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OLI GOVERI ZATI ON AND POLYMERI ZATI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS
10001] The present application is related to U S. patent application Ser.
No. 11/186,039, (now U.S. Pat. No. 7,271,121 issued Sept. 18, 2007), US
patent application Ser. No. 11/186.306 (now U.S. Pat. No. 7,268,096 issued
Sept 11 2007) and U.S. patent application Set. No. 11/186,038 (now U.S.

on Jul- 21, 19DRRE prRRB TR s B 380 RSl b OB S on

rel ates gener al ly t OSINGIN QL OMBREZAAGN AOYD PODYMERIZATION ar |y, the present
application relates to a-diimne netal conpl exes, nethods of producing
a-diimne netal conpl exes, and the use of a-diimne netal conplexes in the
ol i goi neri zati on and/ or poI ymeri zation of olefins. BACKGROUND OF TIIE

| NVENTI ON [ 0003] A efin nl are inportant
itenms of comrerce. The&?oﬁga%%@%g?ﬁg g&%ﬁ%@%ﬁ@é&%@ggoymm as
internediates in the manufacture of detergents, as nore environnentally
friendly ri@placenBrtpseswhapbcatiafis reccdod Us. mieghipplotive Swi Ne 18 3u&@dnoas
monomers, gRdp A '?tzﬂrﬁ‘?%?eh%%ptf H;r 266@{%5%48@@51%%% s@:f NBf ﬂ%‘%@%@(r (nél}‘

i nportant subset of fins are ofefin (S;omers one net of maki ng

ol efin ol i g&nkat-dNg. 5729? WGGfSP@&?E?ilzaQq7dedf SN @ﬁ'é‘a“WﬁCéH"q é“é“dﬁ? alytic
reaction i@welu. pg. Wari,mysod ¥pes oof 3 Cabey) kséhshavibx arpliRSn@filcaabatlyst s used
commer ci al in polynerization and oligonerization of olefins include ‘

al kyl al um ™ conpounds, certain ni ckel - phosphine conplexes, and a titanium
halide with a Lewis acid, such as diethyl alum num chlori de. 10004] Anot her
group of olefin polyneri zat i oI d? @F yBESNYIENTIENi ved from pyri di ne
bis-itnines. Wth catalysts of this type, a nitrogen-based |igand engages

in a coordpmnafi OnTHe%?e@én't @@hml&lhreateg Eéﬁé}&ﬂyttb @@ﬁmtgalher&ah&l Wpeepaamaﬂi} nation
reaction f precuysor. The netal

a
Compl ex-f Ut HEI BRECUORTR ShieHBPe gl s ulse Rt St “§BHGE at o o
netal al Kyhewrcomplesds, mddme dee spegiieme Mhe cabakyst theslidomengtifr anydrhe
generati o%ogjme}lggomt %h al kyl or metal hydride species polymerizes ol efins.

[ 0005] Applicati1ons an demand for ol efin pol ymers and ol i goners continue to
mul tiply, and conpetition to supply them correspondingly intensifies. Thus,
addi ti onal novel and inproe¥ PETHRANYWENHBYs for ol efin

pol yneri zati on and oligonerization are desirable. SUMWARY OF THE | NVENTI ON
[ 0006] I n anmaspeo@mﬁhem@nﬁ&ﬁmmymﬂuenkhﬂﬁmﬂhﬂyhda&mammekh@dmmﬁm:pﬂﬁducing an
gr Ceilsle::]ncgeoI%lrﬂentg%I!%Pelca?nPS m(]??lfd%%m r%%ﬁflnpg mtf;nnn‘(!hzr&gs 1r€ﬂhe %nxﬁgcuﬁgcﬁfscfette en S Qé)l’plgrﬁl nt he
enbodi rrent@quﬂh}eﬂtﬂmfhmlyfrmhcgn@@uthemge%nd aHSdmgthﬁwerWtbamSEémﬁrmoeW@brrprl ses:
a) dcgnt actdnigs ARnAKARY kdr glaﬂﬁotﬁgrmgf&ﬁmd@cm,almp%a&nu sub?é’]gfrr%}efgxlé 'a%EeYln a{nhne

o acyl i m T G BoHp 1 SEEaeS HEIHE 8 OGO AT A1 BREPHH B e

ni trogen gf@u@uCQEﬂ(Slloﬁ tnlv&1Gin@Faridis tgifegamélalygg omm@e@@cstblwgused cnfh@fdially

]j llilagt b?gﬁ'lmq) Pme 1za 1on strd[] Xlggéggrlxazréu% ofgoletu nQ mc]u I](y]aRxmknum ¥ompounﬁls| «IE:e(Ig)]t ll Lbs,[eﬁean
met al salUn®©hpb$&mﬂgngmmmpambnmmemnhmﬂtwngnéapmahmsaﬁoﬁhbﬁwéﬂb@mmment t he
a-acyl i m ng;gehpound conprises an aacylimne group and an a-acylimnc
PltLogen %rgup anpr:S|ng a Fetal sal t conpleﬁlng grorp and a |inking group
and e, pritHHr y aCHE EOHS SI0 81 AR A s aHA: P SO Gretp
consi sti ngwil cafystsneTthis frypaCd hi@bgeh- b@’e@ﬂ]@an@l’en@gh}/dI’aOtibaII’dblyv]longfeﬂ:U@x wlth ayet

another 2Tadhae Rty b 1IEL00d,L0n BLOUELNT, A1 ATl 05! B fo0Pl ex
and b) reqmvemmngﬂthemacanﬂqhehmE@@$\@@ﬁ@@@q;m#®@@7¥wﬁwanomhsnﬂaspect t he
o1 5i NG T ] P e R K T e
coggound aﬁéﬁ@“ﬁdﬁﬁémﬁﬂﬂP?ggﬁ%“éﬁﬁﬁbund conprises an ardiinine 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 nitrogen group consists of a C, to C30
organyl group consisting of inert functional groups or a C, to C30

hydr ocar byl group, and the second imne nitrogen group conprises a netal
salt conpl exing group and a linking group Iinking the netal salt conpl exing
group to the innne nitrogen group. |In another enbodinment, the a-diimne
conmpound is bidentate, the a- diimne group is derlved fron1an a- dlacyl

e~



dirm ne netal conplex produced in Exanple 7. DETAI LED DESCRI PTI ON OF
EVMBODI MENTS [ 0011] The present application discloses a-diimne netal

conpl exes, methods for producing a-diimne netal conpl exes, and the use of
a-diimne netal conplexes in the oligonerization and/ or polynerization of
ol efins. DEFIN TIONS 100121For the purpose of this application the
designation "a-" represents a relational desi gnation that when preceding a
chemi cal ene icates that the two

Funct | onal I Fbups TG S fersahio RS Tbish itsabe s I DR es usi ng
the rel ati onattitas (IkESUngISIahdnocbrnemhdmd;@ ingngifieon @hwh edditidniienovsaink etygoed oxy gen
atoms are g%%tggndtn a%!ai%?ﬁ{lﬁ nQr%'ano%ta%‘&goﬁergkt oﬁ‘a{l%eéﬂhﬁée the two imne
nitrogen ato are b acent car bon at ons, aacyl i m ne where

t he acyl group oxygen atom and the i mne nitrogen aton1are bonded to

adj acent carbon atoms. The a3UNM¥PEY YnHHE BEdNJHN i on may al so be used to
descri be ot her conpounds descri bed herein. [0013. 1For purposes of this
applicatiomﬁM$n m@ybq@n0mpmgﬁﬁmﬂﬁmmq&ﬁnkedmbyxmh@n@mmm;hur@nﬁmﬂmaMherein
t he undesi lenc r ogen n.Qrgan ro h ocar byl
group, and%pn?}e st ther mn%htlggtlnd?g%ﬁ? dﬁéggﬁ%%m¥ ﬁg %%%IS éﬁ%ggcyl
group may ‘Mﬁmle&@écmr@h@g ﬂamﬁ ar crabodwtepideke mepnd fwrpe@emg applindzg e My

al so refercd, 1e§ta&g»gr;sésug%ﬁt%w&pu@éymn@wﬁ;(o%acl atlea® B8 dadd0 §rh@rPsmfihe; 9r oup

car bon aton1€an acyl carbon group). 10014]For the purpose of this
appl|cat|oﬂ{ 1W%W?§¥HF“PWWH§nﬁPbﬁﬁmk?smF%%?%gﬁﬁﬁﬁﬁsHV“?ﬁ@“@P?%%PﬂP@ | C=N-,
wherein th@mpﬁﬂe&j @igtiaele yahene aso-eanmhe niyghh QR condiRtin@ @A fangre@diup, a

hydrocarbyl n s indicated herein. The term
ine. or oupeunprr eladbn BoyR i i e oM PR M8k i cat s on

may al so réfﬁegrovm asmtﬁésalttcmemwrg)g/rgwoum( Bkirgteomp (isRingih¢ methled!t tanpldimgi m nc
carbon at o, (,ap e INRE of@5. 0 AL nIMAURIo ARG Ofie §YBil-USRAb&S LARAHR(R)J-at on(s)
attached to the imne ni n atom (an imne nitrogen group)
Addi ti onal qcyhmlfl%gowa@g@m aca%bqui: Bigpgen ﬁro%gpn}p&l%&a pgjal salt complexing group and
subst i : t uent sikge @u)p% Ladnmse rﬂéltz_ﬂ @zﬂmgxpfeﬂné @eupas We oGayIRaR: @ik AbmthAe he
a-acylimne. group (an.a-acyljnne ac car roup)., : :
Subst i t uerterg Bt PRiS e eV A 5 op REMPRPAE SHPn okpvarb g
a-acyl i m ngogrooupyd@ambaacopb.i Iyaenpiire@badmdno thegretuag Jor p@eingran a-diimine
substitue ) t t 1 of the
a- acyllnlﬂﬁ&éfélgHggﬁg&gcggkabl “h?%?ggéﬁgﬁ%ﬂg%ﬁﬁ&‘%dg L&Bgﬁgﬁg§§ﬁgf this
appl|catldﬁ“ﬁﬁ@“n{LﬁdeWﬁ%mﬁﬁC@Fpﬁ‘pyrldlne ring, or pyridine containing
ring system (shown in its localized or delocalized form does not
COﬂStitutﬂOﬂﬂ]inimemgﬂ@wﬁmd[Qﬁlﬁ&Eﬂhm@ﬂkﬂQﬁ@&k@ﬁn&hhﬁ&ﬂ@ﬂihﬁ@l&ﬁmkxa
hydr ocar bbyl p%l{tl%geo r]Sln a me a ll cr(}}nt IC)QCQ Eg%emate OF, trl ! l l P(@l?l’lll’?é L(')nml })/aldent
group f or ned oV | 6 h o o rocar bon ( e a group
contaln|ngmmnhym@@mbmmﬂandmmydmmgeapna#mhwdgmmaabyhngmampgcaﬂmmnmﬂade t he
term"al kysleconﬁ)rlmm@lxkt%gelgrvfbldp whidh Qy&lff&&ﬁ”tp(%l ! Qxlépnﬁlﬂ@ nﬁtx%%énu ﬁuﬁ' qgs reng
systens, aronatic rings, aromatic ring systens wh conf
car bon ancEiyémeyethe ¢ @0%?] %}pow Apbideaip fihe mihgmafpgwpclatdpwd fré?ﬁl a“d’rganyl
group” hasdifchieoflgfuniiite A nﬁp@mrége@gomycohwma Ak ©F gadhyCorsiplsisistisestt group,
regardl ess of .functional @ aﬁh g free valencg at a carbon atom
Thus, an dP%’Hﬁ}‘i“o‘@;’ﬁ SlipPs Oér? A WIg ad%yrhv&"“? i oRERT JPBUPYOHAE VP at ons
ot her t hanmgdgsebomeahgthydlogensréup.agd adinkiog grawp linkge Chepmétdi ablt canplaogpri se
functi onal i r I For
exanpl o oy F pRRCHBLELATE e el ek O Rl BRI 8RB O
i ncl ude hahogyegne gsszlgpgééprwseﬁ ft%@@ndwcah@nmmégh%ﬁregmmaﬁﬁrﬁgencﬂrﬁlércsnSISts

Non-I'i mi tigrg cexanpd&syQfouh 'é&ﬁ}fstﬁlgrb@-lnerg LAURSal ioRGHsUA € CELNES §/droddrEig BN ESS .
ket ones, aldeh des, esters des, am nes, and phosphi nes, annnq ot hers.

I ncl uded % t‘*ﬁeseif’r“%’a‘ﬁli}? “‘ﬁPﬁﬁ FYRIPHISE B Gr'a %@‘Eré?“éila%r&’ﬁ EOHEEE 5 mg"'ri ngs,
het er oat Omn&ﬁb’tfaagrﬂdlp@gl zi Cn@ @M@Hﬁfﬂibyl bl@ﬁ;ﬁl’l@&lﬁrﬁlﬂmmb@dmierﬂg?ahe oadithine metal

het er oar omaL e, L0 SYSEEMy, oyl d he,natedsthat the, gr gany!
group def i RPPFoH |ncsadnca Com ““W%le?%ﬁex%oﬂ§ls g Bt 1 nert PfUfict i onal
gr.oups, andpisre: h)yzclxrce@;arrl@ygmt@r@uwda‘@naacmmhéqnsqun{of;m bﬁqnﬁnhrer!ehenqm rgposes of
this application, the termor variations 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 restricted 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



10021] For purposes of this application, a secondary carbon group includes a
group of the formula -CH2-, wherein the one free valence (-) is to an atom
ot her 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 val ence can be bonded to a hal ogen atom carbon atom oxygen atom

sul fur atom etc I n other words, the free val ence can be to an organyl

group, an organyl group consistin inert f tion

By ocar by P SrOTE 21 e OBt T 601, “Borith of hopt FIREEPOh R Al
Non-limti dwghM@mbgnwp af2, cds@ngaipyenglagr@pnorgr Desiseri- hnﬁylpicéeyl@reujnZﬁcﬂ(@h 13) 2,

- CH, C6F15, -

tertiary car g”mnéiﬁ%g?ﬁc cﬁ$§%§%%5%51£H Qgﬁgﬁggﬁh%FM%I%gRéé%u eré|n t he

two free v%?@ﬁééé“@“?kﬁﬁ%gwmta@eﬁﬁm@PM@?mﬂW§nmamhydrogen atom (the bond
represented by the dash, -, is to atomandior group to which the tertiary
gar 303 gr O[lapl)si S amtyapzh]e@l)r asﬂ_elau&e peddent inventhr R vMad 2615}6&55 W@roﬁ@cxﬂgrﬁﬂ;ﬁﬁ@endent Iy
onded to 0 carbop atom ox ur atom etc

orher  wor dee e SR B E: ey iR RS P ra AL AR bt g SR gPOun, | an
organyl grioupngonslisstimgd ethylemrverredufUmobiionailplgrdefps, la chydlinosar bylo-group, a

functi onal l.es of
secondary ‘SarBakes AR ARt LHAG PERSSLAY R o D L) B8 FEATTY

- cycl ohexyd-dimigsaempa sy oomsisesa icn ocfiminetems deriod §91 Po r-drgy seseanét2) ehi s

appl i cat i ofst iRingWbEMNASY cﬁl@[sb@”lofgir@,uﬂ omn&mgheso@ SRRy of indrhenéeusul a - CE

, Wherein the thr é ﬁ % ces, are tg. tons other than.a hydrogen
At om (¢ he BORECTSHPRSRVEETEY A8 b 3K sSeond rne THrose bGP FAPBTS B Gl L o whi ch
t he quat ersalacympbaing@roug molpliikingaiduadinieoy the Thubsalt eaoicxidg drhi@ tb fireaminkr ee
val ences ¢ e n ho t oxygen
atom sulfﬁgggféhﬂg Bﬁgﬂ%‘&&%%Qgﬂgggﬁégmggg%%%?%&ﬁg&( nx?@%re@a@a g%ces can
be to an cegaE iHp @mﬁalexawowrlgadnylrnegwmmt@n@rlgw hpngfdiinpeg grovpideeted onal
groups, a fﬂ)YrQE&%Bt@w(eqlgﬁo@éltherﬁntfﬂéﬁ&lhh%abr HrQefhinoRd; BN filehtind Hi6dchonal
group. Non-limting exanples of tertiary carbaon groups include: -CXC}B)S,
~C(CB1- | 5)%oup- e98iigine. ol epndptsilipherg grqup, c@@%ﬁ@h&w& groups X 135 2.0 CF and
-1- adanarmlydpxopalplﬁhy l\/ngEp Mzd Aty zC@M:E)ﬁqméS‘EAR’E&:d\l@oW'EEanNm% a ANl | HNTERM
g/AgFgcglPO(Z:%l% ex1r§ﬁ:§oup¥md a nﬁmﬁﬁroup [n nking the,me?al aa(ft co n%gxni?gs%rcgﬂ%r%o Bwétp cp dpaingcei from
met hods t oilprepdee t he a- dllnlne netal conpl exes, additional conpounds
i ncl udi ng a-acylim nc conpounds and a-acylim ne nmetal conpl exes can be
i nternmedi ates and/ or st ar thRgERresN STk pRev e hesi s of the a-diirnine
met al conpl exes. The a-di acyl conpounds primary am nes, a-acylimne
conpounds, a: acylim ne netal exes, and netal salts arc independent
el enents WPYRI n ﬁh%mhld?¥%ﬁﬁ%mﬁgﬁﬁﬁ dﬁWﬁWbﬁfgﬁﬁiﬁé§ﬂ§mhﬁ8mWGr@héW‘Hescrlbed
- herein. a-dbmaewenaConmprupdsuctddZ2]kgneral |y, a-di acyl conpounds utilized in
the production of the a-diimne netal conplexes conprise two acyl groups
capabl e Ofjofiff M NG AN; b6 Ih0 YRTIPaMRLEANLARE Salicl B AuRELIREY iRIY-NE.
Approprlate a-di acyl comnmpounds can ose capa% of reacting with two
primary aﬁ@ﬁ@§“¥@l*@WﬁfaﬁméﬁﬂmﬁﬁﬂﬁéeEonpound Wthin in this specification,
the term "capable of reacting with two primary amnes to forman a-diimne
conpound” shoul d not b®ETamSLDP DESCRIPTIOROK PEMBODIMENTSMAIY amn nes are
necessarily added in the sane step. Nor should the tern1be construed to
mean t hat - di I 1 V. diate to
an adii n ng(ﬂ T'h@%ﬂ@&r@a(}}ﬁf&%u%r'}l%ﬁhﬁseg‘g8?1&%91?\1&51 cmfngé%?acy g{}ﬁ Eﬂas_s one
capabl e of% Cf"mﬂmnr?@l @ﬂmpﬂwm@ddreolﬁﬂmfmgwn@@ma ol xaRiin the ahwmelnw«yﬂ amine is
not necessadbdpylyhbdicatdryenef methods of formng an imne group. The term
"capabl e of reacting with two primary am nes to forman adiimne conpound”
IS intendqa%ﬁﬁ]q§§§ribe to one skilled in the art the particul ar a-di acyl
conpounds [ be utilized in the synthesis of the a-diimne neta
conpl exes described herein. The a-difinine netal conpl exes can be produced
utilizing [8Hyl netfhodhcarurrbes of ithedrifiesten rihe (GOREPONE- ¢ Fearpsenssf a aeldioady |
conpounds ¢td@hidnaih BEentppRehilgh RELPALARY cifefichdhing sfiB A lindQRPIEXRSwbS an
a- ket oal dehyde, which is a conpound wherein a ketone oxygen atom and an
al dehyde oxygen atom are bonded to adj acent carbon atons. The
a- ket oal dehydes utilized in the production of the a-diitnine netal
conpl exes can be any a-ketoal dehyde capable of reacting with two primary
amnes to forman a-diimne conpound. The a-ketoal dehyde can be saturated,
unsaturated, linear, branched, acyclic, cyclic, aromatic, and/or
het eroaromatic. [0027] Generally, the a-ketoal dehyde will have the structure
| e"-C(=0) C(=0) H wherein R' can be an organyl group, an organyl group



