DI M NE METAL COVPLEXES, METHODS OF SYNTHESIS, AND METHODS OF USING I N

OLI GOVERI ZATI ON AND POLYMERI ZATI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The present application is related to U S. patent application Ser.
No. 11/186 039 and U.S. patent application Ser. No. 11/186,038 (now U.S.
Pat . No. piiniiRE ME4ALSCHRPLEKES, SIETHORS bF 2¢Fubes RS Nk HODY 6rRING | ed
on JuI 21 2005. FIELD OF THE’ INVENTICN 0002!The resent application

rel ates generally to BYSHLIGOMEREHEFONANBFPO R%Eﬁ?“@ﬂlarly, t he present
application relates to a-diimne nmetal conpl exes, nethods of producing
a-diimne metal conpl ex&sss-REEREMNCIUSE ROLATES APEIIEATRIN conpl exes in the
ol i goneri zati on and/ or polynerization of ol efins. BACKGROUND OF THE

INVENTICN 0003]d efins, also commbnly known as_al kenes, are |ngort
items ofl0%mer &be Prsqas applisgHon la;sﬁtt%talﬂ SristenhplieRioB Et U nEMEe440 and U. 5.

i nter rreqia@tlﬁappt@tlm@emtwfmww @bwdekePAeNbS7,1 B53040EReE M. 1ONDERY, dakty
friendly repl acene ere refined oils mght ot herwi se be used, as
nononerémV%ﬁHha§h@ﬁ@§Fﬁ€HWaf@s %Sr many other types of products. An

i nportant subset of olefins are olefin oligonmers, and one nethod of making

olefin oligoners is via oli gogripar THE NVEUTIYNeNe, which is a catalytic
reaction invol ving various types of catalysts Exanpl es of catal ysts used

COMTEr Ci olyneri z tLon atjion aof olefjns in
O R R e R s R it A
hal i de wirésbntaapbkeation adateh, toStdhimas roktat doydpleabs) Mettiods o lpesducieg of a4 Awrat her

T nesoRpfies whitey epL SRt Scds i SlasiEhauel Py sl miRgdigner o

coor di nafiéfme reaction with a transition netal salt. The coordi nation
reaction forns a netal conplex, which is a catalyst precursor. The netal
conplex further reacts wt r ivator to generate a
nmetal al kyl or netal hydrlg%qggégsggg he cat E&Tﬁﬁﬁesultlng fromthe
generation of the netal alkyl or metal hydride species polynerizes ol efins.
[ 0005] AdMOA3E at | Oeding o demmody koownodsefkenespasé ynmpertantateuks of ¢ogomeges Theintmamue t o
mul tiply o] ti S r [Wale| MV ifi hus,
add | orBPAsS) MBS eBbalEy" e Rt biEH R6THESRORALAR, e AR bPShord
pol ymer iepgitinorn@iiy frzhdly OopbICEBats ‘Mhﬁrareﬁndhsls meipiit @thervBiVMIARYd, @F miPHENdriNENT| ON
1000611 Sent. 1oV prQyi. roducing an
a-di i mre s %&Fgﬁgégﬁﬂ%ggmg nprls (gg%ﬁﬁﬁg agxfe§§?§%2§&¥ﬁ§%§%%ny Rﬁﬁ@?ﬁe
pr esenceligbmers,rmpd ahe method offedking cdd‘npcblmmens lis vie obganrizaivs of hidylewd, whivh is a
S)rrb gg:,]{rgg{agrtlc rea@tlon 1tnvc9%n$n9%neo%{: ?}%%g Iop %ﬂtﬁy%ts 1?11 }n&ﬂe@ %{ %5124 S 8&%%&%6&%%2{1}1 Ses.
and b) mbmﬁezamg anth mllgerd«mzaaneOﬁreltaﬁxhs ol ebkylalumnsmmorepmmh rcematus nlqkble
a-acyl i C - L. ne
o 1 ogeriPuiE TRaMas RATE A AlaA AFY] LT R SR (A AR ATHHEL
functional groups or a hydrocarbyl group and the primary am ne conprises an
-NH2 gr dO@94l a ménethersgbup eholgfieppivgenzatiop catplaista i ferkied drogy pyrpline bikimiges: he
met al a\k’}th 98%@8@'(@9‘8)8% QYir Qn-{)zggd ﬁ%ljlﬁ{ﬁ émn a L‘&r@iﬂﬁﬁ)n%ac@ ﬂ-{ IEPitioh he
a-acyl i m ne conpoun rse€s an aa e group and an a-acylimne
ni t r ogermefrloap Boreperidinptiay reackien @hnsatn@tab@nxpleéxwhigh gra@atplyatrmecarspti itie mgtagr oup
| i nki ng i 0 m
and t e Brpsary Al W IR W e ik 1 e Bk AT o PRAFEy Bk
consi st |sngnftsf Blw tatadyst résultiog i fooma theggamenptiay O%thqylmtalcaksﬂyqr Igetaluélydngfn spasies
anot her 9h§%ﬂ%n the method for producing an a-diimne netal conplex
conprlség contacting an a-acylinmine metal conplex and a prinary am ne;
and b) recovering the a-diimne nmetal conplex. [0007]1n another aspect, the
present [PEnt i Hnplsetens ded depandaier glefin|nelyimersnandaolizewes | contingls rip @il rpnd
conpri si o @ itl¥R ¢ 3! ugagt thERREYRHdih Sy quahs@l@e@t alrRusOaddilible Ho@ll €an- SipkdVe®
conpound wherein th di 1 mne conpound conprises an a-diimne group, a
first irretabystiiand oegbedsderslgfin pah@eazg@@émkpltgmnﬁ@zaﬁm wedesirale-oup which is
different fromthe first imne nitrogen group. In enbodi nents, the
a-diimne conpound is tridentate, the a-diimne group is deri ved froman
a-di acyl conpound, the first imne nitrobgen group consists of a Cl fo C30
organyl group consisting of inert functional groups or a CI to C30
hydr ocar byl group, and the second inm ne nitrogen group conprises a netal
salt conpl exing group and a linking group linking the netal salt conpl exing
group to the imne nitrogen group. In another enbodi nent, the a-diimne
conmpound is bidentate, the a-diimne group is derived froman adi acyl
conpound, the first imne nitrogen group consists of a Cl1 to C30 organyl
group consisting of inert functional groups or a Cl to G0 hydrocarbyl




[ 0012] For the purpose of this application the designation "a-" represents a
rel ational designation that when preceding a chem cal nane, either genera
or specific, indicates that the two functional groups are on adjacent
carbon atons. Non-limting exanples using the relational a-designation

i ncl ude, a-di one where the tyOukellOPOFrPHIRVEAGOR are bonded to adj acent
carbon atons, a-diimne 30 where the two imne nitrogen atons are bonded
to adjacent carbon atonms, and a-acylim ne where the acyl group _oxygen atom
and t he [P#6he nin #tograsrt Steoressrtenrafion Brovigesadiprates foraapdishe #p Gndimif getal
a-rel at 'c@ﬂlﬁiex d&%&n%tfb&ﬁnlgmeaaloaemﬁe bR 6h the pRESES dHEALIREL, nERBEMNES or
descri bed herein. [0013] For purposes of this application, an "acyl group"

i s represBAtadPnpyheres. skor grelagdineenih dicempthod dorypradusingnan ediiipiicenetal comaBlehe
hydr ogenomghised! HadhtacOiO P o-Rylids QeRpANL, §A, saRNEHOL RidMrPLRARE; BiOYP as
i ndi cated herein. Thus, the termacyl group may include_ ketones and/or

al dehydéscovearig ths edinine Bsisl soumploxoin sory cabegmef.dhe ¢-gpylimine compound comprises
subst i t ygnt{cShh@e erRp and A @AyShiRHiRHEE SrolP cdldBtifCH an GFRAHA LRHROMAIRLOBT (an
acyl carbon group). [0014] For the purpose of this application, the term
"imine ¢rSupfngtigngle gruwpentted By diopmbt eirep uprsd /e NPIIRHEr @Mfet [famprises  an
undesi gngtedrotp! £RACAS s8R OGLIhd Ak OA0N! 1B he rRetd) alE @6A51BMhg

group, and/or any_ other group as indicated herein. The termim ne group
conpri seEoUoiehths-HerigfRe- altganeher sinhedimenty de g-aeylipine opppRask sEPrisesy s Ps o
refer tacgitigd blous d &) d-SdyAeSitrGte® Blot) cahpragii@Ométd it QoA ERLPAR At OM
(an imne carbon group) and/or substituent(s)/gyoup(s)/aton(s) attached to
the i mi nBXREFIHnkinecis metel isal FEMPIFTiRG SOHP d Bivpyacyhprdfier pipesn| apom i qqg the
present ppply fathé QAsBBYBE SENSL, ofdip SHDSE briMEDESHIERRS R eieAiRENANLE t he
acyl carbon atom of the a-acylim ne group gan a-acylimne acyl  carbon
group), EROVEOCHRA LI JapsY Brodies cubedimerddhe Heihed PrRradicg ABendiphsk! t he
a- acyl i rdofBleQr RHPritedNapodfatingTaf &-dcHliRe GASROLNPIAUMI. a PHHaB) amine; and b)
substltuent(s)/group(s)/atoq%gﬁ attached to the imne nitrogen atom of the
a- acyl i fFyEcgedhir-tignnamsRL4oMPs¥e nitrogen group). For the purpose of this
application the -C=N- portion of a pyridine ring, or pyridine containing
ring syqoem ( shpwandtieri dspect,0mal grésest Bferidh Ogatidesetbr far aMiitlaRSmBal complex

bydr oc4PByP N GiFeriag o et et bt Shadtnals o ReRRGa SR amHed
group f ailigRsh fhy atcﬁﬂﬁgﬂd ampgu{]wgfnqg@a @tﬁﬁﬁ:]rﬁige gioap,[)wfixrsomﬁeb@i&ogein_. geoulpaélgfr @Ep
contalnin nty carpon an ro n). ocar, . rou can | nclude the
Form~ alsRnd e SBORgh b SATTPAY SE R PGt ESHT U Je eS| g

sysL ens ,theg&-ﬁﬁﬁgﬁqé Gothipdugs (i)s Otilgéillt:a'ﬂé’, eHeRt-dinihé g\@?}s }éﬁkm ﬁmilm sho-anel @bMpeunl ythe |
car bon .nydr ogen. 0] urposes of this a icatiqn, .an "organ
group" ?fgét “Pi’/?ﬁ nﬁ‘g’\g?nrﬁff"ipo‘i‘i’n%%ﬁ%%ﬁraf ﬁ‘?léa r%ﬁﬁ%’é‘.’“"aﬁ?“%%& ﬁ?’é“’% 35‘&“?“?{1%%’% gr gu P,
rT ﬁgar dl ess, t@f}mfh:yﬂl@t:drﬁyl gloup y4ae theRassha gniﬁ@gtrﬁ%@%rmlcemlp@eaa nﬁtaﬁﬁltglﬁlﬂplaiiﬁgn
us, an orga .group can,.contain organic, functional groups and/or atons

ot her t %WP??&B %‘dﬁ‘%h“ﬁ dg Wﬁ%@‘é ﬁlt“'( fotal Sag (FOBPIGAHRE €GP & &egﬁgtep%%%eﬁ SHYPi
funct : 0 rhﬁbth@’rdlﬁ;w;&im_%ﬂd the I’a-cﬂf&x{iﬁ&cdn?)oﬁdﬂk bidem%tte,ah@ adbame @Etdlp hya%r@%egbm afr@r
exanple, non-limt xanpl es of atons other.than garbon . an r.ogen

[ nel Ude Fi otameunds S i ImHie iEen, EUREOPIRSHbF US, Ca il Fatarensisiig of
E'O”' i miﬁénlnfgmﬁmgmhﬁ@s &fa ¢ un cIsoi I@ﬂ@lcf AivkarhylQupp, dnﬂ&lhdﬂg&)natiﬂﬁﬁlé ;slitro@éxdgb@w@ssist?]

et ones, .al dehydes, esters, sulfides,_ am nes, an osphi nes, ng ot hers.
el et R s GRS oG B P Rt ROTRoAT gt B G B e B Uy e
het er oatforfhet embaiim¢dng tHel R inSiyS inetaBconipiix oM PR inietal EdlN@Sprisiigliron complexed
heteroaromatic. ring systenms. Finally, it. shoyld be noted that {he organyl
group défi Ai fT95AEfen ¢rdune t‘FPénpéS’P‘b‘{an%mpﬁ'FIB%p lgoﬁgi gfdiuﬁﬁneofgr?‘ﬂ’er‘ien Gt nal
gL oups, alaﬂdpﬁthk&edﬂﬁlﬁ{?@p plidaythrigficquio®s @ p\g&ﬂ?@ﬁiﬁone{ Q9 L7 FiFs® rimﬁr{eleninug@o gi@8p Of
this a I catlon, .t termor varlat]ons of t term.' organ ro

consi st IRESE Pha 2O FmpBPi S5 Agsr LY iahY] ol g GERYPoBY el atei n
t he or gamiac2,b-dnrtiRndihegy Qufp; andlBPh sadoadBmidk hetFogkh @foup abhefisiahd nivydrsaigen
present in the functional group are restricted to those functional group
and/or atons other than carbon and hydrogen which do not conplex with a
netal salt and/or are inert under the process conditions defined herein.
Thus, the termor variation of the term"organyl groups consisting of inert
functional groups” further defines the particular organyl groups that can
be present within the organyl group consisting of inert functional groups.
Additionally, the term "organyl group consisting of inert functional
groups” can refer to the presence of one or nore inert functional groups

within the organyl group. The termor variation of the "organyl group
consi sting of !nertpfuncgional gr oup” dgfipition !pcludes t he pydrogarbyl



