DIIMINE METAL COMPLEXES, METHODS OF SYNTHESIS, AND
METHODS OF USING IN OLIGOMERIZATION AND POLYMERIZATION
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
application is related to U.S. Patent Application Serial Nos. 11/186,039 and
11/186,306, each having like title and filed on July 21, 2005. FIELD OF THE

'Tvﬁﬂmﬁi_ﬂ&@ﬁhﬁl B&@tﬁﬁﬁlﬁbl?ﬂ?ﬁ%% fﬁtieﬁ?ﬁil_ﬁﬁl;«‘{@f@,' 'Xlﬁ% Q)l‘fifi'i{%l_)_s _
oligomerization, Mare_particular e present application relates to a-diimine
metal compeaN N GO TN ANS O AERIZAHON. *and the
use of a-diimine metal complexes in the oll(i%;omerization and/or

polymerization of Bl CREUNDIETAEHEEPRDN [0003]

Olefins, also commonly known as alkenes, are important items of commerce.
ThEWHany dpplidatiohsnpédairs dmpidiFthdnt'as: inteephetpatisatipn therial Nos.
manufecoasenaf 1 deseryenissras vingneendraamentallyfyiendypseplacements
where refined oils might otherwise be used, as monomers, and as

intermediates for many otherdypes:afpredueieridN important subset of
olefins are olefin oligomers, and one method of making olefin oligomers is

Via{&ﬂﬁﬁ)me”ﬁﬁt@&sgﬁte&'fiyfr%&ﬁm‘%i&@si%&&ﬁﬁ?'%&i%[@ﬁf?f&ﬂ M&@JM&GQ valigus
types .ofl clatatll¥sts. Extagn?EJ.est.of calta%Lystts u_s(ied .commtelraal in thods of
poRiMETiZation aRE SligSFRETZaticR “St ofefintd HEfuds SIkyTaRIMTHuRT " ©
compdigmdsy-daniain mitkelephissphitng demnypteXes damina nitahiamplsasit e with
a Lenimadidicaush/aslietbyl albioinmnnchloride. [0004] Another group of
olefin polymerization catalysts is derived from pyridine bis- imines. With

catalysts of this type, agNireggtDaseoHgaRtengages in a coordination
reaction with a transition metal salt. The coordination reaction forms a metal
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with another precursor or activator to generate a metal alkyl or metal hydride

spelfds ML ERATT Ve itiNG FBRPYHE" g8hdrstBi Bioth e ikt IR BFnidtal
hydetidesspecie polymerizesoidin §1{e00 5t Apphicationscandefierdamt forght
olefiRcpAl¥melsand AHgMREer saaRtMe @ UltiRi AHEHQRRetIRISURPlY
them corres 2&%%“0% ﬂ”%‘?é‘@@%%ﬂ nus, additional 1§ povel and improved,
catalysts and methods for olefin pgﬂ/meﬁzatlon an ohgomer?zatlon afe
de&irdh R ieSTRMIRR v Sy IFRETNSPENT Ny [O0OBT NG B Aspectithes pYedeit
inventipn povidgssahaathad feepeodeitigiannspaijméeation and oligomerization

of olefins include alkylaluminum compounds, certain nickel-phosphine complexes, and a

titanium halide with a Lewis acid, such as diethyl aluminum chloride.

[0004] Another group of olefin polymerization catalysts is derived from pyridine bis-
imines. With catalysts of this type, a nitrogen-based ligand engages in a coordination
reaction with a transition metal salt. The coordination reaction forms a metal complex,
which is a catalyst precursor. The metal complex further reacts with another precursor or
activator to generate a metal alkyl or metal hydride species. The catalyst resulting from the

generation of the metal alkyl or metal hydride species polymerizes olefins.

[0005] Applications and demand for olefin polymers and oligomers continue to
multiply, and competition to supply them correspondingly intensifies. Thus, additional
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metal complex comprising forming at least one imine bond in the presence of
a metal salt, metal complex, or combinations thereof. In embodiments, the
method for producing an a- diimine metal complex comprises: a) contacting
an a-acylimine compound, a metal salt, and a primary amine; and b)
recovering the a-diimine metal complex. In some embodiments, the
a-aylimiRg GAMPPLRM, COMRNSEH A G- MING H2MBBRE ARGAEHITINR
nitrogen group consisting of an organyl group consisting of inert functional
elirable” . . .
groups or'a hydrocarbyl group and the primary amine comprises an -NHz
group, a metal salt complexing group and a linking group linking the metal
salt complexing group t&%@ﬁ%ﬁf Foﬂﬂf: }H\éﬂg’fﬂ embodiment, the
a-acylimine compound comprises an a-acylimine group and an a-acylimine
nitt8Yh grolip*earntstiding aaHdearsion reoRdptexst ot SUiprasis admdrigigitsup
linkiagl thenmetabsatiscomplexing geouméanthe aermcylimiperitogen atamaand
the, RIMABRLAN NS SARRISIH ORR N 7 ARRRD AN G PR ing an o

consisting of an inert functional group or a hydrocarbyl group. In yet another
et GHHBHE! (78 St o PO LIGH Y & A - AT MBS FERAP Ul ipisie! salt, and
comprisas: a@)ineontd bling anragadylimineimeteftormplex dndenpimzdmeamine;
anghb) recevaling iheda dinpnemeatal compieX[RPQAH Imangtheriaspechdhe
Present invention providesifor an a-dimine mefal, Complex compositon.
cor%pr?smg a metal sal cgﬁp?eﬁeanfo a%)lc{enffate.or?n éntate a- diimine Y
cofipBund whatéin the agliiinine eBRIHUNI cotilises an @ANfKe groupta
firsNHnigeupitEo gl gHoU Porakek i S @ LR Chilkd ) & Hkil @ Gesig ol m yVIC nisal salt
RIBALIATLING [UShe INIACAIPIRN ARHR.-IRAMBAdImENS 2 dHins:
compound is tridentate, the a-diimine group is derived from an a-diacyl
coffBBUNG, the FRSrHATECHRABG A @FSX?EW%F&%%‘?B%’@?O{H’% Brganyilt
groupmensgstingpoiheifkingtional Grioapshomat@, st GBepleydeoganpybghoup,
angc&'ﬂ%ﬁd@%ﬁﬂ%(éﬁrﬂ{&%,nm@?@%m%%m{? Qflﬁi%lt% %ﬂm%ﬂk—_ﬁ%ﬁﬁ Rl t@%'tkﬁganyl
group and a linking group linking the metal salt complexing group to the

g t Il %ctl(glau%%u& or a%%ﬁro%%%’eil rﬁrg.]g Hp%eltmaaoltéler

. %’ UR.COIISISUII or an e l{
imine hitfdgen group. In ancther € ment, the infine‘¢omp

bid@iedEncie hedipaibrs gibupredwadver frolimals aercsATedppeupRtistie first
IMIRAUNHRIEN GO BO SIS oMpI&x, 40 G Iviaigamiingranp & &aossisting of
ine&ﬁ&&c&g&p&&ﬁ&%s or a C, to C30 hydrocarbyl group, and the second
imine nitrogen group consists of a C, to C30 organyl group consisting of inert

f“gﬁﬂ@ﬂ?' T Goer &% %ctt,o tEeg’r%r@éQ{ 01%9&9}@{19 {)?é{fidés” urther embodiments.
the a-dilinine meta com% ek comprises a metal salt comprising iron
CORIPIRIRE TR R SEAEr AU AR AR Xed Mt BIAALY & HIgTH e
graliipide vapofieyacein aphtheéneottoepeynd comprises an a-diimine group, a first
imine nitrogen group, and a second imine nitrogen group which is different from the first
imine nitrogen group. In embodiments, the a-diimine compound is tridentate, the a-diimine
group is derived from an a-diacyl compound, the first imine nitrogen group consists of a C,
to C;p organyl group consisting of inert functional groups or a C; to Csy hydrocarbyl group,
and the second imine nitrogen group comprises a metal salt complexing group and a linking
group linking the metal salt complexing group to the imine nitrogen group. In another

embodiment, the a-diimine compound is bidentate, the a-diimine group is derived from an

a-diacyl compound, the first imine nitrogen group consists of a C; to Csy organyl group
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phenanthrenequinone, or pyrenequinone; 2) a first imine nitrogen group
consisting of a 2,6- dimethylphenyl group, a 2,6-diethylphenyl group, a
2,6-diisopropylphenyl group, or a 2,6- di-tert-butylphenyl 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

nﬂ@ﬁﬁ&@é@%&ﬁ@&ﬁhbﬂd Io%kocﬁpQE%P&%‘}&&IQCQJWE%B‘\A%‘HQQ&B% iggRa

process for(Producm eflns com risin ? Igtactm Iene an
tin
r

2 IS RILE SSBRLE tG EBRALRIGt &R0 TG 2 BN HEAES
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melahsanplexganprisespimetabsalt apexplexed tadena: deHIiBﬁeQQﬁ’ﬁp&Mﬂd,
whceorrglrrllstlhe a- qPInlne comcpound comtll)rlsegerl)?@n z}\rdumlrgge fol¥le derive

enecq Ui one
from an a- élacy compound1 2)a flt’%t Imine nitrogen group cong|st|ng ofa C3

to CSBRIHIATAARISUP ESEFSHITGTST &I HBHE AT WO D FAESIRS 01300
hydiacasipfeayoppnand 3)datsgpiong! iping niegesvgrouipheoynprisingraa metal
saliGomRISYING HrouR,2 diasilalgg&n@ﬁm linkiog thedpetalRrlhsampriexing

group to the imine njtrogen g FP In other embodiments, the a-diimine metal
coﬁ%’g]%&xé‘b%ﬁﬁ’ﬁgé‘%d { Heta §§|‘f CBBRYUIRG IR L SHBISNBH S Rricah GRS e
compsunidoeomaletising; 1) an a-diiinine group derived from
acenaphthenequinone, phenanthrenequinone, or pyrenequinone; 2) a first
imiive08itrogdnm ygreupheoasgistingropasy6iaiimethyphvéieylagpauss dor producing

2 6a1gfﬁtfa)é§£ge%9ﬁ%g Qo @o%a@ﬁ&ﬂ'%%ﬁ%'%‘%ﬂaﬁhﬁf&uHyeéﬂ@&&;ﬁ’e)?e%ﬁq

imine nltrog gfrou comprisin Ellsalt com Iexm%lg rﬁ IlnlYng

gr&ﬁf)aﬁar?ﬁlhgn&\eofﬁne Lot %%B exmgyé%euBr?ouﬁ S8 Hel rogen

atcﬂm'?@ES@RI‘Pel'mH@F- TiefE PRI N@Br{@@(?gynﬂrgmﬂét W@plrés@msamé
ORﬁEBed&a@@m@fd}haea&rmy Qf&ﬁ{ahéw&ﬁﬂdﬁﬁdf(lbﬁhﬁ@s dimina-anatak group
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diagram of the X-ray cry sta structure for the a— mine metal complex

prd’ﬂ%?éékﬁfﬁ“Eﬁ%‘?ﬁﬂf@ng BET RN DESeRIFHONOPEINBOD AN 17 3)
[00 &-Titeiphesent applicaticnmssiases@:diimine métshgamoppexesa linking
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remgq@mmmme compound comprising; 1) an o-diimine group derived from

acenaphthenequinone, phenanthrenequinone, or pyrenequinone; 2) a first imine nitrogen
group consisting of a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-
diisopropylphenyl group; and 3) a second imine nitrogen group comprising a metal salt
complexing group and a linking group linking the metal salt complexing group to the second

imine nitrogen atom.
DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 represents the ORTEP diagram of the X-ray crystal structure for the a-

diimine metal complex produced in Example 5.



