DI I M NE METAL COVPLEXES, METHODS OF SYNTHESIS, AND METHODS OF USI NG | N

OLI GOVERI ZATI ON AND POLYMERI ZATI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The present application is related to U S. patent application Ser.

No. 11/186,306 and U.S. patent application Ser. No. 11/186,038 (now U.S.
Pat. No. 7PIQ‘QF%ME%€@B@I@EXE£,MEEEQRS Q@BEENNABESHYy ANIRMETHOBSEH fi | ed
on Jul. 21, 2005. skl FolidoIMKENTHON WRIPROTISIALLAGIbNAPP! i cat i on
relates generally to olefin oligonmerization. Mre particularly, the present
application relates to a-diimne netal conpl exes, nethods of producing
a-diimne netal conpl @%é%S?Ré?F@WEuE‘éRELKEEHiAPﬁLF%AW% conpl exes in the
ol i goneri zation and/ or polynerization of ol efins. BACKGROUND OF THE

I NVENTI Ood9003 1Jqfrést, appllicaBort RITERRE Yo KO WhRe@Sipplids@iteSor. R €11/188306 aRd
itens of _comrerce. Their ma lications include e

.Th ny a | oynent as
i nt er mediVat @atepterplidtion it Net Ly ©6888 el ge Rtts Noaélg?g?fbé 1o Peinibrf080) y
friendlyciaphacen@e MBI of BfiiNehos] | s m ght ot herwi se be used, as
nononers, and as internediates for nany other types of products. An
i nportant subset of olefins are olefin oligoners, and one nethod of making
olefin oligoners is via oIigoﬁgﬂ#%9ﬁ3§?%$ﬁ%pﬂ9Néne, which is a catalytic
reaction involving various types of catal ysts. Exanples of catalysts used
clorkmFr Ici #oog) in m|pYﬁgdtia§ﬂIchm Blatks @tﬂefwgm blﬁﬁﬁ bmgbnﬁﬁlzaviloﬁ.f Msge gﬁﬁéﬂlﬁ_-ﬂ@, _
al kyl al umi num conpouynds, certajn.nic pho ine c exes, and a titanium
hal 1 de whERTSY ARSAURR jetey g o e PP RGP HOSHS ShP R I & FEBBR TARb her
group of cahgédes apdthy s sfzadiindine Mmatabdoyipleked ia tiibasligy@etiati@andyor pollyMerization
bis-inine§1~thh catal ysts of this type, a nitrogen-based |igand engages in
a coordi RatT'8% reaction with a transition netal salt. The coordination
reaction forns a netal conplex, which is a catalyst precursor. The netal
conplex further reacts w t BAGKSIRGUNPIOFCTHBEINVENXTION | vat or to generate a .
metal al kyl or netal hydride species. The catalyst resulting fromthe
generat i f ot t al K tal ride. s I, € olLyneri zes.ol.efins.
750051 Ap R0 e i QReMEn B Sl poth} & otk b BRRE SRR UIRRLAEC IR e o
mul ti pl ymasnabpbcatipet intlidmenpdoysnepphsyinteimemhiates rin ¢hs pomofactgteyofidatemasts,fas @mre Thus,
addi tiongl_. ' t S n ods f ol efin
pol yner i %ﬁ@%ﬁgﬁ%r}gﬁ%%fé?%ae% ?so‘ﬁﬂ%er ltée% gdS(I) lrsar}%l%}te}.o egﬂ%ll\/kﬁve&?%ofﬁWEl\m ON
[ 00061| naminasasipectliates dorpnayentlier itypee nf producpr cAn thgwrtantrsebsenol dlefinsprodei ng an

a-diim N&i; tei"']sl ar{ Oq'ﬁ@'m%ﬁoﬁ%%" f(lﬁé ngﬁrfl Ergm%% i?"{fialo 1aosrﬁ 28 1eonio trflelertl) OR icihr}s the
presence a hetal sart, neta coiné&, or- COpr nat i-ons ¢ fier or I'h

enbodi meatgslytidweagtiet rodivingrvapowduess f caalysss. diamiples ofrexttaystcuap bexmecialdy | ses:
2 by ¢ Sl Y Al R AOTRA R 1B IF bRk BB LR YicRT 0

a- acyl i npiveplsmgoopiedesc amiprtitgmgn halida watb plLiewisrpeidgsuol ps dietblyl alnnaruac gilondene

ni trogen group consisting of an organyl group consisting of inert

functi onglyefr oup : Al 1 £ ) [ses an
TN gr o oG neefter folly SF BER Mlm i ARAVIR B AT B SO
net al saMithcwtmisexiingisgyeup tiogehdaseN lighad gngaegs. inl n cemdindion resbiodiwiting , t he
a-acyl | m g GRMRAHNCOMRY LaSEn AR ABRKLE Bl OLAHP AN AR L dle:
nitrogen group conprising a nmetal salt conplexing group ’and a linking group
| i nki ng piaeurspst dhe methltcomplep lfeshierigagy witlpartothet brecuascg oy hdtivatoreto generasge me@at om
and the priMa", ' CANSLSt 0 ANy ' r

consi ot ns/of et BRICPRTE Freaall i OF S B AlloPL AR ol P o

anot her watebdidrenteciesrolymerinesdldfios. produci ng an a-dii mi ne metal conpl ex
conprises: a) contacting an a-acylimne netal conplex and a primry am ne;

and b) r@Rgesfer i NGkl Ml i FPbRE ATRLS%nd bEREL @R GlupRPeRE . the
present- invention provides for an a-diinine nmetal conplex conposition
conpri si PRIDSLIHEY il supBlyt there repirespertingly dnt¢risifient dihes, pdditiphal aevel tand amgioved ne
CoMpoUNdc e &infl nlefhSaSroflbib A Aty FAIRRIANEd 6OMekSRn R RsifbieM ne group, a
first imne nitrogen group, and a second Imne nitrogen group which is
different fromthe first imne nitrogen group. In enbodi nents, the
a-diimne conpound is tridentate, the a-diimne group is derived from an
adi acyl conpound, the first imne nitroggn group consists of a Cl to, C30
organyl group consisting of inert functional groups or a Cl to C30

hydr ocar byl group, and the second im ne nitrogen group conprises a netal
salt conpl exing group and a linking group linking the netal salt conpl exing
group to the imne nitrogen group. In another enbodi nent, the a-diimne
conpound is bidentate, the a-diimne group is derived froman a-di acyl
conpound, the first imne nitrogen group consists of a CI to C30 organyl
group consisting of inert functional groups or a C1 to C30 hydrocar byl



100111The present application discloses a-diinaine netal conpl exes, nethods
for producing a- diimne netal conplexes, and the use of a-diimne netal
conpl exes in the oligomnerization and/or polynerization of ol efins.
DEFI NI TI ONS [ 0012] For the purpose of this application the designation "a-"
represents a rel ational desiiMMARY ORAHBANYENII@Sedi ng a chem cal nane,
either general or specific, indicates that the two functional groups are on
adj acent on @t e
o~ dogi gnifBERCT TR TErec ROl ) o o B e Ak B BB et e
t 0 adj aceempleagdypnising fameg apleait pmd iminetioad @ théveretengs df pimeel sl m@tgmrrepﬂearrs are
bonded t e
oxygen afoos ARk GAERD o ShpMRmedl tn i o b ICk, bl ShbiB.
at ons. Themprisee|ahtcpwnding Qesx-@mhrmno reompgund] & anckrd sals edd taoprdvees’E rie; euhé)
conpounds, dess é S RED DGR B ta{)QS’xf:ﬁLform ps%@"e%?o% Rlends Mg &‘ch}l g&&t
acyl group represented by the structure ere|n the eS|gn
val ences cmgrlsbeeaﬂwdryhglém,grm apd gamypbylgrinupirogen leyaip gomsistiys ogarmrganyhgtdﬁmr any
ot her gr : i ndi I
P Y b S L
subst i t uehil{ iy @onqbf(l syl atmpif(xst)g amtmmlld@dirkmgtgltmmdmying dhreon@alcalt bomplatiogn (an
acyl car p 0 rm
oo gbaup S S, RO RPrabidRRar, 0L AR AR BBl BT e
val ences agdimitseerénpdind ge n—aczinmm gitmgen QyeUPLAOMPESTh 8 m@mabysbmgkmp graandhdr any
ot her gr Ler b
2l di i s s pIPFEAE R ARl chpfoi il IS AR ATRakp Eomy B e
substit uenmély)aﬁrgmmelst} phew rl’ﬂlég graun ashandorganyt proup mm@tlwp’mmnem dynctienal i mi ne
carbon g t m ne
nitr ogen%lg)%i g)rﬁ ?an [ m ggﬁﬂt r% e%%%ﬁp? (n?i% %?eg{r%@d &l }%I%mg%eaégln&mné
appl i cat mstal eaayplexecomprises: aésmwlngu@rm—sqygmm#t@ltcgmﬂeamda@cmmry aminpeand by |
car bon ahggey% e, nﬁ&%h&ﬁ%@ %§oup (an aacylimne acyl carbon group),
substituents %oups at ons attag ed to the imne carbon atom of the
a-acylimne group (an a-acylimne inmne carbon group), and/or
subst i t uél0ls) / drcurpthey rmedinihs) presertaianiention pravides ifer pre urliminsgmatahcompler t he
a-acyl i ”b&ﬁpo@ftlgﬁ' @oxﬁﬁr&hn@ Af¥al BNSnIPLELIENLRERMP by trfd@htatt REGRMAP OSERhg T hi S
application the - ortion of a pyridine ring, or pyridine containing
ring sysvéaeipdhriwinie p@@pqugé eqmprises apro-diniae alonm ediryt dpimy niveen grewp, and a
const it UTsé’coﬁ’cﬂ i 1%k nxﬁtrggeﬁugbu;{ QA1 FOUifRHNPIRES tlQef fTrJ%” 1%11%05311&0%&{ loffhp. 8 1n
"hydrocar byl group” has the definition specifi C. a unival ent
group f O?Q%Qjmb‘?ltsﬁ droyiliging caygewgedn tidestisios tsr- é}lwﬁ rgwarlbéﬁl\(eﬂ feom an gr oup
cont ai ni By Qbﬂip&lﬂ& QR@ﬁéﬂ%nﬁ’bylﬁ{r%Qﬁ @oup%mﬁ}égsr&‘afifl by b, B RHP @{jﬂ) doRGdtiagdert he
term"al kyl™ " roxg dr ocar byl groﬁg can inc rings, ring
syst ens, 0§/ (fﬁ%ﬁnp%al @F‘W@% or g ta#bmbrdr@carhyh T08).sAErHRe WisPRch Insian RiTORCTO BIOYP
carbon a@&nﬁﬂé@s’ AR sal AXLEGER! B masaem@ﬁ Cé:@hﬁ 1iARRY e ahdtANalt @BmpIekigANY |
group” has the definition sp eC|%|ed by ,f an organi ¢ substituent group,
regar dl eS§®Upfo the Heing Hivween grpla) Iﬁé‘thh@f e@rbedm}eéb thet- @mlée gamppupd isidentstcom
Thus, angRraaivhe GHOUR EANLIGRIM M LdREHRBFodndNGE FAD ﬁﬁm&ﬁi%ge% ABY Qhsigt 0B
other t han carbon and hydrogen (i.e. ‘an organic rgﬁg t hat can conprise
functi on&fagr *@dbsoraﬁtﬂ gioup edstingPTarpa iimvélﬁnatl @reuay onC A §hipdrasgen) groyppr

exanpl e, 4 RPfe | sb&Bnll IiRheERETN egf»ougfcoﬁ;lgmf Qtd]% @péfgaﬁﬁrg?&ﬁ) Rdisthpdsogan
i ncl ude hal ogens, oxygen, nitrogen phosphorus, ‘anong ot hers.

Non- | i mi funpigorakerapses agh t Gppchyldmai)ylga*@tppslnufw&en gabedipats thezy-dignipe estal
ket ones, .@hslehydGrisesSs elaP salS MnlpriIBg irod ToRBRxc@dth RIGSRBIDBSnin@ BRRGHURE her's.
Included in the organyl group definition are heteroatom containing rings,
het er oat SMRIBHEal hithgrdimH Egur devyed ﬁem@c@@p@hﬁwn@nwene@nwahrsmqmmne or
het er oar ?ﬁ@xﬁe‘qﬁm&ﬂeﬂg) 8 Y24t Gfihe diird}Rh Igyouplaonﬁémglo@l L6 igleRd tot&? poganyl

I Ni I ner u

group definition includes the or group consistin ncti onal
groups, d@yiPhevhgwrpca?, 6ﬂls@rm%hwl ar%nqsear 36-dj-gortt Wf?}ﬁwnﬂ reEoyp b3y of
this application, the termor varlatlons of the term "organyl group
consisting of inert functional groups” refers to an organyl group wherein
the organic functional groups and/or atons other than carbon and hydrogen
present in the functional group are restficted to those functional group
and/ or atons ot her than carbon and hydrogen which do not conplex with a
netal salt and/or are inert under the process conditions defined herein.
Thus, the termor variation of the term "organyl groups consisting of inert
functional groups" further defines the particular organyl groups that can
be present within the organyl group consisting of inert functional groups.
Additionally, the term "organyl group consisting of inert functional




[ 0022] For purposes of this application, a tertiary carbon group includes a
group of the formula -CH=, wherein the two free val encesare to atons ot her
than a hydrogen atom (the bond represented by the dash, -, is to atom
and/or group to which the tertiary carbon group is attached). Thus, the two
free val erc@binG@mildezeh prbep esral@izing)a ol ddtconpleaingaragand atioking gaubbnkigt om
oxygen at,0 ul.fur atom etec..ln other rds, .each of the two free

val encesEhE%taiéahtcSmB%mg?éﬁ?ﬁk}ﬁ’ By sprd lgﬂle\glﬁﬁﬁmﬁto%‘r oup consisting of inert
functional groups, a hydrocarbyl group, a functional group, or an inert
funct i on#l008jr oudn yklomeotliemiatpecty thexaesphteiavanfiors poeiddasn yraess bfon pydaings alpiec | ude
-CH(CH3) 2, .-CHC12. . - CH(C6F102, :cycl ohexyl .. - CH3, .and - CH )

[ 0023] FoP i POE T ok frenr PN 80 T i, R e A Gr R e
a group (frmingeanf cligomleazedwhiieyl@icnprodvet thmesingraghavatbidnc ek, embaingents) tiat 0116

ot her th%lri]ml%e tm/egali 9% e atocr)nmri éshaemgtglnsglt & rlgxse%r%(t) %rg 0oL imtinQ:e ognaslli]ﬂ wh if% tfxeo atom
and/ or group to WhT Ghet 7 pquat ernary carpon group i's att agﬂeg). This,® each
of the t bydémidercompualdenmpssesal) doar-diimae ende dérdved fromdede-tiecyd chapogdn2)at om
carbon at.om .oxygen ato sul fur at tc. In ofher rds,. . f the
Chree f 08t VAPE AR PP s o5h B Fhirat S4ASLordSiRor FOE Bullionl's, | g
of i nert gloupsodriadhad Cgrhydypsarby ghongdy oxdad) byécogd mipg nirogenrgedupenmprigngoaimetabr  an

can be pRupaPRs PR aEktsh b M AL A dmphlif ™) 8 LIRNELE, SRTR 2o
sal t. W frhinnpcihphtimptdvitse, tpberpnibpac@inohe oapdticqiinanentadirstdmime Inésogsn group

qdi ti N . : Li i, ' bl tal
compl exel s SHESH 28 AMAMBIIR Foft 4 2 Chof, SATROLRES, SN SRR THRELT o
of the agwip;rinded) metcadndcionys eiesen Fhwp econgiriaiogla waapalinggplesmgramoup zndi nes,

a-acyl i m:ne W= agy i m et I . alts are

i mdepenaiirEP RN s BT B O TR AR B Blont o
further described herein. a-Di acyl Conpounds [0025] Generally, a-diacyl
conpounds utilized in the DESYCRIPTLION QF THI2DRAWINGBe netal conpl exes
conprise two acyl groups capable of form ng an imne group when contacted
W th a pfiop&ry aiin L Opri . d] 1 e e bl e
of react IR, AT resPRBLORE R i 41 o ARE YR SRl BRRERRE
i n this spetidnpbatpraincedtin&xdngrlerd." capabl e of reacting with two prinary
amnes to forman a-diimne conpound” should not be construed to nean that
two pri am i i 1 haul.d. t he
term be g%%]t r uggétggeﬁé%‘%&fﬁg?f I{';HrI]E:IS a(fi‘%l I mo#getg(}% %@ﬁ%l ?éu%ﬁéec%lgghaeyﬁiﬁl or med
as an i nietehedipkxereducalnin Exaplay.ne metal conpl ex. Further, defining an

a-di acyl compound as one capable of form ng an imne group when contacted
with a primary amne i ' { st ﬁ?}#diﬂ]\ At thods of form ng an
i mne group. The termﬁlgg%g% e o %;rﬁgggﬂn?\gﬁwﬁt two pl\rq@mary amnes to form
an a-diimne conpound” is intended to describe to one skilled in the art

t he part [®&Har E’GH’&‘QW appbisgsion Hisslow icctiminerngsd complexs grctheds fegredppippesi s of
the a-di ithie mIBl FmprREPLEXES udeF e ldiReR el bfpledl®h @e BlidoMcnSatidR hi/or

conpl exes can be produced utilizing any nethod as described herein.

[ 0026] Oneolgperizgtigrofglefipacyl conpounds that can be used in preparing
a-diimne netal conplexes is an a-ketoal dehyde, which is a conpound wherein
a ket onepgxyganofkom and an al dehyde oxygen atom are bonded to adj acent
carbon atons. The a-ketoal dehydes utilized in the production of the
a-diimne netal conplexes can be any a-ketoal dehyde cgpable of reacting
with twol49¢lar ?oaﬁﬁwgm%e b ARPULAHPT 5 £eRBREGUNS: fﬁﬁ@seg%tragrler@ﬂyde

can be sadsiphaiddhat WheRbretalifpth chemR@PdameDERBE BBl ACYEdifi&; indedeh tiat thatwerat i C,
and/ or heteroaromatic. [0027] Generally, the a-ketoal dehyde w || pave t he

st r uct ur Enfligalogropyscpre onpgdjacelinearbannately NR-IFRIRE KRR PSiRg Bigprelaonal
organyl  gliedighaGenmtisld, BAice WHES the TWRddRAY ol @hRSare Bbndad Ry&lR6R cBBbn
group. In sone enbodi nents, Rka is an organyl group; alternatively, an
organyl group consisting of inert functiognal groups; or alternatively, a
hydr ocar byl group. Generally, Rka can be3a Cl to C30 organyl group;
alternatively, a C to C30 organyl group consisting of inert functional
groups; alternatively, a Cl to C30 hydrocarbyl group; alternatively, a Cl
to C20 organyl group; alternatively, a Cl to C20 organyl group consisting
of inert functional groups; alternatively, a C to C20 hydrocarbyl group;
alternatively, a Cl to Co organyl group; alternatively, a Cl to C10
organyl group consisting of inert functional groups; alternatively, a Cl to




but anedi one, 2, 3-pent anedi one, a substituted 2, 3- pent anedi one,

2, 3- hexanedi one, a substituted 2, 3- hexanedi one,- 3, 4- hexanedi one, or a
substituted 3, 4- hexanedi one. In sone enbodi nents, the adi one can be

2, 3- but anedi one, 2, 3-pent anedi one, 2, 3- hexanedi one, or 3, 4-hexanedione. In

further QBROU-MBRALS whidehRewd @R Gabkch Aot IrdbérBE i ANRent Rhiboh ARkrsy &1y,

2, 3- pentanedlone alternatively, 2,3 hg anedi one; or aéﬁ§[g$tlvgéx

3. 4- hexatr@ehligties Whenoths 29y g@%ﬂ@tg%at%‘@ﬁf’ ﬁwmne NTOZIAAT AIHPSBT A P2t
a-di one gapbnPRoRENTHd aQElafonsl B&HdnhtitnE thaPeildi be ubdd @t batritenb@el b@AgEndd he
a-di one can_be benzil. [0034]1n saturated cyclic a-di one enbodi nents, the
a- di one deseritsd hareing_ cyc| obut anedi one, a substituted 1 ,2- cyclobutanedlone,
1 , 2-cycl opent anedi one, a substituted 1,2-cyc|opentanedione, 1, 2-

cycl ohexpoesli onaor purPésbssfithibibgtication, 2nCysl glbaxdnrgicamed by the structure

, 2-cycl ohept anedi one, and a substituted 1, 2-cycl oheptanedi one. |In sone
saturated cyclic a-dione enbodi nents, the a-dione can be 1 ,2-

cycl opent anedi one, a substituted 1 2ce@clopentaned|one 1

, 2-cycl ohexanedi one, or a substituted 1 , 2- cycl ohexanedi one. In some
saturated cyclic a-dione enbodi nents, the a-di one can be 1, 2-

cycl openganedin@Nfides¥nartd Vaaerféé(scrh%)iﬁ%génoﬁ}?er 4yl ¥6ip, Q%Fkﬁbca%?l) edupend/ss the

a-dione can be 1 ,2-" cycl opent anedi one; or aFternatlve

1, 2- cycl dhexErregoemes THFEES Neris aflins (the o rAgYls gForR Mmax - IH?IWek“é‘PPSBd‘P%ht s,
t he a- di &G&yﬁ@sﬂ Tlﬁ'é‘ QE&JY ?p‘ﬁ&a%ogmja ke i%tf@%'to dubstdntONBouphs)ieh$d) lattathedlto the

bi cycl o[ 2. 2 di one |cyc o[2.2.2]octa-1,2-dione, a substituted
b|cyclo[§W2§QWb@ﬁ%mP“21@Péﬁécm@WI @ﬁ&hoqu|none In some saturated ring
system enbodi nents, the a-dione can be bicyclo[2.2.1 ]hepta-1, 2-dione,

bi cycl o[ @02412] 0Gtoatle Burfbs@NE, thidapBRIARE Ithi ke TEmink Nerytept iotr@Esemad by ahed
ring system a-di one enbodi nents, the a-di one can be canphor qui none.