-C(C1-13)3, -(C(Ce1-15)3, -CCl13, -(C(C1-13)20C1-13, -C=Cl-1,
-C(C1-13)CcHC1-12, -C6115, -CF3, and -1 - adamantyl. u-DI I M NE METAL
COVWPLEX, STARTI NG MATERI ALS, AND | NTERVEDI ATES [ 0024] General |y, the
a-diimne netal conpl exes can be prepared from a-di acyl conpounds, two
primary c@ﬁbfg%ﬁ ﬁlﬁlﬂ aﬁ‘d %Bﬁh gl%lu% llnlyvl% fie Mt 41 §a MBS St GQO\EH folAL ?ecgrmalmme

a-di i m ne netal "conpl exes, i onal conpounds i ncluding a-acylimne
conpound@“&ﬂﬁmanacyllnlne nmet al conpl exes can be internedi ates and/ or
starting materials in the synthesis of the a-diimne netal conpl exes. The
adi acyl [geUBPOUNHSyet RIotHEPEYeAThd iSsenfinfahidid mﬂ@escaqﬁr&@&&rr&sproéhcﬁ@wh%ﬁﬁnmt al
conplexes and netal salts are I ndependent elenents within the a-diimne
net al cOMPIPESING yheomsactisg ghuleng, ap Kedinges Betebeniies anha cecataihébwm &mﬁds

[ 0025] G%ﬁg&aérlzyd ealyféh@ff,ydduaoem%@% a‘lBh'a'dl@fﬁQ ;) &H&aﬁﬁ&@u% QQ]anfmet hetal
a-diimne nmetal conplexes conprlse two acyl groups capabl form ng an

i mi ne greeMplewemPEsHtaErEY splf CAMBlCIRd] t9aily s cvxmue%rwlaﬁr@n dbgiogipyine
conpoundgmpéiid Q%mm&'é €1 )%p@atrﬁme ordu Afekildd0trdth bl ol MRy PEIABYNA; BT 2GSt fnfind OF M
an a-diimne conpound. Wthin in thls specification, the term"capabl e of

react i ndUHASEMSIOWD CQISIStRESf a&mith B eyl gHoHPLANSItigE PHingS fsHipeLEa s SRaGh & not
be constdsyﬁﬁoé&rbsrp@%uﬁ Nal 3 WOseBSrld RYiné Iﬁmgaﬁsgnﬁbecoﬂ@ﬁﬁﬁgs alnhedf s d&ifpibing he
sanme step r should the term be construed to nean that an a-dii m ne
compoundd® e adukingigrqppiligking dhemetalsalt spwpleEng gioup f%thaﬁmale IR EOHRt Hi

conpl ex.otfeH EhbtimentiS fhic lalcﬂ%n?erhléal(ibﬁﬁhék cERPTROAUNt AT B ARG ALE c&ﬁpl&&ﬂ i ng
an i mne group when contacted with a prinmary amne i s _not necessari

i ndi cat |30 Biming tRBELUIGF copFiFngg Daan jordidng swup . derrd fr@ﬁnaocwb%}eéms?ne

reacti n@hmahmrew@l&h& 1=\ }6y1@ﬁ@qﬂﬁ§net o)f prafamise Qithogb Gr&pPRALBEhg bf al Dkended
to descrjbe to one skilled in the art the gartlcular a- dlacyl conpounds

whi ch caiglyiehenyli gi‘é’d’ 7 R Ordigthdphenr esque, o 2 £AEUSPPEPY IRReY! BropRiand S seerrd
descri baglileliRghh gréfiecanisingla %tmslﬁéon& QUL EXRP a6@R 1iR8nP 5O EREhdIhe kil NG
any nethod as described herein e class of a-diacyl compounds that
can be &?éﬁmﬁwﬂﬁﬁé5§Wﬁﬁ§wé@HP¢HWﬂ%mﬁﬁﬁaﬁmgbnplexes is an a- ket oal dehyde,
whi ch is a conpound wherein a ketone oxygen atom and an al dehyde oxygen
atom are bonded t o adj acenpgseriboncat orerad IpR awvkkGgal dehydes utilized in
t he production of the adiinine metal conpl exes can be any a-ketoal dehyde
capable of reacting with two imary amnes to forman a-diimne cgognpound

The a- kd?¥3) deh@’@@edali‘?mﬁ@n@é’ﬂ%@g?ga diagrranefithaXagy cryptakgctus, fop thyggdiimine
acycli c,m&al Chhflex sOQA¥BA inExaMp@/s0r heteroaromatic. [0027] Generally, the
a- ketoaldehyde will have the structure Rka-C(=0)C(=0)H wherein Rka can be
an organ rou an organ grou consisting_of inert functional groups,
or a hydff‘!}@ r by lg@rﬁ&urﬁpreﬁe Eﬁ&mgwgh?fsthe Ri1eY cpystabiirugi %199 Hleg’r%

alternaﬁmxﬁanm B8 Ex@hprp. consi sting of inert functional groups or
alternatively, ydrocar byl group. Cenerally, Rka can be a C to C30

or ganyl group; alterna ivel C or ﬁ ﬁ: p.consisting of inert
functional groups; alt b”étliyg ]@ESCQ‘QI%IT%% Q?rg %@% W group;
alternatively, a C to Cmorganyl group; alternatively, a Cl to C20 organyl
group cqo®ilpt i NGheopresemenpplidaticicdisctozed o- girﬁm@mﬁtabddh@ldiéd, methbys, fospraductng oC20

2'C °t o eiredh g Rom et bl bistSr ey WPalmeRARaE s b P a Ror | VY

aIternaﬁnuﬂkymn@nﬁmﬂathHO hydrocar byl group; alternatively, a Cl to C5
organyl group; alternatively, a Cl to C5 organyl group consisting of inert
functioqgilﬁi . or alternatively, a C, to C5 hydrocarbyl group.

Ceneral | ﬁ ﬁlaﬂgsanyl group, organyl group consisting of inert functiona
groups, or hydrocarbyl group of the a-ketoal dehyde can be saturated,

unsat ur 408a2] ackalthepurgose bf this abpliveden, thd desrpphten, “cdrdpresenta paetaticnel. defiGGEBH | n
SOne € m%ﬁ)ag IW'TI%IQt ?ececR 5 %Rér% ?aq aﬁle agi IC %%nle{'a? 0? rs;%@ﬂ%l ind{c AP thaflhe %?f .cf!lﬂcﬁonal
organyl ‘group onel &t i'nert functional "groups, or an acyclic

hydr oc argbgdps greouqn adjbwnm:#rbcpn etolmedi N@nltirsi,tinﬁlcaamlﬂpsr esENtls lalatiwal ioglesipupsiny |
group, [ consistin in u
cyclic HI)IIC 1 Otaﬁ’t()m? gfﬁerg theq &lﬁgton%?xgg n at?rg? I bg (:E:SE %ci" Qccélrit cg{%ﬁ at%n? (P 8 1991? oup
organyl group conS|st|ng of inert functibnal groups, or hydrocarbyl ‘group,
RI' can have any nunber of carbon atons as indicated herein. In sone

enbodi ments, the a-ketoal dehyde is a C3 to C20 glyoxal; alternatively, a C3
to C10 glyoxal; or alternatively, a C3 to C6 glyoxal. In sone enbodi nents,

t he a-ketoal dehyde i s phenyl gl yoxal or a substituted phenylglyoxal. In

ot her enbodi nents, the a-ketoal dehyde is phenylglyoxal. Wthin substituted
phenyl gl yoxal , each substituent can be a Cl to C5 organyl groups, a Cl to
C5 organyl groups consisting of inert functional groups, and/or a Cl1 to C5




benzil. In other enbodinents, the a-dione can be benzil. [0034]1n saturated
cyclic a-dione enbodi nents, the a-dione can be 1 ,2-cycl obutanedi one, a
substituted 1 ,2-cycl obutanedi one, 1 ,2-cycl opentanedi one, a substituted

1, 2-cycl opent anedi one, 1 ,2- cycl ohexanedi one, a substituted 1

, 2-cycl ' - ' it - <
cyclohe%?%ﬁggfghg&‘eﬁ$§g%%g%g%ggggggﬂgg%ﬁ?%mgﬁgﬁgﬁg§§%%ggf#%%?€%“?%gﬂw

a- di one acdrerw dxygen ateycindpbe imine ditengen atemsyp dopdedtte gdipcent carbon atoms. The

, 2-cycl - i.one: i i 1,2-
cycloheggﬁg'?%ﬁ%#&?ﬁmgéﬁ§a§g¥ﬁé%?g§ﬁ§§§%gggg?g%gﬁg§§%%g§?#%ﬁgé, t he a-dione
can be 1,2- cycl opentanedi one, or 1, 2-cyclohexanedione. In yet other

enbodi mddR13] t hBorgueposss ef hisrpplisationpan ‘@l |SEye NS AFPEIFBFEDY the SLRICRET nat i vel v,

1, 2-cycl ohexanedi one. [0035]1n saturated ring system a-di one enbodi nents,
the a-dione can be bicyclo[2.2.1] hepta- 1,2-dione, a substituted bicyclo[?2
2 l1llhepta-1, 2-di one, bicyclo[2.2.2]ocfh{h,2-dione, a substituted

bi cycl o[ 2. 2. 2] oct a-1, 2-di one, or canphorqui none. In some saturated ring
system enbodi nents, the adi one can be bicycl o[ 2. 2. 1] hept a- 1, 2- di one,

bi cycl o[whein?the Ghdesitnaledivaliness iy eaiypiv@én] dh dpasyl gtdupy£hydobdaghyl g@tipraad/ed

ring system a-di one.enbodi nent t he a-di ane can be c hor qui,nhone.
L0096 | o, R 5 S P AEoR: i e B RGP ey T e B s
1, 2- benzing wraaat @pplikatidh@iy dlstd ftkr ko 2atsgnen@uinoie)/atay(s) otached 3o @reacyl, Fodi one,
a substituted cycl ohex-3-ene-1, 2-di one, cycl opent-3-ene-1, 2-dione, a
subst i t FFRO" ROt APOBEEIR) 5_ i one, a cycl ohex- 4- ene- 1, 2-di one, a
substituted cycl ohex-4-ene-1, 2-di one, 3, 4-di hydro-1, 2-napht hoqui none, a
subst i t uppeth] 3, 4 Fdr thy gurpest oP thisreppliviaticg) the mamejmibe grodphy chpesanpditbyslgpstmane, or
‘a substituted 1, 4-di hydronapht hoqui none. In sonme unsaturated cyclic a-dione
enbodi nents, the a-dione can be 1, 2-benzoqui none, cycl ohex-3-ene-1, 2-
di one, cycl opent-3-ene-1, 2-di one, cyclelex-4-ene-1, 2-di one,
3, 4- di hydr onapht hoqui none, or 1, 4- di%ydronaphthoquinone. I n ot her
unsaturated ring a-di one enbodi nents, the a-dione can be 1,2- benzoqui none;
i-' Ele{j n ﬂ-tﬂaﬁéﬁily thﬁ %ﬁdes%hﬁycﬁ{/ﬂéiﬂm(slhgg Ulllyﬂl@Q@l,, a® E)yga]ll)ﬂ @Ffdup] 4 Mﬁir_&carby(lj group, and/or

, 4- di hydr onapht hanoqui none. . n.aromatic ring system.a-dione. .
enbodi m8AY §thex Haup;asdp FPéedcl}fFF“{) e%%f’ I I BORR aﬂvﬁ{ﬁ?ﬁe‘?% a@%&?iﬁf‘g ?@amne&
1, 2- naphthb @epdéd apiicatdn Indy R0 tréed isaEient )/ gtolsk I/ dtoth@Pat@cld na piatin g khbomn e,
acenapht henequi none,. a substitute aceR§Phth§Re u%goneh o
phenant KF%h EBUTHRSHE08 EoHPA AR/ of WRSUIFEHIIE PN RGRIh aHeshed o bR dREe MO8 or a
substit ui@d EWr eRREUNIRRE: rBup) ONE AddiasRIlyC the NEtestySt Hplicitich OR@y refer to
enbodi nents, the a-dione can be 1,2-naphthoquinone, 2, 3-naphthoqui none
acenapht ARG RoHRS 2 RRHER e e H@cj’ﬁl’lrféﬁ’é? atBﬁl ‘H}r;]ilee‘h'é‘a' ngun @R gfaﬁ pmine
ar omat i Geyli Afbos ¥Edup)Nsabstiueiie g ifneinieAtashed tth) ehedmiticabos atonbef the a-acylimine

acenapht henequi nong, . phenant hr enequi hone, or .pyrepnequi none. In t. ot her
ar omat i EUPnGn KAYIHING TG @ QRS pbreqﬁlg@r s %&ﬁgx}tg%ﬁgp o) Niaifla QLS
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[0016] For purposes of this application, an “organyl group” has the definition specified by
IUPAC: an organic substituent group, regardless of functional type, having one free valence at a
carbon atom. Thus, an organyl group can contain organic functional groups and/or atoms other than
carbon and hydrogen (i.e. an organic group that can comprise functional groups and/or atoms in
addition to carbon and hydrogen). For example, non-limiting examples of atoms other than carbon
and hydrogen include halogens, oxygen, nitrogen, and phosphorus, among others. Non-limiting
examples of functional groups include ethers, aldehydes, ketones, aldehydes, esters, sulfides, amines,
and phosphines, among others. Included in the organyl group definition are heteroatom containing
rings, heteroatom containing ring systems, heteroaromatic rings, and heteroaromatic ring systems.
Finally, it should be noted that the organyl group definition includes the organyl group consisting of

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

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

consisting of inert functional group” definition includes the hydrocarbyl group as a member.

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

groups which due not substantially interfere with any process described herein can include halo
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(fluoro, chloro, bromo and iodo), ethers (alkoxy group or etheryl group), sulfides (sulfidyl group),
and/or hydrocarbyl groups.

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

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

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

[0022] For purposes of this application, a tertiary carbon group includes a group of the formula
—CH=, wherein the two free valences (=) are to atoms other than a hydrogen atom (the bond
represented by the dash, —, is to atom and/or group to which the tertiary carbon group is attached).
Thus, the two free valences can be independently bonded to a halogen atom, carbon atom, oxygen
atom, sulfur atom, etc. In other words, cach 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),,
—CHC1,, —-CH(C¢Hjs),, —cyclohexyl, —CH(CH§)OCH3, and ~-CH=CHCHs.

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

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

adamantyl.
a-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 o-diimine metal complexes,
additional compounds including a-acylimine compounds and o-acylimine metal complexes can be
intermediates and/or starting materials in the synthesis of the a-diimine metal complexes. The a-
diacyl compounds, primary amines, a-acylimine compounds, o-acylimine metal complexes, and metal
salts are independent elements within the a-diimine metal complex synthesis and further described

herein.
a-Diacyl Compounds

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

utilizing any method as described herein.