structures of RH and Rk2 are independent of each other and can be an
organyl group, an organyl group consisting of inert functional groups, or a
hydr ocar byl group. In enbodi nents, Rkl and/or Rik can be a C, to C o
organyl group; alternatively, a C, to C30 organyl group consisting of inert
functional groups; alternatively, a C1 to C30 hydrocarbyl group;
alternatively, a Ca to C20 organyl group; alternatively a Cl to C20
organyl gr consistin i nert function alternatively, a Cl to
o8 hy i o By P BRire Sh Plrsnet braipes \o Ty R R oy Ay F UG b

al t er nat i vighignatié@lin¢loleGl-Giomr glarsythe grootepne ongesitomyare bonderbtadfacanctartonal
groups; al n a Cl
Do gaatm%f @Bltn\{lﬁé %helreatge%?]vgtu?l\t}eﬁlgo&xgtr&ﬁg%%@életgtrogthlpgce{]tacja{_bgi Xplé’%éo %xgil Xting of

i nert Func’tci’léfﬁlail W@rffdhﬁps;vl BPUPHKY ISP htamuavethy imige tu:troaee atea amﬂtﬁéa? tjdcetyr oup.
100311l n sQ¥Bn QRO dTHYENL SlatidnMEdeBinkhtioN Gral 18 beABHLE lo! Ges@ibdliBRE cofiRuilis! € and
11k2 are acgcllc I n ot her enbodi nents, a-dione can be a sem -cyclic

a- di one; FEEBHAPSEN 11. k2 are, or conprise, a cyclic structure but are not
connected through a ring or ring system In yet other enbodi nents, the

ct-dione i cy Qrm ing or
ring systéﬁmgbntgﬁﬁpnam% ﬁmnggkgﬁnanoﬁglngtlsmmeswgn $?%ﬁfmmvﬁwéone
sem - cycl | raégﬁd!he cﬁ’: %na é va ences Hgo e, S(?r%any o p ng h?ér%rb Jo53 r'HS tem can
be sat ur at'€d N - ¢y c or Ve d10ne envodi s, the

ring or riangosysbéenscan as:mdlt:eaadrhe@ar Bbw thareboncybleuxm aytjosheis ketbies fuddrher
sem - cycl i g.Rpe/ the@‘ééédt Qppfi’icﬂbﬁ’ﬁﬁy geb R E@Qx%sﬁmue&'&‘?/ Johﬁ%@/a&)ﬁé}) e fan.be a
bi cyclic ring system yet her sem -cyclic and dror cyclic¢ a-dione
enbodlnenﬂ@“mﬂﬁemPF%@mdpnﬂmﬁﬁﬂ§?§@eﬁ9@an conprise an aromatic ring or an
aromatic ring structure. 1003211 n acyclic a-dione enbodi nents, the a-dionc
can be 2, amhutanediﬂﬁqmqaasuhskk@mkadmZmB{@mraﬁﬁd@ﬂmﬁ:mzeﬁaﬁﬁﬂtaneﬂione, a
substi t ut ed 2, 3- pentanedlone 2, 3- hexanedi one, a substituted
2, 3- hexaneﬂh@me (Baml&hﬁaﬁmedmﬂﬂﬁmmarvﬂmﬁ&b&mukumedmag4nhe%aﬂaﬁm@ne I n
sone enlbodlnents t he adi one can be 2, 3- but anedi one, 2, 3-pent anedi one,
2, 3- hexaneﬂmenﬁwtQbmﬁamwﬁamﬂmaﬁ@&npasMmuhmnkh&rtmﬁbﬁﬂhmﬁagﬁmphﬁ@nasdione
can be 2, %)Rutg&g&kgne a te&ﬁatlve§¥ 2.3 P nga%ﬁglone Iter atlvely,
2, 3- hexane Ione; or a erna Vel 4-Hhexanddt one. 1@6@31Fn aronatlc
sem - cyclwwmamdn©hgmehM0dn®bmeemdwhe:maneﬂen&@m(benbewmbmlepmaaemnst|tuted
benzil . 'Qu&%ﬂ@ﬁ@ﬁﬂ&@@yﬁﬁﬂ&ﬁmmhﬁgt@ﬂﬁhgﬁﬁr&ﬁ%mb%og%%Zhhneiggéﬁ fipgat ur at ed
cyclic a-dione enbodi nents, the a-dione can be 1,2-cycl obutanedione, a
subst i t ut éfidiionally,ihy asuﬂtaﬁe‘d?wemyref? EyEISEHRRY HPHRE RPER allacked 4o B rapyl ut ed
i g cyc: Oﬁamtrangtdmon@f, the , &&Mﬁtﬁﬁmemﬂpdadl(@nea a@hﬁlwastdgpwt @tbon  group),

cycl ohexanedi on ohept anedi su
T 5 oyel ongpp dres B G e I PR L L g Ra b SRS, ¢ he
a- di one camﬂbmmlmﬁmcwnhmpgnuanedkmn@xnamswhsmmﬁwmadclazwmwcbomenmamedlone
1, 2-cyclo e te 1.0l n
satur ot ed LRl g Dee oAbl 4k (AR, s FELR AREEN L A0 Furd:D PARE
1, 2- cycl opericaitadicofel- retion oba exr@rrehe&|0ﬁetndeme0mmn§fetc Ybtpra (shetbtidisnent s,

the a- di ongagRMolRIodalive 1634 oo RERbANAL N HMBIe Qbupal ternatively, 1,2 -cyc
| obes anedi one. 10035]In saturated ring system a-dione enbodlnents, t he

?hg;)?ra]_-elcg&d%g bIPC ig:lllr§ ?s o?%ns]zapé catl Palf@gé&l 8?%1011 %t'lsbt tclt!e.tf{n 1?195(_5)9(!1?96%}1012' 2.1
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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 organy! 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 hydrocarby!l 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 o-ditmine 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 mertness 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 process described herein can include halo (fluoro, chloro, bromo and iodo), ethers

(alkoxy group or etheryl group), sulfides (sulfidy! group), and/or hydrocarbyl groups.
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[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 -CH;.

{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(CHs),, —
CH,C1, -CH,C4Hs, and ~CH,OCH;.

[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(CsHs),, —cyclohexyl, -CH(CH3)OCH,, and ~CH=CHCH,.

[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 quatemary 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 mert functional group. Non-limiting examples of tertiary carbon groups

include:
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—C(CH3)3, —C(CgHs);, —CC13, —C(CHz)QOCHg, -C= CH, —C(CHz)CH:CHz, —C5H5, —CF3, and —1-

adamantyl.
¢-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, o-acylimine compounds, a-acylimine metal
complexes, and metal salts are independent elements within the o-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 a-diacyl compounds can be those capable of reacting with two
primary amines to form an g-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-diacy! 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 o-diimine metal complexes described

herein. The o-diimine metal complexes can be produced utilizing any method as described herein.

j0026] One class of o-diacyl compounds that can be used in preparing o-diimine metal
complexes is an o-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 o-diimine compound. The o-ketoaldchyde can be saturated,

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

[0027] Generally, the a-ketoaldehyde will have the structure R¥-C(=0)C(=0)H wherein R*

can be an organyl group, an organyl group consisting of inert functional groups, or a hydrocarbyl
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group. In some embodiments, R* is an organyl group; alternatively, an organyl group consisting
of inert functional groups; or alternatively, a hydrocarbyl group. Generally, R can be a C, to Csp
organyl group; alternatively, a C, to Cs, organyl group consisting of inert functional groups;
alternatively, a C; to Cs¢ hydrocarbyl group; alternatively, a C, to C,o organyl group; alternatively,
a C; to Cy organyl group consisting of inert functional groups; alternatively, a C; to Cy
hydrocarbyl group; alternatively, a C; to Cyy organyl group; alternatively, a C, to C;o organyl
group consisting of inert functional groups; alternatively, a C; to Cjo hydrocarbyl group;
alternatively, a C, to Cs 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 hydrocarby! group of the a-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
Cyo glyoxal; alternatively, a C; to C)¢ glyoxal; or alternatively, a C; to Cs glyoxal. In some
embodiments, the o-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 hydrocarby! groups. In other embodiments, each phenyl
substituents can be a C, to Cs organyl groups consisting of inert functional groups; or alternatively,

a C, to Cs hydrocarbyl groups.

10029] A second class of g-diacyl compounds which can be used in preparing o-diimine metal
complexes is an o-dione (a compound wherein two ketone oxygen atoms are bonded to adjacent
carbon atoms). The a-diones utilized in the production of the u-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 o-dione will have the structure R*'-C(=0)-C(=0)-R* wherein the
structures of R* and R* are independent of each other and can be an organyl group, an organyl
group consisting of inert functional groups, or a hydrocarby! group. In embodiments, R*' and/or

R* can be a C, to Cy, organyl group; alternatively, a C, to Cso organyl group consisting of inert
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[ 0057] The nmetal salt conplexing group, Q can be any group conprising a
het er oat om capabl e of conplexing with the netal salt. The linking group, L,
can be any group capable of linking the netal salt conplexing group to the
-NH2 group. The linking group includes all atons between the primary am ne
nitrogen atom the -NIL, and the netal salt conplexing group. If the netal
salt conplexing group is acyclic, thgilinking group includes all atons
between the primary am ne nitrogen atom and the heteroatom of the netal
salt conpl exing functional group. For exanple, in

N, N- di net hyl et hyl enedi am ne the linking group is -CH2CH2- and the netal
salt conplexing group is the N, N-di methyl am nyl group, and in

2- phenoxyet hyl am ne the linking group is -CH2CH2- and the netal salt

conpl exing group is the phenoxy group. However, if the heteroatom of the



[ 0062] | ndependent of the carbon nunber of the hydrocarbyl substituent, the
al kyl group or the substituent(s) of the substituted netal salt conpl exing
group can be a primary, secondary, tertiary, or quaternary hydrocar byl
group. In sone enbodi nents, the al kyl group or:the substituent(s) of the
substituted netal salt conplexing group can be a primary hydrocarbyl group;
alternatively, a secondary hydr ocar byl group; alternatively, a tertiary
hydr ocar byt—greup—or—al-ternatively—a—guaternary—hydrocarby
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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, ¢-acylimine metal complex, o-
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 a-acylimine compound, g-acylimine metal complex, a-diimine compound,
and/or a-diimine metal complex as described herein. The o-acylimine compound, a-acylimine
metal complex, u-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 hydrocarby! 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
mert functional groups; or alternatively, consists of an -NH; group and a hydrocarby! group. The
primary amines can be saturated, unsaturated, linear, branched, acyclic, cyclic, aromatic, and/or

heteroaromatic.

10043} 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 Cyp organyl group; alternatively, a Cy to Cy0 organyl group;
alternatively, a C, to Cj, 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:

Structure la R*'NH,

. al . iy - .
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
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comprising or consisting of an -NH, group and organyl groups can be designated as having

Structure 2a indicated below:

Structure 2a R*'NH,

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 Cy organyl group
consisting of inert functional groups; alternatively, a C, to C,, organyl group consisting of inert
functional groups; or alternatively, a C, to Cs organyl group consisting of inert functional groups.
The organy! 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 organy! 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 organy! 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
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
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can be a methoxy group; alternatively, an ethoxy group; alternatively, an isopropoxy group; or
alternatively, a fert-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
Structure 3a Ra13 NH,
Ra14 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:

Ra12‘ Ra1 1
Structure 4a Ra1¥ NH,
Ra14’ Ra15‘

als’

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 Cso hydrocarbyl group; alternatively, a C,
to Cyp hydrocarbyl group; alternatively, a C, to C;, hydrocarbyl group; or alternatively, a C, to Cs

hydrocarbyl group. Independently, the hydrocarbyl group can be a saturated, unsaturated, acyclic,
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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 Cso acyclic hydrocarbyl
groups; alternatively, C, to Cy acyclic hydrocarbyl groups; alternatively, C; to C,e 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), ferf-butyl (2-methyl-2-propyl), n-pentyl
(1-pentyl), 2-pentyl, 3-pentyl, 2-methyl-1-butyl, tert-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), feri-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 Csq cyclic hydrocarbyl group; alternatively, a Cs to Cyy cyclic hydrocarbyl
group; or alternatively, a C4 to Cyo cyclic hydrocarbyl group. In embodiments, the cyclic
hydrocarbyl group can comprise a cyclobuty! group, a substituted cyclobutyl group, a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group. a substituted cyclohexyl group, a

cycloheptyl group, a substituted cycloheptyl group, an adamantyl group, or a substituted
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adamantyl group. In some embodiments, the cyclic hydrocarby! group can be a cyclobutyl group;
alternatively, a cyclopentyl group; alternatively, a cyclohexyl group; alternatively, a cycloheptyl,
or alternatively, an adamantyl group. In some embodiments, the primary amine comprising an -
NH, group and cyclic hydrocarbyl group can be a substituted cyclopentylamine, a substituted
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 hydrocarby! 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 Csp aromatic hydrocarbyl group; alternatively, a Cs to Cyo aromatic hydrocarbyl group; or
alternatively, a C; to C,y aromatic hydrocarbyl group. In some embodiments, the aromatic
hydrocarbyl group can be a pheny! group, substituted phenyl group, a naphthyl group, a substituted
naphthyl group, a benzyl group, or a substituted benzy! 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 hydrocarby!l group can be a
substituted phenyl group; alternatively, a substituted naphthyl group; or alternatively, a substituted

benzyl group.

10051] 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
aromatic hydrocarbyl group can be a substituted aniline, a substituted I-naphthylamine, a
substituted 2-naphthylamine, or a substituted benzyl amine. In other embodiments, the primary
amine comprising an -NH; group and an aromatic hydrocarbyl group can be a substituted aniline;

alternatively; a substituted 1-naphtylamine; alternatively, a substituted 2-naphthylamine; or
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Structure ga%ﬁ:thylamine, or benzyl amine. In yet other embodiments, the primary amine can be aniline; 1-
naphthylamime; alternatively, 2-napthylamine; or alternatively, benzyl amine. In further
embodiments, the primary amine can be aniline, or a substituted aniline. In embodiments, the
substituted aniline can be substituted at the 2- position. In some embodiments, the substituted
aniline is substituted at the 2- and 6- position; alternatively, at the 2- and 5- position; or
alternatively, at the 2-, 4-, and 6- positions. In other embodiments, the substituents at the 2-
position, at the 2- and 6- position, at the 2- and 5- positions, or at the 2-, 4-, and 6- positions can
independently be a primary substituent; alternatively; a secondary substituent; alternatively, a
tertiary substituent; or alternatively, a quaternary substituent. In some embodiments, the primary
amine consisting of an -NH, group and an aromatic hydrocarbyl group can be 2,6-dimethylanaline,
2,6-diethylaniline, 2,6-diisopropylaniline, or 2,6-di-fert-butylaniline. In other embodiments, the
primary amine consisting 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-dicthylaniline;  alternatively,  2,6-diisopropylaniline;
altematively, 2,6-di-fert-butylanaline; alternatively, 2,5-di-fert-butylanaline; alternatively, 2-

isopropyl-6-methylanaline; or alternatively, 2,4,6-trimethylanaline.

10052} 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 Cyo hydrocarbyl group; altematively, a C; to Cyy
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 aromatic hydrocarbyl group can be primary, secondary, tertiary, or quaternary hydrocarbyl
groups. In some embodiments, a cyclic hydrocarbyl substituent or an aromatic hydrocarbyl
substituent can be a primary hydrocarbyl group; alternatively, a secondary hydrocarbyl group;
alternatively, a tertiary hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group. In

some embodiments, the cyclic hydrocarbyl group substituent or an aromatic hydrocarbyl
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[0055] In an embodiment, the primary amine can comprise an -NH, group and a metal salt
complexing group. In another embodiment, the primary amine can comprise an -NH, group, a
metal salt complexing group, and a linking group linking the metal salt complexing group to the -
NH; group. In yet another aspect the primary amine can consist of a metal salt complexing group,
and a linking group linking the metal salt complexing group-to the -NH, group. Generally, the
metal salt complexing group and the linking group are independent elements. Thus, 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 be described using any
combination of the metal salt complexing group described herein and the linking group linking the

metal salt complexing group to the -NH, group described herein.