designation that when preceding a chemical name, either general or specific,
indicates that the two functional groups are on adjacent carbon atoms.
Non-limiting examples using the relational a- designation include, a-dione
where the two ketone oxygen atoms are bonded to adjacent carbon atoms,
a-diimine where the two imine nitrogen atoms are bonded to adjacent carbon

alqiegepnd giacylimipe wheit hieraediamR PXYIeRAIAMARH RG IIRR o-

nltro en atom are onded to adjacent garbon atoms. The a- relational
deSIgRATBS T RISOPBA CEE 1508t fibe other compounds described
herein. [0013] For purposes of this application, an "ac oup" is represented
by the structure OE Qﬁ%ﬁ@ﬁﬁ%@§&%¥%&%‘?§@g ﬁlay be hydrogen,

an organyl group, a hydrpcarbyl_ group, and/or any other group as indicated
he @M LIThusTimereestvarRlAEPB discinsay ndEmiie Retb ABPERENJPAdehEes.
Therq@lesen-applicaiion maylalso defef ine sobstiidRn i(8)i0compspaiont(s)
att@ﬁ&%ﬁ?amﬁ Qﬁb’éﬁf&%ﬂeﬁ%@&ﬂo%ﬁ)@h@n acyl carbon group). [0014] For

the purpose of this application, the term "imine group” is represented by the
Strﬂﬂ:‘ﬁﬁd&' wherein the undesignated valences can be hydrogen, an
organyl group, a hydrocarbyl group, and/or any other group as indicated
he n The |m|ne mprises po aldimines and ketimine
or S o s RS P T ST QTSR TSy o
attdesigndtion that mhmleprfapétlia arbaAm(esh ipnineitrsnegatippeeifiel/oydicates that
substituenisHgroUR(gHate m(a)ija&‘aacb@sbtoat&ﬁsirrme nregesatem (BRdnine
4 0 niragen qroun) Aqddwignally, e, pre g QF“?‘?HP Aication.ma o¥§§°%rret€onded 0
substituents/groups atoms attac ed to the ac on atom of the
gé%mﬁqfn%a@%uﬁ%aﬁ & déleym:nﬁ@rg‘cgl}r:c%dﬁlwdubggen atoms are bonded to
subgititeentsigroupsiatoms-atfachedviethdmipezcarbory gtoaomhbkdehe imine

a- @E&‘Hé’@ﬂnﬁogf A AR AR HEH S IBUN G GAORR 9rQURleADHQEnation may also

substltu nt(s)/ rou sl)/atom(sg attached to the imine nitrogen atom of the
escribe o com s.descri erein
a- ac;ﬂlmlne group F{31an A detimine nl?rogen group). For the purpose of this

application the -C=N- portion of a pyridine ring, or pyridine containing ring

sydt8l(sholiti I?Hrﬂ%%(‘fé E%EPB‘P%%‘PBC%Z@HI $EPHR) GOt Canstifute s
|miv&e(9ro er{% OJhSQ] ,&%fhsls ap Iﬂ)caiilog}% hydro é&f‘g{ roup
u

hasthe de ition speC| alemt pflorm em%vmg

a MFQ&?A}%%U&ffa‘ilﬁ%?‘a[ﬂy%%%{&%”aﬂ1§d1@at95%9390”1‘§ﬁ@'“rQ: QUMY £31905%p

and hydrogen) drocarb Iqwou can include the term "alkyl' or "alkyl
grdEﬁX Wlﬂ%%é%f}ﬁylaﬁ?’é’ﬂpa@ﬁ i’ﬁ?:lud“éh?lﬁd%seﬁhéppéiﬁﬂgﬂwé“%‘{rcﬂ]ﬁ%tféf?fn@%
anehbyigneatio/enogrsysterrs) veltiched ontdin anlycanbomtandatom (an acyl carbon

group).

[0014] For the purpose of this application, the term “imine group” is represented by the
\

structure /C=N-, wherein the undesignated valences can be hydrogen, an organyl group, a

hydrocarbyl group, and/or any other group as indicated herein. The term imine group
comprises both aldimines and ketimines. The present application may also refer to
substituent(s)/group(s)/atom(s) attached to the imine carbon atom (an imine carbon group)

and/or substituent(s)/group(s)/atom(s) attached to the imine nitrogen atom (an imine
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hydrogen. [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
angyoy Om?(éﬂpé‘.dd't'o&\(iﬁ’i&ﬁ{m,n apd hy, EQ&‘?”)alf;ﬁh%ﬁ?&ﬂm%yno%féim't!@g
examples (t)/atomftothertthﬁm (t:atrllloon an bhydﬁo%e?\f}?clude halogens, )
oxyYBA R EGER AHE SHELSH ST, KM SHG B ers  NBH ARG e Ao Es %
furretivniakgeolipsbon divdr) civergicatelalypiéxoke ttindsd ddeh yoies casraratom
sulfidesmeaminesiiamd phasphings, amgngisthersidnclugeshin faaergaamior

9roup ASTINIoN AR NELSIQAIRM SPNAINING, IRGS eQ%tc?rﬁ%?ﬁ%"a%%’%%ﬁ%“ﬁ%ﬂng
systems, hetefoaromatic rings, and heteroaromatic ring systems. Finalfly, it
sh&t & B HBRS I HHRECthEYRYaRY GraUP ot AREfadus iR e oryaNigrelp
congistingrofinerpfunot analagrop psgasysidne thyparocaibylogripup as d&localized
megkeisedA0dhRrdhg RPeses, of this application, the term or variations
of the term "organyl group consisting of inert functional groups" refers to an

Orggpd; 9rour, WHELSIR e @raapic fynctiongl arolips angd(or Rloms Atherhan

carbon and h droé en present in I%he functional group are restricted to those

furiefiored Q?’o ARG StRE: fﬂ‘é{???:é’i?béer‘i‘laﬁﬂgh?/&?@@%gﬁn WIBNTE8 ot
coimptesamith (Bemetabsatinamdigroahednbet amtleydihgeprogdssroonblitionsp can
defipeleod heteimubinus, g ermprvalialian abiiedsmoigamny VR e
consisting of inert functional groups" further defines the particular organyl
syste romatic rings, and afgmatlg ring systems which cortain. only, carbon and
groups that can be présént within lltghe organyl grolip consisting of ffer
furfodersat-groups. Additionally, the term "organyl group consisting of inert
functional groups” can refer to the presence of one or more inert functional
grd0Pis withifdthemprgamyltigsouplichie tenrfpeavd gatvph los theddbrgéamdpgedisd
copsistipgcef inertimncisnalarodpudelinitiensiBedas e dpdiocardyhiup
as & member.  JOL| Forpurnoscs of this applicaton, an. e functional,,
groupnls a group which ddes ot substantta y intertere with any proc ss’
dededipretitiesr efhcinthiettiptakeshyditedintorif cugnict BOMAShex wWittramerise
meataksaltiofranpa-dimine metahaanoplexcabe tekmyaogs) Natoc @RAPIAX, Wikt

the; MG salhpRRMLINGILE AQURS, ALGRYIE %%PQA@IR‘ Wi m%@hg%&?{é&, in

particular molecules described herein can not Complex with a metal salt due
to ESELItBH A ASRRBITS AT RIS cAMPIERiHERaSHIRRIfL Yrotisteat eroups
exawiple, atlaite drckitier Igtous, cadelnompleewitiuifidnetahsalt, ad etlerhgroup
locaterbaliRRArRARREAN R 8- akAISHBIC G RREAY LINHRE DAY SFhAIAHP IS AN
inert functional group because ahsin le metal. o
heteroatom contfining ring systems, heterdaromatic 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
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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 ingnh fuprlaRalarPsRSMINER AHE LRt SHRsIARIALY ISR MR @Metional
process,| descrlbe herein can | nclude %Io‘ﬁgﬂuhoro chloro, bromo and |od02,1

e e R S
hydrogadepbigious. {G@tlg]ﬁrmftbmvpoly’fﬁeﬁ%ﬂspr@&ut@@ﬁa\ﬁr@wlcam@n
atmls&rgd ooligamesizeshl prRdpet E@Viegm&mb%ammsf mbesieifok Gakt
”éﬁ(')ﬂ%?g%ﬁi (elgisimaterals prodyced. in 8 reagion %‘ OREMS 1
ymerization or monomer 0 | oﬁn ﬁzatlon tﬁgf[ ﬁas X carbon atom g,
thé?é?ﬁ?’tﬁﬂ%ﬁ"é?ﬁ‘é&“ﬁ‘?@mm A6tieisn inglprs BECHECSHEYG REYRTSZBEber.
product having X carbon atoms excludes materials in the reactor effluent
hallABX cadfseruasmvhit ARlseti ot oIt drssidnel hgpmefiZedyevhich
soluept)o{ QORI FarypuUiRases B this applicaliambadpiEiBarh Cakka ntgredpist
'CFL%JPQ%QLLE %IR{HeQ%@%%h%frﬁh 0I5 apRlication; A R65andan:£3bAN AIYUR.es

includes a grouE the formula -CH2-, wherein the one free valence (-) is to

an"RtsHBReY Al 2HYdrdget IBCU%?té‘i‘PP(‘ﬂfBab%ﬂW FOPRISENEd By thet B,
-, imtpagtorhrandigugrodesctbadhickitheasevordapjexcaibion groalpis ditached).

Thisidb@MeRNRIBNCRIGANRe RARGRILAiRNRIGIRR Aok GAPROAKAIOMether

oxygen atom, sullfur atom, etc, In other Words the free valence can be to an
oup can_complex wit etal salt, an .ether osition_ of a
organy! Grotip,"an organyl'group consisting® FHlictioh grélps.a

hy &bt Ingeavigmanefaitedeh alogpatipy B}eﬁﬁuméﬂlﬂh BrtoPatagroapingle metal
Noatimiingexames nbrecoindasm Gaskakr groupmingleidant Irgaﬁ;b-léﬁtﬂé)z

-C|(‘11112n(1.}1|1€ C %%?\cl_l V%thln%e galfln%(f?ngl Ie[0'9112uzs] !}:19 rnBHIEQ % ?%1 ar[1c1§a§ﬁ91 (t.;glti

a tertlary car roup includes a group of the formula - wherein the

twérﬂlé’e‘Wb‘P’P@éEelﬁi‘)dé?é”téuafBﬂ‘i? Sthidy %H@ﬁﬂ‘ﬁ%ﬁ@@’e‘ﬁ %&'BﬁlFftWé Beflgalt
representéd by thigedashhe fisd®atiogroardfosigeo wotio wiaicttih eoteptéaryNon-

Caﬁ%ﬁn@r%&ﬁ%s%@%ﬁ%@ﬁ%ﬂ_&gﬁgmstWﬁ’iJﬁQﬁeVﬁA?ﬂ%@é&ﬂ ﬁtéﬁgl%%ﬁldﬁ@“y

bonded tc()1 a halg%en atom, earborf atom oxl}/gen atom, s at?ﬁn et?
ot HAPSHS I E4eN T e hsTHs i‘/§|én“é’é% Cxme ber%“%ﬁ“oﬁﬁa??yf ers% an’

orgzend Yrovgpyeiesmtindlioss treHifuhemomaiyoupsresathybgseasby! group, a
functional group, or an inert functional group. Non-limiting examples of

set¥®dhry c@hboergyoupsieched @@t MBI X -GG RprEH{EO6HBIGNerized
'C%Mﬂ@ﬁélviﬁgh WQ&I@,‘B waRRinGHZH %\?’nteger, 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 —CHj3.

[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
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[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,
carRon @O Bin@XYIELAIPH (R A0 Elon] @&?Gﬁgr%a@swh%%e%@%gry
threebfree valenceshchT t}ﬁ to an forgarlléfl roup, an rcgane}/Ligrou con&sﬂ(r)n&;
of T RIRGIG A GiSUps, & nyarocafbiigréls: MHctdA GRSUA By Eh Mert
furfteibnaly ggroupnNsiiufiatitingtextineflesofdetiafce splsore §ro bp soipekgary!
-Cdug) 3n -So4®HEBBp - Chasl BinpCACING) 2Qhetibhat Grodp] , = GGG HEGIP2
-COHBCF3ANd s1adAmantyl A DIMINE METAL COMPLEX, STARTING
MATERIALS, AND “INTERMEDIATES [0024] Generally, the a-diimirie metal
colipiexEs e Pl pepErad firhlat scothpblitistitwo primary amines,
and a metal salt. Within the methods to prepare the a- 7 0 diimine metal
coffitékes, Herditioescdmpoapidstingading s asyinsinederipeimesuard he
acybmine metal complexes can be intermediates and/or starting materials in

the SyNthESIZ; Q1 NG Sl %ﬁ@&é@?:t?llr%‘%@?c!%%ﬁifmgn%'ﬂ%Fégeﬁ%Po‘Jlﬂ%Q%nd

primary amines, a-acylimine compounds, a-acylimine metal complexes, and
métarsamedhe %@ﬁ%nﬁéﬁfoe?&ﬁeﬂﬁ‘fg%ﬁw b BihithiHE R T 2
synthdsié) arithfurthe maeseribachfrerein ba-idigeyldGoimpoued so[@0@bken atom,