[ 0036] | nSHHYE%E ur at ed cyclic a- di one enbodi ments, the a-dione can be 1

, 2-benzoqui none, a substituted 1, 2-benzoqui none, cycl ohex-3-ene-1, 2-di one,
a substituted cyclohex-3-ene-1,2-dione, cycl opent - 3-ene- 1, 2-di one, a
substituted cycl opent-3 -ene-1 ,2-diqﬁ§N3a cycl ohex- 4-ene-1, 2-di one, a
substituted cycl ohex-4-ene-1, 2-di one, 3, 4-di hydro-1, 2- napht hoqui none, a
substituted 3, 4-di hydrol, 2- napht haqui none, 1 , 4- dlhydronaphthqu|none or a
subst i t utvaerein,the widpsjheisA Apncaeptiba dridrogannansesaany LigTew: amEdreerrey) 819ue, 3d/ar one
enbodi magr&yz Rtélrepgroﬁ? de!soiﬁﬁceﬁgcf‘ hO€int %hc,b%?ﬁlogﬂhé"%%p %1943%13 ald1m1nes and

ene-1, 2 opent - 3- ene- 1, 2-di one, cycl ohex-4-ene-

3, 4-di hyammaqshtm@qmmmhcmn may alyp rgf@rt@mﬂm&wrﬁ%@/atms)@m@@d to the
unsat ur afed 'éérﬁ% Qorg'(%pgmﬁm NBEM Y and/BiEsuBstiied Qg/g?&l?(sgy@coﬁa(s’) %t‘t@:ﬁ&?—f%QHé none;
alternati vefy , ronapht hoqui none; or alternativel )é

di hydr onapihe¢ hmmﬁtmﬁ@ infigoBT)een geouphaddditionpliyy thoynsessh agp aB‘PifbméYTﬁ"é‘iﬂlt‘?re nts,
the a- d' Stitficls/ %rgu;%/a{loms ati’|t hoh&)hﬂg %cﬂo%onaaéﬁlb&t freUd- llilfune ﬁroup (an o-

, 2- napht oqui non 3- nap qui none; a substituted 2, t hoqui none,
acenap ht hetiodusi asphearboa M%tsllltsﬂtué@ya@é?ﬁé%%ﬂ%@ﬁé@éltﬁ elmlne carbon atom of the
phenant h&%gﬁﬂfﬁhé‘ Rfp. @n %%;‘rﬁrhﬁly tiathe PRESOAN-BIS NS NOPRiueRYY) BREPUYAGRR) OF a
substitu pyre eqU|none In sone aromatic ring system a-dione
enbodi menttashed théheamiticareozer pomeo! the agyhpHe YR (Fotracy it nitviegsh erERkiivbne,
acenapht ho Qgpﬁus %Bﬁ&ﬁ% bl-epegu b&%ﬁ? of QlpyR¥ih&E REYWr p9R&nd Borifi8E ring
aronmatic rin ystem a-di one enbodi nent s, he a-di one can be
acenapht hsesmqﬁahcrmwe its friqalivadh othdelasaliyad ﬁtl)‘liﬁbdoeé POLSORSEHERAN IFUIFEOWPn yet ot her
aromatic ring system a-dione enbodi ments, the a-dione can be 1 ,2-

napht hoqygoasne; @l hefBak oY BlidYappReadon] %p‘lﬁkﬁ@&l&ﬂyﬂ] 08 s Ry dbﬁhitMﬁf |spéc1ﬁed by
acenaphtheneQU|none alternatively, phenant hrenequi none; or alternatively,

pyr enequ 2 PGS} werh farmedy SUREE A tyeYed HPTB AT BSEICHOAR &6 & ZEOHP

substi t UeRifiaR oh 1P ISBSNHRMH NS, AyR8ABY lor@ibRbPincRle BE GRRYbIkgI @ Palkyl
consi sting of I ner t functlonaF groups, a_ hydrocarbyl group, or an inert

f unct i on&foups oﬁdlydT%aféﬂrﬁo‘&ﬁ?édPﬂ@?t%ngs»t% YFgRRyAORIGSHEE FRA A{OjAtiE ZRE he a
Clto CQQEﬁ&g@ﬂmh“gﬁgyﬂmeamﬁgnggl agek.ganyl group consisting of inert
function ¥ groups, or a Cl to C20 "hydrocarbyl group. In sone substituted
a-di one enbodi nents, the substituents can be a Cl1 to C10 organyl group, a
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[0016] For purposes of this application, an “organyl group” has the definition specified by
IUPAC: an organic substituent group, regardless of functional type, having one free valence at a
carbon atom. Thus, an organyl group can contain organic functional groups and/or atoms other
than carbon and hydrogen (i.e. an organic group that can comprise functional groups and/or atoms
in addition to carbon and hydrogen). For example, non-limiting examples of atoms other than
carbon and hydrogen include halogens, oxygen, nitrogen, and phosphorus, among others. Non-
limiting examples of functional groups include ethers, aldehydes, ketones, aldehydes, esters,
sulfides, amines, and phosphines, among others. Included in the organyl group definition are
heteroatom containing rings, heteroatom containing ring systems, heteroaromatic rings, and
heteroaromatic ring systems. Finally, it should be noted that the organyl group definition includes

the organyl group consisting of inert functional groups, and the hydrocarbyl group as a members.

[0017] For the purposes of this application, the term or variations of the term “organyl group
consisting of inert functional groups” refers to an organyl group wherein the organic functional
groups and/or atoms other than carbon and hydrogen present in the functional group are restricted
to those functional group and/or atoms other than carbon and hydrogen which do not complex with
a metal salt and/or are inert under the process conditions defined herein. Thus, the term or variation
of the term “organyl groups consisting of inert functional groups” further defines the particular
organyl groups that can be present within the organyl group consisting of inert functional groups.
Additionally, the term “organyl group consisting of inert functional groups” can refer to the
presence of one or more inert functional groups within the organyl group. The term or variation of
the “organyl group consisting of inert functional group” definition includes the hydrocarbyl group

as a member.

[0018] For purposes of this application, an “inert functional group” is a group which does not
substantially interfere with any process described herein in which it takes part and/or does not
complex with the metal salt of an a-diimine metal complex. The term “does not complex with the
metal salt” can include groups that could complex with a metal salt but in particular molecules
described herein can not complex with a metal salt due to its positional relationship within a
complexing a-diimine group. For example, while an ether group can complex with a metal salt, an
ether group located at a para position of a substituted phenyl imine nitrogen group is an inert
functional group because a single metal salt molecule can not complex with both the ether group
and the imine group of the a-diimine compound within the same molecule. Thus, the inertness of a
particular functional group is not only related to its functional group’s inherent inability to complex
the metal salt but can also be related to the functional group’s position within the metal complex.

Non-limiting examples of inert functional groups which due not substantially interfere with any
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process described herein can include halo (fluoro, chloro, bromo and iodo), ethers (alkoxy group or

etheryl group), sulfides (sulfidyl group), and/or hydrocarbyl groups.

[0019] The terms “polymerized product having X carbon atoms” and “oligomerized product
having X carbon atoms,” wherein X can be any integer, refers to materials produced in a reactor by
monomer polymerization or monomer oligomerization that has X carbon atoms. Thus, the term
polymerized product having X carbon atoms and oligomerized product having X carbon atoms
excludes materials in the reactor effluent having X carbon atoms which were not polymerized or

oligomerized (e.g. solvent).
[0020] For purposes of this application, a primary carbon group is —CHj.

[0021] For purposes of this application, a secondary carbon group includes a group of the
formula —CH,-, wherein the one free valence (-) is to an atom other than a hydrogen atom (the bond
represented by the dash, —, is to atom and/or group to which the secondary carbon group is
attached). Thus, the free valence can be bonded to a halogen atom, carbon atom, oxygen atom,
sulfur atom, etc. In other words, the free valence can be to an organyl group, an organyl group
consisting of inert functional groups, a hydrocarbyl group, a functional group, or an inert functional
group. Non-limiting examples of secondary carbon groups include —-CH,CH(CH3;),, -CH,Cl, —
CH,C¢Hs, and -CH,OCHs.

[0022] For purposes of this application, a tertiary carbon group includes a group of the formula -
—CH=, wherein the two free valences (=) are to atoms other than a hydrogen atom (the bond
represented by the dash, —, is to atom and/or group to which the tertiary carbon group is attached).
Thus, the two free valences can be independently bonded to a halogen atom, carbon atom, oxygen
atom, sulfur atom, etc. In other words, each of the two free valences can be to an organyl group, an
organyl group consisting of inert functional groups, a hydrocarbyl group, a functional group, or an
inert functional group. Non-limiting examples of secondary carbon groups include —CH(CHs),,
—CHCl,, —CH(C¢Hs),, —cyclohexyl, -CH(CH;3)OCHj;, and -CH=CHCHj;.

[0023] For purposes of this application, a quaternary carbon group includes a group of the
formula —C= , wherein the three free valences, =, are to atoms other than a hydrogen atom (the
bond represented by the dash, —, is to atom and/or group to which the quaternary carbon group is
attached). Thus, each of the three free valences can be independently bonded to a halogen atom,
carbon atom, oxygen atom, sulfur atom, etc. In other words, each of the three free valences can be
to an organyl group, an organyl group consisting of inert functional groups, a hydrocarbyl group, a

functional group, or an inert functional group. Non-limiting examples of tertiary carbon groups
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include:
—C(CHs;)3, ~C(C4Hs)s, —CCls, —C(CH;),0CH;, —C=CH, —C(CH;3)CH=CH,, —C¢Hs, —CF3, and -1-

adamantyl.
o-DIIMINE METAL COMPLEX, STARTING MATERIALS, AND INTERMEDIATES

[0024] Generally, the a-diimine metal complexes can be prepared from a-diacyl compounds,
two primary amines, and a metal salt. Within the methods to prepare the a-diimine metal
complexes, additional compounds including a-acylimine compounds and o-acylimine metal
complexes can be intermediates and/or starting materials in the synthesis of the a-diimine metal
complexes. The a-diacyl compounds, primary amines, a-acylimine compounds, a-acylimine metal
complexes, and metal salts are independent elements within the a-diimine metal complex synthesis

and further described herein.
a-Diacyl Compounds

[0025] Generally, o-diacyl compounds utilized in the production of the a-diimine metal
complexes comprise two acyl groups capable of forming an imine group when contacted with a
primary amine. Appropriate o-diacyl compounds can be those capable of reacting with two primary
amines to form an a-diimine compound. Within in this specification, the term “capable of reacting
with two primary amines to form an a-diimine compound” should not be construed to mean that
two primary amines are necessarily added in the same step. Nor should the term be construed to
mean that an a-diimine compound is necessarily formed as an intermediate to an a~-diimine metal
complex. Further, defining an a-diacyl compound as one capable of forming an imine group when
contacted with a primary amine is not necessarily indicative of methods of forming an imine group.
The term “capable of reacting with two primary amines to form an a-diimine compound” is
intended to describe to one skilled in the art the particular a-diacyl compounds which can be
utilized in the synthesis of the a-diimine metal complexes described herein. - The a-diimine metal

complexes can be produced utilizing any method as described herein.

[0026] One class of a-diacyl compounds that can be used in preparing o-diimine metal
complexes is an a-ketoaldehyde, which is a compound wherein a ketone oxygen atom and an
aldehyde oxygen atom are bonded to adjacent carbon atoms. The a-ketoaldehydes utilized in the
production of the a-diimine metal complexes can be any a-ketoaldehyde capable of reacting with
two primary amines to form an a-diimine compound. The a-ketoaldehyde can be saturated,

unsaturated, linear, branched, acyclic, cyclic, aromatic, and/or heteroaromatic.
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organyl group; alternatively, a C; to Cs organyl group consisting of inert functional groups; or
alternatively, a C, to Cs hydrocarbyl group. Generally the organyl group, organyl group consisting
of inert functional groups, or hydrocarbyl group of the o-ketoaldehyde can be saturated,

unsaturated, acyclic, cyclic, linear, branched, and/or aromatic.

[0028] In some embodiments, R represents an acyclic organyl group, an acyclic organyl
group consisting of inert functional groups, or an acyclic hydrocarbyl group. In other
embodiments, R*® represents a cyclic organyl group, a cyclic organyl group consisting of inert
functional groups, or cyclic hydrocarbyl group. Regardless of the structure of the organyl group,
organyl group consisting of inert functional groups, or hydrocarbyl group, R* can have any number
of carbon atoms as indicated herein. In some embodiments, the a-ketoaldehyde is a C; to Cy
glyoxal; alternatively, a C; to Cj, glyoxal; or alternatively, a C; to C¢ glyoxal. In some
embodiments, the a-ketoaldehyde is phenylglyoxal or a substituted phenylglyoxal. In other
embodiments, the a-ketoaldehyde is phenylglyoxal. Within substituted phenylglyoxal, each
substituent can be a C; to Cs organyl groups, a C; to Cs organyl groups consisting of inert
functional groups, and/or a C; to Cs hydrocarbyl groups. In other embodiments, each phenyl
substituents can be a C; to Cs organyl groups consisting of inert functional groups; or alternatively, v

a C; to Cs hydrocarbyl groups.

[0029] A second class of a-diacyl compounds which can be used in preparing a-diimine metal -
complexes is an a-dione (a compound wherein two ketone oxygen atoms are bonded to adjacent
carbon atoms). The a-diones utilized in the production of the a-diimine metal complexes can be
any a-dione compound capable of reacting with two primary amines to form an o-diimine
compound. The a-dione can be saturated, unsaturated, acyclic, cyclic, linear, branched, aromatic,

and/or heteroaromatic.

[0030] Generally, the a-dione will have the structure R“-C(=O)-C(=O)-Rk2 wherein the

structures of R*' and R™ are independent of each other and can be an organyl group, an organyl
8 o]
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[0040]

Within the Structures of Table 1, R, R?, R"! to/through R® R to/through R*®, and R*

to/through R® can each independently be hydrogen, an organyl group, an organyl group consisting

of inert functional groups, or a hydrocarbyl group. The organyl group, organyl group consisting of

inert functional groups, and hydrocarbyl group are generally described within the description of the

a-diacyl compounds and can have any embodiment as described therein. In Structure 2, “p” can be

a whole integer ranging from 1 to 10; alternatively, a whole integer ranging from 1 to 3;

alternatively, 1; alternatively, 2; or alternatively, 3. In some embodiments, R!, R%, R" to/through

R?, R* to/through R*, and R*' to/through R® can be hydrogen. In some embodiments, the a-

diacyl compound may have Structure 1 where R' is an organyl group, an organyl group consisting

of inert functional groups, or a hydrocarbyl group, and R? is hydrogen.
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6C Table 2
Primary Amines

[0041] The primary amine(s) that can be utilized in the synthesis of the a-diimine metal
complexes (and/or the intermediate a-acylimine compounds, a-acylimine metal complexes) can be
any primary amine capable of forming an imine group when contacted with an acyl group. It
should be noted that while the applicable primary amines are described in terms of the ability to
form an imine group when contacted with an acyl group, such description is not intended to imply a
method by which an imine group of an a-acylimine compound, a-acylimine metal complex, a-
diimine compound, and/or a-diimine metal complex described herein are made. The language is
intended to describe, to one skilled in the art, the particular primary amine(s) that can be utilized in
the synthesis of an o-acylimine compound, a-acylimine metal complex, a-diimine compound,
and/or o-diimine metal complex as described herein. The a-acylimine compound, a-acylimine
metal complex, a-diimine compound, and/or o-diimine metal complexes can be produced using any

method described herein.

[0042] Minimally, the primary amine comprises an -NH, group. In a further embodiment, the
primary amine comprises an -NH, group and an organyl group; alternatively, comprises an -NH,
group and a metal salt complexing group; alternatively, comprises an -NH, group, a metal salt
complexing group and a linking group linking the metal salt complexing group to the -NH, group;
alternatively, comprises an -NH, group and an organyl group consisting of inert functional groups;
or alternatively, comprises an -NH, group and a hydrocarbyl group. In yet other embodiments, the
primary amine consists of an -NH, group and an organyl group; alternatively, consists of an -NH,
group, a metal salt complexing group and a linking group linking the metal salt complexing group
to the -NH, group; alternatively, consists of an -NH, group and an organyl group consisting of inert
functional groups; or alternatively, consists of an -NH, group and a hydrocarbyl group. The
primary amines can be saturated, unsaturated, linear, branched, acyclic, cyclic, aromatic, and/or

heteroaromatic.

[0043] In an aspect, the primary amine can comprise an -NH, group and organyl group; or
alternatively, the primary amine can consist of an -NH, group and an organyl group. In the
embodiments wherein the primary amine can comprise or consist of an -NH, group and organyl
group, the organyl group can be a C, to Cs organyl group; alternatively, a C; to Cy, organyl group;
alternatively, a C; to C, organyl group; or alternatively, a C; to Cs organyl group. The organyl
group can be saturated, unsaturated, linear, branched, acyclic, cyclic, aromatic, and/or
heteroaromatic. In some embodiments, the primary amine comprising or consisting of an -NH,

group and organyl groups can have Structure 1a indicated below:
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R*NH, Structure la

wherein R* represents the organyl group. In embodiments, that utilize a second primary amine
comprising or consisting of an -NH, group and organyl groups, the second primary amine
comprising or consisting of an -NH, group and organyl groups can be designated as having

Structure 2a indicated below:

R*'NH, Structure 2a

wherein R*" represents the organyl group.

[0044] In an aspect, the primary amine can comprise an -NH, group and an organyl group
consisting of inert functional groups; or alternatively, the primary amine can consist of an -NH,
group and an organyl group consisting of inert functional groups. In the embodiments wherein the
primary amine can comprise or consist of an -NH, group and an organyl group consisting of inert
functional groups, the organyl group consisting of inert functional groups can be a C; to Cs, organyl
group consisting of inert functional groups; alternatively, a C; to C, organyl group consisting of
inert functional groups; alternatively, a C; to Cjo organyl group consisting of inert functional
groups; or alternatively, a C; to Cs organyl group consisting of inert functional groups. The organyl
group consisting of inert functional groups can be saturated, unsaturated, linear, branched, acyclic,
cyclic, aromatic, and/or heteroaromatic. In some embodiments, the inert functional groups can be
ether groups; alternatively, sulfide groups; alternatively, halide atoms; or alternatively, hydrocarbyl
groups. In some embodiments, the primary amine comprising or consisting of an -NH, group and
an organyl group consisting of inert functional groups can have Structure 1a wherein R* represents
the organyl group consisting of inert functional groups. In embodiments that utilize a second
primary amine comprising or consisting of an -NH, group and an organyl group consisting of inert
functional groups, the second primary amine comprising or consisting of an -NH, group and an
organyl group consisting of inert functional groups can be designated as having Structure 2a

wherein R*" represents the organyl group consisting of inert functional groups.