{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 Sa:

Structure 5a Q-L-NH,
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[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 dipheny! 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 pyridiny! group, a substituted pyridinyl group,
a morphiliny! group, a substituted morphilinyl group, a pyranyl group, a substituted pyranyl group,
a tetrahydropyranyl group, a substituted tetrahydropyranyl group, a quinolinyl group, a substituted
quinoliny! 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 phosphiny! 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 phosphiny! 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
morphiliny! group, or a substituted morphilinyl group; alternatively, a dialkyl aminyl group, a
diphenyl aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl group, an alky! etheryl
group, a phenyl etheryl group, an alkyl sulfidyl group, a phenyl sulfidy! 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 phosphiny! 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
aminy! group, a substituted diphenyl aminyl group, a diphenyl phosphinyl group, a substituted
diphenyl phosphiny! group; alternatively, a diphenyl aminyl group, a substituted diphenyl aminyl
group, a dipheny! phosphiny!l group, a substituted diphenyl phosphinyl group, a phenyl sulfidy!
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
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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
alky! sulfidyl group, a phenyl sulfidyl group, or a substituted sulfidyl group; alternatively, an alkyl
etheryl group or an alkyl sulfidyl group; altematively, 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 1-
pyrrolidinyl 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; altematively, a I-pyrrolyl group or a
substituted 1-pyrrolyl group; altermatively, 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
dipheny! aminyl group; alteratively, a diphenyl phosphinyl group; or alternatively, a substituted

dipheny! phosphinyl group.

[0060] The alky! 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 C,, 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 C;o hydrocarbyl group; or alternatively, a C; to Cs hydrocarbyl group.
The substituted phenyl groups of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt complexing
group embodiments can independently be a Cy to Cyo phenyl group; or alternatively, a Cq to Cys
phenyl group. Independently, 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
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complexing group can be a primary hydrocarbyl group; alternatively, a secondary hydrocarbyl

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

[0061] Each substituent of the substituted metal salt complexing group embodiments can
independently be a C, to Cyo organyl group, a C, to C,o organy! group consisting of inert functional
groups, a C; to Cyp hydrocarbyl group, or an inert functional group. In some embodiments, the
substituents of the substituted metal salt complexing group can be C, to C; 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 sa‘lt complexing
group can be C; to Cyp organyl groups; alternatively, a C; to Cp organyl groups consisting of inert
functional groups; alternatively, a C; to C,o 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 quaternary
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 organy! 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 secondary hydrocarby! group; alternatively, a tertiary hydrocarbyl group; or
alternatively, a quatermnary hydrocarbyl group. In some embodiments, the alkyl group or the
hydrocarbyl substituents of the substituted metal salt complexing group can be a methyl, ethyl, n-
propy!l (1-propyl), isopropyl (2-propyl), n-butyl (I-butyl), sec-butyl (2-butyl), isobutyl (2-methyl-
I-propyl), fert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-met1]$/l-l-buty},
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fert-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-methyl-2-butyl, neo-pentyl (2,3-dimethyl-1-
propyl), or n-hexyl (l-hexyl) group. One skilled in the art will readily recognize which alkyl
group or the hydrocarbyl substituents of the substituted metal salt complexing group belong to the

primary, secondary, tertiary, or quaternary hydrocarbyl group classes.

[0063] The linking group linking the metal salt complexing group to the -NH, group can be a
bond, an organyl group, and organyl group consisting of inert functional groups, or a hydrocarbyl
group. In other embodiments, the linking group can be a bond; altematively, an organyl group;
alternatively, an organyl group consisting of inert functional groups; or alternatively, a hydrocarbyl
group. In some embodiments, the linking group can be a C, to C organyl group; or alternatively,
a C; to Cs organyl group. In some embodiments, the linking group linking the metal salt
complexing group to the -NH, group can be a C; to Cyo organyl group consisting of inert
functional groups; or alternatively, a C; to Cs organyl group consisting of inert functional groups.
In other embodiments, the linking group linking the metal salt complexing group to the -NH,

group can be a C; to Cyg hydrocarbyl group; or altematively, a C, to Cs hydrocarby! group.

[0064] In some embodiments, the hydrocarbyl linking group can be -(CR"RM),- where R" and
R" are independently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl groups and m can be an
integer from 1 to 5. In other embodiments, the linking group can be a methylene group (-CH,-), an
ethylene group (—CH;CH;-), a propyl group (-CH,CH,CH,-), a -CH(CH;)CH,- group, -C(CHs)»-
group, or a butylene group (-CH,CH,CH,-CH,-). In some non-limiting embodiments, the linking
group can be a methylene group (-CH,-), an ethylene group (-CH,CH,-), or a propylene group (-
CH,CH,CH,-); or alternatively, an ethylene group (-CH,CH;-), or a propylene group (-
CH,CH,;CH,-). In yet other embodiments, the linking group can be a methylene group;

alternatively, an ethylene group; or alternatively, a propylene group.

[0065] In embodiments, the primary amine comprising a metal salt complexing group can be
1-(2-aminoethyl)pyrrolidine,  2-(2-aminoethyl)piperdine,  2-(2-aminocthyl)pyrrolidine, N,N-
dimethylethylenediamine,  N,N-diethylethylenediamine, = N,N-diphenylethylenediamine,  2-
(aminomethyl)pyridine,  2-(2-aminoethyl)pyridine,  2-(diphenylphosphino)ethylamine,  3-
(diphenylphosphino)propylamine, 2-(2-aminoethyl)furan, 2-(aminomethy!)furan, 2-(2-
aminoethylthiophene, 2-(aminomethyl)thiophene, 2-aminoethyi-(4-chlorophenyl)sulfide, 2-
phenoxyethylamine, 2-methoxyethylamine, 2-ethoxyethylamine, 2-isopropxyethylamine, and 1-(2-
aminoethylpiperidine. In some embodiments, the primary amine comprising a metal salt
complexing group can be N N-dimethylethylenediamine, N,N-dicthylethylenediamine, N,N-
diphenylcthylenediamine, 2-(aminomethyl)pyridine, 2-(2-aminoethypyridine, 2-
(diphenylphosphino)ethylamine, 3-(diphenylphosphino)propylamine, 2-aminoethyl-(4-
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chlorophenyl)sulfide, 2-phenoxyethylamine, 2-methoxyethylamine, 2-cthoxyethylamine, 2-and
isopropoxyethylamine. In yet other embodiments, the primary amine comprising a metal salt
complexing group can be N, N-dimethylethylenediamine or NN-diethylethylenediamine;
2-(diphenylphosphino)ethylamine, 3-

alternatively, N,N-diphenylethylenediamine,

(diphenylphosphino)propylamine; alternatively, 2-(aminomethyl)pyridine, 2-(2-amino-
ethyl)pyridine; alternatively, 2-aminoethyl-(4-chlorophenyl)sulfide; or alternatively, 2-phenoxy-
ethylamine, 2-methoxyethylamine, 2-ethoxyethylamine, and 2-isopropxyethylamine. In further

~ embodiments, the primary amine comprising a metal salt complexing group can be N,N-dimethy!-
cthylenediamine; alternatively, N,N-diethylethylenediamine; alternatively, N,N-diphenylethylene-
diamine; alternatively, 2-(diphenylphosphino)ethylamine; alternatively, 3-(diphenylphosphino)-
propylamine; alternatively, 2-(aminomethyl)pyridine; alternatively, 2-(2-aminoethyl)pyridine; or

alternatively, 2-aminoethyl-(4-chlorophenyl)sulfide.

[0066] In some embodiments, the metal salt complexing group can have any Structure
indicated in Table 2. In some embodiments, the metal salt complexing group can have Structure
1¢ or Structure 2¢. In other embodiments, the metal salt complexing group can have Structure 3¢
or Structure 4c; alternatively, Structure 5c or Structure 6¢; alternatively, Structure 8c or Structure

9c¢; alternatively,

Table 2 — Example Metal salt complexing Groups
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Structure 22¢

Structure 1lc or Structure 12c; alternatively, Structure 14¢ or Structure 15¢; altematively,
Structure 19¢ or Structure 20c; or alternatively, Structure 21c or Structure 22c¢. 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 17¢; alternatively, Structure 18; alternatively, Structure 2lc; or

alternatively, Structure 22c.

[0067) Within the structures of Table 2, 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°* can each
independently be hydrogen, an organyl group consisting of inert functional groups, a hydrocarbyl
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 organy! 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 C,, organyl group, a C, to Cj, organy!
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group consisting of inert functional groups, a C; to Cyo hydrocarbyl group, a C,; to Cs organyl
group, a C; to Cs organyl group consisting of inert functional groups, a C, to Cs hydrocarby! group
or an inert functional group. The organy!l 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
'(CRLRL m”~ '(CHZ)m' '(CH2)-
Structure 1L Structure 2L Structure 3L
RL4 RL1
-(CH,CH,)- RES RY?
Structure 4L Structure SL
[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 5. In other embodiments, the linking group can have Structure 2L; alternatively,

Structure 3L; alternatively, Structure 4L; or alternatively, Structure SL.
a-Acylimine Compounds

10070} 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

g-acylimine compounds.

[0071] In a first description, the o-acylimine compound can be minimally described as a
compound comprising an o-acylimine group. In further embodiments, the a-acylimine compound

can be described as a compound comprising 1) an a-acylimine group and 2) an a-acylimine
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Structure 21b, or mixtures of Structure 22b and Structure 23b; alternatively, Structure 24b,

Structure 25b, or Structure 26b; or alternatively, Structure 24b.
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[0076]

The a-acylimine compounds of Table 4 can be prepared utilizing various methods as

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

the primary amine having Structure Sa as described herein.
Metal Salts

[0077] The metal salts, M-X,,, employed in forming the a-acylimine or a-diimine metal
complexes can be any salt comprising any metal atom. Suitable metal salts can comprise any
metal from groups IVB through VIII of the CAS version of the periodic table of elements. In
some embodiments, the metal salt can be titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, manganese, iron, cobalt, nickel, palladium, platinum, or mixtures thereof. In
other embodiments, the metal salt can comprise chromium, iron, cobalt, nickel, palladium, or
mixtures thereof; altemaﬁvely, chromium, iron, cobalt, or mixtures thercof, alternatively, iron,
cobalt, or mixtures thereof, alternatively, nickel, palladium, or mixtures thereof; alternatively,
chromium; alternatively, iron; alternatively, cobalt; alternatively, nickel; or alternatively,

palladium.

[0078] In some embodiments, the metal salt is dicoordinating; can complex with two
complexing atoms (e.g. the two imine nitrogen atoms of an a-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 a-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 o-diimine metal
complex 1is 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;
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alternatively, iron; or alternatively, cobalt. In some embodiments wherein the o-diimine
compound portion of the a-diimine metal complex is bidentate (e.g. the a-diimine compound
portion of the o-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,vX, 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, acctonate,
alkoxide, or phenoxide; or alternatively, any C; to Cj, carboxylate, acetonate, alkoxide, or
phenoxide. In some embodiments, the anion, X, can be a C,; to Cjp acetonate; alternatively, a C, to
Cio carboxylate; alternatively, a C, to Cyq alkoxide; or alternatively, a C, to C;, 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(ll) chloride,
chromium(1il) chloride, chromium(ll) fluoride, chromium(Ill) fluoride, chromium (II) bromide,
chromium(Iil) bromide, chromium(ll) iodide, chromium(ll) iodide, chromium(ll) acetate,
chromium (11} acetate, chromium(IIl) acetylacetonate, chromium(Il} 2-ethylhexanoate, chromium
(I) triflate, chromium(Iil) nitrate, iron(Il) chloride, iron(Ill) chloride, iron(Il) fluoride, iron(IlI)
fluoride, iron (II) bromide, iron(IlI) bromide, iron(Il} iodide, iron(Il) iodide, iron(Il) acetate, iron
(IIT) acetate, iron(Il) acetylacetonate, iron(I1l) acetylacetonate, iron(Il) 2-ethylhexanoate, iron (II)
triflate, iron(II) nitrate, cobalt(ll) chloride, cobalt(Ill) chloride, cobalt(ll) fluoride, cobalt(IIl)
fluoride, cobalt (II) bromide, cobalt(lII) bromide, cobalt(ll) iodide, cobalt(lll} iodide, cobalt(Il)
acetate, cobalt (III) acetate, cobalt(ll} acetylacctonate, cobali(Il) benzoylacetonate, cobalt(I1l)
acetylacetonate, cobalt(Il) 2-ethylhexanoate, cobalt (1I) triflate, cobalt(lIl) nitrate, vanadium (I1I)
chloride, vanadium (II) chloride, vanadium(lll) chloride tetrahydrofuran complex, vanadium (1II)

iodide, manganese(Il) acetate, manganese(Il) acetylacetonate, manganese(ll) bromide,
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manganese(Il) chloride, manganese(ll) fluoride, manganese(I1i) fluoride, or manganese(ll) iodide.
In some embodiments, the tricoordinating metal salt can be chromium(II) chloride, chromium(lll)
chloride, chromium(Il) acetate, chromium (IIl) acetate, chromium(lll) acetylacetonate, iron(ID)
chioride, iron(Ill) chloride, iron(Il) acetate, iron (III) acetate, iron(Il) acetylacetonate, iron(Ill)
acetylacetonate, cobalt(Il) chloride, cobalt(IIl) chlonde, cobalt(Il} acetate, cobalt (1II) acetate, or
cobalt(Il) acetylacetonate. In other embodiments, the tricoordinating metal salt metal salt can be
chromium(1l) chloride, chromium(Ili) acetylacetonate, iron(Il) chloride, iron(Il) acetylacetonate,
iron(IIl) acetylacetonate, cobalt(Il) chloride, cobalt(I) acetylacetonate. In other embodiments, the
tricoordinating metal salt can be chromium(Ill) chloride; alternatively, chromium(Ill)
acetylacetonate;  alternatively, iron(Il) chloride; alternatively, iron(ll) acetylacetonate;,

alternatively, cobalt(II) chloride; or alternatively, cobalt(1l) acetylacetonate.

[0083] In embodiments, dicoordinating metal salts can be nickel(ll) chloride, nickel(ll)
fluoride, nickel (II) bromide, nickel(ll) iodide, nickel(Il) acetate, nickel(ll) acetylacetonate,
nickel(ll) benzoylacetonate, nickel(ll) 2-ethylhexanoate, nickel (II) triflate, nickel(ll) nitrate,
palladium(1l) chloride, palladium(ll) fluoride, palladium (II) bromide, palladium(ll) iodide,
palladium(Il) acetate, palladium(Il) acetylacetonate, or palladium(ll) nitrate. In some
embodiments, the dicoordinating metal salt can be nickel(Il) chloride, nickel(Il) acetylacetonate,
palladium(1l) chloride, or palladium(Il) acetylacetonate. In other embodiments, the dicoordinating
metal salt can be alternatively, nickel(Il) chloride; alternatively, nickel(Il) acetylacetonate;

alternatively, palladium(1l) chloride; or alternatively, or palladium(Il) acetylacetonate.
a -Acylimine Metal Complexes

{0084]  The o-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 first description, second description, etc., these labels do not indicate a particular preference to

the description of the a-acylimine metal complexes.

j0085] In a first description, the o-acylimine metal complex can be described as a complex
between an o-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 a-acylimine metal complex is independent of the method of
describing the a-acylimine metal complex. Thus, while the o-acylimine metal complex can be
described as a complex between an o-acylimine compound and a metal salt, the o-acylimine metal
complex can be prepared by contacting an a-acylimine compound and a metal salt or any other

method described herein.  The a-acylimine compound and the metal salt are separate and
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alternatijvely, Strtcture 37e,| St ru@t une/\3 ,or Struct ur’ 7or

alternatijely, i&t ure 37e,| Tabl e e a-Diimne R(J,;,orrpl exes

Rat XpM N / Ral - R RBtructure le R'® R3T
R RS R16 R16 R15 R33

Structure 18d Structure 19d Structure 20d

Structure 21d Structure 22d Structure 23d
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Table 5 — Example a-Acylimine Metal Complexes
Ra13
Ra12 Ra14
Ra12
Ra13
/
Ra14
Ra12 Ra11
Ra13
Ra14
Structure 38d Structure 39d
0088] The o-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-diacyl compound, the primary amine, the metal salt, and/or the a-acylimine compound can
cach 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 Ic-
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¢-22¢ (Table 2) of the primary amine having Structure 5a as described

herein.
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lipo 1 1lit --R" ., Ral2Rail 1 X MN N L R13 R14 R17 R 9 R213 Rat 2
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a -Diimine Metal Complexes

[0089] One aspect of the invention involves a-diimine metal complexes. The a-diimine metal
complexes can be described using any one of several descriptions. While the o-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 a-diimine metal

complexes.

[0090] Ina ﬁrét description, the a-diﬁnine 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 -
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 a-diimine
metal complex may be described as a complex between an ¢-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 c-acylimine compound, an amine and a metal salt, or any other method
described herein. The o-diimine compounds and metal salts are separate and independent
elements of the o-diimine metal complex. Thus within the first a-diimine metal complex
description, the o-diimine metal complex can be described using any combination of a-diimine

compound as described herein and the metal salt as described herein.

[0691] 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 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 ¢-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 o-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.

10092] 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.

10093] 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
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Ral4RRaiv . R R15 R Structure 3le \ -R13 R11- R18 RI9Ri e 32e Structure
Ral4 R Structure N al R16 R12R15 30e

Structure le; altemnatively, Structure 2¢; alternatively, Structure 3e, Structure 4e, or Structure Se;
alternatively, Structure 6e; alternatively, Structure 7e, Structure 8e, or mixtures of Structure 9e¢ and
Structure 10e; alternatively, Structure lle, Structure 12e, or Structure 13e; or alternatively,
Structure 1le. In some embodiments, R*' and R* of Structures le-13e are different (not
identical). In some embodiments, R" of Structures le to/through 13e can have Structure lg

(derived from a primary amine having Structure 3a).

Ra12 Ra11
Structure 1g . R
Ra14 Ra15

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

primary amine having Structure 4a).

Ra12‘ Ra11'
Structure 2g R1¥
Rat4” Rats
[0094] In other embodiments, R” of Structures le to/through 13e can have Structure 1g and

R*" of Structure le to/through 13¢ can have Structure 2g. In some embodiments, wherein R* and
R™" of Structures le to/through 13e can have Structure I1g and Structure 2g, respectively, wherein

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

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

Structure 27¢; alternatively, Structure 28e; alternatively, Structure 29¢, Structure 30e, or Structure
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Ral2 Rail QL LI --x An-N P/ Ral4 Ra 5 R R35 Structure 34e Ra2

31le; alternatively, Structure 32e; alternatively, Structure 33e, Structure 34e, or mixtures of

Structure 35e and Structure 36¢; alternatively, Structure 37e, Structure 38e, or Structure 39e¢; or

alternatively, Structure 37e.