Gengiat o daedh CRRPQEREsHliZed 1 She: raductianSiHhee finingces
metal bcotrnplexes com rise two acgf roups caﬁable fof fotrrpin anlimine

or b WinrE HERL A Wi ) BAMA SRR ABBoB 18 ABREGR Eovm o
comdountisl camimbe frissenehgamiecs firdamstifgcioit aiponprifaaymaingrzgnples
forgn an a-diigasagasompoungd:Bdéthin in thisuppecificatioudhe term-taapab)e

of reagting witp. o primary, amines iy 1atsn, g, -iming gpmpound” should

not be construed to mean that two primary amines are necaessarily added in
therlln(ﬁﬁgje stc-[;r()).r Nor shoy{ | the }erm be construed tg mean that an a-diiminlg
compo i

Urposes. 1S application, a quaternary,carbon group igludes a gro
nd is nec sarl?y OH‘PI% as an ﬂntaerme}éllae ogan%-cﬁlmlne

cothplesnEyriher, Westitingeahireg dieccytleethpoutiel Bs6re ehpdble ahiginsiig
an dmmehg (0] Mﬂae;almrﬂ@ﬂt_e dami,th_, a S IRAKARIBHEoUS ROVINacessatikmary
indigatye of Metheds.8f FOHMING.aR ININE AIQUR. T NEIRIMNGaRARIR O dena

reacting with two primary amines to form an a-diimine compound” is intended
to BUEEHIR 2tBASER SR BRSSPt Barficar AiHi G OB IS WHih

canapediititig @deinftérevalences 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:
—C(CHj;);, —C(C¢Hs);, —CCl3, —C(CH3),0OCH;, -C= CH, —C(CH;)CH=CH,, —C¢Hs, —CF;,

and —1-adamantyl.

o-DIIMINE METAL COMPLEX, STARTING MATERIALS, AND
INTERMEDIATES

[0024] Generally, the o-diimine metal complexes can be prepared from a-diacyl

compounds, two primary amines, and a metal salt. Within the methods to prepare the a-
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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 a-ketoaldehyde, which is a compound
wherein a ketone oxygen atom and an aldehyde oxygen atom are bonded to

adiacant GRINQDAINS; iR GHRIRHIERYdes.dlized i he apueion.afdhe

a- dlcuqlne meta comp Iexes an be any a- keé?aldehxde capable of re ctJng
withP W8 iy A m"é"é 8 I AR S e E SRR EURYC g e synthests
ketbald€ s m@b@m@me&hews@mvémnmm rﬁnamhfé@in%ﬁeytml@yeﬁc,
arwﬂg@n@,ndé@ylhﬁt@rﬁaam m&:{&@%ﬁ] feeneirdlythapckaiaaldabyd e ith
hay (NG SUAULE WGENGERI Wheren M ean.ag an organyl group, an
organyl group consistin g of inert functlonal groups, or a hydrocarbyl group. In
somg.e rnl(oﬁdlmen'?s W is an organyl group; alternatively, an 8 0 organyl
group (oref S|slflﬁg of inert functional groups; or alternatively, a hydrocarbyl

gro 6) Generally, W can be a C3 to C30 organyl group; alternatively, a C3 to
c38BrdanyI Gistib Y coréstingarHei filisetiohir am%EO%?{éPﬁafﬂ)weml to
C3ohydrecashpligroup acalternativeppbe I tond2uorganmydrgrouyien contacted
alternatiyead trdido Q%Qr%gﬁwlaﬁem&gmmn%i%& fupetienakgreups;
alterr]latlve @( a C3 n%% eCZO h goca % grou OzarlltcTrQ,(';lth/eI%t X Scsetgﬁ Ct1130(1)1 he
organyﬁ group; ST hativ |ve aty 0 or any group consisting Sfinert
furletoriaPaglotipsacine r‘ﬁlﬁtlﬂh‘-ﬂy’“ﬁl% AP F@raré%ar@yp@m&paw&n@ﬁv@ly,
a @3t e Changany ngroup;t aliephative iniacCadadchsaiganykdioul: cansisting
Of 1o {UAGURDAL A1 AP O AU AR a2, B R U REREY R Ry

Generallythe organyl group, anyl grou con5|st|n€ inert functional

or
ORI R ARSCBR o 67 LS. REI et A e SHPae-0ey
unsatyrateldys aoycliphdy cfitriinesan bréarchied, winol ormaramatith {0028 Asoene

embaggti H&%&Eﬁn@Kr{cﬁwtﬁéeﬂt%@ﬁb@scyﬂiﬁxﬁlwmﬁ%ﬁmﬁn AR QEGMIY bf
gro 2EtconSJ tw&g of inert functlonf? groups,.or an a%cllﬁhgdroc rg% roup.

1n amines to mine co OUI €SCr
other embodimerts. RY fepresents a Cyclic organyl group, a cyclic organyt -

gro® ﬁl@oﬂ%hlgﬁng tst ﬂﬁ%ﬂtq@ﬁ%ﬁéﬁaF’g?’@%@éﬁ’@%ﬂ%%@é‘amw@réﬂﬂpm the
Regangilessofitbenstructdren@hthenprganydgeovyd, asgany! gieupdansisiirgiof

Inels INGHONRITQURR PLAYHOEA AXLGPUR.WERHARYE any number of

carbon atoms as indicated herein. In some embodiments, the a-

hyd oxal; alternativel C3toC30g oxal or
oy O S G S R SR R R e

IS ﬁﬁ'@ﬁ?ﬁﬁ/’é)@ﬂ Obkeéf’éldﬁs)ﬁ‘ﬁzﬂébw‘bﬁeﬁmgwélwfﬁf@ﬁhé#@%BGW&%@E@H&H@
a-kataridehy deyis:phemny gy oxadedMithiliacent carbon atoms. The a-ketoaldehydes

utilized in the production of the a-diimine metal complexes can be any a-ketoaldehyde
capable of reacting with two primary amines to form an o-diimine compound. The a-
ketoaldehyde can be saturated, unsaturated, linear, branched, acyclic, cyclic, aromatic,

and/or heteroaromatic.

[0027] Generally, the o-ketoaldehyde will have the structure R*-C(=0)C(=0)H
wherein R* can be an organyl group, an organyl group consisting of inert functional groups,

or a hydrocarbyl group. In some embodiments, R is an organyl group; alternatively, an
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substituted phenylglyoxal, each substituent can be a C3 to C5 organyl
groups, a C3 to C5 organyl groups consisting of inert functional groups,
and/or a C, to C5 hydrocarbyl groups. In other embodiments, each phenyl
substituents can be a C3 to C5 organyl groups consisting of inert functional
groups; or alternatively, a C3 to C5 hydrocarbyl groups. [0029] A second
C'a&%a%lagf?ﬁ%&?s%'ﬁ}%%{ﬂgét%ﬁ%ﬁﬁ%Bﬁpklsﬁdai{ér%@% ingandiminemetal

complex 5|skanad|o a compound wherein two ketone oxygen atoms are
ORI e SO R TR R bt e TR
thecendiiimgnel imetallvtsiyppréxeouwan deraviydvdiane confpoundressablarofip;
reaﬁﬂﬂgmm WO W@@(’iﬁgaﬂyﬂgﬂ&ﬁ)taﬁ&ﬂﬂi%a&dﬂ“ﬂﬁgoQﬁgﬂmlgﬂiﬂlp-Ebﬁlstmg
0 1nert('\1"51n(:zD onzﬁaﬁtr%{lategterna 1ve rat a§g glfo ;IC r|(;1r1l ea EH‘\‘/CQ/ ”a C, to

aromatlc and/or heteroaromatic. 9 0 [0 enera dione will have
thecstl‘fiéi'ﬂ}‘b FHRCILIREERO1-RKY e‘?ﬁﬂ?’ﬂhéroé‘ff&&‘ﬁﬁsé@go?flqkﬂéﬁ‘ﬂ‘?@@al
arezingepeaaoheicdf, e&nhodmeiyanchtbahghmlaraltergmylyg AGLIpY &R org@inytbup;

gr%&massw RJ @%nghgl %958&'1&%@5@% RYRERGABSL A RiedPhatively,
embodiments, Rk' and/or Rk’ can be a C3to C30 org a @arou alternatlvely,

a G5t C30"SHg PSR CSFSY H&Sf"ﬁ%&‘%‘fﬁﬁ%‘ﬁoﬂr OHISEP SHAYHAREly,
a O8tof@sirhyidgeswasbyl brdeparbttezrrativedythe @@m@@@d@rg@nw grouped,
altgrpatively, «8y63, 8 G Qinganyl graupderasisting of inert functional groups;
alternatively, a C3 to C20 hydrocarbyl group; alternatively, a C3 to C30
Org@edd] 9rouR; REIRaNENYe (3 10:G3Q0aanyl Jrup G&%}?tigil&hﬁ’f aiﬂ%@chc
functiong% groups, <':1tltern<§lt|velyf aC3 ﬁo C30 %/drocarlp/ f? o aI ernatlv

a CFHYCs 0y °“Slf grotip, at ternatRvelys 883 % grgglr?x‘// ot c%ouspstlng
of fkat q@h@@i@ﬁeﬂsgliioumesmt%alt@mmﬁr@yy@@@t@ Qelipyeravhebniospting
[0Q31}dm ﬁam&lar@bmaémmysu&h@c&odw 0@y aryeiteasdione iR and
RK&.A61 8GYSlIG I, jeth tiig‘zr%ﬁlﬁ TRQAImEIs & %!f&u%n%?‘gr&%s SEESYEIG eroup,

a-digne; k' and are, or comprise, a cyclic structure but are no

coﬁné&b@f‘fﬁ?ﬂﬁﬁﬁrﬁ‘?‘iﬁ&cé‘ibﬂ‘i‘@“g%féfﬂdlﬁﬁt St SHTERRSHES M th e o-
a-dioredisalcycli € adiongy Rl ahdRkRare Connéctagbtalforrmterritigety arihig

System & INNGBRILERMAMRIAMS. 9&5*&9&@[9@ SRR MRS R ubstituted
seml cyclic and/ %CHC a- dlone em odnpents the ring or r Sﬁtem can
i il BB

be RSHIESH in o?her%e?fﬂ PRYFE S rdiof cHCEioHE BiBoHRants, THE™

nnglbﬁﬂrnﬁ@ Phrereielvoan c%ﬁhaﬁvb@av%mbb@rﬁdmbl@ﬁ@wasrqwm ptiserto Cs
semigﬁwlgeoaﬁwé@rsﬁﬁﬁgcoﬁn@l@na@mﬁpgﬂmwmm rdﬁ@ofw&%fbcawsntg&)aps.
bi k nnl%bsoﬁSt%ms Ierall P%Othlesug%{tmen ch:!ilﬁ: b%n &: I(!? %rﬂ Toups consisting
embodiments, the rlng or ring sy stem can cor;%grlse an aro §th Ir)lng or an
ardiat HpgerLEs: ?oal?z}%vamﬁeta% BBOEiHEhts, the a-dione

can be 2,3-butanedione, a
[0029] A second class of a-diacyl compounds which can be used in preparing o-

diimine metal complexes is an a-dione (a compound wherein two ketone oxygen atoms are
bonded to adjacent carbon atoms). The a-diones utilized in the production of the a-diimine
metal complexes can be any a-dione compound capable of reacting with two primary
amines to form an a-diimine compound. The a-dione can be saturated, unsaturated, acyclic,

