or {Cy-Cyqlheterohydrocarbylene: and M, L., LY TR X, Rl, Rz, and

15 RY are as defined for the metal-ligand complex of formmla (I}, More preferred is & metal-ligand

complex of formula (I-I), still more preferabiy of formmla (I-11):

(-1




1-butyl (LN-12)12-(1 -nnethylethyl)phenyl 2-propyl (LN-13) 2-(1-meyyl)phenyl 1,1 -dimethylethyl
(LN-14) 2-(1-methylethyl)phenyl benzyl (LN-15) 2-0 -methylethyl)phenyl phenyl (LN-16)
2-(1-methylethyl)phenyl eyelohexyl (LN -17) 2-(1-methylethyl)phenyl 1 -methyl-piperidine-4-y1
(LN-18) 2-0%feth{eamphenyl 3 -(N,N-dimethylamino)-propy! (LN-19)13¢EH et ity ) phenyl 1
1,1-dimethylethylamino.

Rfrs),

/
R? (-1

wherein each M., X, L, L*, and R-i to RS independently are as defined for the metal-ligand
complex of formula (1), each 1 independently is an integer of 1 or 2 and each R34
independently is as defined above for R4 of formuta (I-A). Even more preferred eachris 1

5 andeach R¥is CH,. Also still more preferred, each 1 1s 2 and each R s CH,. Also stili
more preferred, each r is 2, the inner one of the three R3O or N(R™), and the two outer R34
are each CH,. Still more preferred, each R> independently is (Cy-Cypihydrocarbyl. Also still
more preferably, each RY independently 1s (Cl-Czd)hydrocarbyl. Also still more preferred,
both R® groups are taken together to form a (Cy-Cyg)hydrocarbylene. Also still more

10 preferably both R groups are taken together to form a 1.2-(C-Cyglarylene; 1,2-
{C3-Copeycloalkylene; or 1,2-(C-Cypralkylene. Preferably, the 1,2HC-Cyglarylene isa 1.2-

phenylene; the 1,2-(Cy-Copleyeloalkylene is a 1,2-cyclopentylene or 1,2-cyclohexylene; and

i
the 1.24C-C galkylene is a -CHoCH,- or -CHRCHCH;,
In some embodiments, preferred is the metal-ligand complex of formula (I) wherein 7 18

15 2:nis2;and each M, L, LY, LR X, and gl w3 independently are as defined for the metal-

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

R} RS
4 2 4
R %R szg\—_(}{
/ \
RS/I\\ /N“‘--..\ Rl 1___,_.,-—-N N R5 (1—5)
x"’v’/ i{f’”L [ \““‘x
LR PR LRQ' L

wherein R is {Cq-Capihydrocarbylene ot (Cy-Cygpheterohydrocarbylene, more preferabty

(C1-C40}§1ydrocarbylene, and each M, L, L2 1R X and R2 o RS independently arc as defined
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(LN -20)I :2-( -rnethylethyl)phenyl pyrrol-1-y1 (LN -21)12,4,6( 1,1 -dithylethyl)phenyl 1-butyl (LN-22)
2,4,6-tris(1,1-dimethylethyl)phenyl 2-propyl (LN-23) 2,4,6(1-dimethylethyl)phenyl 1,1 -dimethylethyl
(LN-24)2,4,6s( ,.ethylyl)phenyl benzyl (LN-25) F2,4,6s(-clitnethylethyl)phenyl phenyl 1 (LN-26) 2,4,6s(
1,1-dimethy®ethifpietdgeyelohexyl (LN-27) 2,4,6-tris(1,1-thmethylethy PYpHER3f09/054447

1-methyl-pipericline-4-y1, (LN-28)
for the metal-ligand complex of formula (I). Preferably each RS mdependently is (Cg-Cyglaryl

or (C{-Cogpalkyl, more preferably (Cy-Cqplalkyl: and R Wis ¢ Cy-Crplalkylene or
(Cg-Cyglarylene, more preferably a 1.4-phenylene or 4,4™-biphenylene (e.g., 2.6,2".6"-

tefralds(1-methylethyl)-4,4hipkenylene).
Also more preferred is a metal-ligand complex of formula (I-K)

R? \ g RS—%\RQ
Jg’_( T\
\ N ’ (1-K)

wherein R57 is (C;-Cyphydrocarbylene or (Cy-Cyqiheterohydrocarbylene, more preferably
(Cq-Cyphydrocarbylene, and each M, L, LY LY X, and RlwR? independently are as defined

10 for the metal-hgand complex of formula (I3, Preferably each R independently is (Cy-Cjglaryl

or (Cy-Coplaliyl, more preferably a phenyl; and R s (Cy-Cygalkylene or (Cg-Cq glaryiene,
more preferably CHyCHyCH-CH5.
More preferred is the metal-ligand complex of any one of formulas (I and (I-A) to {I-
K, wherein ecach of r! (except for formula (I-I)) and RS (except for formulas (1-G) and (1-K))
independently is (C{-Cygihydrocarbyl, more preferably (Cy-Cygialkyl, (C3-Cypgleyeloalkyl, or
{Cg-Cygraryl, and still more preferably (Cq-Cyglakkyl or (Cglaryl. In such embodiments,
preferably, R? is H or (Cq-Cyqalkyl, more preferably Ii or CHl5.
Also more preferred 1s the metal-ligand complex of any one of formulas (1) and (I-A)
{I-I} and (I-K) wherein rlis (Cy-Cyphydrocarbyl, sull more preferably rRlis
{C1-Copihydrocarbyl and optionally X 1s absent. Also more preferred 1s the metal-ligand

complex of any one of formulas (I} and (I-A} to (I-1) and (I-K), wherein R s
{C1-Cyppheterohydrocarbyl, still more preferably Rl s (Cq-Chpiheterohydrocarbyl and

optionalty X s absent. In still other embodiments, R1 and an R¥ of X are taken together to form

]
[



2,4,6-tris(1,1-dimethylethyl)phenyl 3-(,N-dimethylamino)-propyll 1 (LN-29) 2,4,6s(ditnethyle ly )phenyl
1,1 -dimethylethylaminol (LN-30) '2,4,6-(1,1lethylethyl)phenyl pyrrol-1-y1 (LN-31)
241,1-dimylethyl)phenyl 1-butyl (1,N-32)12-(1,1-dimethylethyl)phenyl 2-propyl (LN-33)
2-(1,1-dimeMigpiaemy/PiREhyl 1,1 -dimethylethyl (LN-34) 2 -(LI-dimethylethAPHERIBERA (1,N-35)
2-Oaeyle yephenyl phenyl (I,N-36)

a (C-Cyqphydrocarbylene or (C4-Cypheterolydrocarbylene, more preferably R! and an R¥ of

X are taken together to form a (C-Cogihydrocarbylene or (Cy-Cyyiheterohydrocarbylene. In

stiti other embodiments, R! and an R of L are taken together to form a
(C1-Cyphydrocarbylene or (Cy-C sp)heterohydrocarbylene, more preferably R! and an R"of L
5 are taken together to form a (C;-Cqpihydrocarbylene or (Cy-Cogheterohydrocarbylene and

optonally X 15 absent.

Alse more preferred is (he metal-ligand complex of any one of formulas (I) and (I-A) t0
2 P
(I-Fy, (E-HD, and (I-J), wherein R s (CI~C4O)hy€‘u'ocarbyi, still more preferably R is

{Cy-Copihydrocarby! and optionally X is absent. Also more prefersed is the metal-ligand

10 complex of any one of formulas (1) and (-A} w (I-F), (I-H), and (1]}, wherein R is
(C1-Cypy)heterohydrocarbyl, still more preferably RS is (C4-Copheterohydrocarbyi and
optionally X is absent. In still other embodiments, R and an R¥ 0f X are taken together to form
a (C;-Cyghydrocarbylene or (C;-C 4¢beterohydrocarbylene, more preferably R and an R¥ of
X are taken together to form a (Cy-Cypihydrocarbyiene or (C1-Cygiheterohydrocarbylene. In

15 siill other embodiments, R and an R* of L are taken together to form a
(C4-Cyphydrocarbylene or (C-Cypibeterohydrocarbylene, more preferably R? and an R* of L
are taken together to form a {Cy-Coqthydrocarbyiene or (Cy-Chgpheterohydrocarbylene and
optionally X is absent. Even more preferred, R s 1-butyl, 2-propyl, 1,1-dimethyiethyl, benzyl,
phenyl, cyclohexyl, 1-methyl-piperidin-4-yi, 3-(N,N-dimethylamino)-propyl, 1,1-

20 dimethylethylamino, or pymrol-1-yl

Still more preferred is the metal-ligand complex of any one of formulas (1) and {(I-A) to
(I-K), wherein R! and R? cach independently are (Cq-Cyqhydrocarbyl, even more preferably
R1 and RY each mdependently are (C1-Cq)hydrocarbyl and optionaliy X 1s absent. Also still

mare preferred is the metal-igand complex of any one of formulas ( D)y and (I-A) o (I-K),

-3
Ln

wherein one of RY and R is taken together with an R* of X to form a ( C-Copphydrocarbylene

or (C1-Copyheterobydracarbylene and the other of RY and RV is {Cq-Copphydrocarbyl or

(Cy-Crpheterohydrocarhyl. Also still more preferred is the metal-ligand complex of any one
1720 ¥ . P p ¥

of formulas (1) and (I-A) to (I-K}, wherein one of Rl and RY is taken fogether with an R¥of L



2-(1,1-dthylethyl)phenyl cyclohexyl (LN-37) 241,1-dithylethyl)phenyl 1-methyl-piperidine-4-yl (1,N-38)
2-(1, -dthylethyl)phenyl 3 -(N,N-dimethylamino)-propyl (LN -39) 2-(1,1-diethylethyl)phenyl
1,1-dimethylethylamino (LN-40) 2-(1,1-dimethyle lyl)phenyl prol-1-y11 | )
(LM-41)13, 2010033 e thylethyl)phenyl 1-butyl (LN-42) 3,4-bis(1-dimefHyTEERSATBRER 2-propy
(LN-43), 3,4-bis(1,1-dimethylethyl)phenyl

10

15

b2
LA

to form a (C-Copphydrocarbylene or (C4-Coppheicrohydrocarbylene and the other of R! and

RY is ( C1-Copihydrocarbyl or (C-Copheterohydrocarbyl.
In any one of the meial-ligand complexes of formulas {I) and (I-A) to (I-K), especially

preferred is one of rl {except for formula (I-])) and RS (except for formulas (1-() and (I-K)) 18
a first group trat is 2,6-bis(di(Cy-Cyralkyl-amino)phenyl; 2,6-dinirophenyl; 2,6-0i((Cy-

Cylatkyloxy)phenyl; 2-(Cy-Cylalkyl-phenyl; 2,6-ci(Cy-Cyglalkyl-phenyk: 3.5-di(C; -Cyalkkyl-
phenyl; 2.4,6-tri(C-C ghalkyl-phenyl; biphenyl-2-yl: 2,6-diphenylphenyl; 3,5-diphenylphenyl;
2.4,6-triphenylphenyl; 3,5-bis(2,6-bis[(C-Cyalivliphenyl)phenyl; 2,6-di(1-naphthylyphenyl;
3,5-di(1-naphthybphenyl; cyclohexyl; diphenylmethyt; or trityl; wherein each (Cy-Cylalkyl
independently is methyl, ethyl, 1-propyl, 1-methylethyl, 1-buryl, 2-butyl, 2-methyipropyl. or
1.1-dimethylethyl. Also especiaily preferred is the metal-ligand compiex wherein one of rl

{except for formula (I-1)} and RY (except for formuias (I-G) and (I-K)) is a second group that is
{C1-Coplalkyl fe.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)alkylyamino)-propyl. (Cy-
Cyjaliyl-amino, or pyrrol-1-yl. Even more preferred is the metal-ligand complex wherein one
of R and R3 is as defined for the first group and the other of R! and RS 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, L% and LX independently is (C;-Cglalkyl, trimethylsilylmethyl, or
benzyl; or L is (C-Cglatkyl, trimethylsilylmethyl, or benzyl and 1.9 and L* are taken together
o form (RD)QC.:C{RD)-C(_ RD)mC(RD)E, wherein each R” independently is H, unsubstituted

(C1-Cglalkyl, phenyl, or naphthyl.

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

wherein each R3% independently 1s C(R35‘)2 and each R is H or methyl. Also more preferred

is the metai-higand complex of formula (I}, wherein one R isOor N(R™ and the remaining
R34, if any, independently are C{ R35)2 and each R is H or methyl.

I 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}-Cypiheterohydrocarbyt is 2-

[((C1-Cxatkyh)o NCHo j-(Cp-Cy gharyl, still more preferably 2-1((C-Cqjalkyl)oNCH, |-phenyl;

o]
LA



1,1-dim 'thylethy (LN-44) 3,4 -bis(1 , -dimethylethyflphenyl benzyl 1 (LN-45)'
3,4-bis(1,1-thmethylethyl)phenyl phenyli (LN-46) 3,4-bis(1,1-dtmethylethyl)phenyl cyclohexyl (LN-47)
3,4 -bis(1,1-dimethylethyl)phenyl 1 -methyl-piperidine-4-y1 (LN-48) 3,4 -bis(1,1-dimylethyl)phenyl 3
-(N,N-dirnetW@afiessopyl (LN-49) 1 3,4 -bis(1,1-dimethylethyl)phenyl BC T/ LE#EP ARt hylamino
(LN-50) 3,4-bis(1,1-deth ylethyl)phenyl pyrrol-1-y1

!
at least one (C1-Cyqheterohydrocarbylene is 2-[((C-Cs)alkyINYCH, ]-(Cg-Cyglaryl, seill

I
more preferably 2-{((C-Cs)allkyIN)CH,]-phenyl; or at least one (C1-Cyqihydrocarbylene is
2-methylphenyl.
Still more preferred is the metal-ligand complex of formula (I) of any one of formulas
5 (-AD, (1-A2), (T-A%), (I-A4), (I-A5), (I-B1), (I-B2), (I-B3), (I-B4), (I-B3), (I-B6), (I-B7), (1
B8, (I-CL), (1-C2), (I-C3), (I-D1), and (I-D2):

\
N
P {
AN RN N-R!
P N/
=y \ JHE
. w é .
R> (I-AD), (I-A2),
0
/ R>—N N—R!
R5-N N-R! \Hf/
N/
.Hf\ (CH;3):CH,SI® !\CHzSE(CH_zb
W .
MeN Rl
/ I
RS—N ~ N—R! e~ &
Hf
5 ™~ \ .
(I-A3), R (I-B1),



| (LN-51) 2,4,6-enylphenyl 1-butyl (LN-52) 2,4,6-triphenylphenyl 2-propyl! (LN
-53)12,4,6-triphenylphenyl 1,1 -dimethylethyl (LN-54)2,4,6-triphenylphenyt benzyl (LN
-55)12,4,6-triphenylphenyt phenyl 1 (LN -56) 2,4,6-triphen ylphenyl cyclohexyl (LN -57) 24
,6phenylphe®ii LA piperidine-4-y1 (LN -58) 2,4,6-triphenylphenyl 3P4RN 24 &tHjiamino)-propyl

(LN-59)12,4,6-triphenylphenyl

Hf
}h{’ (:2;:133
w 1 ~ e
(I-B2), (I-B3},

0
R*—N N-—R' S—N N-—R!
N/ \%{’
Zr
a A \\ W g \
(I-B43, (I-B3),
R°—N N—R!
RS—N  N—R! \f
, H
}hg W
o J N
R*—N N—R! =N N—R!
3 e
Hf H
W 'E ™~ o j \
(I-BS), (I-C1),



1,1 -dimethylethylamino (LN -60) 2,4,6-triphenylphenyl pyrrol -1 -yl (6 ) biphenyl-2-y] 1-butyl (LN-62)

biphenyl-2-y" 2-propyl (LN-63) biphenyl-2-y' 1,1 -dirnethylethyl (LN-64) biphenyl-2-yl benzyl (LN-65)

biphenyl-2-yl phenyl (LN-66) bipheny1-2-y1 cyclohexy (LN-67)biphenyl-2-y' -meth yl-piperidine-4-y1
WO 20168/022228 PCT/US2009/054447

OO
TR

R°—N N—R! R5—N /N—Rl
JHE WZr
W g \ w 1 \
(1-C2), (I-C3),
R°-N N—R! R5—N\ N—R!
Hf LHf
w j ™~ ! é ~
(I-D1), and (I-D2),

wherein Rl and R5 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), (F-A4), (I-AS), A-B1), (I-B23, (I.B3), (I-B4), {I-B5), (I-Bay, (I-B7), (I-B8), (I-C1},
(1-C2), {1-C3), (I-D1), and (I-D2) that are shown e Table 1 below. In Table 1, the specific
metal-ligand complexes are respectively numbered (Al-1) o (A$-170), (A2-1) to (AZ-17(),
(A3-1) to (A3-170%, (Ad-13 10 {A4-1707, (AS-1) to (A5-1703, (B1-1) o (B1-170), (B2-1) to
(B2-17(0, (B3-1) 1o (B3-1700. (B4-1) to (B4-170), (B5-1) o (BS-170), (B6-1) to (Bo-1703,

10 (B7-Dywo (B7-170h, (B8-1) t0 (B8-170}, (C1-1} to (C1-1703, (C2-1) to (C2-170), (C3-1) 1o {C3-
170), (D1-1) 1o (DI-170), and (D2-1) to (DZ-1703). To save space and avoid listing each pair of

Rl and RS groups more han once, the Al o A5, Bl to BE, C1 1o C3, D1 and 132 portions of

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

Table 1.
Metal-
ligand
Complex

number Rl RS

(LN-1) 2,6-bis(-methylethylipheny! i-butyl
(LN-2; | 2,6-bis(1-methylethyliphenyi 2-propyl
{LLN-3} 2.6-bis(l-methylethylphenyl 1. 1-cimethylethyi
(LN-4) 2,6-bis(1 -methylethyl)phenyl benzyl

28




(LN-68)biphenyl-2-y] 3 -(N,N-dimethylamino)-propyl (LN -69)bipheny1-2-y1 dimethylethylamino
(LN-70)bipheny1-2-y pyrrol-1 -y1 (LN-71) 3,5 -diphenylphenyl I-butyl (LN-72) 3,5-cliphenylphenyl
2-propyl (LN-73) 3,5 -diphenylphenyl ,1 -dnuethylethy (LN -74) 3,5-diphenylphenyl benzy] (LN-75)

3,5 -diphenylsh&Hjoatasy| PCT/US2009/054447
{LN-5) 2,6-bis(T-methylethylphenyl phenyl
(LN-6) 2,6-bis{1-methylethyl)phenyl cyclohexyl
(LN-7) 2,6-big{ 1 -methylethylyphenyl 1-methyl-piperndine-4-yl
{LN-8) 2,6-bis(1-methylethyliphenyl 3-(N,N-dimethylamino}-propyl
(LN-9) 2,6-his(1-methylethylyphenyl 1,1-dimethylethylamino
(EN-10) 2,6-bis(t-methylethyiphenyl pyrrol-1-yi
(LN-1%) 2-{1-methylethyi)phenyl 1-butyl
(LN-12) 2-(1-methylethyl)phenyl 2-propyl
(LN-13 2-(1-methylethylphenyl i,1-dimethylethyi
(LN-14) 2-(1-methylethylyphenyl benzyl
(EN-15} 2-(1-methylethyliphenyl phenyl
(LN-16) 2-(1-methylethvl)phenyl cyclohexyl
{LN-17) 2-(1-methylethylphenyl l-methyl-piperidine-4-yi
{(LN-18) 2-{1-methylethyliphenyi 3~(N.N-dimethylamino}-propyl
{(LIN-19) 2-(1-methylethylphenyl L,¥-cdimethylethylamino
(LN-20) 2-{1-methylethyliphenyl pyrrof-i-yl
(LN-213 2,4,6-t1s( 1, 1-dimethviethyl)phenyl 1-butyl
(LN-22) 2.4 6-tris(1, 1-dimethylethylyphenyi 2-propyi
{LN-23) 2,4,6-tris( 1,1 -dimethylethyhpheny! 1,1-dimethylethyl
{LN-24) 2,4,6-tris( 1, 1-dimethylethyl)phenyl benzyl
{LN-23) 2.4,6-tris(1, ] -dimethylethyiphenyl phenyl
(LN-26) 2,4,6-tris{ 1,1 -dimethylethyliphenyl cyciohexyl
(LN-27) 2.4.,6-tr1s(1, 1 -dimethviethyl)phenyl | -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 -dimethylethylyphenyl 1,1-dimethylethyiammno
(LN-30} 2.4,6-tr1s( 1, 1-dimethylethyl)phenyl pyrrol-1-yl
{(LN-313 2-(1,1-dimethylethylphenyi 1-butyl
(LN-32) 2-(1,1-dimethylethyl)phenyl Z-propyl
{LN-33) 2-(1,1-¢imethylethyl)phenyi L.} -dimethylethy!
{LN-34) 2-(1,1-dimethylethylphenyl benzyl
{1.IN-35) 2-(1.1-dimethylethyDphenyl phenyl
{LN-36) 2-(1,1-dimethylethyl)phenyl cyvelohexyl
{LN-37) 2-(1,1-dimethylethylphenyi 1-methyl-piperidine-4-vi
{I.N-38) 2-{1,1-dimethylethyliphenyl 3-(N,N-dimethylaminoe)-propyl
(LN-39) 2-(1,1-dimethylethyl)phenyl 1,1-dimethylethyiamino

29



(LN-7§) 3,5 -diphenylphenyl cyclohexyl (LN-77) 3,5 -chphenylphet yl 1-methyl-piperidine-4-y1 (78)
3,5 -diphenylphenyl 3 -(NN-dimethylamino)-propy! (IN-79) 3,5-diphen ylphenyl 1,1- dimethylethylamino
(LN-80) 3,5-diphenylphenyl pp:11)1-1-y' (LN-81)I cyclohexyl 1-butyl (LN -82)1 c clohe

WO 2010/022228 PCT/USZ 09/(}“'&444

(ILN-40) 2-(1, -dimethylethylphenyl pyirol-1-yl
(LN-41) 3.4-bis(1,1-dimethylethyl)phenyl 1-butyl
{LN-42) 3,4-his(1,1-dimethylethyDphenyl 2-propyi
(LN-43) 3,4-bis{1,1-dimethylethylpheny! 1.1-dimethylethyl
(LN-44) 3.4-bis(1,1-dimethylethylphenyl benzyl
{1.N-43) 3, 4-bis(1.1-dimethylethylipheny!l phenyl
(LN-46) 3,4-bis(1,1-dimethylethyl)phenyl cyciohexyl
{LN-47) 3.4-bis(1,]-dimethyiethyhphenyl l-methyl-piperidine-4-yl
(LN-48) 3,4-bis(1,1-dimethylethyliphenyl 3-(N.N-dimethylamino}-propyl
(LN-49) 3.4-his(1,1-dimethylethylphenyl 1,1-dimethyiethylamino
{LN-50) 3,4-ms(1,1-dimethylethylphenyl pytrol-1-yl
{LN-531) 2,4.6-triphenylpheny! 1-buiyl
(LN-32) 2,4,6-triphenylphenyl 2-propyl
(EN-53) 2.4 b-triphenylphenyl L1-dimethylethyl

T (LN-54) 2.4 6-triphenylphenyl benzyl
{LN-33) 2.4 6-triphenyiphenyl phenyl
{LN-56) 2,4,6-riphenylphenvl cyelohexyl
(LN-537) 2.4,6-triphenylphenyi 1-methyl-piperidine-4-yi
(LN-58) 2.4.6-triphenylphenyl 3-(N,N-dimethylamino}-propyl
(LN-59) 2.4 6-triphenyiphenyl 1, T-dimethylethylamino
{LN-60) 2.4,6-riphenylphenyl pyrrel-1-yl
{LN-01) biphenyi-2-yl 1-buty!
(LN-62) biphenyi-2-yl 2-propyl
(LN-63) biphenyl-2-yl 1, f-dimethylethyl
(LN-64) biphenyl-2-yi benzyl
(LN-65) biphenyl-2-yi pheayl
(LN-66G) biphenyl-2-yi cyclohexyl
(LN-67) biphenyi-2-yl I-methyi-piperidine-4-yi
{(LN-68} biphenyl-2-yl 3-(N.N-dimethylamino)-propyl
(LN-69) biphenyl-2-yl 1,1-dimethylethylamino
(LN-70) | piphenyl-2-yi pyviroi-1-yl
(LN-71) | 3,5-diphenylphenyl I-butyl
(LN-72) 3,5-diphenyliphenyl 2-propyt
(LN-73) 3,5-diphenylpbenyl 1,1-dimethylethyl
(LN-74) 3,5-diphenylphenyl benzyl




2-propyl (LN-83) cyclobexyl 1,1 -dimethylethyl (LN-84) cyclohexyl benzyl (I,N-85) cyclohexyl phenyl
(LN-86) cyclohexyl cyclohexyl (LN -87) i cyclohexyl | -methyl-piperidine-4-y1 (LN-88) cyclohexyl

WO 2010/022228 PCT/USZ009/054447
(I.N-75) 3,5-diphenylphenyi phenyl
(LN-76) 3.5-diphenylphenyi cyclohexyl
{LN-7T73 3.5-diphenylphenyl 1-metiryl-piperidine-4-yi
{LN-78} 3,5-diphenylphenyl 3-{N.N-dimethytamino)-propyi
{LN-79) 3,5-diphenylphenyl 1,1-dimethylethylamino
{LN-80 3,5-diphenviphenyl pyirol-1-vi
(LN-81D cyclohexyl 1-butyl
(LN-82) cyclohexyl 2-propyi
(LN-83) cyclohexyl 1,1-dimethylethyl
{I.N-84} cyclohexyl benzyl
{LN-85) oyclohexyl phenyl
(LN-86) cyclohexyl cyclohexyl
(LN-87) cyclohexyi I-methyl-piperidine-4-yl
(ILN-88) cyclohexyl 3-(N N-dimethylamino)-propyl
(LN-89) cyclohexyl 1,1-dimethyletbylamuno
(LN-90) cyclohexyl pyrrol-1-yl
(LN-91) diphenylmethyl {-buatyl
(LIN-92) diphenylmethyl 2-propyt
(IL.N-93) diphenyhnethyl 1.1-dimethylethy!
(LN-94) diphenyimethyl benzyl
(LN-95) diphenylmethyl phenyl
(LN-96) diphenyimethyl cyclohexyl
(LN-9T) | diphenyimethy] 1-methyl-piperidine-4-yl )
(LIN-98) diphenvimethyl 3-{N.N-dunethvlamino j-propyl
(LN-99) diphenyimethyl 1,1-dimethvlethylamino
{LN-100) diphenyimethyl pyrrol-1-yl
(LN-101) iriphenyimethyt 1 -butyl
(LN-102) triphenylinethyl 2-propy}
{(LN-103) triphenyimethyl 1.1 -dimethylethyl
{LN-104} triphenylmethyl benzyl
{LN-105) triphenyimetiyl phienyl
(LN-106) triphenyimethy cyciohexyl
(LN-107) triphenyimethyl 1-methyl-piperidine-4-yl
{LN-108% triphenylimethyl 3-(N.N-dimethylaninoj-propyl
{(LN-109} triphenyimethyl 1. 1-dimethyiethylamino




3 -(N,N-dimethylamino)-propy! (LN-89) cyclohexyl 1,1-dimethylethylamino (9 )) cyclohexyl pyrrol-1 -y1
(LN-91) diphenylmethyl I -butyl (LN-92) diphenylmethyl 2-propyl (IN-93)1 | aphenylmethyl 1,1
-dimethylethyl (LN-94) ' d phenylme y

WO 20104022228 PCTAIS2009/054447

(LN-1107 triphienylmethyl pyrrof-1-yl
(LN-111) 3,5-b1s{2,6-dimethyiphenyl)phenyi 1-buiyl
(LN-112) 3.5-bis(2,6~dimethylphenyliphenyl 2-propyl
(LN-113) 3,5-bis(2.6-dimethylphenyl)phenyl 1.1-dimethylethyl
{(LN-114) 3,5-bis(2,6-dimethylphenyl)phenyl benzyl
(LLN-115) 3.5-bis(2,6-dimethyiphenyiiphenyl phenyl
(LN-116) | 3,5-bis(2,6-dimethylpheryi)phenyi cyclohexyl
(LN-117y | 3.5-bis(2,6-dimethylphenyijphenyl 1-methyl-piperidine-4-vi
(LN-118) 3.5-bis(2,6-dimethylphenyl)phenyl 3-(N,N-dimethyiamino)-propy!
{LN-11%) 3,5-bis(2,6-dimethytphenyl)pheny! 1,1-dimethylethylamino
(LN-120) 3,5-bis(2,6-dimethyiphenylphenyl pyrol-1-yvl
{LN-121) 2,6-bis{dimethylamino)phenyl 1-butyl
(LN-122) 2,6-big(dimethylaminophenyl 2-propyl
(LN-123) 2,6-bis(dimethylaminophenyl 1.1-dimethylethyl

| (LN-124) 2, 6-bis(dimethylamino jphenyl benzyl
(LN-125) 2,6-bis(dimethylamino)phenyl phenyl
{LN-120) 2,6-bis{dimethylamimo)phenyl cyclohexyt
{LN-127) 2,6-bis(dimethylamino)phenyl 1-methyl-piperidine-4-yi |
{IN-128) 2,6-hig(dimethylamino)phenyl 3-{N.N-dimethylamino)-propyl |
{LN-129) 2.6-bis(dimethylamino)phenyl 1,}-dimethylethylamino
{LN-130) 2,6-bis(dimethylanunoiphenyl pyrroi-1-yi
{LN-131) 2,6-dinttrophenyi 1-buty]
(LN-132) 2.0-dinitrophenyl 2-propyl
(LN-133) 2 6-dmutrophenyl 1, -dimethylethyl
(LN-134) 2,6-dmitrophenyl benzyl
(LN-135) 2,6-dinitrophenyl phenyl
(LN-136) 2,6-dinitrophenyl cyclohexyl
{LN-137} 2,6-dinifrophenyl 1-methyl-piperidine-4-yl
(LIN-138} 2, 6-dinitrophenyl 3-(N,N-cimetlrylamino)-propyl
{LIN-139% 2, 6-dinitrophenyl 1,i-dimethylethylamineg
(LN-1400 2,6-dinitrephenyl pyrrol-1-yl
(LN-141) 2,6-di(1-methylethoxy)phenyl i-butyl
(LN-142) 2.6-di{1-methylethoxyphenryl Z-propy}
(LN-143) 2,6-di( T -methviethoxy)phenyl 1,1-dimethylethyl
{LN-144) 2,6-di{ 1 -methyiethoxyiphenyl benzyl

2
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benzyl (LN-95) diphenylmethyl phenyl (1,N-96) diphen ylmethyl cyclohexyl (LN -97) d p lenylmethyl 1

-methyl-piperidine-4-y1 (L ' -98) | d phenylmeth 1 3 -(N,N-dimethylamino)-propy! (LN-99)

diphenyl me%%l 2% ; %/(-}(zj é gr;gthylethylarn ino (LN-100) ' diphenylmethyl pyrrol};(lﬂ%ls 2009/054447
{LN.145) 2,6-di(1-methylethoxy)phenyl phienyl
{L.N-146) 2.6-di(1-methylethoxy)phenyl cyclohexyl
(LN-147) 2,6-di(1-methylethoxy)phenyl L-methyl-piperidine-4-yt
{L.N-148) 2,6-di(1-methylethoxy)phenyl 3-(N,N-dimethylamino)-propyl
(1.N-149) 2.6-di(i-methylethoxyphenyl I,1-dimethylethylamino
(LN-150% 2,6-di(1 -methylethoxy)phenyl pyrrol-1-yl
(LN-1313 2,6-di{1-uaphthylphenyl 1-butyl
(LN-152) 2.6-di{1 -naphthyl)phenyl 2-propyl
{LN-153) 2.,6-di{ I -naphthytphenyl 1,I-dimethylethyl
(LN-154) 2,6-di{ 1 -naphthyDphenyl benzyl %
(LN-155) 2,6-di(1-naphthyliphenyl phenyl |
(LN-156) 2,6-di(I-naplithyDphenyl cyclohexyl
{LN-157) 2,6-di{1-naphthylpheny! i-methyl-piperidine-4-yl
(LIN-158) 2.,6-d1{1-naphthylphenyl 3-{N,N-dunethylamino}-propyl
(LN-159} 2,6-di(1-naphthyl)pheny! 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 Z-propyl
(LN-163) 3,5-di{1-naphthylphenyl 1.1-dimethylethyl
(LN-164) 3.5-di{1-naphthyhphenyl benzyl
(1LN-165) 3,5-di(1-naphthyliphenyl phenyl
{L.N-166) 3.5-di(1 -naphthyliphenyi cyclohexyl :
{LN-167) 3.5-di(1-naphthylphenyl 1-methyl-pipendine-4-yl |
(LN-168) 3,5~ 1 -naphthylipheny! 3-(N,N-dimethylamino)-propyl
(LN-1059) 3,5-di(1-naphthyliphenyl 1,1-dimethylethylamino
TN-T70) 3501 -maph iy pheny] — {

Stifl more preferred are the metal-ligand complexes of any one of formulas (I-A1), (I-
AZ), (-A3), (I-A4), (A3, (-B1), (L-B23, (1-B3), (I-B4), (:-BS), (I-B6), (I-B7), (I-B8), (1-C1},

(I-C2), (1-C3), (I-D1), and (}-1D2), wherein R!is 1-butyl, 1-octyl, 2,6-bis(1-methylethylphenyl,
5 Z2«(1l-methylethyDphenyl, 2.4,6-uis(1,1-dimethylethyliphenyl. 2-(1,1-dimethylethylphenyl. or

3.4-bis{1,l-dimethylethyhphenyl, and R is 2-propyl, 1-butyl, 1-octyl, 1.1-dimethylethyl,

phenyl, or 2,6-bis(1-methyiethyliphenyl,

Also still more preferred is the metal-ligand complex of formula (I) of any oue of the
following structares (A1-171), (A1-172), (A1-173), (AL1-174), (A1-175), (Al-176), (AL1-177),

L)

[s)
2



I (LN-101) triphenylmethyl 1-butyl (LN-102)1 1 triphenylmethyl 2-propyl (IN-103) ' triphenylmethyl
1,i-thrnethylethyl (LN- 104) triphenylmethyl benzyl (LN-105) , triphenylmethyl phenyl (LN-106)1

tnphenylmewglz% clohe>§yl

0/02222 PCT/US2009/054447

{A1-178), (E1-1}, {E1-2), (E2-1), (F1-1), (G1-1), (H1-1), (H2-1}, (13-1), (I2-1), (3-1}, (14-1),
(I5-1), (161}, (J1-1), (K1-1), (K2-1}, (K3-1), and (K4-1):

C 8@ AV

-Pr o\ P
MeN——F4f VI "
I \CH3 j CHs
HyC (AL-171), HaC (A1-172),
Q i-Pr Q i-Pr
{ < =
{ \ / Pr ( \ / -pr
EVEeS-m—:ij\ MeoN— \\"\“-Hf\
HaCY £ CH, HyC é CHs
HaG (A1-173), HsC (A1-174),
Q i-Pr Q i-Pr
\ / -Pr ﬁ/— \ / i-Pr
M M
I\CHS MezM !\CH3
5 H:G (A1-175), HaC (A1-176)

HIZ——nm wHTTNMe
o } N Ha G
HsC (A1177) HaC (A1-178),
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(LN-107)1 triphen ylmethyl 1 -methyl-piperidine-4-y1 (LN-108) triphenyhnethyl 3
-(NN-dimethylamino)-prop 1 (LN-109) triphenylmethyl 1,1 diethylethylamino (UN-110)

triphenylmethyl pyrrol-1-y1 (LN-111) 3,5-bis(2,6-dirnethylphenyl)phenyl 1-butyl -112) 3,5
-bis(2,6-eth§ﬁ[§n§¥%ﬁzﬁ%{yl 2-propyli (UN-1. 3) RN

i-Pr i-Pr
AT
1-octyl—N N@ N N‘@
\H f/ i-Pr \ /

= 7

pr  Ph (E1-1), Phpp  Ph (E1-2)

H5C (E2-1),

He \fo/ P
( HC™ [ e,
Phon  Ph (F1-1), HaC (G1-1),
N N
1-petyt—N N \ / o
Bl
/ i-Pr Hf,
({Hf," K ey !
Phpn  Ph (H1-1), PRpp  Ph (H2-1),



3,5 -bis(2,6-dimethylphenyl)phenyl dimethylethyl (UN-114)13 "5-bis(2,6-dimethylphenyl)phenyl benzyl
(UN-115)r3 ,5-bis(2,6-ciimethylphenyl)phenyl 1 phenyl (LN-116)13,5-bis(2,6-dimethylphenyl)phenyl
cyclohexyl (LN -117@' 3,5-bis(2,6-dimethylphen yl)phenyl 1-methyl-piperidine-4- -118) 3,5
-bis(2,6-dim mﬁﬂéw Wﬁ%henyl 3-(N,N-dimethylamino)-propyl (LN-119) %E]%[jlsyéog%{&&fl
'3,5-bis(2,6-dethylphenyl)phenyl 1,1-dimethylethylamino (LN -120) 3,5 -bis(2,6-dielhylphenyl)phenyl
pyrrol-1-y1 (LN-121) 2,6-bis(ditnethylamino)phenyl 1-butyl

Hf Hf‘,”
o o
Ph Ph Ph Ph (J1-1),
é1 Pr Q Q a—Prg
e\ /N_\—/HN\ /N i-Pr

3 Ph Ph Ph (K1-1),



(UN-122) 2,6-bis(dethylamino)phenyl 2-propyl (UN-123) 2,6-bis(dieylanuno)phenyl 1,1 -dimethylethyl
(UN-124) 2,6-bis(dimethylamino)phenyl benzyl (UN -125) 2,6-bis(dimethylamino)phenyl phenyl
(LN-126) 2,6-bis dlmet Pm)phenyl cyclohexyl (UN-i27) 2,6-bis(dimethy; ﬂ@)@ﬁ)}a
1-methyl- p| e |6‘? (LN- 28) 2,6-bis(ethylamino)phenyl * (N,N-dimet (amlno) propyl (UN-129)
2,6- bls(dlethylo)phenyl 1,1 -dimethylethylaminol

-8

.pr\/U\/

i-PrH
AN @

i-br

(K2-1),

i-Pr -Pr

HsC/k “CH, HiC* ‘\

CHy HsC (K3-1), and
5 Q ; i-Pr
jiNan SN T o
i-Pr \ / \ / P
(wa
( Ph (
PR Ph (Kd-1)

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

complex mimbers (A1-1) to (D2-170) and (Al1-171) to (K4-1), wherem Hf is instead Zr or TL.
Such metal-ligand complexes containing Zr instead of HF are respectively rumbered herein as
(AZ1-1) 0 (AZ1-170), (AZ2-1} to {(AZ2-170), (AZ3-1) 10 (AZ3-170), (AZA-1) 1o {AZA-1T70),
(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 (BZ6-17(y, (BZ7-1) to (BZ7-170},
(BZ8-1) to (BZ&-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), (AZI-172), (AZI-1753), (AZ1-174),
(AZ1-175), (AZ1-1763, (AZ1-177}, (AZ1-178), (EZ1-1), (EZ1-2), (EZ2-1), (FZ1-1}, (HZ1-1},
(HZ22-13, (GZ1-1), (IZ1-1), (T£2-1), (07313, (IZ4-1), (125-1), TZ6-1), (JZ1-1), (KZ1-1}, (KZ2-

15 13, (KZ3-1}, and (KZ4-1}; and such metal-Hgand complexes containing Ti instead of Hf are
respectively numbered herein as (AT1-1) to (AT1-170). {AT2-1) to {AT2-170), (AT3-1) 1o

7
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(LN-130) 2,6-bis(dethylamino)phenyl pyrrol-1-y1 (UN-131) 2,6-dhophenyl 1-butyl
(LN-132)2,6-dtrophenyl 2-propyll (UN-133)2,6-diphenyl 1 ,| -dimethylethyl (LN-134)2,6-di()phenyl
benzyll (LN-135¥2,6-dinitrophenyl phenyl (LN-136)2,6-dinitrophenyl eyelohexyl
(LN-137)2,6AtHBHEM) 1-methyl-piperidine-4-y1 (LN-138)2,6-dinitropﬁgﬁﬁ’é’mggﬂm‘t‘w
-(N,N-dimethylamino)-propyl (LN- 139) 2,6-ditphenyl 1,1 -dimethylethylamino (LN-140)

(AT3-170, (AT4-1) to (AT4-170, (AT5-1) to (ATS-170), (BT1-1) to (BT1-170), (BTZ-1) w0
(BT2-17(h, (BT3-1) to (BT3-170), {BT4-1) to (BT4-17G}, (BT5-1) o (BTS-170), (BT6-1) to
{(BT6-170, (BT7-1) to (BT7-170), {B18-1) to (BTE-170}, (CT1-1) to (CTL-170, (CT2-1) to
{CT2-1701, {CT3-1) to (CT3-1703, (DT1-1} to {DT1-170), (DDT2-1) to {DT2-170), {AT1-171),
5 (ATI-172), (AT1-173), (AT1-174), (AT1-175), (AT1-176), (AT1-177), (AT1-178), (ET1-1),
(E'11-2), (B12-13, (FT1-1), (HT1-1), (HT2-1), (GT-1), (IT1-1), {IT2-13, (IT3-1), (IT4-1}
{IT5-1), OTG-1), (JT1-13, (KT1-1), (KT2-1), (KT3-1), and (KT4-1).
Also still more preferred is an analog of any cne of metai-ligand complexes (Al-1) to
(KT4-1) wherein at least one of L, L and L* is methyl, the analog being a metal-ligand
16 complex wherein each such methyl of L, L% and/or L® instead is benzyl, mimethylsilyimethyl,
ethyl, I-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 LY and LX is methyl,
the analog being a metal-figand complex wherein 1.9 and L¥ are instead taken together to form

(R™),C=CR™)-CR"=C(R),, wherein cach RY independently is H, methyl, or phenyl and L is

;:;

methyl, benzyl, whmethylsilyimethyl, ethyl, 1-propyl, 1-butyl. or 2.2-dimethylpropyl

Also still more preferred 1s an analog of the metal-ligand complex of any one of metal-
ligand complex numbers (E1-1), (B1-2), (F1-1), (H1-1), (H2-1}, (J1-13, (K1-1}, (K2-1), (K4-1),
{(EZ1-13, (FZ1.1), (HZ1-1), (HZ2-1), (JZ1-1), (RZ1-1), (KZ2-1), (KZ4-1), (ET1-13, (FT1-1),
(HT1-1), (HT2-1), (JT1-13, (KT1-1), (KT2-1), and {K'T4-1}, wherein instead of being benzyl,
20 each of L, LY and L" is trimethylsilvimethyl, methyl, ethyl, [-propyl, i-butyl, or 2,2-
“dimethylpropyl. Alternatively instead of being benzyl, L and L¥ are taken together to form
(RP)5C=CRM)-CRY)=C(R"),, 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 prefesred is an analog of the metal-ligand complex of any one of metal-

Hgand complex numbers (A4-1) to (A4-170), (AZ4-1) to (AZ4-170), and (AT4-1) to (AT4-

-2
Lh

1703, wherein instead of being trimethylsilylmethyl, each of L, L and L* is benzy}, methyl,
ethyl, 1-propyl, 1-butyl, or 2,2-dimethylpropyl. Alternatively instead of being
trimethylsilylmethyl, LY and L are taken together to form (R™)2C=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 metai-ligand complex of formula (I} of any one of
Exampies 1 to 4 described later. Also preferred is the metal-ligand complex of formula (1} of
any one of Examples 21 to 26 described later. Even more preferred is the metal-ligand comiplex
of formula (I) of any one of Examples 13 fo 20 described later. Yet more preferred s the metal-
35  ligand complex of formuta (I3 of Examples 14 and 15 (i.e., Metal Complex {6) described jater).

In some embodiments, bis(N-{(6E)-6-(butylimine-kN)-L-cyclohexen- 1-y1)-2.6-bis(1-
38



2,6-dinitrophenyl pyrrol-1 -y1 (41) 2,6-di(1-methylethoxyVhenyl I-butyl (1_N-142)
24-di(1-methylethoxy)phenyl 2-propyl (UN-143) 2,6-6(1-methylethoxy)phenyl ,1-dunethylethyl (1-144)

2,6-di(1-methylethoxy)phenyl benzyl (LN-145) 2,6-di(1-methylethoxy)phenyl N-146) 2,6-di(1
-methyletholt 5Wé’ﬁ&¥’s)%fohexyl (LN-147) 2,6-cli(--methylethoxy)pheny M BIRNAL

methylethylbenzenaminato-xN)dimethyl-hainiwm (Example 27 later) is excluded (e.g., by

proviso) from the metal-ligand complex of fornmla (1),

Catalysts of the second embodiment

5 In some embodiments, the catalyst of the second embodiment comprises, or is prepared
from, 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 embediment
comprises, or is prepared from, fwo or more preferred metal-ligand complexes of formula (D), at
least one preferred activating co-catalyst, or a reaction product thereof.

10 In some embodiments, the catalyst of the second embodiment further compris fone or

mare solvents, diluents, or a combination thereof, as described herein. In other embodiments,
the catabyst of the second embodiment still further comprises a dispersant, .., an elastomer,
preferably dissoived in the diluent. In these embodiments, the catalyst of the second
embodiment preferably comprises a homogeneous catalyst.

15 I: some embodiments, the catalyst of the second embodiment further comprises, or 15
further 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, thie invention particulated
solid-supported catalyst comprises a heterogeneous catalyst.