[0026] One class of a-diacyl compounds that can be used in preparing a-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 a-diimine compound. The a-ketoaldehyde can be saturated, unsaturated, linear, branched,

acyclic, cyclic, aromatic, and/or heteroaromatic.
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substituted quinolinyl group, a pyrrolyl group, a substituted pyrronI
group, a pyrrolidinyl group, a substitutled pyn-olidinyl group, a

pi peridi nyl group, or a substituted piperidinyl group. In enbodinents, the
metal salt conpl exing group can be a dial kyl am nyl group, a di phenyl

am nyl group, a dial kyl phosphinyl group, a diphenyl phosphinyl group, an
al kyl etheryl group, a phenyl etheryl group, an al kyl sulfidyl group, a
phenyl sulfidyl group, a furanyl group, a thiophenyl group, a

t etrahydrof uranyl group, a thiophanyl group, a pyridinyl group, a

nmor phi linyl group, a pyranyl group, a tetrahydropyranyl group, a quinolinyl



Tabl e 2 Exanple Metal salt conpl exi ng G oups -OR Structure | c Structure
2C -NRe5r6 Structure 3c _pResRes Structure 4c RcllRcl13 -N Rcl2 Rcl4
Structure Rcl5 Rcl7 Rc18 Rcl6 5¢ Rcl3Rcl5 RcllRcl7 Rcll Rcl13Rcl5 -N--\L--e
cl7 RRcl 2).----7 \----0 Rcl4 Rc16 Rcl1l8 Structure 7c ;11Rc13 Rc21 N

- - - Y- - 1 Bk ddup b hitting 6f ek Fufabdal Bedls, St a CRed @, hydrocarbyl group. In other

substituted a-dione embodiments, the substituent(s) can be a C; to Cs organyl group, a C; to Cs
organyl group consisting of inert functional groups, or a C; to Cs hydrocarbyl group. In further
substituted a-dione embodiments, the substituent(s) can be a C; to Cyy organyl group; alternatively, a
C; to Cyy organyl group; alternatively, a C; to Cs organyl group; alternatively, a C; to C,, organyl
group consisting of inert functional groups; alternatively, a C; to Cy organyl group consisting of inert
functional groups; alternatively, a C; to Cs organyl group consisting of inert functional groups;
alternatively, a C; to Cy hydrocarbyl group; alternatively, a C; to Co hydrocarbyl group; alternatively,
a C; to Cs hydrocarbyl group; or alternatively, an inert functional group. Independent of the carbon
number of the organyl group, organyl group consisting of inert functional groups, and hydrocarbyl
group, each organyl group, organyl group consisting of inert functional groups, and hydrocarbyl group
substituent can be a primary, secondary, tertiary, or quaternary hydrocarbyl group. In some
embodiments, each organyl group, organyl group consisting of inert functional groups, and
hydrocarbyl group 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 halides, ether groups, or sulfide groups. In some embodiments, the organyl group
consisting of inert functional groups can be a trifluoromethyl group; or alternatively, a trichloromethyl
group. Independent of the carbon number of the hydrocarbyl group, each hydrocarbyl group
substituent can independently be a methyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-
butyl), sec-butyl (2-butyl), isobutyl (2-methyl-1-propyl), tert-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. 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 tert-butoxy group.

[0039] In embodiments, the a-diacyl compounds can have any Structure as indicated in Table 1.
In other embodiments, the diacyl compound can have Structure 2, 3, 4, or 5; alternatively, Structure 6;

alternatively, Structure 7, 8, or 9; alternatively, structure 10, 11, or 12; or alternatively, Structure 10.

Table 1

Example a-Diacyl Compounds
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[0040] Within the Structures of Table 1, R!, R?, R!! to/through R® R¥ to/through R*®, and R*!
to/through R* can each independently be hydrogen, an organyl group, an organyl group consisting of
inert functional groups, or a hydrocarbyl group. The organyl group, organyl group consisting of inert
functional groups, and hydrocarbyl group are generally described within the description of the a-diacyl
compounds and can have any embodiment as described therein. In Structure 2, “p” can be a whole
integer ranging from 1 to 10; alternatively, a whole integer ranging from 1 to 3; alternatively, 1;
alternatively, 2; or alternatively, 3. In some embodiments, R', R?, R“ to/through R? R to/through
R*, and R*' to/through R® can be hydrogen. In some embodiments, the a-diacyl compound may have

Structure 1 where R' is an organyl group, an organyl group consisting of inert functional groups, or a

hydrocarbyl group, and R? is hydrogen.
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| Structure 11c Rcl12 RC 4 Rc16 Structure ;18 Rcl4Rc1l6 - Structure 9c
Table 2 Exanple Metal salt conplexing Goups ReRd 3 Rcl5 Rcl 7 Rcl9 Rcl4
Rc16 Rci 8 Rc20 Structure 13c RO31Re33 Rc31Rc33 Rc4 Rc43 - R044 Rc42
Structure 16c¢c -1i Rc35

Primary Amines

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

compound, and/or a-diimine metal complexes can be produced using any method described herein.

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

heteroaromatic.

[0043] In an aspect, the primary amine can comprise an -NH, group and organyl group; or
alternatively, the primary amine can consist of an -NH, group and an organyl group. In the
embodiments wherein the primary amine can comprise or consist of an -NH, group and organyl group,
the organyl group can be a C; to Cs organyl group; alternatively, a C; to Cy organyl group;
alternatively, a C; to C;q 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 la indicated below:
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R¥'NH, Structure la

wherein R* represents the organyl group. In embodiments, that utilize a second primary amine
comprising or consisting of an -NH, group and organyl groups, the second primary amine comprising
or consisting of an -NH, group and organyl groups can be designated as having Structure 2a indicated

below:

R*'NH, Structure 2a

wherein R*" represents the organyl group.

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

group consisting of inert functional groups.

[0045] In some embodiments, the organyl group consisting of inert functional groups can be an
aromatic ring or aromatic ring system having one or more inert functional group substituent(s). In
these embodiments, the aromatic ring or aromatic ring system can be a substituted benzene ring (a
substituted phenyl group); or alternatively, a substituted naphthalene ring (a substituted naphthyl
group). The aromatic ring or aromatic ring system inert functional group substituent(s) can be an

organyl group having halogen atoms, an ether group (alkoxy group or etheryl group), or a sulfide
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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 can be a methoxy group;
alternatively, an ethoxy group; alternatively, an isopropoxy group; or alternatively, a tert-butoxy
group. Non-limiting examples of a primary amine consisting of an aromatic ring having one or more
inert functional groups include substituted anilines wherein the substituents can be the substituents as
described above. Non-limiting examples are primary amines consisting of an aromatic ring or
aromatic ring systems having one or more inert functional groups such as 2-methoxyaniline, 3-
methoxyaniline, 4-methoxyanaline, 2-chloroaniline, 3-chloroaniline, 4-chloroanaline, 2-fluoroaniline,

3-fluoroaniline, 4-fluoroanaline, 2,6-trifluoromethylaniline, or dimethyl-4-methoxyaniline.

[6046] 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
Ra13 NH, Structure 3a
Rat4 Ra'5

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

group and an organyl group consisting of inert functional groups can be designated as having Structure

4a indicated below:
Ra1 2 Ra1 1
Ra13' NH, Structure 4a
Ra1 4’ Ra1 5

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

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

embodiments wherein the primary amine can comprise or consist of an -NH, group and hydrocarbyl
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Structure 11c or Structure 12c; alternatively, Structure 14c or Structure
15c; alternatively, Structure 19c or Structure 20c; or alternatively,
Structure 21c or Structure 22c. In yet other enbodinents, the netal salt
conpl exi ng group can have Structure 3c; alternatively, Structure 4c;
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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 Cq4
to Csg cyclic hydrocarbyl group; alternatively, a C, to Cy cyclic hydrocarbyl group; or alternatively, a

C4 to Cyg cyclic hydrocarbyl group. In embodiments, the cyclic hydrocarbyl group can comprise a
16 °



a- Acyl i m ne Conpounds [0070] The a-acylim ne conpounds can be descri bed
usi ng any one of several descriptions. While the a-acylimne conpound
descriptions may be indicated by |abels such as first description, second
description etc., these labels do not indicate a particular preference to
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an -NH, group and an aromatic hydrocarbyl group can be a substituted aniline; alternatively; a
substituted 1-naphtylamine; alternatively, a substituted 2-naphthylamine; or alternatively, a substituted
benzyl amine. In other embodiments, the primary amine consisting of an -NH, group and an aromatic
hydrocarbyl group can be aniline, 1-naphthylamine, 2-naphthylamine, 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 éonsisting of an -NH, group and an aromatic hydrocarbyl group can be 2,6-
dimethylanaline, 2,6-diethylaniline, 2,6-diisopropylaniline, or 2,6-di-tert-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-diethylaniline; alternatively, 2,6-diisopropylaniline; alternatively,
2,6-di-tert-butylanaline;  alternatively, 2,5-di-ters-butylanaline;  alternatively, 2-isopropyl-6-

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

[0052] In some embodiments, the primary amine comprising or consisting of an -NH, group and
an aromatic hydrocarbyl group can have Structure 3a wherein R to/through R*’® represent the
substituents of the aromatic hydrocarbyl group. In embodiments that utilize a second primary amine
comprising or consisting of an -NH, group and an aromatic hydrocarbyl group, the second primary
amine comprising or consisting of an -NH, group and an aromatic hydrocarbyl group can be
designated as having Structure 4a wherein R*'" to/through R’ represent the substituents of the

aromatic hydrocarbyl group.

[0053] In embodiments, each substituent of the cyclic hydrocarbyl group or the aromatic
hydrocarbyl group can independently be a C; to Cy hydrocarbyl group; alternatively, a C; to Cyp
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
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hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group. In some embodiments, the cyclic
hydrocarbyl group substituent or an aromatic hydrocarbyl substituent 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),
tert-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. One skilled in the art will readily recognize which cyclic hydrocarbyl group
substituents or aromatic hydrocarbyl substituents belong to the primary, secondary, tertiary, or

quaternary hydrocarbyl group classes.

[0054] In substituted phenyl group embodiments, the substituted phenyl hydrocarbyl group can
be a 2-substituted phenyl group; alternatively, a 2,6-disubstituted phenyl group; alternatively, a 2,5-
disubstituted phenyl group; or alternatively, a 2,4,6-trisubstituted phenyl group. In some
embodiments, the substituted phenyl hydrocarbyl group can be a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, a 2,6-diisopropylphenyl group, or a 2,6-di-tert-butylphenyl group. In yet other
embodiments, the substituted phenyl hydrocarbyl group can be a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, or a 2,6-diisopropylphenyl group. In further embodiments, the substituted
phenyl hydrocarbyl group can be a 2,6-dimethylphenyl group; alternatively, a 2,6-diethylphenyl
group; alternatively, a 2,6-diisopropylphenyl group; alternatively, a 2,6-di-tert-butylphenyl group;
alternatively, a 2,5-di-tert-butylphenyl group; alternatively, a 2-isopropyl-6-methyl group; or
alternatively, a 2,4,6-trimethylphenyl group (mesityl group).

[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 5a:
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where Q represents the metal salt complexing group and L represents the linking group. In some
embodiments, the metal salt complexing group and the linking group can have structures indicated in

Table 2 and Table 3, respectively.

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

[0058] The metal salt complexing group, Q, can be any group comprising a heteroatom capable
of complexing with the metal salt. In embodiments, the metal salt complexing group can be a C; to
Csp group comprising a heteroatom; alternatively, a C, to Cy group comprising a heteroatom;
alternatively, a C, to Cyo group comprising a heteroatom; or alternatively, a C, to Cs group comprising
a heteroatom. In some embodiments, the metal salt complexing heteroatom of the metal salt
complexing group can be oxygen, sulfur, nitrogen, or phosphorus. In other embodiments, the metal
salt complexing heteroatom of the metal salt complexing group can be oxygen or sulfur. In yet other
embodiments, the metal salt complexing heteroatom of the metal salt complexing group can be
nitrogen, or phosphorus. In further embodiments, the metal salt complexing heteroatom of the metal
salt complexing group can be oxygen; alternatively, sulfur; alternatively, nitrogen; or alternatively,
phosphorus. Optionally, the metal salt complexing group can contain additional heteroatom which do

not complex the metal salt in a-diimine metal complex such as inert heteroatoms (e.g. halides, and
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silicon) and/or additional metal salt complexing heteroatom(s) which do not complex with the metal

salt.

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

diphenyl phosphinyl group; or alternatively, a substituted diphenyl phosphinyl group.

[0060] The alkyl group(s) of the aininyl, phosphinyl, ethyl, or sulfidyl metal salt complexing
group embodiments can independently be a C; to C,y organyl group consisting of inert functional
groups; alternatively, a C; to C;q 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 Cjo 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 Cg to C,y phenyl group; or alternatively, a Cq to C;5s 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
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embodiments, the alkyl group of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt complexing
group can be a primary hydrocarbyl group; alternatively, a secondary hydrocarbyl group; alternatively,
a tertiary hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group. k

[0061] Each substituent of the substituted metal salt complexing group embodiments can
independently be a C; to Cyg organyl group, a C; to Cyo organyl group consisting of inert functional
groups, a C; to Cyy hydrocarbyl group, or an inert functional group. In some embodiments, the
substituents of the substituted metal salt complexing group can be C; to Cs organyl groups, a C; to Cs
organyl groups consisting of inert functional groups, C; to Cs hydrocarbyl groups, or an inert
functional group. In other embodiments, the substituents of the substituted metal salt complexing
group can be C; to Cyq organyl groups; alternatively, a C; to C;y organyl groups consisting of inert
functional groups; alternatively, a C; to Cjo 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 quafernary group. Independent of
the carbon number of the organyl group consisting of inert functional groups, the organyl group
consisting of inert functional groups can comprise. a halide, an ether group (alkoxy group or etheryl
group), or a sulfide group (sulfidyl group). In some embodiments, the organyl group consisting of
inert functional groups can be a trifluoromethyl group; or alternatively, a trichloromethyl group. In
embodiments, the inert functional group can be a halogen atom or an alkoxy group; alternatively, a
halogen atom; or alternatively, an alkoxy group. In some embodiments, the halogen atom may be
fluorine, chlorine, bromine or iodine; alternatively, chlorine; or alternatively, fluorine. In some
embodiments, the alkoxy group can be a methoxy group; alternatively, an ethoxy group; alternatively,

an isopropoxy group; or alternatively, a tert-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 hydrocarbyl group; alternatively, a tertiary hydrocarbyl group; or alternatively, a quaternary
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-propyl (1-propyl), isopropyl (2-

propyl), n-butyl (1-butyl), sec-butyl (2-butyl), isobutyl (2-methyl-1-propyl), tert-butyl (2-methyl-2-
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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.
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; alternatively, 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 Cy organyl group; or alternatively, a
Ci 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 Cy 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 alternatively, a C; to Cs hydroéarbyl group.