Table 6 — Example a-Diimine Metal Complexes
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R212 Rail Ral ii. xI;Nl_N Ral4N c\ Ral- ROl R--- RII6c R9 Structure
39e Rs7 Rs4 R56 Roo [00961The a-diimne netal conpl exes of Table 6 can be
prepared utilizing various nethods as described herein. Depending upon the
a-diimne netal conplex preparation nethod the adiacyl conpound, the two
primary am nes, the netal salt, the a-acylimne conpounds, and/or the
a-acylimne netal conplexes can each be separ ate and independent el enent s

in the preparati of the a- ne t al | ex. refore, | n of
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-Di i m ne Conmpounds [ 0098] Iimne con&ﬁun S can escri bed usi ng any
one of seVePRIxIPeERPiiprIL emolewionéﬂ neRget deseriprissdwgenidlysupe thantiscat ed by

| abel s su@hmit mfetal I8FHE Bt dx@Bple se&a@ma ulBRe [l ARr a§k8s of thBeSRndcabel s do
not indic te aégreference towards a particul ar descri gﬁlecgn .of the a-diimne

conpounds. esf‘@‘tﬁ R 4 fhed"é‘él’c‘,‘ﬁsrﬁf SPTeEHE SO/ e ASAMYYCER be
nlnlnalIy1de§m&nhedmasmanmnmpﬂumdpmmSpmmsungmanmemﬁBhnnnepg£®m®of¢m
enbodi ment, i

conpri si nggrasléxm% sgl\/%xlt Im%e(ﬁuges a"f?ég}&]%’)'r‘%% cf%%‘l' tQa? d%@rﬁ@‘[g u%‘ggthg%l\%nﬁ%@e%ql?glﬁ ps. In
this firstregareiopef némemmm@h@nmegérmmr%n thquigle 3% arshydtherSmestugesoisplogsdn be
further degsei] tta@@ld%n@etaagcog@rekég% o iR @Nin o8k 8EYg SRPRAURGIvent bSS,
alternativel the a-acylimne conpound can be descri bed as compound

conpri si néf 4¥“£ﬁwﬁmaW#h1ne group derived froman a-di acyl conpound and 2)
two a-diimne nitrogen groups: or alternatively, as conpound consisting of
1) an a-dianine group derived froman a-di acyl conpound and 2) two
a-diimne nitrogen group. In the first adiimne conpound description, the
a-di acyl conpound, and each of the two a-diimne nitrogen groups are
separate and i ndependent el enents of 44 he a-diim ne conpound descri ption.
Thus, within the first a-diimne conpound description, the a-diimne
conpound can have any conbi nation of the ct-diacyl conpound as descri bed
herein and the a-diimne nitrogen groups as described herein. [0100]In the
first ct-diimne conpound description, the a-diacyl conpound from which the
a_



diimnc conpound is derived can be any a-cliacyl conmpound described herein.
I n enbodi nents, the two a-diimne nitrogen groups can each independently
conprise an organyl group; alternatively, conprise a nmetal salt conplexing
group; alternatively, conprise a netal salt conplexing group and a |inking
group linking the metal salt conplexing group to the a-diimne nitrogen
group nitrogen atom alternatively, conprise an organyl group consisting of
inert functignal groups; alternatively, conprise a hydrocarbyl group;
aIternat|VéPy“m€6%§F§Tm%f an organyl group; alternatively, consist of a
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appl i cabl e escription .of the a-ac proviso
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primary a 0 i Fpound can be
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conpound with two primary amnes. Wiile this particular a-diimne conpound
description appears to inply a specifagc a-diim ne conmpound synthesis

nmet hod, this is not the intent of a-diimne conpound. The nethod of
preparing the adiimnc conpound is independent of the description of the
a-di hni ne netal conplex. Thus, while the a-diimne conpound can be

descri bed as an a-diim ne conpound product of contacting an adi acyl
conpound with two primary anmi nes, the a-diimne conpound can be prepared by
usi ng any net hod described herein. In the second a-diimne conpound
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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 comprises an organyl group consisting of inert functional groups and the second o-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 u-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 o-diimine nitrogen group
comprises a metal salt complexing group; altemnatively, the first ¢~diimine nitrogen group
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 o-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, organy! group consisting of inert
functional groups, or hydrocarbyl groups of the primary amine becomes an w-diimine nitrogen
group. Thus, the o-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 v-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.

j0103] In a second description, the o-diimine compound can be described as an a-diimine
compound product of contacting an o-diacyl compound with two primary amines. While this
particular g-diimine compound description appears to imply a specific a-diimine compound
synthesis method, this is not the intent of o-diimme compound. The method of preparing the a-

diimine compound is independent of the description of the a-diimine metal complex. Thus, while
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the a-diimine compound can be described as an a-diimine compound product of contacting an o-
diacyl compound with two primary amines, the o-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 o-diimine
compound description. Thus, within the second o-diimine compound description, the a-diimine
compound can have any combination of the o-diacy! 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 o-
diacyl compound described herein. In an aspect, the two primary amines are the same. In some
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-diacyl compound with two different the two primary
amines comprising an -NH, group and an organy! 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 hydrocarby! group.

[0105] In embodiments, the a-diimine compound is a product of reacting a-diacy! compound
with two different primary amines. In particular embodiments, the a-diimine compound is a
product of reacting o-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 organy! 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 hinking the metal salt complexing group to the -NH, group; or alternatively, the first primary

amine consists of an -NH, group and a hydrocarby! group and the second primary amine consists
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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 o-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.

10107) In a fourth description, the oa-diimine compound can be described as having any a
structure as indircrated 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,
Structure 6f; alternatively, Structure 7f, Structure 8f, or mixtures of Structure 9f and Structure 10f;
alternatively, Structure 11£, Structure 121, 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 lg can have Structure 2g
(derived from a primary amine having Structure 4a). In other embodiments, Ral of Structures 11-
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 identicat).

[0108] In some embodiments, the o-diimine compound can have Structure 14f or Structure
271, alternatively, Structure 15f or Structure 28f; alternatively, Structure 16f, Structure 17f,
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 14 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 27{; alternatively, Structure 28f; alternatively, Structure 29f, Structure 30f, or Structure
311 alternatively, Structure 32f; altematively, Structure 33f, Structure 34f, or mixtures of Structure
35f and Structure 36f; alternatively, Structure 37f, Structure 38f, or Structure 391, or alternatively,

Structure 37f.
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am nes which are separate and i ndependent el enents. Thus, the R s of

a-di acyl compound having Structures 1-12 (Table I), the R's of the primary
am nes having Structures |a-4a, the linking groups 1L-5L (Table 3) of the
primary am ne having Structure 5a, d he nmetal salt c | exin roup Re's
avi ng. S rBPLY egtfRa 2, SOFBE €ojouB Qb Ay S N o SERbct ur o 5a
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t he prlrrary am ne having Structure 5a as described herein, t he net al

sal t conplBXPHY ERENS MRCPIREPMGIBETER Climeds qféflefziem(nraﬁv@% 06?abﬂeh7e primary
am ne havings, Slerdiintiteeobpouads dasii¢ 7 bade mamed d&scrleERé\hlyNEﬂ;&hatBMhEX AND
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of parti CL{L@'ﬁgnnﬁwrﬁlh@ﬂwmgtSﬁ'ﬁénﬁé Sa as(cx%scgbedahex(él &Mlthecrgémgbwgﬁnp CQE%@%EQ( am nes,
and netal sa I nt er nedi at es etgpea acyl i m ne conpounds an acyllmne

netal congt é)l‘é‘s‘)‘o Stgistres-lai P miTake %ﬁ@r eRi8s P g PR E? R HES f or
produci ng ®fina-di i m ne netal conplex generally conprise form ng at | east
one imne bond in the presence of a netal salt, a netal conplex, or

conbi nat i I n sone
enbodi mn?‘gﬁvélﬂﬂﬂﬁTﬁq‘ﬁ&ﬁigxg u@fkrggfkgﬁmgf |Tirfln§|qﬁqgﬁs?éa? corrpl?%:x conpri ses
form ng at |east one imne bond in the presence of a netal salt,

a-acyl i m @Rkt al AP @xbe Rieniop et 4t eRs pHRsFRatTe oiipiedbes) 69TRF AN

a- gl i mne Aﬁak@hbéammalnemodulcﬁbnwaﬁnﬁrﬁb@dhrﬁmh&al dohgletthoshik Q¢ sepeuci ng an
a-diimne net

| ex conp |sesform t least one imne bond in the
oy esence. P et A SEr e 4T SHBEUT fe RS (HE e HoB RO Bt oduct ng
an a-di i mimemnwébted (ecgmpxlcﬂmmommpbmﬁs afdrHaeyhginat mdtad asthplers), ami neiipond in t he
presence q]fletaqlP n%“le%&" imne netal conplex. Wthin these nethods, the netal
salt O a-acy ne metal conplex, the a-diimne nmetal conplex fornmed, and
the specific imne bond O imne bonds formed, are separate and |ndependent
el ements. [B3Nkn t1e MedatHpmgiugpanridrbignempsel %qmp#%awaﬂr FERRS A ogni ze
whi ch conhiéasaint Giindond MGREHEseRt 57 myaka@%ﬁa@ o@mﬂl@ﬁ |or ethbaraink memer aret al
conpl ex that incl ud%s t he Si re | enent 'Q ti ons. of conpounds

d
t hat can 6'CeCOhesrlél}a 211% 8 nmma ]Tléé’l COIan ?_(‘t Inciﬂmg ci oddn(ints the D]C[ or cE’)TO uclméxanuat i | | Z| ng

t he synt heinge m’@tahgdrg)learcempte&cfmnbmht heett @gimine bond in the prcscnce of a metal sait,

a-acylimine metal complex, or combinations thereof and recovering an o-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 g-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 o-diimine metal complex formed, and the spéciﬁc 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.



10112] The a-di acyl conpounds, primary am nes, and netal salts are separate
and i ndependent elenents in the preparation of the a-diimne netal

conpl exes. Additionally, the internediate a-acylirnine conpounds and/or the
a-acylimne netal conpl exes can be separate and i ndependent el enents of the
a-diimne netal conpl ex preparation nethods. Thus, the a-diimnc netal
conpl ex preparation nmethods can use any conbination of the a-diacyl
conmpounds descrlbed herein, pri am nes described herein, netal salts
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any conbination of the primary am ne as descri bed herein and the a-diacyl
conpound adetdaB ¢orivgairing pAcimihaiCaopmnasTbodi nents, the primary am ne can be
a mxture of simlar primary amnes, e.g. a mxture of primary am nes
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a-acylimne conpounds produced by contacting a-diacyl conpound with a

m xture of primary am nes consisting of an 44H2 group and a hydrocar byl
group, a mxture of a-acylimne conpounds produced by contacting a-diacyl
conpound with a m xture of primary am nes consisting of an -NI|7 group and
an organyl group consisting of inertsfunctional groups, or a m xture of
a-acylimne conpounds produced by contacting an a-diacyl conpound with a

m xture of primary am nes conprising an -N 12 group and an netal salt
conpl exi ng group. 1011911 n a second nethod, the nmethod For preparing an
a-acylimne netal conplex conprises contacting an a-di acyl conpound, a
netal salt, and a primary am ne. In sonme enbodi nents, an ct-acylim ne netal
complex is recovered. In other enbodi nents, the a-acylimne netal conplex



by formng at | east one imnc bond in the presence of a nmetal salt,
a-acylimne netal conplex, or conbinations thereof. Described herein are
several nethods that can be utilized. Wile nmethods may be designated as
"first nmethod', 'second nmethod', etc., these designations do not inply any
preferences for particular nethod of preparing a-diimne netal conpl exes.
101241In a first method, the method to produce an a-diimne netal conplex,
conprises a) contacting an a-acylimne metal conplex and a primary anmine to
form a m xYIgtheds forfgengying é?f‘d%‘é?‘f‘ﬁﬁlef“h@”&ﬂlﬁ‘ief mne netal conplex fromthe

m xture. In sonme enbodi nents, the a-diimne netal conplex can be purified
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In yet ot as is.
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nmet hod, the a-dinnine netal conplex can be prepared utilizing any
conblnatldﬁyﬁwman%%§®WW?ﬁb metal conplex as described herein and prinmary
am ne as described herein. In sone particular enbodinents, the primary

am ne used?0113] pr ddudest tnfeehod -tcydthadi Qﬁeregump@mndcxh&nhtehveet@cemgltﬁ epmpaseret al
conpl ex and,the, Bf | thn%%rg uﬁ@l%'rhﬁ?xtrrféQl %’X‘lt hy § 88 230K Ne PRE Ahine 0Pl ex
are different not i denti cal For exanple, in two non-limting exanples
he pri mar y&hi Cﬁ@p el CENprYsdn ater Wd@w%pthaﬁdmélw Artalsegmpleg Gip1vexi ng

ar OUpI and guhﬁeda@@glmembaquam a th@s@lrmh@lxm@a@rhncamﬁm &ayaanlezaml ex ybteatmeg an
a-acylimne, c sal t, ei.n the a-acylimne conpoun
conpri ses T§m§%P g%?ﬁﬁ%ﬁﬁ F%ﬁﬁm%éf¥0§8s bt an adiacyl conmpound and 2)
an imne nitrogen group consisting of a hydrocarbyl group; or the primry
am ne can [8Uki stWuifin 4y firg\p=apydimgreguginl aprdplex gdicternandiwl tgroug salhehdtche

a-acyl i rmaraﬁnmet&hlp&fame%a&mnmm@mﬁ eRnRIPHEX daﬁzlmpﬁ@na@cyﬁmel m ne
conmpound and et al wherein the a-acylimne conpound conprises |) an
a-acyl i mi neeigy FB‘HH%E‘PW%@ PEBOA &R “éi’ciéli“’a\I&Fy‘Pletélo‘"r?ﬁ’B’ﬁﬁﬁa‘aH‘ijPr??”%?nusi‘”ﬁn e

ni trogen Qomuipation P (he Shddg salt fedeadrib&Bhdrent ampthemmgmgfecmmpoﬁﬁ Qy ueka@bea he

t eachi ngs h%femt Ifn sopr eersn (;]tméjn% t%e Rt the S %JI S P -2 l Cogm z€
how conbi nations PEUrar “aacyf C%Wﬁ%n aﬁa%gnp %Sgga%% yﬁ?m
am nes canmbammaxcedrmnm@mdeﬂqmwnpmmmu@shanﬁaxébyhmmmmgwﬂn%ﬂammmwﬁex t hat
i ncludes thg 8qd0%!ok 1ﬁ§yﬂﬁké%mﬁgﬁﬂhﬁénQﬂﬂgR&b%%&%ﬁH&ﬁﬁA§£h§9%§9me[0126]|n
sone eni bodi nents, t primary amne can bé a mxture of simlar primry
ani nes, e.qjo< ﬂ@yhﬁin}@tcamoumis IRy celrcHies - Ses ssPPiRYg YOI 2 WK PP and
hydr ocar bY"JmHQE EBIstin@ oMU 8roff anRah BRRANYT SBUPHRSsiENSH iSdrd Mgl aaups N7 group

and an or roup consi stin ert functional grou m xt ure of
primary a gl i eg) %i‘“é’i“ﬁ Qonéf’r?und%lf’mg}“c&‘?@’ucﬁméﬂlag ¥ Haryl %P\E’% Wdﬁﬁ "8%"g gr oup.
I n sone erdﬁoﬂammtxscs chingistrs acNH, prong amterh aletat@hrpdngexo@nrdog a m xt ure of
simlar aacylimne metal conplexes, e.g. a mxture of a-acylimne conpounds
produced q}h 19 nt Qﬁtd 890N nRmel a6y lmegxgw Biq ngé hin@g.- E@yﬁfnh‘l@ em@d &Eﬂp@r y

am nes consi s an -NIT-12 group and % drocar byl group, a m xture of
a-acyl i ni rf@mefefﬁspaﬂmgngp%aﬁe@d PPPEBHt %&efﬂh @a'aﬁm% adl?ra*e,aw AWFFpInY™Ri t h a

m xture Ofcnmbdllﬂ&i’ts)/arﬂ(‘;’rhd?ﬁlﬁan [oNe CS)Enb BYis@dcodied- M‘bthe@ El@btﬂm&lﬂd tﬁé’la-@ci’ygﬁmly| group
consi stin inert functio rou xtur c
conpoundsq%¥%dﬁ@gﬁxﬁy @8ﬁ?ﬁg%lﬁ%lang§kﬁqm‘Wto %ed%HPdlntﬁ i, ?Fﬁé?y ani ne
conpr|5|ngmanmukmmnghaapﬂ&ndm@mnwm$dkasathmwnnpﬂemnMngnmupmi@@ﬂZ?]In a
second nethod, the method to produce an a-diimne nmetal conplex conprises

a) contact;hng) an 1d» aM oA enCATRAUS grodﬁ%e AR b-adylidde tneta® BfhpRex QBL&}}S@ESW) amne to
forma m xture, and b) recoverlng the a-diimne nmetal conplex fromthe

m xt ure. Cﬁ“@HWba%ﬁﬁBHYNﬁﬁ?gm th a@HWY%?W@eﬁ%ﬁﬁF‘%GHﬁWE%”Wﬁﬁm%énﬁhrlfled
usi ng net hx@jdﬁmﬂ@l’lﬁ\ﬁdﬁmﬁl@ aﬁ&hl@ﬁ@)nﬁkllnlg la@ghtal Ball ieh @ tmxtLSd:J&J’mt'\&ﬁng the a-acylimine