20 The particuiated solid support is any material that is capable of supporting the catalyst
of the second embodiment and aliows the resulting lnvention particulated solid-supported
catalyst to catalyze polymerization of a polymerizable olefin, Examples of particulated solids
are silica, silica gel, alunima, clays, expanded clays {acrogels), alaminaosilicates,
trialk yialuminum compounds, and organic or organic polymeric materials. especially

25 polyolefins such as, for example, a poly(tetrafluoroethylene). More preferably, the catalyst of
the second embodiment and solid support are employed i the invention particulated solid-

supported catalyst ir: amounts that provide a ratio of (weight of the catalyst of the second
embodiment {(based on meta! M)):weight of the sohid suppoit) of from 1:100 to 1:103, more

preferably from 1:100 to 1:10%.
30
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), sclvent(s), if any, reaction
time, and reaction atmosphere sufficient to produce at least 5 mole percent yield of a polyolefin
35 therefrom. In some embodiments, polymerization of olefins is accomplished using known
conditions for Ziegler-Natta or Kaminsky-Sinn typs olefin polymerization reactions. As the
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1-methyl-piperidine-4-y ( ,N-148) 2,6-di(1-methylethoxy)pheny 3-(N,N-dimethylamino)-propyl
49)2,6-di(1-methylethoxy)phenyl | J-dimethylethylamino 150)2,6-di(1-methylethoxy)phenyl pyrrol-1-y1
(LN -151) 2 6-ch[g1-na hthyl)phenyl 1-butyl (LN-152) 2,6-di(1-naphthyl)p 2:-0r 3)

2 6-di(1-naphthy lé’ﬁaé#y"?wethw (LN-154) 2,6-di(1-naphthyl)pheny! benzyr%’%-%q‘g‘%%(
-naphthyl)phenyl phenyl (LN-156)

process of {he third embodiment occurs under olefin-polymerizing conditions sufficient o
polymerize at feast some of the at least one polymerizable olefin and produce 2 polyolefin
therefrom. The process can be performed at or with any temperature, pressure, or other
condition (e.g., solvent, agnosphere, and absolute and relative amounts of ingredients) at which
5 the polvimerization reaction occurs. Preferably the conditions comprise a temperature of from
about -100 °C t¢ about 300 °C, more preferably at least about § “C, still more preferably at least
ahout 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, stll more preferably about 150 °C or less; and a
pressure from about 0.5 atmosphere (50 kilopascals (kPa) 1o 10,000 atmospheres (1,010,0(0
10 kPa), more preferably at least about | atmosphere (101 kPa}, still more preferably at least about
10 atmospheres (1010 kPa); and more preferably 1600 atmospheres {101,000 kPa} or less, stil!
more preferably 500 atmospheres (30,500 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., agitafing, stirring, or shaking} for a tune 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 polymertzation processes in a shury or a
gas phase polymerization. As a practical Hinitation, shury polymerization preferably takes
20 place in lguid diluents in which the polymer product is substantially insoluble (e.g., less than
50 mifligrams of polymer product dissolves m 1.0 milliliter of hquid diluent at 25 °C),
Preferably, the diluent for shurry polymerization 1s one or more hydrocarbons, each with less
than 5 carbon atoms. In some embodiments, one or more saturated hydrocarbons sach as

ethane, propare or butane are used in whole or part as the diluent. In other embodiments, an

b2
o

alpha-olefin monemer or a mixture of different aipha-olefin monomers are used in whoie or
part as the diluent. Most preferably, at least a major part of the diluent comprises the alpha-
olefin monomer or monomers (o be polymerized. In some embodiments, a dispersant,
particnlarly an elastomer, is dissolved in the diluent, preferably wtilizing technigues laiown in
the art.

30 In some embodiments, suspension, solution, shurry, gas phase, solid state powder
polymerization or other process conditions are empioyed. 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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2,6-d@(1-naphthyl)phenyl cyclohexyl (LN-157) 2,6-di(1-naphthyl)phenyl -ethyl-piperidine-4-y1 (LN-158)
2,6-di(1-naphthyl)phenyl 3-(N,. -chmethylamino)-propyl (LN-159) 2,6-th(1-naphthyliphenyt
1,dimethylet élamlno LN-160) 2,6-th(1-naphthyl)pheny pyrrol-1-y1 (LN- é’h& %g} phthyl)pheny

1-butyl (LNW = -naphthyl)phenyt 2-propyl (LN-163)3,5-di(1-nap enyl 1, 1 -dimethylethy
-164) 3,5-di(I maphthyl)phenyl

second embodiment):(total moles of polymerizable compounds employed) is from 10712:1 10

10-1:1, more preferably from 10911 to 1021
The catalysts of the second embodiment, whether of not supported on a solid support,
preferably are used to polymerize a polymerizabie olefin, or co-polymerize two or more

5 polymerizable olefins {i.e., olefin monomers), to prepare a polyolefin. The term “polymerizabie

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 100,300 carbon atoms,
preferably 50,000 carbon atoms or less, more preferably 10,000 carbon atoms or kess. Thus,

10 polymerizable olefins include long chain macromolecuiar alpha-olefin units that are viayl
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 paraliel. to prepare

20 poiymer biends having desirable properties. A general description of such a process is
disclosed ip PCT International Patent Application Pablication 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,
i which continuous process, for example, catalyst of the second embodiment, ethylenie, a co-

25 monotmer olefin other than ethylene, and optionally a solvent, diluent, dispersant, or
combination thereof are essentially continuously supplied t 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

3} ipvention, an illustrative means for carrying out such an essentdaliy continuous poiymerization
process is as follows. In a stirred-tank reactor, the monomer olefins 1o 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, wgether with any solvent or additional dilvent and

35 dissoived polymer. In other embodiments, a small amount of & “H"-branch-inducing diepe
such as norbornadiene, 1,7-octadiene, or 1,9-decadiene is ajso added. Metal-ligand Complex of
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benzyl ( N-165) 3,5-di(1-naphthyDphenyl phenyl (LN-166) 3,5-di(1-naphthyl)phenyl cyclohexyl i
(LN-167)3,5-cl1-naphthyl)phenyl 1-methyl-piperidine-4-y1 (168) 3,5-di(1- naphthyl)phenyl $-(N,-y
amino)-propy! (LN-169) 3,5-di(1-naphthyl)phenyl 1,1 thmethylethylammoélN -170

3,5-cli(1-na ﬂﬁﬂ}fyﬁ fpyrrol 1-yl Still more preferred are the mét ?W&&?ﬂ’f 8%%46Iexes of any
one of formulas (I-Al), (I-A2), (1-A3), (I-A4), (1-AS), (1-Bl), (1-B2), (I-B3), (I-B4), (PBS), (I-B6), (1-B7),
(I-B8), (I-CI),  (I-C2), (1-C3), (1-Di), and (1-D2), wherein R 1 is 1-butyl. 1-octyl,
2,6-bis(1-metHytatiy/() e agly P donsethy etk ey lingodueedis (e Tetimétwdetlsyd phenyl,
2-(1,1-dimethylethw)pheayh.of, 2:4+0is(lpi-direihylethybphenyrndyRbr iscdnpieopy 1, 1-butyl, 1 -oc tyl,

1,1-d 'methy|%£ﬁ1¥hn@@&%ﬂuﬁ&%&ﬁlﬁ(} am‘%@bﬁ'@&&mpﬂ%ﬂ)@mhno oﬁi@&ﬁﬁ'h@?@!&opf glgrred is the
metal-ligand complex of form of a ny one of the follov&lng st uctures (A1-171), gAl 172), (A1-173),
SR el

(Al 174) (Al 'l?%)ﬂ) L(‘%IUSinfél)D or a combination th Il some embodunents; rale

of poiymerization 1s controlied by adjusting rate of addition of catalyst of the second
embodiment. In some embodiments, ethylene content of a polymer product thereof 18 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 s 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 1s conducted in

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

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

20 of long chain branching. The use of the caialysts of the second embodiment in continuous
polymerizaiion processes, espectally continnous, solution polymerization processes, allows for
elevated reactor temperatures, which favor the formation of vinyl terminated polymer chains. In
some embodiments, vinyl termnated polymer chains are incorporated mio a growing polymer,

thereby giving a polymer comprising a long chain branch. The use of he catalysis of the

2
wh

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 0.83 grams per
milliliter {g/mL) to 0.96 g/mi.. In some embodiments, a comonomer-to-monomer ratio of
30 mofes of alpha-olefin comonomer to moles of ethylene monomer used in the polymerization is
vared 1n 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/mb
to .93 g/ml., preferably the comonomer-to-monomer ratio is less than (0.2, more preferably
less than (.03, still more preferably less than (.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 copelymer. In some embodiments, the ratio of
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I-Pr)74 i PrrN N i-Pr H3C/ 11/CH3H3CN' NCH3 CH3H3C i-Pr N i-Pr Hf Ph IPh Ph wherein i-Pr
means iso-propyl (i.e., 1-methylethyl), Me means methyl, and Ph means phenyl. 5Also still more

preferred is the rnetal-ligancl complex of any one of metal-ligand comple wm? -1) to (D2-170)
and (A1-17f)/902?k04%2)% herein I-If is instead Zr or Ti. Such metal-ligant[écomp e‘%’ge%gg%%ar#aining Zr
instead of I-If 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), 5521-1) to (B211-170). (BZ2-1) to
(BZ2-170). (BZ@@)"f@X‘B‘@Bﬂ EFOV, moles of monomer s less than about (1.5, preferably less than (.2,

more preferably less than (1.03, still more preferably less than (.02 and even more preferabty
less than 0.01.
Preferably, each polymerizable olefin independently 15 ethylene; a linear or branched
5 alpha-olefin of from about 3 to about 20 carbon atoms such as, for exampie, propylene,

isobutylene, 1-butene, I-pentene, 1-hexene, 3-methyl-1-peniene, 4-methyl-1-pentene, 1-octene,
1-decene, long chain macromolecular a-olefins, and muxiures 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 substitated in the 5- and 6-positions with (C{-Coghydrocarby! 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 & to 20
carbon atoms (e.g., styrene, (CI —C4}a§kyi.~substi1ute{i styrenes, and 4-phenyibutene); a vinyl
monomer that is, for example, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with

15 ethylene, an acrylonitriie, maleic acid ester, vinyl acetate, acrylate ester, methacrylate ester, or
vinyl triallcyl 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, egpecially ethylidene-norbomene.

In preferred emhodiments, the respective metal-ligand complexes of formula (T),

20 catalysis 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 catatyst of the second embodiment

2
¥4

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 irvention. Preferably,
the catalyst of the second embadiment s 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 situ. More preferably, the catalyst of the second embodiment 1s
prepared in site and used in the process of the third embodiment. Iy some embodiments, the

35 catalyst of the second embodiment is prepared in situ in the presence of at least one



10(BZ4-1) to (1324-170), (BZ.5-1) to (825-170), (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 (D22-170), (AZI -171), (AZ1-172), (AZ1-173), (AZ1-174), (AZl 175 AZl 176) (AZ1-177),
(AZI-178), (B21AYAEZR2), (EZ2-1) (Eli-1) (122-1), (GZ1-1), (1Z1-1), (L1 §+014-1).
(115-1). (116-1), (il -1), (KZ1-1) (KZ2- 151), (KZ3-1), and (KZ4-1): and such metal Ilgand complexes
containing Ti instead of hf are respectively numbered herein as (AT1-1) to (AT1-170), (AT2-1) to
(AT2-170), (AF8ybptio=BF o[l Sut70) cq ATt of Yuto(RTHU= REY AT Sty (ATBL4F0), (BT1-1) to
(BT1-170), (BI(%'{;C){J@L&B;EaEﬂezga)m@-ﬁsﬂigjig)@ﬂ%ﬂﬂqz&)a (BI4s1) te (BT4nbéd)mdBT5-1) to (BT5-170).
(BT6-1)t0 BT6-170) (BLEAMS L M EATRIOMIE LA (GENIR (e aA10), (CT21 0

(CT2-170), (CT3-1) to (C13-17 ), (D1°2-1) to (DT2-170) (AII -171), 5(All -172),
(A1'1-173), (A*’r‘f01’745“‘(9!&&“117%)’“5’(%‘1‘*&%?%‘jlle(ﬂﬂorf?*fja s i%jiefﬁr?f RS (ET2-D, (F1'1-1),
(HTI -1), (FIT 2089 of (ib21ack;afihd S0 Bpaf S0k scl PR SHILhAN Y TR RIS IPELPI(EPEst), (Km-i)., (IC
12-1), (KT3-1)srandHik Edrbiise stilbmora.peeferred is an analog of any one of metal-figand
complexes (A1-1) toy(K T4 L) WRGISID At L@@%&@%Qiew%mqlg&ag meay, %nalog being a

metal-ligand 10complex wherein each such meth I of 1 %19 %nd/or LR mstezil t?fqnz yl,
trimethylsilylnl&tH§T gﬂ‘lyﬁ PRI AR 8 S S A TSRy PRI &P B8 Breferred is an analog
of any one of mtetainligane Ié@iﬁ?p?éﬂcé&d{‘ﬁ&mﬂ%eémm@)‘%%ﬁ%ﬁ’fé’é)é‘i’”éé’bﬁ“bf 19 and LR is methyl,
the analog beingadnetakdigand.campliexwheseimil Yaairdifd ale ingtead takeir together to form

(Rn)2E= C(RC(JBB)@(EEﬁﬂ)&m\%@@5&!%@9&1&%9@%&%{%@@@%@Mscm@m&;&amemyl and L is 15methyl,

henzyl, trimeth SI| Imeth 1- o utyl.. or 2.2-di so still more preferred
is an analog of il Xn%e'{af%/ ég 6%2% e‘gl}{o an%eoyﬁlé(?o Oé[tgl%lasnd cqélf%}é) e%%nﬁu?% erg Y(E1-1). (E1-2),

(F1-1), (H1-1)q4o1ptigy K(sw)ﬂf(w Ay agpoppy corggalyyeEy B P IERIRYY, REPrgeryd(121-1), (KZI-1),
(K7,2-1), (1{7 dsbpa{iEh 1) jiiedidod) e fched)s CHTRoD),p(aiEdedl)y (b6Tubeley; (KERL)otAd(KT4-i), wherein

insteadofpieinghenzyld0each afk, ke pnd bR isideimetdsiy/methylcmatiydo sthysd-propyl, 1-butyl. or
2,2- dimethylpropyl. Alternatively mstead of being benzyl. LQ and TR are taken together to form

(R))2c,=c(RDFEtRIBY={RIEY WidrenechH ROAFRIEPEn 8ty is H. methyl, or phenyl. and L is
trimethylsilylmegtagl smgthizlpethiibobyprepyholabutyle preRi2-timethylpropydlt Alsdbstil-more preferred is

an analog of the as'#l@@ﬂ@@%@!@asmﬁnﬁmmmwﬁ@@gamlmm@l@xymumbers (Ad-1) to

(A4-170). (AZ4 l 0), wherein.instead [
trimethyl t’%lme%}g m(3a§‘1(l: Ogj?ﬁfﬁﬁcslgn(f i g)}ehh(zcycma nl%(“d ettr%%? dlrpo %gglg ll.tl:[t% i

2,2-dinte Iprﬁ’éy?‘wpté?ﬁé‘f%}%fﬁst@%"& B’é?ﬁ@&rﬂ‘rfe%ﬂ?l&ffﬁﬁ?@fﬁyf‘“ﬂ ¥ T(ﬁe‘l_ﬁ}are taken together to
form (RD)2C=&{RD)pC{RB)=CRP)P]y removed.

Process of the fifth embodiment for making the metal-lhgand complex of formula (1)
Metal-ligand Complexes of formuia (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 embodirment. {n some embodiments of the process of the fifth
embodiment, the metal compound of formula (Z) is any one of the preferred embodiments
thereof. Examples of preferred metal compounds of formula (7) are: tetramethyl-, tetraethyl,
tetrabenzyl-, tetrakis(trimethylsilylmethyl)-, teralds(dimethylamine)-, dichiorodibenzyi-,
30  chlorotribenzyi-, trichlorobenzyl-, and bis(dimethylanine)-dibenzyl-titanium, -zirconium, and -
hafnium.
In the process of the fifth embodiment, the metal-ligand complex of formuia (I)
preferably is made by contacting a solution of the metal compound of formula (Z), as described
rerein such as, for exampie, M(benzyl)y or M{benzyl)Cly, wherem M 15 as defined above, in a
35 solvent to a solution of one (e.g., forn = 1) or fwo (e.g., for n = 2) mole eguivalents of the
compound of formula (Y), as described above, in a solvent (e.g., tofuene) under conditons
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wherein each RD independently is H. methyl, or phenyl, and L is trimethylsilylmethyl, methyl, 30ethyl,
1-propyl, 1-butyl, or 2.2-dimethylpropyl. Also still more preferred is the metal-ligand complex of
formula (1) of any one of Examples Ito 4 described later. Also preferred i (I,I? -ligand complex of
formula (1) otg 1Bjrfl)é"%;f‘gExamples 21 to 26 described later. Even more gre &%%?é%ﬁgpmetal-ligancl
complex of formula (1) of any one of Examples 13 to 20 described later. Yet more preferred is the
metal- 35ligand complex of formula (1) of Examples 14 and 15 (i.e., Metal Complex (6) described later).
In some embaodifisisats BisOAte ERe-{isery frriples KNYIus toleenrdityny b i1 - 38

methylethyl) benzeaaminatoilehoimetkybivadnuni Exanipje:2 hiater)isbexahuaedr@@.g., by proviso)
from the metal;ligangr semplex.effarmula (1). Catalysts of the second embodiment 5In some

embodiments, the c?tal t of the secon embod}mer_;ltf omtpr'ses ris egr&pargd from, a preferred
- 1} zl[?(l) £ SO ent OF a Process o » ¥ %gem O lﬂlﬁnt, 10 1ir1 al-312a0n C(}}llg ex
metal-ligand compleX 0 Srmtia () And & preferred activating co-catalyst, or a reaction product

thereof. Infotheir@imbatiiiarts e ¢ SPARSr o e BEBhE STBBHIMenE BEMB1EEE%r is prepared from,
two or more preferrad mreta)-ligand gompléxescobforpiutact)iiag leastconeprefared activating
co-catalyst, or a rg}atgmcp[edg%tp?gg% 1.0In some.embodiments, the catalyst of the second
embodiment fiHther Comprisasiione OF more solvents, diluents ‘or & combinatioh thereof, as described
herein. In othet ,gmisbdikpetiis CthakektalySt-6f thevsecGhe agpbpdimdntdkilldhertherodsmprises a

dispersant, e.g., an elastomer, r%feratﬂ dfii:ssol eahi@ tq%dil nt. N these embodiments, the catalyst
of the secondgé)r%{[ﬂ)?)dfjelmeelr]ftC tgrgf%r}agﬂr/n prises z )'orr}nsoi eneous cata t.ysjt.015 n go?ne embodiments,

omprises a . .
the cataly$t oftiﬁéi@é%t??ﬁi@?ﬁb@ﬂW@H%‘ﬁﬁf@i‘lﬁlﬁﬁ?ﬁ%&gﬂdp i FhRY Bt 8%t an inorganic or
organic particulatecsolidsupport, whersinuthe icatalystiof the sedond embedient is¢in supporting

operative contagtywith the.paiticv/ated:selich suppart tagive-apartieulated selidisupported catalyst. In

these embodlmenaté,ﬂ'gglgl Inyention O%a{élxcotp _O%elgﬂgal;_d-supported catalyst comprises a heterogeneous

catalyst. 20Th8“6’art|cu ated Solid su port Is any material that is capable of,suEporting the catalyst of
the second embodinieiftEHatsAAEHRE FESORTAT S AVERRSR At et AR eSS ElipForted catalyst to
catalyze pblymerization ofeipotyienizable olefiry Examphesrefiparticuiaed sowds 8re silica, silica gel,
alumina, claysy.expandad-claysdaeregels): akmingsilicates, talkylaluminum-eempounds, and organic
or inorganic polymeric materials, especially polyolefins such as, for example, a

poly(tetrafluor SEHIERE) e HratErey HE damTEl st tHE"SERB R B SHiiseitahd solid support
are employed jR.fhe inyentien paificylated.selid:supparies cataysidn.ampuntsthanprovide a ratio of

(weight of Ihe catalist of.s.seeand.smhodiment (based anmalak il weiohhef e solid support) of
from 1:106 to 1:103, more preferably from 1:i 6 to 1:104.@9 Procesds.?_ t eirti}g; irpbodlment for
polymerizifig GTBRHE T AERE SERTSINAR tHEFSH SR = PR 8 S 8Rein B8 merizing conditions™
means reactioreparérntelststiotsdl Afel esEhsslenenipd faii: PrassmelcoibEiation of olefin
monomer( s), salveat(s).dfany, Ractiomiimewand teaciiopatimosphere SUHicipnktd produce at least 5

e et 8 SRt ISR ST Reeatipaton of olefins s

(Cg-Cygiaryl, or (Cg-Cyglaryl-(Cy-Cqlalkylene in a solvent prepares the metal-higand complex
25 of formula (T).
Preferably, (he 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, morze 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 isolaiing and purifying steps
are essentially simultaneous, 1.¢., essentially « single step. An exarnple of the ssolating step 1s
evaporation of the solvent and other volatile components tfrom the metal-hgand complex.
Preferably, the evaporation is done under vacuum, under a substantially inert atmosphere, or
both. In ofher embodiments, the process further comprises the steps of isolating the metal-

35 ligand complex from the solvent and purifying the isolated metal-ligand complex 1o give a
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conditions for Ziegler-Natta or Kaminsky-Sinn type olefin polymerization reactions. As the process of
the third embodiment occurs under olefin-polymerizing conditions sufficient to polymerize at least
some of the a(g Izegia% 2ozrzlzegpolymerizable olefin and produce a pp!yolefin tlﬂi%?jﬁggog]'{gg49{ocess can be
performed A orwith any temperature, pressure, or other condition (e.g., solvent, atmosphere, and
absolute and relative amounts of ingredients) at which 5the polymerization reaction occurs. Preferably
the conditions comprise a temperature of from about -100 C to about 300 'C., more preferably a.t least
about 0 "C, stAviigreprbisrably s a5t AUl 25! BIERY NG Prateranty st ¥t about 50 C; and
“more preferabiytabouti25Gior|psdystilimore! iefdrablyalyd (208 10ssriegsiustill more preferably
about 150 C. filgsg) addcpressire fiom:-abeul 0.halmasphereahikiopaseals:tkPa) to 10,000
atmospheres g%hOiLOQQOIS% a‘ﬁﬁ@ﬁ Jggrrﬁygé%fi%r%g%%%a%[tg@%&p}p&gi&.ﬂmgigitgere (101 kPa), still more

preferably at Ie_éﬁ ‘about 10 atmospheres ( ) ); and more preferably 1000 atmospheres
(101,000 RPa B 1BE Sl THENS BrErishRsobeatiSLplie s BYE 500 RPA 3" fes: preferably under a
substantially inest:atinedpherelfegds @urip(pelomubdiantialifaefriormwererTatmosphere consisting
essentially of_ﬂit[@(ggalgasala(ﬂ,qpe?gaﬁr(@@ tkﬁf@ﬂm@ﬁ?ﬁﬁﬁdﬂm&ﬁm (g‘aﬁ);,_nqmaign:imture of two or more
thereof); 15with mixing;(€;9r, AGIRLNGSHTIAG OF.hakingh. ae adme.suflicient g produce the

polyolefin (e.g., as determined p}/ assaying an %'quOE of a,reyaﬂcqtic&lrg mtlxtkre;. | I? some
embodiments T RS NG EomPIEkes B AV e Rt Sre Slippored oR ' Solid support as
described(hereireardusseed inabheftaopsiyr e izat olrprctesses i AP 8t A Has phase
polymerizationoAs-a fgractical limitatiomcshurity: palyiperizationtpie fer ablyttakes2@pldace in liquid
diluents in whigh the polyimerRredustis stbstantialyinsoivble 48 Gyvilgsethan.a@ milligrams of polymer
product dissolves in 1.0 _mi_IIiIi,te(ri of Iiwid gil\uen]t atﬁ2f5_C él?égejg{%bly?{}h?qdi%gnt for slurry
polymerization F§8hE bP R8I YA carBons Bach With less than b carbon‘atoms. In some
embodiments, one dF MBreBbRGERME HyaGEABONL EBER ULBHEIE HIGPEFE b BEtane are used in
whole or part asthetgdihents i atherembedimeantdpan:2oalphakolefid-seromanord mixture of

different alphazQlefin mopemers Ale. Usedia whele.onpad AsdhediventidMestpalerably, at least a

major part of tﬁ,%tdéﬁé?&fe%?m rlses_tq ,algp 'ﬂ!%g't%{@g?g%n%ﬁ{aﬁ{e'@%%%ncéﬁérﬁ,¥9t9r%,ﬁ%lyme”26d' In some

embodiments, a dllspersan?,vfp{%alfﬁi%ou grflsén eiiastomer, Issolved in uent, preferably utilizing
techniques kn&HHPERE EROTSOIRPLY R EraB NN UIRHREAGEHT L6IILBh 8GR “Yas phase, solid
state powder polymersizationder othercprodess Conditonsaréanployedd In bthekemiodiments, a
partic_ulatﬁpl scgJ_(i)g,]%pgggt(j@fgm,qmmggg gtp_@lg%m Qﬁm}_{me@y@m pg;t}@ukaied solid-supported catalyst
described previously, preferably whenhe inventompariculated solidsaHapariad catalysts are used in
an aspect of the third embodiment comptrising a gas phase polymerization process. In 35most
polymerizatiori"ré‘éfﬁ’ﬁﬁs of the third embodiment, the ratio of (moles of catalyst of the second
embodiment):(total moles of polymer zable compounds employed) is from 10-12:1 to 10-1:1, more
preferably from 10-9:1 to 10-5:1.  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 5polymerizable olefins (i.e., olefin monomers), to prepare a polyolefin. The
term "polytnerizable
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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 referably 50,000
carbon atorf&Coi84223 e preferably 10,000 carbon atoms or less. ThusS I 5‘]y?{’i]e%)4fable olefins
include long chain macromolecular alpha-olefin units that are vinyl terminated polymeric remnants
formed in situ during continuous solution polymerization reactions. In some aspects of the third
embodiment, §delddng chain maeromolecular alpha-olefin units are readily polymerized along with
ethylene and other short chain olefin mgsRmars to give a polyolefin having long chain branching. 15In
some embodiments, a process of the embodlment employs one or more of the catalysts of the
second embodiment and at least one \Ei al homogeneous or heterogeneous polymerization
catalyst, which may be a same or dlffe ent cg alyst of the second emb8diment or a prior art olefin

polymerization catalyst guch as that r@ﬁqrqn@@@mgmously eithersn the

reactors, prefera co ectepl in series or in parallel, to prepare 2 er blends having desirable
properties. A gen %%(ﬁ ion of such algir)oges%ls dlscloseﬁl nPCT Iqternational Patent Application
Publication Numbe 94/00500 _In Some embadiments, the bolw‘nerlzatlon process of the third
embodiment iR¢arfied B0t a8 a batchwidéloga continuous polymerizafion process. A continuous
process is preferred in which continuous prqge}?s {or example, catalyst‘of the second embodiment,
ethylene, a co- 25monomer olefin other than et ene and optionally @Xolvent, diluent, dispersant, or
combination thereof are essentially contjngaysty.supplied to the reaction zone, and resulting polyolefin
product is essentially continuously remeved-therefreri»  Preferably, such polyolefin products are
produced in a solution process, most ptefetaBhlaM@iitinuous solution process. Without limiting in any
way the scope of the 30invention, an illustrative means for carrying out such an essentially continuous
polymerization process is as follows. In a stlrred tank reactor, the monomer olefins to be polymerized
are introduced continuously, together with’s SRR End an optional chain transfer agent such as, for
example, a stream of hydrogen mtrod&rc%rﬁ‘m?m The reactor contains a liquid phase
composed substantially of monomers q@lm (ST iy thleal%y olvent or additional diluent and 35dissolved
polymer. In other embodiments, a sm i{airp ranch-inducing diene such as
norbornadiene, 1,7-octadiene, or 1,9- ecadlene is also added. Metal-ligand Complex of 41 formula (1)
and activating co-catalystedrdlcontinormstyanticeuee-listtecreatsior iedphadesn Some
embodiments, reaclor femperairg andRIGSEUKS, e GopRled WR*%@P@PQ'@@@Q&US“”Q

solvent/maonomet ratlcgl, adjusting addition rates, ?oolln or heatln the r?actor ckwd phase (e.g., using
coils, jackets diPB&HHY, v a%%th%tﬁ%‘ﬁbﬁtﬂ S LS Rl xbb‘élméﬁ SHERS 55t Bolymerization is
controlled by adjusting fate Thewdelitioriorf tetalyststtheldeenid Ertisodieert PP dvtie embodiments,
ethylene conterpeia.pelymenpraduetifiereakis vatadmmadjustingthe watibiofethylene to

comonomer olgfin, i the.reactor, whigh satioprelgaply isconiralled bymanipulating the respective
feed rates of the monomers to the reactor. In some emi)odlments molecular weight of polymer product

is controlled b)i'oar}}usf‘ﬁ}pd(térﬁﬁ]eimtm‘él?&%ngﬂﬁ@&ﬁ@ﬁbhﬁ@#‘é@ﬁ“@@ﬁtﬁaﬁéﬁ%mﬁﬁﬁltﬁe previously

mention dliain &ansier agent.(nesame, an organolithium (L-Li) or Grignard reagent (L-MgBr) (or

organosodium (L.-Na) or organopotassium (L-K)), wherein L is as defined above for the metal-

reactor or in separate

ligand compiex of formula () to give the compound of formula (I-X). Alternatively, in option

B. the compound of formula (Y) reacts with an organometallic compound M{L), . to give the

compound of formula (I-X). In yet another alternative, option C, the compound of formula (Y)

15 reacts with 2 metal-amido compound M(NR®R"),, .1 t© give an intermediate {not shown),

which then reacts with the organometallic compound (e.g., organolithium or Grignard reagent)
to give the compound of formula (I-X). In yet another aliernative, option D, the compound of

formuia (Y) reacts with the metal halide such as M(Cl)yy, , 1. followed by reaction of the

resulting metal-ligand complex with 4 mole equivalents of an organometailic compound such
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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 emBGEMEALE 3 irther devolatilization is conducted in 15 equipment S0 48 4 Hevolatilizing
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 frons.diyestlermirbtbigtiombout e howrssivn bipgidhtesembeodimmenes othe catalysts of the
second embogliment are. employed in the production of ethylene homopolymers and

ethylene/alpha-olefin,copelymers havingsigh e yrls 200t long;chain.pianching. ke use of the

catalysts of the second embodiment in continuous po_lmerl‘zfat_ion rocesses, es ecially continuous,
solution polyrmi&F B BrEEELERE IR f8rLieVArBH TeREto FismpaTatuias: WIEH favor the formation
of vinyl tefminstetypolyriefiehains 2rreohmsteniedinme medvititdaninatéd polymer chains are
incorporated intapa-giawing.pelynier; therehy ‘giving-a polytherecomiprisineadongechain branch. The
use of the catalysts of the {Rseeepd.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!®igBerams per milliliter (g/mL) to 0.96 g/mL. In some embodiments, a
comonomer-to-monaeimeicratieobi30noies: ofvalpheaiscl efinotdimonomértormig esiof@thylene monomer
usedlin the W#@@ﬁi%%@@&a@ﬁ@[i?ﬂ;&ﬂ;ﬂéﬁh@&ﬁ%%@,%‘3&9?%9&[&3%@%1‘J%f?ﬁﬂig?&ﬁmmne/a'ph?‘f()'eﬁn
copolymer. When produ ethylene a-olefin copolymers with a preferred density range of from
0.91 g/mL to dj.@ﬁeg&frsnaﬁ?%gr]%g? Iyr(t) dégf%rﬁ%ﬁléﬁmné?ﬁga%n(}gﬁ%ﬁ \érlr?g%?o |%ﬂijé§r§%ﬁ§r€;u&§5, more preferably
less than 0.05axstikimereppreferiabiyriessithan-0i02randevenmmore pgreferatyly legsthan 0.01. In

35some emboglipentsauseohhydiegsmaashasbesnfoundla.effectively, contialdpsumolecular weight
of the resulting ethylenc/alpha-olefin copolymer. In some embodiments, the ratio of moles of hydrogen

gas to mofes GFBHEHERI T8 8RS H4NBRITL OB EreralyeSLt8R 'Y ST Sréferabl.y less than

0.05, still mOth%%E%@Q}M%%Q@Q@%ﬁ%&%&ﬁ metgpLeferably lessdhan RiRreferably, each
polymerizable olefin independently is ethylene; a linear or branched 5a|fpha—olefin of from about 3 to
about 20 carb&HEREHHO R GRS For ERaBR YOI AE MEErBN N B ASHEY 5 entene, 1-hexene,
3-methyl-1-pentenelydernethyl-1-Qeitefis, Thotteria,bldecanadtongiphairimacreimolecular a-olefins,
and mixtures thereof; an acyclic ﬂiene such.as, for exam 'emlnébti’e%agoi% ;tﬂm-t}gxadiene, and

e
. i, styrene, a cyvelic or acyclic diené. erably, e 1ide
1,7-oetadiene: a CyCﬁ,C oﬁe In such as, %r example, Cny/O utehe, cyc1opentene, nofbomene, and

norbomefe detiyptives téiat are: pOsuEdtitted-ndheib«ard;pqiositions withn(C*&2@)hydrocarbyl
aroups; a cyclie dienc hydrocarbon, of fim about 4.0, about 40.cathon alomssich e, for example, a
cyclohexathene, e?ﬁyl enendYbornene, an norbgrnaélene, an aromatic ﬁ?]g-subsntuted olefin of from
8 to 20 carboncatoms( &1y . BipEhe((IC1,CH) akyisubs ity tedistyren ésmdrid 4-pheyyylbutene); a vinyl
monomer that ig, for example, 4 inYIGYElone¥ens, AVIBYIDRIZENG: 304, MRS thereof with
pentene, 1-hexene, |-heptene, 1-octene, F-nonene, 1-decene, 1-undecene, i-dodecene, i-
25 tridecene, 1-tetradecenc, t-pentadecene. 1-hexadecene, 1-heptadecene, 1-octadecene, or a
linear-chain (Cypy-Co 4 )alpha-olefin. Preferably the cyclic olefin is a (C3-Cygeyelic olefin.
Preferably, the cychic or acychic diene is a (C4-Cygldiene, preferably an acyclic diene, more
preferably an acyclic conjugated (Cy-Cyq)diene, more preferably an acyclic 1.3-conjugated
(C4-Cyp)diene, and still more preferably 1.3-butadiene.
30 Polyolefins that can be made by an invention process include, for example,
polvethyliene and inferpolymers that comprise residuals of ethylene and one or more

polymerizable (C3-Cypolefins. Preferred homopolymers are polyethylene, polypropylene, and
polybutylene. Preferred interpolymers are those prepared by co-polymerizing & mixture of two
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15 ethylene, an acrylonitrile, maleic acid ester, vinyl acetate, acrylate ester, tnethacrylate 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-conjugz?fi]é}d2 %(ﬁéz,zé%pecially ethylidene-norbornene. In preferred en?t?gwg’%@,“fﬁgrespective
metal-ligand complexes of formula (0, 20catalysts of the second embodiment, including invention
solid-supported catalysts, show decreased or no thermally-induced alkyl group migration when heated
at a preferred operatingterpéranine ashdederivetirkbobecPiepdg o rihéfolirtiembodiment for
preparing a. catglyst/Dpdhe:secondeambedinanikne/4-Catalysiscehthehsecondenbodiment may be

made bY ada%@&%ﬁ&l&\é@%@@%?@dﬁﬁ%@e& Qi@ﬁ(&@%&h_@rﬂﬁ&%laﬁﬂ@&%%%@ not critical to _the
present |nvent|0{1. F}re ?Tabﬂl}’ ‘thuel catal}(st of dleﬁs?co/n]d emb dlrpem is prepare by a process of die
fourth embodiPRERERBrE Prefarably The Broteas of did fourth emblodiment tomprises contacting the
metal-ligahd cowples oPferiitls @ G ari-aetiaaiycsnleatalyst &M Enedlvent, preferably an aprotic
solvent, 30under corelitions . sufficientfiocprodusce patalysicafihesécondiempadiment. Preferably, the

conditions sufficientto. Rredrcethecalalystofihesesandempodimentdngliderthose described above
for the process 9f die thirq { m)k[z?.dment. Pr?ferabdxlgthe catalyst o diedsle,cgnd emla%(jiment is prepared

' I
in situ. More p?'(é?f ra llcﬁet%% Catalyst ((}:)cfk the secono Fﬁﬁ?)%]ireﬁl ﬁetnfé Errnéfbalrdédﬁfi m%ﬁﬁ and used in the
process of thePthift BiibuETERE h 80 ATe bt aITERts his3BRa Ay st ot e YEEolE embodiment is
preparedlin situhitethelpresendectfratigastidnanpalyerizeiblyctefirpranddhie wadatyist of the second
embodiment igtherehy.immediatehncontacted to the at least one polymerizable olefin in the process of

the third embodime rﬁfefer abl;ri], ﬁlgaﬁ]o?rgmrgggggf Q,tgsmgi} 'e1s Igr}]\a{%g%gpa}% Q‘E@ %Sﬁll%cggﬁhgg r%;l%prill)gxee? E))? ?é?:ﬁﬂg S": o

prepared as a homogeneous catalyst by addition of one or more meta
and 5one or nfBTE 0SNG CoUEaEN A48y Loent s e i Whitl thé 6K mitzation process of
the third embodimentwilkiyeconducted descrivpidtiier embodiments, the catalyst of the second
embodimgnt is a solidsupponeg.catalysidhgt isprepased.as aheteragenepusecatalyst by adsorbing,

depositing or ghenicall;atashiag,ene. oLMte. metaliaend.complexes ot aula,(h and optionaly

one or more 10activating co-catalysts on an inorganic or organic particulated solid support to give the
invention partitdtaed %&ﬁ&ggﬁﬁﬁb%’fg@gé?ﬁl%{ AR EY AR TRBIRE B lAERLs, the
metal-ligand ctiplex(es) is(are) added to the solid support either subsequently, simultaneously to, or
prior to addition of theagcfivatingreamnatalysi(shte theisabd suppestunadptetemed.embodiment, the

invention eterogeneous, catalyst is RESRATSH.RY'eagling an inprganis selid Aasupport, preferably a
tri((C1-C4)alkyhaluminum compound, with an a?tlvg_tlnagqco-\c 1ta(lsyﬁlti Igr fe_‘ralbl%(,_ tlhg ctivating
co-catalyst is A AMIRGARH LaIT SRR R SRS ERTAHIUCTSH enV?)‘jB“&r% &, more preferably an
ammonium sahask ebmds dyerosgzs ditariapiolrsib enghtrs (heman asrppienyiigorale or

(4-hydroxyphenyil pthis@pentatiup rophenyl)botaté-aRreferably Hh e activating/coigatalyst is deposited

onto the solid ZQSUPRALL BY. ARPIRGRIIAHDE HIDIRIDG SPERYING AL ARMIALIRERRIGUE, and thereafter
any 25 The terms “interpolymer” and copolymer™ are used interchangeably herein. in some
embodiments, the multi-block copolymer can be represented by the following formula:

(ABn

where n is at least 1, preferably an integer greater than 1, suchias 2, 3,4, 5, 10, 15, 20,
30, 40, 50, 60, 70, 80, 90, 100, or higher, “A” represents a hard block or segment and “B”

30 represents a soft block or segment. Preferably, As and Bs are linked in a linear fashion, not in a
branched or a star fashion,

“Iard” segments refer to blocks of pelymerized units in which ethylene residuals are
present in an amount greater than 95 weight percent, and preferably greater than 98 weight
percent in the poly(ethylene alpha-olefin) block copolymers. In other words, the comonomer

335 {i.c., 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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solvent or diluent are preferably removed. Process of the fifth embodiment for making the metal-hgand
complex of formula (1) Metal-ligand Complexes of formula (I) may be made by adapting any relevant
process 25known in the art and the particular process is not critical to the present invention. Preferred
is the proceg/socﬂ”ﬂ%)%?ﬁf‘?embodiment. In some embodiments of the proc}é Ef%?zt%ﬂewﬁ?ﬁ%mbodiment,
the metal compound of formula (Z) is any one of the preferred embodiments thereof. Examples of
preferred metal compounds of formula (Z) are: teniamethyl-, tetraethyl, tetrabenzyl-,
tetrakis(trimethyisiyinietiidiy eatrakisediniadyrarnine)l sdickio FodisereEy- 230 il stribenzyl-,
trichlorobenzylxrant:his{dimathytaming)ndibenzybditanium sezitco piug ahdpelafnilna. In the
process of theJFﬁ;Q_quj%%%gQgggm}mgrmetal-ligand complex of formula (1) preferably is made by

contacting a solution of the metal compound ?f f9rmula Z), as described herein such as, for example,
“Soff segments refer.i cks o pg é?menaﬁd 1iits 1 whic gge Cﬁmonon er (1.e., .
M(benzy1)4 or M(benZOETRWHEIEH RIF1E S5 efinad aBove. in & 3bsolvent 1o a solution of one (e.g.,

for n = 1) &r tviseBefiforerideaPernisie iogjotralbits B tHEPEGMpBIGHE Y f7H0ISAY ) 48 described above,
in a solvent (ep@x<0)yeae) tndeneanditions, 4drsuffitienttodquoduce thelmetaldigamd complex of

formula (1). Thg conditigRs sulficientto prodiucethe-metakligand.samplexef dareuiagt) preferably are
those describecf above for a process gr}‘ %@e third embodimeg;. In aglgther embodiment of a
b :

process of the fiftA BbOGIMENt. the Metal-igand complex rormula’ (1) 1S made by first contacting

the compound 8 fashnanEcr eteris” thetal teteRheiieRd (& gremien s’ YrikAPSra 2L A2 and then

contactingitheaeseiltingermixtyurento flon Exarplesacamanio oGS 20 Jalksi!.

((Ci-05)alkyl)3Si(C1Q)alkyhHRGd R eyciaalkyh (eds Glpleyeinalkyin(@ed G3)alkylene, (C6-C18)aryl,

or (G6-CljangCilaliviane 1 asevent o, piepace be metaligand semplsxgf formula (1. In St
[ [ the Tift [

another embodiment of a process of embodiment, the metal-ligand complex of formula (11
is made by firsPeBHTAEMG THBIRSIAPO GRa S PORMETR T T tHE CaYk MBI T a SoIvent to give a salt of a
conjugate base of thasompotidoffdrmula (Y), and then contacting the conjugate base to the metal
tetrahalidgsto preparg, the-ngtakiligandicomplex oifapmulalh). tocstlianatheialigrastive embodiment of

the process ofthe fifth embodiment, the Lometaliognd samnlex.ohiggmula () isgnade by first

contacting the compounépg?formul_a (Y) to a carbanion-containing base such as, for example, a
(C1-Ca)alky! lititim ey oPspemiPitHrimy P eENE4) AR HTEGTE iﬁ?ﬁlﬂgﬁé%“(ﬁe?lﬁ}ia‘rnethyl magnesium
bromide) in a stdfrerifidck copolymers has monomers or comonomers randomiy distributed within the block.
in other words, neither block A nor block B comprises two or more segmets (or sub-blocks) of
200 distinct composition, such as a lip segment, which has a different composition than the rest of
the biock.
in some embodiments, the polyolefin comprises an ethylene/c-olefin interpolymer,
such as that described in PCT international patent application number PCT/US08/0066964,
wherein the interpolymer is preferably a block copolymer, and comprises a hard segment and a
25  softsegment, and:
{a} has a molecular weight distribution, My /My, ratio of from about 1.7 to about 3.5;
(b) has an ethylene content in the hard segment in the range of from 60 wi% to 95 wt%
based on based on total monomer content in hard segment;
{cy (i) has g hard segment composition of at least 40%, at least one melting point,

30 crystalline melting point temperature (T}, in degrees Celsivs (°C} and an amount of ethylene
in weight percent (wt% Cy) wherein the numerical values of T, and wt% C; correspond to the
relationship:

90 °C = T}y, = 4.1270(wt% C,) ~ 244.76; or
(1) has a hard segment compositon of less than 40%, at least one ’[‘m and wt% C,

35  wherein the numerical values of T, (°C) and wt% C; correspond to the relation ship:
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prepare respectively a lithium or magnesium halide salt of a conjugate base of the compound of
formula (), and then contacting die conjugate base to a trialkylsilyl halide (e.g., trimethylsilyl
20chloride) to form an intermediate N-trialkylsilyl analog of the compound of formula (%%. Then,
contacting tREPNIME#SIyI analog of the compound of formula (Y) to a etEPREHAIAREE, followed by
contacting the resulting mixture to, for example, a carbanion of (C1- c2cOalkYL
Ki-05)alky03,Si(Ci-05)alkyl, (C3-C10)cycloalkyl, (C3-C10)cycloalkyl-(C1-C3)alkylene, (C6-C18)aryl, or
(C6-C18)aryl-(C1-CR)dlkylgne4dnacselvaent peépares the metal-ligand complex 250f formula (1).
ereferably, the procegs of (he [ emedimeni employe . oL mereRrallc Q&g More preferably,
the process employs one or more abrot’i/c solvents and the inetal- |gan§ complex of formula (I) is
isolated via an! {$8tatAdr e e B rdrdidbly isolated and purified via isolating and purifying step(s),
to respectively give the isolated.atdselaird.andipusifiecaffermatherenf-as.aescribed previously. In
some emtBOd"??%@B%aaga%s'ﬁg'%&an?&gd?wﬁ%@&u%%ﬂﬁ&%%ﬁ%ﬁ?ﬁﬂwcﬁﬁ?&&{m&%ﬁwtf?e’ essentially

single step. An example of the isolating step 5 evaporation ?f t}he ﬂsol\t/hept fanid othgabr1 volatile
components frotH tREFETSI GARE BoTnpIis (%‘fé?&ﬁ}??rt‘ﬁgé\{i’é%o% ioh s ‘done Uinder vacuum, under
a substantiallyrinéep atirosphere) Gich Bttidnestierhenitso diffents e Pre edS RirtHEr comprises the
steps of isolatirg:glietneials:3bligand-capaptex fromdhasotventandputifyingntienisalated metal-ligand
complex to give, 2, pyrifigd metalligrnd somplex of atleast LQ,weighiRercent Wty purity by

conventioraal methods. An exa.mple of urifging the metal-ligand complex of formula (1) is evaporating
of ﬁx]e ethyleneig-olefm tnterpolvmer: or . : - .
solvent(s) ‘and otet VoTatie EomP S Renta 8 m a reaction mixture containing the metal-ligand complex

(i.e., isolating and putifyingithetphieeatiigeiiteebrfipiese efferhiund (13dreesrsifmiinaredis), triturating an
isolated metalsigama complexeobfatmdactipnpresipitating-otierysigilizingthedtetal-ligand complex of

formula (1) from.the, reagHon XIS Q. from aRWHicaian SoMenH(S. Qe camRinatiqr thereof.