[0064] In some embodiments, the hydrocarbyl linking group can be -(CR'RY),,- 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(CHj3),- 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-aminoethyl)pyrrolidine, N,N-dimethyl-
ethylenediamine, N,N-diethylethylenediamine, N,N-diphenylethylenediamine, 2-(aminomethyl)-
pyridine,  2-(2-aminoethyl)pyridine, 2-(diphenylphosphino)ethylamine, 3-(diphenylphosphino)-
propylamine, 2-(2—aminoethyl)furan, 2-(aminomethyl)furan,  2-(2-aminoethyl)thiophene, 2-
(aminomethyl)thiophene, 2-aminoethyl-(4-chlorophenyl)sulfide, 2-phenoxyethylamine, 2-methoxy-
ethylamine, 2-ethoxyethylamine, 2-isopropxyethylamine, and 1-(2-aminoethyl)piperidine. In some
embodiments, the primary amine comprising a metal salt complexing group can be N,N-
dimethylethylenediamine, N,N-diethylethylenediamine, N,N-diphenylethylenediamine, 2-(amino-
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Tabl e 5 Exanple a-Acylimne Metal Conpl exes

Table 2
Example Metal salt complexing Groups
Rell RC13 Re3! RO33 RO31 Ro33 Re41
Rc15 Rc43
o) Re17 S
—0 Rc35 —S RCSS —N
RC19 e "
cl14 R®
R RO kots R0 RE32 Ro34 RE32 Re34 RO42
Structure 13c Structure 14¢ Structure 15¢ Structure 16¢
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R33 Structure 7d R37 Structure 8d Xpi M0 RalN NOO R31 R39 R41
Structure 9d X MN R31 0,000 , /Rao Rat R39 R41 Structure 10d R55
Structure 12d Structure 15d R14 Structure 16d

Table 2
Example Metal salt complexing Groups
Rc45 c51
RC41 R
N N RS73 RC75 RC73 RC75
\ l / \ Rc53
RC43 S Re71 RC77 Rc71 RE77
Rc44 Rc52 Rc54
Rc79 Rc79
Structure 17¢ Structure 18¢ —N R0 —F R e
o) R S R°1 RC72 RE78 RE72 R78
U U
Rcss Rces Rc74 Rc76 RC74 Rc76
Rc62 c63
R Structure 21¢c Structure 22¢
Structure 19¢ Structure 20c

Structure 11c or Structure 12c; alternatively, Structure 14c or Structure 15c; alternatively, Structure
19¢ or Structure 20c; or alternatively, Structure 21¢ or Structure 22c. In yet other embodiments, the
metal salt complexing group can have Structure 3c; alternatively, Structure 4c; alternatively, Structure
7c; Structure 10c; alternatively, Structure 13c; alternatively, Structure 16c; alternatively, Structure

17¢; alternatively, Structure 18; alternatively, Structure 21c; 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 organyl group consisting of inert functional
groups, a hydrocarbyl group, or an inert functional group and R and R*® can be a hydrocarbyl
group. In some embodiments, R®', R, R®, R°!! to/through R®%, R®! to/through R, R*! to/through
R**, R®! to/through R®, R®® to/through R, R”" to/through R** of each Structure of Table 2 an
independently be hydrogen, a C; to C;y organyl group, a C; to C; organyl group consisting of inert
functional groups, a C; to Cyy hydrocarbyl group, a C, to Cs organyl group, a C; to Cs organyl group
consisting of inert functional groups, a C; to Cs hydrocarbyl group or an inert functional group. The

organyl groups, organyl groups consisting of inert functional groups, hydrocarbyl groups, and inert
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Tabl e 5 Exanple a-Acylimne Metal Conpl exes Ral2R811 Ral 3 111X8r/1-13 N532
Ral4 Ral 5,, 1111R34 R- R33 Structure 33d RBRail Rea XpM 0 / NR32 Rald4 R
1538 R31 s R 8 R35R R37 Structure 34d R612 Sall R40 5al3 R42 al XpM 0O N
Ral 4 43 R615 \ 40 R

functional groups are generally described within the description of the metal complexing group

descriptions and can have any embodiment as described therein.

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

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

Table 3
Example Linking Groups
~(CR'RY)p- ~(CHp)ar (CHp)-
Structure 1L Structure 2L Structure 3L
RL4 RL1
‘(CH2CH2)- RL3 R-2
Structure 4L Structure 5L

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

3L; alternatively, Structure 4L; or alternatively, Structure 5L.
a~Acylimine Compounds

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

acylimine compounds.

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

be described as a compound comprising 1) an a-acylimine group and 2) an a-acylimine nitrogen
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R3 R39R4 Structure 35d Ral3 Ral2 Ral4 581 R615 X MNRao p)1 40 R43 R31
R39Ral Structure 36d Ral2 5al4 Ral3 Rail XpM O R82 R84 NA/ aib RRS
4. R56 RS53R55 Structure 37d 5al2 R811 R52

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

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

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

amine as described herein.

[0073] In a second description, the a-acylimine compound can be described as an a-acylimine
compound product of contacting an a-diacyl compound with a primary amine. Within this second a-
acylimine compound description, as in the synthesis of the a-acylimine compound, the a-diacyl
compound and the primary amine are separate and independent elements. Thus, in the second a-
acylimine compound description, the a-acylimine compound can be further described using any
combination of the a-diacyl compound element described herein and the primary amine element as
described herein. As non-limiting examples, the a-acylimine compound can be the a-acylimine

compound product of contacting an a-diacyl compound with a primary amine comprising an -NH,
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Structure 11b or Structure 37b. In other embodiments, the a-acylimine compound can have Structure

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

23b; alternatively, Structure 24b, Structure 25b, or Structure 26b; or alternatively, Structure 24b.
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[0076] The a-acylimine compounds of Table 4 can be prepared utilizing various methods as
described herein. Depending upon the o-acylimine compound preparation method, the a-diacyl
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 R™s having Structures 1¢c-22¢
(Table 2) of the primary amine having Structure 5a are separate and independent elements of the a-
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-5L (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 S5a as described herein.
Metal Salts

[0077] The metal salts, M-X,, employed in forming the o-acylimine or c-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; alternatively, chromium, iron, cobalt, or mixtures thereof; 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 o-diimine compound).
Typically, dicoordinating metal salts are utilized with bidentate o-diimine compounds and

tricoordinating metal salts are utilized with tridentate a~diimine compounds.

[0079] In some embodiments wherein the a-diimine compound portion of the a-diimine metal

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

comprise nickel, palladium, or mixtures thereof; alternatively, nickel, or alternatively, palladium.

[0080] The anion X, of the metal salt can be any anion. In some embodiments, the anion X can
be a halide, carboxylate, acetonate, alkoxide, phenoxide, nitrate, sulfate, phosphate, or chlorate. In
some embodiments, the anion, X, is a halide or acetonate. In embodiments, the halide can be fluorine,
chlorine, bromine, iodine, or combinations thereof; alternatively, chlorine, bromine, iodine, or
combinations thereof; alternatively, chlorine; alternatively, bromine, or alternatively, iodine. In
carboxylate, acetonate, alkoxide or phenoxide embodiments, the carboxylate, acetonate, alkoxide, or
phenoxide can be any C; to Cy carboxylate, acetonate, alkoxide, or phenoxide; or alternatively, any C,
to Cyo carboxylate, acetonate, alkoxide, or phenoxide. In some embodiments, the anion, X, can be a C,
to Cjo acetonate; alternatively, a C; to C;o carboxylate; alternatively, a C; to Cjo alkoxide; or
alternatively, a C; to Cyo 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(II) chloride, chromium(III)
chloride, chromium(Il) fluoride, chromium(Ill) fluoride, chromium (II) bromide, chromium(III)
bromide, chromium(Il) iodide, chromium(II) iodide, chromium(Il) acetate, chromium(IIl) acetate,
chromium(IIl) acetylacetonate, chromium(Il) 2-ethylhexanoate, chromium(II) triflate, chromium(III)
nitrate, iron(I) chloride, iron(Ill) chloride, iron(Il) fluoride, iron(Ill) fluoride, iron(II) bromide,
iron(Ill) bromide, iron(Il) iodide, iron(Ill) iodide, iron(Il) acetate, iron(Ill) acetate, iron(II)
acetylacetonate, iron(IIl) acetylacetonate, iron(I) 2-ethylhexanoate, iron(Il) triflate, iron(Ill) nitrate,
cobalt(Il) chloride, cobalt(Il) chloride, cobalt(Il) fluoride, cobalt(Ill) fluoride, cobalt(Il) bromide,
cobalt(Ill) bromide, cobalt(Il) iodide, cobalt(Ill) iodide, cobalt(Il) acetate, cobalt(Ill) acetate,
cobalt(Il) acetylacetonate, cobalt(I) benzoylacetonate, cobalt(IIl) acetylacetonate, cobalt(Il) 2-
ethylhexanoate, cobalt(Il) triflate, cobalt(Ill) nitrate, vanadium(IIl) chloride, vanadium(Il) chloride,

vanadium(IIl) chloride tetrahydrofuran complex, vanadium(Ill) iodide, manganese(Il) acetate,
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manganese(Il) acetylacetonate, manganese(Il) bromide, manganese(Il) chloride, manganese(II)
fluoride, manganese(III) fluoride, or manganese(Il) iodide. In some embodiments, the tricoordinating
metal salt can be chromium(II) chloride, chromium(IIT) chloride, chromium(II) acetate, chromium (III)
acetate, chromium(III) acetylacetonate, iron(Il) chloride, iron(IIl) chloride, iron(II) acetate, iron (III)
acetate, iron(II) acetylacetonate, iron(Ill) acetylacetonate, cobalt(I) chloride, cobalt(IIl) chloride,
cobalt(Il) acetate, cobalt (III) acetate, or cobalt(Il) acetylacetonate. In other embodiments, the
tricoordinating metal salt metal salt can be chromium(II) chloride, chromium(IIl) acetylacetonate,
iron(I) chloride, iron(Il) acetylacetonate, iron(IIT) acetylacetonate, cobalt(II) chloride, cobalt(II)
acetylacetonate. In other embodiments, the tricoordinating metal salt can be chromium(II) chloride;
alternatively, chromium(IIl) acetylacetonate; alternatively, iron(II) chloride; alternatively, iron(II)

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

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

or palladium(II) acetylacetonate.
o -Acylimine Metal Complexes

[0084] The a-acylimine metal complexes can be described using any one of several descriptions.
While the o-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.

[0085] In a first description, the o-acylimine metal complex can be described as a complex
between an a-acylimine compound and a metal salt. While this a-acylimine metal complex
description appears to imply a specific a-acylimine metal complex synthesis method, this is not the
intent. The method of preparing the o-acylimine metal complex is independent of the method of
describing the a-acylimine metal complex. Thus, while the a-acylimine metal complex can be
described as a complex between an a-acylimine compound and a metal salt, the a-acylimine metal

complex can be prepared by contacting an o-acylimine compound and a metal salt or any other method
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The a-acylimine compound and the metal salt are separate and independent

a-acylimine compound element described herein and the metal salt element as described herein.

[0086]

produced by any process described herein capable of producing the o-acylimine metal complex and

In a second description, the a-acylimine metal corhplex can be described as a product

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

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

alternatively, Structure 20d, Structure 21d, or mixtures of Structure 22d and Structure 23d;

In a third description, the a-acylimine metal complex can have any structure as indicated

alternatively, Structure 24d, Structure 25d, or Structure 26d; or alternatively, Structure 24d.
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[0088]

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

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

compound, the primary amine, the metal salt, and/or the a-acylimine compound can each be separate

and independent elements in the preparation of the a-acylimine metal complex. Therefore, the R's of

a-diacyl compounds having Structures 1-12 (Table 1), the metal salts, the R*s of the primary amines

having Structures la-4a, the linking groups 1L-5L (Table 3) of the primary amine having Structure 5a,

and the metal salt complexing group R*s having Structures 1c-22¢ (Table 2) of the primary amine
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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 1a-4a as described
herein, the linking groups 1L-5L (Table 3) of the primary amine having Structure 5a as described
herein, and the metal salt complexing group R*s having Structures 1c-22c (Table 2) of the primary

amine having Structure 5a as described herein.
o -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 a-diimine metal complex
descriptions may be indicated by labels such as first description, second description, etc., these labels

do not indicate a particular preference to the descriptions of the a-diimine metal complexes.

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

described herein.

[0091] In embodiments, the a-diimine metal complex can be described as a dicoordinate metal
salt complexed to a bidentate a-diimine compound. In some embodiments, the a-diimine metal
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 a-diimine metal complex as a
tricoordinate metal salt complexed to a tridentate a-diimine compound, this description does not
necessarily imply that the three ligands of the tridentate a-diimine compound are complexed to the

metal salt. For example, in example 7 a tricoordinate metal salt is complexed to a tridentate a-diimine
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Thus, within the first a-diimne conpound description, the a-diimne
conpound can have any conbi nati on of the a-diacyl conpound as descri bed
herein and the a-diimne nitrogen groups as described herein. [0100]In the
first a-diimne conpound description, the a-diacyl conpound from which the
a- diimne conpound is derived can be any a-diacyl conpound descri bed
herein. In enbodinments, the two a-diinmne nitrogen groups can each

i ndependently conprise an organyl group; alternatively, conprise a netal




[ 0105] I n enbodi nents, the a-diimne conpound is a product of reacting

a-di acyl conpound with two different primary amnes. In particular
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[0096] The a-diimine metal complexes of Table 6 can be prepared utilizing various methods as

described herein. Depending upon the o-diimine metal complex preparation method the a-diacyl
compound, the two primary amines, the metal salt, the a~acylimine compounds, and/or the a-acylimine
metal complexes can each be separate and independent elements in the preparation of the a-diimine
metal complex. Therefore, the R™s of a-diacyl compounds having Structures 1-12 (Table 1), the metal
salts, the R™s of the primary amines having Structures 1a-4a, the linking groups 1L-5L (Table 3) of
the primary amine having Structure 5a, and the metal salt complexing group R*s having Structures 1c-
22¢ (Table 2) of the primary amine having Structure Sa are separate and independent elements of the
a-diimine metal complexes of Table 6. Thus, the a-diimine metal complexes of Table 6 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 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
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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.