[0045] In some embodiments, the organyl group consisting of inert functional groups can be
an aromatic ring or aromatic ring system having one or more inert functional group substituent(s).
In these embodiments, the aromatic ring or aromatic ring system can be a substituted benzene ring
(a substituted phenyl group); or alternatively, a substituted naphthalene ring (a substituted naphthyl
group). The aromatic ring or aromatic ring system inert functional group substituent(s) can be an
organyl group having halogen atoms, an ether group (alkoxy group or etheryl group), or a sulfide
group (sulfidyl group). In some embodiments, the aromatic ring inert functional group
14 ©
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substituent(s) can be a trifluoromethyl group, a C; to Cs ether group a C; to Cs sulfide group or a
halogen atom. In some embodiments, the halogen atom may be fluorine, chlorine, bromine or
iodine; alternatively, chlorine; or alternatively, fluorine. In some embodiments, the alkoxy group
can be a methoxy group; alternatively, an ethoxy group; alternatively, an isopropoxy group; or
alternatively, a tert-butoxy group. Non-limiting examples of a primary amine consisting of an
aromatic ring having one or more inert functional groups include substituted anilines wherein the
substituents can be the substituents as described above. Non-limiting examples are primary amines
consisting of an aromatic ring or aromatic ring systems having one or more inert functional groups
such as 2-methoxyaniline, 3-methoxyaniline, 4-methoxyanaline, 2-chloroaniline, 3-chloroaniline, 4-
chloroanaline, 2-fluoroaniline, 3-fluoroaniline, 4-fluoroanaline, 2,6-trifluoromethylaniline, or

dimethyl-4-methoxyaniline.

[0046] In some embodiments, a primary amine comprising or consisting of an -NH, group and

an organyl group consisting of inert functional groups can have Structure 3a as indicated below:

Ra12 Ra11
Ra™3 NH, Structure 3a
Ral4 Ra15

wherein R*'! to/through R*® represent the substituents of the aromatic ring. In embodiments, that
utilize a second primary amine comprising or consisting of an -NH, group and an organyl group
consisting of inert functional groups, the second primary amine comprising or consisting of an -
NH, group and an organyl group consisting of inert functional groups can be designated as having

Structure 4a indicated below:

Ra1 2' Ra1 1
Rat¥ NH, Structure 4a
Ra1 4 Ra‘l 5'

wherein R*'" to/through R represent the substituents of the aromatic ring.

[0047] In an aspect, the primary amine can comprise an -NH, group and hydrocarbyl group; or
alternatively, the primary amine can consist of an -NH, group and a hydrocarbyl group. In
embodiments wherein the primary amine can comprise or consist of an -NH, group and hydrocarbyl

group, the hydrocarbyl group can be a C; to Cs hydrocarbyl group; alternatively, a C; to Cyy

15 °



R15 Rc4l N----_," Res, F2 073Ra3 Rc73Ra3 |1 Re83 N R 43 Rc44 Structure 17c
_ Ral RaRen Rc62Rc54 Structure 18c Rem Rem -p Rcs N

hydrocarbyl group; alternatively, a C; to C,y hydrocarbyl group; or alternatively, a C; to Cs
hydrocarbyl group. Independently, the hydrocarbyl group can be a saturated, unsaturated, acyclic,
cyclic, linear, branched, and/or aromatic. In some embodiments, the primary amine comprising or
consisting of an -NH, group and a hydrocarbyl group can have Structure 1a wherein R*' represents
the hydrocarbyl group. In embodiments that utilize a second primary amine comprising or
consisting of an -NH, group and an hydrocarbyl group, the second primary amine comprising or
consisting of an
-NH, group and an hydrocarbyl group can be designated as having Structure 2a wherein R*"
represents the hydrocarbyl group.

[0048] Acyclic hydrocarbyl group embodiments can include C; to Csy acyclic hydrocarbyl
groups; alternatively, C; to C,y acyclic hydrocarbyl groups; alternatively, C; to Cjo acyclic
hydrocarbyl groups; or alternatively, C; to Cs acyclic hydrocarbyl groups. The acyclic hydrocarbyl
groups can be linear; or alternatively, branched. Independent of the carbon number of the acyclic
hydrocarbyl group, the acyclic hydrocarbyl group can be a primary, secondary, tertiary, or
quaternary hydrocarbyl group. In some embodiments, the acyclic hydrocarbyl group can be a
primary hydrocarbyl group; alternatively, a secondary hydrocarbyl group; alternatively, a tertiary
hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group. In an aspect, the acyclic
hydrocarbyl groups can be a methyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-
butyl), sec-butyl (2-butyl), isobutyl (2-methyl-1-propyl), fert-butyl (2-methyl-2-propyl), n-pentyl
(1-pentyl), 2-pentyl, 3-pentyl, 2-methyl-1-butyl, ferz-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl,
3-methyl-2-butyl, neo-pentyl (2,3-dimethyl-1-propyl), or n-hexyl (1-hexyl) group. Specific, non-
limiting, examples of primary amines consisting of an -NH, group and an acyclic hydrocarbyl
groups include methyl amine, ethyl amine, n-propylamine, isopropyl amine, n-butyl amine, sec-
butylamine (2-butylamine), isobutylamine (2-methyl-1-propylamine), tert-butylamine (2-methyl-2-
propylamine), n-pentylamine, neopentylamine, and n-hexylamine. One skilled in the art will
readily recognize which hydrocarbyl groups belong (and which amines have a hydrocarbyl group
that belongs) to the primary, secondary, tertiary, or quaternary hydrocarbyl group classes.

[0049] Cyclic hydrocarbyl group embodiments can include embodiments wherein the
hydrocarbyl group is cyclic (the -NH, group is attached to a carbon that is a member of a ring or
ring system) or embodiments wherein the hydrocarbyl group comprises a cyclic group (the -NH,
group is attached to a carbon atom that is not a member of a ring or ring system). Regardless of
whether the cyclic hydrocarbyl group is cyclic or comprises a cyclic group, the cyclic hydrocarbyl
group can be C, to Csy cyclic hydrocarbyl group; alternatively, a C4 to Cyy cyclic hydrocarbyl

group; or alternatively, a C4 to Cy cyclic hydrocarbyl group. In embodiments, the cyclic
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cyclohexylamine, a substituted cyclohexylamine, or a substituted adamantylamine. In other
embodiments, the primary amine comprising or consisting of an -NH, group and cyclic hydrocarbyl
group can be a substituted cyclopentylamine; alternatively, a substituted cyclohexylamine; or
alternatively, a substituted adamantylamine. In yet other embodiments, the primary amine
comprising or consisting of an -NH, group and cyclic hydrocarbyl group can be cyclopentylamine,
cyclohexylamine, cycloheptylamine, or adamantylamine. In yet other embodiments, the primary
amine consisting of a cyclic hydrocarbyl group can be cyclopentylamine; alternatively,

cyclohexylamine; or alternatively, adamantylamine.

[0050] Aromatic hydrocarbyl group embodiments can include embodiments wherein the
hydrocarbyl group is aromatic (the -NH, group is attached to a carbon that is a member of an
aromatic ring or ring system) or embodiments wherein the hydrocarbyl group comprises an
aromatic group (the -NH, group is attached to a carbon atom that is not a member of a aromatic ring
or aromatic ring system). Regardless of whether the aromatic hydrocarbyl group of the primary
amine is aromatic or comprises an aromatic group, the aromatic hydrocarbyl group can be a Cg to
Csy aromatic hydrocarbyl group; alternatively, a C¢ to C,, aromatic hydrocarbyl group; or
alternatively, a Cq¢ to Cjp aromatic hydrocarbyl group. In some embodiments, the aromatic
hydrocarbyl group can be a phenyl group, substituted phenyl group, a naphthyl group, a substituted
naphthyl group, a benzyl group, or a substituted benzyl group. In other embodiments, the aromatic
hydrocarbyl group can be a phenyl group, a naphthyl group, or a benzyl group. In yet other
embodiments, the aromatic hydrocarbyl group is a phenyl group; alternatively, a naphthyl group; or
alternatively, a benzyl group. In further embodiments, the aromatic hydrocarbyl group can be a
substituted phenyl group; alternatively, a substituted naphthyl group; or alternatively, a substituted

benzyl group.

[0051] In embodiments, the primary amine comprising an -NH, group and an aromatic
hydrocarbyl group can be aniline, a substituted aniline, 1-naphthylamine, a substituted 1-
naphthylamine, 2-naphthylamine, a substituted 2-naphthylamine, benzyl amine, or a substituted

benzyl amine. In some embodiments, the primary amine comprising an -NH, group and an
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of an -NH, group and an aromatic hydrocarbyl group can be 2,6-dimethylanaline, 2,6-
diethylaniline, or 2,6-diisopropylaniline. In yet other embodiments, the primary amine consisting
of an -NH, group and an aromatic hydrocarbyl group can be 2,6-dimethylanaline; alternatively, 2,6-
diethylaniline;  alternatively, 2,6-diisopropylaniline; alternatively, 2,6-di-fert-butylanaline;
alternatively, 2,5-di-tert-butylanaline; alternatively, 2-isopropyl-6-methylanaline; or alternatively,

2,4,6-trimethylanaline.

[0052] In some embodiments, the primary amine comprising or consisting of an -NH, group

and an aromatic hydrocarbyl group can have Structure 3a wherein R*'' to/through R*"

represent the
substituents of the aromatic hydrocarbyl group. In embodiments that utilize a second primary
amine comprising or consisting of an -NH, group and an aromatic hydrocarbyl group, the second
primary amine comprising or consisting of an -NH, group and an aromatic hydrocarbyl group can
be designated as having Structure 4a wherein R*! to/through R represent the substituents of the

aromatic hydrocarbyl group.

[0053] In embodiments, each substituent of the cyclic hydrocarbyl group or the aromatic
hydrocarbyl group can independently be a C; to C, hydrocarbyl group; alternatively, a C; to Cy
hydrocarbyl group; or alternatively, a C; to Cs hydrocarbyl group. Independent of the carbon
number of the cyclic hydrocarbyl substituent, the substituents of the cyclic hydrocarbyl group or the
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[0056] In embodiments, the primary amine comprising or consisting of an -NH, group, a metal
salt complexing group, and a linking group linking the metal salt complexing group to the -NH,

group can have Structure 5a:

Q-L-NH, Structure Sa

where Q represents the metal salt complexing group and L represents the linking group. In some
embodiments, the metal salt complexing group and the linking group can have structures indicated

in Table 2 and Table 3, respectively.

[0057] The metal salt complexing group, Q, can be any group comprising a heteroatom
capable of complexing with the metal salt. The linking group, L, can be any group capable of
linking the metal salt complexing group to the -NH, group. The linking group includes all atoms
between the primary amine nitrogen atom, the -NH,, and the metal salt complexing group. If the
metal salt complexing group is acyclic, the linking group includes all atoms between the primary
amine nitrogen atom and the heteroatom of the metal salt complexing functional group. For
example, in N,N-dimethylethylenediamine the linking group is -CH,CH,- and the metal salt
complexing group is the N,N-dimethylaminyl group, and in 2-phenoxyethylamine the linking group
is -CH,CH,- and the metal salt complexing group is the phenoxy group. However, if the
heteroatom of the metal salt complexing group is contained within a ring, the linking group includes
all the atoms between the primary amine nitrogen atom and the first atom contained within the ring
containing the metal salt complexing heteroatom of the metal salt complexing group. For example,
in 2-(2-aminoethyl)pyridine the linking group is -CH,CH,- and the metal salt complexing group is
the 2-pyridinyl group, in 1-(2-aminoethyl) piperidine the linking group is -CH,CH,- and the metal
salt complexing group is the 1-piperidinyl group, and in 2-aminopyridine the linking group is a
bond and the metal salt complexing group is the 2-pyridinyl group.

[0058] The metal salt complexing group, Q, can be any group comprising a heteroatom
capable of complexing with the metal salt. In embodiments, the metal salt complexing group can
be a C, to C3p group comprising a heteroatom; alternatively, a C, to Cy group comprising a
heteroatom,; alternatively, a C, to Cyy group comprising a heteroatom; or alternatively, a C; to Cs
group comprising a heteroatom. In some embodiments, the metal salt complexing heteroatom of
the metal salt complexing group can be oxygen, sulfur, nitrogen, or phosphorus. In other
embodiments, the metal salt complexing heteroatom of the metal salt complexing group can be
oxygen or sulfur. In yet other embodiments, the metal salt complexing heteroatom of the metal salt

complexing group can be nitrogen, or phosphorus. In further embodiments, the metal salt
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complexing heteroatom of the metal salt complexing group can be oxygen; alternatively, sulfur;
alternatively, nitrogen; or alternatively, phosphorus. Optionally, the metal salt complexing group
can contain additional heteroatom which do not complex the metal salt in a-diimine metal complex
such as inert heteroatoms (e.g. halides, and silicon) and/or additional metal salt complexing

heteroatom(s) which do not complex with the metal salt.

[0059] In particular embodiments, the metal salt complexing group can be a dialkyl aminyl
group, a diphenyl aminyl group, a substituted diphenyl aminyl group, an alkyl phenyl aminyl group,
an alkyl substituted phenyl aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl group,
a substituted diphenyl phosphinyl group, an alkyl phenyl phosphinyl group, an alkyl substituted
phenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl group, a substituted phenyl
etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl group, a substituted phenyl sulfidyl group, a
furanyl group, a substituted furanyl group, a thiophenyl group, a substituted thiophenyl group, a
tetrahydrofuranyl group, a substituted tetrahydrofuranyl group, a thiophanyl group, a substituted
thiophanyl group, a pyridinyl group, a substituted pyridinyl group, a morphilinyl group, a
substituted morphilinyl group, a pyranyl group, a substituted pyranyl group, a tetrahydropyranyl
group, a substituted tetrahydropyranyl group, a quinolinyl group, a substituted quinolinyl group, a
pyrrolyl group, a substituted pyrrolyl group, a pyrrolidinyl group, a substituted pyrrolidinyl group, a
piperidinyl group, or a substituted piperidinyl group. In embodiments, the metal salt complexing
group can be a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl phosphinyl group, a
diphenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl group, an alkyl sulfidyl group,
a phenyl sulfidyl group, a furanyl group, a thiophenyl group, a tetrahydrofuranyl group, a
thiophanyl group, a pyridinyl group, a morphilinyl group, a pyranyl group, a tetrahydropyranyl
group, a quinolinyl group, a pyrrolyl group, a pyrrolidinyl group, or a piperidinyl group. In some
embodiments, the metal salt complexing group can be a dialkyl aminyl group, a diphenyl aminyl
group, a substituted diphenyl aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl
group, a substituted diphenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl group, a
substituted phenyl etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl group, a substituted
phenyl sulfidyl group, a pyridinyl group, a substituted pyridinyl group, a morphilinyl group, or a
substituted morphilinyl group; alternatively, a dialkyl aminyl group, a diphenyl aminyl group, a
dialkyl phosphinyl group, a diphenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl
group, an alkyl sulfidyl group, a phenyl sulfidyl group, a pyridinyl group, or a morphilinyl group;
alternatively, a dialkyl aminyl group, a diphenyl aminyl group, a substituted diphenyl aminyl group,
a dialkyl phosphinyl group, a diphenyl phosphinyl group, or a substituted diphenyl phosphinyl
group; alternatively, a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl phosphinyl group, a
diphenyl phosphinyl group; or alternatively, a diphenyl aminyl group, a substituted diphenyl aminyl
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group, a diphenyl phosphinyl group, a substituted diphenyl phosphinyl group; alternatively, a
diphenyl aminyl group, a substituted diphenyl aminyl group, a diphenyl phosphinyl group, a
substituted diphenyl phosphinyl group, a phenyl sulfidyl group, a substituted phenyl sulfidyl group,
a pyridinyl group, or a substituted pyridinyl group; or alternatively, a diphenyl aminyl group, a
diphenyl phosphinyl group, a phenyl sulfidyl group, or a pyridinyl group. In other embodiments,
the metal salt complexing group can be a dialkyl aminyl group or a dialkyl phosphinyl group;
alternatively, a diphenyl aminyl group or a diphenyl phosphinyl group; alternatively, a substituted
diphenyl aminyl group or a substituted diphenyl phosphinyl group; alternatively, a 2-pyridinyl
group or a substituted 2-pyridinyl group; alternatively, an alkyl etheryl group, a phenyl etheryl
group, a substituted phenyl etheryl group, a alkyl sulfidyl group, a phenyl sulfidyl group, or a
substituted sulfidyl group; alternatively, an alkyl etheryl group or an alkyl sulfidyl group;
alternatively, a phenyl etheryl group, a substituted phenyl etheryl group, a phenyl sulfidyl group, or
a substituted sulfidyl group; alternatively, a phenyl etheryl group or a substituted phenyl etheryl
group; alternatively, a phenyl sulfidyl group, a substituted phenyl sulfidyl group; alternatively, a
phenyl sulfidyl group; alternatively, a substituted phenyl sulfidyl group; alternatively, a furanyl
group, a substituted furanyl group, a thiophenyl group or a substituted thiophenyl group;
alternatively, a 1-morphilinyl group or a substituted 1-morphilinyl group; alternatively, a 2-
morphilinyl group or a substituted 2-morphilinyl group; alternatively, a 2-pyranyl group or a
substituted 2-pyranyl group; alternatively, a 2-tetrahydropyranyl group, a substituted 2-
tetrahydropyranyl group; alternatively, a 1-piperidinyl group, or a substituted 1-piperidinyl group;
alternatively, a 1-pyrrolidinyl group, a substituted l-pyrrolidiﬁyl group; alternatively, a 2-
pyrrolidinyl group, a substituted 2-pyrrolidinyl group; alternatively, a 2-piperidinyl group, or a
substituted 2-piperidinyl group; alternatively, a 2-quinolinyl group or a substituted 2-quiolinyl
group; alternatively, a 1-pyrrolyl group or a substituted 1-pyrrolyl group; alternatively, a 2-pyrrolyl
group or a substituted 2-pyrrolyl group; alternatively, a 2-tetrahydrofuranyl group or a substituted
2-tetrahydrofuranyl group; or alternatively, a 2-thiophanyl group or a substituted 2-thiophanyl
group. In yet other embodiments, the metal salt complexing group can be a diphenyl aminyl group;
alternatively, a substituted diphenyl aminyl group; alternatively, a diphenyl phosphinyl group; or
alternatively, a substituted diphenyl phosphinyl group.

[0060] The alkyl group(s) of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt complexing
group embodiments can independently be a C; to Cy organyl group consisting of inert functional
groups; alternatively, a C; to Cjy organyl group consisting of inert functional groups; or
alternatively, a C; to Cs organyl group consisting of inert functional groups; C; to Cy, hydrocarbyl
group; alternatively, a C; to Cyy hydrocarbyl group; or alternatively, a C; to Cs hydrocarbyl group.
The substituted phenyl groups of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt complexing
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group embodiments can independently be a Cq to Cyo phenyl group; or alternatively, a C¢ to Cys
phenyl group. Indepéndently, the alkyl groups of the aminyl, phosphinyl, ethyl, or sulfidyl metal
salt complexing groups can be primary, secondary, tertiary, or quaternary hydrocarbyl groups. In
some embodiments, the alkyl group of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt
complexing group can be a primary hydrocarbyl group; alternatively, a secondary hydrocarbyl

group; alternatively, a tertiary hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group.