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



substituted 2,3-butanedione, 2,3-pentanedione, a substituted
2,3-pentanedione, 2,3- hexanedione, a substituted 2,3-hexanedione,
3,4-hexanedione, or a substituted 3,4- hexanedione. In some embodiments,
the a-dione can be 2,3-butanedione, 2,3-pentanedione, 2,3-hexanedione, or
3,4-hexanedione. In further embodiments, the a-dione can be 2,3-
buigasglionesalteinaiielyuiensRERRE ediaRRLARMALNSY: 2o3-Rexapksiane;
or alternatlveéy, 3,g-h1gxane lone, Lgo§3l I}p attﬁomaélc semi-cyclic al-dlone
emBOdHEAls  thad'a dioHe CarPBE BERL6P 8 SUBMIf et A StRE ™
enthgalivhenesp tisensistivnefcarsbel ekl 19@10084 ] nhydinseahed apelic In
a-digpaiambodihents: ke andiRnecan bg d:Z2meyclolitanadions, a C, o Cy,
substituted 1.2-cyclobutanedione, .1.2-cyclopentanedipne, a supstjtuted .
1,2.¢yclopentanedions, 1,5-cyclonexariedione, a su sy O yifScarby
1, ZeyeictHexatetiond; 112w RIEHEhEad YR E G a’stib Qiftretrsanyl group
1, 2eycloheptanedignetiingome;satulated \eyclie &, dioné.emidediments;otipe
a-diqne, cai bed. &-eyclansntanssionsn & sipeitied L2ncyelanenanadiane.
1,2-c§clohexaned|on.eior a,sulbstltutedcl,2-clyclohexane_dllone. In gome .
satlFAEE YL B AL BRI Ehts the  SBRE EhPpy cmatively. a € to Cs
1, 2ugyeibpenranitaionelor L2 dycloheXaiedi opeisimy ef btcieridiotizmers,
theaaelignevesNaag b, 2;cyalopesianadione; or alternatively,
1,2-cyclohexanedione. [0035] In saturated ring system a-dione embodiments,
th(folﬁhgne GRRR eﬁiﬁé/fh?i%sz, gilhﬁ%@;elégzﬁgi%@hcaas&lz PRUtEROR ' and Rk; are
icyclg[2.2.1]hepta-1,2-dione, bicyclo[2.2.2]acta-1,2-dione, @ substjfute
R S e T S o R SRk
SysEERAEPnboWin erteuthBuaati opecemaclsd tieiesla 2 of Ihgstetanp -Higpiedther
bicyehe @] 0Gtaalddrdianesyencanphominane: cy@hmotharsastialen 4ing
sygiem A:qlong SMRodINents, 6.2 JIR0e.6a0.08,5ampharg Ls’é?n‘?.%gcuioagg’/ﬁl
In unsaturated cyclic a-dione embodiments, the a-dione can be 1,2-
be%ﬁ&“ﬁ&‘i& eabadpRtritéy 12 Peioyoitib Ad? ‘Efi/fﬂb‘l‘?é‘%l—&lé Q&S SIHiGHEica
substitutegtlicyclbhexesrengntnR-diengpcyclape ni<t:enesl jdationeylan-carbon
su Q%ﬁ}étﬁgngéf clongRt3-eRed e _%aﬂx? w?cﬁb’_%!-‘?iﬂ%‘éfﬁ%!ﬁlﬁﬁ%m%Q!ﬁ’@ﬁnésystem
substltuteg,éyjlohex-4-tene-11,2-d|?hne, 3,_4-d|h¥dro/-1,2- pa hthoqwrtm)og]e, a
sub&tfGRa'3% Ecdriﬁlﬁdfféfi?z-ﬁla?ﬁhi’haea&"iﬂ%ﬁ&li,E&ﬁﬂz‘a’r%lr‘ia%ﬁﬁ%aﬁur?oh“é‘i“ or
a shbsnasedhd Astinyarcpaphthatimetie g someromaturgtetidyeic a-dione
embodiments, the a-dione can be 1,2-benzoquinone,
cyd09B2ix- 3-dneadydidionkgrey clopentdisenk: 1¢Xidignesn be 2,3-butanedione, a
C}’Qlﬁb@k%fér e@,@ﬂu_&h@iﬁ’(ﬂﬁ; 32,‘&29&]%%@1‘3@«9“@10@%&%% %S:I-péﬁtanefiione, 2,3-
dinydrensphthoayinons:dn cHernsalrsd ing diions emegdiments, e
hexanedione. In some embodiments, the a-dione can be 2,3-butanedione, 2,3-pentanedione,
2,3-hexanedione, or 3,4-hexanedione. In further embodiments, the a-dione can be 2,3-
butanedione; alternatively, 2,3-pentanedione; alternatively, 2,3-hexanedione; or

alternatively, 3,4-hexanedione.

[0033] In aromatic semi-cyclic a-dione embodiments, the a-dione can be benzil or a

substituted benzil. In other embodiments, the o-dione can be benzil.

10 °



1,2-benzoquinone; alternatively, 3,4-dihydronaphthoquinone; or alternatively,
1,4- dihydronaphthanoquinone. [0037] In aromatic ring system a-dione
embodiments, the a-dione can be a 1,2- naphthoquinone, a substituted
1,2-naphthoquinone, 2,3-naphthoquinone, a substituted 2,3- naphthoquinone,
acenaphthenequinone, a substituted acenaphthenequinone,

phfﬁbﬁﬁ‘fhreﬁﬁq lé!ﬂi?&@d a SURSTIUIRA LhENRRIRERREAINONG;RY ')A AYINONE,
or a supstitu yrenequinone. In some aromatic “f:,? system a-dione

e RO e BTOI LA B LR S bR RBA e S
Z,Qﬂﬁe‘imﬁﬂﬁe‘qﬁﬂﬁb?@; deéﬂ%ﬁﬁ%ﬁ@wmoﬁéubﬁ@ﬁ%th?émﬁb%mom» 1,2-
py@aem@iﬂamamm glnersaramaliciing aystpan @icionanciine dARRS cJR: o-
ao(lfong tgolae aee ngghth{gneq%lar}lone E)Iaengnthr%gg umonesl%rmutecl 12h
pyrenequmone In Vet other aromatic ring” sy stepm a-dione’ embo Iments, the

a- T EA el Ay FithSERaRRTE, %ﬂﬁeﬂﬁ‘&ﬂ{ﬂé‘fg} IR 3yelalisHtRetroHesome
alternativelbychcenbplathebeljuinonacalténativelye phearyaiotknenedoinonet,2or
alteypativelaR¥EeNR YL BARE:HOABBLWIhinthe Rubs iiufed. a-diRRGnedione; or

embodlments each substituent can independently be an organyl group, an
ordARYRGYRRip @dﬁﬁ%‘%‘ﬁ‘@“&i’l‘fﬂ‘sn functional groups, a hydrocarbyl group, or
an inert functlonal group. In some embodiments, the organyl substituent(s)
catf®h c, 1B OB YraryegritiiMa @d‘fﬁltfglmgﬁ%sgrgﬁp EiEstAY oP©
ingricyritioribdmgropdions, a C, to C2oubydroshrby| gigup[da.sihape-1,2-dione,
subgtituipt 3 6iene, gm@odim@nts sﬁb§1§%5tituﬁ@§§1@[@1 BR@G 1AELO  or
or anéLqurou .aC, to Clo org }? rougiconysgn(g of inert fungtlonal

groups, ora'c, éfosﬂry? rcs)%tar KOtREr SUBSHTutdY §-UiResan be

emwamﬁéﬁﬂéhfmfe é@@swjem@)l%&ﬁ %iécfil@?t@(@@ orgamyihgratna: C ltoyes
organykagraup Gonsisting-ebinerhfumelianahg ups: &hdatpoRbhysiocarbyl
group. In further substituted a-dione embodiments, the substituent(s) can be

alcfodﬁsf:z? mgﬁﬁk\éhﬁﬂéupcyahtelra%hé%'yeliﬁbgdlﬁ%ﬂ%lo HINYIBEOUR: be 12-
alternatively, a C, to C5 o roup; alternative Czo or n
e T o e R AR ol

grduﬁ(&@hérgﬂﬁé %ﬂww titleprtategpoupsicae mativélyicd Cyderas: 3cﬂfg‘ah91
gralifh&ansisting -ekirert fuinstianabgiioupsyatiesnatvely? aithel0 Ladydro-1,2-

hygﬁ&%ﬁ&gﬁ( h HEOY Ehb@n!ﬁ%{{ba}w Qby e I B YO ERON L AR AIRIOANYE!Y:

C, to C5 hydrocarbyl group; or alternatively, an merf functiona 3rou

Ind)épén?fé’lsfl‘%tle’E‘ne1 éé?B%"t‘iEﬁ%%‘?We oy aiRA G rat B BHEAnSS Fofi‘ﬁjlone
consigiitigeofsinert-fdinationdledrdbps;oamndohy.drothrsyl-grolg; deacoigantys-

grQHEl,l Q[%Hé/ | greprODSIStingafinert funelianalBrokRs, s dydracaryl
GToMp SuES{ent o 2 A, S55RISIHB 2L URIRTIRN e
12 -benzoquinone; alternatively, 3,4-dihydronaphthoquinone; or alternatively, 1,4-

dihydronaphthanoquinone.

[0037] In aromatic ring system o-dione embodiments, the a-dione can be a 1,2-
naphthoquinone, a substituted 1,2-naphthoquinone, 2,3-naphthoquinone, a substituted 2,3-
naphthoquinone, acenaphthenequinone, a substituted acenaphthenequinone,
phenanthrenequinone, a substituted phenanthrenequinone, pyrenequinone, or a substituted

pyrenequinone. In some aromatic ring system a-dione embodiments, the a-dione can be

11 °



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

consiSHpREL IR UNSHANA QfRMS, Cﬁ@nQ&ﬂB@ﬁbﬁ%@oﬁ@'kﬁﬁaﬂ%&ﬂﬁMS of!

sulfide grou S, Ins eembodlments the nyl grou consisting of inert
furfetion 9 af'groups’ ca?rll F A PRI CBFOSTRy T éi)r%gup f\;(’)brga eér%ﬁ%ltf}\}ee C%%e can be

trummhﬁ@!mptymawhﬁmd@b@mmm thiePgegrisarinp2e0 hwﬁbéh%fath@atic ring
hydyaearbyvigrouvppeasbnhy drocarbyt grauR subsiienucanindeprideythbe

a methyl. ethyl, n-propyl (1-pro iSO L(Z;propyl A -butyl), .
sec- tlfi}f%u FZ uty |s%>{)g %Zﬁr)f%léeﬁttﬁy]fl prlg?:)(ﬁ 1t%rt%ﬁ%yl’ l%-rlr%{et I“z %F}gpy)

n- ﬁ’éﬁi’fﬂ"{‘fﬁ%@hﬁﬂﬁe‘?g‘ﬁ’é%m 3-pentyl, 2-methyl-I-butyl, tert- pentyl
(2-methyl-2-butyl), 3-methyl-I-butyl, 3- methyl-2-butyl, neo-pentyl

(2, BN PhethyVitpiopihy, oruhstiaied] (1-Hieng/|) Frovmpatsemtsgtlimentsvatie ippart
funstigeal Grewe sas heyadialpganiemm Hopralkaxy eraldp; fatiernativaly, a
ha\%%%'éa%;%mgré{f a'&?raﬁ“ﬁl‘?lyfu%‘a&lkf)é}/o%o“ﬂl 0RO DSEMRAMEDLS G

RBlgen atom may be fluorine, chlorine; bromine or iodine; alternatively,
ch ﬁlé“eﬁf(séﬂf’é‘rhﬁﬁ\%lﬂ‘? 9F8|8’E$ﬁ‘é‘/l ﬁ{%‘ﬁnﬂéje%%&ﬁ%ﬁ@r%%‘ﬂ%ﬁ%gg}fdﬁﬁt
cafubeieshethapsy groufs; alteChativélyadnylethoxy gioupneltermativelypalivne

'SO%QWHQJ’ QWS@EQHQRE‘@&W%V&I &, tere pb%yl%@ﬁ{p a[@p%gdfl norganyl group
embodlmenfs1 the a- dlac compounds can Qave a Struct asin icate

in “PABIE"E. 'S glﬁ“é‘%% imehts, the dia 86?%“ r%o"‘é%l ave PctiFe

2, 8;dipng ﬁ@?odltﬁﬂ‘ﬁaﬂ%ﬁ}?%tm@{&)réa@ Pan&ﬁatﬁzwagﬂra@mel 7 ®, Grogganyl
altgfa@tiyﬁiystﬁ{guﬁtw&tkﬁmcmn@rgrl;apsoblaﬁtern@tiagahydawswrgeow Tablankr-

EXQ s? tgt«% IQ%L%%@(QOIHCHQ Qe su?su ue)lcf? )?’c% b@ Rél nglaIB il'érog
R11 R13 R1 R14 Ri2 R14 R15 R17 R1 Rz R1z (OR2)p R1Z R14

Rl‘ét@‘f@"ﬁliﬁ RI8 Qe Fe DY SHRRIrd Bratiiiektra §Sﬁ‘l1(§ﬂr%r%‘§frl¥6?ﬂi’e 5
O OtndiviRl e Rzo Q, @ FB1 FRBD Bd0Ksting of inert functional groups; alternatively, a