[0097] One skilled in the art will recognize that o-diimine metal complex Structures 14e though
39¢ formally show a monomeric form of a tricoordinate metal salt complexed to a tridentate a-diimine
compound. However, it should be noted that these structures do not necessarily imply that dimeric
forms of Structures having bridging X, groups are not formed. Additionally, it should also be noted
that while a-diimine metal complex Structures 14e though 39e, and other Structures disclosed herein,
indicate that the two imine nitrogen and the metal salt complexing group form a dative bond with the
metal atom, these structures do not necessarily imply that the three ligands of the tridentate o-diimine
compound are complexed to the metal salt. For example, in example 7 a tricoordinate metal salt is
complexed to a tridentate a-diimine compound to form an o-diimine metal complex isolated in a
dimeric form and the metal salt complexing group is not complexed to the metal salt. The examples
further illustrate that this a-diimine metal complex of example 7 can be utilized within other aspects of
the invention as described herein. Provided the teachings of the present disclosure, the skilled artisan
may also recognize that the a-diimine metal complex Structures herein do not show the presence of
any complexing solvent molecules and may appreciate that depending upon the solvent(s) used in the
preparation of a-diimine metal complex Structures le though 39e, and other Structures disclosed
herein, the a-diimine metal complexes can be isolated in forms having complexed solvent atoms, (e.g.

THF, acetonitrile).
o -Diimine Compounds

[0098] The a-diimine compounds can be described using any one of several descriptions. While
these descriptions may be indicated by labels such first description, second description, etc., these

labels do not indicate a preference towards a particular description of the a-diimine compounds.

[0099] In a first description, the a-diimine compound can be minimally described as a compound
comprising an o-diimine group. In embodiments, the a-diimine compound can be described as a
compound comprising 1) an a-diimine group and 2) two a-diimine nitrogen groups. In this first a-
diimine compound description, the a-acylimine group can be further described as being derived from
an a-diacyl compound. Thus, alternatively, the a-acylimine compound can be described as compound
comprising 1) an o-diimine group derived from an a-diacyl compound and 2) two o-diimine nitrogen
groups; or alternatively, as compound consisting of 1) an a-diimine group derived from an a-diacyl
compound and 2) two a-diimine nitrogen group. In the first a-diimine compound description, the -

diacyl compound, and each of the two a-diimine nitrogen groups are separate and independent
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elements of the a-diimine compound description. Thus, within the first a-diimine compound
description, the o-diimine compound can have any combination of the a-diacyl compound as

described herein and the o-diimine nitrogen groups as described herein.

[0100] In the first a-diimine compound description, the a-diacyl compound from which the a-
diimine compound is derived can be any a-diacyl compound described herein. In embodiments, the
two a-diimine nitrogen groups can each independently comprise an organyl group; alternatively,
comprise a metal salt complexing group; alternatively, comprise a metal salt complexing group and a
linking group linking the metal salt complexing group to the a-diimine nitrogen group nitrogen atom;
alternatively, comprise an organyl group consisting of inert functional groups; alternatively, comprise
a hydrocarbyl group; alternatively, consist of an organyl group; alternatively, consist of a metal salt
complexing group and a linking group linking the metal salt complexing group to the a-diimine
nitrogen group nitrogen atom; alternatively, consist of an organyl group consisting of inert functional

groups; or alternatively, consist of a hydrocarbyl group.

[0101] In some embodiments, the two a-diimine nitrogen groups can be the same. In other
embodiments, the two a-diimine nitrogen groups can be different. In particular embodiments, the two
a-diimine nitrogen groups comprise two different organyl groups; alternatively, comprise two different
organyl groups consisting of inert functional groups; alternatively, comprise two different hydrocarbyl
groups; alternatively, consist of two different organyl groups; alternatively, consist of two different
organyl groups consisting of inert functional groups; or alternatively, consist of two different
hydrocarbyl groups. In some other particular embodiments, the first o-diimine nitrogen group
comprises an organyl group consisting of inert functional groups and the second a-diimine nitrogen
group comprises a metal salt complexing group; alternatively, the first a-diimine nitrogen group
comprises an organyl group consisting of inert functional groups and the second a-diimine nitrogen
group comprises a metal salt complexing group and a linking group linking the metal salt complexing
group to second a-diimine nitrogen group nitrogen atom; alternatively, the first a-diimine nitrogen
group comprises a hydrocarbyl group and the second a-diimine nitrogen group comprises a mefal salt
complexing group; alternatively, the first a-diimine nitrogen group comprises a hydrocarbyl group and
the second a-diimine nitrogen group comprises a metal salt complexing group and a linking group
linking the metal salt complexing group to the second a-diimine nitrogen group nitrogen atom;
alternatively, the first a-diimine nitrogen group consists of an organyl group consisting of inert
functional groups and the second a-diimine nitrogen group consists of a metal salt complexing group
and a linking group linking the metal salt complexing group to the second a-diimine nitrogen group

nitrogen atom; or alternatively, the first a-diimine nitrogen group consists of a hydrocarbyl group and
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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 o-diimine group’s nitrogen atom, the
organyl group, metal salt complexing group, linking groﬁp, organyl group consisting of inert
functional groups, or hydrocarbyl groups of the primary amine becomes an a-diimine nitrogen group.
Thus, the a-diimine nitrogen groups can have the same embodiments as the organyl group, metal salt
complexing group, linking group, organyl group consisting of inert functional groups, and hydrocarbyl
groups of the primary amine as described herein. Therefore, the organyl group, metal salt complexing
group, linking group, organyl group consisting of inert functional groups, and hydrocarbyl groups of
the primary amines embodiment described herein are generally applicable to the description of the a-
acylimine compound with the proviso that the linking group links the metal salt complexing group to

the imine nitrogen atom of the a-acylimine group instead of the -NH, group of the primary amine.

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

herein.

[0104] In the second o-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 a-diimine
compound is a product of reacting an a-diacyl compound with two different the two primary amines
comprising an -NH, group and an organyl groups; alternatively, comprising an -NH, group and an
organyl groups consisting of inert functional groups; alternatively, comprising an -NH, group and a

hydrocarbyl group; alternatively, consisting of an -NH, group and an organyl groups; alternatively,
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consisting of an -NH, group and an organyl group consisting of inert functional groups; or

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

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

linking the metal salt complexing group to the -NH, group.

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

described using any embodiments of the processes described herein.

[0107] In a fourth description, the a-diimine compound can be described as having any a
structure as indicated in Table 7. In embodiments, the a-diimine compound can have Structure 1f;
alternatively, Structure 2f; alternatively, Structure 3f, Structure 4f, or Structure 5f; alternatively,
Structure 6f; alternatively, Structure 7f, Structure 8f, or mixtures of Structure 9f and Structure 10f;
alternatively, Structure 11f, Structure 12f, or Structure 13f; or alternatively, Structure 11f. In some
embodiments, R*' and R*" of Structures 1f-13f are different (not identical). In some embodiments, R
of Structures 1f-13f can have Structure 1g (derived from a primary amine having Structure 3a). In
other embodiments, R*" of Structures 1f-13f can have Structure 1 g can have Structure 2 g (derived
from a primary amine having Structure 4 a). In other embodiments, Ral of Structures 1f-13f can have

Structure 1 g and R* of Structures 1f-13f can have Structure 2 g. In yet other embodiments, wherein
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R* and R* of Structures 1f-13f can have Structure 1 g and Structure 2 g, respectively, Structure 1 g

and Structure 2 g are different (not identical).

[0108] In some embodiments, the a-diimine conipound can have Structure 14f or Structure 27f;
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 14f, alternatively,
Structure 15f; alternatively, Structure 16f, Structure 171, 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 a-diimine compound can have Structure 27f, alternatively, Structure 28f,
alternatively, Structure 29f, Structure 30f, or Structure 31f, alternatively, Structure 32f, alternatively,
Structure 33f, Structure 34f, or mixtures of Structure 35f and Structure 36f; alternatively, Structure

371, Structure 38, or Structure 39f; or alternatively, Structure 37f.

Table 7
Example a-Diimine Compounds
at' , at'
, /R /Ra1 /R
Ra1 N N N
N/ \ R13 \ 1 \ R13
at-N N R at-N
) RN R REIN . RN R

al— R2 R

RN R11 (CHz)n R R" R16
R1 R12 R14 R12 R15
Structure 1f Structure 2f Structure 3f Structure 4f
Ra1'
%
Rat’ Rat N 32
N4 N RN R
N \ Ris y N \ R3%? R36
RN R RN Rt
17
R1 1 R R34 R38
A 18 R31 R35
R Ris R18 R33 R37
Structure 5f Structure 6f Structure 7f Structure 8f
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R 6R18 R Structure 32f Ra Ral5 RRR16 1215 Ral4 Structure 30f Table 7
Exanpl e a-Di i m ne Conpounds Ral2Rail QL | N Ral3 ilipNNR32 Ral4R15110R34
R33 Structure 33f R2 Rail QL NI Ral 11. NR32 Ra 4Ral5 R36 R31100R38 R35
R37 Structure 341 Rai2 Rall QL lao

Table 7
Example o-Diimine Compounds
Ra1'
/
. N
at al 52
/R R40 /R R40 N \ R
N N RN
\ R42 \ R42
Ra1’N ai-N O R
N RN
QO R43 QO R43 RY" O 56
R31 R31 R
R¥ R# R R RS3  R%S
Structure 9f Structure 10f Structure 11f

Structure 12f

“y o F
Q—ll- N\ 'L N\
R13 \ R
N N 13 N
N \ Rai™ N\ R14 Ra1/N\ ? 15 Ret™ N R
at~ 2 R
RTINS R RM (CHy), RM R R16
R‘l R’IZ R14 R12 R15
Structure 14f Structure 15f Structure 16f Structure 17f
Q—II. Q—Il.
N N
N \ Ris N \ R32
Ra1/ AN RM Ra1/ A
R11 R17
R1 R18 R3 R*
ris R® R33
Structure 18f Structure 19f Structure 20f Structure 211




NR Raili pN\ R42 Rald R413SO RA3 R R39R41 Structure 35f Ral2 R1L O L/NN R3 qt.

R39 Structure Ral3 . Ral4 Ral5 R40 RA2 R43 A 36f 36f Ral2 Rai a,. Ra 3 .L
NNI Ral4 Ral5*R52 R51 10 R54 R93 RgR56 Structure 37f Ral2 Rail Ral 40
‘ Table 7
Example o-Diimine Compounds
g @
Q—L N N—RE
\ / R40
o .o
QO R® R3¢ Q R
R¥d R* R41 R43
Structure 22f Structure 23f
R% R
Structure 25f Structure 26f
—L Q—L
Ratt ,L Rat1 Ratt ,L
a12 \R\ a12 \ R13 Ra12 N \ R13
N
R15
Ra13 Rat3 (CHz Ra's R
Ra15 a15 Ra15 14
Ra14 Ra14 Ra14 R
Structure27f Structure 28f Structure 29f
Ra12 Ra11 Q\L Ra12 a”
Ralt / R19
Raf2 R13 Ra’3 N '\; s Rats
R
at3 R” Rat4 Rats R™ Rat4 Ra1S R
R Ra15 R*2 R17
Ral4 R'® R16R'® R'® R15R‘8
Structure 30f Structure 31f Structure 32f
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N R52 Ral4N Ral 5\ 1110 R54 R61 R56 R5 al R55 R57 R55 Structure 38f Ral2
Rail al Ris / NR52 Ral4N Ral554 4.ak R R51 R 410.R' R65 R56Ra R- Structure
391 101091l deally, the a-diimne conpounds of Table 7 could be prepared
froman a-diacyl conpound and two prinary am nes which are separate and

i ndeper of —adiacyl——conpound—having—Structunes
1-12 (Table 1), the RS of the pri maryabked nes having Structures | a-4a, |the

l'inking groups 1L-5L (Table 3xa@fie bifinthe dWRpYuAL Ne having Structure 3a
and the__n:g_t_a,]_galf conplexing group R s havl ng Structures | c-22c (Tablle 2)

of the|primary am ne haV|ng Str;wzturg1 are sepdrate and |ndependent
el enent|s ofait he g,gl m ne conp ] able 7. Thus, the a-diimne 0|54
conpourjds o Tabl e 7|can be il ng R&hy g@gb{nation of
W of 4 ' [
her ei n,
her ei n,
Struct 2rein, and t%

havi ng |Structures 1 ¢ a2c (Table 2) of the pri mar ng ¢

5a as descri bed hereln GENERAL METAL COVPLEX AND INTERNEDIAT' SYNTHE%IS
METHODS 01101AHUS¥hHett of the inveRtigHe #4l at es fo net hédetwe 3Yr epari ng
a-diimne netal conplexes,. described herein, production of particullar
a-di i mijne netal compf can notivate| selection of particular starting
materidls, (e.g. a- dv— conpounds primary ant’ es,mﬁnd netal salts),
internediates (e. g€ R ne conpouhds ang.a- I'm e netal conpl gxes),
and a-diimne nefal