[0061] Each substituent of the substituted metal salt complexing group embodiments can
independently be a C; to Cy, organyl group, a C; to Cy, organyl group consisting of inert functional
groups, a C; to Cjo hydrocarbyl group, or an inert functional group. In some embodiments, the
substituents of the substituted metal salt complexing group can be C; to Cs organyl groups, a C; to
Cs organyl groups consisting of inert functional groups, C; to Cs hydrocarbyl groups, or an inert
functional group. In other embodiments, the substituents of the substituted metal salt complexing
group can be C; to C;o organyl groups; alternatively, a C; to C;o organyl groups consisting of inert
functional groups; alternatively, a C; to Cyo hydrocarbyl groups; alternatively, a C; to Cs organyl
groups; alternatively, a C; to Cs hydrocarbyl groups; or alternatively, inert functional groups.
Independent of the carbon number of the organyl group, and the organyl group consisting of inert
functional groups each organyl group and organyl group consisting of inert functional groups can
be a primary, secondary, tertiary, or quaternary hydrocarbyl group. In some embodiments, each
organyl group and organyl group consisting of inert functional groups can be a primary group;
alternatively, a secondary group; alternatively, a tertiary group; or alternatively, a quaternafy group.
Independent of the carbon number of the organyl group consisting of inert functional groups, the
organyl group consisting of inert functional groups can comprise a halide, an ether group (alkoxy
group or etheryl group), or a sulfide group (sulfidyl group). In some embodiments, the organyl
group consisting of inert functional groups can be a trifluoromethyl group; or alternatively, a
trichloromethyl group. In embodiments, the inert functional group can be a halogen atom or an
alkoxy group; alternatively, a halogen atom; or alternatively, an alkoxy group. In some
embodiments, the halogen atom may be fluorine, chlorine, bromine or iodine; alternatively,
chlorine; or alternatively, fluorine. In some embodiments, the alkoxy group can be a methoxy
group; alternatively, an ethoxy group; alternatively, an isopropoxy group; or alternatively, a fert-

butoxy group.

[0062] Independent of the carbon number of the hydrocarbyl substituent, the alkyl group or the
substituent(s) of the substituted metal salt complexing group can be a primary, secondary, tertiary,
or quaternary hydrocarbyl group. In some embodiments, the alkyl group or the substituent(s) of the

substituted metal salt complexing group can be a primary hydrocarbyl group; alternatively, a
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Table 2

Example Metal salt complexing Groups

Rc13 Rc15
RC11 RC17 11
Re19 Re11 RC13 RC15 S R s
c21_ R
R*-N 20 RC21-N Re17
R Rc12 RC15

0

c18
RC14 Rc15

Re14 Re16 RE18

c17
Ro14 Loig R
R

Structure 9¢ Structure 10c Structure 11c Structure 12¢
Relt Re13 . RE31 RE33 Ro3! RE33 Re4t
R Re43
O 17 S
RC -0 Rc35 —S RC35 _Ni:[
RC19 =
Rc14 RCZ 0 Rc44
RC16 Rc18 RC32 RC34 RC32 R034 Rc42
Structure 13c Structure 14c¢ Structure 15¢ Structure 16¢
RC“\5 RE51
N R4 N RET3 RE75 RT3 RE75
Q I 74 \ RE53
Rc43 — RC71 RC77 RC71 RC77
Rc44 R052 Rc54
S l 8 RC79 RC79
Structure 17¢ tructure 18c —N o0 —F R s
O RCG1 S R061 RC72 Rc78 Rc72 Rc78
< (]
RC63 Rc63 R4 Rc76 RC74 RC76

RCGZ

Structure 19¢

Structure 20c

Structure 21¢

Structure 22¢

Structure 11c¢ or Structure 12c; alternatively, Structure 14c or Structure 15¢; alternatively, Structure

19¢ or Structure 20c; or alternatively, Structure 21¢ or Structure 22¢. In yet other embodiments, the

metal salt complexing group can have Structure 3c; alternatively, Structure 4c; alternatively,

Structure 7¢; Structure 10c; alternatively, Structure 13c; alternatively, Structure 16¢; alternatively,

Structure 17c; alternatively, Structure 18; alternatively, Structure 21c; or alternatively, Structure

22¢.

[0067]

Within the structures of Table 2, R, R®, R, R°"! to/through R®*', R®' to/through R*,

R fo/through R, R®! to/through R®*, R®' to/through R°®, R*"' to/through R* can each

independently be hydrogen, an organyl group consisting of inert functional groups, a hydrocarbyl
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X MN P/R4A2 0 Si R43 R31 R39R41 Structure 22d .--C1 L, \ ,1?Axp NNo / RS
.Rao R39R42 R43 Structure 23d 9-L 'l X MNR52 P/\ O tip R4 R51. 9-L IR52 x
ntA-N Pi 0 al R54 R5 eR56 R58 R57
group, or inert functional groups. In embodiments, R, R®, R, R to/through R*°, R
to/through R, R*! to/through R**, R®*! to/through R°*, R®' to/through R°®, R*"! to/through R*®
of each Structure in Table 2 can independently be hydrogen, an organyl group consisting of inert
functional groups, a hydrocarbyl group, or an inert functional group and R*' and R** can be a
hydrocarbyl group. In some embodiments, R®', R®, R®, R to/through R*', R®' to/through R,
R*! to/through R*, R®" to/through R®**, R®®! to/through R°®, R°"" to/through R* of each Structure
of Table 2 an independently be hydrogen, a C; to Cyo organyl group, a C; to C,, organyl group
consisting of inert functional groups, a C; to C;o hydrocarbyl group, a C; to Cs organyl group, a C,
to Cs organyl group consisting of inert functional groups, a C; to Cs hydrocarbyl group or an inert
functional group. The organyl groups, organyl groups consisting of inert functional groups,
hydrocarbyl groups, and inert functional groups are generally described within the description of

the metal complexing group descriptions and can have any embodiment as described therein.

[0068] In some embodiments, the linking group can have any structure indicated in Table 3.
Within the Structure of Table 3, the undesignated valancies are the points of attachment for the -
NH, group and the metal salt complexing group; each R" can independently be hydrogen, a methyl
group, or an ethyl group; and m can be an integer ranging from 1 to 5. In further embodiments, m
can be an integer ranging from 1 to 3; alternatively, m can be 2 or 3; alternatively, m can be 1;

alternatively, m can be 2; or alternatively, m can be 3.

Table 3
Example Linking Groups
~(CR'RY)ar «(CH)ar -(CHy)-
Structure 1L A Structure 2L Structure 3L
RL4 RL1
'(CHzCHQ)- RL3 RL2
Structure 4L Structure 5L

[0069] In embodiments, the linking group can have Structure 1L, Structure 2L, Structure 3L,
Structure 4L or Structure 5L. In some embodiments, the linking group can have Structure 4L or
Structure SL. In other embodiments, the linking group can have Structure 2L; alternatively,

Structure 3L; alternatively, Structure 4L; or alternatively, Structure SL.



R53 R5 Structure 25d 9- _,_, X MNIR52 P/\ OR54 R5 it R60 .6 R53 R55R56
Structure 26d R 56 R53R55 Structure 24d RaX M0 Ral2P/ N RalRl Ral5 Ral4
Structure 27d Rail " ..-n Ral2A p mu\IR13 N R14 RaR(CF-12)n Ral5 R12

a~Acylimine Compounds

[0070] The a-acylimine compounds can be described using any one of several descriptions.
While the a-acylimine compound descriptions may be indicated by labels such as first description,
second description, etc., these labels do not indicate a particular preference to the description of the

a-acylimine compounds.

[0071] In a first description, the a-acylimine compound can be minimally described as a
compound comprising an a-acylimine group. In further embodiments, the o-acylimine compound
can be described as a compound comprising 1) an a-acylimine group and 2) an a-acylimine
nitrogen group. In this first a-acylimine compound description, the a-acylimine group can be
further described as being derived from an a-diacyl compound. Thus, alternatively, the a-acylimine
compound can be described as compound comprising 1) an a-acylimine group derived from an o-
diacyl compound and 2) an a-acylimine nitrogen group; or alternatively, a compound consisting of

1) an a-acylimine group derived from an a-diacyl compound and 2) an a-acylimine nitrogen group.

[0072] Within the a-acylimine compound, the a-acylimine group’s nitrogen atom is derived
from the primary amine’s -NH, group and the a-acylimine compound’s nitrogen group is derived
from the remainder of the primary amine. Thus, the a-acylimine nitrogen group can have any of the
embodiments as the primary amine (with the absence of the -NH, group) as described herein.
Therefore, the organyl group, metal salt complexing group, linking group, organyl group consisting
of inert functional groups, and hydrocarbyl groups of the primary amine embodiments described
herein are generally applicable to the description of the a-acylimine compound’s nitrogen group
with the proviso that the linking group links the metal salt complexing group to the imine nitrogen
atom of the a-acylimine group instead of the -NH, group of the primary amine. Thus, in
embodiments, the a-acylimine nitrogen group can comprise an organyl group; alternatively,
comprise a metal salt complexing group; alternatively, comprise a metal salt complexing group and
a linking group linking the metal salt complexing group to the a-acylimine nitrogen group nitrogen
atom; alternatively, comprise an organyl group consisting of inert functional groups; alternatively,
comprise a hydrocarbyl group; alternatively, consist of an organyl group; alternatively, consist of a
metal salt complexing group and a linking group linking the metal salt complexing group to the -
acylimine nitrogen group nitrogen atom; alternatively, consist of an organyl group consisting of
inert functional groups; or alternatively, consist of a hydrocarbyl group. Additionally, as the a-
acylimine group and the a-acylimine nitrogen group are derived from separate and independent
elements, the a-diacyl compound and the primary amine, respectively, the o-acylimine compound
can be further described using any combination of the a-diacyl compound element described herein

and the elements of the primary amine as described herein.
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Ral4 Structure 28d Rail X M0 Ral2Pi\ '"\13 NNR R15 R13
Il R Ra 5R14 Ra 4 Structure 29d Table 5 Exanple a-Acylimne Metal

Conpl exes Rail x mc) Ral2P/R13 N 13 ti R'N Rl4 RaiX M0 Ral2Pi WB NRI 4
Rat ist R1L R17 5al518 R S12R16 Ral4R15 Structure 31d 9 R20 Rail X MO

Ral2Pi 4@75?13 ith N&debnd description, the a-acylimine compound can be described as an a-acylimine
compound product of contacting an a-diacyl compound with a primary amine. Within this second
a-acylimine compound description, as in the synthesis of the a-acylimine compound, the a-diacyl
compound and the primary amine are separate and independent elements. Thus, in the second a-
acylimine compound description, the a-acylimine compound can be further described using any
combination of the a-diacyl compound element described herein and the primary amine element as
described herein. As non-limiting examples, the a-acylimine compound can be the a-acylimine
compound product of contacting an a-diacyl compound with a primary amine comprising an -NH,
group and an organyl group; alternatively, contacting an o-diacyl compound with a primary amine
comprising an -NH, group and a metal salt complexing group; alternatively, contacting an a-diacyl
compound with a primary amine comprising an -NH, group, a metal salt complexing group, and a
linking group linking the metal salt complexing group to the -NH, group; alternatively, contacting
an o-diacyl compound with a primary amine comprising an -NH, group and an organyl group
consisting of inert functional groups; alternatively, contacting an a-diacyl compound with a primary
amine comprising an -NH, group and a hydrocarbyl group; alternatively, contacting an a-diacyl
compound with a primary amine consisting of an -NH, group and an organyl group; alternatively,
contacting an a-diacyl compound with a primary amines consisting of an -NH, group, a metal salt
complexing group, and a linking group linking the metal salt complexing group to the -NH, group;
alternatively, contacting an a-diacyl compound with a primary amine consisting of an -NH, group
and an organyl group consisting of inert functional groups; or alternatively, contacting an a-diacyl
compound with a primary amine consisting of an -NH, group and a hydrocarbyl group. The a-
acylimine compound can be further described using any combination of the a-diacyl compound

element described herein and the primary amine element as described herein.

[0074] In a third description, the a-acylimine compounds can be described as an a-acylimine
compound product produced by any process as described herein and can be further described using

any embodiments of the processes as described herein.

[0075] In a fourth description, the a-acylimine compound can be described as having any
structure as indicated in Table 4. In some embodiments, the a-acylimine compound can have
Structure 1b or Structure 27b; alternatively, Structure 2b or Structure 28b; alternatively, Structure
3b, Structure 4b, Structure 5b, Structure 29b, Structure 30b, or Structure 31b; alternatively,
Structure 6b or Structure 32b; alternatively, Structure 7b, Structure 8b, mixtures of Structure 9b and
Structure 10b, Structure 33b, Structure 34b, or mixtures of Structure 35b and Structure 36b;
alternatively, Structure 11b, Structure 12b, Structure 13b, Structure 37b, Structure 38b, or Structure

39b; or alternatively, Structure 11b or Structure 37b. In other embodiments, the a-acylimine
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RR18 R813R815R16R15 Ral4 Structure 32d Ra R16 Ral5 R12R15 Ral4 Structure
30d Ral2R811 Ral3X2M 0 NR32 514Rel5 G| 531R 4 R33 Structure 33d Ral2
Rail R13 1111 X M0 P/ NR32 R815 W0. 1 MIIR38 R35 R37 Structure 34d
Ral14R36

compound can have Structure 27b; alternatively, Structure 28b; alternatively, Structure 29b,
Structure 30b, or Structure 31b; alternatively, Structure 32b; alternatively, Structure 33b, Structure
34b, or mixtures of Structure 35b and Structure 36b; alternatively, Structure 37b, Structure 38b, or
Structure 39b; or alternatively, Structure 37b. In yet other embodiments, the a-acylimine
compound can have Structure 14b; alternatively, Structure 15b; alternatively, Structure 16b,
Structure 17b, or Structure 18b; alternatively, Structure 19b; alternatively, Structure 20b, Structure
21b, or mixtures of Structure 22b and Structure 23b; alternatively, Structure 24b, Structure 25b, or

Structure 26b; or alternatively, Structure 24b.

Table 4
Example a-Acylimine Compounds
O (0]
Q N R™ ] 13 N R™
Ra1/ N 1 Ra1/N\ R Ra1/ AN 1
Ra1’N R2 R R15 R
N R11—1—(CHa)n R R RIS
R1 R12 R14 R12 R15
Structure 1b Structure 2b Structure 3b Structure 4b
Q R R{® g20 0
13 R32
Ra1/N\ R14 N Q R13 Ra1/N\
11 RY7 RATIN RY
R R34
A R1 8 R1 1 R1 8 R31
R {5 R16 1% R 33
R R R
Structure 5b Structure 6b Structure 7b
O
al
31/N R32 R40 /R R4O
RN Q N
R36 N R42 o \ R42
R31
Q R38 Q R43 R43
R35 R31 R31
R37 Ry R R RY
Structure 8b Structure 9b
Q R52
RaNS
O R54
51
R O RS6
R3S  R® RS R%
Structure 11b Structure 12b Structure 13b
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Table 4
Example a-Acylimine Compounds
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R5 411411411411 R56 R6 R 555R56 Structure 39d [0088] The a-acylim ne netal

conpl exes of Table 5 can be prepared utilizing various methods as descri bed

hﬁr ei n. [ Depending upon the a-acyltm n%abrlrgi al conpl ex preparation nethod,
t he a-
Example a-Acylimine Compounds
Ra11 Ra11 Ra11
Ra12 Q Ra12 Q R13 Ra12 Q
N\R\\Rz N\ N\ R'3
R4 1
1 R4 13 rRM R
Ra13 R1 R2 3 (CHz)n R?
Ra15 Ra15 - Ra15 R14
Ra'4 Ralt R Ra'4
Structure 27b Structure 28b Structure 29b
Ra11
" Ratt (o] Ra12 ] R Rt
RA N R™3 N R4 | R2
X 14 17
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0 39 diacyl conmpound, the primary am ne, the netal salt, arid/or the
a-acyl i m ne conpound can each be separate and i ndependent elenents in the
preparation of the a-acylimne netal conplex. Therefore, the W of a-diacyl
conpounds having Structures 1-12 (Table 1), the netal salts, the Rs of the
primary[am nes having Structures Ta- 4% the 1 nki ng groups 1L-5L (Table|3)
of the primary am ne having Structure gﬁ and the netal salt conpl exing
group r5 having Structures | cExdzgle(cFaBllignind)Caipotus pri mary anlne havi ng

Structu e 53 are enpar ate anrl |nrlnpnnrl nt nl erents nf + hn tal

J CTTre u u\.;_yll IIIII\/ T
conpl exes of Raple 5, Thus, the a-acyl|jmne me@al conpl exes of Table 5 gan
be furtper deschibed using apy conbination of th rs of a-disacyl conpoynds
havi ng St ruet

-12 (°ablr 1)wﬁs dejscri bed? n, th& netal sal ts as
descri bed herei g . i '

descri bgd hergi/n, Aroups 1L-5L ( Rald 3), =r§ am ne
havi ng St ructur e 5% . Riferei p, and the rfbkal 83 afplB%i ng
group Rs having Struct 5 ICR%ZC (Tabl e 2) of the prl ne havi ng
Structufe 5a as des he¥ein. a -Dimne Metal Cgy [05@9]Cne

aspect pf the invention jivol ves a-diimne netal conpl exgs. gfhe a-diimne
net al cpnpl exes can be descri bed using| any one of several descriptions.
Wi l e the a-diinm néStmetuegl382onpl ex descriptions may Paciurdid%at ed by | abells
such asfirst—description, Ssecond description, etc., these tabets do not
indicate a particular preference to the descriptions of the a-diimne netal
conpl exes. a&OOQ%%Fn a first description, the a-diimne netal conplex can be
descri betf0 atacylimine compsiuasieef Tableathcan- beinrerarse WHAP® K#EPUSs methgdy as
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is not t{g lifiemhe Mmpdust. Itrﬂeftﬁ)r@eteat s SONBLEX colfisfahd RivibiruliiRs MRE rpbiof
preparlngbthe a-diimne netal conplex' is i'ndependent of the nethod of

descri bi Rythefe saf dici nrimeey sraingy hadeﬁpit@%uresrmréa twr}k@lgt Ferrs -1 niTakle b ol

conpl ex tt@;snhnyctﬁﬁlerﬂabﬁg saﬁctareeg MRk 8% R4 VR nlexBredrduy Y& HaPRP SHdurand a
metal salt, thé adiimné metal conplex may be prepared by contacting an

a-di i mi n&-Ssridahing efihe primey amingdjaying 13911%% PadtE S3ppran 23 BEgaendrrhecrepound,
an am ne @i (@ MRhiat cSR)dundOsf BBY At BRL, TR LRAIHERS cohpRANE! Bibk 4 Theve

a-di i mne conpounds and netal salts are separate and 1 ndependent el enents
of the atitheraiepmsibpdbpsing ayrmombinatiomefshoRistifre-dirfyl pepropnG htinenttFietuatst lal 2

conpl ex @%ﬁert? BY §Q8hibell M6red; Bk IR REHIBLRlaryCRITs @M via 8 BtrkRuEE BLdd padsdisig any
conbi nat1 on of a-diimne conpound as described herein and the netal_ salt as
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compound. In some enbodi ments, t e a-diimne netal conplex can be

descri beétmaéh‘a’lltgrstt%‘éWFetﬁaﬁati@CWéFre@al t conmplexed to a tridentate a-diinine
conpound. It should be noted that while the | ater enbodi nent describes the
a-di i m ngre@kats conpl ex as a tricoordinate netal salt conplexed to a
tridentate a-diimne compound, this description does not necessarily i mply
that the three |jgands of the tr|d te a-diimne c ound xed
to the mDE°Sal e RGR Bhanliie b Snd ey FoGOma: @ SR Tea 1 1 s
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alternatively, Structure 11 e, Structure332e, or Structure 13e; or °
alternatively, Structure lie. In some enbodi mrents, W and Rav of Structures
1l e-1 3e are different (not identical). In sone enbodi nents, Ro of
Structures le to/through 13e can have Structure 1 g (derived froma primry
am ne having Structure 3a). I n ot her enmbodi nents, Rau of Structures 1 e
to/ through 13e can have Structure 2g (derived froma prinmary am ne having
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[0078] In some embodiments, the metal salt is dicoordinating; can complex with two

complexing atoms (e.g. the two imine nitrogen atoms of an o-diimine compound or the oxygen
atom of the acyl group and the nitrogen atom of the imine group of an a-acylimine compound). In
other embodiments, the metal salt can be tricoordinating; can complex with three complexing atoms
(e.g. the two imine nitrogen atoms and heteroatom of the metal salt complexing group of an a-
diimine compound). Typically, dicoordinating metal salts are utilized with bidentate o-diimine

compounds and tricoordinating metal salts are utilized with tridentate a-diimine compounds.

[0079] In some embodiments wherein the a-diimine compound portion of the a-diimine metal
complex is tridentate (e.g. the a-diimine compound portion of the a-diimine metal complex
comprises an o-diimine group and a metal salt complexing group), the metal salt can comprise
chromium, iron, cobalt, or mixtures thereof; alternatively, iron, cobalt, or mixtures thereof;
alternatively, iron; or alternatively, cobalt. In some embodiments wherein the a-diimine compound
portion of the a-diimine metal complex is bidentate (e.g. the a-diimine compound portion of the a-
diimine metal complex comprises an a-diimine group and does not contain a metal salt complexing
group), the metal salt can comprise nickel, palladium, or mixtures thereof; alternatively, nickel, or

alternatively, palladium.