Lgﬁr i;:t 3‘|S|e|8n21§c;[ Inc‘i) N1 esomy embo 1%%"1%%1813 aoagz:ylmnae rnieetaf\i tclorgalex 1 Icmerrtl: [gﬁé@ﬁ corrpl eXx
third met Woﬁodlmhves et m@dllmme pread yosplancaa - bdlnunﬁfrdeumtractthqﬁ@#mvewoc@mgr| ses a)
contacting an a-acylim ne conpound and a netal salt to forma m xture
containing an a-acylitnine netal conplex b) contacting a primary amne with
the m xture containing an a-acylimngnmetal conplex and c) recovering the
a-diimne netal conplex. In sonme enbodi nents, the a-diimne netal conplex
may be purified using nethods known to those skilled in the art, such as
recrystallization. In yet other enbodi nents, the a-acylimne netal conplex
can be used as is, e.g., as an unpurified reaction product. [0129]Wthin
the second and third a-diimne netal conplex production nethods, the a-
acylimne conpound, the netal salt, and the primary am ne are separate and



pressure, and contact times, anong others, are al so described herein and
are generally applicable to nmethods of producing a-diimne netal conplexes.
101341The a-diimne netal conplex synthesis nethod can al so conprise any
step required to produce the a-acylimne conpounds and/or the a-acylimnc
metal conplexes utilized in the adiimne netal conplex syntheses. As such,
the a-din-nine netal conplex synthesis can be described as process
utilizing an a-diacyl compound, two primary am nes, and a netal saIt and
havi ng an st th?naﬁes‘“‘&‘b?ﬁpﬁﬂﬁﬁféhzé‘r‘ﬂf/ dn yat %VI sPPRiEeRBly AoHpExEdas an

i nt er medi adogplpt Rdwaks whi ch can be isolated and/or purified or used as is.
Provided these a-diimne metal conplex synthesis descriptions the skilled
artisan co h rst or
Second pr et any KF k" Blonk o R EERRGY o 2GR E0R0ARU EREREE bl e
skill ed i rPrivigy agyne. {he Wtaebéaortmelscbmtdéh%mttﬁg@t HRCPARS 61 iBepeE Y 6lcpRdY even

t hough t herifi t,atzmgse@@étqnd armdthtrhnatadylamﬁe hmanemﬁméxatmmml a&ha& n{hQGhSI s steps
arc annotated st eps the a-dill-nine netal nmpl ex

synt hesi s &' elb%e ‘&’%ﬁ‘t‘ 0(5’8“’]1‘3% C%{hheoPrﬁlfaéed ‘t“t‘iz‘ﬁg Bvi @& E‘B‘h‘gll tt%f’“@treﬁma’ﬁ fét ati on

t 0 | ncor patestiBedsiicePns thet d- Bmczyedompmurpt @ddeedringl hdién, amndclyl inerilnglt o Ipotieds and/ or
the a-acyl,im ne, exes i nto I Synthesis
descripti or?rsem Acfaw{ie?ioﬂrlt%f)? nnc’tﬁ th (L,)fesen% Qtscr%%%%p!%?é{ |dnmstaﬁ s ?eg?é’g?ég%l red to
produce t Frembingioyd ¢frnlgdteheet§ma@urqd>9mamﬁm:r€ @ﬂmaéwrnmmﬁe apremeth! selormAydres into

t he met hodg;iQfin alaadyabage 1 &R ntttat wnmeex m%tualng GOIRh LR s GRNhGF RALBE
situation wherein a synthesis i nclude nore than one m xture. In

t hese scerarPBs emg‘lﬁlHPF“ﬁt Wihify de Sé‘aﬁd B%‘}/ 'S8 eay 1W“tehm‘éfaldcé’§’(?tef‘ FSHCOch as
first, SEGﬁH’tlQSds &e rimarly @m{pe Ge\hl tﬁ@ nifnadiof W@rlmﬁﬁleihﬁﬁsc es. ehﬁxxtuh’ﬁ)f mlmtrw es

W thin t hea n?‘ne(s: consmng otngn - 7 or l %I)l(d ocar pT aux%ixtur p 120 ammet i ng
exanpl e, a t% produce®an aacy i ne %Fe‘tal 7 f an a-di acyl
conpound, opmtlpg pimapr yWHargrque sipd amdrgalyhetoat cgalstinghyf lmmt turlcnlgnatl @ge‘pfher at he
various cogpound ﬂ@ﬁﬂnlnﬁ)& 'caﬂp%sﬂtg% N}P%@upa{dea' et &k SAPRLASEalN e SHEPS a)

contacting anadlac conpound wth a first primary amne to forma first

m xt ure cotedimey vHRD degepnd Wﬁ@dmﬁﬁﬁﬂmﬁﬁ)m@ﬁlﬁ’t %fé?‘t%‘ij‘ peiedpithest i xt ure

with a metddeyigahfouhdcah 66 MnAnseFacheicxhpbugdscont ai ning an a-acyl i m ne netal
conpl ex, c) contacting a second primary am ne W th the second m xture to

forman a n l.ex ) e t al
conpl ex. F&giaag]nt W n&a? & a‘%?&‘%ﬁ‘g e eac i gfr}g @Imt ?g&rt}hmn@dm Jf\;@t al
Conpl ex arrdmplet emtheels ateélodﬂl fet dseCI[ﬂ@iSSIPNSaI@e@@ episedly hepleible toametbedscdfi i mi ne

et al Con%%mﬁgay—aaﬁmmquéﬂﬁngMbﬁs V @FJaQMRdn TYRERES bizh raatréagem Mlhadogit | 0 Of
reagents enpl O}/‘\fd i'n the various synthesis paths are indicated herein and

can be ger®@PsIfWesapistedtdoc e Hitshaygopth fﬁ? dtﬂ%és?tdestcﬂ*éedaheﬁq“t Aiheenet al
conpl ex aseateseapiiedichemnehss of RdB6h&eastialle ymetaWvapeyer a primry amne i s
contacted with an a-di acyl conmpound, e.g. to forman a-acylimne conpound
or an a-a t ratio of primary amine to

a-di acyl g%lr%}ﬁ‘giﬁﬁ” Mﬁh%& [ﬁ)ﬁqetglr@a’gﬁ%g‘s{:apabl e of producing the
a-acylimne corrpound or acyI imne nmetal conplex. In some enbodi nents, the
nol ar r at 6123k pr\mﬁlﬁwy%swa%caa bauea*ewedctaﬁf?étﬁ?dhfc%tﬁ“ BC glalscopRigiesT . 1 1;
alternati Vo@|f<}{mm|0aﬁl$ast Hi@anmihe 08idkn thableehbadriavi@hay sall @89G lilnhamelkl E2iplex, @r

S‘lr ;[ rGTTI;lIr’];a/‘t a\r/ﬁglﬁ 1hzfu8ns t?eéefolg BFscrlbeﬁIl)]%rng;eng\ﬁra?atﬁtégésgfrtrE:ﬂSndbe.}tgF ng'D k’\%r le Tat%_ocp

al t er nat i welyybe deagrged by 'Gret Gie@8&d’, Iset@d Ine@id'L stc.othe| deggmndns e Ingy mtpé/nrgle from
0.9:1 to ]prlegenJ:es férr})aﬁ{lg&lar%et}l%ﬁ omqglor@cnﬁrﬁne Jxé?’g c&ﬂh@t‘és ratio of primary amne
to a-diacyl conpound can be about 1:1. In yet other enbodi nents, the nolar
ratio of primary am ne to a-di ac npound can be greater than |:1 when
the renmai iPHg acyr *drdapshes tt%@dﬁ@stautoéme B AP Y Ceeﬂlﬁwﬂlapftfsse@ not
readi ly rea@ictivd b aadyilntma)nﬁial edbhlakaheing $mmtn~yt dn@ngrd MRhya afane andder t he
reaction SRRl A0S, PRI sy Sy STRGTL T EPBSE. Sl RRRE P11 oY
i s cont actneth! wonplexn camebalpusiakt ysing, methade khwrmt@rthoa& aldiddi mi the arretieth wonpl ex
by cont act i g, #Dxn. dtn@%thef:&ﬁﬂagwaﬁls 0t PAclITRRY m @M BSpic Rl biBL@hs sl t, the
mol ar ratio of netal salt to a-diacyl conpound can %e any nolar ratio
capabl e of producing an a-acyliniinesgetal conplex. in some enbodi nents,
the nolar ratio of netal salt to a-diacyl conpound to is greater than
0.75:1; alternatively, greater than 0.85:1; alternatively, greater than
0.9:1; or alternatively, greater than 0.95:1. In other enbodinents, the
nolar ratio of netal salt to a-diacyl conpound can range fromO0.75:1 to
1.25:1; alternatively, range from0.85:1 to 1.15:1; or alternatively, range
from0.9:1 to 1.1:1. in yet other enbodl nents, t he nol ar ratio of netal
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[0144] General |y, the solvent for preparing the a-acylimne conpound,
a-acylimne netal conplex, or a-dinnine netal conplex can be any sol vent
capable of allowing the selected reagents to react to formthe sel ected
conmpound or netal conmplex. In enbodi nents, the solvent can be an al cohol,
ether, nitrite or hal ogenated hydrocarbon. In sone enbodi nents, the sol vent
can be an alcohol; alternatively, and ether; alternatively, a nitrile; or
alternati veI % a hal og}gnat ed hydrocar bon. Gener al l% t he al cohol, et her,
nitrite, dPIZRkI ogkitit B9 Dy GrbREIRST! CHPPIBeProftgt M el SPoBReE " to om
ether, G cbﬁipl@&ﬁldlﬂietphinb@ affne &e,sepfaﬁte@hc[lnhl@lﬂﬁl@l&lﬂﬁfn&ds hipdy i@ cterfio Bdiiaine

ﬂ'la][ grgg?]la_![ \e/el >(/:o Plg%/xa ductlonI 1}1}&1208?7316: o} rﬂ)um e metz{l com}E ﬁxecagfoggi_l%)rﬁre ixhzmﬁtan%ahobecs
met hanol , cembiaatioh of propanelnetd somopaniedcribddikrmednd pomary @minepgidesaeted | n

ot her embagje ThSomd B&Iaﬁga%bgme&e ufdl malryyimlﬁé B&H 10 gfoe&cbmke @mﬁﬁnne met hy|
et hyl ether, nonoethers or hers of glycols (e.qg. dinethyl glycol
ether), fueapnd @f Hede- eﬁytlmeﬁ meéqh remPlExIEd the | NPT BRine éﬁ“éa“e@e‘t’@aﬁfrd’r of uran

(THE), t eta&ﬁfmﬂnﬁh}w Eabhplex ate, @Héﬂér@(ﬁ@ﬂ@é&mcz@r Fbx eélarﬂp]@)ﬁﬁtﬂ@ion hﬂﬂmﬂg H@fples,

- enmbodi rrent the nitrile solvent g cet Oﬂl tll’l "QQ{ %n“
embodi ment' PTRY HEPSFRFIPREHY oY rlpl?bpof‘f1 cahihe? r"rﬁ?’}mxm TRI%Y "G
chl orof or mpylmarrebmnal tcetplactih opmges a eomiexPbetvetier M oroémhagempdund mdrmetal
particul ar lﬁmagfnw{, Seylifa}€ 58 o\(lgd’lfonﬁ?i% H?mn&faamme, r@%td@matfﬂoxleinym
et hanol ; af ternative y, | sopropano ternativel gt dr of ur an;
al t er nat i ieyl compasndanid 2} 31 imine g{Rogga gEqUp GRISLng %ﬁéylcgmubror e prigggry
alternati \/ngm\é, chI oroformm [ 0145] Gener@hdiyy, the fornagd on of at | @ast one
i m nc bond ii,mn tal conplex i the rese ce of a netal salt or
ot ol oo BkeEw 0 & PR HBBLR AP ST APt R RRRRe ot al
conpl ex Ol’bea/edfteia@talcﬁlmmhhefbmmd andprdtaradltywharinnie, o-meliaine salipburdnomaises 1)
a-acylim 0 n r t Y, r
condi ti onggcaacgfgxﬁgpggou%%ga&gl1?10%{ m}]%qm% i ?Omgaﬂ%q ad L%) i lm%Te S%% or e?<arrp| e,
the time, coeppsesatuaad salagenplsring eress ufrevideddiy tﬁfeamsswf;ﬁ}redweé displesvis. BF i mi ne

met al conpli@ P¥sad Yol RGo tlzelhgﬁ%&n@ﬁﬁoﬁsmfﬁﬁumlﬁg a%flmﬁfe%dld’ncé}@pl&@stﬁh conpl ex
in the presence of a netal salt or netal | ex can be a Con[gltl on

needed t o PHFBHGEE RCGEAMTIH P A g it %,oa%ﬁeﬁr Ungpsyied the

t eachi ngs «afeylinkige péa sentic:ding pliosuieine &leskd.| | ed arti san may recogni ze the
rel ati onshi p between paraneters, such as the tenperature of the imne bond
formation ti AUANL ot idhaSfamtle

aoat i e WEPET | AR sBRbOE e BEERIARIL shibey 2 EN BRIk ke arl

Addi t i onalelgys mpxivss/¢ldegrary haineeepapisting 8T wf-NHheowr we mmfdibglcﬁr@@mlelxmfﬂrfe skill ed

arti san mgyinmalySthidc® 6AGRingr b atH,aoudpThden HRRG gremmml@mg Bﬁﬁé‘ﬂ maloﬁan al so
be dependent upon other _ reaction paraneters

reagents, SEHES Cah™VAHS °f Wen%%f&’f‘?socﬁmﬁ%ﬁ%rfét Te“?% SOHR ﬁldaasm?t%}a?@‘éﬁ%mpﬂf‘éiné ratio,
reaction tgrdﬂiﬁ Iﬁ@«dﬁa)dsmtroemehm ,0he baopelat ued daplebtal kv desitwredS maﬂar! d-s.
E‘T_gg'jflge;x?y mn}/e mett com S{exgsg‘%l gap gl%fmrc,@ E)f | ; al%;]m? c&13§0m£$r0189£8] H%Foengaét?‘gl-ag]- ne
reaction Weobmelewnwomdl Wil y rmvruree o pimary aeyick represtipe bk ciiiplexe ord 4

reaction REIYERMN 8ol MRIVur@ Bt RGeylifBlealonpalntis BRGuRN b ca&%hhgbmne -deypound)
can be carried out at any suitable reaction condjtions capable of producing

the a-dii fFPARPUABYER 2 EGHEF ekPrimesy smiRemiIPesting Ak ™ T SR ALY &MY, & %R d/ or
pressure I’ceﬂ;lﬂuﬂ(ﬁdf inort rmmduﬁe aiob@ ar dl 1hi5ﬂuﬂe onetaahmmrrm@xmhy pfodicetribpg  at
sait or PN gt oeStaRBu e B PER Remreal b I arR e et Bt Oy o
t he a-diinﬂnemmemagmcmnplex PrOV|ded t he teachi ngs of t he present

di sclosure, a skilled artisan may recogni ze the rel ati onshi ps between

par amet er §9129UCh 128 sdebf é&lﬁﬂaeﬂh@h'étﬁxgd Rfprddi@ dnriLdmeniRangh taiBIbAPikeact i on
and the tinme necessar forma quantity of the a- dkyp1ne met al conplex

and how t GOUfHEGH) %/ac\’i’éf”i?e %‘H‘&‘i‘”ﬁa? DRk sal-nd ARYPETY BRAF f 2T e d"t |

t eachi ngs r&Bvehlhgthpraeslelme n6bit8 comgekr fBom thhenislci) h@ﬁnﬁretnbs@nelmy}eaLdsxmrreecogni ze
that -an ! rlrllleta? COOle 1;]’lcz)lr Q;gtpurlgec{ eSaI'r(l:Ot Imgt?xm%alp a Stg { Osf SEIHeCpgleﬂl aulpcs).lpC]OtSher
reaction paraneters s '0 of "feag and can var

reaction paraneters such as reagent Rpl e rati o, reaction tine, and/or
reaction tenperature to obtain desired results. [0147]1n some enbodi nents,
the reaction to format |east one itnine bond of the a-diimne netal
conplex in the presence of a netal salt or nmetal conplex can occur at a
tenperature ranging from-20 Cto 200 C. In other enbodi nents, the reaction
to format |east one itnine bond of the a-diimne netal conplex in the
presence of a netal salt or netal corrpl ex can occur at a tenperature
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101531The process to produce al pha olefins can utilize any a-di ani ne netal
conpl ex capabl e of producing alpha olefins. In non-limting enbodi nents,
the a-diimne netal conpl ex capable of producing al pha olefins can be a
metal salt conplexed to an a-diimne conpound conprising 1) an a-diimne
group derived froman a-diacyl compound and 2) a first imne nitrogen group
consi sting of an organyl group consisting of inert functional groups or a

hydr ocar byl up. and 3) a sec nd | mne n tro roup c risi.ng a netal
AR I R e o A AR S T
group to tdeen seodivd rdacrionprotuct.r ogen atom or alternatively, a netal salt
conpl exed to an a-diimne conpound consisting of 1) an a-diimne group
derived frgmgan adi,agyd nGRIPAYREBIS Gddule !.d §-8fmibd RS Binb e8GR YL:0Y P
conS|st|ng of an organyl group consistin inert functional groups or a
hydr ocar byPgfiged Sfylisye sonpapsiagd ¢ WFtﬁléalgi%f?fagﬂéﬁm@fecfa’aalela%@1 ‘éi“iyh‘ﬁmﬁ)f a

met al sal tm&QIphgx lﬂg:o@ﬁdﬂb@a @ﬂ@lara ahinB kwhtﬂ@xegﬁ@w& dohtﬁhkﬂng\@n &h@/llﬁﬁfe&ﬁeteﬁ aI t

conpl exi n he second.inmne nitr en

i acy! MBSt P etshienie R e R RESS hdethirt2msas; TEb Y aRE ¢ he cvo
i M ne- gr oupsal coinglenatag Her pmiied depe mddnds bmemﬂmﬁkmeBhéﬁamlﬁﬂmneawbma

conpl ex Carpéymaﬁlz&%%np nqg%llxep%nl?old ths Qil (I écgyﬁmxg@&etﬁleco&b%)z gﬁ%e gs%§&r 15 Q%d usi ng
any conbi nation o € metal salt as deseri erein, the a-diacyl
conpound {3 &hynRHT [ refien 88 ne conmpound is derived as described herein,
any first imne nitrogen group as described herein, any second i m ne
nitrogen dgorzap nEWmhnﬂahkam@mmlemﬂngmgfmumaa&md@ﬁzmhbﬂﬁmhemeb@ thand any
KNG, 0TSl LLNS NG TP Bl GO TR AL PR IR R h e scoond
met al comjﬂhemlshlmtthel jegad afid thirtl hediipyrgduca!licomplof prafiyshen mtlé‘ffdis nge gadnmise

descri bed 4 Bhndifi&afbd B6Redd iRy Brydbhbthdien PR 2 GRRRL S BERGE LRLHRAS

equi val ent to alpha ol efin production a-diimne netal conpl exes indicated
herei n. [ Gf54] fﬁﬁé‘le%faéﬂ a5§‘éﬁ1¢f‘b‘-‘6fhefteﬁea’%§? B PHPAREATHBE &) dce%lﬁfﬂ et aapre of
produci ng patipha @lbedimass, @@rpria@ryadwnm&calo S&dute as odegefiideaphan @hdithel N
enbodlments1 t he .net al tg C@n co rise IrQ&lIC%H%mm or ﬁg%tvre§ t her eof .
In sone ermbBAYnEAES COYKET HE Al ZF¥'mn%cmnﬁﬁr|%8 ot P dSBAEY. 1% some
enbodi nentesgmpidaen ne¢ abn-Bading @a\mplmmper ip8®wary raome wed & predurattevehoylimponpri se
cobal t. kg;?gLJhe a- di acyl,compound frgm.whi ch the a-ginnine groyp of the
a-diimne | ex capabl e of producing al pha olefins is derived can
be any a- dNHe@loug é¥fpadinidioasdyt eser itsedie wapalymmipcaapied Ve ntcs®-2HBI"a- di i ni ne
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101621 The a-diimne nmetal conplex, cocatalyst(s), and olefin can be
contacted in any manner known to those skilled in the art. For instance,
the a-diimne nmetal conplex and the cocatal yst can be m xed first before
bringing into contact wwth a feed conprising an olefin or an olefin

m xture. Alternatively, the cocatal yst can be mxed with the ol efin and/or
the solvent prior to contact with the ct-diimne netal conplex.
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with high selectivity to linear al pha olefins. In sone enbodi nents, the

ol i gornerization process produces a reactor effluent wherein the
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acylimine metal complex from an a-diacyl compound, two primary amines, and a metal salt by
putting together the various compound descriptions described herein can comprise the steps a)
contacting an o-diacyl compound with a (irst primary amine to form a first mixture containing an
a-acylimine compound; b) contacting the first mixture with a metal salt to form a second mixture
containing an o-acylimine metal complex, ¢) contacting a second primary amine with the second

mixture to form an a-diimine metal complex, and d) recovering the a-diimine metal complex

Reagent Molar Ratios, Solvents, Reaction Conditions and Metal Complex and Intermediate
Yields

[0135] As described herein, an o-diimine metal complex may be produced via various
synthesis paths. Molar ratios of reagents employed in the various synthesis paths are indicated
herein and can be generally applied to the methods of producing the a-diimine metal complex as

described herein.