Preferably, trit%rg,tilgqrg ‘%gi} e metal-ligand complex of formula (1) is performed with a solvent in which
the metal-ligand complex of formula (1) is only partially soluble or insoluble, and removing the triturate.

An exampfe of 10isof$tidA* ameiEimEatish vBsHmEc S sRdie ! ¥ fitdhng 4 racipitated
metal-ligand cosinplextof fonmuld{)ifrbmia reasiidrmixbimecoptiomrallywwasinimg the.rgsulting filtercake
of a precipitated.mefal/iganshcomplex of farmulad hwithayselenh.aocdryingthaditgrcake, wherein

the precipitated me(a-ioaNe.compiex of [omua (/SRS (R UG, I pRMe embodiments, the
metal-ligand c %ga ex of formula I() is prepared In situ and 15 used in the process of the fourth

embodiment. MSFE et tfeinetdidigand complex of formula (1) is prepared in situ, followed by
contactingthe metalHigand complexrefforphalb(P fosatleast Bneinttivatingico-catalyst and at least
one polymerizaklg.alafinise that, inturmithe catalysiebthessecond.embadinent is prepared in situ by

the process of the fo (gth embodiment, \@9%%@&%%%@9&%@15ﬁ%cﬁgag Sbodiment,is thereby

immediately coﬁr{gcte et%)pt%e at least one 20po ymerlza\blle olefin in the process of the third
embodiment t& BT HEYOISRRAPY UaERra s dfocEa aresys: Brepariny Httariigiid complexes of
formula (1) arares skovereiplSdbispm eotletf@1200G/022228PCT/US2009/054447

25 In some embodiments, the polyolefin comprises an ethylene/o-olefin interpolymer,
such as those described in U.S. Provisional Patent Application Number US 61/024,674 and
family member PCT International Patent Application Nusnber 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/Mj, in the range of from about 1.4 1o

30  abowt 2.8 and:

(a}  hasatleastone T, (°C), and a density (d) m grams/cubic cenimeter, wherein

the numerical values of T,;; and d correspond to the relationship:
Ty > -6553.3+ 13735(d) — 7051.7(a)", or
() is characterized by a heat of fusion (AH, in J/g), and a delta temperature

35 guantity (AT, in °C), defined as the temperature difference between the tallest DSC peak
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Scheme L 2) L-Li or L-MgBr or Option D: M(CnaoL 2) 4 mole equivalents of CH3Li or CH3MgBr
Scheme 1 illustrates preparation of the metal-ligand complex of formula (1) whereinnis 1, jis 1. LQ
and LR are as defined for L, Xis absent, and M, R1 to R5 and Late as deglpﬁ S?@@gﬁgdtgr the first

u

embodimen‘?f%ﬁ%ﬂf‘gzrﬁzé}tal-ligand complex is shown in Scheme 1 as the formula (I-X). In Scheme 1,

option A, the compound of formula (Y) (described previously) is deprotonated with a non-nucleophffic
base to give an enamide (not shown), which is then allowed to react with a metal halide such as
M(C1)m+1, wisrEiiaiscas demieg-apovdereinrisi vy Tieied 5§ fédttion of the resulting
metal-ligand complex witks afaffanarietaliib<lf0tompaird sack as, for example, an organolithium (L-Li)

or Grignard reagenty sMgBty (o orgaposedivpfl:Na) aforganogotassivg (L-K)), wherein L is as
defined above for the metalIigang,icgggp&eg&o&[gggg;g}l_%}gp %g}ge the compound of formula (I-X).
Alternatively, in option B. the compound of formula (Y) reacts with an mganometallic compound
M(L)mi to-giveiiesin the Sohs gGhhBCT fofiima(d Leg ?H?é&ﬁéi‘?@ﬁ‘fé?félﬁecfﬁ%ﬁ?}g? option C, the compound
of formula (Y)rt$reactsiwittsahaetatemmidciconpouhe MNRKRI IR YP4dlggive an intermediate (not
shoyvn), whichithen: (aagts Aviththeserganoretaffic compound (e.g., organolithium or (irignard reagent)
o give the compound of farmula k). p 4 ANORELAGAINE. QR B compound of formula

(Y) reacts with the metal halide such as M(C1)111+1, follwed by reaction of the resulting met
al-ligand complei with 4yproleeqeivelats ofaniorgahcfidmfiicieswmpoehdisith WO
2010/022228RGRIIFRO0MUNRA 44 a5 forexaraple cenetiy lithiumethylmagnesium bromide to give the
compound of formula,(1-X): The feactionsideserbesinashame.lpisierahlyarsearried out under a

substantially
is substantially free of a cross-linked phase:

R, >1481-1629(d}; or
{d) has a molecular fraction which elutes between 40 °C and 1360 °C when
15 fractionated using TREF, characierized in that the fraction: has a molar comonomer
content of at Jeast § 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 2 melt index, density.
ard molar comonomer content {based on the whole polymer) within 10 percent of that of
20 the ethylene/o-olefn interpoiymer; or
{(e) has a storage modulus at 23 °C {G'(25 °C)) and a storage modulus at 100°C (G
{100 *CY) wherein the ratio of G'{25 °C) to G'(100 °C) is in the range of about 1:1 to about %:1;
ar
(f) is characterized by an average block index greater than zero {0) and up to about
25 1Qor
(g) has a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized i that the fraction has a molar comonomer content
oreater than, or equal to, the quantity (- 0.2013) T + 20.07, more preferably greater than or
equal to the quantity (-(.2013) T+ 21.07, where T is the numerical value of the peak elution
30 temperature of the TREF fraction, measured i °C: and,

wherein the ethylene/e-olefin block interpolymer is mesophase separated.



inert gas atmosphere in an anhydrous aprotic solvent such as, for example, toluene, xylenes,
Stetrahydrofuran, diethylene glycol dimethyl ether, or a combination thereof and at a temperature in a

range of from about -78 C to about 200 'C. Preferably, the reactions are carrigd out at atmospheric
pressure. PIPAERIRBBAnother aspect of the present invention is a polyBtefin pIEpardd’according to a
process of the third embodiment. In some embodiments, polymerizable olefins useful in the invention

processes are (C2-(140)hydrocarbons consisting of carbon and hydrogen atoms and containing at
least 1 and preferably saparobecthvans3tardyridirecpreferably thdemGreltham @ redrben-carbon double
bonds. In somg.embadiments: from. biendaydroges.@mmsof tha«CRpSda)hyeltocathon 15are

replaced, each by,a halagen a0 Preferahly.fas RrEe, Pwive halswbstituted (C.2-
C40)hydrocar%ogég'%q%%?ﬁ?ﬂzﬁydrocarb%{ﬁég(%got alio-sﬁybstitut,_ed a%e fref_erred. Preferred
F aow_fé?es%uﬁ aeT

polymerizable SRETHE fi st Bt {67 ARG THe pOIYBIZHRS are ethylene and
polymerizable{C3-Q40) MefiMs [Phei@BLC #0Ysiefirisdrieltidecdmalphausiefirisdy dydlic olefin, styrene,

and a cyclic or acyelic diens Prefprahiy, e, ARha-aleip £omRriSes e (G31,20C40)alpha-olefin, more

preferably a branched chain (C3-C40) alpha-olefin, still more preferably a linear-chain
(C3-C40)alplaaisiefihireven more preferably a linear chain (C3-C40)alpha-olefin of formula (A):
C1-12=C142-(CH2)1&1130(A)y wiresesin)z isarinteger of from. 0 to 40, and yet even more preferably a

linear-chain (Gg-C4Q)alphasplefinthats L-RIeens, JbuiehE dm..d ReHENS khexene, 1-heptene,

1-octene, 1-nonene, 1-decene, | -undecene, 1-dodecene, 125tridecene, 1-tetradecene, 1-pentadecene,
1-hexadeéener Vdieptadetenenitndthidoetiérora e RperainfEsme X yamny-Gikfin. Preferably the
cyclic olefin is B8(G3:1C40 Yoy cliesolefirt epera bl rtheleychedrbeyslicodi@nedisian@4-C40)diene,
preferably an aeyglic.dieng.Jneigpreferably an acych.c conjugated (C4-C40)diene, more preferably an

acycl.ic 1,3-conjugat 4%%'2%"&2@?%?3%(3' Asgil,lrggtgg% ;pnrggf]%ra% lX Jfé?ﬁlaq;adiene. 30Polyolefins that can
be made by an invention process include, for €3 ample, polyethylene ahé’interpolymers that comprise

residuals of ethylené*aRd ohe B & HeliZ4ble (C3-C40)olefins. Preferred homopolymers are
polyethyléfie, pobyprapylEneé lancgpbly butylere wRrefelredsintexpoly hersratgithoseprepared by
co-polymerizing 8iRixiie fiue: @nnieRelmerzabliaunlefinssuehdas, hes @xample,
ethylene/prop%lrggl;ngfnglene/I-but%wc:%ghylene/l-pentene, ethylene/1-hexene,

ethylene/4-methy -1-pen{}épﬁléﬁ{ué%ﬁsylene’/l-octene, ethylene/styrene, eth}/lene/propylene/butadiene and

other EPDM téfpolyri&harpiatet BhA? Hnl PorsBianiii b iivie Ay Ao guRiiner 1k
ethylene/alpha-lgfinintarpalymer{esg «i5capalyrRIen.opamethylens/adphayolefin/diene interpolymer
(e.g., terp.l%lymg%gﬁs/cubic centimeter, wherein the mumerical values of R, and d satisfy the following
relationship when ethylene/o-olefin interpolymer is substantially free of a cross-Imked phase:
R, >1481-1629(d}; or
(d) fhas a molecular fraction which efutes between 40 °C and 130 °C when fractionated
using TREF, characterized in that the fraction has a molar comonomer content of at least 3
25 percent higher than that of a comparable random ethylene interpolymer {raction 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/v-olefin interpolymer; or
(e} Las a storage modulus at 25 °C (G'(25 °CY), and a storage modualus at 100 °C, (G100
30 °0), wherein the ratio of G(25 °C) to G'(100 °C) is in the range of about 1:1 to about &:1 or
3] 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,/My, greater than about 1.3; or
(g) has an average block index greater than zero () and up to about 1.0t and a M,/Mp

35  greater than about 1.3; or
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Preferably, the polyolefin comprises a polyethylene alpha-olefin) block copolymer prepared according
to an aforementioned preferred process of the third embodiment. The poly(ethylene alpha-olefin) block
copolymer comprises an ethylene-derived hard segment (i.e., polyethylene hard segment) and a soft
segment comPriéifigFa&iduals from the alpha-olefin and 10ethylene. Theﬁ%@ﬁ?&?&%‘ﬁﬁ% alpha-olefin
and ethylene typically are approximately randomly distributed in the soft segment. Preferably, the
polyethylene hard segment is characterizable as having less than 5 mole percent (mol%) of a residual
of the alpha-olefircovelentlyimtorpdratetithoreircngd dersrifie o sy nsclearmaghetic resonance as
described laterriBRreferably the.pabiiethyl ene: alpha-elefimdoloclkcopalymer, is eharacterizable as

having a melting fempera L{éez(%95;6@58.6%?&@&9&&%_3!5@&&@!@uiseqamorm@g@a%@fqrably greater than
120 C, as determlnqua/ ifferential Scannin Calorlgnetr using the proce o}% ribed later. The

C T . - . 0 r
poly(ethylene &fSha-blehty BIGEK E6P6Ty e e - VAT R S b %’13# 6ne 200r more
copolymefizaBiiecépplefirvesiioRomer residuals (i.e., ethylene and one or more copolymerizable
0.-olefin comonomerstia palymesized-formpokhepaly @thdenaal phassietinyiBlocktopolymers are

characterized fy. myltiple.RIocks or seamenis.Ahwa:as MersRoYMelized menemer units differing in
chemical or physical properties. That is, the ethylene/o.-olefin interpolymers are block haterpolymers,
ariiolis

preferably multi erpolymers or copolymers. 25The terms "interpolymer" and copolymer" are
used interchangeabRiHesiF R soite B BoaRar s e YRGB RGO BE ¥ be represented by
the followitg fermta:(AByn snhereisr satpledastdsqiiBiepablysansintégerigreatertihan 1, such as 2, 3, 4,
5, 10, 15, 20, 3Qu A0 2Q0R9 s 0 3 p9 O iR NORNEL SANFRRISSSOIS: By hakd Plogk-or segment and
"5 S0represents 3 soft blogk or seament Prelerabiy, 45 and As are ke Ininegy fashion, not in a
branched or a“Star fashion.  Hard egments fefer to bfocsks 0 _po‘I‘ymerlz’éé units in which ethylene
residuals are Ffe¥EMNERaMEalIgRe AP IAROBIFEIHIISSPEEItIARY Preférdbly greater than 98
weight percentintthejoly(etintens: dlpvacdiefin)ioole copolyrherolmetienmondsifthe comonomet
35(i.e., alpha-glgfindsesiduaiscantentinitba.nard.seamentsdisdessihansnweighioescent, and

preferably less than 2 wgigh fereent, In s%mglgmgdim{ants the hard segments comprise all or
substantially all'et S?E ene Sreos&lluaElsé.”QI'[E(E:;tC fglzlseéif;pol b%(:t?wﬁsecr(% hard ge‘ggamént" and ("ethylene-derived
VA

had segment"” ARRTATSERS WAL HEa R Hara COgHTeRtHonisH ST EPYIviEiiene alpha-olefin)
block copolymerbdSbittsegmentsraierttibiodks. dicpoty herriad- Undirsinhiebthe comonomer
transients per data file with a 6 second pulse repetition delay. To achieve minimum signal-to-
20 noise for quantitative analysis, add multiple data files together. The spectral width is 25,000 Hz
with a minimum file size of 32,000 data points. Anafyze the analysis sample at 130 °C in a 10
mum broad band probe. Determine the comonomer incorporation with the carbon-13 data using
Randall's triad metiiod (Randall, 1.C.; IMS-Rev. Macromol. Chem. Phys., C29, 201-317
(1989, which s incorporated by reference herein 10 1ts enfirety.
25 In some embodiments, the amount of olefin comonomer meorporated into the
poly(olefin monomer-olefin comonomer} block copolymer or segments thereof is characterized
hy a comonomer incorporation index. As used herein, the term, “comonomer incorporation
index”, refers to the mole percent of residuals of olefin comonomer incorporated mto olefin
monomer/comonomet copolymer, or segment thereof, prepared under representative olefin
30 polymerization conditions. Preferabiy, the olefin monomer is ethylene or propylene and the

comonomer respectively is an {C4-Cyqlalpha-olefin or (C4-Cyplalpha-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)
33 olefin monomer conversion, and greater than (.01 percent olefin comonomer conversion, The

selection of catalyst compositions. which include the invention catalyst, having the greatest

34



5 alpha-olefin) residuals content is greater than 5 weight percent, preferably greater than 8 weight
percent, greater than 10 weight percent, or greater than 15 weight percent in the polyethylene
alpha-olefingt{))lock copolymers. In some embodiments, the comonomer residuals content in the soft
segments c ﬁgiﬁlf@%%’%/than 20 weight percent, greater than 25 eight pf’e%éqﬁz,ﬂﬁ%}gféﬁhan 30 weight
percent, greater than 35 weight percent, greater than 40 weight percent, greater than 1045 weight
percent, greater than 50 weight percent, or greater than 60 weight percent. In some embodiments,
A blocks and Billsesiarsimrrdonsyastaporatansigs & pohmer (baékboneyetdirof the poly(ethylene
alpha-olefin) bleck.capphraetodiyatherwordsotherpalfieiyenesalpha-otatinyblock copolymers usually
do not have a ggugture lilke: 1-2in.etherembodiments.fhe poly( ethylene alpha-olefin) block
copolymers usually do not have a third type of block, i.e., do no ha\(eljal_ "c" .blo_c[< that is not an A block
and not a B block. In"stiF St &F MBS Himen e BALH BrBISECASRE Blodk B'fthe poly(ethylene
alpha-olefin) bloeeop GRS HAS 1TOH OMB A EFEEIHE HEMBES TSIy N stHBUTERY within the block. In
other words, neitheirblogk. A NemblogksBcomigrises:twe:oramore: segments: (ekisub<dbiocks) of 20distinct

composition, sUghAs.a HRseamentiwhich hasadifferepticampositiondhan g rest of the block.  In
some embodiments, megpo( XQJ&E& com Orii}sneg an eth I%%e/ -olefi(r}l Lr%(t:eggiollxgnggé dsol{]ch as that described
in PCT international pa 1éﬁl_appllca ion number PCT, 810668624, wherein the interpolymer is
preferably a bIB¥KEHEEAFHIE? -and comprises a hard segment and a 25soft segment, and: (a) has a
moleculatweight distribupdnpddwiddsativagifromtapott-IchdocaboutiSebsomon(lptrad an ethylene
content. in the hard.segmentin heranae of fropicR-ndd 1096 wila basedon-hased on total monomer

content in hard segment; (c)(), has a hard seqment compositin of at least 4096, atlsast one melting
point, 30crystaﬁ|ne melting point temperature (Tin), In e( s Celsius (1C) and an amount of ethylene

- . < - . ) e r D 4 . N
in weight percBRETRAYE BY5brdreiA aiennmiehckrval a%@%f Trii it WSS RS PEES5EHd to the
relationship: 9081 o T¥ASENU.1276(Wt% C2) -244.76; or (i)has a hard segment composition of less than
40%, at legast one Tmoand wide O Iavhessintheonympacical Malues of if o1 ¢iep-angwt% C2 correspond

to the relation%QiQr:xdesnplgaai\-fli-g]r?tﬂ)}:la%z@(%Q{E%n%og)né%%t%gﬁ }%(!J Mg eharadielizedBy.an average block

index greater than zero (0) and up to about 1.0 and a Mw/Mn greater than about 1.3; or  (iv) has a
molecular fractiBi (HiEh SR HEtVEEKT CUSHORT%0 CWHREH the case of the

interpolymerization of more than two monomers.
Reactivity ratios for use in the foregomg models may be predicted using well known
20 thecretical techniques or empirically dertved from actual polymerization data. Suitable
theoretical techniques are disclosed, for example, in B, G, Kyle, Chemical and Process
Thermodynamics, Third Edition, Prentice-Hall, 1999 and m Rediich-KEwong-Soave (RKS)
Equation of State, Chemical Engineering Science, 1972, pp 1197-1203. Commercialty

availahie software programs may be used to assist in deriving reactivity ratos from

2
LA

experimentally derived data. One example of such software is Aspen Flus from Aspen
Technology, Inc., Ten Canal Park, Cambridge, MA (02141-2201 USA.
At dmes it is convenient fo incorporate by reference examples of an associate olefin
polymerization catalyst that can be used in embodiments of the invention process for
polymerizing an olefin comprising chain shuttling and employing the invention catalyst. For
30  convenience and consistency, one of the mvention catalyst and associate olefin polymerization
catalyst are thus sometimes referred to heremn 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 catatyst 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

55



5fractionated using low temperature rising elution fractionation (TREF), characterized in that the
fraction has a molar comonomer content of at least 5 percent higher than that of a comparable random
ethylene interpolymer fraction eluting between the same temperatures, wherei sggq comparable
random ethW ’ipff)é?ﬁzﬁymer has the same comonomer(s) and has a me Tl/r‘}J %?(0,)/ S‘ﬁ,s"iq;,, and molar
comonomer content (based on the whole polymer) within 10 percent of that 100f the ethylene/a+olefin
interpolymer; or (v) has a relationship between ethylene content in wr) and log molecular weight
such that a linesysibtteid: & EtbiyllsherebeHevErstidivg hstsearabsibhtds Mdasured by gel
permeation chigmategraphy-infaied :spactroscappitGRC:IRy hasantapsaute slope (m) of equal to or

less than 4; 15(vi) has.aimolechiar fragtinnwhich.eles ke twean.40t.and &3 mhen fractionated

g TR, e iaaasie RACIBR NS 2 molar, comonamer canientarsater than, or equal
to, the quantity't- 526134 S0/ Hore Preferably greater than or equal to the%uahtity (-0.2013) T+
21.07, whére Thisaerrasstiinbic Yarie ofthesear etiion s dratire BrmRe rREE fraction, measured
in 'C.; and, 20¢exhasyastanbiditypmeassi mentefaiOwidastptomotthevethylene/a-olefin

interpolymer in,oil. o 2k 2nWit%0 selution R dedesans:ef lessthananequatitonthataha comparable
copolymer wherein die .comgprable copolymer has the same Differential Scanning Calorimetry (DSC)

S per grain. | ?t;]/g) at %eater than 55 'V within 5 17g and the same overall ethylene

enthalpy (Joules’per grain, I.€, ] ,
content within 10%. % EeaeRsHiTRATE: tHEpBHbISMCERbIE & ah Ethidtelo,-olefin

interpolyrifer, suthraspthaseotiesdriiedindhSt. Provisiohel (PatemdpplicatonsNumbet US 61/024,674

and family membgt £CLdnterpationsl RatantApplicatienNumberBGEIS20084032699, which are

herein incorporated by, teferenge, prslerably a block conelimer whish.somerisss.aiard segment and
r

a soft segment, and is'characterized by a Mw/M, In the range of from about 1.4 to 30about 2.8 and: (a)

has at least orf8¥45isreed 1y BRSSP ERRIAIBICEBhtimeter, wherein the numerical values of
Tm and d correspon(Bte tirendtafionshipsiFirios c86553, s8R E(E) PTOBE{H)RCBHED) is characterized
by a heatigf fusipR HAN.RAI0) And @ delia tem peratieacaFeantitys (AT tim 'O Jedefined as the
temperature dHI@&@Q&%Q&%%%M%MH@?&&3]%%—&%_@Kn anduihie Jallest.srysiallization analysis

fractionation (CRYSTAE) peak, wherein the numerical values of AT and AEI have the following
relationships: AT > -0-1 288 46357 for All greater than zero (0) and up to 130 J/g, AT? 48C for All
greater than 180 shiglysriHereinntraBRIVST aFpeak iselerihedeaifigldiieast 5 percent of the
cumulative  polymerization catalyst.
20 The term “catalyst” as generally used herein may refer to an unactivated form of a
metal-Higand complex {ie., precursor) or, preferably, the activated form thereof (e.g., after
contact of the unactivated form with an activating cocatalyst to give a catalytically active
mixture or product thereof). For the associale olefin polymerization catalyst comprising or
prepared from a non-invention metal-ligand complex, a metal of the non-invention metal-ligand
25  complex can be a metal of any one of Groups 3 to 15, preferably Group 4, of the Periodic Tabie
of the Elements. Examples of types of suitable non-invention metal-ligand complexes are
metallocene, half-metaliocene, constrained geometry, and polyvalent pyridylamine-, polyether-,
or other polychelating base complexes. Such non-imvention metai-ligand complexes are
described in the WO 2008/027283 and corresponding US Pateat Application No. 12/377,034.
30 Other suitable non-invention metal-ligand complexes are those described in US 5,064,802; US
5,133,157; 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 (3/40195; WO G3/78480; WG
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polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAE peak, then the

CRYSTAF temperature is 30C; or (c) is characterized by an elastic recovery (Re) in percent at
300 percent stralnzgpsd | cycle measured with a compression-molded film pf ihe gilene/a-olefin

10|nte|polyme(? 148 density d in grams/cubic centimeter, wherein the numerical values of Re
and d satisfy the following relatlonshlp when ethylene/a-olefin interpolymer is substantially free of a
cross-linked phase: Re >1481-1629(d aﬁ? %has a molecular fraction which elutes between 40C and
130C when 1 $¥rattoratedUsihg F P4 E A A At the e tisr 48 B Midlar comonotner
content of at |easuswewemsmghemham heoflasédoparable random ethylene interpolymer fraction
eluting between the samgJemperaluiesavhersinssaideamparablerandamethylene interpolymer has

the same compnomer(s) and. s, Ml s deneibi A0d melRs samApaMELentent (based on the

whole polymer) Within percent of that of 20the ethylene/a-olefin mttgﬁpo%rger or (e) has a

storage moduf§&ae2s- Efa{%"‘@S @)3 Sﬁﬁd“&‘ﬁ%‘?ﬁﬁ&ﬁ‘i“&‘f (R o to) r)Lgv%'erem the ratio of
0'(25 C) to 0'(196:©) istimtive irangenohaboatrbritty mBewtrodls or jerelaracien/e8d By ar average block
index greater thanEer8:.(Q)and:upstaiabet 258k of sgikasapalecutanfraetion which elutes between

40C. and 130C whep, f@%ﬁoflﬁé‘%&%&%%&%ﬁﬁ@ﬁ%@gﬁ% dhat, Ineﬁyagts'@pen@ﬁa molar
comonomer contentgreater than, or equal to, t uanmfy ‘fHSOlB T+20 mmf’{ preferably greater
iS

than or equal ﬁﬁﬁ@faﬁfﬁﬁfﬁvy(lﬁ%’)pﬁfeﬁi‘%% vHere FeREAIN

humerical value'of the peak elution
30tempetéturerof therERER et (s hredsemserin ‘amdiamrsfirrtietethylene/a-olefin block
interpolymer is mesaphase:-separatednd maomerambodimentsiithe polyole: fiintdpmmiprises an
ethylene/a-olefip ipterpoly rhews@emmme &gesi}m-@amgmmcy@;@&a&89 and U.S.

Patent Appllcatlon Publication No 993 ar t referably a block
copolymer, and (& Bﬁ%é%‘éfﬁ sé 2(rr%neﬁg%g %k’%hrﬁ%n tﬁfe?gé%gpe%ﬁlegaeoleﬂn intetpolymer:

5(a)has a Mw/Mnlffoiansuta. ?’”f?ﬁ%%ﬁ@@?%}‘aﬁeast one Im ('C. ) and a density d in grams/cubic
centimeters, wherein the:numericalkva) uesafiiFmiand dcomespona tortipeises Catalyst (B),

but not Catalyst (A). In such embodiments, preferabiy the Catalyst (A) of the catalyst system is
a Catalyst (A) described in US 2006/0199930 A1; US 2007/0167578 AL; US 2008/0311812
Al US 7,355,080 B2; or WO 2009/012215 A2
Representative Catalysts (A) and (B) of US 2006/0199930 A1; US 2007/0167578 AL,
20 US 2008/0311812 Al: U8 7,355,089 B2; or WO 2009/012215 A2 are the catalysts of formulas
(A1) 0 (AS), (B1), (B2), (C1) to (C3), and (D1}

Catalyst (A1) is [N-(2,6-di{ 1 -methylethyliphenyl)amido)(2-isopropylphenyl}o-
naphthalen-2-diyl(6-pyridin-2-diymethane) hafnium dimethyl, prepared according to the
teachings of WO 03/40195, 2003080204017, USSN 10/429,024, filed May 2, 2003, and WO
04/24740, and having the structure;

Qcma&m

(H1C)aHC /

]
A

Hf

HsC)HC “¥ig
(HsC)s CHy Chy (ALY
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relationship: Tm > -2002.9 + 4538.5(d) - 2422.2(d)2, Or ft)has a Mw/Mn from about 1.7 to about 3.5,
and is characterized by a heat of fusion, All 10in .1/g, and a delta quantity, AT ( C), defined as the
temperature difference between the tallest DSC peak and the tallest CR\f;ZSé[@ zﬁ %l_gagg};lerein the
numerical vAIdES '$FATEnd MI have the following relationships: AT > -0. (g %) + 62.81 for AEI
greater than zero and up to 130 J/g, AT > 48 C for AH greater than 130 J/g , 15wherein 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 iderfifigbie SRY BTA ST ibear  idi e hepsir A wsihpeididie & 30C; or (¢) is
characterized jhyrarRiReipypéncenl 3RO préent straihyamdbrey eteorieasuhe dawithza
compression-raldssh ity ohthe aiylene/aselefininteinolymer.andhasa densitysdoin 20grams/cubic
centimeter, whe((?in.th%lpytrrpc%igal values of Re and d satisfy the following relationship when
ethylenehx-oléiﬁnWf@%pélymer IS substantially free of a cross-linked phase: Re >1481-1629(d); or (d)
has a molecular fraction why J

that of a comparable random ethy intelpolymer fraction eluting between the same temperatures,
wherein said compardbi&‘fandogh eth i
index, density, and mola onbmlgr/cont
of the ethylene/a-olefin integpolymer; or (€
modulus at 100 "C, (G(108:388)),anherein the ratio Q{)G(ZS C) to 0(100 C) is in the range of about 1:1
to about 931 or (f) has a molecular fraction which eﬁute’s between 4(1C and 130C when fractionated
using TREF, characfetied ibthdttheradtioh Hased vrsek inae 6P Eeedera 8 8/ tip to about 1 and a
Mw/Mn greatetitheni abobivinBiheririgliras an average block index greater than zero (0) and up to
about 1.0 and a Mw/Mn 35greater tha&,@bout 1.3; or (h) has a molecular fraction which elutes
between 40C and 130C when pnated using TREF, characterized in that the fraction has a molar
comonomer content grea an, et equal to, the quantity (- 0.2013) T 4- 20.07, more preferably
greater than or equal {o the guantity (- 0.2013) T+ 21.07, where T is the numerical value of the peak
elution temperature ofithe=HREE 5fractionsaidasuted in C. Other embodiments comprise polymers
and processes such &s thos\g desgfibed in PCT International Patent Application Publication Nos. WO
2005/090425, WO 20 nd WO 2005/090427.

H;C

ased on the whole polymer) within 10 percent of that
a storage modulus at 25 C, (G'(25 C)), and a storage

CHs (A3);
" Catalyst (A4) is bis((2-oxoyl-3-(dibenzo- 1 H-pyrrole-1-yD)-5-(methylyphenyi)-2-
10 phenoxymethyl)cyclohexane-1,2-diyl zirconium (TV) dibenzyl, prepared substantially

according to the teachings of US-A-2004/40010103, and having the structuze:

I{h N

HC CHy
et g
0 i)

{(Ad);



Monomer and any comonomer content of the polyolefins may be measured using any 10suitable
technique such as, for example, infrared (112) spectroscopy and nuclear magnetic resonance (NMR)
spectroscopy, with techniques based on NMR spectroscopy being preferfed a rbon-13 NMR
spectroscop %é‘fﬁ%”ﬁ?&?g preferred. To use carbon-1.3 NMR spectroscoBg?ﬁi’rg%g%?eﬂaé!%%nalysis
sample from a polymer sample by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-dziorthodichlorobenzene to 0.4 g of the polymer sample in a 10 15millimeter (mm)
NMR tube. Dissolve(aiy ool énizé-thepetyhier sarhple 7 teatng i tube and its contents to 150
C. Collect carboiseka: MMR Bpeakoscopy, gatarusingendE@icdclipse Tiv 400N sFA8pectrometer or a

Varian Unity Phybddvb400MHEz;:spectinmgter, corresponding to a carbon-I3 resonance frequency of
100.5 MHz. Acquire the carbon-13 data using 4000 transients per data file with a 6 second pulse

repetition delay. To achieve minimum signal-ta¥2Qsmise for quantitative analysis, add multiple data
files together. The SNMWW%‘ z With a m file size of 32,000 data points. Analyze
the analysis sample at 130 C in a10 mm brgag band . Determine the comonomer incorporation

with the carbon-13 data using Randall's triad methcécF’(Randall, LC.; IMS-Rev. Macromol. Chem. Phys.,
C29, 201-317 (1989), which is incorporaﬁed’t%/ ?eﬁﬁéence herein in its entirety. In some
embodiments, the amount of olefin comonggger incorporated into the pajy(olefin monomer-olefin
comonomer) block cepalymer,qr segments isreghds.characierized by a comonomer incorporation
index. As used héar?ig, he term ﬁ monomer incor O[atf'oncindex" refers to.the mole percent of

. yietn vhimmno nieth vl -o50 ﬁz; coniuin dipenzyl, an hawyn’the StuCHITE:
residuals of oléfin‘comonomer mcorporg ed Into oletin monomer/comonomer copolymer, or segment

thereof, prepared under representative olefin 30pefytherization conditions. Preferably, the olefin
monomer is ethylene or propylene and dig%%f?ﬁ'@i oFAex respectively is an (C3-C40)alpha-olefin or
(C-4-C-40)afpha-olefin. The olefin polyarerizatie n@le pscalie-ideally under steady-state, continuous
solution polymerization conditions iff a hya}j;gc;arb ent at 100 C, 4.5 megapascals (MPa) ethylene
(or propylene) pressureﬁgzrée_ac assure), reater than 92 percent (more preferably greater than 95

. PNE ™ . .
percent) 350lefin moRBMET ¢d on, and greater thanXQt%l(pgrcent olefin comonomer conversion.
~ The selection of catalyst compositidns, whichtitiéiude di€ invention catalyst, having the greatest
difference in olefin comonomer incorgration indices results in poly(olﬁgi@:monomer-olefin comonomer)
block copolymers from two or more olefin monomers having the largest difference in block or segment
properties, such as deffdity fn’ é“e]r?a"i?f'”é?rb“ﬂ'fﬁ'gfﬁﬂﬁlé??ﬁ’ée)(ﬁﬁrgﬁéﬂé’?ﬁ%?’]fﬁgfijﬁﬁgllﬁtion index may be
determined Sdirestlyefal ¢xampleibynihe dsa ol NNRspebtroscopic techniques described previously or

by IR spectroscopy. If NMR or IR spec opic techniques cannot be used, then any difference in
comonomer incorporation is indirectly determined$¥8¢polymers formed from multiple monomers this
li i

indirect determination may be accomplishéd by vatious techniques based on monomer reactivities.

10For copolymers produced by a given-gatalyst
the copolymer and hence the copolymer égﬁ@?oosi
comonomer and monomer. Maf [

tive@amaunts of comonomer and monomer in

, 3 Al TN patagraphs numbered [0081] to [00901. 15For this
on is a § fon only*af teriberature dependent reactivity ratios
and comonomer mole fraction in the xgagior same is also true when reverse comonomer or

monomerlfhsertion may occur or in the case ofthe interpolymerizatior{®f'more than two monomers.
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Reactivity ratios for use in the foregoing models may be predicted using well known 70theoretical
techniques or empirically derived from actual polymerization data. Suitable theoretical techniques are
disclosed, f in B. G. Kyle, Chemical and Process Thermody j ' ition,
Prentice-Ha?{(g%%rQ%r%jz% Redlich-KwOng-Soave (RKS) Equation of Str;%fy h%arﬁtﬁgf%ngineering
Science, 1972, pp 11974203. Commercially available software programs may be used to assist in
deriving reactivity ratios from 75experimentally derived data. One example of such software is Aspen
Plus from Aspen TeCHABIOGY, vt PFEmEa i Paik Camnkbbe MA 0P E412201 USA.  Attimes it
is convenient fbsivoorporateiby referancd axdmplds of efiradsdeiatdslefiniddlmerization catalyst that
can be used ig smbodiments.eftharibantion process for polymerizing an olefin comprising chain
shuttling and employing the inventiog catalyst. For 30convenience and consistency, one of the
invention catalyst and ate efiry polymerization catalyst are thus sometimes referred to herein
using generic terms such Jfirst Olefin polymerization catalyst" and one as a "second olefin
polymerization catalyst" or o versa That is, in some embodiments, the first olefin polymerization
catalyst is the same (aiscﬂgm\inv tien,catalyst and the second olefin polymerization catalyst is the same
as the associate 350lefin polyfmerization catalyst; and vice versa in other embodiments. In sonic
embodiments, the first and SE C%nd olefin polymerization catalysts each independently is an invention
catalyst. As used herein, the fir&Colefin polyffhérization catalyst is characterizable as having a high

comonomer incorpotatigRiindex andifheiseepnd.alefinpalymesization satalysiiencharacterizable as
gfé %@é&‘%&?ﬂéﬁ?éé&%ﬁnﬁo RErcemtQf thedigh comonomer

having a comopoIerGRRRIAHAN,IN _ |
incorporation index, Preferab y, the second olefin polymerization catalyst is 5characterized as having a

comonomer inCOrpoTatioAThEEL 4t Y5 fEEE than 90 percent, more preferably less than 50 percent, still
more preferably less than 25 pe , and even more preferably less than 10 percent of the high

comonomer incorporgtion index irst olefin polymerization catalyst. When preparing the
poly(ethylene aIpha—oIec
embodiment, the catalyst-ef.the

mer according to the 10preferred process of the third
geona, empo
catalyst system comprisintﬁ@m%%ﬁon product of: (A) a first olefin polymerization

efibodiment is employed as part of a. catalyst system, the
catalyst, the first olefin pol pation catalyst being characterized as having a high comonomer
incorporation index; g, (B) 2 secofdlefin polymerization catalyst, the second olefin polymerization
catalyst 15being characterized as having a comondfiér incorporation index that is less than 90 percent
of the comonomer incesparation indexofitheifirstalgfinpolymedigatian. tetatystpand:-1-  (C) a chain
shuttling agent;ithe. catalvstaldhe second embadimentcamprisinagitherthe. first or second olefin
]Polym(?rizatiorhé:&m%()?agmaev ﬁ%rm ;&&%%g" as generally used herein may refer to an unactivated
orm of a

H;C
\O\ 3 CH;
Si

1

N Ti{CHa)
N
; S |
C(CHs)y

HyC (C3); and
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metal-figand complex (i.e., precursor) or, preferably, the activated form thereof (e.g., after contact of
the unactivated form with an activating cocatalyst to give a catalytically active mixture or product
thereof). For the associate olefin polymerization catalyst comprising or prepared from a non-invention
metal- Ilgan(;‘1‘/?0%‘(?11;9{8%(2 &metal of the non-invention metal- -ligand 25compTé’>r<r CRABE A Hetal of any one
of Groups 3 to 15, preferably Group 4, of the Periodic Table of the Elements. Examples of types of
suitable non-invention metal-ligand complexes are metallocene, half-metallocene, constrained
geometry, and polyvateheipiridy ey et inopstheb poiererititngtaseitbinhplexes. Such
non-invention fmetsisligandcomplexes arcsdesceibed in the WO 2008/027283 and corresponding US
Patent Application No. 12/34Z,034. 300ther suitable non-invention metal-ligand complexes are those
described in US 5,064,805 153,157; US 5,296,433; US 5,321,106; US 5,350,723; US 5,425,872;
US 5,470,993; US 5,625,08%f @;} 721,185; US 5,783,512; US 5,866,704( US 5,883,204; US
5,919,983; US 6,015,868; US 87034,022; 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 §,696,379; US 7,163,907; and US 7,355,089, as well as in
35applications WO d%‘z%q WO 62/92610: WO 02/38628; WO 03/40195; WO 03/78480; WO
03/78483; WO 2009/012215®2; US 2003/0004286; and US 04/0220050: US 2006/0199930 Al; US
2007/0167578 Al; and US 200879841812 Al. The "first olefin polymerization catalyst" is
interchangeably referred to heu s "Catalyst (A)." The "second olefin polymerization catalyst" is
interchangeably referred to 5 h as "Catalyst (B)." The selection of metal complexes or catalyst
compositions having the greatest difference i®tomonomer incorporation indices results in copolymers
from two or more monemersdiayingdhe Jargeshdifferenagannibleckorsegme piiprepestties, such as
density. s Prefaaplinibe. sAmOnamennGAIRGAIR index sl Catalal {Rhis,jgsethan 80 percent and

more preferably less than 5 percent of the comonomer mcorporatlon |ndex of Catalyst (A). 10An
example of CAAYE {(BY4& e “%}Férﬁﬁréﬁﬁdﬁgd“'é%%%i%&% BHEREHEATTE™ ** % 0me embodiments,
the catalyst of érebkedshdiambedifreiitoniprizesiCatalysota ot atiipst{B)ahi such
embodiments,ipreferakly:the @aalyas(&)MeM1mtalm&tc8ystamyiﬁsaeéla‘talfystefa) described in US

2006/0199930,A145. 20070167578 Al kS 2908103181214k U 7:355,089,82.01 WO 2009/012215
A2. 15In mee bodiments, the atalyst ofth second ena(ﬁ\)dlment com rlses C%alyst (B), but not

Catalyst ) 1RSSR SRBE Jim 5 en nﬁ?ré et?% Hﬂ TRV (8) OF the cath 1sc%toem is a Catalyst (A)
described in uswwer@&%gm A%CEJ*S%BWMWBW ARG (2@08)@3@11@&12%019587 355,089 B2; or

WO 2009/0128dib1A&d from oRRepresentative Gatalystsi(i) mhth(Brofld8:2806/0199930 Al; US
2007/0167578 Al 2054&%99&%@1&&1@%&,%55119188353251 qgeWQd%QQ%m&a&MZ are the catalysts

of formulas (A A (BI B C C3
[N-(2,6- 631 mé?(hi/ (”fh%/?T %%%/I arrzll(llTl l2)" tg opp)l?otbn)]/ pmésncf {5’ g ﬁﬂ}llé) gﬁf’%t_‘& 186g pyrldln -2-diyOmetha

ne)]hafnivm diftEtHsH, Cﬁ‘iaé)ﬁﬁr‘@&“é%ﬁfﬁ"r‘iﬁ%It’rfé%ﬁ%‘ﬁ%’é%?%@@@%ﬁ‘f@ﬁm%%b‘soz04017 USSN
10/429,024, filedsMay2 {2008 andWORIOHATAO;anthavingotheestrugtureer (Al):;

(SA 1s characterizable of functioning as & chain transfer agent. That is, the CSA is

characterizabie as functioning in such a way that there 15 a one-time transfer of a polyolefmn
homopolymer or random pelyvolefin copolymer product formed in such polymerization process

20 from the olefin polymerization catalyst (¢.g., the invention catalyst) to the CSA. In such
embodiments, it is not necessary for the CSA to reversibly chain shuttle, as such embodiments
typically employ only one olefin polymerization catalyst, which may have or use only one
active catalyst site.