[0080] The anion X, of the metal salt can be any anion. In some embodiments, the anion X
can be a halide, carboxylate, acetonate, alkoxide, phenoxide, nitrate, sulfate, phosphate, or chlorate.
In some embodiments, the anion, X, is a halide or acetonate. In embodiments, the halide can be
fluorine, chlorine, bromine, iodine, or combinations thereof, alternatively, chlorine, bromine,
iodine, or combinations thereof; alternatively, chlorine; alternatively, bromine, or alternatively,
iodine. In carboxylate, acetonate, alkoxide or phenoxide embodiments, the carboxylate, acetonate,
alkoxide, or phenoxide can be any C; to Cy carboxylate, acetonate, alkoxide, or phenoxide; or
alternatively, any C; to Cjq carboxylate, acetonate, alkoxide, or phenoxide. In some embodiments,
the anion, X, can be a C, to Cy, acetonate; alternatively, a C; to Cy, carboxylate; alternatively, a C,
to Cyp alkoxide; or alternatively, a C; to Cio phenoxide. In other embodiments, the anion X, can be

acetylacetonate; alternatively, acetate; alternatively, 2-ethylhexanoate; or alternatively, triflate.

[0081] Generally, the number, p, of anions, X, is such that the total number of negative
charges on the total number of X anions equals the oxidation state of M. In some embodiments, p
is 1, 2, or 3, and the total number of negative charges on X is equal to the oxidation state of M. In

other embodiments, the total number of anions, p, is 2; or alternatively, 3.

[0082] In embodiments, tricoordinating metal salts can be chromium(Il) chloride,

chromium(III) chloride, chromium(I) fluoride, chromium(Ill) fluoride, chromium (II) bromide,
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chromium(Il) bromide, chromium(Il) iodide, chromium(Ill) iodide, chromium(Il) acetate,

chromium (III) acetate, chromium(III) acetylacetonate, chromium(Il) 2-ethylhexanoate, chromium
(D) triflate, chromium(IIl) nitrate, iron(Il) chloride, iron(IIT) chloride, iron(II) fluoride, iron(III)
fluoride, iron (II) bromide, iron(IIT) bromide, iron(IT) iodide, iron(IIl) iodide, iron(Il) acetate, iron
(III) acetate, iron(II) acetylacetonate, iron(Ill) acetylacetonate, iron(Il) 2-ethylhexanoate, iron (II)
triflate, iron(Ill) nitrate, cobalt(Il) chloride, cobalt(IIl) chloride, cobalt(Il) fluoride, cobalt(IIT)
fluoride, cobalt (II) bromide, cobalt(IIl) bromide, cobalt(Il) iodide, cobalt(Ill) iodide, cobalt(Il)
acetate, cobalt (III) acetate, cobalt(Il) acetylacetonate, cobalt(Il) benzoylacetonate, cobalt(III)
acetylacetonate, cobalt(Il) 2-ethylhexanoate, cobalt (I) triflate, cobalt(Ill) nitrate, vanadium (III)
chloride, vanadium (II) chloride, vanadium(IIl) chloride tetrahydrofuran complex, vanadium (III)
iodide, manganese(I) acetate, manganese(Il) acetylacetonate, manganese(Il) bromide,
manganese(Il) chloride, manganese(IT) fluoride, manganese(IIl) fluoride, or manganese(Il) iodide.
In some embodiments, the tricoordinating metal salt can be chromium(II) chloride, chromium(III)
chloride, chromium(Il) acetate, chromium (III) acetate, chromium(IIl) acetylacetonate, iron(Il)
chloride, iron(II) chloride, iron(II) acetate, iron (III) acetate, iron(Il) acetylacetonate, iron(III)
acetylacetonate, cobalt(I) chloride, cobalt(IIT) chloride, cobalt(I) acetate, cobalt (III) acetate, or
cobalt(Il) acetylacetonate.” In other embodiments, the tricoordinating metal salt can be
chromium(Il) chloride, chromium(IIl) acetylacetonate, iron(II) chloride, iron(II)} acetylacetonate,
iron(IIT) acetylacetonate, cobalt(I) chloride, cobalt(Il) acetylacetonate. In other embodiments, the
tricoordinating metal salt can be chromium(Il) chloride; alternatively, chromium(III)
acetylacetonate; alternatively, iron(II) chloride; alternatively, iron(Il) acetylacetonate; alternatively,

cobalt(Il) chloride; or alternatively, cobalt(I) acetylacetonate.

[0083] In embodiments, dicoordinating metal salts can be nickel(Il) chloride, nickel(IT)
fluoride, nickel (II) bromide, nickel(I) iodide, nickel(Il) acetate, nickel(Il) acetylacetonate,
nickel(Il) benzoylacetonate, nickel(Il) 2-ethylhexanoate, nickel (II) triflate, nickel(Il) nitrate,
palladium(I) chloride, palladium(II) fluoride, palladium (II) bromide, palladium(Il) iodide,
palladium(I) acetate, palladium(Il) acetylacetonate, or palladium(I) nitrate. In some
embodiments, the dicoordinating metal salt can be nickel(II) chloride, nickel(I) acetylacetonate,
palladium(II) chloride, or palladium(II) acetylacetonate. In other embodiments, the dicoordinating
metal salt can be alternatively, nickel(Il) chloride; alternatively, nickel(Il) acetylacetonate;

alternatively, palladium(II) chloride; or alternatively, or palladium(Il) acetylacetonate.
o -Acylimine Metal Complexes

[0084] The a-acylimine metal complexes can be described using any one of several

descriptions. While the a-acylimine metal complex descriptions may be indicated by labels such as
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first description, second description, etc., these labels do not indicate a particular preference to the

description of the a-acylimine metal complexes.

[0085] In a first description, the a-acylimine metal complex can be described as a complex
between an a-acylimine compound and a metal salt. While this a-acylimine metal complex
description appears to imply a specific a-acylimine metal complex synthesis method, this is not the
intent. The method of preparing the o-acylimine metal complex is independent of the method of
describing the o-acylimine metal complex. Thus, while the a-acylimine metal complex can be
described as a complex between an a-acylimine compound and a metal salt, the a-acylimine metal
complex can be prepared by contacting an a-acylimine compound and a metal salt or any other
method described herein. The o-acylimine compound and the metal salt are separate and
independent elements. Thus, the a-acylimine metal complex can be further described using any
combination of the a-acylimine compound element described herein and the metal salt element as

described herein.

[0086] In a second description, the a-acylimine metal complex can be described as a product
produced by any process described herein capable of producing the a-acylimine metal complex and

can be further described using any embodiments of the processes described herein.

[0087] In a third description, the a-acylimine metal complex can have any structure as
indicated in Table 5. In some embodiments, the a-acylimine metal complex can have Structure 1d
or Structure 27d; alternatively, Structure 2d or Structure 28d; alternatively, Structure 3d, Structure
4d, Structure 5d, Structure 29d, Structure 30d, or Structure 31d; alternatively, Structure 6d or
Structure 32d; alternatively, Structure 7d, Structure 8d, mixtures of Structure 9d and Structure 10d,
Structure 33d, Structure 34d, or mixtures of Structure 35d and Structure 36d; alternatively,
Structure 11d, Structure 12d, Structure 13d, Structure 37d, Structure 38d, or Structure 39d; or
alternatively, Structure 11d or Structure 37d. In other embodiments, the a-acylimine metal
complex can have Structure 27d; alternatively, Structure 28d; alternatively, Structure 29d, Structure
30d, or Structure 31d; alternatively, Structure 32d; alternatively, Structure 33d, Structure 34d, or
mixtures of Structure 35d and Structure 36d; alternatively, Structure 37d, Structure 38d, or
Structure 39d; or alternatively, Structure 37d. In yet other embodiments, the a-acylimine metal
complex can have Structure 14d; alternatively, Structure 15d; alternatively, Structure 16d, Structure
17d, or Structure 18d; alternatively, Structure 19d; alternatively, Structure 20d, Structure 21d, or
mixtures of Structure 22d and Structure 23d; alternatively, Structure 24d, Structure 25d, or

Structure 26d; or alternatively, Structure 24d.
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[0088]

The a-acylimine metal complexes of Table 5 can be prepared utilizing various methods

as described herein. Depending upon the a-acylimine metal complex preparation method, the a-
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diacyl compound, the primary amine, the metal salt, and/or the o-acylimine compound can each be
separate and independent elements in the preparation of the a-acylimine metal complex. Therefore,
the R*s of a-diacyl compounds having Structures 1-12 (Table 1), the metal salts, the R™s of the
primary amines having Structures la-4a, the linking groups 1L-5L (Table 3) of the primary amine
having Structure 5a, and the metal salt complexing group R™s having Structures 1c-22¢ (Table 2) of
the primary amine having Structure 5a are separate and independent elements of the a-acylimine
metal complexes of Table 5. Thus, the a-acylimine metal complexes of Table 5 can be further
described using any combination of the R”s of a-diacyl compounds having Structures 1-12 (Table
1) as described herein, the metal salts as described herein, the R™s of the primary amines having
Structures la-4a as described herein, the linking groups 1L-5L (Table 3) of the primary amine
having Structure 5a as described herein, and the metal salt complexing group R™s having Structures

1¢c-22¢ (Table 2) of the primary amine having Structure 5a as described herein.
o -Diimine Metal Complexes

[0089] One aspect of the invention involves a-diimine metal complexes. The a-diimine metal
complexes can be descﬁbed using any one of several descriptions. While the a-diimine metal
complex descriptions may be indicated by labels such as first description, second description, etc.,
these labels do not indicate a particular preference to the descriptions of the o-diimine metal

complexes.

[0090] In a first description, the a-diimine metal complex can be described as a metal salt
complexed to an a-diimine compound or as a complex between a diimine compound and a metal
salt, the a-diimine compounds. While these particular a-diimine metal complex descriptions appear
to imply a specific a-diimine metal complex preparation method, this is not the intent of a-diimine
metal complex description. The method of preparing the a-diimine metal complex is independent
of the method of describing the a-diimine metal complex. Thus, while the o-diimine metal
complex may be described as a complex between an a-diimine compound and a metal salt, the a-
diimine metal complex may be prepared by contacting an a-diimine compound and a metal salt, by
contacting an o-acylimine compound, an amine and a metal salt, or any other method described
herein. The a-diimine compounds and metal salts are separate and independent elements of the a-
diimine metal complex. Thus within the first a-diimine metal complex description, the a-diimine
metal complex can be described using any combination of a-diimine compound as described herein

and the metal salt as described herein.

[0091] In embodiments, the a-diimine metal complex can be described as a dicoordinate metal

salt complexed to a bidentate a-diimine compound. In some embodiments, the a-diimine metal
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complex can be described as a tricoordinate metal salt complexed to a tridentate a-diimine
compound. It should be noted that while the later embodiment describes the o-diimine metal
complex as a tricoordinate metal salt complexed to a tridentate o-diimine compound, this
description does not necessarily imply that the three ligands of the tridentate o-diimine compound
are complexed to the metal salt. For example, in example 7 a tricoordinate metal salt is complexed
to a tridentate a-diimine compound wherein the metal salt complexing group is not complexed to

the metal salt and can be utilized within other aspects of the invention as described herein.

[0092] In a second description, the a-diimine metal complex can be described as a product
produced by any process described herein capable of producing the a-diimine metal complex and

may be further described using any embodiments of the processes described herein.

[0093] In a third description, the a-diimine metal complex can be described as having any
structure as indicated in Table 6. In embodiments, the a-diimine metal complex can have Structure
le; alternatively, Structure 2e; alternatively, Structure 3e, Structure 4e, or Structure Se;
alternatively, Structure 6¢; alternatively, Structure 7e, Structure 8e, or mixtures of Structure 9¢ and
Structure 10e; alternatively, Structure 1le, Structure 12e, or Structure 13e; or alternatively,
Structure 11e. In some embodiments, R and R?" of Structures 1e-13e are different (not identical).
In some embodiments, R*' of Structures le to/through 13e can have Structure 1g (derived from a

primary amine having Structure 3a).

Ra12 Ra11
Rat3 Structure 1g
Rat Ra15

In other embodiments, R of Structures le to/through 13e can have Structure 2g (derived from a

primary amine having Structure 4a).

Ra12, Ralt
Ra1¥ Structure 2g
R2 14! Ra1 5'

[0094] In other embodiments, R*! of Structures le to/through 13e can have Structure 1g and

R* of Structure le to/through 13e can have Structure 2g. In some embodiments, wherein R and
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R*" of Structures le to/through 13e can have Structure 1g and Structure 2g, respectively, wherein

Structure 1g and Structure 2g are different (not identical).

[0095] In some embodiments, the o-diimine metal complex can have Structure 14e or
Structure 27¢; alternatively, Structure 15e or Structure 28e; alternatively, Structure 16e, Structure
17e, Structure 18e¢, Structure 29¢, Structure 30e, or Structure 3le; alternatively, Structure 19¢ or
Structure 32e; alternatively, Structure 20e, Structure 21e, mixtures of Structure 22e and Structure
23e, Structure 33e, Structure 34e, or mixtures of Structure 35¢ and Structure 36e; alternatively,
Structure 24e, Structure 25e, Structure 26e, Structure 37e, Structure 38e, or Structure 39e; or
alternatively, Structure 24¢ or Structure 37¢. In other embodiments, the a-acylimine compound can
have Structure 14e; alternatively, Structure 15e; alternatively, Structure 16e, Structure 17e, or
Structure 18e; alternatively, Structure 19e; alternatively, Structure 20e, Structure 21e, or mixtures
of Structure 22e and Structure 23e; alternatively, Structure 24e, Structure 25¢, or Structure 26e; or
alternatively, Structure 24e. In yet other embodiments, the a-acylimine compound can have
Structure 27¢; alternatively, Structure 28e; alternatively, Structure 29e, Structure 30e, or Structure
3le; alternatively, Structure 32e; alternatively, Structure 33e, Structure 34e, or mixtures of
Structure 35e and Structure 36e; alternatively, Structure 37e, Structure 38e, or Structure 39e; or

alternatively, Structure 37e.
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[0096] The a-diimine metal complexes of Table 6 can be prepared utilizing various methods as

described herein. Depending upon the a-diimine metal complex preparation method the a-diacyl

compound, the two primary amines, the metal salt, the o-acylimine compounds, and/or the a-

acylimine metal complexes can each be separate and independent elements in the preparation of the

o-diimine metal complex. Therefore, the R*s of a-diacyl compounds having Structures 1-12 (Table

1), the metal salts, the R™s of the primary amines having Structures 1a-4a, the linking groups 1L-5L
p
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by any process described herein capable of produci ng the a-diimne
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Ri a St r utystom: -giirgifie RHtogg¢n groups comprise two different organyl groups; alternatively, comprise two

different organyl groups consisting of inert functional groups; alternatively, comprise two different
hydrocarbyl groups; alternatively, consist of two different organyl groups; alternatively, consist of
two different organyl groups consisting of inert functional groups; or alternatively, consist of two
different hydrocarbyl groups. In some other particular embodiments, the first a-diimine nitrogen
group ci)mpﬁses an organyl group consisting of inert functional groups and the second a-diimine
nitrogen group comprises a metal salt complexing group; alternatively, the first a-diimine nitrogen
group comprises an organyl group consisting of inert functional groups and the second a-diimine
nitrogen group comprises a metal salt complexing group and a linking group linking the metal salt
complexing group to second a-diimine nitrogen group nitrogen atom; alternatively, the first a-
diimine nitrogen group comprises a hydrocarbyl group and the second a-diimine nitrogen group

comprises a metal salt complexing group; alternatively, the first a-diimine nitrogen group
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comprises a hydrocarbyl group and the second o-diimine nitrogen group comprises a metal salt
complexing group and a linking group linking the metal salt complexing group to the second a-
diimine nitrogen group nitrogen atom, alternatively, the first a-diimine nitrogen group consists of
an organyl group consisting of inert functional groups and the second a-diimine nitrogen group
consists of a metal salt complexing group and a linking group linking the metal salt complexing
group to the second a-diimine nitrogen group nitrogen atom ; or alternatively, the first a-diimine
nitrogen group consists of a hydrocarbyl group and the second a-diimine nitrogen group consists of
a metal salt complexing group and a linking group linking the metal salt complexing group to the

second a-diimine nitrogen group nitrogen atom.

[0102] As the primary amine -NH, group becomes the a-diimine group’s nitrogen atom, the
organyl group, metal salt complexing group, linking group, organyl group consisting of inert
functional groups, or hydrocarbyl groups of the primary amine becomes an o-diimine nitrogen
group. Thus, the a-diimine nitrogen groups can have the same embodiments as the organyl group,
metal salt complexing group, linking group, organyl group consisting of inert functional groups,
and hydrocarbyl groups of the primary amine as described herein. Therefore, the organyl group,
metal salt complexing group, linking group, organyl group consisting of inert functional groups,
and hydrocarbyl groups of the primary amines embodiment described herein are generally
applicable to the description of the u-acylimine compound with the proviso that the linking group
links the metal salt complexing group to the imine nitrogen atom of the a-acylimine group instead

of the -NH, group of the primary amine.

[0103] In a second description, the o-diimine compound can be described as an a-diimine
compound product of contacting an a-diacyl compound with two primary amines. While this
particular o-diimine compound description appears to imply a specific a-diimine compound
synthesis method, this is not the intent of a-diimine compound. The method of preparing the a-
diimine compound is independent of the description of the a-diimine metal complex. Thus, while
the a-diimine compound can be described as an a-diimine compound product of contacting an a-
diacyl compound with two primary amines, the a-diimine compound can be prepared by using any
method described herein. In the second a-diimine compound description the a-diacyl compound
and each of the two primary amines are separate and independent elements of the a-diimine
compound description. Thus, within the second a-diimine compound description, the a-diimine
compound can have any combination of the a-diacyl compound as described herein and two

primary amines as described herein.

[0104] In the second a-diimine compound description, the a-diacyl compound can be any a-

diacyl compound described herein. In an aspect, the two primary amines are the same. In some
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embodiments, the two primary amines are different. In embodiments, at least one of the primary
amines consists of an -NH, group and a hydrocarbyl group or consists of an -NH, group and an
organyl group consisting of inert functional groups. In particular embodiments, the o-diimine
compound is a product of reacting an a-diécyl compound with two different the two primary amines
comprising an -NH, group and an organyl groups; alternatively, comprising an -NH, group and an
organyl groups consisting of inert functional groups; alternatively, comprising an -NH, group and a
hydrocarbyl group; alternatively, consisting of an -NH, group and an organyl groups; alternatively,
consisting of an -NH, group and an organyl group consisting of inert functional groups; or

alternatively, consisting of an -NH, group and a hydrocarbyl group.

[0105] In embodiments, the a-diimine compound is a product of reacting a-diacyl compound
with two different primary amines. In particular embodiments, the o-diimine compound is a
product of reacting a-diacyl compound with two different primary amines, wherein the first primary
amine comprises an -NH, group and an organyl group consisting of inert functional groups and the
second primary amine comprises an -NH, group and a metal salt complexing group; alternatively,
the first primary amine comprises an -NH, group and an organyl group consisting of inert
functional groups and the second primary amine comprises an -NH, group, a metal salt complexing
group, and a linking group linking the metal salt complexing group the -NH, group; alternatively,
the first primary amine comprises an -NH, group and a hydrocarbyl group and the second primary
amine comprises an -NH, group and a metal salt complexing group; alternatively, the first primary
amine comprises an -NH, group and a hydrocarbyl group and the second primary amine comprises
an -NH, group, a metal salt complexing group, and a linking group linking the metal salt
complexing group to the -NH, group; alternatively, the first primary amine consists of an -NH,
group and an organyl group consisting of inert functional groups and the second primary amine
consists of an -NH, group, a metal salt complexing group, and a linking group linking the metal salt
complexing group to the -NH, group; or alternatively, the first primary amine consists of an -NH,
group and a hydrocarbyl group and the second primary amine consists of an -NH, group, a metal

salt complexing group, and a linking group linking the metal salt complexing group to the -NH,
group. ’

[0106] In a third description, the a-diimine compounds can be described as a product produced
by any process described herein capable of producing the a-diimine compounds and may be further

described using any embodiments of the processes described herein.