1. 5L (Tabke 3y

Ra14

Structure 38f Structure 39f

[0109] Ideally, the a-diimine compounds of Table 7 could be prepared from an a-diacyl
compound and two primary amines which are separate and independent elements. Thus, the R*s of o-
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 R™s having Structures 1c¢-22¢ (Table 2) of the primary amine having Structure 5a

are separate and independent elements of the a-diimine compounds of Table 7. Thus, the o-diimine
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101111The met hods for producing an a-diunine nmetal conplex generally
conprise formng at | east one imne bond in the presence of a netal salt, a
nmet al conpl ex, or conbinations thereof and recovering an a-diimne netal
conpl ex. In sone enbodi nents, the nethod for producing an adiimne netal
conpl ex GRS %? TRk Bh 8t 8RS deRABed %ﬂ?a@%&ﬁhﬂ%ﬂ%fﬂﬁ@@%@ aQfiac
netal salt, aacx imne nmetal conplex, or conbinations thereof

r ecover icAEPeRds hayinaPwestures kil2 (bl Bkas qlqacr@@%eré%ém lﬁén@fsthe tﬂﬁ@%@%@s f or

produci ngyiap sfadirkdiang a@@&@hbé&(ﬂm rp ﬁleqm I‘LQSIU‘t’fhgleaSt) ok %§¥1m9%1ﬂ1ﬁ9 ne
bond in the gresence of a netal salt. urt er enbodi ne t he

for prodaringgiragurg Saps deserebeddergin, @@ntb? @ﬁtabéﬁlﬁmom@mg @f%lerg Séwm%a@@cﬂaﬁ“e

i mne bardoi frabiee 9ftﬁ§§aﬂﬁ %méﬂa\%lg?ﬁ%lc!uf@ NGs RLAbedheRRl ex. Wthin these
nmet hods, the msta or a-acylimne metal conplex, the a-diimne netal
conplex fornmed, and the specific imne bond or imne bonds formed, are
separ at SENERALMBELALGOM LEXAYR INEERMERIN B D FHEYS MESHORY, t he

skilled artisan can recogni ze whi ch conbi nation of ingredients my lead to
a desir g di i Khﬁ@)eéf%‘fﬂﬂenﬁ@ﬁfﬂin@é%t%mtm&ﬂwi SiR&atifteo-g@gine aﬁtaeé@{mdx%§ AsThe
conbi nat | OC#E L nds tt}at caln be _used to, produce a particul %F

a- di i m nE&HeTh ereawalro YeUigR | 9t BATteYlat Hetiyph RS SORRIPHS 2R RYVAE s eIty of
herein. pbﬁﬂ;\élal] s_fag'ﬁng&nﬁérih@sytel g&@fmyﬂﬂﬂﬁmmﬁxﬂk @ﬂﬁlﬁryadﬂlﬁ@sand&r[&hé %ﬁsﬁéntéiﬁlsdﬁeﬁr e |
separate and i eenente nrentslnte tio the a-diimne neta
conpl exd&& %%FHP‘E‘F‘SH%’PP%}‘“ THE LAY H’i‘%‘éﬂf"é‘t‘é’g‘ﬁgg?ﬁuaﬁi‘ﬁ nwma%m%lwor t he
a-acylimne netal conplexes can be separate and i ndependent el enents of the
a-diim qenmat al Teoniptheds for pfoalicadig zﬁﬂ(x didhine digetal Thplex tghﬁ:ralycﬁoinpﬁmfoﬁﬁh@lat
conpl ex ratl ods can conbi nati on of . a-di acyl
comhoundEsGRR R et BE freFRr abp srehine s Tl abrils trapBFniih iaos and o
descri beel:ohamglan a-amamylmdtﬁl nﬁmplaﬂ‘pdﬂ rdse dzﬁﬁﬁdlmbﬁﬁl thenn&thod faﬂﬂro&ucﬁ[gyiiﬂ m ne
metal co exe desc][e her ﬁ’ n.to 10 g hl?élg gavn;g

conpl exéd HP‘? AR ﬁé‘”ﬂ%?séi THE8 & ﬁsanep%be ﬁé%s%ag aﬁ’re Ptied t he
t eachi ngsylding Wetape@sedid ofl catbimsiofiether@of &Mirkdogekimg dnl Gditmab oetad complegninze
how conbi nati pn of i nts y be varied in order to uce desired
ot al cOrBE ERbRm g ertodiEite aF aBhnee o] PRERF lrRay PHRG: MEShons
for Prepat inige borddy theprasencEofip antisilt] 0d fishdihenboeinteod, thé rqathe@ & |pmgluamg an
a-acylim ound ri ses.contacti an. a-di

o o y AR 5w ES Thbb e pan et ket R R R e ARRRR T f AR Buns eq.
I n ot hermmtcoﬁplmnmthnt h]eSeamahgdsJ thie mestat @ﬂp&umdcymmndlﬁet@lwmﬂpieﬁdtha le-digmne

met hods knwnt %%edl the aét such. as ng%gdalllzatl

yet ot hét* eF‘na F%e PR R 8L AT PO (PTRED 4 Sgpagilc ay an
unpuri fumépeﬁﬂaﬂtelﬂmnm odlmdn th[e%doﬁinw tphoviddet h éheaskalbll artisanecanorepapnird which

productlon met hod .th n t.he. a und .ar epar at e
Pra | BRI gl A Kaf LA G fR wEng el e E2TRE B 81 GRRL g
any conienghiso ril"}mfcomhﬁaqnms nﬁccynmnndaehem:eaxdmm restodvee eipartiauiar d-iemiae tiealy |
corrpound as, descri hed h odi.nents, the primary am ne can be
a m xt ur8RpFx & }ﬁlngﬁ Weta?ffﬁée Jgsecél%é?heéel% xture of prinary anines

consi sting of an -NH2 gr oup and hydrocarbyl group, a mxture of primary

am nes dorig] st i Hge ofliagyl colbiings, qmplaam:imaes ondymatyl saffs ewpepaas iasd indgpeodent ner t
function, rou r 0By nes | roup
and a neraes iR pRy ol o o Sufimift Bl YRR ARTRRUE, DR Ayl 2 00
corrpoundcyiamnéaeorapqm&st alrrdéoroihe ac—aatylamylb ogatpouptises p@lbﬁ]s@catatnemws mdembndent

cat al yst an thin | i n S
nmet hods ezf%ngn esghr g? 'ljiwj“g re &gmﬁ%vex Prgpargeuﬁ)glrtg ??Xagg %(?H}?r?lﬂe%? é
produci mpeparatioy nethbdsecan (unq)mymbnﬁnmduﬁt&w OFdlaD@hdlmpom dsmhechberﬂe,agmmry

nol ar rati. os, rat e con are
al so deg%:nrnlle dascﬁge%ehe% Iyaincfﬂs'afaltrsge‘l{s %glcglr%a eafelg ?Cyhg%qe Cotn gg 1§nEdtg ﬁggggegﬁl %?nd fﬁ%l ng
aacyl i mmyhmmponmnis:ommmm@bsafb@d hlareexp@r pm@ca-tmzshtsund neliiMiteatet@o pophdoes
[0116] V e

et a %.El ? H%(thé %Qr%)lg d%éc%Bgdg(;r ealrag]%rﬁ mta%&lggsg?\fée)\%{g % tfle? tggcg%g%l 55 th& ﬁg;%t %S(X(% }%‘[yt can
be ut| I i zed Wil e the a-acylimne netal conpl ex preparat| on nethods may be
designated as 'first nmethod', 'second né?hod', etc . . ., these
designations do not inply any preference for a particul ar met hod of
preparing the a-acylimne nmetal conplexes. [0117]In a first nethod, the

met hod of preparing an a-acylimne netal conplex conprises contacting an
a-acylimne conpound with a netal salt. In sone enbodi nents, the
a-acylimne netal conplex is recovered. In other enbodi nents, the
a-acylimne netal conplex can be purified using nethods known to those

s!(i 'l ed | n the art, such as recrygtal i z_ati on. In yet ot _hga_r e_npod[_rren_ts,



formng at | east one imne 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
preferen for rt,cul ar f.0or rl - di b m I S.
0124] | ey pier bt S4dofine Bl ity S0 Rl cBR 1l bELIRATE LAty ERRMERES.
conpr i se¥siggd noatal caroplenigeladingtha dgdinedrelamentednd thegorpdtoxs.and a prinmary amne to
forma mxture, and b) recovering the a-diimne netal conplex fromthe

m xture. L IE . -dihmne nmetal conplex can be purified
usi ng né?%@gggﬁggﬁﬂgﬁgé?ﬁgggmégFﬁ?ggg#%ﬁlhe art, such as recrystallization
In yet other enbodinents, the a-acylinmne netal conplex can be used as is.
[ 0125] WIOKI3h t hdh¢ imethiod zpf dir¢periignan mreedimiag AernRoung compiéses 6ontarting o8, o-dipryl
a-acyli r@oﬂ‘t@oﬁﬁta@h a it 1A Al Pde Rinb i ¥nt@ Ml Rad ifing €BApSE i@REovered. In

i ndependent el ement's. Thus in the first a-dljnlne metal conpl ex production
met hod, qtkes cpbeffiingritn dherreecliming ippinpound gan brepysifiedh aviegimethpdsikapyygy togthgse skilled
conbi naty, R Bf si2n UL TR TE Ry CRIDR bEBod@RerlE B ol G NS E GhfbuRNE uRldl AR Y
am ne as described hefein. I'n sone particular enbodinents, the prinmary

am ne useg @0 prryeifiedreadiien arogesi! i m ne conpound of the a-acylim ne netal
conplex and the primary anmine contacted with the a-acylimne netal conplex
are di ffigient (Wil G 0lbRRide C(Fn%uﬁ?(l_‘ﬁmcﬁcm hnBthdd\Be Bﬁﬂaﬂﬁrlafﬂiﬁe’ e IRXANRES,
the primary am ne can conprise an -NH2 group and a netal salt conpl exing
group arfeMPREdzare ssRaras asd indepsndepioplpnents: c Ahuse Grapylinaiae sorERAYAS €30 Be P Rd an
a-acyl i msﬂl% 4910w 6f MRt R imashiine WREIcErBed MEreR- @AYthé HLAIRyL 06MRUAG as
conprises 1) an a-acylimne group derived froman a-diacyl conpound and 2)
an i mi nedeiTibed feRing r Bugme sHbPicHE BF PHTRDGRRIES CHY Pe @r‘%‘iﬁ%‘f o SIOHEr Mimarar v
an ne Caghif@N8kSh nfkuRNof Mmaky aBirey RoRREn@ oNYHLNEAERMD a8d AYdrocisll tehfp, a
a-acylimne netal conplex can conprise a conplex between an a-acylim ne
conpoundMHEe fePEPaY AtnGiFaRBTtAL 1of 81 aNHe WIURi e 2B SREBUINEOWH ApIsIsdREs oy et

a- acyl i niuRRiofdI O4#bupdebd ¥ @flxfufcOBT Bitmary ndd! corPRPRL RE -AY g2dupind Ainieal salt
nitrogen group conprising. a netal salt conplexing group. Provided the

t eachi ngROTHIExtuE @rqyp e b Addiignnalogmahodiments; the oedigey] cogiPatng g be arpiivge Pletdigiil ze
how combichgbies of particular a-acylimne netal conplexes and primary

am nes can be varied in order to produce an a-acylimne netal conplex that

i ncl udes_the a-acylimne tal conplex and pri.nma am ne sel ected. [0126]1n
sone enbllHent SOVEHB Rt pARRYSS i 178 el SItiR Bhe pracxming ﬁ‘i*?p&im(g F’F‘hﬁ?‘?

am nes, BetBodsaardNd¥dcHbR Breild fahdRfey géidFall@ SpplRasle 36 intghod ol proditidg GrRyipmiasd
hydr ocar byl roug, a mxture of(grinarg am nes.consi sting of an - NH2 %$oup
and an dGRAYAIS gFEIRCHOB F8RELqR GUhrasiTrgr T “r‘{‘ﬁ’i6f“i°6n‘8ﬁnpij?‘8’ifg§ireSé‘fre’a?nﬂic%’tt e of
primary @hdsN@song@tHefs &b Aigo aRcridliiBergih QU a8 RehealfRpElcali@totmé e bepoM@inglooup.
In sonme enpodi nents, the a-acylimne netal conplex can be a m xture of
similar %YHRDFFORRE et al conpl exes, e.g. a mixture of a-acylinine
conpounds produced by contacting an a-diacyl conpound with a m xture of

pri mary Methoasfoe PRGiasib A Ffimare MéPCgnplexesand a hydrocar byl group, a
m xture of a-acylim ne conpounds produced by contacting an a-diacyl

conmpound w th a m.xture of primary am nes. consisting of .an -NH2 group and
an or gan[yﬁ rou a'(?%‘f‘?sslygqlfshsgg G R é’? tem[p&){ & ?Oo%rgfluca rﬂ(l)eg% geyligyine meg %(g)ﬁr}pg&gsf'
a- acyl i nbeserited pritnds spent pepdativn moiddadhiak ngp wnutdizell. abille denpayhdinainidmnl a

primary am ne conpr.isin n -NH2 .group.an n tal. salt ¢ | exi ng .group.
P0no7 | RS it hooR me’ e B 2D sl oS0 mEREE & ar o881 B
conpri seksighatioondandt imply any gre&eatict firneacenpountiod af prepaaihg gl d-agcybimohe anetal
primary anmine to forma mxture, and b) recovering the a-diimne netal
conpl ex FF8M*the mixture. In some embodi nents, the a-diinine netal conpl ex
may be purified using nethods known to those skilled in the art, such as
recryst aloll7at i dna first method)tthe metwb adi prepatisg at heacgliminy Inatdl nempsk adomposegs| ex
can be used as is, e.g.. as an.unpurifi r i - 8] |

Chi'ra necnda i asguing Pl AR HARA SRy AAShe MloRiREHG g A8 AB IR )
contacting an a-acylim ne conpound and a netal salt to forma m xture
contai ning an a-acylinmine metal conplex ) contacting a primary amirfie with
the m xture containing an a-acylimne nmetal 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




annotated with steps a), b), etc., the a-diimne netal conplex synthesis
steps can be re-annotated to provide consistent step annotation to

i ncorporate steps utilized in producing the a-acylimne conpounds and/ or
the a-acylimne nmetal conplexes into the a-diimne nmetal conpl ex synthesis
descr | Pt AR lﬁge@;)tete%n% frer bdfidns2 ;hewa%%mt Heldt dorhfiEx ;PO AOH Wi
produce I'm ne conp and a-acylimne exes

t he net trodhodsﬂcnwrotdumsngkltlmnahechrt mich@s rﬁelb'atblhzampt éx:@sotzbalnethémeetsathe o-
situatio nt h t.h may include nore than one mxture. In
these scen léIPl 0s, efd] &Hﬁye%cﬁfﬁé%gg%ag be prefaced with a descriptor such as
first, second, etc., to provide unanbi guous refepences to the m xtures