In some embodiments, the chain shutthing agent 15 characterizable as having & chain

12
A

shattling activity ratio R,5/Rp.4. [n general, for any two catalysts (A) and (B), the chain
shuttling activity ratio R /Ry 4 is calculated by dividing a rate of chain transfer from an active
site of a catalyst (A) 1o an active site of a catalyst {B) {R..») by arate of chain transfer from the

active site of the catalyst (B) to the active site of the catalyst (A) (Rg.4). Preferably the catalyst
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Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyOamido)(2-methylphenyl)(12-
phenyiene-(6-pyridin-2-diyi)methane)Thafnium dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740, and having the
structure: CHECHYBEBH3 C113 5(A2);  Catalyst (A3) is bis[N,N"-(2%4 E¥rtethyThenyl)an
do)ethylenediamineThafnium dibenzyl, and having the structure: CH3(A3); Catalyst (A4) is
bis((2-oxoy1-3-(dibenzo-1H-pyrrole-1-y1)-5-(methyl)phenyl)-2-

10phenoxymetkiyil) by diotneirarmalysPapkiyie zhebrilini( ) irerzierprepaiistcsibstantially according to
the teachings @f S:ARO04001 0403 @nd havingthe, sirdatbrehe chaiCatalyst (AS)is

k2-2,6-diisopropylN-(2-methy1s3(Retyiminghitan:2-¥hhsnzencamidelirimetyhalnium, prepared
substantially acco_ralr]g to thc_a teachings of WO ? 03/051835,@1 d. havingathe. structure: N / Hft-Pr |
Me Me (AS); CRIIYSHEES Y I8P S BE (s BB B IR ey ASRE SO NS & e
methyleth§l)insirroYristhigh{R-esopicalrcomii aitienZi ae deaving sreslgtitife: C(CH3)3 (B1);
Catalyst (B2) iauki2-hus«(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-
imino)methy1) (2'OX%X(Il&éEﬁQg%Q%%Xlat%ﬂgoh@ig{ﬂ%gﬂ%gﬂﬁgﬁ‘E@tzalysts having differing _N0C(C113)3
comonomer incorporation: rates (as described herein) as well as differing reactivities, and by
combining two or more CSAs (and preferably 3 or less CSAs), different poly{olefin monomer-
16 olefin comonomer) multiblock copolymer products can be prepared in some embodiments of
the invention process for polymerizing an olefin. Such different products can have segments of
different densities or comonomer concentrations, different block lengths, different numbers of
such segments or blocks, or a combination thereof. For example, if the chain shuttiing activity
of the chain shutthing agent is low relative to a polvmer chain propagation rate of one or more
15 of the olefin polymerization catalysts, longer block length muitiblock copolymers and polymer
blends may be obtained as products. Contrariwise, if chain shuttiing is very fast relative to
polymer chain propagation, 4 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 sclection of both catalyst(s) and the CSA, relatively pure block copolymers, copoiymers
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 polymertizing ar 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-Cophydrocarbyl group,
preferably (C4-Cy)hydrocarbyl substituted aluminum, gallium or zinc compounds, and
reaction products thereof with a proton source. Preferred (Cy-Cophydrocarbyl groups are alkyl
groups, preferably Iinear or branched, ((0-Cg)alkyl groups. Most preferred shuttiing agents for

use in the present invention are trialky) aluminum and dialkyl zinc compounds, especially

30 triethylatuminum, trii-propyl) aluminum, wrii-butyDaluminum, tri{n-hexylalaminum, tri{n-
octyDaluminum, fricthylgalliom, or diethylzine. Additional snitable shuttling agents mnciude the
reaction product or mixture formed by combining the foregoing organometal compound,
preferably a tri((C-Cg)alkyl} aluminum or di({C-Cglalkyl) zine compound, especially
triethylaluminwm, ti(i-propyl) aluminurm, tri(i-butylaluminum, tri(n-hexyl)aivminum, trin-

35 octylyaluminum, or diethylzinc, with less than a stoichiometric guantity {relative to the number
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ZrX2 / (H3C)3CO0 N- X=CH,C61-15 Catalyst (Cl) is
(t-butylamido)climethyl(3-N-pyrroly1-1,2,3,3a,7a-minden-1- yPsilanetitanium dimethyl, prepared
substantial%gq{&q gzl% the techniques of USP 6,268,444, and having {h& sttm@se: st C (C
143)3(Cl); 5 is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-minden-1-
yOsilanetitanium dimethyl, prepared substantially according to the teachings of US-A2003/004286,

and having the structure: (C2): Catalyst (C3) is ( t-butylamidoMi(4- eth}llg)henyl)(z tnethyl-
.2,3,3a.8a-m&i é]rtfl’igri'@w?éﬁ&ﬁgﬁféﬁﬁdﬁ‘loﬁ?‘?ﬁéfﬂw B?gy fardd stibstantiafly according to the
teachings of UiSe/Aer 20081804286 arrebFraatinbittiénsthituhem Cataly s (D1 18 Hrsdimethyldisiloxane)(
idene-1-ycontwadighiokige; available:franmsigmadildiehpiane Rayinigntheistiuctuse: (DI). As mentioned

previously, Som%ze@%%%n@% %4&\494&%%@5%9%&9 LRalymerzingaanpletin, trther employ a
chain shuttlln a%ﬁ%[?ﬂ he terms. "chain uttlln nt an S rel terchan eqbly used herein

and refer to atd R A TS AR AR S AT Himgalhlg caﬂs‘fﬁa “linder the olefin
polymerizationvebfditions! enechargtbof éﬁ%@F?W?éWP%ﬁﬁiﬁl e, H&VWW%WBP%Pﬁem) between at
least two active gatalystsitesehtuasclefinpolymesizatidncatalystsyiteabwoolefimpolymerization

catalysts being the. i ymggﬂ&ﬁﬁb(ﬁljc@@pgym%l@g,)sgggg}t@ag]gjm@gjymg[gﬁuon catalyst such as

another invention catalyst o1 one of {e non nvention catalysts dessrihed previously. That s, transfer
of a polymer fPﬁ&H‘u’ curs bo o an & or more of active sites of the olefin polymerization

catalysts!0 W‘é@ﬁ‘ﬁé@t%yﬁf‘éﬁﬁ’?ﬁshﬁ‘ttﬂﬁb‘%@‘éﬁfh@l“%ﬁ*ﬂlﬁﬁgfé‘i‘%é‘rﬁmﬂ%@@%‘%rmlnatlon of
polymer chaindgpemthcandeamauntstay aione«tine tiansteyiohpbly metfirbmiacgdtalyst (e.g., the
di-t-butylphenoxide), n-octylaluminum di(ethy!(1-naphthytiamide), ethylatuminum bis(t-
butyldimethyisiloxide), ethylaluminum di(bis(trimethylsilyhamide), ethylalwminnm bis(2,3.6,7-
dibenzo-1-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-
15 azacycloheptaneamide), n-octylaluminum bis(dimethyl(t-butylsitoxide, ethylziac (2.6-
diphenylphenoxide), and ethyizine {t-butoxide). Other suitable non-invention chain shuttling
agents are described in WO 2005/073283 Al; WO 2005/090425 AL, WO 2005/090426 AL
WO Z005/000427 AZ: WO 2006/101595 Al; WO 2007/035485 AL WO 2007/035492 Al aad
WO 2007/035493 AZ.
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

(R
h

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 televant process known in the art and the parficular process is not critical to the
present invention. Preferably, the compounds of formulas (Y} are prepared according to one of

the processes iltustrated in Scheme 2.



15invention catalyst) to the transfer agent. In some polymerization process embodiments such as
those useful for preparing polyotefin homopolymers and random polyolefin copolymers, the GSA is
characterizable of functioning as a chain transfer agent. That is, the GSA is.char izaple as
functioning ?ﬁ%ﬁ%’rﬂ”ﬁ%ﬁ@ that there is a one-time transfer of a polyolefin (grr@g%ﬁn%g%%kr) random
polyolefin copolymer product formed in such polymerization process 70from the olefin polymerization
catalyst (e.g., the invention catalyst) to the GSA. In such embodiments, it is not necessary for the GSA
to reversibly chaisRuttle, as such embodiments typically employ only one olefin polymerization
catalyst, which may have or use only one active qa?talylgg site. In some embodiments, the chain
shuttling agent is characterizable as having a:¢hain)shuttling activity ratio R,43/RE.A. In general, for
any two catalysts (A) and (B), the chain shuttli 'wty{ tio RA_B/RmA is calculated by dividing a
rate of chain transfer from an active site of a 0 an active site of a catalyst (B) (12A.B) by a
rate of chain transfer from the active site of the catalyst (B) to the active site of the catalyst (A) (RSA).
Preferably the catalyst (A) is the invention catalyst and the catalyst (B) is the aforementioned
associate olefin polymerization catalyst. For the chain shuttling agent, preferably the chain shuttling
activity ratio R8T/RRB:8 is from 0.01 to 100. Preferdly, an intermediate formed between the chain
shuttling agent;and t ymeré! ﬁ*}%ﬁ'” is suffi¢ientl ble that chain termination is relatively Srare. A
(polyolefin-polyrgdic I)-cgntain' in shuttli ent is appexample of said intermediates. By
selecting differefit co bf‘ étions of olefin polygjerizatierré¢atalysts having differing comonomer
incorporation rates (as described herein) as well as differing reactivities, and by combining two or more
CSAs (and preferragw JBereless CSAs), different p$|ﬁ§&l&{f’n monomer- 10 olefin comonomer) multiblock

copolymer products gande prepared in some embodiments of the invention process for polymerizing
an olefin. Such different prodlﬁﬁﬁﬁa ave segments of different densities or comonomer
concentrations, diffgyent block Te s, different numbers of such segments or Bigcks, or a
combination thegeof. Kor exam el fratiehehaingshuttli agent is low
relative to a polymer/£hain propagation rate of o rization catalysts,
longer block length iplock copolymers and\golymgrhilends may be g products.
Contrariwise, if thaip shuttling is very fast relative(gg polymer chain propagationsia 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 propef 2USBI8¢tign 800 W%ﬁ#%ﬁ{fs? f%‘}}}élr'{o ha CEA? ?é%tﬁvléi[}pﬁﬁ'r(%%bck copolymers,
copolymers containing relativiely-targe pelymer segmantsaorbipekspand/okBlends of the foregoing with
various ethylene or propylene homopolymers and/or copolymers can be obtained as products. In
some embodimentershatiia RybAtiomplsasEHsF HEKMERAMY Bt biefineRiIIBYRE the CSAs, the chain
shuttling agentsthatare guitable:{ariysethere puincude-Gaoupd p2yrkgiopd Simetal compounds or
complexes containing at least.aneiéG1:G20hydigsarhyl.areup.referaily.(6:1-@12)hydrocarbyl
substituted aluminum, gallium or zinc comgguaﬁ)%h?pa reaction P{ﬂd%ﬁ thereof with a proton source.
Preferred (Cl-é]fﬁ‘j ) ups.” bly finear or branched, (C1-C8)alkyl

IVQIY, 2nal ]111F 15 DTEpUre: ?’ 6f
Varocarby groupstare aikyl groups, prefera
groups. Most méferredrshuttingdagents-fondisedindhe resent inventioZarepteratkybaluminum and
dialkyl zinc compounds, especiall triethylatumijnurx t{)i(i— ropylﬂlalu i(g]ulm .arifi-butyfialuminum,

. X £ - b} I a - G DESE B S ] . .
trifii-hexyfialundfAH" 'H‘Ffal-’%gi%ﬁs(%u% ?“Hh?ﬁ%?ﬂ&%iﬁﬂ’affﬁrﬁl,cgﬁ frethylzine Additional suitable shuttling
agents includetiijapropyiamide, potassium hexamethyldisilzide, and the like) followed by capturing of the

resulting enolate anion with a sulfonylating agent (e.g., wifluoromethanesulfonic anhydride

(T2 00 1o give keto-enol (4). Keto-enol (4) is then allowed to couple in the presence of
15 palladium catalyst {e.g.. paliadium(II) acetate) with the amine RI—NI—IZ to give enamine (2).

Enamine (2) is then allowed to react with an amine RS-NHZ, preferably under dehydrating

conditions, o give the compound of formula (Y). Alternatively, the compound of formula (Y)

is prepared by deprotonating 2 bis-imine (4}, which preferably is prepared by conventional
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reaction product or mixture formed by combining the foregoing organometal compound, preferably a
tri((C1-C8)alky1) aluminum or di((C1-C8)alkyl) zinc compound, especially triethylaluminum, tri(i-propyl)
aluminum, trifi-butyBaluminum, tri(n-hexyWuminum, tri( 350octyfialuminum, or diethylzinc, with less
than a. stoidhibHiEtié2etfantity (relative to the number of hydrocarbyl grd’d}s‘%?%%"ﬁ éﬁfﬁ‘éry or
secondary amine, primary or secondary phosphine, thiol, or hydroxyl compound, especially
bis(trimethylsilyl)amine, t-butyl(dimethyl)silanol, 2- hydroxymethylpyridine, di(n-pentyl)amine, 2.6-di( t
-butyl)phenol, gthivitlaaaphtthaning:kist2, 816, indiberao-itazacysiaheptanramine),
diphenylphosphine, 2,6-di(t-butylithrophenol, or 2,6-diphenylphenol. Desirably, sufficient amine,

phosphine, thiéf¥8iA s alEnt A tfﬁ%ttf&?‘?é“ﬁ%%ﬂ?ﬁ%%’é%ﬁﬂ%ﬁp remains per
metal atom. Themprimatyprefaction prockyetsiiofithe foregoingrbpimbirationstiost desired for use in the
present inventign @s.shiditliag agents are n-octylaluminum di(bis(trimethylsilyl)amide),
-propy aluminum bsEmely b laKde). %Qf%%taﬁcaémmmgpmwaaaﬁethoxide)

y

i-butylaluminum 10bist cllmet buty sl oxane) I- butyaum]]num i(is rlmetféglg lamide),
n-octylalumindffidithymaines ‘Fri’@tﬁ’(]%lb‘é})“ ‘]r‘-"é’dffl%{l‘ﬁ%fﬁc M oiE(Eitpentyamide): n-octylaluminum
bis(2,6- di-t-butytphénoxitd)ethriotyatardinethy'difethylt tordphtiay sriae)y Ethylaluminum
bis(tbutyldimethyjsitoxide ) ethybatumirmn -di iistimetylsilyflamide) sethytatuminum bis(2,3,6,7-
dibenzo-l-azacyc Qcp&pg@\g%ggﬂgﬁ) 1Jgsg]l<i:1,'ylalum|num bis(2,3,6,7-dibenzo- Iazacycloheptaneamlde)
n- octylalumlnutn’b g%llmethy tbutyI)S|IOX|de eth,lylzlrt]hc (2,6- d eé%gg nox nd ethylzinc

S

(t-butoxidd). Other sUIEAHIRHERSAUBHHOR SHEH AR RITG Ses & Ghibed i WO 2005/073283 Al;
WO 2005/090&2@#&8\?\/@@@@5&!@9@42@7@\4}‘3\?\1’@"2@W%MZWA%W@E@GEFM?O1595 Al; WO
2007/035485 Al; WO\ROB#(E35492 Alrand WEr20017/ 0364 98 ARpa0P dlyoléfing prepared by a process
of the third empodiment afe useful..amang.othgr 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 Another aspect of the present invention is the
intermeditte compound that is the corfddtiRe 6f OMRAE (¥YHS described previously. Compounds of
formula (Y) magbkeirvadebyiadapting any relevant process known in the art and the particular process

is not critical to the pxgSERLIRVEALIR.Rraferahlys the campasnds eifarmias:(¥.aee prepared

accordlng to Or?tﬁ Oflzmcleca, erog 631‘3(1951 l'iggt{]gt?cxflgesl ad%o]um c?ale cﬁmd and deg apc§0heme 2, eDOXIde
(1), which prefera fy IS prépare yconventlon époxidation 5(not shown ofacorrespondlng

2-enone, is allewééﬂtét?éﬂée‘ﬁ PAEPF S &I TS R RS U6 PRSI GE A B R 125 “preferably under
dehydratitg conditiovis{egvsifttheqvesertetofedehydratiigaigentiuctras anhydirous 3-angstrom
molecular SieV&%%QJ @;QJPMQ(@H&.@@&i&émyﬁﬁ!&o&aﬁ&&hm@e{namﬁﬁi&&ﬁ suchnasazeotropic removal of

water) to give el’?%l;gll}]\%g Alte natiye tydolr@t%mgﬁgﬁxr{m iR 2§ &@q p))[c%u%ﬁy Qgc%n]d greC“ketone (3) to

react with the amine 1 mrg erably under dehy dra conditions. Alternatively enamine (2) is

prepared by déb‘rb‘i‘ﬁ‘t‘f&ﬂﬁ@f“ﬁ ‘? ‘8ﬂ<’éﬁ6‘hé‘ E‘B‘)\&Wﬂﬁ“&%ﬂl%ﬁ&i’é‘” iR BESE R sodium hydride, lithium
diisopropylamidenipotaisiam diexamethyiidisiiitenaauntiredike) Solfowesd By daisturing of the resulting
enolate agdon with.a.sulfegylatingragenti(e g thiflincampihanesuidonicyanhyedride (Tf20)) to give
eto-enol (1). Keigognel il Bthen.allowedls saunls.n theRisag e of 15palladium catalyst (e.g.,

palladium( 1) acetate) with the amine RI-NI zlve enamine éhen allowed to

react with an amine RESRH192 Wé?%‘r’&ﬁ‘l’?ﬂﬁt&élr"& ‘ava%dgp%&ﬁ%ﬁ. %“ﬁ chS g“liir/"ézt(}fI ¢ompound of
formula (Y). Alfernativedly, Baeosorfipoigmdto fekmuieqvpisisrepaies Bip dé‘ﬁ?étﬁﬁ‘ﬁtl‘i‘ﬁ‘g“a his-imine (4),
which preferablyis)preparad hyscamientienal (TCB) evaporates, and analyze using a Nicolet Nexus

30 670 FT-IR witk 7.1 version software equipped with an AuloPro auto sampler.
Gel permeation chromatography {GPC):

Determine weight average molecular weight (M) and polydispersity index: Determine
My and ratio of Mg, /My, (polydispersity index or PDI) using a Polymer Labs™ 210 high

temperature gel permeation chromatograph. Prepare samples using 13 mg of polyethylene
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condensation (not shown) of amines RI-ICH2 and R2-NH2 with 1,2-diketone (3) under dehydrating
conditions, with a non-nucleophilic base, followed by quenching of the resulting enamide with
preferably 1 mole equivalent of a preferably anhydrous prone acid (e.qg., trifluoroacetic acid). 5The
reactions de€rBetfi2B8heme 2 preferably are carried out under a substiERFHE+EHSs atmosphere
in an anhydrous aprotic solvent such as, for example, toluene, xylenes, tetrahydrofuran, diethylene
glycol dimethyl ether, or a combination thereof and at a temperature in a range of from about -78 C to
about 200 C. Bsetesatly jsthe«eactionsmarg cariedhouttat atmesplierdcpressited taRreferably, the
compound of fgrmulaserd is.the.campoungh 6A)(B (), or (D) of Examples A to D, respectively
(described later), or c? salt of a cqfn%?%te b?ﬁé ttherteof. A!sq pr%f rrteq tis an intEeF ed{ate compound
that is the compound (E) OF (F) 0f Examples E or 1, Feepactvely ? ASeHbed TadH  TBKMATERIALS AND
METHODS Gefe¥atdrsitieratiots AN soiehts ant ey dite dies GBtaireeicH B éefimercial sources
and used as receivectinless indichtechothemi8éC Polugne, héxaneg 6D 6y:and toluene-cis are dried
and degassed;agcoring.to KNaWRIQEad es.Nuclear magnstitiiesenance (NMR.epectra are

recorded on 2Qarian Mercury-v-300.and. o'}‘MB%‘%%%SE%EE%%SJ&E%-qa%h%%‘926 Shifts in parts per
minion (8) are reportetf@ersus {etramet ylsilane and referenced to residual protons in a deuterated
solvent. NMR peak andlcoupling:canstantiassigimentsarerprovided HordBnyernienopyand are not
limiting. Some.of thevatamsdniihesiiugtiugs ebihe-Rieparations.AbgFxamples are numbered for ease

of referenge. All metakigand comalexes ar synihesiged and stored I A 3N agHum Atmospheres
substantially inert atmosphere glove box under a dry ni ro%yen atmosphere r%y using standard

Schlenk and vE&kM Hsétethnitiied B anpyBtdiminirg pRISENt T o OB SF B dctene and polymer
density by Infrareg R)-SpectiessanyDepeosit-l4Q.misaliters (hgbeashpelymearselution onto a

silica wafer, heat at 140C until the 1,2,4-trithlorobenzne (TCB) evaporates, and analyze using a
Nieolet Nexus %9670 e with'y G78F8ION SEtiard eqaiBeer With"dRoRtt6PYo auto sampler. Gel
permeation chramatparaphy.(ERGHPeterning.weightaverage-mplecilianweight(Mw) and polythsp
soy index; Determine Mw and ratio of Mw/Mn ( ngdisﬁ%e‘rsity index or PDI) using a Polymer LabsTM
210 high %émp@%’tﬁnf@"&é‘l“b‘éﬁﬁ@ﬁ%ﬁ&ﬁ%ﬁrféifb%‘u‘ st diitretising i mg of polyethylene
polymer that is«iftadrayith 16-0th of Laidtsichiotobenzanei(stabilized: with butylated hydroxy toluene
(BHT)), heat a%%cﬁbal?ﬁ; %qu(S)QC for 2 hours. em([%(?ter ining melting and c%g)tai\ljliﬁzation temperatures

Il tpb QUK PET S PRI TDOUINS DOT SUUHEIC 10
Ia

and heat of fusion b Dlﬁ‘eren cannln% alorimetr %SC; SC 2910 }‘IgA Instruments, Inc.)): First
heat samples fro# AT BtdHperaa et TebEeat %g @%t‘éW’ibé’%@?%iﬁﬂ‘i‘éo.nAfter being held at

this 13 NMR); 19F-NMR (fluorine-19 NMRY; HSQC (heteronuclear singie guantum coherence);
20 Anal. (elemental analysis); caled {calculated); br {broad); sept. {septet); s (singtet); d (doublet);
t {triplet), m (multiplet); quat. {quaternary); J {coupling constant); HRMS (high resolution mass
spectrometry};, ESI {electrospray mass spectrometery) and GC/MS {CID) (gas chromatography-
mass spectrometry chemical ionization); TLC (thin fayer chromatography).
Benzyl metals and other organo metals such as alky! metals and trialkyisilyl metals,
25  wherein the metals are M as defined for formula (1), are vseful 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 metais 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 organc magnesium hatide. For
30 example, in some embodiments, such benzyl metals are prepared as described in 1.5, Patent
Number US 7,067,686 Bl. The corresponding metal halides typically are available
commercially such as, for example, from the Sigma-Aldrich Company, Saint Louis, Missouri,
USA and CHEMOS Gmbl, Regenstanf, Germany. In other erabodiments, such benzyl metals

are purchased from a commercial source (for example, CHEMOS GmbH sefls
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temperature for 2 to 4 minutes, cool the samples to -40 X', at a cooling rate of 10 C per minute; hold
the sample at the cold temperature for 2 to 4 minutes, and then heat the sample to 160 C.
Analyzing a %%z&%% proton- nuclear magnetic resonance (1H-NMR)LspaeliassaRy,4sing a Varian
600 MHz NMR Instrument and deuterated tetrachloroethane. 10Abbreviations (meanings): Ic (kappa);
i-Pr (isopropyl, i.e., 2-propyl); Ph (phenyl); Bn (benzyl); Me (methyl); nBu, n-Bu and the like
(normal-butyl); CH2C12 (dichloromethane); CD2C12 Sdichlor,odreuteromet ane), THE
(tetrahydrofur AT et an i Sra B B E oM & A S R BAGAY AR 104 (tfanium(1V) chioride);
K2CO3 (potassiur tdrdbhate); Me (methyl); C6 D6 (perdeuterobenzene); toluene-d8
(perdeuterotoluene); Et3N (triethylamine); 15ZrBn4 (zirconium tetrabenzyl); HfBn4 and Hf(CH2Ph)4
(hafnium tetra}g_%fz%gl' [.t. (room temperature); g (gram(s)); mL (milliliter(s)); "C (degrees Celsius); x
(times (as_in 2xI5 mL)B/; mmol (millimole(s 2; Egi.&p&u_nds per square inch); psitz (pounds per square
inch gage); MHz (Méd%ﬁ%‘)‘f’ﬁfe(ﬁgﬁg‘) ik (Mase6-charge); 1H-NMR (proton NMR); 13C-NMR
(carbon-13 NMR); 10#aNRR-(flackifier't TN R) RSO S gristeron (EREESige quantum coherence); 20
Anal. (elementalranalysis)y caled(calcutatedrdpegbidoad)rsapile(Gepletos{singlat)ind- (doublet); t
(triplet); in (myltinlet); quat, (RYatemaw) idGounling.constanty sHRMS thigh-esalution mass
spectrometry); ESI (eIJegr)os_pqu mass spectrom t%rgx t.and %P/M%&CI ) i@g({:)@&g@&;‘[ography-mass
spectrometry EHEHIEAI THHIZR f()n‘)’;ldﬁgaﬁﬂtﬁf ayer chromatography). Benzyl metals and other organo
metals subh a& K metals Grd Hialkatsugrdietis 2038 whersin theviatiesre Mraelefined for formula
(1), are useful stasting-materialsdeniteactingwitbieompounds of formula (Y) to give certain metal-ligand
complexes of formulg I It ixagirical AW aHERQI0RR0 HethisAle RiepalEd Bl some embodiments,
r

such organo metals are prepared starting from a corresponding metal halide 9., metal chloride or
bromide) or mEEa ARG URIE 18y SHHEYal #E% SBTt LG AR AR ST GRS iU OF organo magnesium
halide. For 30exarmphéinamen et mrboine ats S ichs Beppyraatas! dieprelsiied as described in U.S.
Patent Nugnbetid&idh 06:6686 Birdive cotraspandiBgmetaldhalkidesdypicayearenaValable commercially
such as, for e@ﬁl@'%s@{%@h&@%ﬁ&%ﬁ'ﬁh@ h C_:ompany, Saint Louis, Missouri, USA and CHEMOS
GmbH, Regenstauf, Germany. In other em odrlm%h%, %&‘{Ch benzyl metals are purchased from a
commercial source (f8F SXAMBIE: BHEMBEEHbR' Sells feffabenzythatium under catalog number
151655 and tetfatsenyiziroenititiumdcr edtsionumbarineapsyinalParan/dis 8R-ray analysis is
performed as desaribaddieseuce hxRdtaCeollection: Mesingleucrystakied suitabdedimensions is immersed

in oil, PARATONE@ N. (Ghewron niglieciual Riopesiv ik ©) savailableframs exxanGhemicals, Inc., and
mounted on a thinrglass fiber. ;I’}h‘,e1 (t:g%st(alci(f, transferred 1o a Bruker SMARTTM Platform diffractometer
3 N A0 redul e JTiL CI

T3 bﬁﬁii 4 range o an alue Tange of 2,

equipped with & grapHita MBHBCRTomatic Gy Stal 'a Moka radiation source 100.71073 A), and a CCD
(charge couplde Hevicd) srdaideiesion: THE epyseirishpBighst 1 Rdoltriitrdgenstream for the duration
of data collectionsalR06G korrec Bk 0o SMARET e avaitableTiiomiBrikernAXS, dac., Madison,
Wisconsin, USA),is Wsed fordiffraciomeier coptialnframesgans, indexing, orientation matrix

calculatio,)ns, least squares refinement og a\(\:eil p?raggneger(s)r,1 %@tail fa&ggd measurements and the actual
. SOIDOR SOHRCHONS I O antegr ; G £ . . .
data 15cdflection. ProfiaRi AT (aRHISbIE oM Bruker AXS, hc., Madison, Wisconsin, USA) is
used to set upRigtarasisict oreatieteyyrsins T aSERHAMh s Eils 898 BYSFogratiSAINT Im (available
from Bruker AX&;itnc . widadisonsWistiensirnid $Adlanthintegratathbusin§-BDX3idTiling algorithms. The
resulting data grgigdueedinurioduce hidaflections.and thalr iviensities aadestinnaied standard
deviations. of the non-H atoms are obiained, The structure is refined, also mm SHELXTLS.1™, using fuil-
30  matrix least-squares refinement. The non-H atoms are refined with anisotropic thermal
parameters anc all of the H atoms are calculated in idealized positions and refined riding on
their parent atoms, or are obtained from a Difference Fourier map and refined without any
constraints. A correction for secondary extmction is not applied. The final refinement 15
carried out using I rather than I values. R, is caleulated to provide a reference to the
35 conventional R value but its function is not minimized. Additonally, wR, is the function that

is minimized, and not R,
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20The data are corrected for Lorentz and polarization effects. Sufficient reflections are collected to
represent a range of 1.51 to 2.16 redundancy level with an Rs),", value range of 2.5 percent, at the
lowest 20 shell of reflections, to 3.0 percent at the highest 20 shell of reflections (55). r_ystal decay
correction iSVAbHIEA23HE is less than 1 percent. The unit cell parameters™rE Yeid ¥ east squares
of the setting angles of the reflections.  Absorption corrections are applied by integration based on
indexed measured faces. Data preparation is carried out using program XPREPTM (available from.
Braker AXS, Madisdite Wisceansintidd SANicTine strictureeimsbiverd 4vy diveelomeibisd®in SHELXTL5.1m1
(available from.Braler AXScIneq Madisen, MliseensimatissA ) fromvicky thespositions of all of the
nonH atoms e, ghiaingd,, thesityeie R sfined. aadn SHELATES, usipgful- 30matix
least-squares refinement. The non-H atoms are refined with anisotropic thermal parameters and all of
the H atoms are cal&IEEY TR lized positions and refined riding on their parent atoms, or are
obtained ffom a Differerce Eblivietimiapzdnt refined without any constraints. A correction for secondary
extinction is not applied, The final refine is carrjaehout using F2 rather than F values. Rl is
calculated to provide a re ér"e[rglrg‘gj‘%é) tﬁ%ﬁﬁc%égﬁtigﬁal R value but its function is not minimized.
Additionally, wR2 is the fynctipmihatismiaimizer,“and not R. The linear absorption coefficient, atomic

scattering factors and anomaloussdispersion cqrrections are calculated from values from the

International Tables for XarBy Crystditogrd Sy (1o 7AFeué He A pes Bititghding ihoch Press
(Present distributasaDuReidelDardeschin:dRelevant functions: 5R1 = E(111701- Well) / >1:1101 wR2

{Dw2 _ Fge )21 :hypo 2%3_1{%%{1{%2; ((%I%Q;Gﬁr%ige?%?nll nljajng?o%yf l[}\é\ééj%z __Fe2)2] 01_011/2 where s

the number of e ections and ofal _?)5 ameters refined 10w = 1
/[(52(1402)(0.0370%phe@ulcHibydiqy defenbad(RO0Y-Prred 1 St therdikileNipssdids described herein are
depicted at the 40% probability level. PREPARATIONS  Preparation 1: preparation of
(E)-N-(2-(2,6-diisopropylphenylamino)cyclopgxs2remyligene)- 152,6-diisopropylaniline

Preparation 1: preparation of (E)-N-(2~(2,6-diisopropyiphenylamino)cyclohex-2-enylidene)-

15 2,6-dilsopropylambine

o i-Pr -Pr

‘\ | Formic Acid

+ 2 QPr i-Pr —Mr.t.Bdays N HN
NH

¢ 0 2 i-Pr i-Pr

Synthesis based on literature procedure (Gates, D. P.; Svejda, S. A. Onate, E.; Killian,
(. M.; Johnson, L. K.; White, P. §.; Brookhart M. Macromolecules, 200(133:2320-2334 ).

200  Cyclohexane-1,2-dione (2.062 g, 18.39 mumol) and 2,6-diisopropylaniiine (6.52 g, 36.78 mmol)
are dissolved in 70 mL of methanol. To this solution 1s added | mL of formic acid and the
mixfure is stirred for 3 days at room temperature. Precipitated white crystaliine sohd 1s
coliected on the frit, washed with methanol (2x15 mb} and dried under reduced pressure to give

4.1 g (51.8% yield) of title compound of Preparation 1.

-2
th

Preparation 2: preparation of 2-(morpholin-4-yl}-2-cyclohexen-] -one

3 4

Eo] foluene 5
——————————r————

" N refiux ! 5

H O N

G O

2
_;
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Synthesis based on literature procedure (Gates, D. P.; Svejda, S. A. ()nate, E.; Killian, C. M.; Johnson,
L. K.; White, P. S.; Brookhart M. Macromolecules, 2000;33:2320-2334.). 20C:yelohexanc-1,2-dione
(2.062g. 18.39 mmol) and 2,6-diisopropylaniline (6.52 g, 36.78 mmol) are dissolved in 70 inL of
methanol. TE@RE Y8t is added 1 mL of formic acid and the mixture iESHFEIYE 444y at room
temperature. Precipitated white crystalline solid is collected on the frit, washed with methanol (2x15
mild) and dried under reduced pressure to give 4.1 g (51.8% yield) of title compound of Preparation |
25 Synthesis basetlcsntitedatuiiemodified iptovediyre (@ash;: VekdrgkahadhiveTS: Inoue, S.; Sato,
K. Bulletin ChegmicaliRasiethafidapan.4 97 hias: 1892%: Ro500nmth-rounc:-bottomedifiask is equipped

with a Dean Stark, %9@d%@3%&%&(aﬁﬁgoaagsgﬁaﬁruatam &%@EH‘%%PM& wJheiflaskis charged with of
1,2- cyclohexaneqdlg 514 ¢ mmo rpholine (14.8 nlgcf and toluene (330

nth). The resu‘ﬁﬂ’d’%ll‘ﬁw %f(flﬁt?éfﬂ‘igcﬁaé‘g‘fé)ﬂetgsréﬁﬁ%%Sp%l Ve aj}ne (% %2 Shped ‘and about 3.0 mL
of water afe colledted! srrtheF38an- SthrkeTHabrelon %ﬁﬂlﬂ‘ﬁb’h ﬁgd&éd‘%ﬁf@ﬂ 8vdi?fom a thick oil and
rinsed with toluesg, Fheselutiomis congeniraied kndechigh vachumstaiafionh23:33 g (9534% yield) of
title compound of £ %Q@é?rﬂ%@a@%&lbi e slid ul%lv“td\lMﬂuécﬁQ%;&Qﬂ MbZoe306eh 65.35 (t, 1H, 7=
4.6 Hz), 3.67 - 3.64 (in, 4H), 2.70- 2,66 (m, 4H . [ %tll in, 2H, Rﬁ)},ﬁlS‘u? 181a(m 211, H4), 1.42
(quintet, 2H, TRE 4 Fﬁi‘”af—‘l‘ﬁ?”ééffﬁ/fg I(ﬁ)gr{gaSs % T e Ll Breparation 3: Preparation
of 2-(2,6- dllsoblmpWﬂWenylamlno)cyclohex 2-enone A 250-mL three-necked round-bottomed
flask equippedmvithiracandensen: gasdniet and septast isiplaced undemNiBitmasphéte. The flask is

charged with %Amﬁfpﬂ%“nz‘hy%) 2ﬂ lohexan-5098, @4994@% oA ERMnG Piepgsation 2), toluene
(74.0 mL) and 2,6- dusopropy anil |n 8521 g, 38.65 mmol). To the yellow solution is added

p- toluenesulfofifid $d4di id O WGHT G AtE ¢ §2ég12~b © 38.65 mmol: p-TsOH+120). The reaction mixture
became very thick with a lot of precipitate. The mixture is heated to 80C (oil bath temperature) and
allowed to stir pApeiher 510:pthok ialnene arepageptkte: fadiliatestirrdngoikhe mixture is stirred for 2
hours. Reaction mixture is allowed to reach room temperature. The mixture is filtered. The filtrate is
concentrated uy igh vacuum to d 10.09 g of a yellow solid solil is 25 dissolved in hot
hexanes (about 804mL) and filtereo@/é\solutlon ig-Atfdied to cool tp-rdom tepaperature, seeded and
place on the freézemFhe solutidhiis filteretMivhile Mggi AL the solid S lefins Qd o7 the flask. The flask
is placed on an ice 4{3"[ The solid is Hfsed with two atsout 6 nth portions of cgidhexanes. The yellow
solid is alléwed to dry,?ransfer to a vial and left to dry overnight under vacutim (first crop: 4.0550 g).
Mother liquor is concenttatedhancSeetecrystalizatidhdsappeateditwoondoretisnaslcTie second crop is

|6)ft 'nhthe ffeszg ti@ﬂ?iﬁ%uﬁd@ﬁ?%s@ﬁgﬁ fﬂhpﬁéﬁ19}1@@@cxtmtﬁizcm&;i§d@mrw§1night (third(térgp 0.6919
g). The combine tit of Preparatio 5§ﬂ 0). IHNMR D6, 300
MHz) 37.17 -7° ‘g{ex"% ?“%%@% r‘%%%’ kKON P ﬁt%’enﬁﬁﬁ? ?4e0

ad's
ditsopropylaniline (6.8521 g, 38. 65 mmo TU the yc,llow solution is added p-toluenesulfonic

20 acid monohydrate (7.3520 g, 38.65 mmol; p-TsOH-H, (). The reaction mixture became very
thick with a lot of precipitate. The mixture is heated o 80°C (oil bath temperature) and allowed
ta stir. Another 5.0 mL of toluene are added to facilitate stirring. The mixture is stirred for 2
hours. Reaction mixture is allowed to reach room temperature. The mixture is filtered. The
filtrate is concentrated under high vacuum to afford 10.09 g of a yellow solid. The solid is

25 dissolved in hot hexanes (about 30 L) and fiitered, The solution is allowed to cool to room
temperature, seeded and place on the freezer. The solufion is filtered while most of the solid is
left behind on the flask. The flask is placed on an ice bath. The solid is rinsed with two about 6
mk portions of cold hexanes. The yellow solid is allowed to dry, transfer 1o & vial and left to
dry overnight under vacuum (first crop: 4.0350 g). Mother liquor is concentrated and

30 recrystaflization 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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3.15 (septet, 2H, J= 6.9 Hz), 2.21 -2,16 (in, 2H, H2), 1.75 (q, 2H, J= 5.5 Hz, H4), 1.41 (quintet, 2H, J =
6.3 Hz, H3), 1.10 (d, 1211, J = 6.9 Hz). GC/MS (CI) mass spectrum: nil:, 272 (M +FIRMS (ESI,
M+Na)): (na/zé calcd for 5C181-125NONa 294.180, found 294.183. Preparation 4: Pre aration of an
polymeric n- t%é?ﬁﬁ&gﬁtanium reagent (Ti(NOn-Bu)2)r Ti(NMe2)4 &%Télf%f’ﬂgsﬁ%f) is dissolved
in 500 mL of toluene in the dry box in the Schlenk flask. Flask is taken in the hood. To this solution are
added 68.8 mL (0.696 rnol) of n- 10butylamine which caused formation of orange solid. The mixture is
heated at very Bl feflincilitiitatiogEn-s\é ep. atithelfgprofithélbohdienset. etidhzsolution became

deep red withinimigptesafter heating.2Aften 6 hovistof refisig, salutigsiscoenled4o room temperature

and solvent is(&%ﬂﬂQtYi?. ygggr}fggﬁqu@ essire 1o giys deep-red-black glassy solid. The product is
transferred into die dg? box for storage. Obtained 23.2933 g of title reagent of Preparation 4,

15wherein r indic¥eE 8 ReHBET B reHE (Mits B PR B A Brepatatisi S preparation of
ethoxy-2-2,6-drdoptBmdah! Ab ragyatintietrafluoroborate 4  Triethyl. tetrafluoroborate (Et3GBF4,
1.28 g, 6.74 mmol) is dissolved in CH2C12 (5 inL) 20and a solution of 242,6-diisopropylanilino)tropone

(150 9, 5.33 nunall in, CHRGR G0 is.Asdded (0.1 Hronwise 125 Grifhe selytion is stirred

overnight followed and then product is precipitated by addition of excess diethyl éther (Et20). The
resulting off-white sdlitVMepurifiedoh} izdodishliadanmiidiurniguantitfefiC P2EI5and precipitation
with excess EtQi-FHinaily Fthe iselidns: iecrysiallized fiamsaeoncentsated acetone selution layered with

Et10. Large 2%, calorless:hlegkenmials.fomad. Lhg crvsialz.arg filtered  orushed.uashed with ENO,
and dried under vacuum to give 1.38%ﬁ65 %Cylel.d%%éthe title %%)duc of Pre\%ahr.ation 5 as a white

crystalline solidf; The Broduct is Bir'stabfe” PIANMR (EHICYS: 56U MHZ 50 €519.25 (br s, IH, NH),
8.07 (td,= 1.4, "iQuiesater fgafing] o OB el Jpfuryseleligngs ERRIofi OB EBEIONS, Jj= 10.3 Hz, 1H,
1-13), 7.66 (t0d)vidAl dhbBodz rdbsel ) b D vy, dédbpdp bR Mz Ik, HikDypdd® Id, JIB.H = 7.8 Hz,
2H, RU), 1112}, {112 4chi e dodfor Uokald20nfidd £4295 €O b2 2ftaloddd)agid9u septet, Jan = 6.8

Hz. 21-I, 0O 2010/02 “28APCT/ S2 09/054.4-47 CF13)2), 1.69 (I, Ja.11 = 7.0 Hz, 3H, H15). 1.22
o ot B T e S T Tl b S PR, CHIOH)2)

Preparation 5: preparation of ethoxy-2-(2,6-dlisopropyianiiino)tropylivm tetraffuoroborate

4

5 3
) BF,
Et,OBF, 8 )
i-Pr D ——— 7, 1 P s 12
S o, HN—S
_ >1.4 o

P

15

Triethyl tetrafluoroborate (Et3OBFy, 1.28 g, 6.74 mmol) is dissolved in CHyCly (5 ml)

20 and a solution of 2-(2 6-diisopropylanifinojtropone (1.50 g, 5.33 mmol} in CH,Cl (10 ml) is
added to it dropwise at 25 °C. The solutzon 15 stirred overnight followed and then product 18
precipitated by addition of excess diethyl ether (Et;(0). The resulting off-wiite solid is purified
by dissolution 10 a munimoum quantity of CHyCl, and precipitation with excess (). Finally,
the solid is recrystallized from a concentrated acetone solation layered with Et,0. Large

25 colorless block crystals formed. The crystals are filtered, crushed, washed with EiO. and dried
upeer vacuum to give 138 g (63 % yicld) of the tifle product of Preparation 5 as a white
crystalfine sohid. The product is air stable.

"H NMR (CD,Cl,, 500 MHz, 30 °C); 9.25 (br s, 1H, NH), 8.07 {id, Jun = 1.4, 10.4 He, 1H,
H5), 7.96 (d, Juu = 10.6 Hz, 1H, H6), 7.88 (tm, Juy = 10.3 Hz, 1H, H3), 7.66 (un, Juy = 9.5

30 Hz, 1H, H4), 7.55 (tm, Jyy = 7.8 Hz, 1H, H11), 740 (d, Jun = 7.8 Hz, 2H, H10, H12), 7.19 (d,

Jan = 11.6 Hz, 1H, H2), 4.74 (q, Jux = 7.0 Hz, 2H, 1143, 2.79 (septet, Juu = 0.8 Hz, 21,
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19F NMR (CD2C12, 470 MHz, 30 C): 152.8. Anal. Calcd for C21112813174NO: C, 63.49; H, 7.10; N,
3.53. Found: C, 63.44; H, 6.99 N. 3.55. Preparation 6: preparation of 2,(2,6-diisopropylphenylan
no)-3,5-dimethylcyclopent-2-enone  Follow a procedure similar to that of Pre aratlon 3 except use
3,5-c|imethﬂﬁ?ﬁiﬂi@%ﬁ%lopentamone (1.5043 g, 11.9237 rnmol), toluenEE O°f

2,6-diisopropylaniline (2.4 inL, 12.7117 manol) and para-toluenesulfonic acid monohydrate (0.4584 g,
2.4098 nunol); heat to reflux (oil bath temperature: 150 C); and purify the resulting mixture directly
(allowable due’tsGBlatively srhalk-viotiéEnBié o) Bridasilics § &lcotl i $8t ehidmedgraphy, eluting
with 5% ethyl acetate/25%ahexanes to afford 2.5156 g (73.9%) of 2,(2,6-diisopropylphenylamino)-3,5-

1. 5d|methylcye;ligp§w- RO n&(ﬁ@iﬁgy“? LQW 594d. ] 11 NMR (C61)6 500 MHz, 30C) 37.15 (broad t, 1H,
J= 7.6 Hz, pare-P g =7.7Hz, me 5 (5, HI, NH 3,28 (broad s, 211,

CH(CII3)2), 2.5825¢ flﬁh’??l 21 effé\QnS $145 4, éé“i%g ?rh *‘i‘f}fﬁ% ﬁ4 } s 3T CIICH3), 1.10 rd,
1511, J = 6.8 Hz, C11(013,12 and C=CCH3). 20 Not shown are nC, NMR (C6D6, 125 MHz, 30 C) and

FIRMS (ESI, (Me)hhélata. frapasation s preaasaiipieaadngd, 1 3:@methyloyciopent-2-enone
terphenyl)-2'-ylamino)-2-cyclohexen-l-one PhPh 0 ONH2 Ph 25Follow a procedure similar to that of

Preparation 2 except use 1,2-cyclohexap€dione (1.0092.4,.9,9065 fh@ gishenylaniline (2.2258
g, 9.0731 mmdhCte @ @2@ mlA); pto @ uIIonlc aetdﬁeﬁehydrate( 59%0.4516 mmol); reflux

reaction mixture for 23 hours; to isblite 315678 Yofa BORA thick oil. Peiri be
chromatography uSing &Biotage SNAP 58"& KP-Sil column, loading the thick @ifwith small amount of
4% ethyl acetate/96% hexanes and 100% ethyl acetate and eluting with a gradient of 4-8 % ethyl
acetate in hexanes téoéifforchaftérissiatiorn ha 38B 3129 xebthe 2 {Mig11:2terphenyl)-2'-
ylamino) ?ccyc‘dw@mum&l@(new a yeltowihiok QileidANMR {€606,RPAMiIHz. B0.4) 8 7.38 (d. 4H.1
=7.2 Hz, Ph), 7227A] (’gfnml_h snd pam -ta 5@%%;3 ic actd monohydrate (3.4384 g, 2.4098 munol); heat to

reflux {oil bath temperatre: 150 °C); and purify the resulting mixture directly (aliowable due

to relatively small volume thereof) on a silica gel column for chromatography, eluting with 5%

ethyl acetate/95% hexanes to afford 2.5156 g (73.9%) of 2,(2.6-diisopropylphenylamino}-3,5-

15 dimethylcvelopent-2-enone as a yellow solid,

'H NMR {CgDg, 500 MHz, 30 °C) 8 7.15 (broad t, 14, J = 7.6 Hz, para-Ph), 7.05 (d, 2H, J =

7.7 Yz, meta-Ph), 5.45 (5, 13, NH), 3.28 (broad s, ZH, CH(CH;)z), 2.22-2.34 (m, 21, H7 and
[3), 1.63-1.58 (m, TH, H3), 1.21 (s, 311 CHCH,), 1.10 (d, 15H, J = 6.8 Hz, CH(CH,), and
C=CCH,).

20 Not shown are “C NMR {CgDg, 125 MHz, 30 °(") and HRMS (ESI, (M4 data,

Preparation 7: preparation of 2-((1,1:3",1"-terphenyl}-2'-ylamino}-2-cyclohexen-1-one

a4

p-TsOHeH;0 2Q5 Ph

e 1 3
Q * Ph i Fh toiucine O HN
o © NH, Hoc

Ph
Follow a procedure similar to that of Preparation 2 except use 1.2-cyclohexanedione

(1.6099 g, 9.0065 mmol); 2,6-diphenylaniline (2.22538 g, 9.0731 mmol); toluene (22 mL}: p-

2
Lh

tolzenesulionic acid monohydrate (0.0859 g, (14516 mmol); reflux reaction mixture for 2.3
hours; to isofate 3.567% g of a brown thick oil. Purify the thick oil be chromatography using a

Biotage SNAP 50 g KP-Sil column, loading the thick oll with small amount of 4% ethyl
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7.14 U. 4H, = 7.8 llz. Ph). 7.06 (t, 3H, J= 7.6 Hz, Ph), 6.20 (s. 1H, NE), 5.09 U. 111, J= 4.7 Hz. H5),
1.89 (t. 2H, J =6.6 Hz, H2), 1.58 (q, 211, J = 5.4 Hz, H4). 1.11 (quintet. 2H, J = 61 Hz, H3) Not shown
are NMR (C6D6 125 MHz, 30 C) and HSQCAD (C6D 00 MHz, 30 C) data, 10 EXAMPLES OF THE
PRESENT NYER#ISRFReactions of the Examples are run in a glove b&X tidaitrdgEn unless
otherwise noted. = Example A: preparation of (E)-2.6-thisopropyl-N-(2-(octylamino)cyclohex-2-enyl
dene)andine 15(A) In the purge box, a 40.0 mL vial is charged with 242,6-
diisopropylphersiafitioleyciohekl 20&rdnba(t i 2@ guuhd 98BSk Prépdratvhag)etoluene (20.0 mL),
n-octylamine (Q68&.ath, A:02Q.menoky molecular sieves:and iof formicpasie(0.16 mL, 4.1364 mmol).