C, to Cyy organyl group consisting of inert functional groups; alternatively, a C; to Cs
organyl group consisting of inert functional groups; alternatively, a C, to Cyy hydrocarbyl
group; alternatively, a C; to Cyo 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
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ORR1~R31R1IR 6 R31 R32 R35 R36 R42 R R11 R16 R33 R34 R37 R38
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embodiments, the a-djacyl compound may have Structure 1 where R' is an
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herein are made. The language is intended to describe, to one skilled in the
art, the particular primary amine(s) that can be utilized in the synthesis of an
a-acylimine compound, a-acylimine metal complex, a-diiinine compound,
and/or a-diimine metal 14 0 complex as described herein. The a-acylimine
compound a- acylimine metal complex a- diimine compound and/or

afdiimine metalcom glexes can be pfOOUCEG USIﬂg any method described

heréfle fooRoPIinihitsy! {HEBriPry amine comprises an -NHZ group. In a

fyrther embodiment the primary amine comprises an -NHz group gnd ap
organyl grotk R: &l rnatively, comprisespan -Niz group and a getal §a
complexmg grouf; alternatively, ceempn Sesan -N&Z group, a

compl and™ linking group.li the( metal salpoor Ro4
ouptot oup; alternath Q. 4 @ rRMNHz grou
gany?’gr FSisting of inert fun pUES; or alt rnatmszly,

g

0 :

ah -NHZ grsup agiel a hydrodarbylr§roupsingyet otder embodimentsethe geo
primary arrgplec&penlsdsts of an| -NHZ grQHLR:ﬁPldl fn organ I grou_p; Structure 12

altprn.qti\/ply, consists of an -NHZ group, a metal salt co plmung group and
a linking group linking the metal salt complexing group to the -NHZ group;
alternatively, consists of an -NHZ group and an organyl group. conS|st|ng of

indf040h ctioWahiy ursisteiiahirelyRedhsRts ey gN 2 Rrdojdusnah R
hydioaarhykigooptoR Then piimanegmiaes canyas satuinteghnynsatiyratesganyl
lineay, Pranehcd  AGyslic, c¥eli% armatic, Auiorhgies %erﬂ@t&giQ}QA%?JJp

an aspect, the primary amine can comprise an -NHZ group and organy

grd’a%f”yérg&wrﬁ%{'ﬁ%ﬂ% ?ﬁ&pﬁffﬁ‘f-&}"a?hﬁ%“B&r?‘bdoh%%‘icarPé{hngllﬂzfﬁr%Fﬂﬁr%\Hd
an@sgared| gitbu phd miestrepeon o dierre dits W benefmitireaptiraa hp @rminecbgliment
coqasﬁe&g&m&giﬁt q%agiru%lw}Zgercande Qr?anylégge%epmgg%g@@nw graqup
can pe a to 0 rou ternative a 0 an ou

IR 4 S R T o & g, L R S
gr@&}pﬂW@lbréahyP@m@phf&Wp@%&uPatéd m/férmlaﬁsd anéé'ihrﬁréhBhedld
acyCliey/ayelig, retematichanciar. hetesearanbaditelissome-amhodingenis, the

PrgALYSHIRINGE GOMRASIRY Qr, SORSIFHN o%:paQn N4 VQHJB e

groups can have Structure la indicate ow: Struc ure Ia Ra'NHZ wherein
Ra"FHPBYeERh T Gy AmPGro s aé‘m%dﬁﬁﬁ‘gﬂ%nthat utilize a second

primary amine comprising or consisting of an -NHZ group and organyl
grdiipearhAmEednd primary amine comprising or consisting of an -NHZ

group and organyl groups can be designated as having Structure 2a
ind®MHd beldw primary amine(s) that can be utilized in the synthesis of the a-diimine metal

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

compound, o-acylimine metal complex, o-diimine compound, and/or a-diimine metal
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15 0 Structure 2a Ra"NHZ wherein Ra" represents the organyl group. [0044]
In an aspect, the primary amine can comprise an -NHZ group and an organyl
group consisting of inert functional groups; or alternatively, the primary amine
can consist of an -NHZ group and an organyl group consisting of inert
functional groups. In the embodiments wherein the primary amine can

co 'E!&Hﬁ&% K §o0sist ot _M -NEZQIQHR.AR goﬂﬁo&(@ﬁﬂé@ﬁ%ﬂ@ &&Qﬁ&ﬂﬁ%gfa-
me({.t functional grougds/, thg—:' or an% tgﬂou (fonS|st|n 0] |5|ert functional thod
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altéepratoéReranC3 to CZO organyl group consisting of inert functional groups;
alternatively, a C3 to C30 organyl group consisting of inert functional groups;
or Hledzhativélynia@g tthC priorganyhigrouprpossistmghdilingrufunctioraflurther
OrQupSdilB Okg N BQURGRNSISHIRESSS InertnfincHanakb e OMPS LAYy Peroup:
satLﬂtratetd, nsaturated, Ii[}?ﬁé’ branched, a&xcli% %I'c,.aromatip, ltandt/.or1
hefe ok oAt TR S embSHRehts * METh&H fMEiBhL §idhpd CaRpe":
etrfemiiwseps;-He tiativelynsyifitle grotpn slenaaidely/ifidlde ap Hagingrthe
alternativelyompydracatylg mupssl srsgmeaenabadynenisistanpiimagyo gnmie
°°@ﬂp&géﬂgc%{oﬁﬁ’@%%}éﬁgg%ff i%éh‘hl#l%o%f)%eru%gdoﬁﬂt%%@é{ U ENRISURY

of inertfunctional groups can have Structure [a wherein Ra' represents the
orda\n ﬁ’%@%ﬁ@@ﬁ Cloldein iHé}‘f’tfﬂﬁli‘ﬁ’fiﬁﬂ%fld@mﬁ‘ﬁ*st.hﬁ?“é‘}%6H‘i‘ﬁ'?e°{?f§lfﬁé{f an
utiiXél.agseponmd prinraayyhgrine; chpnprisitg ormsdRSIStNG N agreHZ greUmIt
ar!Qo%l&!ﬁ@@d@r%_@fﬁﬁﬁ@@ﬂ%ﬁﬁﬂl@ﬁgtﬂmﬁé&r@itQBQ%ME%&%PBQ% -NH,
prlmar% amine. com I’IS,Irtl? Qr CO_IRI?_*S'[II‘](%O]‘ an -NHZ‘S,tioug and an .orgafn}{l )
groupEohSiSingG of mert fundlionar groups tai beaesighate A8 haing ™
Striyettipaad arevhe EipRBtirereseits then dffaeiplgradp kuhisiamnbeotinethe
funstinnal.graupsn 60 45] a0 mearakediments:tlie-0rganryt oraip, GeRsistng
of |ar_1§/r(§rf Q&g%g%laggpups can _be an aromatic ring or aromatic ring system
having one or more inert functional group substituent(s). In these

enLB((j)g ents, the aror{?latic. rinrg or.aromatic rin Sysigm can be a substituted
benhzen ringn A Substitited IB?\ r%wréercc)ﬂlp()?%?rg terna |\?§f§}? ‘Supstitited”
naphthemstizchin g @ snpstinteacARpidy G raupf e arsmatieremy! group. In
aranaatibsingesysiameiin@stpiunayonahgeaup siyhsiituesni{s) ean berroigany!

gr%vgai}%mph&@&g& O aRether t9@H@réﬂﬂﬁgé&gf‘RHQn‘RE\%‘iD?MI%?&P)1

or a sulfide group (Sulfidyl group). In some embaodiments, the aromatic rin
ine%%ﬁkﬁ@ﬂ%&l@%‘&ﬁﬁ‘%étﬁu% @)O%Hyﬁérﬁuﬁﬁob%mﬂ?&?ﬁmétﬁylt@%dﬁ%aé} :
to @buethEnegrauapyb®utoc@bbs sHidetghoupeoraehdiogerbatehedincyclic, cyclic,

aromatic, and/or heteroaromatic. In some embodiments, the primary amine comprising or

consisting of an -NH, group and organyl groups can have Structure 1a indicated below:
Structure la R*'NH,

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:
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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 jnclude substituted
anilines wherein the subS{fY&M3 can be the substituerits ¥&>described
above. Non-limiting examples are primary amines consisting of an aromatic
ring&;@lgwqgﬁggggﬁw%@yﬁ@g one or more inert functional groups
such as 2-methoxyaniline, 3-methoxyaniline, 4- methoxyanaline,

2'%&3&? _a_n il Iﬂleaﬁ?’ ﬁglhel&r %HIBIIIB%T 45%;]&@&%%'}&%@ __eﬂ)u-%’ H?Q}U{I}? arﬁf an organyl
fluoroaniline, 4-fluoroanaline, 2,6-trifluoromethylaniline, or ] _

dlii SEHR R A kSRS 1T A6 RY SOHEBHIBOUi e PRER SRR arARE!
coniprisihglogcopsisting ofamyl D grotipiagdianeordarybgrogpoupensisting
of (RQSS FRaHONR:IRAHP S ERANNAYE SHHCHIRIR ASHNRGICAIR INIE IO RAd 2n
Ra(:)li‘lans I’UCBU rgossq IRna:LO !}Ily t2 uﬁc%]dga a.él)-us gN er(e)linanR?" t(())u/th(l; on% I}HR%%SHEIT
repr Sentthe’ stbstitlients o tfine aromatic ngﬁn EMmbodiments” that Utifize a
seE8KHOPRINEPRPATNRE Ao 3Pi SN BRI FEISH IFg OB @IS N HIZrg e Boar oBEMPS:
orgamythavaum onsstpeafyinest funstiangl@ietpsintiienseaons plisraiy amine
COmPHSING DL, SPRRIFHNGL L 'o'}"R\éggf'{%!?oﬁ‘ﬁdgr%[?p%?;rgﬁm’ér%’\%&’y,ca"_&‘?‘?&'E?ed

of inert functional groups can be designated as havmg Structure 4a indica
befSH RIS Sire Qfursh HREIS NISPSR A 19 FB1E WREH SR FRYne of inert
to/thnouighl Ralpyeprésentuthedsuirstituedtdioftheracbedaticyeingeytlic,[@047idn

an A3RE Hord NRABKINATY BIIRR CABRRNRRESH AN HALRMPARGhyErecathy!

group; or aternati\{ely, tﬂe rimary amine can comigt of an -NHZ group apd a
Toups:. atematlvey Sulr1 roups; _ alternative alide atoms;. or _aitern 1ve¥
hydroCarbyt “group? 1n embodiments Wherein the primary amine can comptise

or buhiesethyt gruHY sgire s Rademsydr dearbyryrenpetbrirayeirgcarspsgiogpt
caanb&, Grol) £3anhyrgiogarbyl erailansalteraativelisnal @3uld &4 ve Structure

hydrogarhyl 9{@‘%%@&%%{{‘%@@&’3&1 %%%58 CRodyg VQF?}{Qé"f&{é%}éHmoémups. In
alternatively, a C3 to Cs hydrocarbyl group. Independently, the hydrocarbyl

gréUbCHHeBE Bttt nh BRI HBINA EYRRES By A EOTHEAR Branthbgroup
anaidraarorgatiC.ghaupotmgsisting of inert functional groups, the second primary amine
comprising or consisting of an -NH, group and an organyl group consisting of inert

functional groups can be designated as having Structure 2a wherein R*" represents the

organyl group consisting of inert functional groups.

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

embodiments, the aromatic ring inert functional group substituent(s) can be a
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embodiments, the primary amine comprising or consisting of an -NHZ group
and a hydrocarbyl group can have Structure la wherein R" represents the
hydrocarbyl group. In embodiments that utilize a second primary amine
comprising or consisting of an -NHZ group and an hydrocarbyl group, the
second primary amine comprising or consisting of an -NHZ group and an

hydiaeaedioknsandds @?%tﬂ&%ﬁ%%paasd‘%}@gﬁﬁg GG %M@’&' B&RAtTn

representst 1eftm h t(sjr01(13f3<31(r§lb rou ]ﬁAcf}% o|r|§1 hyqlroc?reroqnlne e iodine:
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altelpativedly, @Q%@@zolﬁéwn@lhyﬂm@mb% g@@@wmﬁémm;\féwﬂlmyt@r@so
acyghi 6 WREaRAKDYL Gy OMRE A i eNakMEl ¥r &, IhdasBe)cla RyspeRYRYbup:;
O OB R AV AN ORIy OB B O NICR RS DRI i
branc 18 ependent Cof the ' carbon number of the ac clic h ocar%y
grotipn HeREG EIRE RYHPS QAR FPEUI IS ECR BriPHB SEE oHERIR teTARS or
quaternanyidytsocanBylagieupe nbsiimetesm bodiitwenis;iheNacyalitng examples

hydrogariy ghomR 9&&@%@&?%@%%@!‘3&%@&&5@9 Qng"&?{t@ﬁy\’ﬁwng%ne or
secondar hydrocarb%/ %oup alternatively, atertla hydrocarbé, 8%roup or

altSIELVETY, & YlHeBPhafy  BydrSEarbii gratip AYAN HSpedt i HELIE

hy drsearnisphirougsidaredsdipe métybrestiiithen- pebloydafiliveo p3Aluisepbmy| 3-
(2-proRyhiiiR:buidbotduind) 2 saa Rty 5o bty methyy drnrepyl),
tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-
mqﬂ@xkj buty}, §§ﬁ{ew&1ﬁ%meﬁh|¥lﬁgagfu§¥lﬁle30mmﬁé Qu&dmstlng of an -NH,
3-methy I-%—but [, neo- J)entg/ 2t3 dfmetp}( ﬁylg or n- h%xy h(tex r%
grouprSpeditic, gnnn imiting,” examples of primary a 0 Rines &bivsis ing of an”
-Nigigestisland an acycllc hydrocarbyl groups include methyl amine, ethyl
amine, n-propylamine, isopropyl amine, n-butyl amine, sec- butylamine
(2-butylamine), isobutylamine (2-methyl-I-propylamine),jert-butylamine (2-
methyl-2-propylamine), n-pentylamine, neopentylaming, and n-hexylamine.
One skilled in the agtwillreadily recognize which fydrocaghyl groups belong
(and which amines have a 18 0 hydrocarbyl group tha eIongs) to the
primary, secondary, tertiary, or quaternary hydrgearbylgroup classes. [0049]
Cyclic hydrocarbyl group embodiments can include embodiments wherein the
hydrocarbyl group is cycllc (the -NHz group is attached to a carbon that is a

merhpaingy: atq/ﬁﬁﬁ"éﬁhrﬁqg SpERsAt A6 s Re e et Aithe h yeRoE BT/

grakyd COIPEHSeSadCythanghati (hapdNing groupiisiatitachedNB,aeafbanl an
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the cyclic group is cyclic or comprises a cyclic _group, the cyclic
hySPBUSR P o e OBR B b Eesty byete ﬁ%%‘&ér‘?ﬂ?@&&ﬁ“&‘?ﬁéﬁﬁ&‘tﬁeﬁ@

be designated as having Structure 4a indicated below:

Rat2, Ratt’
Structure 4a Rats¥ NH,
Ral4 Rats

wherein R*'" to/through R*"” represent the substituents of the aromatic ring.
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a C4 to C20 cyclic hydrocarbyl group; or alternatively, a C4 to C30 cyclic
hydrocarbyl group. In embodiments, the cyclic hydrocarbyl group can
comprise a cyclobutyl group, a substituted cyclobutyl group, a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, a substituted
cyclohexyl group, a cycloheptyl group, a substituted cycloheptyl group, an
adamentyl ofeUR. %@&  Shbstituied ademaniyhgiQuR; IRisO p%H&l}%m%‘ﬁ
the cyclic h droca roup can he a cyclobutg/tl rou&l)lfe% na'gvelyd vl
cyélopentyt gt]er%ﬁtﬁl St aFnRTVAR B8 STEHORI Gt otih: e AR a rocany
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o S A8y s o
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damantylamine. et other embodiments, the primary amine compr |sm% or
H§?§?‘ﬁ’§b¥>lf%%“p|ﬁﬁ‘z¥§¥%ﬁﬁmé‘ﬁ8 %Wﬁ&“ﬁ%?oé%?ﬁ “&rgﬁﬁ‘%é%cﬁBY grod
WGFOMWHMM@@VQI@)F?@RW&IWW apyetcheptigagtinenostadaianiyiaeioe.
In et camﬁy@m&}@ﬂi@@ﬁgss,tﬁhesmmaﬁhﬂmrﬁnﬁ@msiﬁﬁnﬁl@f@ @M@Aigung of an
hy arb rou n be cyclopentylamine: alternative e,
o S S R R R A R S e
entBIEiFAEAE lE:Xﬁlllﬁf)i*‘F%@Iilld-’(-{*"lﬂll’nbod|ments wherein the hydrocarbyl group is
aromatic (the -NHz group is attached to a carbon that is a member of an
ardM48ic ring eichindreyisterny! ogrevaberheinestivisereinctide hydriocarbyreyrdiap
co mf&%ﬁ@@ﬁpmﬁt&ngﬁwﬁ (the diHzygreupds AHACERAND Asashal Ao
thaéheaﬁfﬁl?hr‘a%@a%ﬁ ol 3278 aﬁé' ar 'lrv‘&yorca '?aéc?/crl'{é%fé@égr%}l R&gardigss

er the aromatic hy rocarb grou O e primary amine IS aromatic

or B rTsdE PR SRR NG INHE PO BrArAHEh c'ﬂﬁWFﬁ@arWF@?@ﬁbt Chipe
a Cation@3dterarmadaticdyyticdodrbydrigriogipnalter maymelylydroéaﬁajzb €AO @andmatic
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In so bodiments, the aromatic h dr ca roup ¢an be a phe

or BRSSP BRURGoRo i AR u%m%fs i Aapngr

grovgroaairhaplgregnasively wlsgtﬂrutbﬁi@eﬁ!zyl LPOPHT mt@'ﬂ@éveémwmmeam
thal;'zmmai}o; @y@komﬁbmlsgr@uae%@cbe Bdpbaeyl Qﬂﬂ}dspceﬁ Bap Aty 1geeyn,or
a benzyl grou et other embaodime the aromati ocar is
a d’ﬁe yl gtpcgct)}% Ilt%) a{)tsl/\l/e%yp a % n%pﬁz(rlo%uﬁﬁér aTt lﬁ étcl)é/eﬁl, gglbg{wg

grovhlfareRy:- é«?ﬁﬂw&im%ﬁt%thfzhg %rfmﬂhﬁcpﬁwrélca?wpg?dﬁﬁw}aﬁ ltfétél 2z

sulpstityttédbutyl, rerr-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-methyl-2-butyl, neo-
pentyl (2,3-dimethyl-1-propyl), or n-hexyl (l-hexyl) group. Specific, non-limiting,
examples of primary amines consisting of an -NH, group and an acyclic hydrocarbyl groups
include methyl amine, ethyl amine, n-propylamine, isopropyl amine, n-butyl amine, sec-
butylamine (2-butylamine), isobutylamine (2-methyl-1-propylamine), tert-butylamine (2-
methyl-2-propylamine), n-pentylamine, neopentylamine, and n-hexylamine. One skilled in

the art will readily recognize which hydrocarbyl groups belong (and which amines have a
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phenyl group; alternatively, a substituted naphthyl group; or alternatively, a
substituted benzylgroup. [0051] In embodiments, the primary amine
comprising an -NHZ group and an aromatic hydrocarbyl group can be
aniline, a substituted aniline, 1-naphthylamine, a substituted 1-
naphthylamine, 2-naphthylamine, a substituted 2-naphthylainine, benzyl

a”}i%o&hﬁ}l Sgw't'rﬁﬁd RENZY amife.- gnlﬁé}mes@am%manﬁythﬁ R[Sy
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consisting of a cyclic hydrocarbyl group can be cyclopentylamine; alternatively,

cyclohexylamine; or alternatively, adamantylamine.

[0050] Aromatic hydrocarbyl group embodiments can include embodiments wherein
the hydrocarbyl group is aromatic (the -NH, group is attached to a carbon that is a member
of an aromatic ring or ring system) or embodiments wherein the hydrocarbyl group
comprises an aromatic group (the -NH, group is attached to a carbon atom that is not a
member of a aromatic ring or aromatic ring system). Regardless of whether the aromatic

hydrocarbyl group of the primary amine is aromatic or comprises an aromatic group, the
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group and an aromatic hydrocarbyl group can have Structure 3a wherein Ra"
to/through Ral5 represent the substituents of the aromatic hydrocarbyl
group. In embodiments that utilize a second primary amine comprising or
consisting of an -NHZ group and an aromatic hydrocarbyl group, the second
primary amine comprising or consisting of an -NHZ group and an aromatic
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a duatereranp-hydrocarbyl group. In some embodiments, the cyclic
hydrocarbyl group substituent or an aromatic hydrocarbyl substituent can be
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hygrocarbyl sustiy ‘?Ptx%db?'ﬁ’ap%%amn br}‘%réfubss‘?f“n%%d@ﬁ}’ feltiaty. ‘i‘n other
quaternary hyd rocar% rgroup classes. 21 0 [0054] In su stituted Eyeny

gréﬁl:?‘ét‘ﬁl%‘dﬁltéﬁ%mtﬁeagﬂtfsﬁtﬂt@&lbﬁéﬁyw dFoURBY Iy R ARy B ary!
2-substiteied phomyhgrowiinaltdreratively; asibeddisubsitpbedaptenylgnouysly,
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2,&rmmﬁytpbreﬁyllgfrobpa@t2y®@ t@oér@ﬁpwbﬁewhgpe@pnm anzne- In yet other
di-tertJautylpheny! praldp: Iztin)tet @thetseemmféimem;&nﬁlslerﬁmtitutadtp}e@nﬂ
hydro%afabr;{lnegrou e%?ét%v% eﬁz ldam%Ehy 19 l?u %%Bgne S the ":"tn%‘| }b gr?l e
group, ora2 6- diisoprop yf enyl group. In frurtﬁer diment
su Bﬁlﬁﬁéallﬁﬁe ﬁS/IahVB?BTt‘%ﬁP’é‘PGu pincapPprimenise tB?n%e‘tﬁWé‘ﬂeﬁVllber(%‘b be
alterbaitivedy,t 2@ 26 ighietiy| pinenyk growdjnalternativékyitaed aniline is substituted at

the 2- and 6- position; alternatively, at the 2- and 5- position; or alternatively, at the 2-, 4-,
and 6- positions. In other embodiments, the substituents at the 2- position, at the 2- and 6-
position, at the 2- and 5- positions, or at the 2-, 4-, and 6- positions can independently be a
primary substituent; alternatively; a secondary substituent; alternatively, a tertiary
substituent; or alternatively, a quaternary substituent. In some embodiments, the primary
amine consisting of an -NH, group and an aromatic hydrocarbyl group can be 2,6-

dimethylanaline, 2,6-diethylaniline, 2,6-diisopropylaniline, or 2,6-di-terz-butylaniline. In
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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 -NHz group and a metal salt complexing group. In another embodiment,

th%iﬁ&”@%@f?ﬁyﬂ% Cap 99%%91@ JIHZ WP A el SRl SRMAlexRGc
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respectively. saft COmpIEXINgG group, @, can be any

grd@(ﬁl%ahpﬁfl&ﬁ@@sh@t@mabéweéﬁméméaﬁ%mwéwwwme metal salt.
The linking group, L, can be any group capable of linking the metal salt
coffipidking groumpoditivatsNe42hgsospiudiniedintin gyghouly inclutigs callatontse
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coMPIERIAY Grupy I8 tHE PrEMasY GrotHV EIbREVRT APiBRe S R oF e
metadrsalvdpm péesidgghpdipcad dantam edwithiclya aingiath élinkind yd cooyp: or
inc‘lﬁgﬁ&i‘%l}m% %G%Q@t%%mﬁyprmw 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), fert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-
methyl-1-butyl, fert-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.
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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 -CHzCHz- and
the metal salt complexing group is the 2-pyridinyl group, in
1-(2-aminoethyl)piperidine the linking group is -CHzCHz- and the metal salt
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to the -NH, group can have Structure Sa:
Structure 5a Q-L-NH,

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.
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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
dinesy| phoﬁf@hﬁébﬁ %@H&nﬁ& 0%91@ Y GRRURYy @r@&}%&&lﬁﬂﬁ%&é'h&éﬁﬁwn
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as inert heteroatoms (e.g. halides, and silicon) and/or additional metal salt complexing

heteroatom(s) which do not complex with the metal salt.
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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
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C, 10 @20 olgdnyiigrbd eppwonsistingsusig eoime et ffuotigreab grdugienyl group,

alter@aﬁm%f@a%ltgr&poaqrﬁ@ﬂyhgrgmppcewmmg efdnert Menatinnal %@m;
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grcf’y yCgto 20 p alterﬂatlve 58 80 hydréc rpbyf
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groln.srkedi i endantly., PeH8:68h phenyhareyRi Bty
alt%ll:ﬁlatlvel g%((la%ﬂ(t%&g% gr% I ro%]i ylngg gﬁdg?n%a%he alké?troulpso 1

e SRR RIS Dl S PRERA) SRRt BYOLIL BB e
printigry! secprdatyylterdidry conpuatbrmdsplfivdrecarbygroips] thesghyefidyl
embag! m@mmyhg&%d giup el ﬁbﬁdaml @wmplacaapmmy@myb oF Sllfidiyled
metal %%.l Ypm(}l)llex ega IVEIEW C%Eﬂk Iiﬂ Iy l.% he}/ 9 r%%l\?;llfpe}/mgy?ug)hp, a dialkyl
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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
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a tertiary hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group.
[0061] Each substituent of the substituted metal salt complexing group
embodiments can independently be a C, to Clo organyl group, a C, to C,0
organyl group consisting of inert functional groups, a C, to Coo hydrocarbyl
group, or an inert functional group. In some embodiments, the substituents
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substituted metal salt complexm%g roup can be a primary, secondary

tertidyS By el Ry s OGP thsBREEHLE M SPR@%H&?A )
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substituted 2- tetrahydrofuranyl group; or alternatlvely a?2- thlophanyl group or a substituted