[0107] In a fourth description, the a-diimine compound can be described as having any a
structure as indicated in Table 7. In embodiments, the a-diimine compound can have Structure 1f;

alternatively, Structure 2f; alternatively, Structure 3f, Structure 4f, or Structure 5f; alternatively,
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Structure 6f; alternatively, Structure 7f, Structure 8f, or mixtures of Structure 9f and Structure 10f;
alternatively, Structure 11f, Structure 12f, or Structure 13f; or alternatively, Structure 11f. In some
embodiments, R*! and R*'" of Structures 1{-13f are different (not identical). In some embodiments,
R™ of Structures 1f-13f can have Structure 1g (derived from a primary amine having Structure 3a).
In other embodiments, R*" of Structures 1f-13f can have Structure 1 g can have Structure 2g
(derived from a primary amine having Structure 4a). In other embodiments, Ral of Structures 1f-
13f can have Structure 1g and R*" of Structures 1f-13f can have Structure 2g. In yet other
embodiments, wherein R*' and R*"" of Structures 1f-13f can have Structure 1g and Structure 2g,

respectively, Structure 1g and Structure 2g are different (not identical).

[0108]
27f; alternatively, Structure 15f or Structure 28f; alternatively, Structure 16f, Structure 17f,

In some embodiments, the a-diimine compound can have Structure 14f or Structure

Structure 18f, Structure 29f, Structure 30f, or Structure 31f; alternatively, Structure 19f or Structure
32f: alternatively, Structure 20f, Structure 21f, mixtures of Structure 22f and Structure 23f,
Structure 33f, Structure 34f, or mixtures of Structure 35f and Structure 36f; alternatively, Structure
24f, Structure 25f, Structure 26f, Structure 37f, Structure 38f, or Structure 39f; or alternatively,
Structure 24f or Structure 37f. In other embodiments, the a-diimine compound can have Structure
14f; alternatively, Structure 15f; alternatively, Structure 16f, Structure 17f, or Structure 18f;
alternatively, Structure 19f; alternatively, Structure 20f, Structure 21f, or mixtures of Structure 22f
and Structure 23f; alternatively, Structure 24f, Structure 25f, or Structure 26f; or alternatively,
Structure 24f. In yet other embodiments, the o-diimine compound can have Structure 27f;
alternatively, Structure 28f; alternatively, Structure 29f, Structure 30f, or Structure 31f;
alternatively, Structure 32f; alternatively, Structure 33f, Structure 34f, or mixtures of Structure 35f

and Structure 36f; alternatively, Structure 37f, Structure 38f, or Structure 39f; or alternatively,

Structure 37f.
Table 7
Example a-Diimine Compounds
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[0109] Ideally, the o-diimine compounds of Table 7 could be prepared from an a-diacyl
compound and two primary amines which are separate and independent elements. Thus, the R*s of
a-diacyl compound having Structures 1-12 (Table 1), the R™s of the primary amines having
Structures 1a-4a, the linking groups 1L-5L (Table 3) of the primary amine having Structure 5a, and
the metal salt complexing group R™s having Structures 1c-22c (Table 2) of the primary amine
having Structure 5a are separate and independent elements of the a-diimine compounds of Table 7.
Thus, the a-diimine compounds of Table 7 can be further described using any combination of the
R’s of a-diacyl compounds having Structures 1-12 (Table 1) as described herein, the R™s of the
primary amines having Structures la-4a as described herein, the linking groups 1L-5L (Table 3) of
the primary amine having Structure 5a as described herein, and the metal salt complexing group
R®s having Structures 1c-22c (Table 2) of the primary amine having Structure 5a as described

herein.
GENERAL METAL COMPLEX AND INTERMEDIATE SYNTHESIS METHODS

[0110] An aspect of the invention relates to methods of preparing a-diimine metal complexes.
As described herein, production of particular a-diimine metal complexes can motivate selection of
particular starting materials, (e.g. o-diacyl compounds, primary amines, and metal salts),
intermediates (e.g. a-acylimine compounds and a-acylimine metal complexes), and a-diimine metal

complexes.

[0111] The methods for producing an a-diimine metal complex generally comprise forming at
least one imine bond in the presence of a metal salt, a metal complex, or combinations thereof and
recovering an a-diimine metal complex. In some embodiments, the method for producing an a-
diimine metal complex comprises forming at least one imine bond in the presence of a metal salt, o-
acylimine metal complex, or combinations thereof and recovering an a-diimine metal complex. In
some embodiments, the method for producing an a-diimine metal complex comprises forming at
least one imine bond in the presence of a metal salt. In further embodiments, the method for
producing an a-diimine metal complex comprises forming at least one imine bond in the presence
of an a-acylimine metal complex. Within these methods, the metal salt or a-acylimine metal
complex, the d-diimine metal complex formed, and the specific imine bond or imine bonds formed,
are separate and independent elements. Given the teachings provided, the skilled artisan can
recognize which combination of ingredients may lead to a desired o-diimine metal complex that
includes the desired elements. The combinations of compounds that can be used to produce a

particular a-~diimine metal complex utilizing the synthesis methods are described herein.
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[0112] The a-diacyl compounds, primary amines, and metal salts are separate and independent
elements in the preparation of the o-diimine metal complexes. Additionally, the intermediate o-
acylimine compounds and/or the a-acylimine metal complexes can be separate and independent
elements of the a-diimine metal complex preparation methods. Thus, the a-diimine metal complex
preparation methods can use any combination of the a-diacyl compounds described herein, primary
amines described herein, metal salts described herein, a-acylimine compounds described herein,
and a-acylimine metal complexes described herein to produce the desired o-diimine metal
complexes utilizing the herein described preparation methods. Provided the teachings of the
present disclosure, a skilled artisan should recognize how combinations of ingredients may be
varied in order to produce a desired metal complex including the desired elements and their

variations.
Methods for Preparing a-Acylimine Compounds

[0113] The method of preparing an a-acylimine compound comprises contacting an a-diacyl
compound and a primary amine. In some embodiments, the o-acylimine compound is recovered.
In other embodiments, the a-acylimine compound can be purified using methods known to those
skilled in the art, such as recrystallization. In yet other embodiments, the a-acylimine compound is

used as is, e.g., as an unpurified reaction product.

[0114] Within the a-acylimine compound production method the primary amine and the a-
diacyl compound are separate and independent elements. Thus, a-acylimine compound can be
prepared using any combination of the primary amine as described herein and the o-diacyl
compound as described herein. In some embodiments, the primary amine can be a mixture of
similar primary amines, e.g. a mixture of primary amines consisting of an -NH, group and
hydrocarbyl group, a mixture of primary amines consisting of an -NH, group and an organyl group
consisting of inert functional groups, or a mixture of primary amines comprising an -NH, group and
a metal salt complexing group. In additional embodiments, the a-diacyl compound can be a

mixture of a-diacyl compounds.

[0115] Solvents and catalysts that can be utilized within the a-acylimine compound synthesis
methods are described herein and are generally applicable to methods of producing a-acylimine
compounds. Production conditions such as reagent molar ratios, temperatures, pressure, and
contact times, among others, are also described herein and are generally applicable to methods of

producing a-acylimine compounds.

55 °



Ral3 Ral 2Rail cl, L/ NN Ral2Rail L R913 1, Ral3 N R19 R29 R13 \
4111R14 R17 R15 R16R 5 31f \ Rl11 Ral4Rami R 2 Structure Rel5 RR13

Methods for Preparing a-Acylimine Metal Complexes

[0116] Various synthesis paths can be employed to produce the a-acylimine metal complexes.
Described herein are several preparation methods that can be utilized. While the a-acylimine metal
complex preparation methods may be designated as ‘first method’, ‘second method’, etc . . ., these
designations do not imply any preference for a particular method of preparing the a-acylimine

metal complexes.

[0117] In a first method, the method of preparing an a-acylimine metal complex comprises
contacting an o-acylimine compound with a metal salt. In some embodiments, the a-acylimine
metal complex is recovered. In other embodiments, the a-acylimine metal complex can be purified
using methods known to those skilled in the art, such as recrystallization. In yet other

embodiments, the a-acylimine metal complex can be used as is.

[0118] Within the first a-acylimine metal complex production method the metal salt and -
acylimine compound are separate and independent elements. Thus, utilizing the first a-acylimine
metal complex production method the a-acylimine metal complex can be prepared using any
combination of the metal salt as described herein and the a-acylimine compound as described
herein. In some embodiments, the a-acylimine compound can be a mixture of similar a-acylimine
compounds, e.g. a mixture of a-acylimine compounds produced by contacting a-diacyl compound
with a mixture of primary amines consisting of an -NH, group and a hydrocarbyl group, a mixture
of a-acylimine compounds produced by contacting a-diacyl compound with a mixture of primary
amines consisting of an -NH, group and an organyl group consisting of inert functional groups, or a
mixture of o-acylimine compounds produced by contacting an a-diacyl compound with a mixture

of primary amines comprising an -NH, group and an metal salt complexing group.

[0119] In a second method, the method for preparing an a-acylimine metal complex comprises
contacting an a-diacyl compound, a metal salt, and a primary amine. In some embodiments, an a-
acylimine metal complex is recovered. In other embodiments, the a-acylimine metal complex can
be purified using methods know to those skilled in the art, such as recrystallization. In yet other

embodiments, the a-acylimine metal complex can be used as is.

[0120] In a third method, the method to produce an a-acylimine metal complex comprises a)
contacting an a-diacyl compound and a primary amine to form a mixture containing an o-acylimine
compound, and b) contacting a metal salt with the mixture containing the a-acylimine compound.

In some embodiments, an a-acylimine metal complex is recovered. In other embodiments, the o-
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acylimine metal complex can be purified using methods known to those skilled in the art, such as

recrystallization. In yet other embodiments, the a-acylimine metal complex is used as is.

[0121] Within the second and third a-acylimine metal complex production methods, the
primary amine, the a-diacyl compound, and the metal salt are separate and independent elements.
Thus utilizing the second and third a-acylimine metal complex production methods, the a-
acylimine metal complex can be prepared utilizing any combination of the primary amine as
described herein, the a-diacyl compound as described herein, and the metal salt as described herein.
Provided the teachings of the present disclosure, a skilled artisan can recognize how combinations
of ingredients, e.g. - a primary amine, a-diacyl compound, and metal salt, may be varied in order to
produce a desired metal complex including those ingredients and their variations. In some
embodiments within the second and/or third a-acylimine metal complex production methods, the
primary amine can be a mixture of similar primary amines, e.g. a mixture of primary amines
consisting of an -NH, group and hydrocarbyl group, a mixture of primary amines consisting of an -
NH, group and an organyl group consisting of inert functional groups, or a mixture of primary
amines comprising an -NH, group and a metal salt complexing group. In some embodiments,
within the second and third a-acylimine metal complex production methods, the a-diacyl compound

can be a mixture of a-diacyl compounds.

[0122] Solvent and catalysts and solvents that can be utilized within o-acylimine metal
complex synthesis methods are described herein and are generally applicable to methods of
producing o-acylimine metal complexes. Production conditions such as reagent molar ratios,
temperatures, pressure, and contact times, among others, are also described herein and are generally

applicable to methods of producing a-acylimine metal complexes.
Methods for Preparing o-Diimine Metal Complexes

[0123] Various synthesis paths can be employed to produce the a-diimine metal complexes by
forming at least one imine bond in the presence of a metal salt, o-acylimine metal complex, or
combinations thereof. Described herein are several methods that can be utilized. While methods
may be designated as 'first method!, 'second method', etc., these designations do not imply any

preferences for particular method of preparing a-diimine metal complexes.

[0124] In a first method, the method to produce an a-diimine metal complex, comprises a)
contacting an a-acylimine metal complex and a primary amine to form a mixture, and b) recovering

the a-diimine metal complex from the mixture. In some embodiments, the a-diimine metal
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complex can be purified using methods known to those skilled in the art, such as recrystallization.

In yet other embodiments, the a-acylimine metal complex can be used as is.

[0125] Within the first a-diimine metal complex production method, the a-acylimine metal
complex and the primary amine are separate and independent elements. Thus in the first a-diimine
metal complex production method, the a-diimine metal complex can be prepared utilizing any
combination of a-acylimine metal complex as described herein and primary amine as described
herein. In some particular embodiments, the primary amine used to produce the a-acylimine
compound of the a-acylimine metal complex and the primary amine contacted with the a-acylimine
metal complex are different (not identical). For example, in two non-limiting examples, the
primary amine can comprise an -NH, group and a metal salt complexing group and the a-acylimine
metal complex can comprise a complex between an a-acylimine compound and metal salt, wherein
the a-acylimine compound comprises 1) an a-acylimine group derived from an a-diacyl compound
and 2) an imine nitrogen group consisting of a hydrocarbyl group; or the primary amine can consist
of an
-NH, group and a hydrocarbyl group and the a-acylimine metal complex can comprise a complex
between an a-acylimine compound and metal salt wherein the a-acylimine compound comprises 1)
an o-acylimine group derived from an a-diacyl compound and 2) an imine nitrogen group
comprising a metal salt complexing group. Provided the teachings of the present disclosure, the
skilled artisan should recognize how combinations of particular a-acylimine metal complexes and
primary amines can be varied in order to produce an a-acylimine metal complex that includes the a-

~acylimine metal complex and primary amine selected.

[0126] In some embodiments, the primary amine can be a mixture of similar primary amines,
e.g. a mixture of primary amines consisting of an -NH, group and hydrocarbyl group, a mixture of
primary amines consisting of an -NH, group and an organyl group consisting of inert functional
groups, or a mixture of primary amines comprising an -NH, group and a metal salt complexing
group. In some embodiments, the a-acylimine metal complex can be a mixture of similar a-
acylimine metal complexes, e.g. a mixture of a-acylimine compounds produced by contacting an a-
diacyl compound with a mixture of primary amines consisting of an -NH; group and a hydrocarbyl
group, a mixture of a-acylimine compounds produced by contacting an a-diacyl compound with a
mixture of primary amines consisting of an -NH, group and an organyl group consisting of inert
functional groups, or a mixture of a-acylimine compounds produced by contacting an a-diacyl

compound with a primary amine comprising an -NH, group and an metal salt complexing group.

[0127] In a second method, the method to produce an a-diimine metal complex comprises a)

contacting an a-acylimine compound, a metal salt, and a primary amine to form a mixture, and b)
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recovering the a-diimine metal complex from the mixture. In some embodiments, the a-diimine
metal complex may be purified using methods known to those skilled in the art, such as

recrystallization. In yet other embodiments, the a-acylimine metal complex can be used as is, e.g.,

as an unpurified reaction product.

[0128] In a third method, the method to produce an a-diimine metal complex comprises a)
contacting an a-acylimine compound and a metal salt to form a mixture containing an a-acylimine
metal complex b) contacting a primary amine with the mixture containing an a-acylimine metal
complex and ¢) recovering the a-diimine metal complex. In some embodiments, the a-diimine
metal complex may be purified using methods known to those skilled in the art, such as
recrystallization. In yet other embodiments, the a-acylimine metal complex can be used as is, e.g.,

as an unpurified reaction product.

[0129] Within the second and third a-diimine metal complex production methods, the a-
acylimine compound, the metal salt, and the primary amine are separate and independent elements.
Thus within the second and third a-diimine metal complex production methods, the a-diimine metal
complex can be produced using any combination of the a-acylimine compound as described herein,
the metal salt as described herein, and the primary amine as described herein. In some particular
embodiments, the primary amine used to produce the a-acylimine compound and the primary amine
contacted with the a-acylimine compound are different (not identical). For example, in two non-
limiting examples, the primary amine used to produce the a-acylimine compound can consist of an
-NH, group and a hydrocarbyl group and the primary amine contacted with the o-acylimine
compound and metal salt or mixture containing an o-acylimine metal complex comprises an -NH,
group and metal salt complexing group; or the primary amine used to produce the a-acylimine
compound consists of an -NH, group and a hydrocarbyl group and the primary amine contacted
with the a-acylimine compound and metal salt or mixture containing an a-acylimine metal complex
consists of an -NH, group and hydrocarbyl group different than the primary amine utilized to
produce a-acylimine compound. Provided the teachings of the present disclosure, the skilled
artisan should recognize how combinations of particular a-acylimine compounds, metal salts, and
primary amines can be varied in order to produce an a-acylimine metal complex including the a-

acylimine compound, metal salt, and primary amine selected.

[0130] In some embodiments, the a-acylimine compound can be a mixture of similar a-
acylimine compounds, e.g. a mixture of a-acylimine compounds produced by contacting a-diacyl
compound with a mixture of primary amine consisting of an -NH, group and a hydrocarbyl group, a
mixture of a-acylimine compounds produced by contacting a-diacyl compound with a mixture of

primary amine consisting of an -NH, group and an organyl group consisting of inert functional
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[0150] In embodiments, a-diimine metal complex is produced at an overall yield of greater
than 50 percent based on the weight of the limiting reagent; alternatively, greater than 55 percent
based on the weight of the limiting reagent; alternatively, the greater than about 60 percent based on
the weight of the limiting reagent; alternatively, greater than 65 percent based on the weight of the
limiting reagent; alternatively, greater than 70 percent based on the weight of the limiting reagent;
alternatively, greater than 75 percent based on the weight of the limiting reagent; or alternatively,
greater than 80 percent based on the weight of the limiting reagent. In some embodiments, the
limiting reagent for determination of the overall yield can be the a-diacyl compound. In other
embodiments, the limiting reagent for determination of the overall yield is the can be the first

primary amine.
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[0151] The a-diimine metal complexes described in the present application can be employed in
the polymerization and/or oligomerization of olefins. Such a process can be carried out by
contacting a catalyst system comprising an a-diimine metal complex with one or more olefin
monomers under reaction conditions suitable for polymerization or oligomerization of olefins. In
some embodiments, the polymerization or oligomerization process comprises 1) contacting an
olefin, an a-diimine metal complex, and a cocatalyst; and 2) forming an olefin polymer or oligomer.
In other embodiments, the polymerization or oligomerization process is an alpha olefin production
process comprising: 1) contacting ethylene, an a-diimine metal complex, and a cocatalyst; and 2)
forming a product stream comprising alpha olefins. In other embodiments, the polymerization or
oligomerization process is an alpha olefin production process comprising: 1) contacting ethylene,
an o-diimine metal complex, and a cocatalyst; and 2) forming a product stream comprising
polyethylene. The process can comprise additional steps such as deactivating the catalyst and
isolating the olefin oligomer or polymer. Suitable monomers for the olefin polymerization or
oligomerization can be olefins having 2 to 20 carbon atoms; alternatively, olefins having 2 to 3

carbon atoms; alternatively, ethylene; or alternatively, propylene.
Olefin Polymerization or Oligomerization Catalysts and Cocatalysts

[0152] Within the polymerization or oligomerization processes, the a-diimine metal complex
can be any a-diimine metal complex described herein capable of forming the desired polymer or
oligomer. In embodiments, the u-diimine metal complex can be a metal salt complexed to an o-
diimine compound comprising 1) an a-diimine group derived from an a-diacyl compound and 2)
two different a-diimine nitrogen groups. In other non-limiting embodiments, the a-diimine metal
complex can be a metal salt complexed to an a-diimine compound comprising 1) an o-diimine
group derived from an a-diacyl compound and 2) two different a-diimine nitrogen groups
consisting of an organyl groups consisting of inert functional groups, hydrocarbyl groups, or
mixture thereof; alternatively, a metal salt complexed to an a-diimine compound consisting of 1) an
a-diimine group derived from an a-diacyl compound and 2) a first imine nitrogen group consisting
of an organyl group consisting of inert functional groups or a hydrocarbyl group and 3) a second
imine nitrogen group comprising a metal salt complexing group; or alternatively, a metal salt
complexed to an a-diimine compound consisting of 1) an a-diimine group derived from an a-diacyl
compound and 2) a first imine nitrogen group consisting an organyl group consisting of inert
functional groups or a hydrocarbyl group and 3) a second imine group comprising a metal salt
complexing group and a linking group linking the metal salt complexing group to the second imine
nitrogen atom. As the metal salt, a-diacyl compound from which the a-diimine compound is

derived, and the two imine groups originate from independent elements, the o-diimine metal
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complex utilized to polymerize or oligomerize olefins can be further described using any
combination of the metal salt as described herein, the a-diacyl compound from which the a-diimine
compound is derived as described herein, any first imine nitrogen group as described herein, any
second imine nitrogen group metal salt complexing group as described herein, and any linking
group linking the metal salt complexing group to the of the second imine nitrogen group as
described herein. Alternatively, the a-diimine metal complexes utilized for the polymerization or
oligomerization of olefins can be described using the alternative a-diimine metal complex
descriptions equivalent to the polymerization or oligomerization o-diimine metal complexes

indicated herein.