The mixture is plage, 10 shake 2t 1C.. Lhenmixtyie g left to shake overnight. After almost 27 hours, the
shaker is stopped and the mixture is allowed to reach rgom temperature. The mixture is filtered to

remove molectla™&ielel (iaﬁ%PW&éﬁf@té&%ﬁﬁ’éﬁé&ﬁ@e}&zﬁ?@s ﬁf*é%&%*rﬁ&i%@’?g of a yellow thick
oil with soge saqlidy, They cruge isrpurified, by chromatography usingrbuffesed silica-get and eluted with
1% E1SNI0. 5% gly| acelainiob 3denaneso aipil Q.93532.0 (5943l ofiampgund (1) of Example
A as a thick yeﬂ1 ow oil. Note: TLC plates are bu(ﬁ‘ered by treating with a solution of 5%
triethylamine/égﬁ/%{ﬁexanes for about 5 minutes and then allowed to dry. The silica gel for the column
is also treatedNwitharb%s triethiyiafGijfie/ 930N e R fes:sbiismar 8o aded NHithé0 ¢elumn in that
solution. N(@ (Cops. 500 MHz, 30C) 57.11 - 7.18 (n, 2H), 7.05 -7.09 (m, IH), 5.10 (t, IH. J= 305.3
Hz, NH), 5.04 (t, 11-1,13.1= 4.6 Hz, 1-12). 2.91 (q, 2H. 3j= 7.0 Hz, H7), 2.87 (septet, 2H, 3J= 7.0 Hz,
CH(CH3)1Z), 2.17 (g, 21-1,3J = 5.9 Hz, H3), 2.06 (pseudo t, 2H, 3J = 6.5 Hz, H5), 1.54 WO
2010/022228PCT/US2009/054447AqUinte I 2 FHEPBIZ 7, BAENIKHON(quintet, 211,3J = 7.2 Hz, HB),
1.191.32 (012 overtong:mndlf), kb id aBlhin3a h 26+8H1Z, fadd{B)2 uhickbo(Blr@lk 3J =7.0 Hz,
CH(CH3)2), On%-eg’ 3H, 3J =7.0 Hz, H14). GC/MS (CI) mass spectrum: nutz 383 (M + H). HRMS
(ESI, M+H)): (m/z) calcd for C261143N2 5383.342, found 383.340. Example B: preparation of

(E)-N-(6-(Buty AT Y EXSPEX - 8y 02 6 SO h)ranifRe By 2 BTy i 2 emine

15 (A)
3 4
i~Pr
formic acid
O HN +  n-octylNHg e
toluene, 75 °C
) moleciiar sieves
i-Pr

In the purge box, a 40.0 ml. vial is charged with 2-(2,6-
diisopropylphenylaminojeyclohex-2Z-enone (1.1128 g, 4.1003 munol; Preparation 3), toluene
{20.0 mb), n-octylamine (0.680 mL, 4.1090 mmol}, molecular sieves and of formic acid (0.16
20 mlL. 4.1364 mmol). The mixture is place to shake at 73°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 1o remove molecuiar sieves and concentrated under
reduced pressure to afford 1.5337 g of a yeliow thick o1l with some sclid. The crude is purified

by chromatography using buffered silica gel and eluted with 1% Bt;N/Q.5% ethyl acetate/98 5%

[
h

hexanes to afford 0.9332 g (59.48 %) of compound (A) of Example A as a thick yellow oil.
Note: TLC piates 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 alse reated with a 5%
triethyiamine/95 % hexanes solution and loaded in the column in that solufion.
'H NMR (CsDy, 500 MHz, 30°C) 8 7.11 — 7.18 (m, 2H), 7.03 = 7.09 (m. 111}, 5.10 (¢, 111, T =
30 53 Hz NA), 5.04 (4, 11, Y = 4.6 Hz, H2), 2.91 (g, 2H. °7 = 7.0 Hz, H7), 2.87 (septet, 20, T =
7.0 Hz, CH(CHs)), 2.17 (g, 2H, °J = 5.9 Hz, H3), 2.06 (pseudo t, 2H, 7 = 6.5 Hz, H5), 1.54
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i-Pr(B)i-Pr The r indicates a number of repeat units of Ti(N(n-Bu)s. Reaction is set up in a glove 10box
under N, atmosphere. A 20-mL vial equipped with a stir bar is charged with (0.4858 g, 1.7900 mmol) of
2-(2,6-diisopropylphenylanaino)cyclohex-2-enone (Preparation 3), toluene (6.0 mL) and (0.3022 g,
0.8984 mmdPotpitHeFic n-butylamino-titanium reagent (Preparation 4¥.CHAESRRETEHS stirred
overnight (24 hours). "II-NMI{ of aliquot showed reaction is not complete. About 26 % of starting
material remained. Therefore, to the mixture 15 are added 46.2 mg of polymeric n-butylamino-titanium
reagent (Prepagation24).’ Aftee stirting ovekmiglat, 2THNMR 164, slkguotshvwed. thatme starting material
remained. To g mixiyieareadded, hepanes;ant tdaeﬁresyjl;m@ﬂm@tl;{@gs filgred sHexanes are also
used to wash fI|J} klg |IdS The filtrate (yellow solution) is concentrated under reduced pressure to
afford 305.8 m /o) of compound %gé of Example B a.s a ellow oil. 201H NMR (C6D6, 500 MHz,
00) 8.9 75 - SHVCA AT PrOIPH 6 50 (151 RIS 435 G, SRS B 859 (scptet, o, 3
= 6.9 Hz, @H(B@)@)Z 326l f§32A40-3./ = 6.8 Hz, H7), 2.09 (pseudo t, 2H, 3J= 6.6 Hz, H2), 1.96 (q, 2H,
3J= 5.5 Hz, H4), 1.69 (pentet of multiplets, 2H, V = 7.8 Hz, 118), 1.53 (quintet, 2H, V = 6.5 Hz, H3),

1.44 (sextet ot multiplets, Eglénon o SZ; N7 ke (Sudeth 3 TKIQ éﬁzoggg; SirR)gy 0-94 (L., 3H, V =

7.3 Hz, H10). 25FIPRMS (ESL M+H)V: (m/z) calcd for C221-135N2 327 found 327.280. Example
C: alternate pr of (B) - preparation of (E)-N-(6- (Butyllmlm)cyclo -en}/l)
\' \

2,6- dusopropyl 5[ 0 named r(%E)_Q (p tyllmlﬁ%iy@lacyclohexe 1) 5 6-his(1- methylethyl)-
benzenamine) 02?22 CT/U % ;09/054447 -, S in a glove box
under N2 atmosphere. T rmal-butyl amine (nBuNI-13.) dissdtve, Ftefuene is added
within 45 seconds TiC3# dissolved in 5 int, of toluene. Reaction mixtéffe turrs’red during addition and

then orange about a;minyle, aftef Jﬂ%b?%qq%ﬂ&?u'%&@mm@ﬁ?s{f eﬂ%‘iﬁ’i‘xﬁ €4065RagR%.during addition

from 27 C to 49 C, and starts decreasing two minutes after the addition is com% ete. After stirring for
1.5 hour & rod¥ 1EHSHEr AP 552, 8 BT (- HistAEt Ry SRR aRTRSS- 3 B tiGhegen- 1 -one
(Preparation 3).18'@dded) as2%a Sokid:-Reptiffing reactian mixtiradsestinedata bisettemperature for

3.25 hours. Reagtion sixture is, filtered () igﬂ{oy}eﬁ@w,fjiﬁg,ia)nt{a,rwgh}na m@dgium frit into a vessel

containing 2.1,6.of aRlvers KCA3, and e Miepeale (Galinipashed timefimes with hexane (2 x
15 mL). The sus ension is stirred for 2 hours wi % iltéred (with a syringe filter) to

give a colorles&HIntioR (KIEeS3 %‘5@6%57‘ VEWG\W@&PG?%WW%&%O l}ﬁ%ﬁjc 30 ﬁ’f‘@*?emoved from

15 are added 46.2 mg of polymeric n-butylamino-titanmm reagent (Preparation 4}. After stirring

overnight, 'T-NMR of aliguot showed that no starting material remained. To the mixture are
added hexanes, and the resulting mixture is filtered. Hexanes are also used to wash filtercake
solids. The filtrate (vellow solation) is concentrated under reduced pressure to afford 305.8 mg
{52.3%) of compound (B} of Example B as a yellow oil.

20 HNMR (CsDs, 500 MHz, 30 °C) §7.23 = 7.17 (1, 31, iPr,-Ph). 6.89 (s, 1H, NH), 4.78 (¢, 1H,
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, 21, °J = 6.6-Hz, H2), 1.96 (q, 2H, °J = 5.5 Iz, H4), 1.69 (pentet of multiplets, 2H, *J
= 7.8 Hz, HR), 1.53 (qguintet, 2H, °7 = 6.5 Hz, H3), 1.44 (sextet of multipiets, 21, *J= 7. He,
1H9), 1.22 (d, 1211, *J = 6.8 Hz, CH(CH)), 0.94 (1, 3H, °J = 7.3 Hz, H10).

25  HRMS (BST, M+H)™): (m/z) caled for CppHasN, 327.277, found 327.280.

Example C: alternate prepation of (B) — preparation of {£)-N-(6-(Butyiiminojcyciohex-1-envl)-
2,6-dnsopropylaniline (also pamed N-({6E)-6-(butylimmno}-1-cyciohexen-1-y1)-2,6-bas(1-
methylethyl)- benzenamine) (B}

~J
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the solution under reduced pressure to give 4.66 g (95.6) yield) of compound (B) of Example 15C as a
colorless oil. 1IINMR and 1IRMS of the product is consistent with compound (B) of Example C and the
‘I NMR an mpound (B) of Example B. Example D: preparaj
N-(2,6-dusgﬁ%%(gﬂge{%%%)-z-butylaminotroponin ne (D) 20Et30BF4 (4???6%%%?%%%% is dissolved
in CI-12C12 (5 mL). A solution of 242,6- diisopropylanilino)tropone (C) (587 mg, 2.09 mmol) in
CH2C12 (15 mL) is slowly added. After stifling at 25 C for 3 hours, the solution is cooled to about 0 C,
and a pre-cool CF) solution of n-BuNII2 (1.467 g, 20 nunol H202 (5 mL) is added. The
solution is allo warm to 25 C. 8l stifre overnight. The s ntis oved under vacuum, and
the residue 25pUrifig LIMn chroma{&graphy (eluent: hgxdhe:BY ontaining 3 vol% Et3N)
afforded 557 mg (80% yigtd!) of essentially pure compouyid (D) of Exampie D as an orange 1H NMR
(C51)6, 500 MHz, 30(7): 7.89 (br s, 1H, NH), 7.25 (d, JH_H = 7.%Hz, 21-I. F110, 1112), 7.15 (tin,
TH.H = 7.7 Hz, 11-| Rektid)p 664 Gmy dbhve ik dridz N 2dodkiibye.6 BOnfdnd Buly] bhiwmcl@:0 Hz, 111, FI2),
6.31 (m, 111. 113}, 6020 ;MK E F-@ilidze fhdack Ibhiv A2 ddnal Het] Gl Hz AHoHO), 2.98 (septet,
41-11 = 6.8 Hz, 21-1, CH(C1-13)2), 2.86 (t, ilk() = 7.0 Hz, 2E1, 1114), 1.30 (m, 214, 5HIS), 120 (d. Jun
= 6.8 Hz, 61-101GHR4B)i®) mixipe (min2fFd cping rdditon fad=1618 HpEeaort e 10.71 (t, Juki = 7.3
Hz, 3E1,1117)adnal iCalapldor CAl3aMk @r82.08irdy 58oMNir832. Found:°C, 82.361sH. 9.45; N, 8.42.
Example E: preparation,ofh.N:d &ihylaning: 2-(&.f:diisopropylani -)) oponimine (E) 3 2 /NN FIN10 (E)
Ethoxy-2-(2,6-diisopr(% gylanilpo?tg%ggjium tet,raflgogob%r_g eiéng?r paration 5, 410 mg, 1.03 mmol) is
dissolved in CH2C12{& MTARY excess My imetRy Ry drazine (0.84 mL, 11 mmol) is added dropwise.
The color of tHeedaleiidivimmediatel s fomryellowteirad) THEPe actislhiiktti®ss stirred at 25 "C
for 3 hours, theacthe MGkeand:excess e, MR pareid3 76 moveBeunde nmvaou iimidetash

chromatography{g/uentnhexansfkQ Adicantaining.3\olu &R ) is pedarmed and solvents are
removed undel{zv/ cuum Eo gllveaﬁgzsariggis(% % y'e|daﬁ?efg%V?E'QQOU”%(@?ILEX%EQPE E as a dark red oil.

7. and the filtere washed’fime exane

suspension s stirred for 2 bours with K»COx, and ther filtered (with a syringe fiiter) to give a
colorless sofution (K, CO5 absorbs yeliow color from the solution). Solvent is removed from

the soletion under reduced pressure to give 4.66 g {953.6% yield) of compound (B} of Example
15 C asa colorless oil. T NMR and HRMS of the product is consistent with compound (B) of
Example C and the ‘1T NMR and IIRMS of compound {B) of Example B.

Example D: preparation of N-(2,6-ditsopropyiphenyl)-2-butylaminotroponimine (1)

4
1) Et;0BF, 7 ] .
i-Br 2j n-Bullt, H- 7 U N
0 HN-@ Py NH N——@ﬁ
-Pr © (=)
20 Et;OBF, (418 mg, 2.20 mmol) is dissolved i CH,Cl, (5 mL}. A solution of 2-(2,G-

dissapropylanilino)tropone (C) (587 mg, 2.09 mmof) in CH,Cl, (15 mL) is siowly added. After
stirring at 25 °C for 3 hours, the solution 1s cooled to about 0 °C, and a pre-cooled (0 °C)
solution of #-BuNH; (1.467 g, 20 mmol) i CIHLCh (5 mb) is added. The solution 15 allowed o

warm & 25 °C and stirred overnight. The solvent is removed under vacuum, and the residue

[ -]
n

putified by column chromatography {(elent: hexene:E;0 3:1 containing 3 vol% EtN)
afforded 357 mg (80% yield} of essentially pure compound {I3) of Example D as an orange

sohid.
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111 N MR (C6D6, 500 MHz, $0 C): 8.46 (hr s, 1H, NH), 7.39 (d, 15.5 = 11.6 Hz,E16), 7.16 (m, 31-1,
H10, H11, 1-112E 6.52 (at, 1E1, 115), 6.26 (td, him = 1.1, 10.1 Hz, 11-1, 1-13), 5.92 (tin, 11). 20H =
9.2 Hz, 111, H4), 5.87 (d., Jrym = 10,0 Hz, LH, H2), 3.06 (septet, ./H.E = 6.8 Hz, 2H, CH(CI-13)2),
2.46 (s, GEIVEPAVEP3$ 1.09 (d" JEI = 6.8 Hz, 1211, CH(CH3)2), AnalPERRPIEY A 120N3: C,
77.97; H, 9.04; N, 12.99. Found: C, 78.30; H, 9.03; N. 12.67.  Example F: preparation of N,187-12
2,6-diisopropylphenyl)tropon ninol-1,4-butylenedianu 25(F)
Ethoxy-2-(2,6-ditsdprapplasilinaitzaeyiitim. te ttafiudrofidrates(Rréparatiol-62300 ing1D.76 mmol) is
dissolved in CH2G12 to aive a,Salution, A solution of 1;4-diaminobuiane (33,2 mg, 10:38 mmot) in
C112C12 s slgly addeq 19.Ihg ethoxy2 (2.6 isprrgayianiinoliopyliy Jelraflugrpborate solution.
mixturé’is s t. T

and the resulting réactio red &t room temperaturé overnight. The C1-1,C12 is removed
under vacuunt-8h&thieirésidué bilnfidd W@ﬁﬁrhr?-éwbrgm&gwp%ﬁz %Téﬁu%h“t): heldRe 60, 1:1) to give
116 mg (50% Yisld) .of Gessenrtiadlipuie Compount (FrofBExEMple ¥ asayelicWsolid. NMR
(CD2C12, 50Q-\HZ,,3Q €)1 7711 {65 $1,234,.(¥H). 7.14 (d, Inu = 7.9 Hz, 411,1110, 1112), 7.03 U. JH.H
=7.7Hz,211,1111),.6,84 (t, J= 1 12,211..113) , ~H3), (m611. 1-12, 114, 116),
3.49 (m, 411, ”1% i@%‘%g‘g ‘é%*e}%%lét%rlﬁ%@T%%‘%]ﬁ’zg%S% élr&(cgjg]zﬁ%g)} 9%’531’\1(%?1,1115), 1.08 (d, Jun =
6.8 Hz. 6H, CH(C83)2). 1.05 (d, ./114-1 = 6.8 Hz, 611, CH(CH3)2). 10 Example G: preparation of
(E)-N-(5-(butylimaing)-2 dredivetyldyélogerntivemyt) 22 B5-disopropylanilimec( @y @3 Follow a procedure
similar to that of Example C except use n-butylamine (0.3098 g, 4.23 nunol); toluene (5.0 mL); then a
solution of titanium(1 lorid&F¢D.0841 g, 0.44 mmol) in t@luené (2.0 inL); and then a solution of the

2-(2,6-dilsopropylph i90)-3,5- dimeﬁaMclopen&Z-éx 4 fQ@O@Gﬁg, Preparation 6) in toluene (2
int); and stir reactionghixiire-gvernight; yield 0.2253 g9L:E cil @duct (G) as a brown oll.

20NMR (C6D6, 500 MHz, 39€)87.17 (t, 1H, = 7.8 Hszsi-PrZEBarB 709 (d, 2H, =
10

Ethoxy-2-(2,6-diisopropylanilinojtropylium tetrafiuoroborate (Preparation 5, 410 mg,

103 mrmol) is dissolved in CH,CL (5 mL) and excess N N-dimethylhydrazine (0.84 mi, 11

mmol) is added dropwise. The color of the solution immediately turns from yellow o red. The

reaction mixture is stirred at 25 °C for 3 hours, then the CH.Cl and excess Me,NNH, are
15 removed under vacuum. Flash chromatography (eluent: hexane:EO 3:1 containing 3 vol%

E:N) is performed and solvents are removed under vacuum o give 317 mg (93 % vield) of

compound (E) of Example E as a dark red oil.

1 NMR (CeDg, 500 MHz, 3G °CY: 8.46 (br s, 1H, NH), 7.39 (d. Jun = 11.6 11z, 1H, H6), 7.16

{m, 3H, H10, H11, H12), 6.52 (m, 1H, H3), 6.26 (td, Jus = 1.1, 10,1 Hz, 1H, H3), 5.92 {tm, Ji.
20 4 = 9.2 Hz, 1H, H4), 5.87 (d, Jug = 10.0 Hz, 1H, H2), 3.06 (septet, Jgp = 6.8 Hz, 2H,

CH(CH,),), 2.46 (s, 6H, 14, H15), 1.09 (&, . Jun = 6.8 Hz, 121, CH{CH3}).

Anal. Caled for CaHaoNy C, 77.97; H, 9.04; N, 1299, Found: C, 78.30; H, 9.03: N, 12.67,

Example F: preparation of N,N"-[2-(2,6-diisopropylphenyl)roponimino]-1.4-butylenechamine

25 (B
BFy R
. NHo{CHp)JaNH» s ° #

o i-Pr = 7 1 -Praga e
o> i—:N—@ _\1;-—NH N——@“

i-Pr e 10
L (F) -2

Ethoxy-2-(2,6-diisopropylanilinojiropylium tetrafluoroborate (Preparation 5, 300 mg,

(.76 mmol} is dissolved in CH.Cl; to give a solution. A solution of 1.4-diamincbutane

15



7.5 Hz, I-Pr,-tneta-Ph), 5.95 (s, 111, NH), 3.58 (dt, 1H, 2J = 13 Hz,= 6.5 Hz, H6), 3.50 (br. sep. IH,3J =
6.0 Hz, (013)2CH-Ph), 342 (br. sep. 1H, 'J = 6.0 Hz, (013)2CH-Ph), 3.41 (dt, 1H, 2J= 13 Hz, 3J=7 Hz,
116), 2.63 (t, 1H, 3,/ =7 Hz, 112), 2.45 (di, 111, 2J= 16 Hz, 31 = 6 Hz., H3), 1.74 (m, 21, 117), 1.67
(d, 1H, 2,/ V@ WWIZPH 46 (m, 211, H8), 1.26 (s, 111, CH3), 1.22 (hr. BCEHSHPLFHT,,
(C113)2C11), 1.18 (hr. d, 311, J= 6 Hz,, (CH3)2CH), 1.14 (hr. d, 3H, 3J= 6 Hz, (CH3)2CII-Ph)), 1.13
(hr. d, 311,3J = 6 Flz, (CH3)2CH-Ph)), 1.03 (d, 3H, 3J = 7 Hz, CH,), 0.93 U. 311 3J = 7.4 Hz, 1-19).
Not shown are3i3@NMEIECERG;I125MIEE,3E0 O}, IBQTCADIEE6DE: 508 MEz:38-C)-and HRMS (ESI,
(M+H)+) data @Qoﬁ% iﬁ}&)aroﬂﬂﬁﬂaiéﬁﬁlﬂogbm ate solution, and the resulting reaction mixture is

N2-01E)-2- 1 b'égil m%%&é@ﬁ)@@%%@ lngh% f:x%g L%@n&m vacuum and the residue
ylidene)-N1, N dimet yP ethanediamine 228PCOUS2009/054447 Day 1:

Charge a vial WitHN bi\F‘dﬁﬁ%ﬂ’iﬁé’ﬂﬁ%?H@dﬁﬁ?ﬁ?ﬁ@?ﬁ“sﬁ? ‘ﬁ% é)’éﬁ)@g TMMdIEANGSHIERE (7.0 mL). To the
colorless solutismad mschmiprndf titaniamiy ¥ ehioktiey(@®14001 g, 0.5276 nunol) in toluene (3.0 mL).

Red solids arepksgived,butdhenigdissolve inselution winen & sirang-stisningis, applied. Stir the

resulting oran oa i nfor h% qutlﬂp]q 2EL H3. 6.60 (m. 2EL H5). 6.
2-(2,6- thlsoprc?]g? Lén?1a’?ﬁ|ﬁ]8 %k-Jc g - -onégt {0.2437 ;g 6,878 m(mmol Pré%aa{ratlon 3) in toluene

(2.0 mL). Rlns@ltﬁ@ Vil @ﬁdﬂ@oﬁfﬁlﬁ‘é&}%h]é%blﬁ%ﬁ%ﬁh]t’dm 1 B it 5t e rinse to the
reaction mixtutdl. Dy 20Eepanately ﬁm@ér@%@f@dki%Iultlémﬁeft’tﬁéiutéfmﬁhﬁ’éfa@ent (to have a ratio of
101:1.4, t;'tanium to keto-enamine) by charging a vial with N, N-dimethylethylenediamine (0.58 at,
5.3098 mmol) I ene (7 I f titanium(1V) chloride
(0.1000 g, 0.5 §1 1"Mmo i &to ﬂ%?\(e? (3 0(?:1&% eé%ig ?%%%g%%gg?\%%? %%?rglgsolve in solution when
strong stirring ‘ilé“ﬁb‘ﬁ‘ﬁ}éﬂ“@ﬁt“fhe resulting orange solution for 1 hour. 15After stirring reaction mixture
from Day 1 overnight, add to the reaction mixture 3.3 mL of the stock solution (prepared as described
above) of the titanium reagent. Stir the resulting mixture for hzo [s. F!jlter the mixture (syringe filter),
using hexanesté solids. Concer]lté te the yellow fiitra U 03h in vacuo to afford a yellow
oil. Dissolve the oil jaRek8i 10 mL) te-préeipitate solids.Fi it (syringe filter) and wash
the solids 20with t#o 5 hs of hex8Hé%. Concentrafe the yellc te solution in vacua to
afford 0.2790 g (90. 97%) 'Of the product (H) as a yello 0|I (@)

i5 Follow a procedure similar to that of Example C except use n-butylamine (0.3098 g,
4.23 mmol); toluene (5.0 mi.); then a solution of titanium(IV) chioride (0.0841 g, 0.44 mmol)
in oluene (2.0 mLY; and then a solution of the 2-(2,6-diisopropyiphenylamine)-3,5-
dimethyleyclopent-2-enone (0.2050 g, Preparation 6) 10 tolnene (2 mL); and stir reaciion
mixture overnight; vield 0.2253 g (91.8 %) of (he product (G) as a brown oil.

20 HNMR (CgDg, 500 MHz, 30 °C) 8 7.17 (1, 1H, *J = 7.8 Hz, i-Pry-para-Ph), 7.09 (d, 218, °7 =

7.5 Hz, i-Pry-meta-Ph), 5.95 (s, 111, NH), 3.58 (dt, 1L, 2F =131z, *J = 6.5 Hz, HE), 3.50 (br.
sep. 1H, °J = 6.0 Hz, (CH3),CH-Ph), 342 (br. sep. 111, "7 = 6.0 Hz, (CHa),CH-Ph), 3.41 (d,
1H, % = 13 Hz, °7 =7 Hz, 16}, 2.63 (1, 1H, °J =7 Hz, H2), 2.45 (dd, 1H. " = 16 Hz, °J = 6 Hz,
H3), 1.74 (m, 20, B7), 1.67 (d, 1H, *J = 16 Hz. H3), 1.46 (m, 2H, H8), 1.26 (s, 1H, CH;), 1.22

25 (br.d, 31, %) = 6.5 Hz, (CH3)»CH), 1.18 (br. d, 311, *J = 6 Hz, (CH:),CH), 1.14 (br. d, 31, 'V =
6 Hz, (CH),CH-Ph)), 1.13 (br. d, 3H, *J = 6 Hz, (CH3).CH-PhY), 1.03 (d, 31, °J =7 Hz, CHj),
(1.93 (1, 3H, °J = 7.4 Hz, HY).
Not shown are C NMR (06D6, 125 MHz, 30 °C). HSQCAD (C¢Dy, 500 MHz. 30 °C), and
HRMS (ESI, (M+H)*") data.

30

Example ¥: preparation of NZ-( (1E}-2-((2,6-bis(l-methylethylphenyljamino)-2-cyciohexen-1 -
ylidene)-N ! N 1 -dimethyi-1.2-ethanediamine (H)
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111 NMR (C6D6, 500 MHz, 30C) 87.24-7.18 (m, 3H, i-Pr2,-Ph), 6.85 (s, 111, NH), 4.80 (t, 111, J=
4.4 Hz, 115), 3.49-3.38 (m, 4H, CH( 113)2)and NCH2C112N), 2.67 4, 2II, = 7.1 Hz, NCH2CH2N), 2.19
(s, 6H, N(H3)2), 2.07 (t, 2Il, .7 = 6.4 Hz, 112), 1.94 (q, 211, = 5.4 Hz, 11%) 25 .gfgégﬂ'n,}et, 21.4,=6.2
Hz, 143), 1.95 ¢41%%#1%81= 6.7 Hz, CH(CH3)2). Not shown are '3C NMRY(CeDa 195 MEiz, 30 C) data.
Example I: designation not used to avoid confusion with formula (I). 30Example J: preparation of
(6E)-6-(butylimino)-N-(1.1:3".1'-terpheny1)-2:-y1 cyclohexen-1- amine (J) WO
2010/022228PET11JS2009/054447 Follow a procedure simjar{o that of Preparation 2 except
=

use n-butylam .53 inL, 5.3406 minol?' toluene (7.0 mL); a ‘of titanium(IV) chloride (0.1006

g, 0.5303 mmalyinyoltiene3.0 inl.,); sti ing solution fol)T U then.add a solution of
24(1.1:3',1"- ﬂerlaminﬂ)zmﬁg@}gNM@n-l-Mﬁe (0. g,mﬂ%@a Preparation 7) in
toluene (2.0 mL): tolugm rinse (1.0 mL); to afford after isplation 0.3352 g~94.18%) of the product (J)
as a brown oil. NMR (C6D6, 500 MHz, 30C) 37.50 (d, 8, J =7 .7z, Ph), 7.29 (d, 211, 1 = 7.6 Hz.

Ph), 7.17 It, 4H, =7 Fal L Tnd00)s ial Q+if.06v(Ban3hHIR Ry 6198, (L 1L mNHR0469dn (W) 1it, J = 4.6 Hz,
10H51. 2.99 It 21117 8.6 Hz 4l 1hled flli@lda T Stz Ld@hda (3 4Rl 41 doT 9.4 Hz, 114), 1.46

(quintet, 211. 1=7.1 Hz, 118), 1.23 (sextet, 211,1=75 llz, H9), 1.16 (quintet, 211, J = 6.1 Hz, 113).
0.8 ft. 311,1 2778 BTGy EXRHIBIER PresaaRig g en drsohve o solufion en

(E)-N-(6-(2, 2-¢iipnettiyihydrapbiso fey die resilipearipey-oisiordeiistpropitaniftie thior °f - Follow a
procedure similardaithatoafifxampleGiexcept wse toluenes (L2 M) biiel dirmetaylhydrazine (0.81 mL,

10.6472 mmot)&h@u%@i%tlﬁ?%%ﬁ@mm{l}{al chlgride0.203k Qidl QBAR metin talueneds mL); stir for 1
hour; then add 2-(2.6- 20 iiso][?.roL%Iphenylamino)cyclohex-z-enone (0.4889 g, 1.8014 mmol,
i

Preparation 3J"¥511dWed By mE 6t rinse toluene; stir the resulting reaction mixture overnight; to give

after isolation 0.5222 L0325 BRI oIS IR Y AL HT P BICHHARIHE ABBI°7% of a minor

isomeric pFoduct4, titanium to keto-enamine) by charging a vial with ¥, N-dimethylethylenedianmne (0.58
ml., 5.3098 mmol) and tolzene (7.0 mL). To the colorless solution add a solution of
titantumn(TV) chioride (01000 g, 0.5271 mmol) i toluene (3.0 mL}. Red solids are observed,
but dissolve in solution when strong stirring is apphied. Stir the resulting orange solution for 1
hout.

15 After stirring reaction mixture from Day 1 overnight, add to the reaction mixfure 3.3
ml, of the stock sclution (prepared as described above} of the titanium reagent. Stir the
resulting mixture for 3 hours. Filter the mixture (syringe filter), using hexanes to wash the
solids. Concentrate the yellow filtrate solution m vacuo to afford a yellow oil. Dissolve the oil
in bexanes {10 mL.) to precipitate sofids. Filter the mixture (syringe filter) and wash the solids

20 with two 5-mL portions of hexanes. Concentrate the yeliow filtrate solution in vacuo to afford
0.2790 2 (90.97%) of the product (H) as & yellow oil.

H NMR (CgDg, 500 MBz, 30 °C) § 7.24-7.18 (m, 3H, i-Pr,-Ph), 6.85 (s, 1H, NH}, 480y, 1H,

J = 4.4 He, H5), 3.49-3.38 (m, 4H, CH(CHy),) and NCH,CHN), 2.67 (¢, 2H, /= 7.1 Hz,

NCH,CH,N3, 2.19 (s, 6H, N(CHs)a), 2.07 {t, 2H, J = 6.4 Hz, H2), 1.94 (g, 2H, J = 5.4 Hz, H4),
25 149 {(quintet, 2H, = 6.2 Hz, H3), 1.23 (¢, 12H, J = 6.7 Hz, CH(CH;),).

Not shown are “C NMR (CgDyg, 125 Mz, 30 °C) data.

Example L designation not used to avoid confusion with formula (I).

30  Example J: preparation of (6E)-6-(butylimino)-N-(1,13",1"-terphenyl)-2"-yl-1-cyclohexen-1-

ammine (J)
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111. NMR (C6D6, 500 MHz, 30 C) 37.24-7.17 (in, 3H, iPt2-Ph), 6.50 (s, 1111, NH), 4.76 (t, 111 25j =
4.6 Hz, 115), 3.43 (septept, 211, J = 6.9 Hz, CH(CFI3)2), 2.56-2.53 (in, 211, 112), 2.44 (s, 611
IN(C1/3)2), 1.93 (td, 211,1 = 5.9 Hz, 4.8 Hz, H4), 1.51 (quintet, 211, J = 6.2 Hz, H3), 1.23 (d, 1211"1 =
6.8 Hz, CH(®AZ9%Y033328 2010/022228PCT/1352009/054447 Not shown 48 SSERRTR{E6D6, 125
MHz, 30 C), HSQCAD (C6D6, 500 MHz, 30 C), and FIRMS (ESI, (M+1-1)+) data. Example L:
preparatlon of (E) -2 6 dusopropyl N-(2-(butylam o)cyclohex 2- enylldene)anlllne (L) Charge a vial

pthe resulting reaction mixture
. hexanes mL) and filter Nge Fn (S ove fine solids. Wash
_ anes (6 tlt) c6ncentrat¢héiﬁ3ate overnlg thder reduced pressure to
give 3.0107 g of the preguct (L)d as a thick brown oit.” 15'FINMR {€6D6;'600 MHz, 30 C): 7.144 (d, 1H,
3./114, -= 8 Hz, i-Pr,- Ph) 7.143 (d, 1F1, J = 7 Hz, i-Pr2-Ph), 709(dd 1H,341..H = 8.8 Hz, 3.15.11 =
6.5 Hz, i-Pr2-Ph), 5. 11 FOSRALPIS G40 °f FFRps 2 S5tPo 8 iy Wes 4id = 7 Hz, H7), 2.881
(sept. 2H, 3./H- 30 8191H 0 CH (THB)2)2 6o 2Hni83AYY 55 aHe: 1§48y, D GV3(mmaH, H5), 1.53 (p,
2H,= 6.5 Hz, H3hidet 3 pra, 24dr 8 Hskdim oiBulbita, A 8)ouk: 28 s@X=@0n2bh, 3,1818=3718 Hz, 119), 1.16 (a,
6H, 3./448, 207 te%%n%??gm%@%&%h%g’m(q Qﬁfo%émﬂmﬁﬁmi @Héldé’&?)) -80Q3H, 3.11-1.n=7.4

H et al[lﬂ'gg‘nlc\:lloé%sj?ﬁb\frvg)&?ree)ne[wﬁe& Iﬂ%_)(s 1Bag rd aftel 1%01aucm ﬂ%ta (94, 18% oml% produarﬁparatlon of

methylethyl)pliehidfamiro-kappaN]-2-cyclohexen-I-ylidetael-2,6-bis(1- WO
2010/022228PE TlUS2009/0%AdA7, soethyletybenzenatakappadMisphenytmettl)-hafnium

717 (v, 4H, J= 7.7 Hz, Ph}, 7.10-7.06 (m, 3H, Ph), 698 (s, 114, NH,4.91 (, 1H, /= 4.6 Hz,
10 15,299 (t 211 J = 6.6 Hz, TI7), 1.77 (1, 21, J = 6.5 Hz, H2), 1.73 (q. 2H, J = 5.4 Hz, H4),

Hz, 1133, 6.88 {1, 3L, J = 7.4 Iz, HI(}}.

Example K: preparation of (E}-N-(6-(2,2-dimethylhydrazono)eyclohex-1-enyl)-2,6-
15 diisopropyianiline (K)

3 4
2 5
TiCl4 |
i-Pr [N 1 g &Pr
d HN—@ NMe,-NH; N HN—@
-Pr 7 K~ Pr

Follow a procedure similar to that of Example C except use toluene (12 mL); 1,1-
dimethylhydrazine (0.81 mi, 10.6472 mmol); a solotion of titanium(IV} chloride {0.2011 g,
1.0600 mol) it woluene (5 mL); stir for 1 hour; then add 2-(2,6- .

20 dusopropylphenylaminojeyclohex-2-enone (0.4889 g, 1.8(H4 mmol, Preparation 3); followed
by 1 mb of rinse toluene; stir the resulting reaction mixture overnight; to give after isolation
0.5222 g (92.5%) of the produet (K} as a yellow oil containing about 7% of a minor isomeric
product.

"H NMR {Celg. 500 Mz, 30 °C) 8 7.24-7.17 (m, 3H, iPr-Ph), 6.50 (s, 1H, NH), 476 (t, 1H,

25 J=4.6Hz, 15}, 3.43 {septept. 2H, J = 6.9 He, CH(CH;),), 2.56-2.533 {m, 2H, H2), 2.44 (s, 61,
N(CHa)y), 1.93 (id, 2H, J = 5.9 Hz, 4.8 Hz, H4), 1.51 (guintet, 2H, J = 6.2 Hz, H3), 1.23 (4,
12H, J = 6.8 Haz, CH(CH,),).



i-Pi-Pri-PrPr HO cH2Ph)4 N RN S \ 76C, 5 days-PrHfkPr i-Pri-Pr Ph Pr h (1)
(E)-N-(2-(2,6-diisopropylphenylamino)cyclohex-2-enyliciene)-2,6-diisopropylaniline (0.439 g, 1.0 mmol,
Preparation 1) and tetrabenzyl hafnium (0.554 g, 1.0 mmol) are dissolved 5 in 6 niL of C6D6. Solution
is heated foPA34}%%38228C. NMR showed complete conversion of 11113F4NitR8rddtt to ligand
ration of 9:1. Solvent is removed under reduced pressure. The residue is dissolved in 3 mL of toluene
and filtered. To the filtrate is added 8 inL of hexane. Within minutes yellow crystals appeared. After
standing at ambienstemperatme fofl$ hesharal. ;of-Oexsne sre Gdgeshantisolutionais! put into freezer
(-26C) overnight. Solvent is decanted 10and yellow crystals are washed with hexane (2x10 inL) and
then dried ung‘g:[ﬁz\r/lég ﬁéleg\/IﬁrH S5 to give 0.486 mg of Metal-ligand Complex (1). Yield 54%. NMR
(C6Do, 500 MHz, 30C: 7.25 (m, 3H, iPri-Ph), 7.11 (tm, 6H, 1J = 7.5 Hz, meteCH2Ph), 7.06 (n, 3H,
iPr2-Ph), 6.84Etyl, prepaminda opahez CHiRryp 8-61 A chu6ladim ifyDldias - Dethtisiel2Ring; 4.96 (t, 11-1.
3.41-0 = 550 Hg; H5), 3.51 ( sept. 2E1., VUK = 7.0 Hz, 15CH(CH3)2), 2.74 (sept. 2H, 3J11 = 7.0 Hz,
CH(CI-13)2), 2.11 (M. s. 61T, Hf-CH2P11), 1.98214, 3.11441 = 6.5 Hz, H2), 1.81 (rt, 2H, %it = 5.6 Hz,
H4), 1.25 (p, 2W 3JHH #6Q, H3), 1.22 (d, 6H, 3.1H,H = 7.0 Hz, CH(CH3)2), 1.16 (d, 611, 3Ju.0 = 6.5
Hz, CH( H3)2), 1.14 (d! \1,5/7.0.Hz, CH( H3)2). Anal.
Calcd for C511462.1-IfM7&. 687924, 7.09; NH@.18. Found: C. 69.36: P 696 .06. 20 Fig. |
shows an ORTEP epi‘&tioﬁ'%f a crystal structure deré\fﬁﬁﬁ-ray arﬁb—gﬁ? Metal-ligand
Complex (1). InFig. 1, hﬁé?rogé?f atoms and unsubstitutect phenyl carbons (i'€., of benzyl) groups are
removed for clarity. Theral ellipsoids are shown at the 40% probability level. Example 2: preparation
of Metal-ligand Complex (2), (2,6-bis(1-methylethyl)-N-((IE)-2- (octylamino-kappaN)-2-cyclohexen -1
-yliden e)benzenamip,atg-kappahirisienenyimethy L) DAtk y1 2 6-bis(1-methylethyl)-

benzenamine (B) {3.0038 g, 9.1995 mmol, Example B) and toluene (30.0 mL). Sur the

10 resuling yeliow solution and add a sohution of 1.0M HCI (agueous, (.46 mL, 0.46 mmoel) in
diethyl ether. Stir the resuliing reaction mixture for 3 hours. To the mixture add hexanes (5 mi)
and filter (syringe filter) to remove fine solids. Wash the filtered solids with hexanes (6 ml),
and concentrate the filtrate overnight under reduced pressure to give 3.0107 g of the product
(£.)d as a thick brown oil.

15 'HNMR (CgDg, 500 MHz, 30 °C): 7.144 (d, 1H, Vi = 8 Hz, i-Pry-Ph), 7.143 (d, TH, o =

7T Hz, i-Pr-Ph), 7.09 {dd, 1H, = R.8 Uz, g = 6.5 Hy, i-Pr,-PRY, 511 (br. s, 1H, NH),
5.04 (1, 1H, *Juu = 4 Hz, H2), 2.886 (1, 2H, *Jyp = 7 Hz, H7), 2.881 (sept. 2H, Juy = 6.9 Hz,
CH(CHs)), 2.16 (¢, 2H, *hyn = 5.5 He, 1I3), 2.07 (m, 2H, H5), 1.53 (p, 2H, “Jan = 6.5 Hz,
33, 1.43 (pm, 2H, *Jun = 7.8 Hz, H8), 1.28 (sex-m, 7H, Spp=7.8 Hz, H9Y, 1.16 (d, 65, *Jun
20 =69 Hz, CH(CH;),), 1.13(d, 611, *Juy = 6.9 Hez, CH(CH,),), 0.80 (1, 3H, “Jyy =74 Hz,
H10).
Not shown are C NMR (CgDg, 125 MHz, 30 °C) data.

Example 1: preparation of Metal-ligand Complex (1), [N-[2-[f2,6-bis(1-
methylethylphenyljamino-kappaN]-2-cyclohexen-1-ylidene]-2,6-bis{1-
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In the glove box, a vial is charged with (E)-2,6-diisopropyl-N-(2-
(octylamino)cyclohex-2-enylidene)aniline (0.3341 g, 0.8732 mm1; Example A), benzene-d6 (5.0 mL)
and tetrabepzy!l Gﬂ’{] Eﬂ (0 4741 g, 0.8731 mol). The solution became ap ?Q%Elgg%’vxmgolor After
about 5 to 10 minutes, 14.-NMR showed the desire complex and some EIfBn4 remaining. Therefore, a
drop of the ligand is added. The mixture is stirred. The reaction 10mixture is concentrated under
reduced pressure to afford 724 mg (99.5%) of Metal-ligand Complex (2) as a crude reddish sticky

solid. Metal-lig&Ha e s e timer sy By fetiatifation from hexanes at 40C. 114 NMR
(toluene-d5. 500 MHz, 30C): 7.20 (tin, 611, %Ai = 8.0 H7., meta-ClI2Ph), ©.99-7.06 (m., 1211, iPrrPh

and ortim-CH Pla) éer , 3k}, 13,10 .= 7.5 Hz, para- CH2Ph) -Hp 53er.|i = 5.0 Hz, H2),
3.330n, 2H, H7 : et. 20L= 6.5 Hz, GiHIBZ.), 2.127TARs G1, W=CKZPh), 2.10 (g, 2H,
3.TH H=5.6/ 1. /ma =6:2-Hz;115), 1.64T, H\l/i8 (p, 2H, 3J1141 =
6.1, H4 -- determiv ed by TOCSY}BY 1.27 (M 114 HO-H13), 1. {r f14 34 At=7.0 Hz, CH(CH3)2),

0.92 (d, 6H, 34,4 =675, CH(CH3)2), 0 91 (t, 3H, 3./H_H =7.0, 1410) al. Clalcd for
C47H62.111N2: C, 67.73; H, 7.50; N, 3.36. Found: C, 67.63; 14, 747 Rl‘? 3.39. Fig. 2 shows an
ORTEP depiction of a single crystal structure derived by x-ray analysis éf'Metal-ligand Complex (2). In

Fig. 2, hydrogen atomsrand unsubstiuissknhany catbeas areamitted-fosplasitnTihermal ellipsoids are
oo at e 9% ATERINY eyl Z0L0I0ZE PREGES3009IDRA xRl 3: preparaton o

Metal-ligand omplex 3 imino-

cyclohexen-I-y f-2U6%ls ﬁf%‘th‘fflé‘tﬁﬁéeﬂg‘{l’ﬁféﬁé‘rﬁh@tg kéﬂbﬁﬂ‘)’%@ﬁ?%%%ﬁfé‘fﬁiﬂ? Hafnium (3) The
(E)-N-(6-(butyHiitino)cy clohexs«lisenydlidi 6-gliisopropylanting (0i8068:61 92:5mnidk Example B) and
tetrabenzyl hafnium (Q:48RZamumi) W@lﬁﬂ%ﬁl&ﬁd&@d@ﬁk&a&ﬁ&@l&lﬁﬁ&i&i faoreriemperature giving light

red solution. Aftestiring owerniaht fyeliow.solution), spluentisremaued ndlerfeghiced pressure
giving highly crys fine ye low solid. The residue is dissolver |n 2 nal, of toluene followed by addition

of 8 nil, of hexalhé’f@’éiﬂﬁd’ﬁ fedifraretrLHRr W%fﬁ@%ﬁn%@@é’f‘?ﬁ% fhperttiE fasulting in
formationl of largeyyisiovwyenysials$alwitndsdO tetanteddne kargeuyeloveenystalsrare washed with

cold hexane (5, (rjm,.,) @ng then dugdiunderreauced pegssire to give 331 mg of Metal-ligand Complex
(3). Solution an t\?ﬁi@%v"?@%ﬁwﬁ% b}gg%ﬁ gﬂzﬁytgp o f 216%1(1 295 n| ht Solvent is

decanted and ye]ﬂ rysStals are Wa MiLOf co exane"dnd then drled under reduced

pressure to givaTdBHTionEn 31 iRgtBk MdARIidANd: ComblbxAay- EbRIBiIAGY (iélé dFnrtal-ligand
Complex (3) is8.642 L5 aEHT5.8%. (INMR{toluenasg, B00:MBiz, 'B0G)7.F 48 (s, 3H, ilb-2-Ph), 7.11

(um 61- 11$Jomz:@,ﬁ,zmm@zﬁ29hg 6.8l (00 OH, 91Ehe-BAGSG LR i 573(t, 3, = 5.0 Hz, H5),
3.24 (sept. 2H, 3Jaa = % 6 %ch:?l )2)_§§%Z(rﬂl_e Q—g)z Al (hr ?s @—I 6%9 H2Ph) 1.89 (t, 2H,
271141 = 6.7 #E”Hé)r’ ”8&3( . A1 4? f B3 hz . CH(CH3)2),
1.29 OH, " =7.0Hz, CH((H:%) 1.164d, 6H, " i = 6.5 Hz, CH(CH:)), 1.14 (d, 6H, *Jen = 6.