[0136] Generally, whenever a primary amine is contacted with an a-diacyl compound, e.g. to

form an a-acylimine compound or an a-acylimine metal complex, the molar ratio of primary amine
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to a-diacyl compound can be any molar ratio capable of producing the a-acylimine compound or
a-acylimine metal complex. In some embodiments, the molar ratio of primary amine to a-diacyl
compound can be less than 1.1:1; alternatively, less than 1.05:1; alternatively, less than 1.02:1; or
alternatively, less than 1:1. In other embodiments, the molar ratio of primary amine to a-diacyl
compound can range from 0.75:1 to 1.1:1; alternatively, range from 0.85:1 to 1.05:1; or
alternatively, range from 0.9:1 to 1.02:1. In yet other embodiments, the molar ratio of primary
amine to a-diacyl compound can be about 1:1. In yet other embodiments, the molar ratio of
~ primary amine to a-diacyl compound can be greater than 1:1 when the remaining acyl group of the
resultant a-acylimine compound does not readily react with additional equivalents of the primary
amine under the reaction conditions employed. In this embodiment, the use of excess primary

amine can prove desirable.

[0137] Generally, whenever an a-diacyl compound is contacted with a metal salt, e.g. to form
an a-acylimine metal complex by contacting an o-diacyl compound, a primary amine, and metal
salt, the molar ratio of metal salt to o-diacyl compound can be any molar ratio capable of
producing an a-acylimine metal complex. In some embodiments, the molar ratio of metal salt to
a-diacyl compound to is greater than 0.75:1; alternatively, greater than 0.85:1; alternatively,
greater than 0.9:1; or altematively, greater than 0.95:1. In other embodiments, the molar ratio of
metal salt to a-diacyl compound can range from 0.75:1 to 1.25:1; alternatively, range from 0.85:1
to 1.15:1; or alternatively, range from 0.9:1 to 1.1:1. In yet other embodiments, the molar ratio of

metal salt to o-diacyl compound can be about 1:1.

[0138] Generally, whenever primary amine is contacted with a metal salt, e.g. to form an o-
acylimine metal complex or an o-diimine metal complex, the molar ratio of primary amine to
metal salt can be any molar ratio capable of producing the acylimine metal complex or the o-
diimine metal complex. In some embodiments, the molar ratio of primary amine to metal salt can
be less than 1.1:1; alternatively, less than 1.05:1; alternatively, less than 1.02:1; or alternatively,
less than 1:1. In yet other embodiments, molar ratio of amine to metal salt can range from 0.75:1
tol.1:1; alternatively, range from 0.85:1 to 1.05:1; or alternatively, range from 0.9:1 to 1.02:1. In

certain embodiments, the molar ratio of amine to metal salt can be about 1:1.

{0139] Generally, whenever an a-diacyl compound is contacted with a primary amine and a
metal salt, e.g. to form an a-acylimine metal complex, the molar ratio of the primary amine to
metal salt can be any molar ratio capable of producing an u-acylimine metal complex. In some
embodiments, the molar ratio of primary amine to metal salt to a-diacyl compound can range from

0.75:1:1 to L.1:1:1; alternatively, range from 0.85:1:1 to 1.05:1:1; or alternatively, range from
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0.9:1:1 t0 1.02:1:1. In certain embodiments, the molar ratio of primary amine to metal salt to o-

diacyl cbmpound is about 1:1:1.

[0140] Generally, whenever an a-acylimine compound is contacted with a metal salt, e.g. to
form an a-acylimine metal complex or an a-diimine metal complex, the molar ratio of metal salt to
a-acylimine compound can be any ratio capable of producing the a-acylimine metal complex or
the a-diimine metal complex. In some embodiments, the molar ratio of metal salt to a-acylimine
compound is greater than 0.75:1; alternatively, greater than 0.85:1; alternatively, greater than
0.9:1; or alternatively, greater than 0.95:1. In other embodiments, the molar ratio of metal salt to
g-acylimine compound ranges from 0.75:1 to 1.25:1; alternatively, ranges from 0.85:1 to 1.15:1; or
alternatively, ranges from 0.9:1 to 1.1:1. In yet other embodiments, the molar ratio of metal salt to

a-acylimine compound is about 1:1.

[0141] Generally, whenever a primary amine is contacted with an a-acylimine compound, e.g.
to form an a-diimine compound or an g-diimine metal complex, the molar ratio of primary amine
to a-acylimine compound is any primary amine to a-acylimine compound molar ratio capable of
producing the a-diimine compound or the a-diimine metal complex. In some embodiments, the
molar ratio of primary amine to o-acylimine compound can be less than 1.25:1; altematively, less
than 1.15 to 1; or alternatively, less than 1.1:1. The molar ratio of primary amine to a-acylimine
compound can range from 0.75:1 to 1.25:1; alternatively, range from 0.85:1 to 1.15:1; or
alternatively, range from 0.9:1 to 1.1:1. In certain embodiments, the molar ratio of primary amine
to a-acylimine compound is about 1:1. In yet other embodiments, the molar ratio of primary
amine to a-diimine compound can be greater than 1:1 when the initial imine group is not readily
displaced with the primary amine under the reaction conditions employed. In this embodiment, the

use of excess primary amine can prove desirable.

[0142] Generally, whenever a primary amine, g-acylimine compound, and a metal salt are
contacted, e.g. to form an o-diimine metal complex, the molar ratio of primary amine to o-
acylimine compound to metal salt to a-acylimine compound is any primary amine to metal salt to
a-diacyl compound molar ratio capable of producing the a-diimine metal complex. In some
embodiments, the molar ratio of primary amine to metal salt to a-acylimine compound can range
from 0.75:1:1 to 1.1:1:1; alternatively, range from 0.85:1:1 to 1.05:1:1; or alternatively, range from
0.9:1:1 to 1.02:1:1. In certain embodiments, the molar ratio of amine to a-acylimine compound to

metal salt can be about 1:1:1.

[0143] Generally, whenever a primary amine is contacted with an a-acylimine metal complex,

e.g. to form an a-diimine metal complex, the molar ratio of primary amine to o-acylimine metal
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complex can be any primary amine to ¢-acylimine metal complex molar ratio capable of producing
the o-diimine metal complex. In some embodiments, the molar ratio of primary amine to a-
acylimine metal complex can be greater than 0.9:1; alternatively, greater than 0.95:1; or
alternatively, greater than 0.975:1. In other embodiments, the molar ratio of primary amine to a-
acylimine metal complex ranges from 0.9:1 to 1.5:1; alternatively, from 0.95:1 to 1:25:1; or
alternatively, from 0.975:1 to 1.1:1. In certain embodiments, the molar ratio of amine to a-

acylimine metal complex is about 1:1.

{0144] Generally, the solvent for preparing the a-acylimine compound, a-acylimine metal
complex, or o-diimine metal complex can be any solvent capable of allowing the selected reagents
to react to form the selected compound or metal complex. In embodiments, the solvent can be an
alcohol, ether, nitrile or halogenated hydrocarbon. In some embodiments, the solvent can be an
alcohol; alternatively, and ether; alternatively, a nitrile; or alternatively, a halogenated
hydrocarbon. Generally, the alcohol, ether, nitrile, or halogenated hydrocarbon can be any C, to
Cye alcohol, C, to Cyy ether, C; to Cyp nitrile or C; to Cy, halogenated hydrocarbon; or alternatively,
any C; to Cs alcohol, ether, C; to Cs nitrile, or C; to C; halogenated hydrocarbon. In some
embodiments, the alcohol solvent can be methanol, ethanol, propanol, isopropanol, butanol, or
terf-butanol. In other embodiments, the ether can be dimethyl ether, diethyl ether, methyl ethyl
ether, monoethers or diethers of glycols (e.g. dimethyl glycol ether), furans, dihydrofuran,
substituted dihydrofurans, tetrahydrofuran (THF), tetrahydropyrans, 1,3-dioxanes, or 1,4-dioxanes.
In other embodiments, the nitrile solvent can be acetonitrile. In yet other embodiments, the
halogenated hydrocarbon can be methylene chloride, chloroform; carbon tetrachloride, or 1,2-
dichloroethane. In some particular embodiments, the solvent can be methanol; alternatively,
ethanol; alternatively, isopropanol; alternatively, tetrahydrofuran; altematively, acetonitrile;

alternatively, methylene chloride; or alternatively, chloroform.

[0145} Generally, the formation of at least one imine bond of a-diimine metal complex in the
presence of a metal salt or metal complex (e.g. reaction between a primary amine and a-acylimine
metal complex or a reaction between a primary amine, metal salt and an a-acylimine compound)
can be carried out at any suitable reaction conditions capable of producing the a-diimine metal
complex. For example, the time, temperature, and/or pressure required to produce the ¢-diimine
metal complex by forming at least one imine bond of a-diimine metal complex in the presence of a
metal salt or metal complex can be any condition needed to produce a quantity of the a-diimine
metal complex. Provided the teachings of the present disclosure, a skilled artisan may recognize
the relationship between parameters, such as the temperature of the imine bond formation reaction
and the time necessary to form a quantity of the o-diimine metal complex, and how to suitably

vary such parameters. Additionally, provided the teachings of the present disclosure, the skilled
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artisan may also recognize that an imine bond formation reaction can also be dependent upon other
reaction parameters such as molar ratio of reagents, and can vary the reaction parameters such as

reagent mole ratio, reaction time, and/or reaction temperature to obtain desired results.

[0146] Generally, the formation of at least one imine bond of a-diimine metal complex in the
presence of a metal salt or metal complex (e.g. reaction between a primary amine and o-acylimine
metal complex or a reaction between a primary amine, metal salt and an a-acylimine compound)
can be carried out at any suitable reaction conditions capable of producing the a-diimine metal
complex. For example, the time, temperature, and/or pressure required to produce the a-diimine
metal complex by forming at least one imine bond of a-diimine metal complex in the presence of a
metal salt or metal complex can be any condition needed to produce a quantity of the o-diimine
metal complex. Provided the teachings of the present disclosure, a skilled artisan may recognize
the relationships between parameters, such as the temperature of the imine bond formation reaction
and the time necessary to form a quantity of the u-diimine metal complex, and how to suitably
vary such parameters. Additionally, provided the teachings of the present disclosure, the skilled
artisan may also recognize that an imine bond formation reaction can also be dependent upon other
reaction parameters such as molar ratio of reagents, and can vary the reaction parameters such as

reagent mole ratio, reaction time, and/or reaction temperature to obtain desired results.

[0147] In some embodiments, the reaction to form at least one imine bond of the a-diimine
metal complex in the presence of a metal salt or metal complex can occur at a temperature ranging
from -20 °C to 200 °C. In other embodiments, the reaction to form at least one imine bond of the
a-diimine metal complex in the presence of a metal salt or metal complex can occur at a
temperature ranging from 0 °C to 150 °C; alternatively, from 20 °C to 100 °C; or alternatively,
from 40 °C to 80 °C. The time needed to form at least one imine bond of resulting o-diimine
metal complex in the presence of a metal salt or metal complex, at the temperature described
herein, may be from less than | minute to 48 hours; alternatively, from 30 minutes to 36 hours; or
alternatively, from 1 hours to 24 hours. The temperatures and times described herein are generally
applicable to any methods of forming at least one imine bond in the presence of a metal salt or
metal complex including the methods for contacting an a-diacyl compound, a metal salt and a
primary amine, contacting an a-acylimine compound, a metal salt, and a primary amine, or

contacting an o-acylimine metal complex and a primary amine.

[0148] In embodiments, the step wherein the imine bond of the a-diimine metal complex is
formed in the presence of a metal salt or metal complex proceeds at a yield of greater than 60
percent based on the weight of the limiting reagent. In some embodiments, the step wherein the

mmine bond of the a-diimine metal complex is formed in the presence of a metal salt or metal
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complex proceeds at a yield of greater than about 65 percent based on the weight of the limiting
reagent; alternatively, greater than 70 percent based on the weight of the limiling reagent;
alternatively, greater than 75 percent based on the weight of the limiting reagent; alternatively,
greater than 80 percent based on the weight of the limiting reagent; alternatively, greater than 85
percent based on the weight of the limiting reagent; or alternatively, greater than 90 percent based

on the weight of the limiting reagent.

[0149] Generally, the procedures described herein enable the production of specific a-diimine
metal complexes having two different (or two different type) imine groups in a high yield using an
a-~diacyl compound and two different (or two different type) primary amines. Not to be bound by
theory, it is believed that the reaction of the second amine with an a-acylimine compound in the
presence of a metal salt, or reaction 6f the second amine with an a-acylimine metal complex,
inhibits the reversibility of the Schiff base reaction that formed the first imine group of the o-
acylimine compound. Normally, the reversibility of the Schiff base reaction does not create issues
when the two primary amines used to produce the two imine group of the a-diimine compound
(and ultimately the o-diimine metal complex) are the same. However, when the two different
primary amines are used to produce two different imine nitrogen groups, the reversibility of the
Schiff base reaction allows the a-acylimine compound to revert into its component primary amine
and o-diacyl compound and thus allows the formation of all potential a-diimine compounds. Thus,
the presence of the metal salt or a-acylimine metal complex during the formation of a-diimine
metal complex allows improved selectivity to a specific desired o-diimine metal complex based

upon the limiting reagent of the synthesis method.

[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.

OLEFIN POLYMERIZATION OR OLIGOMERIZATION
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[0151] The o-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 o-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 a-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 a-diimine metal complex 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)
two different a-diimine nitrogen groups. In other non-limiting embodiments, the o-diimine metal
complex can be a metal salt complexed to an a-diimine compound comprising 1) an o-diimine
group derived from an o-diacyl compound and 2) two different o-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 o-diimine group derived from an o-diacy! 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 g-diimine compound consisting of 1) an a-diimine group derived from an o-
diacyl compound and 2) a [irst 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

complex utilized to polymerize or oligomerize olefins can be further described using any
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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 a-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 a-diimine metal complexes utilized for the production of alpha
olefins can be described using the alternative o-diimine metal complex descriptions equivalent to

alpha olefin production o-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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di ssol ved 11 € h%mmsfr?% (ﬁréhdm?zquﬁngglwmm dt et Oﬁfny ﬂe or ange
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0.10 mbL ( lgrofp; ommieatiaty, 22.amumobsstured ppyny | gloupe [ athed @mirdinghts ahdiypdrooary! but anol
was added ) 1 11l and
0127 g ( 2P oERPTHL b dedhp el B LTRUInALINEOEXELEL 0S-SR | L nea
dar k br omet Ai h("éﬂsﬁi’rﬁmié*snyérﬁﬂovdep’bsq iz diRrhgidesiowol i 0 aft@perstirring

over ni ght cHB&l@henal ﬁ@ﬂyd@&ar@yﬁ ogu Ihge ﬁ@dlhﬂleﬂﬁr%%écﬂ gkdug "cﬂﬂae awash@dnybieh,1 6 mL of

THE, and dried to 60% of dar reen duc EXAMPLE 4
group, a 2,0- dlgtinylphen}g group, 09 (26 diisopropylpheny oup In urt her embodiments, the

hydrocarbyl group of the first imine nitrogen group can be a 2,6-dimethylpheny! group;
alternatively, a 2,6-diethylphenyl group; alternatively, a 2,6-diisopropylphenyl group;
alternatively, a 2,6-di-fert-butylphenyl group; or alternatively, a 2.4,6-trimethylpheny! group
(mesityl group).