[0153] The process to produce alpha olefins can utilize any o-diimine metal complex capable
of producing alpha olefins. In non-limiting embodiments, the a-diimine metal complex capable of
producing alpha olefins can be a metal salt complexed to an a-diimine compound comprising 1) an
a-diimine group derived from an a-diacyl compound and 2) a first imine nitrogen group consisting
of an organyl group consisting of inert functional groups or a hydrocarbyl group and 3) a second
imine nitrogen group comprising a metal salt complexing group and a linking group linking the
metal salt complexing group to the second imine nitrogen atom; or alternatively, a metal salt
complexed to an a-diimine compound consisting of 1) an a-diimine group derived from an a-diacyl
compound and 2) a first imine nitrogen group consisting of an organyl group consisting of inert
functional groups or a hydrocarbyl group and 3) a second imine nitrogen group consisting of a
metal salt complexing group and a linking group linking the metal salt complexing group to the
second imine nitrogen atom. As the metal salt, a-diacyl compound from which the o-diimine
compound is derived, and the two imine groups originate from independent elements, the o-diimine
metal complex capable of producing alpha olefins can be further described using any combination
of the metal salt as described herein, the a-diacyl compound from which the o-diimine compound is
derived as described herein, any first imine nitrogen group as described herein, any second imine
nitrogen group metal salt complexing group as described herein, and any linking group linking the
metal salt complexing group to the of the second imine nitrogen group as described herein.
Alternatively, the o-diimine metal complexes utilized for the production of alpha olefins can be
described using the alternative a-diimine metal complex descriptions equivalent to alpha olefin

production a-diimine metal complexes indicated herein.

[0154] The metal salt of the a-diimine metal complex capable of producing alpha olefins can
be any metal salt as described herein. In embodiments, the metal salt can comprise iron, cobalt, or
mixtures thereof. In some embodiments, the metal salt can comprise iron or cobalt. In some

embodiments, the metal salt can comprise iron; or alternatively, comprise cobalt.
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[0155] The a-diacyl compound from which the a-diimine group of the a-diimine metal
complex capable of producing alpha olefins is derived can be any a-diacyl compound as described
herein. In embodiments, the a-diimine group can be derived from an aromatic o-diacyl compound.
In some embodiments, the a-diimine group of the a-diimine metal complex can be derived from
acenaphthenequinone, a substituted acenaphthenequinone, phenanthrenequinone, a substituted
phenanthrenequinone, pyrenequinone, or a substituted pyrenequinone. In other embodiments, the
a-diimine group of the o-diimine metal complex can be derived from acenaphthenequinone,
phenanthrenequinone, or pyrenequinone. In yet other embodiments, the a-diimine group of the a-
diimine metal complex can be derived from acenaphthenequinone; alternatively,

phenanthrenequinone; or alternatively, pyrenequinone.

[0156] The first imine nitrogen group within the a-diimine group of some o-diimine metal
complexes capable of producing alpha olefins can be any organyl group consisting of inert
functional groups or a hydrocarbyl group as described herein. In an aspect, the organyl group
consisting of inert functional groups of the first imine nitrogen group can consist of a phenyl group
or a substituted phenyl group (substituted phenyl group consisting of inert functional groups). In
embodiments, the hydrocarbyl group of the first imine nitrogen group can consist of a phenyl group
or a substituted phenyl group. In some embodiments, the hydrocarbyl group of the first imine
nitrogen group can be a 2-substituted phenyl group; alternatively, a 2,6-disubstituted phenyl group;
or alternatively, a 2,4,6-trisubstituted phenyl group. In other embodiments, the hydrocarbyl group
of the first imine nitrogen group can be a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, a
2,6-diisopropylphenyl group, or a 2,6-di-tert-butylphenyl group. In yet other embodiments, the
hydrocarbyl group of the first imine nitrogen group can be a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, or a 2,6-diisopropylphenyl group. In further embodiments, the hydrocarbyl
group of the first imine nitrogen group can be a 2,6-dimethylphenyl group; alternatively, a 2,6-
diethylphenyl group; alternatively, a 2,6-diisopropylphenyl group; alternatively, a 2,6-di-tert-
butylphenyl group; or alternatively, a 2,4,6-trimethylphenyl group (mesityl group).

[0157] Particular combinations of the metal salt complexing group and linking group linking
the metal salt complexing group to the second imine nitrogen atom within the o-diimine compound
of the a-diimine metal complex can be advantageous for producing alpha olefins. In aspects, the
second imine group can comprise a dialkyl aminyl group, a diphenyl aminyl group, a substituted
diphenyl aminyl group a dialkyl phosphinyl group, a diphenyl phosphinyl group, or a substituted
diphenyl phosphinyl group and -(CH,),- linking group where m is 2 or 3; alternatively, can
comprise a pyridinyl group, a substituted pyridinyl group, a furanyl group, a substituted furanyl
group, a thiophenyl group, or a substituted thiophenyl group and a -(CH,)- linking group; or
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alternatively, can comprise an alkyl etheryl group, a phenyl etheryl group, a substituted phenyl
etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl group, or a substituted phenyl sulfidyl
group and a -(CH,CH,)- linking group. Alternatively, the second imine nitrogen group can
comprise a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl phosphinyl group, or a
diphenyl phosphinyl group and a -(CH,),- linking group where m is 2 or 3; alternatively, can
comprise a pyridinyl group, a furanyl group, or a thiophenyl group and a -(CH,)- linking group;
alternatively, can comprise an alkyl etheryl group or an alkyl sulfidyl group and a -(CH,CH,)-
linking group; or alternatively, can comprise a phenyl etheryl group or an phenyl sulfidyl group and
a -(CH,CHp)- linking group. In some embodiments, the second imine group can comprise a
diphenyl aminyl group, a substituted diphenyl aminyl group, a diphenyl phosphinyl group, or
substituted a diphenyl phosphinyl group and a -(CH,),- linking group where m is 2 or 3;
alternatively, can comprise a diphenyl aminyl group or a diphenyl phosphinyl group and a
-(CHy),- linking group where m is 2 or 3; alternatively, can comprise a substituted diphenyl aminyl
group, or a substituted diphenyl phosphinyl group and a -(CH,),- linking group where m is 2 or 3;
alternatively, can comprise a diphenyl phosphinyl group or a substituted diphenyl phosphinyl group
and a -(CH,),,- linking group where m is 2 or 3; alternatively, can comprise a diphenyl phosphinyl
group and a -(CHp),~ linking group where m is 2 or 3; alternatively, can comprise a substituted
diphenyl phosphinyl group and a -(CH,),~ linking group where m is 2 or 3; alternatively, can
comprise a diphenyl phosphinyl group or a substituted diphenyl phosphinyl group and a -
(CH,CH,)- linking group; alternatively, can comprise a diphenyl phosphinyl group and a -
(CH,CHy,)- linking group; alternatively, can comprise a substituted dipheny! phosphinyl group and a
-(CH,CH,)- linking group; alternatively, can comprise a 2-pyridinyl group or a substituted 2-
pyridinyl group and a -(CH,)- linking group; alternatively, a 2-pyridinyl group and a -(CHj)-
linking group; alternatively, a substituted 2-pyridinyl group and a -(CH,)- linking group;
alternatively, can comprise a phenyl etheryl group, a substituted phenyl etheryl group, a phenyl
sulfidyl group, or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively,
can comprise a phenyl etheryl group, or a phenyl sulfidyl group and a -(CH,CH,)- linking group;
alternatively, can comprise a substituted phenyl etheryl group, or a substituted phenyl sulfidyl
group and a -(CH,CH,)- linking group; alternatively, can comprise a phenyl sulfidyl group or a
substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively, can comprise a
phenyl sulfidyl group and a -(CH,CH,)- linking group; or alternatively, can comprise a substituted
phenyl sulfidyl group and a -(CH,CH,)- linking group.

[0158] In other aspects, the second imine group can consist of a dialkyl aminyl group, a
diphenyl aminyl group, a substituted diphenyl aminyl group a dialkyl phosphinyl group, a diphenyl
phosphinyl group, or a substituted diphenyl phosphinyl group and -(CH,)n- linking group where m
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is 2 or 3; alternatively, can consist of a pyridinyl group, a substituted pyridinyl group, a furanyl
group, a substituted furanyl group, a thiophenyl group, or a substituted thiophenyl group and a -
(CH,)- linking group; or alternatively, can consist of an alkyl etheryl group, a phenyl etheryl group,
a substituted phenyl etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl group, or a substituted
phenyl sulfidyl group and a -(CH,CH,)- linking group. Alternatively, the second imine nitrogen
group can consist of a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl phosphinyl group,
or a diphenyl phosphinyl group and a -(CH,),~ linking group where m is 2 or 3; alternatively, can
consist of a pyridinyl group, a furanyl group, or a thiophenyl group and a -(CH,)- linking group;
alternatively, can consist of an alkyl etheryl group or an alkyl sulfidyl group and a -(CH,CH,)-
linking group; or alternatively, can consist of a phenyl etheryl group or an phenyl sulfidyl group
and a -(CH,CH,)- linking group. In some embodiments, the second imine group can consist of a
diphenyl aminyl group, a substituted diphenyl aminyl group, a diphenyl phosphinyl group, or
substituted a diphenyl phosphinyl group and a -(CH,),- linking group where m is 2 or 3;
alternatively, can consist of a diphenyl aminyl group or a diphenyl phosphinyl group and a -(CHy)u,-
linking group where m is 2 or 3; alternatively, can consist of a substituted diphenyl aminyl group,
or a substituted diphenyl phosphinyl group and a -(CHy)x- linking group where m is 2 or 3;
alternatively, can consist of a diphenyl phosphinyl group or a substituted diphenyl phosphinyl group
and a -(CH,)- linking group where m is 2 or 3; alternatively, can consist of a diphenyl phosphinyl
group and a -(CH,),,- linking group where m is 2 or 3; alternatively, can consist of a substituted
diphenyl phosphinyl group and a -(CH,),- linking group where m is 2 or 3; alternatively, can
consist of a diphenyl phosphinyl group or a substituted diphenyl phosphinyl group and a -
(CH,CH,)- linking group; alternatively, can consist of a diphenyl phosphinyl group and a -
(CH,CH,)- linking group; alternatively, can consist of a substituted diphenyl phosphinyl group and
a -(CH,CH,)- linking group; alternatively, can consist of a 2-pyridinyl group or a substituted 2-
pyridinyl group and a -(CH,)- linking group; alternatively, a 2-pyridinyl group and a -(CHy)-
linking group; alternatively, a substituted 2-pyridinyl group and a -(CH,)- linking group;
alternatively, can consist of a phenyl etheryl group, a substituted phenyl etheryl group, a phenyl
sulfidyl group, or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively,
can consist of a phenyl etheryl group, or a phenyl sulfidyl group and a -(CH,CH,)- linking group;
alternatively, can consist of a substituted phenyl etheryl group, or a substituted phenyl sulfidyl
group and a -(CH,CH,)- linking group; alternatively, can consist of a phenyl sulfidyl group or a
substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively, can consist of a
phenyl sulfidyl group and a -(CH,CHy)- linking group; or alternatively, can consist of a substituted
phenyl sulfidyl group and a -(CH,CHy,)- linking group.
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[0159] In a non-limiting aspect, the a-diimine metal complex capable of producing alpha
olefins can comprise a metal salt comprising iron complexed to an o-diimine compound comprising
1) an a-diimine group derived from aromatic dione; 2) a first imine nitrogen group consisting of a
2,6-disubstituted phenyl group; and 3) a second imine nitrogen group comprising a metal salt
complexing group and a linking group linking the metal salt complexing group to the second imine
nitrogen atom; or alternatively, a metal salt comprising iron complexed to an a-diimine compound
comprising 1) an a-diimine group derived from aromatic dione; 2) a first imine nitrogen group
consisting of a 2,6-disubstituted phenyl group; and 3) a second imine nitrogen group consisting of a
metal salt complexing group and a linking group linking the metal salt complexing group to the
second imine nitrogen atom. In some non-limiting embodiments, the o-diimine metal complex
capable of producing alpha olefins can comprise a metal salt comprising iron complexed to an a-
diimine compound comprising 1) an o-diimine group derived from acenaphthenequinone,
phenanthrenequinone, or pyrenequinone; 2) a first imine nitrogen group consisting of a 2,6-
dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group; and 3) a
second imine nitrogen group comprising a metal salt complexing group and a linking group linking
the metal salt complexing group to the second imine nitrogen atom. In other non-limiting
embodiments, the a-diimine metal complex capable of producing alpha olefins can comprise a
metal salt comprising iron complexed to an a-diimine compound comprising 1) an a-diimine group
derived from acenaphthenequinone, phenanthrenequinone, or pyrenequinone; 2) a first imine
nitrogen group consisting of a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-
diisopropylphenyl group; and 3) a second imine nitrogen group consisting of a metal salt
complexing group and a linking group linking the metal salt complexing group to the second imine
nitrogen atom. Further embodiments of the elements of the a-diimine metal complex capable of

producing alpha olefins are described herein.

[0160] Generally, the cocatalyst can be any organometallic compound capable of activating
the a-diimine metal complex to polymerize or oligomerize olefins. Suitable cocatalysts can include
monomeric or oligomeric metal alkyls, metal aryls, metal alkyl-aryls comprising at least one of the
metals selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd,
and Sn. In embodiments, the cocatalyst can be selected from the group consisting of
organoaluminum compounds, organoboron compounds, organolithium compounds, or mixtures
thereof. In some embodiments, the cocatalyst can be an organoaluminum compound. Applicable
organoaluminum compounds can include trialkylaluminums, alkylaluminum halides, alumoxanes or
mixture thereof. In some embodiments, the organoaluminum compound can be trimethylaluminum
triethylaluminum, diethylaluminum chloride, diethylaluminum ethoxide, diethylaluminum cyanide,

diisobutylaluminum chloride, triisobutylaluminum, ethylaluminum sesquichloride,
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methylalumoxane (MAO), modified methylalumoxane (MMAO), isobutyl alumoxanes, t-butyl
alumoxanes, or mixtures thereof. In other embodiments, the organoaluminum compounds can
include methylalumoxane (MAQ), modified methylalumoxane (MMAO), isobutyl alumoxanes, t-
butyl alumoxanes, or mixtures thereof. In other embodiments, the cocatalyst can be
methylalumoxane, modified methylalumoxane, or mixtures thereof. In yet other embodiments, the
cocatalyst can be methylalumoxane; alternatively, modified methylalumoxane; isobutylalumoxane

(IBAO); or alternatively, partially hydrolyzed trialkylaluminum.

[0161] In embodiments, the molar ratio of the metal of the cocatalyst to the metal of the a-
diimine metal complex can range from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1; or
alternatively, from 100:1 to 3,000:1; or alternatively, from 200:1 to 2,000:1. In embodiments
wherein the a-diimine metal complex comprises a iron salt and the cocatalyst is an alumoxane the
molar ratio of aluminum to iron can range from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1;

alternatively, from 100:1 to 3,000:1; or alternatively, from 200:1 to 2,000:1.

[0162] The a-diimine metal complex, cocatalyst(s), and olefin can be contacted in any manner
known to those skilled in the art. For instance, the a-diimine metal complex and the cocatalyst can
be mixed first before bringing into contact with a feed comprising an olefin or an olefin mixture.
Alternatively, the cocatalyst can be mixed with the olefin and/or the solvent prior to contact with

the a-diimine metal complex.
Polymerization or Oligomerization Solvents, Reactors, Reaction Conditions and Products

[0163] In embodiments, the polymerization or oligomerization reaction can occur in a solvent
or diluent. In some embodiments, the solvent or diluent can comprise a C4 to Cy hydrocarbon; or
alternatively, a C4 to Cy hydrocarbon. The hydrocarbon solvent can be a saturated hydrocarbon, an
aromatic hydrocarbon or an olefinic hydrocarbon. In some embodiments, the saturated
hydrocarbon solvent can be a C4 to Cy saturated hydrocarbon. In other embodiments, the saturated
solvent can be butane, isobutane, hexane, heptane, cyclohexane, or mixtures thereof. In some
embodiments, the aromatic solvent can be a Cg to Cyg aromatic compound. In some embodiments,
the aromatic solvent can be benzene, toluene, xylene(s), ethylbenzene, or mixtures thereof. In other
embodiments, another embodiment, the olefinic hydrocarbon solvent can comprise alpha olefins.
In other embodiments, the alpha olefin solvent comprises a C4 to Cy alpha olefin; alternatively, a
C, to Cy; alpha olefin; alternatively, a Cy, to Cyg alpha olefin. In yet other embodiments, the alpha
olefin solvent can be 1-butene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, or

combinations thereof.
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[0165] In embodiments, the polymerization or oligomerization can be a continuous process
carried out in one or more reactors. In some embodiments, the continuous polymerization or
oligomerization process reactor can comprise a loop reactor, a tubular reactor, a continuous stirred
tank reactor (CSTR), or combinations thereof. In other embodiments, the continuous
polymerization or oligomerization process reactor can be a loop reactor; alternatively, a tubular
reactor; or alternatively, a continuous stirred tank reactor (CSTR). In other embodiments, the
continuous polymerization or oligomerization process reactor can be employed in the form of
different types of continuous reactors in combination, and in various arrangements. In an
embodiment, the continuous reactor can be a combination of a tubular reactor and a CSTR. In other
embodiments, the continuous polymerization or oligomerization process reactor can be two or more
reactors in series, two or more reactors in parallel, or combinations thereof. In an embodiment, the
continuous polymerization or oligomerization process reactor can be more than one CSTR in series.
In another embodiment, the continuous reactor can be a tubular reactor and a loop reactor in series.

In yet another embodiment, the continuous reactor can be two or more loop reactors in series.

[0166] Suitable polymerization or oligomerization reaction conditions such as temperatures,
pressures and times can be impacted by a number of factors such as a-diimine metal complex
identity, a-diimine metal complex stability, a-diimine metal complex activity, cocatalyst identity,
cocatalyst activity, desired product (e.g. polyethylene versus alpha olefins), desired product
distribution, and/or desired product purity among others. Provided the teachings of the present
disclosure, one skilled in the art will recognize how to adjust the polymerization or oligomerization

reaction conditions to achieve the desired objectives.

[0167] The reaction temperature of the polymerization or oligomerization reaction can be any

reaction temperature required to produce the desired polymerization or oligomerization product
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our carbon atoms can be characterized by a single pass conversion of ethylene of at least about 35

weight percent; alternatively, at least 45 percent; alternatively, at least 50 percent; alternatively, at

least 55 percent; alternatively, at least 60 percent.