Hz, CH(CHs),). 0.98 (d, 6H, “Jyg = 7.0 Hz, CH(CH3),).

Anal. Caicd for Cq He HEN,: €, 65.49; H, 7.09; N, 2.18. Found: €, 69.36; H, 6,96, N, 3.06.

20 Fig. 1 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis
of Metal-ligand Compiex (1). In Fig. 1, hydrogen atoms and unsubstituted phenyl carbons {i.e.,
of benzyl} groups are removed for clarity. Thermai ellipsoids are shown at the 40% probability

level.
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20(p. 2H, 3,/fTH =. 6.3, H3), 1.17 (m, 2H, H8), 1.11 (d, 6H, 3./i.mi = 6.9, CI-EC:T/3)2), 1.06 (sex., 2H,
341-11=7.4, H9), 0.77 (t, 3H, 3j= 6.9, H10). Anal. Calcd for C4311.54HfNs: C, 66.43; Il, 7.00; N. 3.60.
Found: C. 66.58; FI, 6.89, N, 3.65. Thermolysis study of Metal-ligand Complex (3). Metal-ligand
Complex (3M@3megiReMissolved in 0.6 mL of toluene-d8. Solution is hedfe® ¥6r 42" Hd#ts at 89.3C.
After this time 25NMR spectrum showed about 4% decomposition. Fig. 3 shows an ORTEP
depiction of a single crystal structure derived by x-ray analysis of Metal-ligand Complex (3). In Fig. 3,
hydrogen atomsuapd 2ipsphstitutedpheihcardapns arelosrittadifahctanty N THi&rhal ellipsoids are
shown at the 409 Arobaliitfevel, WO, 201023228 GTU SZ00HARAATLERmPIe 4: preparation o
Metal-ligand Complex (4), (N-(6E)-6-(butylimino-kappaN)-1-

cyclohexen- I- ?% -bis(1-methylethyl)benzenaminato- kappaNbris(phenyImethyI) -zirconium. (4) The
(E)-N-(6-(butylimino)cyclohex=t-eny1)-2,6-diisopropylaniline (0.35 0.4 nunol; 5Example B) and
tetrabenzyl zirconium (0.48%1. mmol) %n?cgl%olved in 3 mL of Jo “‘l om temperature
giving light red solution. stigring ur, proton,NMR s taleen §hpw mplete reaction taken
place. Contents of th R tube ar¢ turned to reaction mjxtdre. T Jeactlon mixture are added 8
rriL of hexane, sol(fion is filtered &rid put into freezer (- Mﬂ KT Solvent is decanted and yellow
crystals are washed with cold hexane 10(2x4 mL) and then dried undéf reduced pressure to give
0.566 g of Metal-ligand Complex (4). Yield 68%. IB NMR (C6D6, 500 I\/tlz-gz 30C: 7.22 (pseudo-triplet,
3H, iPr2-Ph), 7.12 (tm, 611,= 7.8 Hz, ortho-CIlI2Ph), 6.88 Urn, 3H, 3./tim = 7.0 Hz, oara-CH2P10, 6.88
(dm, 611, 8JH.h = 8 hizgierthoxCHRiRR)sHrE4 (titl Hs-34-HisboPyHr,(1-15), 130 (sept. 214, 3.4LH =7.0

Hz, CH(C113 X o na Wtders B, H= 6.3 Hz, 142
IR I DR SSL LB B o B 03 1 162,

= 6.5,113), 1.31 (M- T‘I%f)e”iyi d“‘%é%éjr% iHiE é: ?plbl-? %14‘5 §9), & BB (sex.. 214, JO-H = 7 .5 149),
0.73 (t, 3H, JHevmBolen Py ﬁtﬁ&%@dfé@%%@ﬁ%ﬂ?‘ t@ dyrRPTpIex FEGORE 4.06. Found: C,
74.60; 14, 7.7 3ihh,. 4:28n140 Aigrdoshewspan RIEPdepictitn ofasinglereryBtalsttyoture derived by

X-ray anaMsis mixture is concentrated under reduced pressure to afford 724 mg (99.5%) of Metal-ligand

Complex (2 as a crude reddish sticky solid. Metal-ligand Complex (2) is further purified by
recrystallization from hexanes at -4¢°C.
"H NME (tolnene-dg, 500 Mz, 30°C): 7.20 (tm, 6H, *hn = 8.0 Hz, meta-CH.PY, 6.99-7.06
(m, 12H, iPr,-Ph and ortho-CH,Ph ), 6.88 (tm, 3H, *Jyn = 7.5 Hz, pare-CH:PL), 5.13 (. 11,
15 Jum =35.0Hz H2), 333 (m, 2H, H7), 2.35 (septet, 2H, “Jap = 6.5 Hz, CH(CHs),), 2.12 (br. s.
6. Hi-CHsPhY, 2.10 (g, 2H, *Jyn = 5.6 Hz, H3), 1.89 (¢, 2H, *Jun = 6.2 Hz, H5), 1.64 (m,
2H, H8Y, 1.27 (p, 2H, *Jypy = 6.1, H4 — determined by TOCSY1D), 1.27 (m, 10ML H9-H13),
115 (d, 6F1, Yupp = 7.0 Hz, CHCHz)). 0.92 (d, 6H, iy = 6.5, CH(CH:h), 091 (4 3H, ypm =
7.0, H1C).
70 Anal Caled for CpHeHINy: C, 67.73; H, 7.50; N, 3.36. Found: C, 67.63; H, 7.47, N, 3.39.

Fig. 2 shows an ORTEP depiction of a single crystal structure derived by x-ray analysis

of Metal-ligand Complex (2). In Fig. 2, hydrogen atoms and unsubstituted phenyl carbons are

omitted for clarity. Thermal ellipsoids are shown at the 40% probability level.

81



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) 25copolymer A 2-liter Parr
reactor is ud®d MBMEIBymerizations. All feeds are passed through cquﬁﬁTé@&Wﬁ?ﬁ?ﬁ"and Q-5110
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., nitrogensyasylirs agionadaxX Mitstiired 808plitetiigdetoF s chariedwithrabolit 533 g of mixed
alkanes solvepy (lsapan E),and,200.9:0fih;06tena.comonapendiydeagergas@hpsi) is added as a
molecular weight control agent by differential pressure expansion frem a 75 mL addition tank at 300
psi (2070 kiloPascals (kPa)). The reactor contents are heated to merlzatlon temperature of 120C

and saturated with eth & 1460 psig to 470 psig (3.4 MPa). Megat=tigari mplexes (1) to (4) and
actlvatlng 5co- catalyst méthyldioctadecylammmomiym tetrakis aflu ) borate (1.2 mole

. minoxarme-tA{(WMMAO (a0 e efivalents), as dilute
solutions in tolyene, are mixed ahdtransferred to a catalyst addit tank and injected into the reactor.
The polymerization conditions‘r,-Pare maintained for 15 minutes witlpethylene added on demand. Heat is
continuously removed from the reaction through an internal cooling 10coil. The resulting solution is
removed from the reactor, quenched with isopropyl alcohol, and stathjzed by addition of 10 ml, of a
toluene solution contalnln prOX|mateI 67 mg EI ered % (IRGANOXTM 1010
from Ciba Geigy Corp6&tior §) f?ﬁ“ﬂjé/ 5 EX Tafek: %) £%§so aznre.lr I@é% agiTM 168 from Ciba
Geigy Corporatisi) rB@W&@éNﬁb‘Wfﬁ"@ﬁ@éﬁﬁW‘%ﬁ@ ‘é’W%ﬁ)B)fé‘fé“‘@O&%?ﬁdih%t’é[doiﬂWﬁ‘?ﬁﬁ‘850 g of mixed
alkanes are addediin;lbbihe seagiosrarnd heireattor isrireatet:ighl 5OHE. stheordactonis then emptied of

the heated SO'%%{&LAMQ@@ lyahefore geamgﬁg a-newRmeriZation rumProdustpolymers (P1) to

(PX) are recovered b ing.for ﬁ EIiL in atemperature rampe % m even with a final set
point of 140 Yom - 1hl(l’}]lg zg'}r/??jeé(r’yl(/?s affiza gr?lé?e“rﬂétﬂfrécé of po:lyrir(])gps 51y ‘*? g are measured by

20DSC (DSC 2910t & Mstrigmsmtsekse ‘*‘Sé?ﬁﬁl%%‘?ﬁ‘tfliﬂf}%de(lﬁﬁf‘é(%‘lfrr%‘flﬁé’ﬁféd from room
temperatute tol@10eiGratid e Cher mmutercAfidrbeingfieidanthisiternpebatredorédminutes, the
samples are C%lf%Qd&QeséaQleZ oAl 39 G, BetRINe Andsis ther-heatedite:235+@sat0 C per minute
aiter being held{)n 9 & fotrml.o rtguetre Z{E@I\%%ﬁaﬁtw% g-%tl OJePa%leEJ%&%@JS?s&ﬁ?S) are measured

d
either on SymyX 25t echriologies, Inc.'s hrou el Permeation

Chromatograpﬁ‘éP‘(‘S‘EfF 28 )°6P(\ii§‘68f§1<”14'ﬁ‘%‘3§“@é‘l“i5b’ifr?f§ %Brﬁsﬁfbfﬂﬁ‘é{fcfﬁfiﬁﬁﬂ%r (V-GPC). The
SIT-GPC utilizedtwo Polyiripnt SbsiRikgd| {Ophmd ED Bieoltinng (S00x1 Omint) 4t a flow rate of 2.5
mL/minutesin 1,2,4<khchlorbenzene at 160 'C. The V-GPC. is equipped with a low-angle/rightangle

ght scattering deigpton, 8 -eagllanine viscomeleyand arefiaglie inder dejgator. 30V-GPC

analyses utilized thre L e 10um columns (300mmx7. 5mm) at a flow rate of

1.0 mLhn.nutelﬁﬁ!ﬁicz‘lzut‘nérﬁbm"eﬁ%efﬁé"af@ftﬁéh@ & 14 Gn =1 ié prépEfation for SIIT-GPC:
In a sample blopk’/polyrielsam(B:is wéighedl biif intd lglass SAriplertiiibes $5yraYix Fechnologies) and
diluted to 30mg/gr-n &2, 433 Tsichigrebenzenal i #:d EBY /A glasssticiars,plased into each tube

and the sapi, bge s ransTed e, 2heaied ShaKer (160 Gy 22AREM) fabd haussisual inspection
San =74, H9), 0.77 (t, 3H, *Jyn = 6.9, H10).
Anal. Caled for CaaHlsHENG: C, 66.43; 11, 7.00; N, 3.60. Found: C, 66.58: H, 6.89, N, 3.65.
Thermolysis study of Metal-ligand Complex (3). Metal-ligand Complex (3) (25 mg) is

dissolved in 0.6 mL of oluene-dy. Solution is heated for 42 hours at 89.3°C. After this time
25 NMR spectram showed about 49 decomposition.
Fig. 3 shows an ORTEP dépiction of a single crystal structure derived by x-ray analysis
of Metai-ligand Complex (3). In Fig. 3, hydrogen atoms and unsubstituted phenyl carbons are

emitted for ciarity. Thermal ellipsoids are shown at the 4G% probability level.



dissolution/sample viscosity is made, and solvent (1.,2,4-TCB) is added to those which have not fully
dissolved, or which are too thick for the SHT-CPC. The sample block is returned to the shaker for 15
minutes, and then transferred to the sample deck of the SFIT-GPC, which is heated at 140 'C. The
samples aré&dleatoBizitansferring a small aliquot of the 30 ing/mL 5solutfei{iAt80& Edd¢bnd 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 SenmzAttemaieghaampleRiepanationtSASP)Varopramsuppliedaby:Viseotek, Inc. Once
weighed out, 1,24 Lrjc .kﬁﬁ%%%%@%ﬂ?yi@t@lmﬁé&gn@mﬁmmﬁ)leggm%@m@mmued syringe
10pump interfaced with the SASP program to give 1.00 ing/mL concentration. A Teflon-coated stir bar
is placed into each arid the tubes are capped and loaded into an jnum block and placed on a
heated shaker (160 C,PM) for 1 hour to 2 hours until total di utién.s observed upon visual

’

inspection. The vials a ndransferred t%gﬁ H1 ated deck au (145 C. with magnetic
jectj 2704a—4¢}éel§énof 15each sa

stirring) where they await | e igrmade, with a run time of 45
minutes. F?suh’s‘are shownbefow in Table 1. In Table 1, "Ex-1¥0*% means Example Number,
umoles means micromoles, "g-poly/g-metal” means grams of pokymer groduced per gram of complex
used), Tm. Mw in grams (g), Mn, and Mw / Mn are as defined previously. 20Table 1: ethylene/l-octene
copolymerizations results. Ex No Metal- ligand Complex Number/ (ffietal) Amount Metal- ligancl

Complex (jtmoles) Jyjielehof RxQarmRAYMELCUN, Satalyst L iciancy @-palys/ g:etal) Tm (C)
Polymer I\/%W (%) 1 Mw,

kample B) and tetrabenzyl zireoniam (0.4885 g, 1.07 mumeol) are dissolved in 3 mL of C¢Dg at
room emperature 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 fiitered and put into
freezer (-43°C) overnight. Solvent is decanted and yellow crystals are washed with cold hexane
10 (2x4 mL) and then dried under reduced pressure to give (.566 g of Metal-ligand Complex (4).
Yield 68%.
"H NMR (CDy, 506 MHz, 30°C): 7.22 (psendo-triplet, 3H. iPr,-Ph), 7.12 (tm, 61, Jzn = 7.8
Hz, ortho-CH,Ph), 6.88 (tm, 3H, “Juy = 7.0 Hz, para-CH,Ph), 6.88 (dm, 6H, *Jun = 8.0 Hz,
ortho-CH.Ph), 4.64 (t, 1H, *Jyp = 5.0 Hz, H5), 3.30 (sept. 21, *Jyu = 7.0 Hz, CH(CH,),). 2.83
15 (m,2H, H7),2.24 (br. 5. 6H, Hf-CH,PR), 1.95 (1, 21, “Jun = 6.3 Hz, H2), 1.78 (g, 2H, *Jyn =
5.8 Hz, H4), 1.32 {4, 6H, “Jrn = 6.5 Hz, CHCH:)), 1.28 (p, 2H, g = 6.5, H3), 1.21 (m, 2H,
HR), 1.14 (4, 6H, iy = 6.5, CH(CH:),), 1.05 (sex., 2H, “Jun = 7.5, HO), 0.73 (4, 3H. “Jgp =
7.5, H1d).
Anal. Caled for CusHsoZrNa: 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 elitpsoids are shown al the 40% probability level.

Examples 5 to 12: ethylene/1-octene copolymerizations preparing poiy(ethylene 1-octene)
25 copolymer
A 2-liter Parr reactor 1s used in the polymerizations. All feeds are passed through
columus of alumina and Q-5 catalyst (available from Englelardt Chemicals Inc.) prior to
intreduction into the reacior. 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-hter reactor is charged with about 333 g of mixed alkanes solvent (Isopar E} and 250 g of
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/1 Mn1 (1)1(11) 0.7 6.619.7 157,672 117 961,875 2.21 6 (2)/(111) 0.7 1.214.7 | 17,654 105 557,666
2.2 7 (3)1(1-10 0.4 5.745.3 634,489

WO 2010/022228 PCT/US2009/054447

l-octene comonomer. Hydrogen gas (45 pst} s added as a molecular weight control agent by
differential pressure expansion from a 75 mlL. addition tank at 300 ps1 {2070 kiloPascals (kPa)).
The reactor contents are heated to a polymerization temperatare of 120 °C and saturated with
ethylene at 460 psig to 470 psig (3.4 MPa). Metai-ligand Complexes (1) to (4) and activating
5 co-catalysts methyldioctadecylammonium tetrakis{pentafivorophenyl) borate (1.2 mole
eguivalents) and modified methylalominoxane-3A (MMAQ-3A) (10 mole equivalents), as
dilute solutions in toluene, are mixed and wansferred to a catalyst addition rank and mjected
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 isopropy! alcohol, and
stabilized by addition of 10 mL of a toluene solution containing approximately 67 mg of a
kindered phencl antioxidant (IRGANOX™ 1010 from Ciba Geigy Corporation) and 133 mg of
a phosphores stabilizer (TRGAFOS™ 168 from Ciba Geigy Corporation). Between
polymerization runs a wash cycle is conducted in which 850 g of mixed alkanes are added 1
15 thereactor and the reactor s heated to 150 °C. The reactor is then emptied of the heated
solvent immediately before beginning a new polymerization run. Product polymers (P1) 1o
(PX) are recovered by drying for about 12 hours in a temperatore ramped vacoum oven with a
final set point of 140 °C.
Melting and crystallization temperatures of polymers (P1) to (PX) are measured by
20 DSCDSC 2910, TA Instruments, Inc.). Samples of (P'1) to (PX) are first heated from room
temperamre to 210 °C af 10 °C per minute. After being held at this temperatare for 4 minutes,
the samples are cooled wo -4 °C at 10 °C per minute and are then heated to 215 °C at 10 °C per
minufe alter being held at -40 °C for 4 munutes.
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 11T-350 Gel Permeation Chromatographer {V-GPC). The SHT-GPC wtilized
two Polymer Labs PLge] 10pm MIXED-B columns (300x10mm) at a flow rate of 2.5
mL/minute m 1,2.4-Trichiorbenzene 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 mn 1,2.4-frichlorbenzene at either 145 °C or
160 °C.
Sample preparation for SHT-GPC: In a sample block, polymer sampie is weighed out
o 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 eack: tube and the sample block 15
transferred to a heated shaker (160 °C, 220RPM) for 1 hour. Visual inspection of
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741,277,000 1.8' 8* (3)/(14f) 0.4 3.624.7 345,958 80 472,415 2.1 9 (4)/(Zr) 0.7 12.542.1 _, 659 288 91
439.111 2.2 10 (3)411f) 0.2 1.631.9

WO 2010/022228 POT/US2009/054447

dissolution/sample viscosity is made, and solvent (1,2,4-TCB) is added w those which have not
fully dissolved, or which are too thick for the SHT-GPC. The sample block is remrned 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

5 solution into 4 second twbe and adding solvent (1,24-TCB) to reach the desired concentration
of 1 mg/ml., of which 500 L are then injected into the GPC.

Sample preparation for V-GPC: Polymer 1s weighed out into glass test-vials using the
Semi-Auntomated Sample Preparation (SASP) program supplied by Viscotek, Inc. Once
weighed out, 1,2,4-Trichlorobenzene 1s added to each sample by a computer-controlled syringe

10 pump interfaced with the SASP program to give 1.00 mg/mL concentration. A Teflon-coated
stiv bar is placed into each and the tubes are capped and loaded into an aluminum block and
placed on a heated shaker (160 °C, 226RPM) for 1 hour to 2 hours until total dissclution 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 uL injection of

15 each sampie is made, with a run time of 45 minutes.

Results are shown below in Table 1. In Table 1, “Ex. No.” means Example Number,
pmoles means micromoles, “g-poly/g-metal” means grams of polymer produced per gram of

complex used), Ty, My, 1o grams (g), My, and My, / My, are as defined previously.

20 Table 1: cthylene/1-octene copolymerizations results.

Metal- Amount | My,
ligand Metal- Catalyst /
Complex | ligand Yield of | Efficiency Mg
Ex. | Number/ | Complex | Exotherm: | Polymer | {g-poly/ T Polymer
No. | (metal} | (umoles) (°C) (g) gemetal) | (°C)y | Mw (&)
5 (1y/(Hf) 0.7 0.6 T 157,672 117 961,875 2.2
6 (2)/(HE) (0.7 1.2 147 117,654 103 557,666 2.2
7 {3Y/(HD (4 37 453 (534,480 74 1,277,006 | 1.8
8 1 (3G 0.4 3.6 247 345958 30 472,415 2.1
g | @iz | 07 125 421 | 639288 | 91 | 439111 | 22
W] BY(HD 0.2 1.6 319 893.607 &0 1373000 | 17
11#% L (33(HD 0.z 12 219 613,480 ¢+ 90 588,355 1.6
12%5 | (/U 4.2 1.9 277 775954 89 351,532 1.6

*polymerization temperature is 150 °C; and
#epolymerization reaction further comprised diethyl zinc (DEZ; 40 umoles DEZ in Example 11
and 100 pmoles DEZ in Example 12).
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893,607 80 1,373,000 1.7 11** (3)/(He 0.2 1.221.9 613,480 90 588,555 1.6 12** (3)/(110 0.2 1.927.7 |
775,954 89 351,532 1.6 *poly nerization temperature is 150 'V; and **polymerization reaction further
comprised diethyl zinc gDEZ; 40 wholes DEZ in Example 11 and 100 unp%ﬁ@&%@mple 12).

WO 2016/022228

Example 13: preparation of Metal-ligand Complex (5): (NV-((6E)-0-(butylimino-kappaN)-1-

cyclokexen-1-y1)-2,6-bis( L-methylethylibenzenaminato-kappalN)jtriiodo-hainium

Q - Q
" l

(3)
To 1.5624 g (2.01 mmol) of (N-((6E)-6-{butylimino-kappaN)-1-cyclohexen-1-yl)-2,6-

!
|
(3) Phph Ph

]

bis(1-methylethyl)benzenaminato-kappaN)tris(phenyimethyl)-hafnium (Metal-ligand Complex
(3) of Example 3) dissolved in 20 mL of CIH,Cl; at room temperatuge is added within 20
manutes iodine (1) dissolved in 60 mL of CH,CL. After stirring for 10 minutes at room
temperature, solvent is removed under reduced pressure. To the resulting residue 1s added 30
ml, of hexane, and the resulting suspension is stirred for 15 minutes. The suspension is filtered
with a frit, the filtercake is washed with 15 mL of hexane and dried under redeced pressure o
give 1.47 g of yellow Metal-ligand Complex (5) (82.7% yield).

1 NMR (CDe. 506 MHz, 30 °C: 7.24 (m, 1H, iPry-parg-Ph), 7.17 {m, 2H, iPr-meta-Lh},
472 (4, 1H, *Jyup = 4.9 Hz, H5), 359 (m, 2H, H7), 3.56 (sept. 21, *Jy = 6.8 Hz, CH(CH,)),
1.68 (g, 7H, Jan = 5.7 Hz, HE), 1.66 (t, 2H, “hep = 6.4 Hz, H2), 1.61(d, 6H, Jyu = 6.9 Hz,
CH{CH,).), 1.58 (m, 21, BI8), 1.11 {d, 61, Vi = 6.8 Hz, CH(CHy)), 110 (sex., 2H, an=
7.1 Oz, H9Y, 1.07 (p, 28, “Jysy = 6.0 Hz, 113), 0.79 (1, 3H, T =74 Hz , H10). Information
abaut the chemical shift, multiplicity and coupling constants for 113 and H9 is obtained from
TOCSY 11D spectra.

Example 14: preparation of Metal-ligand Complex (6): (N-({6E)-0-(butylimino-kappalN)-i-
cyclohexen-1-y1)-2,6-bis(1-methylethyl)benzenaminato-kappaN)jtrimethyl-hafnium

2 o
~ \/3\j s \/@

Pr
e ! \ e / \

(5) (6)
To a 30 mL toluene solution containing .7486 g (0.83 mmol} of (N-((6E)-0-

(butylimino-kappaN)-1-cyclobexen-1-y1)-2,6-bis( 1-methylethyl)benzenaminato-

86



WO 2010/022228PC1711S2009/054447 Example 13: preparation of Metal-ligand Complex (5):
(N-(6E)-6-(butylimino-kappaN)-1- cyclohexen-1 -yl)-2,6-bis(1
-methylethy%)enzenaminato-kappaN)triiodo-hafnium (5) 5To 1.5624 g ](% '1% S%r(p)%lﬁg .

(N-06E)-6-( ?ﬁ%ol%%@ppaN)-l-cycIohexen-l-yl)-2,6- his(’ o
-methylethypbenzenaminato-kappaNMis(phenylmethyl)-hafnium (Metal-ligand Complex (3) of Example
3) dissolved in 20 mL, of C112C12 at room temperature is added within 20 minutes iodine (L)
dissolved in 662 RENBF LRI MErR NG 81D Fitfltedial oo e Nésttre Solvent is removed
under reducedupressiechothenseésuttiagesesiduens:d0ted 30 O H®h éxaneéy and the resulting
suspension is gijred for 45 minutes. The suspension s ilpred it 8, it the fitsreake is weshed with
15 mL, of hexalie ahd dried Under reduced pressure to give L.47 g of yellow Metaligand Complex (5)
(82.7% yield). "IN MR PEBEIS IS BN RS g e teReds 2A a1t 3fpvd S &raaptipdFieretm, 2H,
iPr2-eneta-PhyolciRifteddvd3rdk 4241428 H2jvl8),63 HOHAY, 28E; +Fik18:bBu(SEptirPH (B./21_21= 6.8 Hz,
CH(CIE)2), 1.68,(loR &dselbl &tiF 5.7 Hz, 144), 1.66 (t, 214, 3.1214, = 6.4 Hz, H2), 1.61 (d, 6H, 344_0
= 6.9 Hz, CII(C113)2), 1.58 (m, 211, H8), 1.11 (d, 611, 3./H.21-= 6.8 Hz, CIECH3)2), 1.10 (sex., 2H,
3ilH_Fi = 7.1 Hz, H9), 1.07 (p, 2H, 3.712.0 = 6.0 Hz, 113), 0.79 (t, 311, 5] 7.4 Hz , H10). Information
about the chefritaP§Hitt Pttty b eBRipEPES S AN For 1P 3dmi 1P Sbtained from
TOCSY 1D spestrac20-Exarhfplest4npreparabioncoi MetalkligahtrQetnplexn{8):

toluene solution contain (.7486 g (0.85 mmol) of (N-((6E)-6- HPr
25(butylimino-kappaN)-A-cyclShipxen-I-y1)-2,6!5i5(i -methylethy %ﬁm@
kappaN)trtiodo-hafpiuri (M %nga% Complexgs:of Examﬁg)i added$788 mL (2.65 nunol) of 3
molar (M) methyl magnesium-Bromide (013MgBr or CH3MgBI) s utiofhi diethykether. The resulting
reaction mixture is stirred for 20 minutes, then solvent is removed under réuced pressure. The
resulting tdsidue is extracted with 30 mL of hexane and filtered. 580_\?ent is removed from the filtrate to
give 0.462 g (99.4% VigItnbt Metalmant e bmplex'es) s e SHPER Sk SR> EXample 15:
preparation of WiétakligandCemmplesa{GraiiNe (6 B}-S-Ibutyfunimaik &ppaN i (2.972 g, 9.28
cyclohexeml-yi)saGshistl-methylethyibenzenaminate-kappaimetbyl-hedpilna e as

(N-06E)-6-(butylimino-kappaN)-1-
cyclohexen-l-yl)-2,6-biethylethyl)benzenaminato-kappaN)trin@hafnium Toa 30 mL

evolution 1s observed. The resultng reaction mixture does not get warm. Within minutes,

15 reaclion mixture changed color from yeliow o black. Solution is stirred for 1 hour. Solvent is
removed under reduced pressure, To the residue is added 50 mLl of hexane and the resuliing
yellow sologon is fikered. The filtercake {salts) is washed with additionai 30 mb of hexane.
Solvent is removed under reduced pressure to give 4.03 g {(79.1% yield) of Metal-ligand
Complex (6) as a vellow solid.

20 'H NMR (CgDg, 500 MHz, 30 °C): 7.19-7.24 (m, 3H, iPry-Ph), 4.66 (¢, 1H, Jup = 4.9 Hz, H5),
3.64 (sept. 2IL, *Juu = 7.0 Hz, CH(CHs),), 3.34 (m, 2H, HT), 1.89 (t, 2H, iy = 6.6 Hz, H2),
1.88 (q, 21, “Jup = 5.5 Hz, H4), 1.42 (d, 6H, *Jyy = 7.0 Hz, CH(CHa)), 1.34 (m, 21 H8),
1.28 {p, 2H, “Jya = 6.2 Hz, H3), 1.21 (4, 6H, *Jipp = 6.9 Hz, CH(CH),), 1.08 (sex., 2H, *Typ =
7.5 Hz, H9}, 0.77 (1, 3H, *Jipn = 7.4 Hz . H10), 0.30 (s, OT1, Hi-CHy).

25 BC{H]} NMR (CeDg, 125 MHz, 30 °C): 175.30 (N=C), 152.07 (guat.), 144.98 (quat.), 14431
(quat.), 126.07 (iPry-para-Ph), 124.16 (iPro-mefa-Ph, 114,71 (C5), 60,40 (f-CH;), 49.57 (C7,
31.00 (C8), 28.48 {CH{CHa).), 28.00 {C2), 26.00 (CH(CH,}), 24.069 (C4), 24.53 (CH(CHs)),
23.12(C3), 21.00 (C9), 13.82 (C10n.
HSQC (Cyldgy, 5300 MHz, 30 °C): (7.19-7.24, 126.07, 124.106), (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), (G.50, 60.40}.
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HfCl4 4 MeMaBr (6) 10Me To a cold (-25 (V) toluene solution (50 mL) of
N-(66E)-6-(butylimino)-1-cyclohexen-1 - y1)-2,6-bis(1-methylethyl)-benzenamine (3.03, 9.28 mol,
Example C) and HfC14 (2.972 g, 9.28 annul) is added 12.68 itiL of 3 M r.solution.
During addi Shi8VErs gBr gas evolution is observed. The resulting re%%%%%iﬁ%éies not get
warm. Within minutes, 15 reaction mixture changed color from yellow to black. Solution is stirred for 1
hour. Solvent is removed under reduced pressure. To the residue is added 50 niL of hexane and the
resulting yellow solutien iiteetetR THo meituke (e YSLERrRE Rt 4 quitiBHar S5 L of hexane.
Solvent is removetikindst Cedpiced prefaufehtdrgive 2h08ag: (P91Eboyidddlyof Metal-ligand Complex (6)
as a yellow solid. 20'11 NMR (C6D6, 500 MHz, 30 C): 7.19-7.24 (in, 3H, iPr,-Ph), 4.66 (t, 1H, 3./H.ry =
4.9 Hz, H5), 3,64 (sept, 2H, 3./H_H = 7.0 Hz, CH(C|-1. . ‘éimf );1.89 (t, 211, 3.61.11 =
6.6 Hz, H2), 188" %,Péﬁf?% ‘z_’ﬁﬁ%fl, %ﬁ“z% é’ilf‘%ﬁf‘bg})%}ﬁ%z% (- )%ﬂ?)m (in, 2H, H8), 1.28 (p,
2H, 3.61134) gypypouerymine g g BN H = 6.9 Hz, CH(H3)2), 1.08 (sex., 2H, | H-H - 7.5 Hz,

119), 0.77 IL 311,3,6H, = 7.4 Hz. H10), 0.50 (s, 9H, 111-0-60~25 CCM 181MR (C6D6, 125 MHz, 30
1)
J

(th1-meta-Ph), 114.7{ (C3), 60.40 (1-11-C}3), 49.57 Y&, (€R): 28.48 (CH(CH3)2), 28.00 (C2),
26.00 (CH(CH3)2), 24)%69((:49124.53 (GHEF48)2), 23.1
NH N

i-Pr Hf‘u,
1

Phph  Ph

C): 175.30 (N=C), 152 i (qua), 144.98 ((mat.), 14431 (q 126.07 (iPr2-para-Ph), 124.16

(0%), 13.82 (C10).

i-Pr

N-(2,6-Diisopropylphenyl)-2-butylaminotroponimine  (Example D, 250 mg, (.74
mmol) and HfBn. (403 mg, 0.74 mmol) are dissolved in dry Cglds (3 mL) giving an orange
solution, which is stirred at 25 °C. Completion of the reaction is confirmed by 'H NMR taken

10 afier 90 minutes. 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 357 mg (79 % vield) of Metal-ligand Complex (7).
T NMR (CeDg, 300 MHz, 30 °C): 7.21 (m, 3H, H10, H11, H12), 7.15 (tm, Jyp = 7.5 Hz, 6H,
meta-CH. PR, 6.91 (dm, Jun = 6.1 Hz, 6H, orthe-CH.PR), 6.85 (m, 3H, para-CILPR), 6.85 (m,

15 1H, H3), 6.39 (d, Jyay = 11.2 Hz, 1H, H6), 6.50 (m, 1H, H2), 6.48 (m, 1H, H3), 6.25 (¢, Jun =
8.8 Hz, 1H, H4}, 3.18 (my, 251, Hi4), 2.79 (septet, Jyp = 6.8 Hz, 2H, CH{CHy)), 2.21 (br s, 61,
CH-Phy, 1.38 (m, 2H, H15), 1.26 (d, Jun = 6.8 Hz, 6H, CH(CH3),), 1.14 (sextel, Jun = 7.5 He,
2H, H16), .94 (¢, Jup = 6.8 Hz, 6H, CH(CHs),), 0.77 (¢, Jyu = 7.3 Hz, 6H, H17).
Anal. Caled for CoHe:HfNS: 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

omitied for clarity.

Example 17: preparation of Metal-ligand Complex (8): [N-(2,6-diisopropylphenyl)-2-

25  butylaminowroponiminato]tribenzylzirconium
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HSQC (C6D6), 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). WO 2010/022228PCT/USZOO9/O§,%%I§({‘§ 0 9F1§%
of e“aﬁ-ﬁgahé

ORTEP deﬁ’Y&i%‘H% %% %?ngle crystal structure derived by x-ray analysis
Fig. 5, hydrogen atoms are omitted for clarity. Example 16: preparation of Metal-ligand Complex (7):
PV-(2,6-d opropylphenyl)-2- butylaminotroponiminatoltribenzylhafnium 17 15 i-pr NNa NH NVi-pr 9

Hf, n "I

10

N-(2,6-Ditsopropyiphenyl)-2-butylaminotroponimine {Example D, 250 mg, 0.74

mmot) (250 myg, G.74 mmol} and ZrBn, (339 mg, 0.74 mmol) are dissolved i dry CeDs (3 mb).
The resulting orange solution is stirred for 4 hours, then concentrated under vacuum, layered
with hexane and cooled to -45 °C overnight. The resulting vellow crystals are filtered, washed
with cold hexane and dried under vacuum to give 204 mg (39 % yield) of Metal-figand
Complex (8).
"I NMR (CgDy, 500 MHz. 30 °C): 7.19 {m, 3H, H10, H11, H12), 7.10 {tm, Jun = 7.5 Hz, 6L,
meta-CH,Ph), 6.88 (br s, 6H, ortho-CILPR), 6.85 (m. 3H, para-CH,Ph), 6.80 (m, 1H, HS5).
6.56 (d, Jyg = 11.7 He, 1H, H2), 6.52 {d, Jyy = 11.2 Hz, 11, HE), 6.45 (t, Jyu = 8.8 Hz, 111,
H3), 624 (t, Jup = 93 Hz, 1H, H4), 3.04 (m, 2H, H14}, 279 (septet, Juy = 68 Hz, ZH,
CH{CH),), 2.35 (or s, GH, CH,Ph), 1.35 (m, 2H, H13), 1.23 {d, Jys = 6.8 Hz, 6H, CH(CHa ),
1.11 {sextet, Jup = 7.5 Hz, 2H, H16), 0.93 (d, Jun = 6.8 Hz, 6H, CH{CH:),). 0.75 (¢, Jua =73
Hz, 6H, H17).

ixample 18: preparation of Metal-ligand Complex (9): [N, N-dimethylamino-2-(2,6-
dissopropylanilino)troponiminatotribenzylhafnium

]

£ K
& 2
1
~ TN
Vs

1 P 1
N PPy HiBn, N—N N—@ﬂ
/N“"‘N HN"*@ T / ipree ©)
-Pr H..,
Phph Ph

N.N-Dimethylamino-2-(2,6~diisopropylanilino)roponimine (Example E, 250 mg, 0.77
mmol} and HiBry, (420 me. (.77 mmel) are dissolved in dry CeDg (3 mL) and the resuiting
orange solution strred for 2 hours. Completicn of the reaction s confirmed by ‘H NMR. The
reaction mixture is concentrated under vacuum, layered with hexane and cooled to -43 °C
avernight. The resulting yellow crystals are filtered, washed with cold hexane and dried under
vacuum to give 370 mg (62 % yield) of Metai-ligand Complex {9).

'H NMR (CeDs, 500 MHz, 30 °C): 7.16 (m, 931, H10, H11, HI2, meia-CILPR), 6.94 (G, Juy =
7.6 Bz, 6H, ortho-CHLPH), 6.88 it, Jyn = 7.3 Hz, 3H, para-CH.Ph), 6.76 (m, 2H, H3, 116), 6.68
{d, Jyp = 11.5 Hz, 1H, H2), 6.45 (, Juu = 163 Hz, 1H, H3), 625 (d, Jyp = 2.5, 85 Hz, 1H,
H4), 2.66 (septet, Juyn = 6.8 Hz, 2H, CH(CH:)), 2.61 (s, 6H, H14, HI5), 2.09 (br s, 6H,
CH,Ph), 1.17 (d, Jyp = 6.8 Hz, 6H, CH(CH;),), .93 (d, Jug = 6.8 Hz, 6H, CH(CH3)).

Anal, Caled for CypHaeHIN:: C, 65.15; H, 6.38; N, 5.43. Found: C, 64.68, I, 6.32; N, 5.57.
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Ph PhPh  N-(2,6-Diisopropylphenyl)-2-butylaminotroponimine (Example D, 250 mg, 034 annul)
and I-1fBn.4 (403 mg, 0.74 mmol) are dissolved in dry C6D6 (3 mla) giving an orange solution, which is
stirred at 25 'C. Completion of the reaction is confirmed by 1H NMR taken 10after 90 minutes. The
reaction mlﬁlﬂéqgj@g)?ﬁ%ntrated under vacuum, layered with hexane and t88IRTYE"44'C overnight.
The resulting yellow crystals are filtered, washed with cold hexane and dried under vacuum to give
557 mg (79 % yield) of Metal-ligancl Complex (7). 111 NMR (C6D6, 500 MHz, 30 C): 7.21 (m, 3H,
1110, H1 1, 1112), Fit5 thores IEDRILEPZIS iR pn 61 4 siralstaySHI 2P R GIgivEe iy * 7RY.pRaiBsit Hz, 6H,
ortho-CH2Ph),686; (.3 T biparass 1n F2PH 68 myrk add-bn dibbku 65D«(0} dHrhddswrd 1.2 Hz, 1H, H6),
6.50 (m, 111, g}ﬁf&)ﬁd@ﬂf@aﬂ@! 111, 1-13), 6.25 (t, Jp.p = 8.8 iz, 11-1, H4), 3.18 (in, 21-1, H14), 2.79
(septet, J H.H = 6.8 Hz, 211, CH(CI-13)2), 2.21 (hr s, 611, CH2P1), 1.38 (ni, 211 1-115), 1.26 (d,./Hm
= 6.8 Hz, 61-1, CIRCH3W, 1.14 (sexteL, 111-11 = 7.5 Hz, 21-1,1416), 0.94 (d, JH.H. = 6.8 Hz, 611,
CH(C. H3)Q) dwa(aﬂe THppazagos ¢ Megiiigyrayo s (GaleMeeBpEoRE 187 C, 67.12; Fl, 6.66; N.
3.56. Found: Qii%6cd91aH1i6.60pdNin3uGbl-2kig-eshows 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. mple 17: preparation of Metal-li 'and
Complex (8): [N-(2 6-diisopropylphenyl)-2- 25butylam 4ﬁgnlm|nato]tnbenzylzwcomum

N-(2,6- Diisopropylp ety 1):2-butylamridfropon ming ' 0 mg, 0.74 mmol) (250 mg, 0.74
mmol) and ZrB $39HRg-Q- 72 mmol) are dissolved indry g§ 3 m14'%The resulting orange
solution is stirréd for 4 hawrs, then concentrated under jum, layered with hexane and cooled to -45
C overnight. The resulting yellow crystals are flltered éd 5with cold hexane and dried under
vacuum to give 204 mg (39 % yield) of Metal-ligand Cx r‘i”\‘blepi‘(B) 314 NMR (C6D6, 500 MHz, 30 C):
7.19 (m, 3H, HIO, H¥Iy-BidRY;ylubOdtin 2. 04t PrbpHaniBid mye i@ HERAR) 6188 (hrss 08F, ortho-CH2Ph),
6.85 (1, 3H, pRRCHERL, 6801k UotiB) 656 (UM A LD HE A LD 852 4 Inm = 11.2 Hz

[ll, H6), 6 5( 1.1 t, dadid uun4 Wi ; (septet, fii," =
6.8 Hz, 2 %_r‘% zi etzge b%'él?%} éﬂﬁzgn centrHléd u il gt q 1£§Qf g';vli #%&g%gGH CH(CIf12),

1.11 (sextet, T‘ifio?ﬁT‘CL 5 H‘é“‘?ﬁ Wis%ub’%ﬂﬁ"“ 3@‘14&31 ﬁ“’tf%lt’éﬂ@)‘z UGomBEH H = 7.3 Hz,
6H, 1117). 15Examplent8: preparation 16 Metdlliganch Cohplde(d) Nonicimethyl0-242,6-
diisopropylanilinoasgpeniminatairbeneylratnivmmg, 1110, H11, H12), 7.14 (tm, Jug = 7.7 Hz, 6H,

meta-CHaPh), 6.91 (m, 9H, ortho-CHuPh, para-CHPh), 6.76 (4, Sy =117 Hz, 1, H2), 6.71

15 (4 Jun = 10.0 Hz, 1H, HS), 6.62 (d, Sy = 10.4 Hz, 11, 16), 6.41 (tm, Juar = 10.5 He, 1H, H3),

623 (1, Jugs = 9.3 Hz, 1H, H4), 2.70 (septet, Jun = 6.8 Hz, 21, CH(CHy),), 2.53 (s, 6H, H14,

11153, 2.25 (br . 6H, CHLPI), 1.20 (d, Jin = 6.8 Hz, 611, CH(CH):), 0.97 (d, Jiuy = 6.8 He,

611, CIH(CH)y).

2

20 Example 20: preparation of Metal-figand Complex (11} {N,N"-[2-(2,6-

diisopropylphenyDiroponiminoi-1,4-butylenediamino} tribenzylhatnium

2 HiBng
[
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2 PrHiBn414 N-N N 12 N. 10 N-N HN15\i-Pr g(9) i-P
N,N-Dimethylamino-2-(2,6-diisopropyla.nilino)troponimine (Example E, 250 mg, 0.77 mmol) and Hffin,
(420 mg, 0.77 mmot; are dissolved in dry C6D6 (3 mL) and the resultlng ?%%§ g.ﬁpI‘y?tmn stirred for
2 hours. Co%?)l@ﬂ% othe 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 glve 370 mg (62% yield) of MetalTigand
Complex (9) NMR (C5D6, 500 MHz, 30 C), «(m, 9H, 11 11, H12, meta-CH2Ph), 6.94 (d, JH-H
= 757.6 Hz, 614, ortho-CH2Ph), 6.88 (t, J .3 Hz, 3H, ,| -12Ph), 6.76 (m, 2H, 115, H6), 6.68
(d, /H-H=11.5 Hz, 111, H2), 645 £, 414#1 = 25K 1141 = 2.5, 8.5 Elz, 11-1,
114), 2.66 (septet, Lim = 6.8 Hz,’ &m{) ~261 (s¢ n—%% 09 fht's, 6H, CH2Ph), 1.17
(d, JHUH = 6.8 Hz, 6H, CH(CH3)2J, 6.9%(d, 8 Hz, 6H, C%\;;(S)’Z')’fAna Calcd for C42.114911fN3:

C, 65.15; H, 6.38; N,5,43. Found: C. 64 6 32 N, 5.5 Fig. 7 shows an ORTEP depiction of
a single crystal structure derived by x-ray %“nalysm of Metal#i d::ﬁ:omplex (9). In Fig. 7, hydrogen
atoms and unsubstity d[60 lcarbop omlttedf [ rglgrlty Qﬁ%@'?ﬂ&% geparﬁx,gon of
Metal-ligand Com Ié\xﬁl a%{lqyl\is%!fln?ét%l mtrﬁ%o-nn-mmg e i

diisopropylanifittoftt6 For ﬁ‘i%ﬂéﬁ%éﬁﬂf%r@dﬁlﬂi‘fﬂ“) BB bl Py THE (19 ml) and the
AlINi-Dimethylamino=2x(@ 6 dilsopropylatitimopropominiihe (Rxalipe Eba509h¢ 2046 mmol) and ZrBn.|
(211 mg, @.46smol).arerdissalvad dmdny: GORBIE3pakk: [gresllting.arangerm o room

temperature, yellow solid precipitates. The solid product is {iltered, washed with cold hexane
and dried under vacuum fo give 100 mg (40 % yield) of Metal-ligand Compiex (11).
'H NMR (CD,Cl,, 500 MHz, 30 °C): 732 (s, 6H, para-CHxPh), 7.06 (t Juq = 7.5 Hz, 12H,
meta-CH.PR), 6.92 (m, 2H, H11), 6.78 {, Juu = 7.5 Hz, 4H, H10, H12}, 6.63 (br s, 12H, orthe-
10 CH.PR), 7.47 (tm, Jpy = 10.1 Hz, 2H), 7.22 (tm, Jys = 10.1 Hz, 21, 6.90 (m, 2H), 6.72 (d. Ju.
n= 111 He, ZHY, 6,51 (d, Jiy = 111 He, 2H), 3.08 (m., 4H, H14), 2.63 (septet, Jup = 6.7 Hz,
4H, CHICH,),), 1.83 (br s, 12H, CH,PRy, 1.44 (m, 4H, H15}, 1.22{d, Juy = 6.8 He, 12H,
CH(CHq))3, 0.92 {d, Jin = 6.8 Hz, 12H, CH(CH;}).