2-thiophanyl group. In yet other embodiments, the metal salt complexing group can be a
diphenyl aminyl group; alternatively, a substituted diphenyl aminyl group; alternatively, a

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

[0060] The alkyl group(s) of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt

complexing group embodiments can independently be a C; to C, organyl group consisting
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the alkyl group or the hydrocarbyl substituents of the substituted metal salt
complexing group can be a methyl, ethyl, n-propy! (1-propyl), isopropyl
(2-propyl), n-butyl (1-butyl), sec-butyl (2-butyl), isobutyl (2-methyl-I-propyl),
tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl,
2-methyl-l-butyl, tert-pentyl (2-methyl-2-butyl), 3-methyl-I- butyl,

3-pethu %D&Malngfau%mm%&&&m%ykd @Qw&nﬁr %Ja?xa&{;lsﬁ%xw) inert

rouE qe skilled in the art will read recognize w alkyl roupf or l;he1
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inert functional groups. In other embodiments, the linking group linking the
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hy{1 ?%goup HzCHzZ ), a propyl group CHzCH

-CPP(@P—? Heo2ugtoip ’(‘?:‘(’(Efll@‘)’zong @[?ﬁpoﬁnaogﬁm@h@w {he substituents of
(-ChzGHE@HEZRCH, s)ltevspinénnonsfimiting @mbodimentsgthesinking iroup
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the, C\r,lmar mine co pI‘ISI a metal saﬁcon}plexmgng[

1- (2 -aminoet yf)p{}rro d?ﬁezm aminoethy |p<13nre Ine

alrﬁﬁ@éfhﬁﬁffiﬂqﬁﬁdf?f@a% RI- ﬂﬂﬁtfé{lﬁsné%}m)éﬁ i é‘f‘?ﬂﬁem some embodiments, each
N, Neghigthgteth viehediagip@p chasisting of inert functional groups can be a primary

group; alternatively, a secondary group; alternatively, a tertiary group; or alternatively, a

(mH groups can be a

quaternary group. Independent of the carbon number of the organyl group consisting of
inert functional groups, the organyl group consisting of inert functional groups can comprise
a halide, an ether group (alkoxy group or etheryl group), or a sulfide group (sulfidyl group).
In some embodiments, the 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;
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diphenylethylenediamine, 2-(aminomethyl)pyridine, 2-(2-aininoethyl)pyridine,
2- (diphenylphosphino)ethylamine, 3-(diphenylphosphino)propylamine, 2-(2-
aminoethyl)furan, 2-(aminomethyl)furan, 2-(2-aininoethyl)thiophene, 2-
(aminomethyl)thiophene, 2-aminoethyl-(4-chlorophenyl)sulfide,
2-phenoxyethylamine, 2- methoxyethylamine, 2-ethoxyethylainine,

2- '§PQF&HMIDYJ§EH&G% QG%lﬂ%OMHBQ&WM%QQAQ%BAQQMy be fluorine,
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propylaminenhaitesatyvely, Roaminoaatiyi)pysisioe; &temsiveimezy(ﬁgroup
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66] In some embodiments, th ie metal salt cc complexm roup can’have any
Striyerire R diEafsd SPrard 2“%%%&@%&1%1@% %‘Fﬂ ORgefq) LyitPrimary,
comapleking tgronp capdnravey Btductubel lg@ip Skriseture 2c¢. In other
embodiments, the metal salt complexing group can have Structure 3c or

Streotsre 4cTrdterRativebnp Jirkietule bearr akrugtipiexhbe; abigrnativelyH, group
SUUGHIG B Pl ggﬁgg S%Fg %L‘&%P%H%/ Fé%ul%&l  Rie X HIPIEMEA S, or

complexing Groups R'sR'S Structure le Structure 2c
Sttt SR SHRdtule HReRPPIEn R A RUISRER 11RR1 8 BT S IREEE REn

Rcdarborganyl group; alternatively, an organyl group consisting of inert functional groups; or
alternatively, a hydrocarbyl group. In some embodiments, the linking group can be a C; to
C,p organyl group; or alternatively, a C; to Cs organyl group. In some embodiments, the
linking group linking the metal salt complexing group to the -NH, group can be a C; to 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 C;, hydrocarbyl group; or
alternatively, a C, to Cs hydrocarbyl group.

[0064] In some embodiments, the hydrocarbyl linking group can be -(CR'R"),- where
R" and R" are independently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl groups and
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Rc19 Rc11 Rc13 Rc15 -N Ren -N Rczo -N Rcn Rc21_ N Rcn RC 18 Rcl2
Rcl12 Rc18 R12 Rcl4 Rcls Rc1l4 Rcl6Rcla Rcl4 Rcl6 ROa Rcl4 Rcls
Structure 5c¢ Structure 6¢ Structure 7c¢ Structure 8c Rc13 Rcl5cn R RRcl19
Rcn Rc13 Rcls O R c13 S Ren Rcl3 Rcezl N Rczo RczlRcel~ Rcl2 Rcl5
Rc12 Rc15 qcl9 19 c14 Ren c14 Ren Rcl4 Rcl6' Rcl4 Rcls R R Rels R

RCLScantBACIHI & P& SHYUAIG 10C RPAIULG Hokimat U GlEntage RublRCh3 a
RcSlhRCSS RcS]éR 33 Rc411R015 Rc%;&g -0 Rc35 -S Rc3 %%]z-é R§4
RCAAMRELERM 6 ReZo REIIRE S RIZ e 32 RAUPYEH IR Sre 5 Stattire
14CHtfdd b 15euBtrGetite- 16eupoo0 Ttabls 2 srByminibleChstidl-€&lt). In some
complaxing Gryspemdis, IR GalifRRGaduNe-RBES RefsIdRe R RGAHN, laReEBiene
RCas RETLREZL RTLINRAT 7 RIAd Ress Bish SPURMIAALE SRR
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-dimethylethylenediamine, N,N-diethylethylenediamine, N,N-
diphenylethylenediamine,  2-(aminomethyl)pyridine, = 2-(2-aminoethyl)pyridine,  2-
(diphenylphosphino)ethylamine, 3-(diphenylphosphino)propylamine, 2-(2-
aminoethyl)furan, 2-(aminomethyl)furan, 2-(2-aminoethyl)thiophene, 2-
(aminomethyl)thiophene, 2-aminoethyl-(4-chlorophenyl)sulfide, 2-phenoxyethylamine, 2-
methoxyethylamine, 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-(aminomethyl)pyridine, = 2-(2-aminoethyl)pyridine,  2-
(diphenylphosphino)ethylamine,  3-(diphenylphosphino)propylamine, 2-aminoethyl-(4-
chlorophenyl)sulfide, 2-phenoxyethylamine, 2-methoxyethylamine, 2-ethoxyethylamine, 2-
and isopropoxyethylamine. In yet other embodiments, the primary amine comprising a
metal salt complexing group can be N,N-dimethylethylenediamine or N,N-
diethylethylenediamine; alternatively, N,N-diphenylethylenediamine, 2-
(diphenylphosphino)ethylamine, 3-(diphenylphosphino)propylamine; alternatively, 2-
(aminomethyl)pyridine, = 2-(2-aminoethyl)pyridine;  alternatively, = 2-aminoethyl-(4-
chlorophenyl)sulfide; or alternatively, 2-phenoxyethylamine, 2-methoxyethylamine, 2-
ethoxyethylamine, and 2-isopropxyethylamine. In further embodiments, the primary amine
comprising a metal salt complexing group can be N,N-dimethylethylenediamine;
alternatively, N,N-diethylethylenediamine; alternatively, N,N-diphenylethylenediamine;
alternatively, 2-(diphenylphosphino)ethylamine; alternatively, 3-(diphenylphosphino)-



O Rcsl SResl1 Rc72 -R ¢78 Rc72 Rc7e \ 1 Rc63\ 1 Rc63 R74 RC7s Rc74
Rc76 Rc62 Rc63 Structure 21c Structure 22¢ Structure 19c¢ Structure 20c
Structure 1 is 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 embodiments, the metal salt complexing group
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independently be hydrogen, a methyl group, or an ethyl group; and in can be
an integer ranging from 1 to 5. In further embodiments, in can be an integer
ranging from 1 to 3; alternatively, in can be 2 or 3; alternatively, in can be 1;
alternatively, in can be 2; or alternatively, in can be 3. Table 3 - Example
Linking Groups -(CRLRL)m -(CH2)m -(CH2)- Structure 1L Structure 2L

S - =
In émbsadirhereletMetinrihe GRbtESHPRRve Structure 1L, Structure 2L,

Structure, 3L, Structure 4L or Structyre 5L. In some embodiments, the linking
group cah haves4$tructure 4LNor
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S atively, St cture 5L
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Thus, alternatively, the a-acylimine compound can be described as
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the’ prilEry S\Trﬁﬁ‘@’%a“Kﬂ-Yz é%’ﬁﬁrﬁnﬁth%tracﬁ‘&/h}ﬂﬁﬁea %’H?Bb‘i%dsérﬁff%‘:'gelﬁc
grouprigtaesiyedrirons thécremeamndeslpf Srequimarie.aniiereatiVhiys, Ynecture 18;

a'%‘ﬁ)!ﬂfﬂl@&yﬂ@f&%& 21c; or alternatively, Structure 22c.

[0067] Within the structures of Table 2, R, R®, R®, R°!! to/through R RS
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 Cj, organyl group, a C, to C,y 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
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group can have any of the embodiments as the primary amine (with the
absence of the -NHz 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: AREYARIOG CQ%RQ%?I%BE%Q%&@@J&WUMQ&@ Q¥isoHRAL DR IIRKING,

group links the metals It com group to the imin nltro n atom of the
- BTG GTOUR WL bf NS Nl PR Bt CREP B Wty . AL I
enﬂﬁwimemtsf teemstaheyliménan tiogetsgrotip eandcamprisevancofydmgnt as
groug-shenatively, comprise a metal salt complexing group; alternatively,
comprise a metal salt complexing group and a linking group linking the metal

53'{‘{)@9:§I1P|e>@'19909{@b'ﬁﬂ&1ﬁ¥1&1§ Y lmiag pitipagn 95%191%[919%% MO ed in
alte[\ngetlyel)év (ilomt%rlsse an or%?quD%r p.con istin ? %]ert functi nal quOUBf
alternatlvely, comp fise & H ydrocar gro%;‘%‘} alternative al,l%eosn?‘fl%t

OrgERSANRR 9T ﬁlferﬁélnv@ﬁ}lpc@ﬁfélﬁteom%éﬁéq SAMROIE|eXNB; m@hpRan@ala
linkiagpe@upylinkingthenmetalthsabdregmplexinggradvppiatbenacacylinmingteger

nIttOAEN, GIOHA %t@gﬁﬁfﬁ&lt%}‘ ABSINANYENY: SORSI3E ol 2R QEANYEIRUP, 3.

consisting of inert functional groups; or alternatively, consist of a hydrocarbyl
grd‘UﬁmﬁEHG]ﬁfro’i‘ia‘Iﬁ? B dHE & é&%ﬁiﬂ‘ﬁéyg FBL?ﬁna'i‘Fd lth@t%f“éEyﬁ]PhlﬁecﬁﬁrBeg%nor
groliprare denivech fropn separate and independent elements, the a-diacyl
compound and the primary amine, respectively, the a-acylimine compound