Wi thin tIBEL8- di Withie theefirsd a-eofiplizexmsigh ednendéxs prodiption njethod thometal silt japdy o-
exanpl e, Uhus CRIRIE nd HRMyB0y Rl acy!
conpounoﬁc%lrglgg%gaér%lw & &ﬂ&i&% i ﬁ’({'itsg‘grr%l%%attrglé}&fl{tgeby u|ts)ut {Tllgng todet her  the h

vari ous m@#pmmmmdes’duqtlpn|rm’11$0ddéls_c¢-a¢yélmnt¢emeﬁah cormplex gap e serepanst stv@sn}a)
cont act I g, ahidy &*tﬁ&%ttapsgmgtt&&e@ht&eﬁt ahnlt § c}ét iR XoRHE of BeshMellrreld ! St
m xture contalning an a-acyl I mne conpoun contacting t irst mxture
with a nletseihe gaqulm@tsf e ragylsEnomdpring aan be e oiRteE A gyilar-agylieipe comprandret al
conpl ex, Dol SAGARE. Il et ©
Form an S T aEs LGS eanprnll bR ?Ye”t%%gtt%? Fha BRI G
conpl ex. of Reimgenhamings epnsiRingi s -SHb geonup snd Résdosanhy] @i 2 moere K ¢-avinine
Conpl ex g otxtatrgt éth%&%orxa&tnga c{&}ﬁcﬂlﬁ%mfhet%ﬁﬁ b BRduRer ?hﬁlary%ﬂn@es%hsﬁguﬁg
net al conpl ex e pfoduced via Various synthesis path | ar ratios of
reagentsﬁéﬁp¢%¥eﬂmmﬁm@h@‘V&ﬁWbE%mByﬁm%@EgQfp@ﬂH@mﬁP@ﬂ@ﬁwpéaﬁéﬁmﬁ@ﬁéﬂﬁ“and
can be gRoghALlYm g&ﬁhﬁftdt&dtﬁgﬁcmmdsn ‘&fdlar?:grpg&ﬁﬂoﬂﬂdt\xhtﬁ AT FepriRirp!
conpl ex as descrl rein. [0136] Generall é whenever a primary amne is
cont act ednipgstchmpysingagi-Mby Eroepaqsiogmptal salipomplgximg gfpuan a- acyl i mi ne conpound
or an a-acylimne nmetal conplex, the nolar ratio of primary amne to

a- di acyljog@yPounfl, Ga&BnPRABY, tHDMahod & ipRp&dRAR EaGiimeafdAl BdehplcR Romprises
a-acyl i m ne conpound or aacylimne netal conplex. In some embodi nents, the
mol ar  r 2OPECHE 39rd-iagy) compayad.tiomefalgialicyd RIS AN a N |5eme BBOduRGHS, p1 P

al t er natjcyghie nle@d §onr11h§<nts JecOwirdd. 1R bIHeF SR8ddMEInY, the @S8yIiniae métaPeomplexQan be

alternati vel |l ess than 1:1. In other enbodinents, the nolar ratio of
primary ﬁ% upipg apeétw&& YO dentense gkillech ity it spghpprepsstplligggiop, Injyet other

al ter natérﬁb%hmlentsatﬁgs.atﬂm&ﬁacémf)l@xéanq)'éuaedaets alternatively, range from
0.9:1to 1.02:1. In yet other enbodinents, the nolar ratio of prlmary am ne
to a-diacyl co ound can be about 1:1. In yet other enbodi nents, the Iar
ratio ofl0 affupremethody thy methpd é<bﬁﬁ?étmoﬁnc%cytt@nﬁrI@%tﬁletoﬂtptﬁérfoa?ptls

the r emoﬁtaaqlg%yd dlﬁﬂaﬂ) Bdnsdund BRI 4 ﬁﬁtﬂéx’y%ﬁﬁne&o&&iﬂ A mlﬂ@fe Q:@ﬂ@tﬁht@ Gn mﬂnﬁﬁt
readily react with ditional equivalents of the m ne under, the

react i orFOEBAMIG P cantpiting adoetal ﬁalt Fitly the r‘ﬁBé‘HT"rFQH‘E‘mngH t@‘af latneesee’@ggndp M ary

am ne Campl aWRdERels! ab lutrcylithidd IddEeRehRk | iy reddNGBEV @i cier 2mBb@BYAts,CAEROUN
is contacted with a netal salt, e.g..to forman a-a y |muﬁ€frgﬁ1tal co | ex

by cont YRGS Atah compley F%Pﬁtﬁ‘&fﬁﬂ usige ghethods knogn ied! OSarftil ey puch taﬁe

ol ar 1 akbPstAfizalBa. b yedtiher bAbatiMémRS e oCRIMAMB thefabdbniexdfysed®d @r rati o
capabl e of producing an aacylim ne netal conpl ex. In sone enbodi nents, the

molar ratio of netal ;salt to a nd t reater, than O. 75

al t er nat [l%%ll]y, QiR BF seqaghang té@‘ﬁ %‘agﬂt”t‘%‘?‘gﬁtﬁ SPBIPYF: X' ‘@&tfoé’rm‘?ﬂi‘loéiﬁ’ B @m&aryor
al t er natdnMgd, fthe grdea%pleéoxﬂﬂaaﬁu Qnd%hel mkfal edlhee sepdaei o Rddspentiie eléddeass. rHituso Of
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complex comprises an -NH, group and an organyl group then the primary amine contacted with the o-
acylimine compound or a-acylimine metal complex could be a different primary amine comprising an
-NH, group and an organyl group; or, if the primary amine used to produce a-acylimine compound or
a-acylimine metal complex comprises an -NH, group and an organyl group consisting of inert
functional groups, then the primary amine contacted with the a-acylimine compound or a-acylimine
metal complex could be primary amines comprising an -NH, group and a metal salt complexing
group. One skilled in the art will recognize that these are non-limiting examples and can envision that
within these embodiments any combination of the two primary amines as described herein can be

utilized with the stipulation that the two primary amines are different.

[0132] In a fourth method, the method to produce the o-diimine metal complex comprises a)
contacting an a-diimine compound with a metal salt, and b) recovering the a-diimine metal salt. In
further embodiments, the a-diimine metal complex is purified using methods known to those skilled in
the art, such as recrystallization. Within the fourth a-diimine metal complex production method, the
a-diimine compound and metal salt are separate and independent elements. Thus, the o-diimine metal
complex can be produced utilizing any combination of the a-diimine compound as described herein
and the metal salt as described herein. Provided the teachings of the present disclosure, the skilled
artisan should recognize how combinations of a-diimine compound and metal salt may be varied in
order to produce a particular a-acylimine metal complex including the a-diimine compound and metal

salt selected.

[0133] Applicable catalyst and solvent that can be utilized within these o-diimine metal complex
synthesis methods are described herein and are generally applicable to methods of producing a-
diimine metal complexes. Production conditions such as molar ratios, temperatures, pressure, and
contact times, among others, are also described herein and are generally applicable to methods of

producing a-diimine metal complexes.

[0134] The a-diimine metal complex synthesis method can also comprise any step required to
produce the a-acylimine compounds and/or the a-acylimine metal complexes utilized in the a-diimine
metal complex syntheses. As such, the a-diimine metal complex synthesis can be described as process
utilizing an a-diacyl compound, two primary amines, and a metal salt and having an a-acylimine
compounds and/or a-acylimine metal complexes as an intermediate product which can be isolated
and/or purified or used as is. Provided these o-diimine metal complex synthesis descriptions the
skilled artisan may recognize that the two primary amines can be labeled first or second primary amine
as needed to adequately describe the process. One skilled in the art provided these teachings may also

recognize that even though the first, second, and third a-diimine metal complex synthesis steps are
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annotated with steps a), b), etc., the a-diimine metal complex synthesis steps can be re-annotated to
provide consistent step annotation to incorporate steps utilized in producing the o-acylimine
compounds and/or the a-acylimine metal complexes into the o-diimine metal complex synthesis
descriptions. Additionally, the act of incorporating the steps required to produce the o-acylimine
compounds and/or a-acylimine metal complexes into the methods of producing the a-diimine metal
complexes can create a situation wherein a synthesis path may include more than one mixture. In
these scenarios, such mixtures can be prefaced with a descriptor such as first, second, etc., to provide
unambiguous references to the mixtures within the o-diimine metal complex synthesis. Thus, in a non
limiting example, a process to produce an a-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 a-diacyl compound with a first 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 a-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 o-diacyl compound, e.g. to
form an a-acylimine compound or an a-acylimine metal complex, the molar ratio of primary amine to
a-diacyl compound can be any molar ratio capable of producing the a-acylimine compound or o-
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 o-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.
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[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 a-diacyl compound, a primary amine, and metal salt, the
molar ratio of metal salt to a-diacyl compound can be any molar ratio capable of producing an o-
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
alternatively, 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 a-diacyl

compound can be about 1:1.

[0138] Generally, whenever primary amine is contacted with a metal salt, e.g. to form an a-
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 a-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 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 primary amine to metal salt to a-diacyl compound is about

1:1:1.

[0140] Generally, whenever an a-acylimine compound is contacted with a metal salt, e.g. to form
an o-acylimine metal complex or an a-diimine metal complex, the molar ratio of metal salt to o-
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 a-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.
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[0141] Generally, whenever a primary amine is contacted with an a-acylimine compound, e.g. to
form an a-diimine compound or an ¢-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 o-diimine metal complex. In some embodiments, the molar ratio of
primary amine to a-acylimine compound can be less than 1.25:1; alternatively, 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, o-acylimine compound, and a metal salt are
contacted, e.g. to form an o-diimine metal complex, the molar ratio of primary amine to a-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 a-acylimine metal
complex can be any primary amine to a-acylimine metal complex molar ratio capable of producing the
o-diimine metal complex. In some embodiments, the molar ratio of primary amine to o-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 o-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, c-acylimine metal
complex, or a-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.
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Generally, the alcohol, ether, nitrile, or halogenated hydrocarbon can be any C,; to Cy alcohol, C; to
Cy ether, C; to Cyg nitrile or C; to Cy, halogenated hydrocarbon; or alternatively, any C; to Cs alcohol,
ether, C; to Cs nitrile, or C; to Cs halogenated hydrocarbon. In some embodiments, the alcohol solvent
can be methanol, ethanol, propanol, isopropanol, butanol, or fert-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;

alternatively, 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 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 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 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 c-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 o-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 o-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 relationships between

parameters, such as the temperature of the imine bond formation reaction and the time necessary to
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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 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 a-diimine metal complex in the presence
of a metal salt or metal complex, at the temperature described herein, may be from less than 1 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 a-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 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 about 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; 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 of 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 a-acylimine compound.
Normally, the reversibility of the Schiff base reaction does not create issues when the two primary
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amines used to produce the two imine group of the a-diimine compound (and ultimately the a-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 a-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 a-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

[0151] The a-diimine metal complexes described in the present application can be employed in
the polymerization and/or oligomerization of olefins. Such a process can be carried out by contacting
a catalyst system comprising an a-diimine metal complex with one or more olefin monomers under
reaction conditions suitable for polymerization or oligomerization of olefins. In some embodiments,
the polymerization or oligomerization process comprises 1) contacting an olefin, an a-diimine metal
complex, and a cocatalyst; and 2) forming an olefin polymer or oligomer. In other embodiments, the
polymerization or oligomerization process is an alpha olefin production process comprising: 1)
contacting ethylene, an o-diimine metal complex, and a cocatalyst; and 2) forming a product stream
comprising alpha olefins. In other embodiments, the polymerization or oligomerization pfocess 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.
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Olefin Polymerization or Oligomerization Catalysts and Cocatalysts

[0152] Within the polymerization or oligomerization processes, the o-diimine metal complex can
be any a-diimine metal complex described herein capable of forming the desired polymer or oligomer.
In embodiments, the o-diimine metal complex can be a metal salt complexed to an o-diimine
compound comprising 1) an a-diimine group derived from an o-diacyl compound and 2) two different
o-diimine nitrogen groups. In other non-limiting embodiments, the a-diimine metal complex can be a
metal salt complexed to an a-diimine compound comprising 1) an a-diimine group derived from an a-
diacyl compound and 2) two different a-diimine nitrogen groups consisting of an organyl groups
consisting of inert functional groups, hydrocarbyl groups, or mixture thereof; alternatively, a metal salt ‘
complexed to an a-diimine compound consisting of 1) an a-diimine group derived from an a-diacyl
compound and 2) a first imine nitrogen group consisting of an organyl group consisting of inert
functional groups or a hydrocarbyl group and 3) a second imine nitrogen group comprising a metal salt
complexing group; or alternatively, a metal salt complexed to an o-diimine compound consisting of 1)
an a-diimine group derived from an a-diacyl compound and 2) a first imine nitrogen group consisting
an organyl group consisting of inert functional groups or a hydrocarbyl group and 3) a second imine
group comprising a metal salt complexing group and a linking group linking the metal salt complexing
group to the second imine nitrogen atom. As the metal salt, a-diacyl compound from which the a-
diimine compound is derived, and the two imine groups originate from independent elements, the a-
diimine metal complex utilized to polymerize or oligomerize olefins can be further described using
any combination of the metal salt as described herein, the a-diacyl compound from which the a-
diimine compound is derived as described herein, any first imine nitrogen group as described herein,
any second imine nitrogen group metal salt complexing group as described herein, and any linking
group linking the metal salt complexing group to the of the second imine nitrogen group as described
herein.  Alternatively, the a-diimine metal complexes utilized for the polymerization or
oligomerization of olefins can be described using the alternative o-diimine metal complex descriptions

equivalent to the polymerization or oligomerization a-diimine metal complexes indicated herein.

[0153] The process to produce alpha olefins can utilize any o-diimine metal complex capable of
producing alpha olefins. In non-limiting embodiments, the a-diimine metal complex capable of
producing alpha olefins can be a metal salt complexed to an o-diimine compound comprising 1) an o-
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 o-

diimine compound consisting of 1) an a-diimine group derived from an a-diacyl compound and 2) a
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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 a-diimine compound is derived, and the two imine
groups originate from independent elements, the a-diimine metal complex capable of producing alpha
olefins can be further described using any combination of the metal salt as described herein, the o-
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 production of alpha olefins can be described using the alternative o-diimine metal complex

descriptions equivalent to alpha olefin production a-diimine metal complexes indicated herein.

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

embodiments, the metal salt can comprise iron; or alternatively, comprise cobalt.

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

phenanthrenequinone; or alternatively, pyrenequinone.