15 Example 21: preparation of Metal-ligand Complex (12), (E)-N-(S-(butylimino-«N}-2.4-
dimethylcyclopent-1-enyl)-2,6-bis( 1 -methylethyl)benzenaminato-«N)tris(phenylmethyl)-
hafnium

2

i 10
ch 2 4 CH3
HaC CHs \gjpr
\Q/i-lﬂr H(CH,Ph, —2;}
N HN‘@ /f \ / -Pr
/ -Pr ( r!

© Phpn Ph

(12}

20 Follow a procedure similar to that of Example 2 except use 410 mg (1.2 mmol) of (E)-
N-(5-(butylimino}-2 4-dimethyleyclopent-1-enyi)-2,6-diisopropylaniline (Example {()}; in 8
mi. of toluene; add 634 mg (1.2 mmol} of }.If(CI--IzPll}4; shr the resulting reaction mixture for 2
hours (do not add additional Hgand), 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-tay quality crystals from

25 toluens/hexane solvent mixiure,
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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-ligemd Complex OM). N Hz, 30 7.20
(in, 3111, 1%‘1‘6?3‘3‘.’?@%,2 4g112), 7.14 (Em, Jh-H= 7.7 Hz, 611, meta—CH2P¥§ré%gigf?ﬁ},§é&3?l\grtho-cH2Ph,
para-CH2Ph), 6.76 (d, JTH_H = 11.7 Hz, 1H, H2), 6.71 (t, JH_H = 10.0 Hz, 111,115), 6.62 (d, .TH-H =
10.4 Hz, 111, H6), 6.41 (on, Ji = 10.5 Hz, 1H, 143), 6.23 (t, ./H-H = 9.3 Hz, 1H, 114), 2.70 (septet,
JH_H = 6.8 HAIDINRGF{48929 12, 83°(8 96H 14 112y 9dmes-884-9.7C/SBhY 71.20 (d, JH_H =
6.8 1z, 611'|%M@Jﬂmﬁ%ef)%ﬁsﬁ,@%ﬁ%?hgﬁé% 171 GIKEHAIR). 206 Kamale 29 preparation <)af
etal-ligancl Complex : -[2-(2,6- diisgpr e oponim.nolls1,4:-butylene ilamino

tribenzylhafnid%{ﬁéj:@f (é%?oﬁsg‘ %61%@4%1’? i‘sz‘%?f)?%v’ ﬁﬁ% %ﬁ%ﬁé}g} 93%:&“95%’%% PhPh Ph Ph
N,Nr-[2-(2.6-Dii enyRtrEpomimitioli I.4-bti fakhing: (EX = g, 0.16 nunol)

Dl€oitpyioenyHifbpdAtiol = A by lEnediafine: (ExAmle 12208 g
and HfBn4 (177 g 0.83ummaghh are disselved irt iy (FHE (15 nd Jrant-thesrgadtion mixture is stirred
at r00|r2| teﬂwpe;r.@;%@, qvernight Thersojutionsis, teen eelethia 4 Cs5fap 48, oursciie solution contains
no solids, howeyer, when.it is allowed to m temperature, .y lid, precipitates. The

Bl IS Bl 10 AT (0, 90, Tapsratiiss Yeliow spid piee

solid product is filtefed, washed w cold hexane ried under vacuum to give 100 mg (40% vyield)
of Metal-figandiESHipER (L) 1 IINMR: (DS, 5o riZhs6 €Y 732614 PardieH2pli), 7.06 (1,
11,41=7 .5 HzNdRkekp meta: CMIRRRN 6192 DIy, 214 Kb SGC78)(( 64 160 FIBAIY) 4H, 1-110, H12). 6.63
(hrs, 1211%, craw- 1OCH2PhP), 7.47 (tin, ./H E =10.1 Hz gg'eZiVZd%Z )gin.: 10.1 Hz, 2H), 6.90 (m. 21-1).

v 515.

data and an ORTEP depiction of a’sigle crystal structdr ray analysis

6.72 (d. J.
BExample 22: preparation of Metal-ligand Complex {13}, { N--(2-((2,6-bis(1-
methylethyhphenyhamino-kN)-2-cyclohexen-1-ylidene)-N' N’ -dimethyl-1,2-ethanediaminato-
KN kN tris{phenylmethyl)-hafnium
3 L
2 5
1 g I-Pr
: £(CH,Ph) —N N“@
-Pr | HICHPR, o N e
Me\NIN HN Me__'/N/r -“,",
Me P Me ; (13)

Follow a procedure stmilar to that of Example 2 except use NE«( {1E)-2-((2,6-bis{1-
methylethylphenylamine}-2-cyclohexen-1-ylidene)-N 1t -dimethyl-1,2-ethanediamine (H)
{01.2584 g, 0.7566 mmol}; oluene (3 mL): a yellow solution of hafnium tetrabenzyl (0.4103 g,
.7556 mmol) ie toluene (2 mLY; toluene rinse {1 mL}; and stir reaction mixture for 3 minutes;

20 crystallize from 3 mL of tolvene and 17 mL of hexane o give 235 mg of Metal-ligand Complex
(13). Yield 39.3%.
‘H NMR (CgDyg, 300 MHz, 30 °C) § 7.30-7.23 (m, 3H, i-Pr-Ph), 7.14 (¢, 6H. J = 7.6 Hz, meta-

CH.PH), 6.93 (4, 6H, J = 7.5 Hz, ortho-CH,PR), 6.81 {1, 3H. J = 7.3 Hz, para-CH,Fh), 4 86 (%,

1H, J = 5.0 Bz, H5), 4.07 (septet, 2H, J = 6.8 Hz, CH{CH;),). 2.19 (1, 2I1, /= 6.0 Hz, H7}, 2.10
25 (broad s, 6H, CH.Ph}, 2.06 (5, 6H, N(CHs)}, 202 (g, 21 J =56 Hz, H4), 1.81-1.77 (m, 44,

H& and H2), 1.40 (quintet, 2H, J = 6.4 Hz, H3), 1.44 (d, 6H, J = 6.8 Hz, CH(CHa),). 1.24 (4,

GH, J = 6.7 Hz, CH(CH:)).

Not shown are “C NMR (CgDjg, 125 MHz, 30 °C), HSQCAD (CgDg, 500 Mz, 30 °C), and

elementat anatysis (C, H, N} data and an ORTEP depiction of a single crystal structure derived
30 by x-ray analysis.
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11-= 11.1 Hz, 2H), 6.51 (d,= 11.1 Hz, 21-1), 3.08 (16. 41-1, 1114), 2.63 (septet,= 6.7 Hz, 4H.
CH(CF13)21. 1.83 (hr s, 12H, CH,Ph), 1.44 (m, 41-1. HIS), 1.22 (d. Jug = 6.8 Hz, 1211, CH(CH3)i,
0.92 (61,=6.8 Hz, 1211, CH(C113)2). 15Example 21: preparation of Metal-ligand Complex (12),
(E)-N-(5- (bWﬁ?WéﬂWZ 4- unethylcyclopen t-1 -en y1)-2,6-bis(1-methiff E{%\? Rif2EHaminato-gN)tri
s(phenylmethyl)- hafnium 1110 H30 24 CH3 (12) Ph ph 151-) 20Follow a procedure similar to that of
Example 2 except use 410 mg (1.2 mmol) of (E)-
N-(5-(butylimino)-2,4-dimethyleyclopent-1-eny1)-2,6-diisopropylaniline (Example (G)); in 8 inL of
toluene; add G54:ipg 11.gopmal). of MECH2RN) 4t the resuttingueaation mixture for 2 hours (do not
add additional ligand) wagt@g%geg&m 20k QK IQlUeNE ARg:20.mi:; 9f hexane to give 0.335 mg of
Metal-ligand Complex (12). Yield 35%. Grow X-ray quality crystals from, 25toluene/hexane solvent
mixture. 14 NMR (C.6D6, 500 MHz, 30C) 67.15 (m, 9H, i-Pr2-Ph a eta- CH2P11), 6.93 (d, 614, 3|
= 7.4 Hz, ortho-CH2P, .86 (t, 3H, 3./ = 7.3 Hz, para-CH2Ph), 3. 5 p p}H J=6.9 Hz, (CH3)2CH),
3.23 (sep. 1H, J=6.9 CHR)2CH), 108 (pgsid 34y, 2.1= 12.5 Hz = @a 2A5 (ddd, IH, 2./ -=
17.5Hz,3./=6 Hz 3), 2.34p—H+-3-7= 6.8 H412), 32«6 (d? 3H, V= 11.8 Hz, CH2Ph),
2.21 (d, 311, 3,/7=/12 Hz, CH2Ph), 1.61 (d, 1H, 'J= 17.5 Hz, %13), ? (m 1H, 7) 1.29 (d, 3H,i=6.9

Hz, (CH3)2CH)), 1.27 (d, 3H, V = 6.9 Hz, (CH3)2CH), 1.23 (m, 11 ). 14( 3H, 3J= 6.9 Hz,
(C113)2CH), 1.06 (m, 2H, 118), 1.05 (d, 3H, J= 6.7 Hz, (CH3)2CH ’bF@f?s 3H, CH3), 0.81 (d, 311, 3j
=7 Fiz,, GH3), 0.76 {31034 bro3dfré iz, 1«8): MokshovetargAE NMB (68326 MHz, 30 C) and

TISQCAD (C6D6,,500 1 ) n Ghystal structure
derived by x- r%%r’wg qs%ﬂgsﬁg%gé]%%a %&af:ad%%ln ﬁ%f?%ﬁ 95‘6%];”&;} )?(le{é(%%&ﬁgj}:(%gh (2-((2,6-bis(

n
methylethyppHi ?ﬁ)l’)éﬂ\’ﬁ‘?é KR )2“6))8 BJH(g%ﬁm‘im ATy I@lm%%rh@tl?ﬁ/df Tﬂéogtlﬂ
nateKN,KN'Uris(phe ety \Shakoisimtbe Reiione aﬂéﬁrﬁéédwﬁnﬂ%ﬁlt@f%haﬁﬁﬁfa@xample 2 except use
N2-(1E)-2-((2,6-bislz mL); dissolve isolated residue in 2 mi. of toluene, add 10 ml. of hexane; filter, and

10 concenwrate to give 350 mg of Metal-ligand Complex (14) as yeliow thick oil. Yield 55.0%.
"H NMR (CgDg, 500 MHz, 30 °C) 8 7.47-7.45 (m, 4H, Ph), 7.37 (d. 2H, J = 7.7 Hz, Ph). 7.21
(t, 4H,J=7.7 Hz, Ph), 7.16(t, 21, 7= 7.6 Oz, Ph), 7.11-7.08 (m, TH, Ph), 6.80(t, 3H, J =74
Hz, Ph), 6.63 (bread d, 6H, J = 7.3 Hz, Ph), 4.95 (t, 1H, J = 5.0 Hz, H5), 2.30-2.27 (m, 2H,
H7), 1.92 (broad s, 6H, CH,Ph), 1.86 (g, 2H, J = 5.6 Hz, H4), 1.63 (1, 2H, /= 6.4 Hz, H2), 111
15 {(guintet, 21, /= 6.2 Hz, H3), (1.98-0.90 (m, 4H, HE and HY), 0.68 {t, 3H, J = 7.0 He, H10}.
Not shown are °C NMR (CgDg, 125 Mz, 30 °C) and HSQCAD {CyDy, 500 MHz, 30 °C)

dala.

Example 24: preparation of Metal-figand Complex (15), (N-{6-(butylimine-iN}-1-cyclohexen-
20 1-y1)-2,6-bis( 1 -methylethyl)benzenaminato-xN)(2,6-(1, 1 -dimeth yleth vl )phenolato-
kO)dimethyl-hafnium

Charge a vial with 157 mg ((.28 mmol) of [N-[2-[[2,6-bis(i-methylethyl)phenyliamino-iN]-2-
cyclohexen-1-ylidene}-2,6-bis( 1 -methyiethyl)benzenaminato-xNjtrimethyl-hafnivm (6)
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methylethyl)phenyl)amino)-2-cyclohexen-1-ylidene) _N1.N1_ dimethyl-1,2-ethaneciiamine (H) (0.2584
g, 0.7566 mmol); toluene (3 at); a yellow solution of hafnium tetrabenzyl (0.4103 g, 0.7556 mmol) in
toluene (2 % toluene rinse (I m4); and stir reaction mixture for 30 minyt S éy% Ilge from 3 mL of
toluene an Mo ane to give 235 mg of Metal-ligancl Complex ( ; % é 11 NMR
(C6D6, 500 MHz, 30C) 67.30-7.23 (m, 3H, i-ft-Ph), 7.14 0, 61-1, j = 7.6 Hz, mew- CH2Ph), 6.93 (d,=
7.5 Hz, ortho-CH2Ph), 6.81 (t, 3H, J = 7.3 Hz, para-CI-12Ph), 4.86 (t, 114"3= 5.0 Hz, I-15), 4.07
(septet, 2H, JEEBMA ACHHEFY) inp2 160 G- jf&%@*ﬂzrefw&?z 19 P BH5POEd algf1, CH2Ph), 2.06 (s,
6H, N(H3)2), %Qg (gh%u're]sﬂug Qedettn %&xﬁre]fog%$J7a(moé%&ﬁ&@%ig%@é%wgu|nt9t 211,J=
6.4 Hz, 143), 1044 (d,6H,J = 6g8 Hz, CH(CH3)2), 1.24 (d, 611,3 = 6.7 Hz, CH(CH3)2) Not shown are
13C NMR (C6D6:s B2 30} (Ms@mw@@mems@ew F‘l%“%“@)“'r‘é‘hd\”owéFé‘Fﬁ%tal analysis (C,
H. N) data andvan©ORIER depigiiomefaisingle ¥Mistabstructurenderived30bjoxapaynanalysis. WO

2010/022228RC {1 %2&%91% 85&@4&&%@@&9&%3@@1&9@@%@ ot Metal-liganddaomplex (14),

(6-(butylimino- |cN) -N-(1 3 99 -
terphenyl)-21= yTpie’&§/8loh}e€xen F-aminato-hN)tris(phenylmethyl)-hafnium 4 SFollow a procedure
similar to that GF¥EMBritjales25ekeBEt UsE(BERERIyfiminoyap tho-Fh), 7.301 (1, TH. °7 = 8.5

(131, 1" terpfeny})- M% ﬂg&aéckcfbef@@-h%man%(%(q %9@@ 01015331 00 (g addiional ()
added): toluene’(3 ml.,): a solution of hafnium tetr %y J(O 48 754& ?m(op lln toluene (2 mL):
or

toluene rinse (EAthY §t?rlt%ce]liles]u1t?ngklrzeﬁ%’"tg Ph}mlx fiife Br 20’ minutes. tﬁen add hexanes (2 mL);
dissolve isblat€diiesiutin e ithof 56 sl ab 1o, 1(§f7r‘1@x]éné =fitteizand“0ddHeentrate to give 350
mg of Metahligand:Gemiplex(14)as.yetiow thigkmil." Yield 85.0%: KNIR (G6D6{-500 MHz, 30C)

87.47-7.45 (m((%)lff m 26 3 46 3l 5 12, Mz P, Y (?éaﬂ; a‘ﬁllj =7 tihz.sPR)siH.16 (t, 2H, /= 7.6
11z, Ph), 7.11-7.08 (in, 7H, Ph), 6,80 (t, 3141 = 7.4 Hz Q%rﬁgrgad d %14 1= 7.3 Hz, Ph), 4.95
U.111,1=5. o“ﬁ‘f Tﬁ‘s)‘“z %M”%é’rﬁ&ﬁ“’ﬁ%w %Q“L ?Sa ORTEY ey P8 . 211,/ = 5.6 Hz,

H4), 1.63 0, 2%rdkaFsBufblz ad:ih2d pil<Ldyhd{guiintet, 2H. | = 6.2 Hz, 1-13), 0.98-0.90 un, 411, 1-18 and
1191, 0. &(1 314,1 = 7.0 Hz, H10). Not shown are 13C NMR (C6D6, 125 MHz, 30C) and IISQCAD

D MHz .
(C6D6, 500 Fde%EOL zcj) preparation. of Metal-ligand Complex {16), (2-((2,6-bis(1-

methylethyl)phenyljaminato-xkN}-2-cyclohexen-1-one 2,2-dimethylhydrazone-

kN1 iris(phenylmethyl-hafnium
3.4

2{ Y 5
7 Mie 4 /6 j-Pr
-Pr HF(CHPh), NN N—@
™~ [RTI——————
NN HN—@ 7 Me N/ e
e : Hf

E= ",
" -Pr / # ,,{

(16) Fé’h Ph
Pn

20 Follow a procecure similar to that of Example C except use 0.2855 g (0.91 mmol) of (E}-N-(6-
(2.2-dimethylhydrazonojeyclohex-1-enyl)-2,6-diisopropylaniline (K) (Example K); 8 mL of
toluene; 0.4945 g (0.91 mmol) of HfBny; stir the resulting nuxture for 1 hour; to give after
isolation: 0.688 g of Metal-ligand Complex (16) as a light brown thick oil. Yield 98.8%.

"H NMR (CeDe- 500 MHz, 30 °C): 7.16 (m, 3H. i-Pry-Ph), 7.13 (¢, 6H, Jun = 7.4 He, meta-

25 CH,Ph), 6.87 (d, 611, *Jyy = 7.6 Hz, ortho-CHaPR), 6.82 (t, 3H, “Juy = 7.2 Hz, para-CH,Ph),
4.53(t, 11, *Jau = 5 Hz, HS), 3.19 (sept. 2H, Jyy = 6.8 Hz, CH(CHs), 2.33 (¢, 28, pn =
6.5 Hz, H23, 2.28 (br. s, 6H, CH>Ph), 2.26 (s, 6H, N(CH:),), 1.78 (g, 2H, *Juy = 5.6 Hz, H4),
1.25 (p, 2H, *Jyp = 6.3 Hz, H3), 1.19 (d, 6H, *Juy = 6.9 Hz, CH(CH;)2), 1.07 (d, 611, Tan =
6.9 Hz, CH(CH:)}.
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data. Example 24: preparation of Metal-ligand Complex (15),
(N46-(butylirnino-icN)-1-cyclohexen701-y1)-2,6-bis(1-methylethyl)benzenaminato-KN)(2,641,1-dimeth
ylethyl)phenolato- x0)dimethyl-halnium Charge a vial with 157 mg (0.28 minozl% of _
[N42-[[2,6-bIEPLHEIRAR hy ) phenylhann 10-K 1-2- PCT/USZO09/054447
cyclohexen-l-ylidene]-2.6-bis(1-methylethyl)benzenaminato-xNltrimethyl-hafnium (6) (Example 14)
dissolved in 2 mL of C6l)6. To the mixture add 57.3 mg of phenol in inL of C6D6. Stir the resulting
reaction mixtu¥etfopenhiours BMdmterideibnre."After2 hours, NMR shows formation of product (15)
and about. 25% of unreacted starting materials. Allow reaction mixture to stand overnight, after which
time NMR shows no starting materials and formation of 5the desired complex. Remove solvent under
reduced pressuf&®s éﬂ/@%&i}%owmf%i@gﬁ@@b?w&é%(ﬁ(iﬁﬁ%"??&&l%}g%“ﬁ'&lMR (C6D6, 500
MHz, 30 'C.) 8bRt@8x(ido-RM) Jexclolipiar | oftvocPiipeTag0a¢ kN kmalyib@Buk z, ortho-Ph), 7.299 (d, 1H,
3J = 6.5 Hz, ortho- Ph), 7.25 (dd. 111,3J = 8.5 Hz, 3./ = 6.5 Hz, pare-Ply), 6.91 (t, 111, 3j= 7.8 Hz,
pare-Ph), 4.66 (t, 1H, 3./ =5 Hz), 3.70 (sep. 1H, 3./ = 6.9 Hz, 10(0: 1), 3.26 (m, 211), 1.881 (q,
211,3J=5.8 Hz), 1.87 ,J=6.3 Hz), 1.62 (s, 1811), 1.45 (U, & Hz, (CH3)2CH), 1.25
324, 3) = 6.9 liz, (CH3)2CH), 1.20m{ 211)-0-91 (spx, 211, 3,1= 7.2 Hz),

0.94 (t, 311, 7.4 Hz) 57 \e, 6D, Iyot shown-are"3C NMRAGEDB), 1,25 MHZ, 30 C) data and an
ORTEP depicti};\q—ﬁe: single crystal structurevdeived by x;ray analysté. 15 Example 25: preparation of
Metal-ligand Complex (16), (2-((2,6-bis(1- methylethyl)phenyl)an%ﬁatﬁmz-cvaohexen-I-one
2,2-dimetlylhydrazoneKNIMis(phenylmethyl)Malnium 34 Me

To a 40 mL of toluene solution containing 1.0168 g (3.11 nunol) (£)-2,6-dusopropyl-

N-{2-(butylamino)cyciohex-2-enyhidene)aniline (L) (Exampie L) and (1997 g (3.11 mmol) of
HICl, add 4 mole equivalents of a 3M MeMgBr ether solution. During addition of MeMgBr

gas evolution is observed. Afier stirring the resulting reaction mixture for 2 hours at room
10 temperature, remove solvent under reduced pressure, To the residue add 20 mi. of toluene
followed by 20 mL of hexane, and filter the resulting vellow solution, Remove solvent from the
filtrate under recuced pressure leaving vellow crystaliine solid. NMR shows formation of the
desired product (17) and a small amount of impurities. Dissolve the solid in 2 mL of warm
toluene and add 18 ml of hexane. Filier the reselting solution, and place filirate ito freezer {-
15 26 °C) overnight. Collect precipitated vellow solid on a sintered glass funnel, wash it with 3 mL
of cold hexane, and dry it under reduced pressure to give 433 mg of a first [ot of clean product
(17). Remove solvent from the latest filtrate, dissolve the resubting residue 1 15 mb of hexane,
and put into the freezer. After 2 days in freezer, decant solvent and wash remaining large
crystats with 2 mL of cold hexane and dried under reduced pressure to give 333 mg of a second
20 iotof product {17). Combined yield 766 mg (44.8%) of Metal-iigand Complex (17).
"H NMR ( Cglrg, 500 MHz, 30 °C): 7.01-7.08 (m, 3H. i-Pry-Ph), 5.19 (¢, 1H, Jug=5 Hz, H2),

267 {m, 28, H7}, 2.59 (sept. 2H, *Jypn = 6.8 Hz, CH(CHL),) 2.18 (q, 2H, *Juy = 5.5 He, H3),

2.01 (t, 2H, *Jyy = 6.4 Hz, HS), 1.76 (m, 26, HY), 1.34 (1, 41, H4/H9), 1.19 (¢, 6H, Jyu =

6.4 Hz, CH(CH),). 0.92 (¢ 3H, *Jypn = 7.4 He , FLLOY, 0.91 (4, 6H, Ty = 6.8 Hz, CH(CH:),),
25 Q.48 (s, 9H, Hf-CHs).

Not shown are *C NMR (C¢Dg, 125 MHz. 30 °C}, HSQCAD (CgDg, 500 MIz, 30 °C), and

elemental analysis (C, I, N) data and an ORTEP depiction of a single crystal structure derived

by x-ray analysis.



20Follow a procedure similar to that of Example C except use 0.2855 g (0.91 mmol) of (E)-N-(6-
(2,2-dimethylhydrazono)cyclohex-l—enyl)-2,6-diisopropylani|ine (K) (Example K); 8 ink of toluene;
0.4945 g ( ﬁé 1 ifBm4; stir the resulting mixture for 1 hour; to give.afierliselation 0.688 g of
Metal-ligan omp 6) as a light brown thick oil. Yield 98.8%. IH NMR (C6D6, 500 MHz, 30 C):
7.16 (m, 3H, i-Pr,- Ph) 7.13 (t, 6H, 341-11= 7.4 Hz, meta- 25CII2Ph), 6.87 (d, 6H, "./H_H = 7.6 Hz,
ortho-C1LPh), 6.82 (t, 3H, 3.11.1..1.1= 7.2 Hz, pare-ClI- 121Th) 4. 53"&‘2111 34. 1 =511z. H5), 3.19
(sept. 211, "JUarurs & LperRepeigay by gL %ikéjfhﬁ‘y S RFP PSSR HF. s 6H, CH2Ph), 2.26
(s, 6H, N(CH3)2)ttx78 (g 2H; b8 it heliieByBhenzetdapn a2y Yyngthy]-Bafpiie 6.3 Hz 113), 1.19 (d,
611,3.114-11= 6.9 Hz, CH(CH3)3), 1.07 (d, 6H, 3./Hm = 6.9 Hz, CH((H3)2):

2010/022228PCT/US2009/054447 Not shown are '3C. NMR (C6D6, 125 30 C) data. Example
26: preparation of Metal-ligand Complex (17),(2,6-bis(1-methylethyl 6’_%:—!?
(butylamino-RN)-2- cexen -l-ylidene)ben m:i ato-RN)trimeth;jhaéa .’ Toa40 m.L of
toluene solution contg gLFif 89 (3.1 Mem Hf

(E)-2,6-dfisopro (2 no)c ohex- ni}hdene}amhﬂe (L) (Exd‘f‘ﬂpl{f\ls d 0.997 g (3.11

gas evolution is obseried. After stirring the ra&ult"‘ﬁg reaction mixture f

10temperature, remove solvent under reduced pressure. To the residué add 20 , of toluene
followed by 20 ml, of hexane, and filter the resulting yellow solution. Remove solvent from the filtrate
under reddced pressure leaving yellow crystalline solid. NMR shows formation of the desired product
(17) and a small ampuriief impiites.Pisseivesihe: solid-im 2 ml-2ofmarm toluene and add 18 mL of
hexane. Filter {16, esUIng.selian. AN Rlage ITAIS o dreszerCntags. @\f@mig ht. Collect

precipitated yeIIow solid on a sintered glass funnel, wash it wijth 3 nAL of co Qi e, and dry it under
reduced pressUré s GivASERy fﬁcglﬁﬁﬁbﬁ%ﬁtﬁghﬂ RGP EmSYE s btven %rom the latest
filtrate, dissolveSthenrdstrtingly8sid ¢eninol B ek &Pﬁé}@aﬁéhﬁﬁWbut’lirﬁé(ﬂm%ff}iéé%t After 2 days in
freezer, decantsolveriansvash remainingdange orystalsawithe?: inticof-caldi hexane and dried under

reduced pressm,; ygzm g@%m@n@ SRR 2010t0f ArRdust (LA Fombinad.yield 766 mg (44.8%) of
Metal-ligand Com

mmol) of HfC14 add 4 mo[e equivalents of 2.3 eMgBr ether solution. Deati dltlce of MeMgBr
lgurp at room

11%1111 mmuteq yellow crystalline material appears. After standing at room femperatare
overnight, decant solvent and was the residue with 3 ml. of hexane and then dry it under
reduced pressure to give 230 g of Metal-ligand Complex (18). Yield 32.7%.

15 'HNMR {CgDg» 500 MHz, 30 °C): 7.14-7.27 (m. 6H), 4.64 (t, 2H, g = 4.5 Hz, 15), 3.70

(br. m, 2H., H7), 3.49 (br. sept. 211, “Jin = 6.5 Hz, CH(CHy):), 3.41 (br. m, 2H, H7), 3.19 (br.
sept. 2H, *Jyp = 6.5 Hz, CH(CH;),), 2.22 (br. m, 2H, H2), 2.02, (br, m, 2H, H2}, 1.95 (m, 4H,
H4), 1.57 {br. m, 2H, H8), 1.47 (m, 6H, H8 and H3), 1.40 (br. 4, OH, *Juu = 6 Hz, CI{CH: ),
124 (d, 6H, *Jyer = 6.5 Hz, CH{CHs),), 1.19 (m, 4H. H9), 1.11 (d, 6H, Jan = 6.5 Hz,

20 CHICH)), 1.07 (d, 6H, *Jyg = 6 Hz, CH(CH,),), 0.841 (br. t, 65, Jgy = 7.2 Hz , H10), 0.145
(br. s, 6H, Hf-CH;).
Not shown are “C NMR (CgDg, 125 MHz, 30 °(Y, elemental analysis (C, H, N) data and an
ORTEP depiction of a singie crystal structure derived by x-ray analysis.

In an experiment repeating the ethylene/octene polymerization procedure of Example 5

25 with Metat-ligand Complex (18), poly{ethylene-i-octene) copolymer s not observed.

Example 28: general procedure for propylene polymerization to prepare polypropylene
homopolymer
Conduct 2 propylene potymerization in a 1.8 L stainiess steet (S5) jacketed batch
30  reactor manufactured by Buchi AG and sold by Mettler. Heat and cool reactor contents via the
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11:1 NMR (C6D6, 500 MHz, 30 C): 7.01-7.08 (m, 311, i-Pr2-Ph), 5.19 (t, 111, 3.41.11= 5 Hz, H2), 3.67
(m, 2H, H7), 2.59 (sept. 2H, 3Juw = 6.8 Hz, CH(CER),), 2.18 (q, 211,= 5.5 Hz, H3), 2.01 0,
211,3414-1= 6.4 Hz, H5), 1.76 (m, 2H, H8), 1.34 (m, 411.114/119), 1.19 (cl, 611, 3j 6.4 Hz,
CH(CH3)2) NP WI%#353 /H.H = 7.4 Hz H10), 0.91 (d, 611, 'J1.1 = 6.8 ,Téﬁ%?f’ﬁlix}”z‘j‘,"gsoAs (s, 9H,
HI-CH.3). Not shown are 13C NMR (C6D6, 125 MHz, 30 C), HSQCAD (C6D6, 500 MHz, 30 C), and
elemental analysis (C, n, N) data and an ORTFP depiction of a single crystal structure derived by x-ray
analysis. WOv204 0/822228RCT S 009054447 E xalieppleper hrap aratidhref Metal-ligand Complex
(18), biS(N4(65ﬂaﬁﬁébﬁiﬂﬁgﬂ5wrﬂ§§i)d1€0nu‘ol and monitor both the reactor and the heating/cooling

cyclohexen-l-y1):2,6-his(L-methylethyl)benzenaminatg:K N dimethvishafiaum Rr N "HI me” I\ Me
Me(6) Dissolve ov-( 6E)-6 (ﬂsg‘zutyllnalno-KN -1-cyclohexen- | }//3122 %ﬁ?ﬁs

methylethyl) bEREHRENToT SRR B STRS 50 Ao gl B m?%%‘i‘ﬁsﬁ‘%ﬁ%%ﬁéfl4) and
N-06E)-6-¥butiptimsits)-brespeioties e h- By 157 gobid et irretHyaipiyh) o8 mzétiditing’ (B) (0.2672 g, 0.82 mm'.
Example B) inGdadwotdaluene. thieak:thenrgsultin g satutionat80-.Q-fordzcays. I1BOool the reaction

mixture to _foomnk%mﬁgeg?%ﬁe@a&ﬁmamMm{kthbmgﬁg redyced ipressiig Isavingyellow glassy solid.
To the residue add 8 nit, of hexane to d|§solve all of the material, Within Hnirtlutes yellow crystalline

material appeBiE RS LA G K ab A HE R perati e BVamIGhT. dacant solvent and was the residue
with 3 ml, of hesterrsizren tHenHpYaE R e rslitic i pie 8tiony §itersa PBPNfetil figand Complex
(18). Yielth32 2o 5LLNMRA(GHEE, H0BcME:30: ' G)jaibd Ti 27din. Giby)idosh @:211,31,,, E, = 4.5
Hz, 115), 3.70, {21 s iT0e 3490 5Q0I: 2L L34 TY = 6.5 Hz, CH(CH3)2), 3.41 (hr. m, 211.117).

3.19 (hr. sept. 214,34TH = 6.5 Hz, CH(C143)2). 222 (hr in 211 112), 2,02, (hr,in, 214,112), 1.95 (m,
4H, H4), 1.57 (hr. m?ﬁ'ﬁ?ﬁf‘i‘éﬁfufﬁﬁfr&%ﬂJﬁ%%ﬁir‘%%f?)’?%%%% S A o e éH(CH:(%r)nZ),

1.24 (d, 611 3wenESHEoericH R eCrylad Catra oyaues 1 Py 4T rL616PH2 20CH(H3)7), 1.07
(d, 614, .311 T 6 tHap GH{GHB)R)0. B4t fimely GHISifsed mguRt Bz 30)y@otadSghr. s, 6H, Hi-CH3).
Not showy are, 1 3G NMR. (GG, 325 MH7e3Q1G)h Slementalanalysis (Coddudikdata and an
and slowly adding the hydrogen gas vntil about 59 A psi is reflected in the shot tank pressure.
Next add propylenc, 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 mert
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 (ransfer the mixture from the syringe into a
catalyst shot tank. Follow with 3 x 5 mL rinses of the vial with totuene, adding the rinses to the
catalyst shot tank.
Add the mixture of catalyst activaior(s) and metal-ligand complex of formula (I) o the
25  reactor. Immediately after the addition, begin a run timer. Usually within the first 2 minuies 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 aliow solvent to evaporate off overnight. Transter
the trays containing the product polymer o & vacuum oven, and heat them up to 145°C under
vacuum o remove any remaining solvent. Cool trays lo ambient temperature, and weigh the
dried polymer for yietd. Calcuiate catalyst efficiencies.
Determine weight average Molecular welghts (Mw) and polydispersity values (PDI) by
35  analysis on a SYMYX™ High-Throughput Gel Permeation Chromatographer (GPC). The GPC
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ORTEP depiction of a single crystal structure derived by x-ray analysis.

In an

experiment

repeating the ethylene/octene polymerization procedure of Example 5 25with Metal-ligand Complex

(18), poly(ethylene-I-octene) copolymer is not observed. Example 28: general
polymerizat!8H t8if1Epe

T/U

r%g):/%gﬁae% for propylene
polypropylene homopolymer Conduct a propyllé?le po2l'§/me‘r|zation inal8L

stainless steel (SS) jacketed batch 30reactor manufactured by Buchi AC1 and sold by Mettler. Beat
and cool reactor contents via the 96 vessel jacket and reactor head. Use Syltherm XLT as heat
transfer fluid, editrolling(it Byvarsdphr Atet eatndB3EImy okiarCHits aftHoNtGPBoth the reactor and
the heating/coaling systemaiihha, Canrilexbetpreaess gomputer. Use an agitator to stir reactor

contents. Fit a bottog.portion, af. the teacien.with.a.Jatae-onfice otiprgumayalye, which allows
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Bring temperature of the reactor to 50 'C for chemical additions. With the agitator
operating and CERFEITGWHITHEE CARITE T o ML b RTPYa F M STTE88Y g of Lops E, using a
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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 formib¥a2(B e irs BB it diately after the addition, begin a run timer. Usually
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‘While the inveniion 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 disciosed herein. Further, the instant application is intended to cover such departures

from the present disclosure as come within the known or customary practice in the art to which

30

9%

this invention pertains and which fall within the Jimits of the following claims.



Example 29: polymerizing propylene using the Meta -hgand Complex (2) of Example 2 10Repeat the
procedure of Example 28 using 1 ttmole Metal-ligand Complex (2), (2,6- bis(1-methylethyl)-/V-((I
E)-2-(octylamino-kappaN)-2-cyclohexen -1 -ylidene)ben
zenaminatokappaN)tris(phenylmethyl)-hafnium of Example 2 as the metal-ligand complex; 1.2 nmoles
of bis(octadecyl)methylammonium tetrakis(pentafluorophenyfiborate (BOMATPB) and 10 pmoles
modified methylaluminoxane (MMAO) as the catalyst activators (i.e., activating 15cocatalysts): and 1.0
mmol of hydrogen gas. Results are reported in Table 2 below. Table 2: propylene polymerizations
results. Bx,.No Metal-...ligand Complex F Number/ (metal) Amount Metal- ligand Complex (pmles)
Exotherm (IC) F Yield of Polymer (g) Catalyst Efficiency (g poly / g- metal) Polymer Mw (Q)

1. A metalligand complex of formuta (1)

R? RS
N/
R S AL
2 Le
R N \
N
RS
L

.

0

wherein:

each L. independently is halo, hydrogen atom,

(C4-Cap)hydrocarby!C{ON{H}—

(C1—C40}hydrocarble(O)N({Cngo)hydrocarbyl), {C,~Canhydrocarbyl C{O 0w

(C+-Cao)nydrocarbyl, (C4-Cye)heterchydrocarbyl, R“R‘N—, R®0--, R*5—, or

R R"P—, wherein each R and R" independently is hydrogen,

{C1-Capthydrocarbyl, {C4-Cyg)hydrocarbyil;Si,

[(C4-Cyo)hydracarbyil,Si{C4-Cyphydrocarbyl, or {C4-Cuplheterohydrocarbyl, or

R*and R" are taken together to form a (C,-Cug)hydrocarbylene or

(C4-Cyg)heterchydrocarbylene, wherein sach L independently is & monoanionic moiety that is bonded;
each X independently is absent or a neutral Lewis base group that is R“NRR", R*OR", R*SR", or
R'PR*R", wherein each R independently is hydrogen, (C.-Cy)hydrocarbyt, [[C-Cyp)nydrocarbyil:Si, {Cs-
Cio)hydrocarbyllsSi(C-Csgihydrocarbyi, or {C4-Cypineterohydrocarbyl and each R¥ang R independently
is as defined above;

each t.%and L® independently is absent or is as defined above for L or X, or  “and L7 are taken together
to form (R”),C=C(R%}—C(R”)=C(R"),. wherein each R independently is H, unsubstituted (C-Cg)alkyl,

phenyl, or naphthyl;
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29 (3)1(1101 2.37 25.1 140,624100,264 2.11 As shown by the above Examples and Figures, the
catalysts of the second embodiment 20show beneficial catalyst efficiencies as polymerization catalysts
(e.g., higher grains of polymer produced per gram of metal-ligand complexes of formula (1) that are
used to prepare the catalysts of the second embodiment) and produce polyolefins, including polyolefin
copolymers, having beneficially higher weight average molecular weights (Mw), number average
molecular weights (Mu), or both compared to My,. or Mn of conventional polyolefins. 25While the
invention has been described above according to its preferred embodiments, it can be modified within

(he SPIrantoRs ALiNIe HIaclomie- iR ARRARNOY I3 diptaiore ﬂﬁfeagegaerﬁg\ée;raa@%watlons

uses, or adaptations of thé instant invention using e eneral principles disclosed herein. Further, the
instant appTERtR M RTRIENGEE TbodBved §ﬁ'8ﬁh8%|3§ fiom' thépPesént disclosure as come within the

known or customary practice in the art to which 30th|s invention pertains and which fall within the limits

of the following.elgims.1 Whalds-elaineddss 2. Adnatalklgand complex of formula (I): each L
independently is halo, hydrogen atom, (C1- C40)hydrocarbyIC(0)N(H)

(C1- C40)hydrqcarby1C( N((CI-C20)hydrocarb Cl C4O hydrocarble(O)O (C1-C40)hydrocarbyl,
(C1-C40FAEtEFIRYRREEYIS RKR Ko rlﬁé??ar??‘é W%ﬂnd RL independently is
hydrogen, (C1-C40)hydrocarbyl, [(C1- CI3)hydrocarbyI]38|,

each of R%, R®, and R independently is H, (C,-Cagdhydrocarbyl, {C4-CagdhydrocarbylO-, (Cy-

Cap)hydrocarbylS-, (C4-Cy)hydrocarbylS(O )y, (C:-CylhydrocarbylS(O}e—, ((C-Cyp)hydrocarbylj;N—,

{C4-Cupihydrocarbyl),P—, ar (C4-Cyg)heterohydrocarbyl;

each R%independently is (C-Cyp)hydrocarby! or (C4-Cyg)heterchydrocarbyl:

wh@re%n R'and R?are optionally taken together to form a non-aromaiic {C4-Cyg)hydrocarbylene or a non-
aromatic (C4-Cag)heterchydrocarbylens; R arzd.R3, R'or R®and an R"of X, or R"or R®and an REof L
optichally are taken together to form a {C;-Cyo)hydrocarbylene or (Cq~C;m)heter0hydrocarbylene, or R or
R®and L optionally are taken together to form (C;-Cug)hydrocarbylens-C(O)N{H)—, (Cy-
C4g)hydrc}carbyiénenC{O}N{(Q—ng)hydrocarbyl), {C4-Cyp)hydrocarbyiene-C{Q)O—, (Cy-
Caglhydrocarbylene, or (C;-Cyylheterohydrocarbylene; or any three or four of R'to R, R of X, and Rt of L
optionally are taken together to form a respective trivalent or tetravalent analog of {C-Cyo)hydrocarbylene
or (C4-Caglheterohydrocarbylene; or R' or R®anc any one or two of the remainder of R' to RY, R of X, and
Rt of 1. optionally are taken together with L to form a respective trivalent or tetravalent analog of (Cs-
Cayothydrocarbylene-C{OIN(H}—,

{C1-Cagdhydrocarbylene-C(ON({C4-Cogthydrocarbyl},
(C4-Cap)hydrocarbyiene-C(0)0—, (C4+-Cap)hydrocarbylene, or
(C-Cygtheterohydrocarbylene; and the remainder of R'to R® R“of X, R*of L, and L are as defined

above;
jis an integer of 1 or 2, wherein when jis 2, nis 2 and either both R'groups, both R® groups, or one R’
group and one R® group are taken together {o form a {C~Cyg)hydrocarbylene or {Cy-

Cag)heterchydrocarbylene;

each of the aforementioned (C-Cyp)hydrocarbyl, (C4-Coglhydrocarbyl, (C,-Cyglhydrocarbyi, (Cy-
Cagtheterchydrocarbyl, (C4-Cyplhydrocarbylene, {C,-Cy) hydrocarbylene, and {C.-
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[(C1-C10)hydrocarbyl]3Si(C1-C13)hydrocarbyl, or (C1-C40)heterohydrocarbyl, or RK and RL are
taken together to form a (C2-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene, wherein each L
independently is a monoanionic moiety that is bonded; each X independently is absent or a neutral
Lewis base group that is RXNRKRL, RKORL, RKSRL, or R_KPRKRL, wherein each RKindependently
is hydrogen, (C1-C40)hydrocarbyl, [(C1-Clo)hydrocarbylbSi,
RCIC10)hydrocarbylbSi(C1-C10)hydrocarbyl, or (C1-C40)heterohydrocarbyl and each RK and RL
independgfiibyeistas-aefinsshabove;reacty sDhanerisvindiependehhuisdisteder rkatdiefingd above for
L or X, ot L..;and.Carstakan tegether to form (RD)2C=C(RD)-C(RD -)=C(RD)2, wherein each RD

independentlysis H, unsubstituted (C1-C6)alkyl ph aphthyl: \each M indepengdently is a metal
of any oﬁeécré dpé%%es? ?éyésérat]e'r%%@gggtb%%fbg ’Pgé%g)bé?g‘ﬁrab% of t%@%EI%rﬂgnta ég% mq\ljgzl_being ina
e

formal okittom Stafeofaxe (=) RaSs Ry =6357is 4 Thte et 61T oF 2, wherein When m'is 2, one L is
absent; eachRI-inBESERRetif iR MRIC1 0 ROYRdrocatlsyt e FommRfatsroh idtb £arssAiEEtn of R2,
R3, and f34dnderendently-is H, (C1-C40)hydrocarbyl, (C1-C40)hydrocarby10-, (CiC40)hydrocarbylS-,
(CI-C40)hydrocarbylS(0)---, (C1-C40)hydrocarbylS(0)2-, ((C1-C40)hydrocarby1)2N-,
((CI-C40)hydrocarby1)2P-, or (C1-C40)heteroh dgoc rbyl; each R5 independently i )
(Cl-C40)‘ﬁ‘§E?HB&gP89ILc);%ﬁff-’?f hdgfjé?’ﬁzéjt'?ﬁaor%%r O{/rln%v %?sé?ﬂ and %ﬁeqa%iwbsﬁjt{%r%%hteawgﬁl together to
form a néwretopmatic (CPrOUBhyRiTB EaARARRE 8 E non-aromatic (C1-C40)heterohydrocarbylene; R2
and R3, R1 orR5 and an RK of X, or Rl or R5 and an RL of L optionally are taken together to form a
(C1-CA0)hyrrocarene.gn il £ H0dhaterabysir acarbylanrs ar i dRBransd b wptionally are taken
together to form (CI-040)hydrocarbylene-C(0)N(H)-, (C1-
C40)hydrocarbylene-C(0)N((Ci-C20)hydrocarbyl), (01-C40)hydrocarbylene-C(0)0-, (C1-
C40)hydrodBpBYETEI S5 &?TP@ﬁ@ﬂi%l‘é’i‘t’i‘h@d’%@ﬁ%%é%%%‘f“ﬁﬁﬁﬁﬁ%e"%\g%ﬁ?aé? Itgit{\(ﬂ)ﬁg 2BR™f X, and
RI- of L. ofifiehalhjuar& taketiaogettiér to form a respective trivalent or tetravalent analog of
(C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene; or Ri or R5 and any one or two of the
remainder of R1 toR5, RK of X, and IRL of L optionall¥ are taken to%%tt%rn%itta ~||r ggdfggm exr%spective
trivalent 8r TBEEGRIERE%HABE Bt ATy FBEETBY A& (SN ()< 8 P
(C1-CAoWhjdrstarbylene-C(0)N((C1-C20)hydrocarbyl), (C1-C40)hydrocarbylene-C(0)0-,
(C1-040)hydrocarbylene, or (Cl-C40)heteroQ_}§grocarbylene; and the remainder of R1 to R5, RK of X,
R5 of L, andl are as defined above; j is an integer of 1 or 2, wherein when jis 2, n is 2 and either both
R1 groups,/lbgth R5 greups, or one R1 group and one R5 group are taken together to form a
(Cl-C40)ﬁ%yc% ar@lzéﬁeg'or (C1- C40)heterohydrocarbylene; each of the aforementioned
(C1-C10)hydr. _[b<]l,\(\él-CZO)hydrocarbyl, (C1-C40)hydrocarbyl, (Cr C40)heterohydrocarbyl,
(C1-C43)hy18roca?bylenve, (C2-C40) hydrocarbylene, and (C1- C40)heterohydrocarbylene
independently is the same or different and is unsubstituted or substituted with one or more
substituents Rs; each Rs independently is halo, polyfluoro, péarfluo![eo, unsubstituted ~
(01-016)bymemwlgﬁ@@om@ms@@cjmc@ﬁm%%a@)pﬁ@&@@@-éﬂﬂ@%ﬂﬁ@t@gﬁ<§ OV R2R-,
R21\1-, RaGatyisiNGaiHR GO (@) Qy); RAG 1)+ RED) MRt vl R EM G (0 bevkhe @in .o IR adgfyendently is
an unsubgfititedd GhrQR8)avdrecarhyirgad whekeisrdizanch IR iadepsetratgds depe0eingyoor the formal
oxidation of metal M, such that the metalligand complex of formula (1) is, in aggregate, neutral. 2.
The metal-ligand complex as in claim, wherein M is a metal of any one of Groups 3 to 6. 3. The
metal-ligand complex as in claim 2, wherein M is a Group, 4 metal, svhich means_that M is hafnium (Hf),
zirconiunP (2P BFAESAIATITH 4 21 R Rt digana %agpn%ﬁiéxg‘agqﬁl'clg}cr;nepfnw r%ep éﬁﬁ-ééf%aad jis 1,
wherein tHEafetsivieig: coRsprek is of formula (I-H):

7. A catalyst comprising, or prepared from, one or more metal-ligand compiexes of claim 1 and one or
more activating co-catalysts, or a reaction product thereof, wherein the ratio of total number of moles of
the one or more metal-ligand complexes to total number of moles of the one or more activating co-

catalyst is from 1:10,000 to 100:1.
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5, The metal-ligand complex as in claim 1, wherein each of L, L and LR independently is (C1-05)alkyl,
trimethylsilylmethyl, or benzyb or L is (C1-05)alkyl, trimethylsilylmethyl, or benzyl and LY and LR are
taken together to form (RD)2C=C(RD)-C(RDC(RD)2, wherein each RD independently is H,
(C1-06)alkyl, or phenyl. 6. The metal-ligand complex as in claim 5, wherein each of L, 12 and LR
independently is (C1-C3)alkyl, trimethylsilylmethyl, or benzyl. 7. A catalyst comprising, or prepared
from, one or more metal-ligand complexes of claim 1 and one or more activating co-catalysts, or a
reaction Er%duct th%{eof, vr\zlt;lerein tgigfratti'% othC%tsasICnuml:)senr of ole§ oftth? one or more metal-ligand
complexes 8?8?3? AUmMber (%?T%jllés of the BIE"ST Tore Adtiva ﬁ?goccoq%aférl‘)gsat |§Effsro?ﬂel:10,000 to 100:1.
8. A prode88 B R ARMY A PoRAARAH tHE DS LT BRENG 4 G ey bt itiFry BAeBe e
polymerizbibist sReTietdhehet teasiIgs BT s Lplefey B AMbGy metikislndosieitedhs sufficient to
polymeri2efatrieest Somescithecatleast e nepebarrepzdiie otefinf apdapiiod uceca polyolehih therefrom.
9. A proarssdabprapatinicaieatalysistherprocasstoarptisinga step of-enntaclingieneqripote
metalligapd camplexeseficlaimol e snare adivating ca-erigivatsmideLcensditiongsufficient to
prepare Eﬂ%@talmevmﬁfa%ﬂ'ﬁbt@&% QfLotal melesefthsone or more metal-ligand complexes to

total moles of the one or more activating co-catalysts is from 1:10,000 to 100:1. 10. A process of
preparing the metal-ligand complex of claim 1, whereinnis 1, jis 1, Lc)}jnd LR, are as defined for L,
and Xis aBseAPHE B?B?@?Er@o GRS BN ERThY A HERT Solndblind BiF6rAlGIa°(2)
M(L)m+iitZy s fPrhotedetfifarsntstist ICER FOTPIE B fotieriPA FY)RHY I Gree CARCBPAEB RiUg e ase
thereof, Whder conditions sufficient to produce the metal-ligand complex, 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. 11.
A metal-Iifahek coriplex, of formula (1): (r) wherein: each L independently is halo, hydrogen atom,
(CI-C40)t{1ﬁ/drocarble(O)N(H)-, (C1-C40)hydrocarbylC(0)N((C1-C20)hydrocarbyl),
(C1-C40)hydrocarb 1C($BO-, %:1@40 rf1 drocarbyl, (C1-C40)heterohydrocarbyl, RKRLN-, R30-, RLS-,
or RKRLP ISR REERA P THIENEHdently is hydrogen, (C1-C40)hydrocarbyl,
[(01-010)hydrocarbyl]3Si, RCI-C10)hydrocarbylbSi(C1-010)hydrocarbyl, or

(C1-C40)het ohy;irocarbyl, or

NH

R}

or a salt of a conjugate base thereof, under conditions sufficient to preduce the metal-ligand complex,
wherein m is an integer of from 2 to 6 and m is selected so that the metal compound of formula (2) is, in
aggregate, neutral.