10157] 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 a-diimine compound
of the o-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 phosphiny! group and -(CH,),- linking group where m is 2 or 3; alternatively, can
comprise a pyridinyl group, a substituted pyridinyl group, a furany! group, a substituted furanyl

group, a thiophenyl group, or a substituted thiophenyl group and a -(CH,)- linking group; or
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solution containing 0.10 nL (1.0 mmol ) of 2-am nonethyl pyridine in 50 nL of
anhydr ous butanol was added via cainmula to 0.342 g (0.91 mmol) of
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dark green solid after stirring overnight under argon at 55 'C. The solid
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phosphinyl group, or a substituted diphenyl phosphinyl group and -(CH,),- linking group where m
is 2 or 3; alternatively, can consist of a pyridinyl group, a substituted pyridinyl group, a furanyl
group, a substituted furanyl group, a thiopheny! 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 mis 2 or 3;
alternatively, can consist of a pyridiny! group, a furanyl group, or a thiophenyl group and a -(CH,)-
linking group; alternatively, can consist of an alky! 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 dipheny! aminy! group or a diphenyl phosphinyl group
and a -(CHy),,- linking group where m is 2 or 3; alternatively, can consist of a substituted diphenyl
aminyl group, or a substituted dipheny! phosphinyl group and a -(CHa),,- 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 dipheny! phosphinyl group
or a substituted diphenyl phosphinyl group and a -(CH,CH,)- linking group; alternatively, can
consist of a dipheny! phosphinyl group and a -(CH,CH,)- linking group; alternatively, can consist
of a substituted dipheny! 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;
altemnatively, a 2-pyndinyl group and a -(CH,)- linking groﬁp; 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 pheny! sulfidyl group and a -(CH,CH,)- linking group:
alternatively, can consist of a phenyl sulfidyl group and a -(CH,CH,)- linking group; or

alternatively, can consist of a substituted phenyl sulfidyl group and a -(CH,CH,)- 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 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 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 a-diimine group derived from
acenaphthenequinone, phenanthrenequinone, or pyrenequinbne; 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 o-
diimine group derived from acenaphthenequinone, phenanthrenequinone, or pyrenequinone; 2) a
first imine nitrogen group consisting of a 2,6-dimethyiphenyl 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
nifrogen atom. Further embodiments of the elements of the a-diimine metal complex capable of

producing alpha olefins are described herein.

10160} Generally, the cocatalyst can be any organometallic compound capable of activating
the o-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
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sesquichloride, 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 (MMAQ), 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 -
diimine metal complex can range from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1; or
altematively, 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 ina solvent
or diluent. In some embodiments, the solvent or diluent can comprise a C4 to Cy hydrocarbon; or
alternatively, a C, to C)p 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 C, to Cj, 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 Cs to C,p 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 C,, alpha olefin; alternatively, alternatively, a Cy, to C;3 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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j0164] Unless specified otherwise, the terms contacted, combined, and “in the presence of”
refer to any addition sequence, order, or concentration for contacting or combining two or more
components of the polymerization reaction. Combining or contacting of polymerization or
oligomerization components, according to the various methods described herein may occur in one
or more contact zones under suitable contact conditions such as temperature, pressure, contact
time, flow rates, etc. . . . The contact zone can be disposed in a vessel, e.g. a storage tank, tote,
container, mixing vessel, reactor, etc.; a length of pipe, ¢.g. a tee, inlet, injection port, or header for
combining component feed lines into a common line; or any other suitable apparatus for bringing
the components into contact. The methods may be carried out in a batch or continuous process as
is suitable for a given embodiment, with physical parameters of the contact zone being specified

accordingly.

[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 0th¢r 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

reaclors 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 e-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
disciosure, one skilled in the art will recognizé how to adjust the polymerization or

oligomerization reaction conditions to achieve the desired objectives.
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[0167] The reaction temperature of the polymerization or oligomerization reaction can be any
reaction temperature required to produce the desired polymerization or oligomerization product
(such as polyethylene or alpha olefins). In some embodiments, the reaction temperature for the
polymerization or oligomerization reaction can range from -20 °C to 200 °C. In some
embodiments, the polymerization or oligomerization temperature ranges from 0 °C to 150 °C;
alternatively, ranges from 10 °C to 150 °C; alternatively, ranges from 20 °C to 100 °C; or

alternatively, ranges from 30 °C to 80 °C.

[0168] The reaction pressure of the polymerization or oligomerization reaction can be any
reaction pressure required to produce the desired polymerization or oligomerization product (such
as polyethylene or alpha olefins). In some embodiments, the polymerization or oligomerization
reaction pressure can be greater than 0 psig (0 KPa); alternatively, greater than 50 psig (344 KPa),
alternatively, greater than 100 psig (689 KPa); or alteratively, greater than 150 psig (1.0 MPa). In
other embodiments, the polymerization or oligomerization reaction pressure can range from 0 psig
(0 KPa) to 5,000 psig (34.5 MPa); altematively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa);
alternatively, 100 psig (689 KPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to
2,000 psig (13.8 MPa). In embodiments wherein the monomer is a gas (e.g. ethylene), the
polymerization or oligomerization reaction can be carried out under a monomer gas pressure.
When the polymerization or oligomerization reaction produces polyethylene or alpha olefins, the
reaction pressure can be the monomer ethylene pressure. In some embodiments, the ethylene
pressure can be greater than O psig (0 KPa); alternatively, greater than 50 psig (344 KPa);
alternatively, greater than 100 psig (689 KPa); or alternatively, greater than 150 psig (1.0 MPa). In
other embodiments, the ethylene pressure can range from 0 psig (0 KPa) to 5,000 psig (34.5 MPa);
alternatively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig (689 KPa) to
3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to 2,000 psig (13.8 MPa). In some
cases when ethylene is the monomer, inert gases can form a portion of the total reaction pressure.
In the cases where inert gases form a portion of the reaction pressure, the previously stated
ethylene pressures can be the applicable ethylene partial pressures of the polymerization or
oligomerization reaction. In the situation where the monomer provides all or a portion of the
polymerization or oligomerization reaction pressure, the reaction system pressure can decrease as
the gaseous monomer is consumed. In this situation, additional gaseous monomer and/or inert gas
can be added to maintain a desired polymerization or oligomerization reaction pressure. In
embodiments, additional gaseous monomer can be added to the polymerization or oligomerization
reaction at a set rate (e.g. for a continuous flow reactor), at different rates (e.g. to maintain a set

system pressure in a batch reactor). In other embodiments, the polymerization or oligomerization
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reaction pressure can be allowed to decrease without adding any additional gaseous monomer

and/or inert gas.

{0169] The reaction time of the polymerization or oligomerization reaction can be any
reaction time required to produce the desired quantity of polymerization or oligomerization
product (such as polyethylene or alpha olefins), obtain a desired catalyst productivity, and/or
obtain a desired conversion of monomer. In some embodiments, the polymerization or
oligomerization reaction. time ranges from 1 minute to 5 hours; alternatively, ranges from 5
minutes to 2.5 hours; altematively, ranges from 10 minutes to 2 hours; or alternatively, ranges

from 1 minute to 1.5 hours.

[0170] In an embodiment, the oligomerization produces alpha olefins having at least four
carbon atoms. In further embodiments, the oligomerization to produce alpha olefins having at
least four 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 a-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 XK is defined by the equation:
K =Xq2/X,

wherein X is the number of moles of alpha olefin produced having g+2 carbon atoms and X, 1s
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 1o 0.9; altematively, from 0.5 to 0.85; or alternatively,
from 0.55 t0 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 m 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.

75



217 (3) 55 00 CE SS F 017 PIE CE OE 00 >5 05 SS 05 0'7 05 -71C 017
cC

[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 l-octene, and the oligomerized product having 10 carbon atoms

comprises greater than 99 weight percent 1-decene.
EXAMPLES

10173} 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.

Table 8§ — Compounds of Examples 1-9
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EXAMPLE 1
Svynthesis of ¢-Acylimine Compound 1 ((2F)-2-[(2,6-diisopropylphenyl)imino]acenaphthylen-

1(ZH)-one)
[0174] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was treated

with | 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 mlL 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, ¢, 1H; 7.99, d, 1H; 7.81,1, 1H; 7.39, ¢, 1H; 6.62, d, 1H.
(3H’s are obscured by the CDCl; peak). '"H 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, 1, 1H; 7.30, m, 3H; 6.60, d,1H.

EXAMPLE 2

Synthesis of g-Acylimine Compound II ((2F)-2-[(2,5-di-t-butylphenyl)imino]jacenaphthylen-
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-buytlaniline (1.69g, 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 cther, 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 more orange solid was isolated, giving a total
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yield of 2.13 g (70 %). Characterized by '"H NMR (400 MHz, CDCl;): 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

Svnthesis 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 g-acylimine compound 111
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

Svnthesis of the a-Diimine Metal Complex Having Structure 11

[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 e-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 g-Diimine Metal Complex Having Structure 111

[0178] A solution of 0.297 g (1.3 mmol) of 2-(diphenylphosphino)ethylarrljhe in 40 mL of

anhydrous butanol was added via cannula to 0.440 g (1.30 mmol) of ¢-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 Figure 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-P] -
2.497; P1-Fe-N2 - 135.19; P1-Fe-Cl1 - 100.77; N2-Fe-Cl1 - 93.70; N1-Fe-Cll - 156.18; Cl1-Fe-
Cl2-111.98.
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EXAMPLE 6
Synthesis of the g-Diimine Metal Complex Having Structure 1V

[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 IiI
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 u-Diimine Metal Complex Having Structure V
{0180} A 0202 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 canmnula 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 Figure 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 a-diimine metal complexes may be isolated in a dimeric form
(having bridging halogen atoms) and have an active ethylene oligomerization catalyst when the o-

diimine metal complex is contacted with ethylene and a cocatalyst.

EXAMPLE §
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, cach 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. 1If 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 confrolled 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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n8 K value (C 2/C10) cvo 90- 1 Productivity (113/1b cat) 22,500
00z | Yield (g) St VN

10183} 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 fallin‘g 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.

85




YRVN VN. b) IS SELC (D) 0S OCOC Of IDE cc (up.u) Sl SZ CE

CLAIMS
What is claimed is:

1. An o-diimine metal complex comprising a metal salt complexed to a bidentate or
tridentate a-diimine compound wherein the o-diimine compound comprises an a-diimine
group, a first imine nitrogen group, and a second imine nitrogen group which is different

from the first imine nitrogen group.

2. The a-diimine metal complex of claim 1, wherein the a-diimine compound is tridentate,
the a~diimine group is derived from an w-diacyl compound, the first imine nitrogen group
consists of a C; to Cs, organyl group consisting of inert functional groups or a C; to Cs
hydrocarbyl group, and the second imine nitrogen group comprises a metal salt
complexing group and a linking group linking the metal salt complexing group to the

imine nitrogen group.

3. The o-diimine metal complex of claim 2, wherein the a-diimine group is derived from an

aromatic a-diacyl compound.

4. The o-diimine metal complex of claim 3, wherein the a-diimine group is derived from

acenaphthenequinone, phenanthrenequinone, or pyrenequinone.

5. The o-diimine metal complex of claim 4, wherein the o-diimine group is derived from
acenaphthenequinone.
6. The a-diimine metal complex of claim 1, wherein the first imine nitrogen group consists of

a C; to C;p hydrocarbyl group.

7. The o-diimine metal complex of claim 6, wherein the first imine nitrogen group consists of

a Cg to Cs3p aromatic hydrocarbyl group.

8. The a-diimine metal complex of claim 7, wherein the Cq to C; aromatic hydrocarbyl
group is a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-
diisopropylphenyl! group.

9. The o-diimine metal complex of claim 2, wherein the metal salt complexing group of the
second imine nitrogen group comprises a dialkyl aminy! group, a diphenyl aminyl group, a
dialkyl phosphinyl group, a diphenyl phosphiny! 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
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morphilinyl group, a pyranyl group, a tetrahydropyranyl group, a quinolinyl group, a
pyrrolyl group, a pyrrolidinyl group, or a piperidinyl group and the linking group of the

primary amine comprises a C, to C,o hydrocarbyl group.

10. The o-diimine metal complex of claim 9, wherein the metal salt complexing group of the
second imine nitrogen group comprises 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. S

11. The a-diimine metal complex of claim 9, wherein the metal salt complexing group of the
second imine nitrogen group comprises a 2-pyridinyl group or a substituted 2-pyridinyl

group.

12. The o-diimine metal complex of claim 9, wherein the metal salt complexing group of the
second imine nitrogen group cofnprises an alkyl etheryl group, a phenyl etheryl group, a
substituted pheny! etheryl group, a alkyl sulfidyl group, a phenyl sulfidyl group, or a
substituted sulfidyl group.

13. The a-diimine metal complex of claim 2, wherein the metal salt comprises chromium,

iron, cobalt, or mixtures thereof.
14. The o-diimine metal complex of claim 13, wherein the metal salt comprises iron.

15. The a-diimine metal complex of claim 1, wherein the a-diimine compound is bidentate,
the o-diimine group is derived from an a-diacyl compound, the first imine nitrogen group
consists of a C, to Csy organyl group consisting of inert functional groups or a C; to Cs
hydrocarbyl group, the second imine nitrogen group consists of a C, to C;, organyl group

consisting of inert functional groups or a C; to C;¢ hydrocarbyl group.

16. The a-diimine metal complex of claim 15, wherein the o-diimine group is derived from

acenaphthenequinone, phenanthrenequinone, or pyrenequinone.

17. The o-diimine metal complex of claim 15, wherein the first imine nitrogen group consists
of an Cq to Cy aromatic hydrocarbyl group and the second imine nitrogen group consists

of an C; to C; aromatic hydrocarbyl group.

18. An g-diimine metal complex comprising a metal salt comprising iron complexed to a

tridentate a-ditnine compound comprising;
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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-

diethylpheny! group, or a 2,6-diisopropylpheny! 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.

The a-diimine metal complex of claim 18, wherein the metal salt complexing group of the
second imine nitrogen group comprises 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 phosphiny! group and a linking group of the second imine

nitrogen group is -(CH,),,- where m is 2 or 3.

The a-diimine metal complex of claim 18, wherein the metal salt complexing group of the
second imine nitrogen group comprises a 2-pyridinyl group or a substituted 2-pyridinyl

group and the linking group of the second imine nitrogen group is -(CH,)-.

The a-diimine metal complex of claim 18, wherein the metal salt complexing group of the
second imine nitrogen group comprises a phenyl sulfidyl group or a substituted phenyl

sulfidyl group and the linking group of the second imine nitrogen group is -(CH,CH,)-.

A method for producing an a-diimine metal complex comprising a metal salt complexed to
a bidentate or tridentate a-diimine compound wherein the a-diimine compound comprises
an a-diimine group, a first imine nitrogen group, and a second imine nitrogen group which
is different from the first imine nitrogen group, the method comprising

forming at least one imine bond in the presence of a metal salt, metal complex, or

combinations thereof.

The method of claim 22, wherein the method comprises:
a) contacting an a-acylimine compound, a metal salt, and a primary amine; and

b) recovering the a-diimine metal complex.

The method of claim 23, wherein: 1) the a-acylimine compound comprises an a-acylimine
group and an q-acylimine nitrogen group consisting of an organyl group consisting of inert
functional groups or a hydrocarbyl-group; and 2) the 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.
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is not an adm ssion that it is prior art to the present invention,
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priority dg?e 3% H?débpf|c24|8%“Q$%% §|§gﬁﬁgﬂ?%%3§? Ff]%a%g F%ngpa t ent
appl i cati ons, &ﬂfdpf’pEFbiS ideraved Bers agshapbidieriseuiesing phgnenthjercgbyong.i¢ BYTpsAEise by

reference, to taﬁ@thg)(ga@ﬂﬁmﬁehﬁl;og&d‘]ﬁbfupmf Q4 odﬁyl%QMnﬁ)B%d BERGaH rC%lto @), other
details suppl enent ar hose set forth herein. ~CLAIMS Wat is clained

is: An a-diim RETEE 10&%%9@%’ AR iednait S8 cHpIRtinesseuP L BRBIBXEATYS a

bi dentate or tl’cbxdﬁﬂ&s&tcﬁallc}ll mﬁmhrgmg acamp@m Adinwhesue) d’khztlh&pl&ysldimyngrﬂ@ gonpound
conprises an a-di p nitr econd
i mi ne nitrogen di :h%na/p F fou%larnfalk tlenlhel}ypérou}% P ?Setg] ry&’I foup an zﬁ%y%
group. The a- dmﬂﬁwnemmﬁmaMmabnﬁhﬂmnwbzchamnﬂgnmmhepemmhmhﬂgammmnwmne
conpound is tr Ihﬂﬁﬁ‘% Qgtﬁ)’ofhlggmﬁarg!nhl% L&Y, )gqpheleﬁn gﬁée‘s‘fr@xq ifsrom an a-di acyl
conpound, the f I'mne nitrogen group con5|sts of a C to C30 organyl
group consjstin inert finctional groups or %g hg car by

group, and® he %@8ﬂﬁdﬁﬁﬁﬁé“ﬁ4twaﬁ@ﬁ‘@ﬁBhE FW@%§”&’ g -axrpme

conpl exi ng groumn@mdjﬁdhhakﬁm@mgm@mpmbnm%mngduhaaﬁﬂh&kr&&k&n@@@@ﬁ&%lng
group to the imn roup. 3 t f claim
2. where he a- ClaTC)%unme co&x ound gonsmt ofa 2 ( el?’sgtﬁqg%ﬁheng u Iagidé’% %?glgfglr gorrpound
4. The a- d||n1memME@ahﬂwmmﬁmexmoﬁy@hapW¥GXBQNGMéﬂWI@haﬂaﬂdpﬁh$h@m&ﬁoup is

derived from a%ﬁ;ﬂ@@h&ﬂﬁyﬂ%%b n@ﬂﬂacnﬂhﬁ@ﬂhxﬂrg%gqykdﬂgﬁﬁed @pheRY [HBEGRIKI NONe.
5The a-diimne netal )l ex’ of claim wherein th ditmne group is

deri ved fron1aé€ﬁ&ﬁﬁ?ﬁ@h%ﬂﬁWhﬁﬂ@ 2 gbstiuedphey| 9y SFRPA PYSERYISEP Y acl ai m 1,
wherein the fi rs&dstitidd peidilt dr@@edhd HeOuPng @O g poifnad abilinetio- (@Y, -Mpekeocar by
gr oup. .
m ranges from 1-3.
29. The method of claim 23, wherein the g-acylimine compound is prepared by:
a) contacting an a-diacyl compound and a primary amine consisting of an -NH, group
and an organyl group consisting of inert functional groups or a hydrocarbyl group; and

b) recovering the g-acylimine compound.
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7The a-diimne netal conplex of claim®6, wherein the first imne nitrogen
group consists of a C6 to C30 aromati ¢ hydrocarbyl group. The a-diimne
metal conplex of claim7, wherein the C6 to C30 aromati c hydrocarbyl group
is a 2,6-ditnethyl phenyl group, a 2,6-diethyl phenyl group, or a 2, 6-