[0156] The first imine nitrogen group within the o-diimine group of some a-diimine metal
complexes capable of producing alpha olefins can be any organyl group consisting of inert functional
groups or a hydrocarbyl group as described herein. In an aspect, the organyl group consisting of inert
functional groups of the first imine nitrogen group can consist of a phenyl group or a substituted
phenyl group (substituted phenyl group consisting of inert functional groups). In embodiments, the
hydrocarbyl group of the first imine nitrogen group can consist of a phenyl group or a substituted

phenyl group. In some embodiments, the hydrocarbyl group of the first imine nitrogen group can be a
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consist of a substituted diphenyl phosphinyl group and a
-(CHy).- linking group where m is 2 or 3; alternatively, can consist of a diphenyl phosphinyl group or
a substituted diphenyl phosphinyl group and a -(CH,CH,)- linking group; alternatively, can consist of
a diphenyl phosphinyl group and a -(CH,CH,)- linking group; alternatively, can consist of a
substituted diphenyl phosphinyl group and a -(CH,CH,)- linking group; alternatively, can consist of a
2-pyridinyl group or a substituted 2-pyridinyl group and a -(CH,)- linking group; alternatively, a 2-
pyridinyl group and a -(CH,)- linking group; alternatively, a substituted 2-pyridinyl group and a
-(CHy)- linking group; alternatively, can consist of a phenyl etheryl group, a substituted phenyl etheryl
group, a phenyl sulfidyl group, or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group;
alternatively, can consist of a phenyl etheryl group, or a phenyl sulfidyl group and a -(CH,CH,)-
linking group; alternatively, can consist of a substituted phenyl etheryl group, or a substituted phenyl
sulfidyl group and a -(CH,CH,)- linking group; alternatively, can consist of a phenyl sulfidyl group or
a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively, can consist of a
phenyl sulfidyl group and a -(CH,CH,)- linking group; or alternatively, can consist of a substituted
phenyl sulfidyl group and a -(CH,CH,)- linking group.

[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 a-diimine compound comprising 1) an a-
diimine group derived from aromatic dione; 2) a first imine nitrogen group consisting of a 2,6-
disubstituted phenyl group; and 3) a second imine nitrogen group comprising a metal salt complexing
group and a linking group linking the metal salt complexing group to the second imine nitrogen atom;
or alternatively, a metal salt comprising iron complexed to an a-diimine compound comprising 1) an
a-diimine group derived from aromatic dione; 2) a first imine nitrogen group consisting of a 2,6~
disubstituted phenyl group; and 3) a second imine nitrogen group consisting of a metal salt
complexing group and a linking group linking the metal salt complexing group to the second imine
nitrogen atom. In some non-limiting embodiments, the o-diimine metal complex capable of producing
alpha olefins can comprise a metal salt comprising iron complexed to an a-diimine compound
comprising 1) an a-diimine group derived from acenaphthenequinone, phenanthrenequinone, or
pyrenequinone; 2) a first imine nitrogen group consisting of a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, or a 2,6-diisopropylphenyl group; and 3) a second imine nitrogen group
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-
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dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group; and 3) a second
imine nitrogen group consisting of a metal salt complexing group and a linking group linking the
metal salt complexing group to the second imine nitrogen atom. Further embodiments of the elements

of the a-diimine metal complex capable of producing alpha olefins are described herein.

[0160] Generally, the cocatalyst can be any organometallic compound capable of activating the a-
diimine metal complex to polymerize or oligomerize olefins. Suitable cocatalysts can include
monomeric or oligomeric metal alkyls, metal aryls, metal alkyl-aryls comprising at least one of the
metals selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd, and
Sn. In embodiments, the cocatalyst can be selected from the group consisting of organoaluminum
compounds, organoboron compounds, organolithium compounds, or mixtures thereof. In some
embodiments, the cocatalyst can be an organoaluminum compound. Applicable organoaluminum
compounds can include trialkylaluminums, alkylaluminum halides, alumoxanes or mixture thereof. In
some embodiments, the organoaluminum compound can be trimethylaluminum triethylaluminum,
diethylaluminum chloride, diethylaluminum ethoxide, diethylaluminum cyanide, diisobutylaluminum
chloride, triisobutylaluminum, ethylaluminum sesquichloride, methylalumoxane (MAO), modified
methylalumoxane (MMAOQ), isobutyl alumoxanes, t-butyl alumoxanes, or mixtures thereof. In other
embodiments, the organoaluminum compounds can include methylalumoxane (MAO), modified
methylalumoxane (MMAO), isobutyl alumoxanes, t-butyl alumoxanes, or mixtures thereof. In other
embodiments, the cocatalyst can be methylalumoxane, modified methylalumoxane, or mixtures
thereof. In yet other embodiments, the cocatalyst can be methylalumoxane; alternatively, modified
methylalumoxane;  isobutylalumoxane (IBAO); or alternatively, partially hydrolyzed

trialkylaluminum.

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

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

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

[0163] In embodiments, the polymerization or oligomerization reaction can occur in a solvent or
diluent. In some embodiments, the solvent or diluent can comprise a C4 to Cy hydrocarbon; or
alternatively, a C4 to Cyo 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 Cyq 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 C4 to Cyy 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 C4 to Ci, alpha olefin;
alternatively, alternatively, a C;, to Cig 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.

[0164] 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, e.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 other embodiments, the continuous
polymerization or oligomerization process reactor can be employed in the form of different types of
continuous reactors in combination, and in various arrangements. In an embodiment, the continuous

reactor can be a combination of a tubular reactor and a CSTR. In other embodiments, the continuous
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polymerization or oligomerization process reactor can be two or more reactors in series, two or more
reactors in parallel, or combinations thereof. In an embodiment, the continuous polymerization or
oligomerization process reactor can be more than one CSTR in series. In another embodiment, the
continuous reactor can be a tubular reactor and a loop reactor in series. In yet another embodiment,

the continuous reactor can be two or more loop reactors in series.

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

achieve the desired objectives.

[0167] The reaction temperature of the polymerization or oligomerization reaction can be any
reaction temperature required to produce the desired polymerization or oligomerization product (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 alternatively, 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); 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 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
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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 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; alternatively,

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 K is defined by the equation:

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

Schulz-Flory growth factor can be an average of two or more adjacent pairs of produced alpha olefins.

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

oligomerized product having 10 carbon atoms comprises greater than 99 weight percent 1-decene.
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[0173]

The data and descriptions provided in the following examples are given to show particular

embodiments of the catalysts and methods disclosed, and to demonstrate a number of the practices and

advantages thereof. The examples are given as a more detailed demonstration of some of the

embodiments described above, and are not intended to limit the specification or the claims to follow in

any manner. Table 8 provides the Structures of the compounds and metal complexes of examples 1-9.

Table 8
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EXAMPLE 1

Synthesis of a-Acylimine Compound 1

((2E)-2-[(2,6-diisopropylphenyl)imino]acenaphthylen-1(2H)-one)

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

with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs) of a solution of

2,6-diisopropylaniline (1.56 mL, 8.22 mmol) in 65 mL of ethanol. The resulting mixture was stirred at

60° C. overnight, cooled and filtered to remove unreacted acenaphthenequinone. After removal of

solvent under vacuum, the resulting orange solid was dissolved in ether, filtered and cooled to —10° C.

overnight. The orange solid that deposited was filtered, washed with cold ether and dried. The filtrate

was again cooled to —10° C. overnight and additional orange solid was isolated, giving a total yield of
1.91 g (68.5 %). Characterized by 'H NMR (400 MHz, CDCl;): 0.88 d, 6H; 1.15, d, 6H; 2.82, m, 2H;
8.18,t, 1H; 7.99, d, 1H; 7.81, t, 1H; 7.39, t, 1H; 6.62, d, 1H. (3H’s are obscured by the CDCl; peak).
"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, t, 1H; 7.30, m, 3H; 6.60, d,1H.
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EXAMPLE 2
Synthesis of a-Acylimine Compound 11
((2E)-2-[(2,5-di-t-butylphenyl)imino]acenaphthylen-1(2H)-one)

[0175] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was treated
with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs) of a solution of
2,5-di-t-buytlaniline (1.69 g, 8.25 mmol) in 65 mL of ethanol. The resulting mixture was stirred at 60°
C. overnight, cooled and filtered to remove unreacted acenaphthenequinone. After removal of solvent
under vacuum, the resulting orange solid was dissolved in ether, filtered and cooled to —10° C.
overnight. The orange solid that deposited was filtered, washed with cold ether and dried. The filtrate
was again cooled to —10° C. overnight and more orange solid was isolated, giving a total yield of 2.13
g (70 %). Characterized by '"H NMR (400 MHz, CDCLy): 1.24, s, 9H; 1.31, s, 9H; 6.80, s, 1H; 6.88, d,
1H; 7.23, d, 1H (resonance partially covered by CDCl; peak); 7.40, t, 1H; 7.44, d, 1H; 7.81, t, 1H;
7.97,d, 1H; 8.17,d, 2H.

EXAMPLE 3
Synthesis of the a-Diimine Metal Complex Having Structure I

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

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

EXAMPLE 4
Synthesis of the a-Diimine Metal Complex Having Structure II

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

washed with 6 mL of THF, and dried to yield 0.449 g (80%) of dark green product.
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EXAMPLE 5
Synthesis of the a-Diimine Metal Complex Having Structure II1

[0178] A solution of 0.297 g (1.3 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of
anhydrous butanol was added via cannula to 0.440 g (1.30 mmol) of a-acylimine compound I and
0.164 g (1.3 mmol) of anhydrous FeCl,. The solution was stirred overnight under argon at 55° C. The
solid that formed was filtered, washed with a small amount of THF, and dried to give 0.505 g (58%) of
dark green product. Recrystallization from acetonitrile yielded x-ray quality crystals. The obtained
crystals were subjected to x-ray cwstallogaphy. An ORTEP diagram for the crystals produced in this
example is shown in FIG. 1. Selected bond distance and bond angle for catalyst BMS-114 include:
Fe-Cll - 2.286; Fe-Cl12 - 2.313; Fe-N1 - 2.181; Fe-N2- 2.166; Fe-P1 - 2.497; P1-Fe-N2 - 135.19; P1-
Fe-Cl1 - 100.77; N2-Fe-Cl1 - 93.70; N1-Fe-Cl1 - 156.18; Cl1-Fe-C12 - 111.98.

EXAMPLE 6
Synthesis of the o-Diimine Metal Complex Having Structure IV

[0179] A solution of 0.211 g (0.92 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of
anhydrous butanol was added via cannula to 0.263 g (0.92 mmol) of a-acylimine compound 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 a-Diimine Metal Complex Having Structure V

[0180] A 0.202 g sample of 2-aminoethyl(4-chlorophenyl) sulfide (0.93 mmol, 80% pure) was
purged with argon for 20 min and then added by cannula to 40 mL of anhydrous butanol. This
solution was transferred by cannula to 0.265 g (0.93 mmol) of a-acylimine compound Il and 0.118 g
(0.93 mmol) of anhydrous FeCl,. The resulting solution was stirred for two.days under argon at 55° C.
The dark solid that formed was filtered, washed with a small amount of THF, and dried to give 0.203 g
(39%) of green product. Recrystallization from acetonitrile gave long, rod-like crystals. The obtained
crystals were subjected to x-ray crystallography. An ORTEP diagram for the crystal produced in this
example is shown in FIG. 2. Selected bond distance and bond angle for the crystals include: Fe(1)-
N(1) = 2.132 A; Fe(1)-N(2) = 2.197 A. The X-ray crystal structure for the material and the ethylene
oligomerization example provided in Table 9 indicate that it is not required that the metal complexing

group of the a-diimine metal complex for a dative (complexing) bond with the metal atom to have an
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active ethylene oligomerization catalyst when the a-diimine metal complex is contacted with ethylene
and a cocatalyst. Additionally, the X-ray crystal structure indicates that the o-diimine metal
complexes may be isolated in a dimeric form (having bridging halogen atoms) and have an active
ethylene oligomerization catalyst when the a-diimine metal complex is contacted with ethylene and a

cocatalyst.

EXAMPLE 8
Synthesis of the o-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 5 mL 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.

EXAMPLE 9

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

made.
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[0183] While preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit and
teachings of the invention. The embodiments ‘described herein are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed herein are
possible and are within the scope of the invention. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations should be understood to include iterative ranges or
limitations of like magnitude falling within the expressly stated ranges or limitations (e.g., from about
1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). Use of the term
"optionally" with respect to any element of a claim is intended to mean that the subject element is
required, or alternatively, is not required. Both alternatives are intended to be within the scope of the
claim. Use of broader terms such as comprises, includes, having, etc. should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, comprised substantially of,

etc.

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

provide exemplary, procedural or other details supplementary to those set forth herein.
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CLAIMS
What is claimed is:
1. An FeCl, a-diimine metal complex characterized as having:
D an o-diimine group derived from an aromatic a-diacyl compound;
2) a first imine nitrogen group consisting of a Cs to C3g aromatic hydrocarbyl group;
3) a second imine nitrogen group comprising a diphenyl phosphinyl or substituted

diphenyl phosphinyl metal salt complexing group and a -(CH,),- linking group linking the metal salt

complexing group to the second imine nitrogen atom; and

c78
°75 RC76
Rc79 ROBO
Rc73 RC74
RCT1 RS72

A L

CIZF/e—w RS2
Rats Na
. R54
Rat4 Ra1s O
R51
R56
R53 R55

wherein R””" to/through R®®’ can each independently be hydrogen, an organyl group consisting of inert

having the structure:

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

group; and m can be 2 or 3.

2. The a-diimine metal complex of claim 1, wherein the o-diimine group is derived from

acenaphthenequinone and R*! to R* are each hydrogen.

3. The a-diimine metal complex of claim 1, wherein first imine nitrogen group consisting of a Cs

to Cs aromatic hydrocarbyl group is a 2,6-disubstituted pheny! group.
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10. The a-diimne netal conplex of claim1 having Structure I11:
Structure IV. 12. The a-diimne netal conplex of claim1l having Structure
XIll: Structure XilIl. 13. The a-diimne nmetal conplex of claim1 having
structure XIV: Structure Xl V. Structure XV. 15.The a-diim ne netal

conpl ex l?.f Cll"ﬁe! (Jmlilﬂfnirrxlea r\lll-etﬁg:or%ﬁllé)y gtl ot 1 }{alw*:ing tuEtHr%tI{?':r e V.
(\ N !
O~

Structure IV.

12. The a-diimine metal complex of claim 1 having Structure XIII:

Structure XIII.

13. The a-diimine metal complex of claim 1 having structure XIV:

Structure XIV.



14. The a-diimine metal complex of claim 1 having structure XV:

Structure XV.

15. The a-diimine metal complex of claim 1 having structure VI:

Structure VI.
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