11. A metal-ligand complex, of formuia (1)

t5)

RE Rl
/
S I I
RS R \:)L R
M“\.
. u LA \ 18
R v
\ 3
R

- —in

wherein:

each L independently is halo, hydregen atom,
(C4-Cag)hydrocarbyviC(OIN{H}—, :
{C4-Cp)hydrocarbylC{OIN{(C-Capnydrocarbyl}, {C1-Cun)hydrocarbylC{O) 0w,
(C-Cagdhytirocarby, (C4-Cugdneterohydrocarbyl, R“'R'N—, R°0—, R"$—, or
R*R'P—, wherein each R¥and R independently is hydrogen,
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RK and Rs are taken together to form a (C2-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene,
wherein each L independently is a monoanion ¢ moiety that is bonded; each X independently is absent
or a neutral Lewis base group that is RXNRKRL, Rko-L, 1-( RKSRL, or RxPRKRL, wherein each Rx
independently is hydrogen. (C1-C40)hydrocarbyl, [(CI-C10)hydrocarbyljaSi, [(Cr
C10)hydrocarbylbSi(CI-C10)hydrocarbyl, or (C1-040)heterohydrocarbyl and each RK and RL
independently is as defined above each L and 124 independently is absent or is as defined above for
L or X, ofd and | taken jer KM (R13)2C= C(RD) C(RD)=C(Rs3)2, wherein each R
mdepencgenﬁ 91 ﬁ 93% iahg (l'lf F9 aIk é, Ep é/l ht!;yl each M independently is a metal
of any ofe b ﬁrﬁg f’cJ ?o R/ é$p Car he Elements, the metal being in a
formal OX|dat|on State of +2, +3, +4 +5 or +6 nis an mteger of 1 or 2, wherein when nis 2, one L is
absent; GachdR ﬁﬁ@éﬁﬁéh@?@ﬁﬂ?ﬁ@ﬁ?”{@l@%ﬁy@rﬁféwe@r (C1-C40)heterohydrocarbyl; each of R2,
Rs, and RA-thaependetiyais i 6CA€40 pagdtocasbyhé@l-E40)hyaroeachydifsy; that is bonded;
(CrC40)hydrocarbY1S-, (C1-C40)hydrocarbylS(0)-, (C1-C40)hydrocarbylS(0)2-,
((C1-CAx)hydracRHndddN-« ULLrCAD RdracaniyiladPer b (CLCdReterahygragamyl,each RS
independently,is %&4@9@@@%@5@%@&@% 9@9)@3 rehmg@m! Yo BSaRgg pERe anc
e LA T e R O L
(C1-C40)HiBtero d%li byIsHEY  I8"an thteée? oF! each of the aforeméntioned - Y

(C1- ClO)ﬁ%F&E&%?W’@i -C20)hydrocarbyl, (C1-C40)hydrocarbyl, (C1- C43)heterohydrocarbyl,
(C1-C40)hydrocarbylene, (C2-C40) hydrocarbylene, and (C1- C43)heterohydrocarbylene
independently ierthe"saterewiediffésehteandr is amdtibstinred r substitrtcthwitd’ emaasemiogether
substituentsRgREACRRR IndepEpdertly, isnbalo spolyillotep peEfiiproHunsubsiititedc,-Cy)alkyl,
(C1-C18)nydyoearbyhi8C-, FCH20-, F21-1CO0-, F3CO0-, oxo (=0), RaSi-, RO-, RS-, RS(0)-, RS(0)2-,
R2P-, R2N-, RZC N-, NC-, RC(0)0-, ROC(0)-, RC(0)N(R)-, or R2NC(0)-, wherein each R
independentl substituted (C1-C12)hydrocar nd,. whergejn L and LP ar

dependlne ant e?%rma t xid %Tgna(s iaeygp %n%% b‘éyéqhg’ﬁr Gr% ?n%ta%_lg?‘ar% %%%&%?e ??tgormula () is,

in aggredat® ASUAM T3 e MaA 'ﬂﬂa?ﬁﬁa&?%sé?&%s:in%ldﬁﬁw 1 %Wherein the metal-ligand complex
is of forn{uﬁaa(] Iplpoe] A K2 PBERPLEYIREAS 2. one L is absent;

© each R'independently is H, (C+Cyglhydrocarbyl, or (C;-Cy)neterohydrocarbyl;

each of R%, R®, and R*independently is H, (C.-Cy)nydrocarbyl, {C1-Cy)hydrocarbylO-, (C;-
CadhydrocarbylS-, (C;-Cugthydrocarby!S{O)—, (C4-CyplhydrocarbylS{O)y—, {(C1-Cuginydrocarbyl )N,
((C4-Caglhydrocarbyl,P—, or (C-Cyolheterohydrocarbyi; '

each R° independently is (C,-Cyp)hydrocarbyl or (T4-Cyeiheterohydrocarbyi;
wherein R*and R* or R* and R® are taken together to form a non-aromatic {C4-Cygthydrocarbylene or a
non-aromatic (C;-Cup)heterohydrocarbylene;

jis an integer of 1 or 2;

each of the aforementioned {C;-Cygdhydrocarbyl, {C-Cypdhydrocarbyl, (C1-C49)hydrocarbyi, (Cy-
Caheterchydrocarbyl, (C4-Cyglhydrocarbytens, {Co-Cygl hydrocarbyiene, and (Cy-
C)heterchydrocarbylene independently is the same or different and is unsubstituted or substituted with
one or more substituents R°;

each Rsindependeniiy is halo, polyfiuoro, perfiuore, unsubstituted {C-Cigihydrocarbyl, FyCe-, FCH 0w,
F.HCO—, FiCO—, oxo {(=0), R38t—, RO—, R8—, R3{0O)—, RS(O);—, RyP—, RyN—, RoCe=Nrwn NC—,
RC({O)0—, ROC{O)—, RC{O)N(R}—, or RzNC(0O)—, wherein each R independently is an unsubstituted
(C4-Cag)hydrocarbyl; and, -
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R'N X R5 wherein each Rmindependently is 0(R35)2, 0, S. S(0), 5(0)2, N(RN), 51(R52, or P(R),
wherein each R35 independently is H or (01-C20)hydrocarbyl, and each RN, FR, and
RPindependently is (C1-C20)hydrocarbyl. 13. The metal-ligand complex as in claim 11, wherein the
metal-1 gand complex is of formula (I-B): (1-B) wherein each R34 independentlyis C(R35)2, 0, S, 5(0),
5(0)2, N(RN), Si(Rc)2, or P(R), wherein each R35 independently is H or (C1-020)hydrocarbyl, and
each RN, Rc, and RP independently is (C1-C20)hydrocarbyl. 14. The metal-ligand complex as in claim
11, wherein the metal-ligand complex is of formula (I-E): (14.!:) wherein each - is absent or one is a

pi-bond. 15. The metal:ligand complex as in claim 11 of any one of formulas (I) to (II?: () Ph(2) c-3.1
(4) (6) wherein L” and L™ are selected, depending on the formal oxidation state of metal M, such thaf the metal-

ligand complex of formuta (1} is, in aggregate, neutral,

12. The metai-ligand complex as in claim 11, wherein the metal-ligand compiex is of formuta {[-A);

()

2 Rl
N/
SR
B e TN M:)l“
i ~
1.2
}:{34 \ \
R N/
\ X

wherain each R* independently is C(R*®),, O, S, $(O), S(0},, N(R™, Si(R%,, or P(RF), wherein each R
independently is H or (C4-Cyo)hydrocarbyl, and each RY, R, ang R”independently is {C4-Cag)hydrocarbyl.

13. The metal-ligand complex as in ¢laim 11, wherein the metal-ligand compiex is of formula (I-B):

{18}
RE

RZ
L
N < LR
N
Noas \N/ AN
4 \
R‘?
wherein each R* independently is C(R*),, 0, 8, 5(0), S(0);, N(R™, Si(R®),, or P(RP), wherein each R®
independently is H or (C;-Cyo)hydrocarbyl, and each RY, R®, and Rpindependentiy is {C;-Cypihydrocarbyl.

14. The metaldigand complex as in claim 11, wherein the metalligand complex is of formula (I-E):

(I-E}

wherein each — Is absent or one is a pi-bond.

15, The metalligand compiex as in claim 11 of any one of formuias {1} to {lI):
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(6) wherein i-Pr means iso-propyl, Me means methyl, and Ph means phenyl. 16. A metal-ligand
complex of formula (I): wherein: each L independently is halo, hydrogen atom,
(01-040)hydrocarby1C(0)N(H)-, (C1-C40)hydrocarbyl1C(0)N((CI-C20)hydrocarbyl),
(01-C40)hydrocarbylC(0)0-, (01-C40)hydrocarbyl, (C1-C40)heterohydrocarbyl, RsRLN-, R80-, RLS-,
or RKR2P-, wherein each RK and W.independently is hydrogen, (C1-C40)hydrocarbyl,
[(C1-010)hydrocarby1]39i, [(Ci-Cw)hydrocarbyl]3Si(Ci-ClOhydrocarbyl, or (C1- C4o)heterohydrocarbyl,
or Ric and RL are taken together to form a (C2-C40)hydrocarbylene or (C1-010)heterohydrocarbylene,
wherein each L | depe dently is @ monoanionic moiety that is bonded; each X independently is absent
or a neutral LeWwis\b grup that is RXNRKRI., RXxORL, Rksw., or RXPRKRL, wherein each
Rxindepenhdently ig hydrogen, {C1- C40)hydrocarbyl [(C1-C10)hydrocarby11331, RC1-

Clo)hydracarh |I3’S#(QINC| o/ ocarbyl or (C1-C40)heterohydrocarbyl and each Rsand RL
independently.is a§/defined above; each Ls and LR independently is absent or is as defined above for
L or X, or Ls arid are taken together to form (RD)2C=--C(RD)-C(RD)=C(Rs)2, wherein each Rs
independently is H “unsubstituted (C1-C6)alkyl, phenyl, or naphthyl; each M independently is a metal
of any one of Groups 7 to 9 of a Periodic Table of the Elements, the metal being in a formal oxidation
state of +2, +3, +4, +5, or + .an integer of 1 or 2, wherein when n'is 2, one L is absent; each TR.1
independently is H, (01-C48 rocrbl or (C1-040)heterohydrocarbyl; each of R2, R3, and R4
independently is H, (C1- 04)h gdrocz (C1-C40)hydrocarbyl0-, (C1- C40)hydrocarbylS-,
(C1-C40)hydrocarby13(0)-, ((;,1’5:40 ocarbylS(0)2-, ((CI-C40)hydrocarby1)2N-,
((C1-C40)hydrocarbyT)2P- ﬁir (G1-040)heterohydrocarbyl;

1Py
Phi Fh

3]

€]

5

(5}
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each R5 independently is (C1-C40)hydrocarbyl or (C1-040)heterohydrocarbyl; wherein Wand R2, R2
and R3, Rl or R5 and an Rk of X, or Rl or R5 and an RI of L optionally are taken together to form a
(C1-C40)hydrocarbylene or (C1-C40)heterohydrocarbylene, or Ri or R5 and L optionally are taken
together to form (C1-C40)hydrocarbylene-C(0)N(H)--,
(C1-C40)hydrocarbylene-C(0)N((CIC20)hydrocarbyl), (C1-C40)hydrocarbylene-C(0)0-,
(C1-C40)hydrocarbylene, or (CiC40)heterohydrocarbylene; or any three or four of R1 to R5, RK of X,
and RL gf I ontignally,are 1aken, ingethes tadainuad espestivelitvalent or tetravalent analog of
(C1-C40)hydrocarbylene or (Cl C40)heterohydrocarbylene or IR1 or R5 and any one or two of the
remainder of Rl to R5d RK 5 L(?f L optionally are taken together with L to form a respective
trivalent' 6r AdBER ARG SRS ano o)hydrocarbylene C(O)N(H)-,

(C1-C40)hydrocarbylene- C(O)N((Cl C2o0)hydrocarbyl), (Cif C40)hydrocarbylene-C(0)0-,

(C1-C4 hydr@carbyTene or (C1-C40)heterohydrocarbylene; and the remainder of Rl to R5, RK of X,
R5 of L,|an ar&gs d flmeg”above j is an integer of 1 or 2, wherein when j is 2, nis 2 and either both
RI groups; boti R5 gf pj{ or one RI group and one R5 group are taken together to form a
(C1-C40)hydr byhﬁ' e\)rL( iC40)heterohydrocarbylene; each of the aforementioned

(C1-C1 )hyﬁrocaﬂs I} (C1xC20)hydrocarbyl, (C1-040)hydrocarbyl, (CiC40)heterohydrocarbyl,
(C1-C4Q®hydrocarbyiene, (C2-C40) hydrocarbylene, and (C1- C43)heterohydrocarbylene
independently is the same or different and is unsubstituted or substituted with one or more
substituemtsdrs; each Rs independently is halo, polyfiuoro, perfluoro, unsubstituted
(C1-C18)horocaykidn8Os, eCHRG4deR 4 0--, F3CO0-, oxo (=-0), R3Si-, RO-, RS-, RS(0)--, RS(0)2-,
R2R- Rg&ltﬁg@rg&w@@ﬂ@@o ROC(0)-, RC(0)N(R)-, or R2NC(0)-, wherein each R
mdepenggng}/ @&Qc‘d%@(é&%@dcﬁ%&%m yaroearpylrangwbergn-| and LR are selected,

dependi Ei)ﬁhe form )L/l?g d&t g esrtc%%rgg%}aém;@ucm@at the metalligand complex of formula (1) is,
in aggreg?‘tq eyuf Fi D ;,p the metal ligand complex is of formula (I-1):
(1-0 whE&R T WHEeE %Cé‘c% it epen&@n’%f[nls hanay nat 3 Q)hydrogarbyl1G(0)N(H)-,
(Ci-C40)Hyc ey Rt NS tde r@ﬁ) ey Eﬁ%%ﬁ{z ér%&? @ﬁcﬁ yé SR 43)hydrocarbyl,
(C1-C40¥heterehydiocaiy °RAIRLNI-, R50-, R5S-, or RARLP-, whereln each RAand RL
independently is hydrogen, (Cl-C43)hydrocarbyI, RG1- (;IOhydrocarbbeSi,
RCI-C10ymydragarb i Si(ed-bdahyer acaryhion(@i-43)vaterohydrocarbyt or RA and RL are taken
togethe J@ fermaLGaADhsocambyienaor (GiredR)gteromydsonaniytersy triieseimeath L
Indepen ”R'Bé'saa ik ”i?Q%%éHQJPM&B@&'§ewgrt§b%ggm%qwﬁllyaﬁﬁmmﬁm%afreat%l@émtogether to
form (12)20) ALE.WosIPeaehRnde @m@www GIRRURsEBRRGL-CE)alkyl,

ey, o A1 G ? ble of
L h. i o ohe O CTOMRS L IR ot Bdifle o

independerstys§ned gEA%540)hydrocarbyl, or (C1-C40)heterohydrocarbyl; each of R2, R3, and R4
independently is'H, (G1-C40)hydrocarbyl, (C1-C40)hydrocarby10-, (C|C40)hydrocarby18-

(C1- cmwwmwmmm&)asﬁ@em@wmrocarwt@myzat@@lfﬂ@ueoﬁya?éca?ﬁyl)azwtakeﬂ together
((C1C40)hydracarhylPRe,on(@1-C4d)hetesehydrocalihdbpackrRbisriteperidinthy iS-Celalkyl,
(C1-C40)Eweq§8c§r@gh9{ygc1-C40)heterohydrocarbyl;

each M independently is a metal of any one of Groups 7 to 9 of a Periodic Table of the Elements, the
metal being in a formal oxidation state of +2, +3, +4, +5, or +6;
n is an integer of 1 or 2, wherein when nis 2, one L is absent;

each R'independently is H, (C4-Cap)hydrocarbyl, or (C4-Cup)neterohydrocarbyl;
cach of B2 R, and R*independently is H, {CCapdhydrocarbyl, (Ci-Cag)hydrosarbyiQ-, (Cy-

Cuo)hydrocarbyiS-, (C4-Cag)hydrocarbylS{0O}—, {C-CunlhydrocarbyiS{O)y—, ((C4-Cap)hydrocarbyljN—,
({C-Cyg)nydrocarbyl),P—, or (C~Cap)heterchydrocarbyl;
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wherein Wand R2, R2 and R3, R3 and R4, R4 and R5, R1 or R5 and an RA of X, or R1 or R5 and an
R5 of L optionally are taken together to form a (C1-C40)hydrocarbylene or
(C1-C40)heterohydrocarbylene, or R' or R5 rs and L optionally are taken together to form
(C1-C40)hydrocarbylene-C(0)N(H)-, (C1- C40)hydrocarbylene-C(0)N((Gi-C20)hydrocarbyl),
(C1-C40)hydrocarbylene-C(0)0-, (C1- Co)hydrocarbylene, or (C1-C40)heterohydrocarbylene; or any
three or four of R1 to R5, RA of X, and RL of L optionally are taken together to form a respective

trivalent Qrtetravalentiangleg @t dGhyedhydsocarbylpse or (&d-A40)heterohydrocarbylene; or R1 or
R5 and any one or two of the remainder of IR1 to R5, RA of X, and RL of L optionally are taken

together Wlth LFEQ fOJ @2 Ees%gtll\ée Fr r%q Of{t% rﬁva‘lﬁmgr%taalr(?cgagfff{ of L o t:onaliy are taken

(C|C40)hy8rocarb ene- dr c Ci-C h giro royl r
C40)hycff’88@ﬁ§§? A& () iRy 8roca 8 qur%%r%%%%téror% o}%:ar g? rﬁj\ég?}ﬁ:
remaindeie &R te ST FQ,éP%S‘f §@11§i‘2 q_océﬁﬁiﬁnﬁrg@ér\ﬁ fneld abeles r8‘é‘i{ﬂy5f‘ﬁ18 bt &q‘ﬁentloned
(C1-C10¥hyhaesribyl). (C 1O IOt QM%)QV&%%Wf@lQr@ﬁ)heterohydrocarbyl
(C1-CAMhytrecastytentyi(G2-£46) hydrocarbyldtiss AARICIX 040 Hetdrotipdriarbiaker
independgathyis thersarag.edidifferasttanthiswunst bstikted or-substitutet weith orig.or more
SUbSt'tu%nt RSon! &%@aﬁﬁigﬁgewg?ml%@éﬂ?l&mm@fﬂwep@rﬂm&ﬂﬂﬁsﬂdbﬂltﬂt@@( and R' of

(C1-C18)h | = FRHCO: , E3C0 XG0}, <RO:, S(0)-, RS(0)2-,
Rop- R% %Qé‘g’%r W, B 3G B 2n R HGOs é:?s@é% 0 BRkeR S %&%ﬁegch ey

R 0 0 whe
is an unsctiﬂgﬁfﬂ%aﬂb (Lf’fe(c,&fg ‘%ﬁob(arb 1° %rm%& eﬂg@éeﬂi{? %SP(FJFOCT% ed; dn%pgndlng on the
formal OQGMSW@%B‘F ﬁ’@[ ™, %uf‘i*? fﬁ’g?oﬁ‘?ébﬂ?é‘[‘élﬁéé?‘rocéﬁ'?ﬁtﬁ R PHL?I%. (6 IS, In aggregate,
neutral. t8nasreeaRlidaRd %o?ﬁﬁl@x%f—f@ﬂﬁblﬁ?laﬁ)d‘{ BPRAMMY R5 ---R5 LPLR LP wherein each L
independently is halo, hydrogen atom, (C1-C40)hydrocarbylC(0O)N(H)-,
(c1-c4opM{@w@ﬂ@@w«;@reﬁammdmar@w)ar(mmewya‘rgmpbymwf@m0@91464@3ﬁ;‘/drocarby|,
(C1- C40{i&}§599m£q®g% REBUN 10gBkS to RER 2, O, fHisRlBoywhesein.each Rs and RL

indepen ']R'Xté?’oh%&%?% 4G1-C40)hydrocarbyl, [(C1-010)hydrocarbylbSi,
RCI-C10)fydrocarbyll3Si{C1-C10)hydrocarbyl, or (C1-C40)heterohydrocarbyl, or Rs and R2 are taken

together to form a (C2- C40)hydrocarb lene or C C40Q)heteroh ein each L
independ8tly S FRBTSAERT Hdiet yﬂﬁ%ﬁalrs?’bor%d Cngéyé%?]C?f 9{(180 L?—‘?%(iaﬁg'f?[ei{fﬂ/ is absent or is

as defineestentsracany ) Catareara BleaR (GesEME I FDPPESC(RD)-C(RD)=G(RD)2
wherein €ageRBhirtesentiontiyizrdenisibibstetas CCATEBRARIA IPHEHSA TSieA P AR E0H M
independestly isa metak.ehars’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, +3, +4, +5, or +6;

each R’ independently is halo, polyfiuoro, perfluoro, unsubstituted (C;-C-g)hydrocarbyl, F3C—, FCHyO—,
F,HCO—, F3C0—, oxo (=0), RsSi—, RO-~, RS—, RS(O}—, RS(Q}z=, RyP—, RoN—, RyC=N-—, NC—,
RC{0)0O—, ROC(O)—, RCICIN(R}—, or R;NC(Q)——, wherein each R independently is an unsubstituted
{C4-Cqgthydrocarbyl; and

wherein LY and L” are selected, depending on the formal oxidation state of metal M, such that the metal-

ligand complex of formula (1} is, in aggregate, neutral.

17. A metal-ligand complex, wherein the metal-igand complex is of formula (I-1):

(1-)
RS ps

wherein:
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each RI independently is H, (C1-C40)hydrocarbyl, or (C1-C40)heterohydrocarbyl; each of R2, R3, and
R4 independently is H, (C1-040)hydrocarbyl, (CI-C40)hydrocarbylO-, (C1- C40)hydrocarbylS-,
(C1-C40)hydrocarbylS(0)-, (C1-C40)hydrocarbylS(0)2-, ((C1-C40)hydrocarby1)2N-,
((C1-C40)hydrocarbyl1)2P-, or (C1-C40)heterohydrocarbyl; each R5 independentlyis
(C1-040)hydrocarbyl or (C1-040)heterohydrocarbyl; wherein Rl and R2, R2 and R3, Wand R4, R4 and
R5, Rl or R5 and an IRK of X or or R5 andan RL of L optionally are taken together to form a

(C1- O40?_h dre&:arqi/lgge or gﬁlaqghl%; gxq(&garbylene, or Rl or R5 andL optionally are taken

together to orm rocarbylene (O)N(H (C1-
C40)hydfd rr?ﬁa (Y20 hydrocarby&o >g,?Cl O40)h drocarbylene-C(0)0-, (C1-
C40)hyd®c§fﬁ*§/¥@fﬁéar8}‘ Poea é})ll@'"d (fﬁ?é% or four of R1 toR6, RK of X, and

RL of L @@ﬂ@mﬁilfﬂfa?eﬂwikéiﬁbg’éﬁ*ﬁé?ftt’f'f@i“???é r%sopé‘c:m/% QI‘Va Rrorfetravalent analog of
(C1-CAO¢iRtrecartmyeneor Ro-0BRO)Neterohytirscarhylend Cof RNt RBAHdERY one or two of the
remaindey, of,RbtarRb, RK@io mre Risaf. Eioptonalty e take nCtogeheewitki-bekatform a respective
trivalent or tetravalent analog of (C1- C40)hydreberbyiene-C(0)N(H)-,

(C1-040 aoaarpev@@ﬁ SN CampRabl e CAONRab (0 v

(C1-C40 I:'gg or Cl C40)h J‘n >ne; and the remainder of Rl to R5, RK of X,

RL of L, 5?15' Hred SR ggc g rementloned (01-C10)hydrocarbyl,

(C1- C20)hydrocarbyl (Cl C40)hydrocarbyl, (Clcéé;rrjeteg drgca [, (C1-040)hydrgcarbylene,

(C2- O40PhWﬁﬂ&dr%§‘l‘érﬁea@ﬁakE€FC@?ﬁﬁéi%M % é?nﬂf)ﬁie%%ag Fhe or different and
is unsubstde:neutiemsst&t”mme@sw:fthddﬁe@m&hﬁré?@owsﬂwéﬁtﬁﬂs each Rs independently is halo,
polyfluoro, perfluoro, unsubstituted (C1-C18)hydrocarbyl, F3C-, FCH20---, F2HCO-, F3CO0-, oxo (=0),

R3Si-, Rfg1s RReidRS Ehy RSB g3 2 sR2BHuR20BN-o1 N CeriRIE(0)0s, ROCER)meRE (O3N(ERY-, or

RZNC(O)@W&‘%@%&SQF& R.indepgndentlysis an ynsulstituted (C1-C18)hydrocarbyl; wherein L2 and LR
are selected, depending on the formal oxidation state of metal M, such that the metalligand complex of

formula (1) is, in a gre%ate neutralba ddwhe ein 1ésgj % hé/drocarbylene or
(01-CA0) PRt FolyArSeaFuidHé: (16 ﬂn‘iert%ﬁaﬁgya cém‘ﬁ XD tImila (1-K): (I-K) R3123 ,eOM" /'LreR
LO LLR LQ wherein each L independently is halo, hydrogen atom, (C1- C40)hydrocarby|C(0)N(H)—
(C1- c4oyayur®@arw@(®m(r(@reew}wyakbéﬁr@yh)hr(@%@%)f%»d%@w%m‘jb €(c1-c40)hydrocarbyl,
(C1-C40heterdbydipcantsyHREOGRSpIBRIRIPC mhareiarbdBPRK. &isd- R«b)hwi@re@%hvdé%ﬂy is
hydrogen£Ca. G@tyaincarys (-t (idhydoacarbyi3Si,
[(CrCi0)hydnosarhyld3ith Gialhysacachyli oF (- OAdhataniabydyqcarbyl, or

wherein R' and R?, R® and R® R%and R*, R*and R®, R'or R®and an R¥of X, or R'or R°and an R'of L

optionally are taken together to form a (Cq-Cyg)hydrocarbylene or (C4-Cypiheterohydrocarbylene, or R'or

RS and L optionally are taken together to form {C-Capjhydrocarbytena-C(ON(H)—, (Ci-
Cao)hydrocarbyiena-C(O)N((C4-Cqphydrocarbyl), (C-Cagjhydrocarbylene-C(0)0—, (C;-
Cuolnydrocarbylene, or (C4-Cagheterohydrocarbyiene; or any three or four of R'to R, R¥of X, and R°of L
optionally are taken together to form a respective trivalent or tetravalent analog of (C;-Cy)hydrocarbylene
or (C+-Ca)heterchydrocarbyiens; or R' or R® and any one or two of the remainder of R'to R®, R"of X, and
R' of L optionally are taken together with L to form a respective trivalent or tetravalent analog of (Cy-
Cuo)hydrocarbylena-C{ON(H -, { C4-Cag)hydrocarbylene-C(O)N{{C+-Cygthydrocarbyl), (Cs-
Cao)hydrocarbylene-C{O)0—, (C-Cap) hydrocarbylene, or {C4-Cygiheterohydrocarbytene; and the
remainder of R to R®, R"of X, R"of L, and L are as defined above;

each of the aforementioned (C+-Cqg)hydrocarbyl, (C4-Cyg)nydracarbyl, {C-Cyglhydrocarbyl, (C+-
Cag)heterchydrocarbyl, (C+-Caglhydrocarbylene, (Cz-Cyg) hydrecarbylene, and {(Ce
Cuoheterchydrocarbylene independently is the same or different and is unsubstiuted or substituted with

) 8
che or more substituents R”; -
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RK and RL are taken together to form a (C2-C40)hydrocarbylene or (C1-046)heterohydrocarbylene,
wherein each L independently is a monoan onic moiety that is bonded; each L and LR independently
is absent or is as defined above for L, or L and LR are taken together to form
(R0)2C=C(R)-C(RD)=C(RD)2, wherein each R independently is H, unsubstituted (C1-C6)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, +3, +4, +5, or +6;

each R]eé@ﬂ’%p%'agﬁeﬂﬂéln %h(aq«sl @rﬂ)&xdgeﬁa&:&vh%s%@e}@w%f@av&m@wbgd_emng R3, and

R4 inde q&%gntl ? 1 gé'g byl £ J]@M@%O)ng;gpargms-
(C1- C4 ocarbylS IS(O 2- ((C1-C40 /dro
((c1- C4 &Pocé?r@/ ‘é g&@%%m?he%gégﬁ drcvizaar%yleaegch pl?lrgjg?ae ent néumt'tumd

(C1- C4dﬁ1§f&ﬁ3&8ﬂ5§?l@l‘ (9('3‘1 -C40)heterohydrocarbyl; wherein R1 and R2, R2 and R3, R3 and R4, R4
and R5, R1 or R5 and an RK of X, or Rl or R5 and an RL of L optionally are taken together to form a
(CI1-C40)myekacaebyl eheor(€i=C 46)batproimytiedoartylenealorRiorREtand Euoptiohityaie-taken
togetheritaforampick G4y 0carbyene:E40)BiH), (C1-
C4.0)hydrocarbylene-C(0)N((CI-C26)hydrocarbyl), (C1-C40)hydrocarbylene-C(0)0-,
(C|C46)q¥d]&ong&aph/ %ncec ol {&%QQ%;E@ johydrocarbylene; or any three or four of R1 to RS, RK of X,
and RL of L optlong ly are ?aken together to form a respective trivalent or tetravalent analog of

(C1- C46)hydrocarbylene or (C1-C40)heterohydrocarbylene; or R1 or R5 and any one or two of the
remainder of RE to R5, RKFOf X, and RL of L optionally are taken together with L to form a respectlve

((C1-C20)hydrocarbyl), (Cl C40)hydrocarbylene C(0)0--,

(C1-C40)h ro;a@;ene r( -C40)heterohydrocarbylene and the remainder of R1 to R6, RK of X,
RL of L, an re a 1 ove each of the aforementioned (C1-C10)hydrocarbyl,

(C1- CZO)}hydvo\oarbyl (01- Gﬂd)hyﬁrocarbyl (C1- C40)heterohydrocarbyl, (C1-C40)hydrocarbylene,
(C2-C40)hydrocarbylene, and (CiC46)heterohydrocarbylene independently is the same or different
and is ungibstituted ersubstinited mith @asgmmere substituents Rs; each R8 independently is halo,
polyfluorR) Qfa 98’6% w)ted (C1-012)hydrocarbyl, F3C-, FCH20-, F2HCO-, F300-, oxo (=0),
R3SI-, R mcaﬁﬂo %f(g b2:e BB B R2CH dﬁygﬂg}%@&g_’ ROC(0)-, RC(ON(R)-, or

R2NC(0)- W n ea nde ent IS an sfiiuted hydrocarbyl; wherein L and 0
are seleé 0048 EHEIRYG s ? Al oxﬁ?a%n sta €0 metal such that the metalligand complex of
formula RSF’T‘T ﬁ’@@r@b%ﬁé’“ fifeﬁ'l‘ﬁdafi2 éfﬁﬁp%H%’}@‘ﬁ RSECRSE1-C40)hydrocarbylene or
(CI- -C40)HetBrohysescarbliferfe Pedraceditipdund of formula (Y) CO

[{C-Co)hydrocarbytly Si{C4-Crglnydrocarbyi, or (C4-Cypiheterohydrocarbyt, or

R" and R are taken together to form a (Cp-Cag)nydrocarbylene or

(C-Caodheterohydrocarbylene, wherein each L independently is a monoanicnic moiety that is bonded;

each LYand L° independently is absent or is as defined above for L, or L% and L are taken together fo
form, (RP),C=C(RD)—C(RP)=C(RP}, wherein each R” independently is H, unsubstituted {C-Cgalkyl,
phenyi, or naphthyl;

each M independently is & metal of any one of Groups 3 to & or Groups 7 to 9 of a Periodic Tabie of the
Flements, the metal being in a format oxidation state of +2, +3, +4, +5, or +6;

each R'independently is H, {C;-Cyg)hydrocarbyl, or {C4-Cap)heterohydrocarbyt;
each of R*, R®, and R*independently is H, (C4-Cyo)hydrocarbyl, (C4-Cag)hydrocarbylO-, (Cy-

CaolhydrocarbylS-, (C4-Cyg)nydrocarbylS(O)—, (Cs-Cyoihydrocarby!S(0):—, ({C1-Caplhydrocarbyl),N—,
({C4-Capihydrocarbyt),P—, or {C.-Cyg)heterohydrocarbyl;
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or a salt of a conjugate base thereof; wherein Rl is (C1-040)alkyl and Reis (C6-C40)aryl, or Rl is
(C6-C40)aryl and Rs is (C1-C40)alkyl; and each of R2, R3, and R4 independently is H,
(C1-C40)hydrocarbyl, (C1-040)hydrocarby10-, (C7C40)hydrocarbylS-, (CI-C40)hydrocarbylS(0)-,
(C1-C40)hydrocarbylS(0)2-, ((C1-C40)hydrocarby1)2N-, ((CiC40)hydrocarbyl)2P-, or
(C1-C40)heterohydrocarbyl.

sach R%independently is (Ci-Cuojhydrocarbyl or (C,-Calheterchydrocarbyl;

wherein R'and R?, R%and R®, R%and RY, R*and R®, R'or R®and an R¥of X, or R'or R¥and an R of L
optionally are taken together to form a (C,-Cyp)hydrocarbylene or (C4-Cyglheterohydrocarbylene, or Rior
R®znd L optionally are taken together to form (Cy-Cag)hydrocarbylene-C{ON(H)—, (Ci-
Ca)hydrocarbylene-C(ON((C4-Cag)hydrocarbyl), (C4-Cup)hydrocarbylene-C{O)0—, {Cs-
Cuothydrocarbylene, or (C-Cyq)heterohydrocarbylene; or any three or four of R'to R®, R of X, and R"of L
optionally are taken together to form a respective trivalent or tetravalent analog of (C4-Cy)hydrocarbylene
or (C4-Cyg)heterohydrocarbylene; or R'or R%and zny one or two of the remainder of R'to R%, R"cf X, and
R" of L optionally are taken together with L to form a respective trivaient or tetravaient analog of (C+-
Cuoihydrocarbylene-C(O)N{H -, (C4-Caojhydrocarbylene-C{O)N({C-Cyp)hydrocarbyl), (Ci-
Cag)hydrocarbylene-C{0)0-—, (C-Cyglhydrocarbylene, or (C.-Cyplheterohydrocarbyiene; and the
remainder of R to R®, R¥0f X, R"of L, and L are as defined above;

éaoh of the aforementioned (C4-Cypihydrocarbyl, (Cs~Cypdhydrocarbyl, {C,-Cypdhydrocarbyl, (Cq-
Cy)heterohydracarbyl, (C4-Cagdhydrocarbylene, (C,-Cug) hydrocarbylene, and (Cs-
Cio)heterohydrocarbylene independently is the same or different and is unsubstituted or substituted with
one or more substituents R®;

gach RS independently is halo, polyfluore, perfiuoro, unsubstituted (C4-Crglhydrosarbyl, F3C—, FCHO0—,
FHCO—, F3CO-m, ox0 (=0), R;Si—, RO--, RS—, RS{O}—, R8(0)—, RyP—, RpN---, RyCe=N—, NC—,
RC{0)0-, ROC{O)}—, RC{OIN(R )}, or R;NC{Q}—, wherein each R independently is an unsubstituted
{C4-Cyg)hydrocarbyl;

wherein LY and L% are selected, depending on the formal oxidation state of metal M, such that the metal-
ligand complex of farmula {1} is, in aggregate, neutral; and, -

wherein R""is (C-Cyo)hvdrocarbylene or {C+-Caplheterchydrocarbyiene.

18. A metal-ligand complex of formuia {I-K):

(1K)
i R}
R4 R*
r % ;’ )_‘%x\xﬁ
N N S N
BTN N \\A/ TRt

wherein each L independently is halo, hydrogen atom,
(C-Caoihydrocarbyl C{OMN(H}—,
(C4-CupnydrocarbylC{OIN{(C4-Cypihydrocarbyt), (C(-Cag)hydrocarbylC{O)0—,
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(C1-Cag)hydrocarbyl, (C4-Ca)heterohydrocarbyl, R\R"N—, R°0—, R"S—, or

R¥RP—, wherein sach R"and R*independently is hydrogen,

(C-Cag)hydrocarbyl, [(C4-CrodhydrocarbyllsSi,

[(C1-C1g)hydrocarbylsSi{ C4-Cg)hydrocarbyl, or {C4-Cyp)heterohydrocarbyl, or

R¥and R" are taken together to form a (C.-Cyg)hydrocarbylene or

(CCap)heterohydrocarbylene, wherein each L independently is a monoanicnic moiety that is bonded;

each L% and L independently is absent or is as defined above for L, or L and L are taken together to
form (RP).0=C(R"}—C(R=C(R"),, wherein each R’
independently is H, unsubstituted (C:-Ce)alkyl, phenyl, or naphthyl;

each M independently is a metal of any one of Groups 3 t0 & or Groups 7 to 8 of a Periodic Table of the
Elements, the metal being in a format oxidation state of +2, +3, +4, +5; or +6;

each R'independently is H, (C-Cyo)hydrocarbyl, or (C1-Cyp)heterohydrocarbyl;

each of R%, R®, and R‘ﬂ*independenﬂy is H, (C4-Cug)hydrocarbyt, {C-CyphydrocarbylO-, (Cs-
Cagdhydrocarby!S-, {C-CapihydrocarbylS(O)—, {C4-Cyo)hydrocarbylS{O)z—, ({C1—C40)hydrocarbyl)2Nw;
{{C+-Capyhydrocarbyl),P—, or {C-Cyg)heterohydrocarbyl;

each R indepandently is {Cs-Cug)hydrocarbyi or {C-Cyp)heterohydrocarbyl;

wherein R'and R, R?and RS, RPand R, R"and R®, R'or R® and an R¥of X, or R or R®and an R"of L
optionally are taken together to form a (C-Cyglhydrocarbyiene or {C;-Cygtheterohydrocarbylene, or R'or
R® and L optionally are taken together to form (C-Cagihydrocarbylene-C{O)N{H ), (Cy-
Cag)nydrocarbylene-C(Q)N((C4-Cop)hydrocarbyl}, (C4-Cyp)hydrocarbylene-C{O)0—, (C4-
Cug)hydrocarbylene, or (C+-Ca)neterohydrocarbylene; or any three or four of R'to R®, R"of X, and R of L
optionally are taken together to form a respective trivalent or tetravalent analog of (C,-Cy)hydrocarbylene
or {C1-Coglheterohydrocarbylene; or R' or R® and any one or two of the remainder of R'ip R®, R¥of X, and

R of L optionally are taken together with L. to form & respective trivalent or tetravalent analeg of (G-
Caodhydrocarbylene-C{ON{H}—,

{C1-Caphydrocarbylene-C{ON({(C1-Cyo)hydrocarbyl),

(C1-Cyo)hydrocarbytene-C(0)0—, (C4-Cap)hydrocarbylene, or

(C4-Cagjheterohydrocarbylene; and the remainder of R'to R®, R"of X, Rbof L, and L are as defined
above;

each of the aforementionad (C-Cqg)hydrocarbyl, (C4-Cogihydrocarbyl, (Ci-Cag)hydrocarbyl, (Cy-
Caoheterohydrocarbyl, (C4-Cag)hydrocarbylene, {C,-Cuhydrocarbylene, and (Cq-
Cag)neterohydrocarbylene independently is the same or different and is unsubstituted or substituted with
one or more substituents R®;
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sach R®independently is halo, polyfluoro, perflucro, unsubstituted (C.-Cqg)hydrocarbyl, F3C—, FCH;O—,
F,HCO—, F3C0—, oxo (=0), RySi—, RO—, RS, R3{0O)}—, RS{0);—, RyP--, R;N—, RyC=N—, NC-—,
RC{0)0—, ROC{Q)—, RC(OIN(R}—, or R;NC(Q)—, wherein each R independently is an unsubstituted
(C1-Cugihydrocarbyl;

wherain L% and L” are selected, depending on the formal oxidation state of metal M, such that the metal-
ligand compiex of formula (1) is, in aggregate, neutral; and,
wherein R%is (C;-Cyo)hvdrocarbylene or {C-Cyg)heterohydrocarbylene.

20. A compound of formula (Y}

()

R? R?
/ /
/IE\TH
Ri
R4 N
S s

or a salt of a conjugate base thereof;

wherein R'is (C-Cualkyl and R®is (Ce-Cag)aryl, or R'is (Ce-Cagaryl and R%is (C1-Cuglalkyl; and each of
RZ, R®, and R independently is M, (C1-Caglhydrocarbyl, {C-Cag)hydrocarbylO-, {C-Cyg)nydrocarbyls-,
(C4-Cap)nydrocarbylS{O)—, (C4-Cyo)hydrocarbylS(O)y—, ((C1-Cagihydrocarbyl}aN—, ({Cq-
Cag)hydrocarbyl},P—, or (C4-Cyg)heterohydrocarbyl.

112