[0171] In an aspect, the oligomerization process utilizing the o-diimine metal complex can
produce alpha olefins. In some embodiments, the product comprises linear alpha olefin having at
least 4 carbon atoms. Generally, the oligomerization process producing alpha olefins having at
least four carbon atoms produces a distribution of several alpha olefins that can be described by a

Schulz-Flory chain growth factor K, where K is defined by the equation:
K= Xq+2/ Xn

wherein X, is the number of moles of alpha olefin produced having q+2 carbon atoms and X, is
the number of moles of alpha olefin produced having n carbon atoms (i.e. the moles of the
preceding alpha olefin produced). In some embodiments, the alpha olefin product distribution can
be described as having a Schulz-Flory chain growth factor K less than 0.95; alternatively, less than
0.9; alternatively, less than 0.9; or alternatively, less than 0.80. In other embodiments, the alpha
olefin product distribution can be described as having a Schulz-Flory chain growth factor K range
from 0.4 to 0.95; alternatively, from 0.45 to 0.9; alternatively, from 0.5 to 0.85; or alternatively,
from 0.55 to 0.8. Generally, the Schulz-Flory growth factor can be measured using the number of
moles alpha olefins of any two adjacent produced alpha olefins. One skilled in the art will
recognize that the measured Schulz-Flory growth factor may not be exactly the same using the
number of moles of alpha olefin produced for every possible adjacent pair of produced alpha
olefins. Thus, in some embodiments, the Schulz-Flory growth factor can be an average of two or

more adjacent pairs of produced alpha olefins.
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[0172] In another aspect, the oligomerization process can produce an alpha olefin product with
high selectivity to linear alpha olefins. In some embodiments, the oligomerization process produces
a reactor effluent wherein the oligomerized product having 6 carbon atoms has a 1-hexene content
of greater than 99.0 weight %, alternatively, greater than 99.25 weight %; alternatively, greater than
99.5 weight %; or alternatively, greater than 99.75 weight %. In other embodiments, the
oligomerization process produces a reactor effluent wherein the oligomerized product having 8
carbon atoms a 1-octene content of greater than 98.0 weight %; alternatively, greater than 98.5
weight %; alternatively, greater than 99.0 weight %; or alternatively, greater than 99.5 weight %.
In yet other embodiments, the oligomerization process produces a reactor effluent wherein the
oligomerized product having 10 carbon atoms a 1-decene content of greater than 97.0 weight %;
alternatively, greater than 97.5 weight %, alternatively, greater than 98.0 weight %; alternatively,
greater than 98.5 weight %,; or alternatively, greater than 99.0 weight %. In yet other embodiments,
the oligomerization process produces a reactor effluent wherein the oligomerized product having 6
carbon atoms comprises any weight percent 1-hexene as described herein, the oligomerized product
having 8 carbon atoms comprises any weight percent 1-octene as described herein, and the
oligomerized product having 10 carbon atoms comprises any weight percent 1-decene as described
herein. For example, in embodiments, the oligomerization process produces a reactor effluent
wherein the oligomerized product having 6 carbon atoms comprises greater than 99.0 weight
percent 1-hexene, the oligomerized product having 8 carbon atoms comprises greater than 99.0
weight percent 1-octene, and the oligomerized product having 10 carbon atoms comprises greater

than 99 weight percent 1-decene.
EXAMPLES

[0173] The data and descriptions provided in the following examples are given to show
particular embodiments of the catalysts and methods disclosed, and to demonstrate a number of the
practices and advantages thereof. The examples are given as a more detailed demonstration of
some of the embodiments described above, and are not intended to limit the specification or the
claims to follow in any manner. Table 8 provides the Structures of the compounds and metal

complexes of examples 1-9.
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EXAMPLE 1
Synthesis of a-Acylimine Compound I g(2E)—2-[(2,6Qdiisopropylphenyl)imino]acenaphthylen-
1(2H)-one)
[0174] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was treated
with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs) of a solution of
2,6-diisopropylaniline (1.56 mL, 8.22 mmol) in 65 mL of ethanol. The resulting mixture was
stirred at 60°C overnight, cooled and filtered to remove unreacted acenaphthenequinone. After
removal of solvent under vacuum, the resulting orange solid was dissolved in ether, filtered and
cooled to —10 °C overnight. The orange solid that deposited was filtered, washed with cold ether
and dried. The filtrate was again cooled to —10°C overnight and additional orange solid was
isolated, giving a total yield of 1.91 g (68.5%). Characterized by '"H NMR (400 MHz, CDCl;): 0.88
d, 6H; 1.15, d, 6H; 2.82, m, 2H; 8.18, t, 1H; 7.99, d, 1H; 7.81, t, 1H; 7.39, t, 1H; 6.62, d, 1H. 3H’s
are obscured by the CDCl; peak). 1H NMR (400 MHz, MeCN-d;): 0.89 d, 6H; 1.10, d, 6H; 2.79,
m, 2H; 8.27, d, 1H; 8.12, m, 2H; 7.87, t, 1H; 7.45, t, 1H; 7.30, m, 3H; 6.60, d,1H.

EXAMPLE 2

Synthesis of a-Acylimine Compound II ((2E)-2-[(2,5-di-t-butylphenyl)imino]acenaphthylen-
1(2H)-one)

[0175] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was treated
with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs) of a solution of
2,5-di-t-butylaniline (1.69 g, 8.25 mmol) in 65 mL of ethanol. The resulting mixture was stirred at
60 °C overnight, cooled and filtered to remove unreacted acenaphthenequinone. After removal of
solvent under vacuum, the resulting orange solid was dissolved in ether, filtered and cooled to —10

°C overnight. The orange solid that deposited was filtered, washed with cold ether and dried. The
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filtrate was again cooled to —10°C overnight and more orange solid was isolated, giving a total yield
of 2.13 g (70%). Characterized by "H NMR (400 MHz, CDCLy): 1.24, s, 9H; 1.31, s, 9H; 6.80, s,
1H; 6.88, d, 1H; 7.23, d, 1H (resonance partially covered by CDCl; peak); 7.40, t, 1H; 7.44, d, 1H;
7.81,t,1H; 7.97, d, 1H; 8.17, d, 2H.

EXAMPLE 3
Synthesis of the a-Diimine Metal Complex Having Structure 1
[0176] A solution containing 0.10 mL (1.0 mmol) of 2-aminomethylpyridine in 50 mL of
anhydrous butanol was added via cannula to 0.285 g (1.0 mmol) of @-acylimine compound III and
0.127 g (1.0 mmol) of anhydrous FeCl,. The initially orange solution turned dark brown within 5
minutes and deposited a dark green solid after stirring overnight under argon at 55 °C. The solid

was filtered, washed with 6 mL of THF, and dried to yield 0.242 g (60%) of dark green product.

EXAMPLE 4
Synthesis of the a-Diimine Metal Complex Having Structure II
[0177] A solution containing 0.10 mL (1.0 mmol) of 2-aminomethylpyridine in 50 mL of
anhydrous butanol was added via cannula to 0.342 g (0.91 mmol) of a-acylimine compound I and
0.127 g (1.0 mmol) of anhydrous FeCl,. The initially orange solution turned dark green within 20
min and deposited a dark green solid after stirring overnight under argon at 55 °C. The solid was

filtered, washed with 6 mL of THF, and dried to yield 0.449 g (80%) of dark green product.

EXAMPLE 5
Synthesis of the a-Diimine Metal Complex Having Structure IT1
[0178] A solution of 0.297 g (1.3 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of

anhydrous butanol was added via cannula to 0.440 g (1.30 mmol) of a-acylimine compound I and

0.164 g (1.3 mmol) of anhydrous FeCl,. The solution was stirred overnight under argon at 55 °C.
The solid that formed was filtered, washed with a small amount of THF, and dried to give 0.505 g
(58%) of dark green product. Recrystallization from acetonitrile yielded x-ray quality crystals. The
obtained crystals were subjected to x-ray crystallography. An ORTEP diagram for the crystals
produced in this example is shown in FIG. 1. Selected bond distance and bond angle for catalyst
BMS-114 include: Fe-Cll - 2.286; Fe-Cl2 - 2.313; Fe-N1 - 2.181; Fe-N2- 2.166; Fe-P1 - 2.497;
P1-Fe-N2 - 135.19; P1-Fe-Cll1 - 100.77; N2-Fe-CI1 - 93.70; N1-Fe-Cl1 - 156.18; Cl1-Fe-CI12 -
111.98.
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EXAMPLE 6
Synthesis of the a-Diimine Metal Complex Having Structure IV
[0179] A solution of 0.211 g (0.92 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of
anhydrous butanol was added via cannula to 0.263 g (0.92 mmol) of a-acylimine compound IIT and
0.117 g (0.92 mmol) of anhydrous FeCl,. The solution was stirred overnight under argon at 55 °C.
The solid that formed was filtered, washed with a small amount of THF, and dried to give 0.380 g
(66%) of dark green product.

EXAMPLE 7
Synthesis of the a-Diimine Metal Complex Having Structure V
[0180] A 0.202 g sample of 2-aminoethyl(4-chlorophenyl) sulfide (0.93 mmol, 80% pure) was
purged with argon for 20 min and then added by cannula to 40 mL of anhydrous butanol. This

solution was transferred by cannula to 0.265 g (0.93 mmol) of a-acylimine compound III and 0.118
g (0.93 mmol) of anhydrous FeCl,. The resulting solution was stirred for two days under argon at
55 °C. The dark solid that formed was filtered, washed with a small amount of THF, and dried to
give 0.203 g (39%) of green product. Recrystallization from acetonitrile gave long, rod-like
crystals. The obtained crystals were subjected to x-ray crystallography. An ORTEP diagram for
the crystal produced in this example is shown in FIG. 2. Selected bond distance and bond angle for
the crystals include: Fe(1)-N(1) = 2.132 A; Fe(1)-N(2) = 2.197 A. The X-ray crystal structure for
the material and the ethylene oligomerization example provided in Table 9 indicate that it is not
required that the metal complexing group of the a-diimine metal complex for a dative (complexing)
bond with the metal atom to have an active ethylene oligomerization catalyst when the a-diimine
metal complex is contacted with ethylene and a cocatalyst. Additionally, the X-ray crystal structure
indicates that the o-diimine metal complexes may be isolated in a dimeric form (having bridging
halogen atoms) and have an active ethylene oligomerization catalyst when the a-diimine metal

complex is contacted with ethylene and a cocatalyst.

EXAMPLE 8
Synthesis of the ¢-Diimine Metal Complex Having Structure VI
[0181] A solution of 0.235 g (1.02 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of

anhydrous butanol was added via cannula to 0.377 g (1.02 mmol) of a-acylimine compound II and
0.130 g (1.02 mmol) of anhydrous FeCl,. The solution was stirred overnight under argon at 55 °C.
The resulting dark green solution was reduced in volume to SmL in vacuo, depositing a green solid.
This solid was filtered, washed with diethyl ether and dried to give 0.352 g (49%) of green product.

Recrystallization was done in MeCN.
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EXAMPLE 9

[0182] Polymerization procedure: In separate runs, each of the complexes listed in Table 9
(prepared as a standard solution in methylene chloride, or as a homogeneous mixture in biphenyl)
was placed in an NMR tube in a substantially oxygen- and moisture-free environment. If the
biphenyl mixture was used, about 0.5 ml of methylene chloride was added to the tube. The NMR
tube was then sealed and affixed (using copper wire) to the internal stirring mechanism of a 500 ml
stainless steel autoclave, such that the beginning of stirring would break the NMR tube and release
the contents into the reactor. The reactor was then evacuated and charged with anhydrous solvent
that contained the aluminum cocatalyst. The reactor was then pressurized with ethylene, and
stirring was commenced to initiate the reaction. Ethylene pressure was held constant and reaction
temperature was controlled at the temperature set point by internal cooling coils. Each reaction was
commenced at about 30 °C; for selected reactions a maximum exotherm is shown in Table 9. At
the end of each reaction, the ethylene was slowly vented, and the products were analyzed by gas
chromatography using the solvent as the internal standard. The Schulz-Flory constant K was used

to estimate the total amount of product made.
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[0183] While preferred embodiments of the invention have been shown and described,

modifications thereof can be made by one skilled in the art without departing from the spirit and
teachings of the invention. The embodiments described herein are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed herein are
possible and are within the scope of the invention. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations should be understood to include iterative ranges or
limitations of like magnitude falling within the expressly stated ranges or limitations (e.g., from about
1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). Use of the term
"optionally" with respect to any element of a claim is intended to mean that the subject element is
required, or alternatively, is not required. Both alternatives are intended to be within the scope of the
claim. Use of broader terms such as comprises, includes, having, etc. should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, comprised substantially of,

etc.

[0184] Accordingly, the scope of protection is not limited by the description set out above but is
only limited by the claims which follow, that scope including all equivalents of the subject matter of
the claims. Each and every claim is incorporated into the specification as an embodiment of the
present invention. Thus, the claims are a further description and are an addition to the preferred
embodiments of the present invention. The discussion of a reference in the Description of Related Art
is not an admission that it is prior art to the present invention, especially any reference that may have
a publication date after the priority date of this application. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent that they

provide exemplary, procedural or other details supplementary to those set forth herein.
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CLAIMS
What is claimed is:

1. A method for producing an a-diimine metal complex comprising forming at least one imine
bond in the presence of a metal salt, metal complex, or combinations thereof, wherein the a-diimine

metal complex has the formula:

wherein R*"! to/through R’ can each independently be hydrogen, an organyl group consisting of inert
functional groups, a hydrocarbyl group, or inert functional groups; R*! to/through R* can each
independently be hydrogen, an organyl group, an organyl group consisting of inert functional groups,
or a hydrocarbyl group; R*! to/through R*"> can each independently be hydrogen or hydrocarbyl

group; and m can be 2 or 3.
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2. The method of claim 1 wherein the method comprises:
a) contacting an a-acylimine compound having a Structure 37b:
Ra1 2 Ra1 1
Rat3
Rat4 Rats

Structure 37b,

FeCl,, and a primary amine having a Structure:

Rc?3 Rc75
R RS77
NH,—(CHp)—R EZ:,
Rc72 Rc78
Rc74 RC?S : an d
b) recovering the a-diimine metal complex.
3. The method of claim 2, wherein the o-acylimine compound is derived from

acenaphthenequinone and the a-acylimine nitrogen group of the a-acylimine compound consists of a

2,6-disubstituted phenyl group.

4, The method of claim 3, wherein the primary amine is 2-(diphenylphosphino)ethylamine or 3-

(diphenylphosphino)propylamine.
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S1 91Li 8loztz11 CZ Z [0183]Whil e preferred enbodi nents of the

i nventi on have been shown and descri bed, nodifications thereof can be nade
by one skilled in the art without departing fromthe spirit and teachings
of the invention. The enbodi ments described herein are exenplary only, and
are nots i nt %gﬁ'gthhg ﬁ allnmﬁ&agthem&iyéﬁétﬁtcbﬂﬂgx gd oRdid i cations of the
|nvent|on di sc erein are possible and are within the scope of the

i nvention. Were nunerical ranges or limtations are expressly stated, such
express ranges or limtations should be unt ood to include iterative

ranges or limtations of |ike magnitude f § W thin the expressly stated
ranges or limtations (e.g., fromabout 1 { 10 includes, 2, 3, 4,
etc.; greater than 0.10 includes 0.11, O. .etc.). Use of the term
“optional ly" with respect to any etéﬁsg dimis intended to nean
t hat the subject el enent V' 3 d, datively, is not required.
Both alternatives are intg cope of the claim Use of
broader terns such as conp g, etc. should be
understood to provide support 5/ such as consi sting of,
consisting essentially of, comig Y1y of, etc.
[ 0184] Accordingly, the scope of "protectign™~Ns not limted by the
description set out above but is only limted by the clainms which foll ow,
that scope including all equivalents of the subject matter of the clains.
Each arfd evérhg metheid of ¢lsim hwherpio thetoediiniipg metelremplss b4 fepyldn as an
enbodi nent of the present invention. Thus, the clainms are a further
description and are an addition to the preferred enbodi nents of the present
i nvention. The discussion of a referenceﬁiab-e Description of Related Art
is not an adm ssion that it is prior art &e g present invention,
especially any reference that my ation date after the

priority date of this applicatjog. |The d| plo ures of all patents, patent
applications, and publication§ o 'guﬁ e hereby incorporated by

reference, to the extent that pr oMi de | ary, procedural or other
details supplenentary to those f aslitdy 41e . CLAIMS What is clained

is: 1.A method for producing an u-diimne netal conplex conprising form ng
at | east one imne bond in the presence of a ne&gl nmetal conpl ex, or
conbl nat-i onsThemesthogof clapet whetein e axdigmipgiopial opp h&%%‘{?r‘ﬁ‘i(l %has the fornul a:
.1t55 wherein Rcl to/through Rose can each independently be hydrogen, an
organyl group consi sting of inert functl%ﬂlﬁ'groups, a hydrocar byl group,

or inert functional groups; R51 to/throug can each independently be
hydr ogen, an organyl group, an organyl nsisting of inert functiona
groups, or a hydrocarbyl group; Te Ral 5 can each i ndependently
be hydrogen or hydrocar byl 2 or 3. 2.The method of

'OIO

having a Structure 37b: Struc\ - ] and a primary am ne having a
Structure: RcnRem

8. The method of claim 4 wherein the a-diimine metal complex has a formula:

ﬂ

O CI CI
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Re7 Ren NH2(CH2)m P RenR078 Rc74Rem and b)recovering the a-diinine netal
conplex. 3. The nethod of claim2, wherein the a-acylimne conpound is
derived from acenapht henequi none and the a-acylimne nitrogen group of the
a-acylimne compound consists of a 2,6-disubstituted phenyl group. 4. The
met hod ©f clHiemethodwhieniai Swhdrein eiordiinyinametalecomplex has a formula:

2- (di phenyl phosphi no) et hyl am ne or 3- (di phenyl phosphi no) propyl am ne. 6.
The nethod of claim4 wherein the a-diimpe nmetal conplex has a fornul a:

7. The nethod of claim4 wherein the a-di ne netal conplex has a forml a:
8. The nmethod of claim4 wherein the a- d| metal conpl ex has a fornula:
10. The nethod of claim2 wherein the-g a e nmetal conplex has a
formula: 11. The method of claim reln tA- a-acyl ne conpound is
prepared by: a)contacting an @- ag _cquo aving a Structure 10:
Structure 10 and a primary an1x\;§QV|n© a ¥ cture 3a:
\

10. The method of claim 2 wherein the a-diimine metal complex has a formula:

11. The method of claim 2 wherein the a-acylimine compound is prepared by:

a) contacting an a-acyl compound having a Structure 10:

0 0
« S
R53 O R54

R55 R56

Structure 10

and a primary amine having a Structure 3a:

Ra12 Ra11

Ra13\§j2’

Ra14 Ra15

Structure 3a .
; and

b) recovering the a-acylimine compound.

12. The method of claim 1, wherein the method comprises:
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Structure 3a b)recovering the a-acyl m ne conpound 12. The nmethod of claim
1, wherein the nethod conprises: 90 a)contacting an a-acylimne netal

conpl ex having a Structure: Ran R53 and a
primary am ne having a Structure: Ra3Rc78 Re7 NH2(CH2), Rc72 RO7.4 b)
recovering the a-gdithitng aBlhadliniRétE eomplRE Kavidgy Stheeta: | R0O78; and  13. The
met hod of claim 12, wherein the a-acylimne conpound in the a-acylimne
metal conplex is derived from acenapht henequi none, the a-acylimne nitrogen
group of the a-acylimne conpdund Rg? the a-acylimne nmetal conplex consists
of a 2,6-disubstituted phenyl grept? I8 Thesethod of claim 13, wherein
the primary amne is 2-(dipiae i ethyl am ne or

3- (di phenyl phosphi no) pr opyl am e @ @ of claim 12, wherein the
a-acylimne netal conplex is grepargd a) gont acti ng an a-acyl conpound
having a Structure 10: Structure 1693

and a primary amine having a Structure:

Rc73 Rc75
Rc71 RC77
NH,—(CHo)m—F Fé:;
Rc72 Rc78
RC74 R7® . and
b) recovering the a-dimine metal complex.
13. The method of claim 12, wherein the a-acylimine compound in the a-acylimine metal

complex is derived from acenaphthenequinone, the a-acylimine nitrogen group of the a-acylimine

compound of the a-acylimine metal complex consists of a 2,6-disubstituted phenyl group.

14. The method of claim 13, wherein the primary amine is 2-(diphenylphosphino)ethylamine or

3-(diphenylphosphino)propylamine.
15. The method of claim 12, wherein the a-acylimine metal complex is prepared by:

a) contacting an a-acyl compound having a Structure 10:

Structure 10
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and a primary amne having a Structure 3a: Ral2Rail Ran Ral4 Structure
3a; b) recovering the a-acylimne conpound; c¢) contacting the a-acylimne
conmpound with FeCl2; and d) recovering the a-acylimne nmetal conpl ex.

16. The nethod of claim 12 wherein the a-acyliraine netal conplex is
prepared by:n@) pGRRakidengviAdla Sm@eit 3g0npound having a Structure 10:
Structure 10, FeCl2 and a primary am ne having a Structure 3a: NH2
Structure 3a b) recovering the agacyl gfm ne netal conpl ex.

Ra NH,
Ra14 Ra15
Structure 3a;
b) recovering the a-acylimine compound;
c) contacting the a-acylimine compound with FeCl,; and
d) recovering the a-acylimine metal complex.
16. The method of claim 12 wherein the a-acylimine metal complex is prepared by:
a) contacting an a-acyl compound having a Structure 10:
O, o}
RS . RS2
| R53 CO R54
R®  RS6
Structure 10,

FeCl, and a primary amine having a Structure 3a:
Ra1 2 Ra1 1
Ra13 NH2

Ra14 Ra‘l 5

Structure 3a ; and

b) recovering the a-acylimine metal complex.