di i sopropyl phenyl group. 9. The a-diimnc netal conplex of claim2, wherein
the netal salt conplexing group of the second i mne nitrogen group
conprises a dialkyl amn group, a di phenyl am nyl group, a dialkyl
phosphi nyl30gr odpe methedi ¢ ﬁémm phrednii iy p-agytizins comppua qeyriss Met-3vIgieup, a
phenyl etheryl gipe anaepacﬂknlﬁb{f! nlﬁ'&g'en bloGly dongéi@bl BE anaof[aﬁ\&mé{ﬂyl slahf ¢dﬂMhmgr oup, a

furanyl group, a thio rou trahydr r a hlophanyl
group, a pyri diofa&‘lart B‘P@ g%?“ 10]3 qcf‘rh rodelﬂf)% tg S}‘%‘Q'n%"ne OB o4

tetrahydropyranNHzgmqumdaaoqmwngbmnymmgmgupmmaﬁpymma@yhpgmcuhwh%mmyl
pyrrolidinyl gr,ou or a piperidinyl group and the linking group of the
primary am ne ongrlses a C, to Cm hydrocarbyl group. 10. The a-diinme
metal conplex of claim9, wherein the metal salt conpl exi ng group of the
second i miHe nile Bekef o B e whtpeind ede a-aeHlimine FPmROhSPMPETS AT 2 "B heny |
_.am.nyl__group, @m%plb@tdnta%ﬁﬁhnw PR BYfrodBoMpilisi@la0htil sa dnpllexiyd gl&hﬂ&]ﬂhl nyl

group, a diphe 0S substit ut ed- dj. phenyl hi nyl
group. 11. The émﬂfg ‘P%k qm%@ﬁWV@Qm ?n%PQWh?g?3%ﬁ¥bePﬁn]ﬁ%B nf sal t
conpl exi ng groupi@ﬁMithsemmm@amnuﬂeﬁmlNHegem>gﬂ@upm@mﬂwﬂmse@wam@<ﬁyrldinyI
group or a sub 2- i 12. The a-diimne netal conplex
of claim§9, th%%Fﬁ&?ﬁd ikl grQh %m%g%%¥EX|ng group of the second im ne
nitrogen group _conprises an aIk I etheryl grou a phenyl etheryl group, a
substitut gﬁ phdA§ MBIt Flgim 2&%‘&?&“’ He ‘EF‘R‘SFICOQEH‘SF%pdy group, a phenyl sulfidyl
group, or a Subﬁtdoht&itﬁgﬂalﬁd}hcﬁ/hﬁMé mefii@dpleldid Tpgmay adink;mhdie et al conpl ex of
claim 2, mherel ]%heﬂpehmac§ nmnmfﬁ% es chromum iron, cobalt, or
m Xt ures thereo LAY i conpl ex of claim 13, wherein the
metal salt conprises iron. 15. The ct- dllnlne met al conpl ex of cIa|n11
wher ei n t 8- a- dht mithed dehpotinghirent) de sraatginetpral euRiex| HPESCYHE SUPIcK s
derived from age@e& aaﬁéfdl s 0NN AN Rdsylithhe c&hﬁo‘éﬁd dofipA@ndHnt ok &g@ﬂmgg@&aoanaonm sts
of a Cl to C30 org consi stin i nert functlon oups .or a Cl
to C30 hydrocalbfi q@%ﬁﬁg“mﬁ ém§®8%ﬁﬁ“#%fﬁﬁ”ﬁFv@868ﬁ”ﬁ?%ﬁﬁ %é?gﬁgmof a C
L odCl o] o[) g?nyl o@mmmaagn_arﬁmw gagpohd Eﬁﬁdﬁrlnfammnemﬂmbrl?fﬁlﬁﬁ% godup ga rdftalt O CSOh
ydrocarbyl grQ e a tal . yherein the
a-diimne groupﬂﬁ?mﬁ%mn%gam??%ﬁﬂgkgﬁggﬁ%ﬁgﬂgggpﬁ%ﬁg&CO @ %ggnqulnone
or pyrenequi non®¥H: &Pup. The a-diim ne nmetal conpl ex of cIa|n115 wherein the
first imne nitrogen group consists of an C6 to C30 aromati c hydrocar byl
group and uhe sgeaR@od bNEIAG T3, WheEHE MhdhOMPsak QREpritsSchHadmian, &, tebak30
aromatic hydrocar§¥l gn&up. 18. An a-diimne metal conplex conprising a
metal salt confPi¥Hf¥on conpl exed to a tridentate a-diinmne conpound
conprising: 1l)an a-diimne group derived from acenapht henequi nonc,
phenant hr eifequiThé oreiod of cfpyn eheylirronie, [2)e a-foylimire gronefl fthe rogémingr oup
consi sting of Qorgpoﬁn&jl'nm%tcbz)é&/lm;‘iﬁgﬁ%tal%glylgx isQerfucd® frofl a8 LidWh RNEMYh: HE @KP, Or a
2, 6-dii sopropyl phenyl group; and 3) a second inine nitrogen group

conprising a nmdteaylingug f““&%?ﬁp%“é&?l Plgthg rootspiERY cafnmql%%gheg? awbmrfienlﬁ?tﬂg t he

netal salt comal)repqéxrtgmgsr[m@ ct Q N8 dSEEHN grolifThitED) MHelnfe@g &N ca:hlmmmclgeouﬁhe
a-dii m ne netal

in

v oup of the. SEbBRETTH HEMsFeprgaA arBa S bt SeTRE ARl ST 0% oup,
a di phenyl ami midsplgndogppp.a dpkbst phoathéd! diophemylkylatheryy Brogy, ewpsnyhetblird| Ky |
phosphi ny1 - aroypy, &, digREMid: @mgpahmwl O8R! o R SHP SIS U Eidpthpheny!
phosphi nyl group and q of the second i mné nitrogen roup is

- (CH2) 111- whem@upn4 Sughygplugny zaf)owrh@tfa@awhﬂﬁ@) revafind grpPek M9PhEiRgi m 18,
wherein the rzfetgﬁl)lu %%iarﬁ@fmb QXéthgycgcrpQﬁgﬂy 1@foup, Qeluﬁlsla@nelgmm pﬁr&yltgfoegag gL oup
conprises a 2-pyridiny rou ubstitu ridi roup and the

| i nki ng group BY”%ﬂ@y%QE%narRﬁWﬂ@ﬂﬁfﬁ?Bﬁéﬁié?§ﬁ$ $g°m{%p¥§f9mm§fm?ﬁe
a-di i m nc net akogoiplex 1), bydaicabliroupher ein the netal salt conpl exing
group of the second imne nitrogen group conprises a phenyl sulfidyl group
or a substituted phenyl sulfidyl group and the |inking group of the second
imne nitrogen group is -(0-12C1-12)-- 22. A method for producing an
a-diimne nmetal conplex conprising a net%l salt conplexed to



a bidentate or tridentate a-diimne conpound wherein the a-diimne conpound
conprises an a-diimne group, a first imne nitrogen group, and a second
imne nitrogen group which is different fromthe first imne nitrogen
group, the method conpri sing formng at |least one imne bond in the
presence of a netal salt, nmetal conplex, or conbinations thereof. 23.The
met hod of claim 22, wherein the method conprises: a) contacting an
a-acylimne co ound a netal salt, and a primary am ne and b) recovering
the a-dii mfne %ﬁt methe@wﬁlc@xn 34vheren et Hoic gfacdinapeneo ofisr ep@limmy ¢ he

a-acylimne CO@H%G@ GOHRI d-K§Bmiad nﬁ:Ta@-Q:}iﬁ{lﬁ)lBSl e dgivedd ﬂoﬁnzd:e@ﬁhtﬁena@y:iohé’n ne

ni trogen group consisting of an or rou nS|st|n i ner
Funct i onal groﬁﬁ?mgFmﬁmHVH?dﬁéWﬁVmg tﬁh@'ﬁﬁmfﬁémﬁﬁ ?ypﬁﬁﬁﬁe'

conprises an - hltyliming rcom]muncamrrm a—bcyﬁmlnb nwnrpdxmxaxmgnsgmsmfpx @nd Ga dromdiicng  gr oup
l'i nking the nm. t p The net hod
of claim 24, wft‘? CIrOC‘ar%ylt e Oupr‘reatng)% r’[gﬁ 't%l eglggah gonté}b&mﬁl\% 91:ér%”ﬁm?émf)jal t, or

m xt ures ther eofmprig®.a difier! smeint gepupfa d(lﬁhaIiYhﬂlmel %ewefil%kycl h}@sﬂ)‘nyﬂ Breup a
a-acylimne grQuReQf pﬁotﬁu@r aGY, 1 MG Gfﬁ&ppb&'aﬁb Iasphdﬁ}me%@l fofRp) @NalRioMat i c
~a-dione and the a-acylimne nitrogen group of the a- ﬁ@ glne cor ound. -
consi sts of a 69ﬁ@ﬁgegﬂaHVEW&B@@B@F”&Fdﬁﬁmmﬁﬁﬂm%frfH@ PHIE YR B8 npl exi ng
group of the pliha®y ot MepoadipPinises -(@H H dete mrmgry rogneup, a di phenyl

am nyl group, a dial kyl phosphinyl group, a diphenyl phosphinyl group, an
al kyl et he3r7yl 9'51(9 lﬂ%lho@ oP Qgﬂﬁl |33 efvﬁe?&ﬁ/ ltheg [)OMP ol a@ﬂuﬁké(#ouﬁ tok ltﬁé QXéyhgﬁnQuD’ a
phenyl sulfidyl grou uranyl group, ‘a roup

t et r ahydr of ur aRyPoge i he aa@cxlmwgmwmrg?xowﬂv@ fchmaﬂlwenwaﬁ& ang the

nor phi linyl gr qu@ynn@mpaﬁ&@awl er&@pOsPihe - chtrﬁ@y@lﬁ@pycr anye @a@mneanam nol i nyl

group, a pynolyl gr ou lidin peridi.n qr oup and
the |inking gr 6P ?S‘fcogﬂﬁsés ﬁp%lérﬁgﬁubéwt%%p]%w?“g d})% %aléil X%l dr dar byl
group. 27. Thegnmﬁmee@ﬁmabamWRZAmmmheaémmmwh@nmmguh@zamagym«hmﬂﬁngroup of
the a-acylim ne conmpound s |
phenanthrench|no mgmgradl elﬁfno Lrgldg%ﬁﬂéﬁg @Fgﬁy%e nl? %Dgh group of
t he a- acyllnlnemmdnpﬁhhthQMSq§ﬂ§m@$d@h@mlﬁéﬁQBGHaPoﬁﬂWF@E%WHW@ca?Byl
group; and 2) g&b@mﬂ@& @lndr?z |gtxouﬁodmlt}f%)thﬂ9%]ﬁ51% asefpnm@ aRir TR YH A WhEre
conprises a dial kyl am g group, a di phenyl amty] group, a dialkyl
phosphi nyl gr otig22%8s #phényl phosphi nyl group, an alkyl etheryl group, a
phenyl etheryl group, an al kyl sulfidyl group, a phenyl sulfidyl group, a
pyri di nyl 3gr oufhe metha offroiniptii3| winydin ¢ @aqyliméma dhetahenipienksipgpagd bup of t he
primary amne i inPeone&ine LR, M@t heg.,of claim
24, wherein theﬁff&gﬁgga%%g ﬁ?ﬁgb&?%%% %&ﬁﬁ% a- g@ Pﬁlne]conggugd i's
deri ved fron1aceﬂ@@ﬁtﬁ@ﬁ@¢ﬂﬂﬁ@%@wﬁw0fWﬁéﬁﬁﬂ&@§BFWP%%ﬂhW?WE@éH¥©@oup of the

a-acylimne CORPQURIdermaP R oSt dinffe Bmpoufiddi substituted phenyl group; and 2)
the metal salt conpl exing of the rlnarﬁéanlne conpri ses a di phenyl

am nyl group, & éﬂﬁ???%ﬁ?%gq%FﬁﬁéW?Wmﬁ$¥W&?mﬂ b®% di phenyl phosphi nyi
group, a subst idf ut@derili pla@nylinpeasquhcamtllexgr oup, a phenyl sul fidyl group, a
substituted phenyl sulfidyl group, a pyridinyl group, or a substituted
pyridinyl gr OuRpe A a&ﬁodto@aa&a ﬁ%&%@&@yg amn Jerﬁﬁtapgdx REY: ApuRgLy:s - (CT-12), 11-
where mranges fro . clarm wherein the
a-acyl i nine coﬁbd@wémmgmw%@aa%@mmﬁvﬂ %T“@éﬁfé@%?ﬁﬁn%hm§nﬁﬂﬁﬁng85ﬁbound and
a primry am ne msgrcﬁﬁﬂaﬂgan%kaﬂ-ﬁ grolFéong R pr aadnadiond gaayslor gh@kRaGANSI Sti ng
of inert functional groups_or a hydr ocar byl group; and b) recovering the
a-acyl i ni ne conpdil 30. The method of claim23, wherein: 1) the
a-acylimne compoumdamgnpmn$ﬁmnmmm@mammﬂ®m1ne group and an a-aeylimne
nitrogen group consisting of an of an organyl group consisting of inert
functi onaly,gr O%Hémaﬁodaof@m 9&%@& 19ER WPy BRNAL BiallchBpIBY dARFides RBIHExCONSI St S
of an -NI-12 group and an organy roup consi sting o? i nert functlonal
groups or a hyéﬂ&@ﬁﬁhvwﬂg@ﬁﬁga“31° Rere s pRyad eFmPEFIAS M 9 XYIRKE BB Ad1) t he
a-acyl i m ne coRPEUAHmGERXRHESESoud BorBs@)f hdrB@yF G6Upnsahth direAfideydnbim ne
nitrogen group conprising a nmetal salt conplexing group and a |inking group
linking the netal salt conplexing group to the a-acylimne nitrogen atom
and 2) the primary am ne consists of an -NH2 group and an organyl group
consisting of inert functional groups or a hydrocarbyl group. 32. The net hod
of claim 22, wherein the nethod conpriséd: a) contacting an cfracylim ne
metal conplex and a primary am ne; and b) recovering the a-diimne netal
conpl ex. 33. The nethod of claim 32, wherein: 1) the a-acylimne netal
conpl ex conprises a conplex between a netal salt and an a-acylim ne
conpound conprising an a-acylimne group and an a-acylimne nitrogen group
consi sting of an organyl group consisting of inert functional groups or a



36. The nethod of claim 33, wherein the 1) the a-acyliinine group of the
a-acylimne conpound in the a-acylimne netal conplex is derived from
acenapht henequi none, phenant hr enequi none, or pyrenequi nonc and the
ct-acylimne nitrogen group of the aacylirnine conpound in the a-acylimne
metal conplex consists of a C6 to C70 aronmati c hydrocarbyl group; and 2)
the nmetal salt conplexing group of the primry am ne conprises a di al kyl
am nyl group, a di phenyl am nyl croup, a dial kyl phosphin group, a

di phenyl phos pEiosslor ghxsiinsarb wroapsiapd 2)dhepaimpry agyis gpnsisig o ﬁbH’Pgéﬂh§W9P group,
an al kyl sul fi gyghny0gsonssiphemek fsidlidnbidydupgsraupdroaryydgrogl Nyl group, or a
nmor phi | i nyl goup, and the |inking group of the prinary amne is -(CH2) 2-
where m rqlngesTIxe meg%o]d ?clalm 32 erxelmzme G2 llml %':neml le\éwzglj;lé}sgs cr(gglpie)c t he

a- acyllnlne gr oup the & a-ac m ne

conpl ex i s der bsreetnfamernl &thtelnéprh@ heheie Pmm@e;ndsﬂ@dlptlw A-Ozpeylining gfieuprﬁn@ r ogen

group of the am?‘ng}}l miﬂa%xt%%gmé}gﬂpcdlﬂﬂrlglﬁ'lea ﬂ)e@p%ltlc%ﬂ@xu@ér&lp ﬁ@mlnﬁ?ﬁgconm Sts
of a 2,6-disubstituted phenyl grou he nmetal salt coaneX|ng group

of the prinary%&m ‘r‘fé“%d’?ﬁm“it%é@t Cé.’mé‘ob‘ﬁ%ﬁwp ﬁlfermcﬂgwa?;w‘m%“ 29Pstdt R ed

di.phenyl am nybrig4r@Wpine &ostisphe oy in plHOsPRipnak Groogspyl @opudasdidiinglioethedi pl i enyl
phosphi nyl gro ggoup a substituted phenyl sulfidyl

s en
group, a pyrid#ﬁ?PnﬂP8UB¥“83WLm§%%§¥ Puted pyridinyl group, and the Iinking
group of the primary amne is -(Cl-12.)",- where in ranges from 1-3. The
met hod of claim 33, wherein the a-acylinine metal conplex is prepared by:
a) contacting an a-di acyl conpound and a primary am ne consisting of an
-NH2 group and an organyl group consisting of inert functional groups or a
hydr ocar byl group; b) recovering the a-acylimne conpound; c) contacting
the a-acylimnc compound with a netal salt; and d) recovering the
a-acylimne netal conplex. 39. The nethod of claim 33, wherein the
a-acylimne netal conplex is prepared by a) contacting an a-di acyl
conpound, a netal salt, and a primary am ne consisting of an - N}1.2 group
and an organyl group consisting of inert functional groups or a hydrocarbyl
group; and b) recovering the a-acylimne netal conplex. 40. The net hod of
claim 32, wherein: 1) the a-acylimne netal conplex conprises a conplex
between a netal salt and an a-acylimne conpound conprising an a-acylimnc
group and an a-acylimne nitrogen group consisting of an organyl group
consisting of inert finctional gaups or a hydrocarbyl group; and 2) the
primary am ne consists of an -NIT, group and an organyl group consi sting of
inert functional groups or a hydrocarbyl group. 41. The nethod of claim 32,
wherein: 1) the a-acylimne netal conplex conprises a conplex between a
netal salt and an a-acylim ne conpound conprising an a-acylimne group and
an a-aeylimne nitrogen group conprising a netal salt conplexing group and
a linking group linking the netal salt conplexing group to the macylim nc
nitrogen atom and 2) a prinmary am ne consisting of an -NI-12 group .and an
organyl group consisting of-inert functional groups or a hydrocarbyl group.

92