Tt}al%%?rt‘g}ear de 1lgleld&mn any combination of th.e a—dlacy] compound
element descri e n and the elements of the primary amine as
described fegrgin, 32 0 [0073] In a sgepnd-description, the a-agylimine
compoung can b describéd as an a- ?cwﬂune compound oducg f
contacting an as lacyl compound Wwith a primary amine. Wi mtﬁrus Second
atacylimine compound description, as |n the synthesis\of the a-acylimine
compound, the a-diacyl compound and the primary am e re separate and
independent elements Thus, in the second a-acyRnTir
description, the a-acylimine compound can be further ge rlbed using any
combination of tHe"aSldeyl compound | element desdtibed Hérein and the
primary amine élentenrtihs described herein. As non-dimitingxamples, the
a-gHeeTINe GOTIREBHIH-FR HE KA ey TG qeuapmerq@ucgﬂcmre 2L,
cogtactlng na |acyl comggund V\gth a primar ine E:ot grlskng an -NH
group A An SR group st natively CB5: c‘f ngan-a g%yP%éFﬁ%%&%‘d
withree pﬁﬁlrmrgﬁ dﬁmﬁesemmmélng larptiNHIgpdireindhs hidiak sadueommplexing
graisRcaltematively.cantacingan A-diaeyGompasindiviths piimashaine
CO@QH;C singan -NHZ group, a metal salt

o-Acylimine Compounds

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

preference to the description of the a-acylimine compounds.
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complexing group, and a linking group linking the metal salt complexing
group to the -NHZ group; alternatively, contacting an a-diacyl compound with
a primary amine comprising an - NHZ group and an organyl group consisting
of inert functional groups; alternatively, contacting an a-diacyl compound
with a primary amine comprising an -NHZ group and a hydrocarbyl group;
a“?ddi_‘ﬂtjve|YIIPQ¥1¥§¢C&Q§&1%§!'&@&¥£%H%M%&MH@ c@nﬁf@%ﬁfn@ﬁ?i@&cribeq as
conS|st|nguo an -NHZ group ar d.an or an){l roup; allgeanatl\{eIY, co_ntalctln

an SR SR OUR With s PRIA R IPnin e 8RS FRRG OF & SRHAGIEUES a
metaheairEern bresdrrgibefatp, campoanirranprighteul Hnkingy ivenmeralpsald 2) an
CONRIGKING: Qs 1 e, - N ihs BrauPicyitarBabivplyinéaniagiing, ar a-dideyhe
compoungd with,a primanyarpine consizting ot an 'z!}'lHa_Zdi%“?“c%%”&n%‘d? ofgany!
grc?up consisting of Inert functional groups; or aternatlve)}’, contacting an

a- VA ESHPBUAKHEATE PrHPRA)IHT R CoridIetif PR ARy afta
hydegivaiipydrgnpdpr el éraracydintinegl conpoouih¢anabe-fuythendesopbegwsing
any, GRRRaYoN-ehHe8 dReIMPaY QQ&%&%@@@%‘%{ ginand he

primary amine element as described herein. [0 In a third description, the
a-SIMAIRL RO M BB AHEL CLR BL 38 &iB®d as an a- acylimine compound
product produced by any process as described herein and can be further
de Bk d us‘?ﬁ&”ﬁrf?ee‘i‘fﬂﬁk’)‘&m‘ér?@‘@f"fﬁﬁé ﬁ]‘b&&%@%“s YOG PihEtP FrEraim 1
[0QEB} ¢t clounthpdiescyiption, thsta-acyininelcompelimalcenmpeudds erifoednas
hagmg) RIRILY eiureRsdRdicaiest iRe TakgPalihsOome e MbRAIMERtR &l&f% gen
a-acylimin cor%)o%nd can have Strlilctur.e Ib or Str”“ﬂﬂ% 21b; altemlatl_ Y,
St etE L b St Dl T 80 S A D A S AR ™ St (et a3 s F i liFe
Stigienn e shesSthaétige 2o hgrigetutits J0BnYr St STheamdenat AP,
StnugdupesRla by Ciubepdhsialteropiive inStouatdreph and WGidieb Asroups
miuLes of SIVCIUES 98 AN RHCING: 40, Slituciire 330, SUTuGuS S4b.or
mixtures of Structure 35b and Structure 36b; alternaﬁvely, tructure le, _
StrifettirgrY, NS fracHirene SBMRIHELTE B, SRS 8 6 StibfLie g,
or altepriatiyety  nStalciurehiexdrzStruptore3idinémiotien emmbotiinvenisylthée
a-agwllmﬂfe&pm RRU Q@Iﬁaﬁdﬂg\{ﬁ AT YEIHIR %Zfl?ﬁe.a“ﬁ{ﬁ@tf?{%h{b&ﬂﬁ&ﬁ%'f%g%bi
alternatively, Structure 29b, Structure 30b, or Struc&ure 31l?; alternatlvelyE .
ST 32 Site FARVER CSTRIEE TR $8BY SHORLPSSHEY O LTS o™
Strigiteredsina sty Sriltnes 3ob catteiratively, Sir e Bz s Sraetiarbndsl,
Or QULCTUKEn 38D nQk-BlarRatiyelin SHueiuter /@ adiiyet othambagimesnts

the aCHIUIR SOTRAUNC. ganfiays STeturs Adb: altemativly, Sustyre

toni; Y, Toup consisting_o
15%; Iéllte.rnatlveiay, Structure 16Db, St ucture 17Db, or Stru_cturelll
altatREavEY,; Sertiich e ToBostBrh&tRAe I StPatttRe SOBIsSHuRtHganyl 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 a-acylimine group and the a-acylimine nitrogen
group are derived from separate and independent elements, the a-diacyl compound and the
primary amine, respectively, the 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.
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21Db, or mixtures of Structure 22b and Structure 23b; alternatively, Structure
24D, Structure 25b, or Structure 26b; or alternatively, Structure 24b. Table 4
- Example a-Acylimine Compounds O O R13 0 R13 O\\~t RarN~ 14 Rat-.N
R13 RarN~ 14 al-N. zR R15 R R R11 1CN20o R11 Rn R16 R1 R12 R14
R12 R15 Structure Ib Structure 2b Structure 3b Structure 4b R13 R32 4R

Rajghy 714 RAUNLR R4 RiRNRLRANRI% Rl B3bhR34d.RA2R43R
16 R]IS R15 R33 Stru@ure ?b Structure 6b Structure 7h 34 0 Table 4 -

ExAMPIAS REPIHIN 8 eGSO At e B34 HAY RITR R W 40PRMBE BAT N
R4\2/1mehR 8@ R3taRERiIRremPOBH Re4FiT08 jaRA DRIMIRSIRA theQtagrinracsh
StrgipsendbuRtisieisng ddkhehiRbd RS2 eHREIZAR A apNadRat MhiRpeddent

1elements. Thus, in the second a-acylimine compound description, the a-acylimine
compound can be further described using any combination of the a-diacyl compound
element described herein and the primary amine element as described herein. As non-
limiting examples, the a-acylimine compound can be the a-acylimine compound product of
contacting an a-diacyl compound with a primary amine comprising an -NH, group and an
organyl group; alternatively, contacting an o-diacyl compound with a primary amine
comprising an -NH, group and a metal salt complexing group; alternatively, contacting an
a-diacyl compound with a primary amine comprising an -NH, group, a metal salt
complexing group, and a linking group linking the metal salt complexing group to the -NH,
group; alternatively, contacting an a-diacyl compound with a primary amine comprising an -
NH, group and an organyl group consisting of inert functional groups; alternatively,
contacting an o-diacyl compound with a primary amine comprising an -NH, group and a
hydrocarbyl group; alternatively, contacting an a-diacyl compound with a primary amine
consisting of an -NH, group and an organyl group; alternatively, contacting an a-diacyl
compound with a primary amines consisting of an -NH, group, a metal salt complexing
group, and a linking group linking the metal salt complexing group to the -NH, group;
alternatively, contacting an a-diacyl compound with a primary amine consisting of an -NH,
group and an organyl group consisting of inert functional groups; or alternatively,
contacting an a-diacyl compound with a primary amine consisting of an -NH, group and a
hydrocarbyl group. The a-acylimine compound can be further described using any
combination of the a-diacyl compound element described herein and the primary amine

element as described herein.

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

further described using any embodiments of the processes as described herein.

[0075] In a fourth description, the a-acylimine compound can be described as having
any structure as indicated in Table 4. In some embodiments, the a-acylimine compound can

have Structure 1b or Structure 27b; alternatively, Structure 2b or Structure 28b;
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R54 R51 R56 R51 R56 R51\//1 Rye R56 Rey Rso R53 53 R53 R55 R55
R55 R59 Structure | Ib Structure 12b Structure 13b Q-i Q-L Q Q-N O\ N\

R13N13N\13 O RzR 14 R15 14 yh g11 (CH2)e Rn Rn R1o 0 R12 R14
R12 R15 Structure 14 b Structure 15b Structure 16b Structure 17b Q-L Q-L
N Q-LR194N\N 0130032 QR1400n R11RnR\@g34 12 R18 R18 R31

Rlét&iaﬁﬁ}ﬁ REQL33>BHGIHEE 1B SHKEIISH BRusiiHCe Z0Rw3 bl alle

R3 trxaimg %3\ %fi;l%rtlfge y?gtwlgtgyengb Q éfru(Qure ﬁb ‘alt%?rlal}llvelz\lly,RSIt:igc?ung47%),

Structure 8b, mixtures of Structure 9b and Structure 10b, Structure 33b, Structure 34b, or
mixtures of Structure 35b and Structure 36b; alternatively, Structure 11b, Structure 12b,
Structure 13b, Structure 37b, Structure 38b, or Structure 39b; or alternatively, Structure 11b
or Structure 37b. In other embodiments, the a-acylimine compound can have Structure 27b;
alternatively, Structure 28b; alternatively, Structure 29b, Structure 30b, or Structure 31b;
alternatively, Structure 32b; alternatively, Structure 33b, Structure 34b, or mixtures of
Structure 35b and Structure 36b; alternatively, Structure 37b, Structure 38b, or Structure
39b; or alternatively, Structure 37b. In yet other embodiments, the a-acylimine compound
can have Structure 14b; alternatively, Structure 15b; alternatively, Structure 16b, Structure
17b, or Structure 18b; alternatively, Structure 19b; alternatively, Structure 20b, Structure
21b, or mixtures of Structure 22b and Structure 23b; alternatively, Structure 24b, Structure

25b, or Structure 26b; or alternatively, Structure 24b.

Table 4 — Example a-Acylimine Compounds
O (@]
o N R13 Q 13 N R13
" Ra1/ N R14 Ra1/N\ R Ra1/ N R14
Ra1/ R2 R15
A R11——(CHa), R R R16
R1 R12 R14 R12 R15
Structure 1b Structure 2b Structure 3b Structure 4b
o o R19 R20 o
13 32
1-N 14 ] 1 at-N R
Ra AN R R13 R N
11 R17 RN RY
R 34
R18 R11 R18 R31 R
R12R15 R16 Ri6 RS R33
Structure 5b Structure 6b Structure 7b




| | R39 Rae R35\ R38 R31 R 43 R 37 R39 R41 R41 Rai Structure 21b

Structure 22b Structure 23b Q-L Q-L Q-1 NR5z N R5z N R52 O\ R54 O\
R54 | | Rya R51 Rya R51 R56 /11 R\R56 R57 R 58 Rso R53 R53 R53 R55
R55 R55 R 59 Structure 24b Structure 25b Structure26b Ran 0 Rall 0 Rall
O R12Ral213Ral2N2NR/NR131\R\R14 15 Rata R1 Rata Rn (CHI

R d K R Rd Rd Rd 4 Kd U UTE D

stritsrb 288 e e Do RRIMPPRYY R20 Rall 0 al2 0 R13 Rall O Ralz
R13 N R14 Rg12 R13 \R1z|R14 RRnal3 1| Ratal RI1 R al5 Ri8 ala R
1|Rte Ral5 R16 a4 R R12 15 R16 R Ral5 R16 R15 Rata R1z RES R R
R
a

a14 Structy

@o Structure 31 b Strucfire b 36 0 Table 4 - ample e
Acylimigg S mds Rat-N o
R R3" R R3" i
R37 R3® R4 Rl RY
Structure 8b Structure 9b Structure 10b

Q R52
Ra1/N\
. R54
51
" O RS6

RS3 R55 RS55 Rss R
Structure 11b Structure 12b Structure 13b
Q—& o -
ot N e N N o
N o )\ R o \ g o \ R
o \ R2 R14 R15 R14
R (CHa)y, R R R16
R1 R12 R14 R12 R15
Structure 14 b Structure 15b Structure 16b Structure 17b
a—t a—t
N N
Ria \ 32
O ) Ri4 0 R
17
R R R34
R'2 R18 R
Ri5 R'® R33
Structure 18b Structure 19b Structure 20b

35 °



Ralz Rail Raiz Rail Rats O Raiz Rail O Rsz Rao Rats 32 Rata ss Ral3 O
Raz N\ R Rais s\ R N\ R la Rata Rats Rsa Rss Ra Ral5 Ras R31 Rss R31
Rss 37 R39 Rai Structure 33b Structure 34b Structure 35b Ral3 Ral2 Ral4
Ral2 Rail Ran Ral5 O 52 R40 R N N R Rats 0/~ az R54 Rata Ral5 R43
R51 R56 R31 R39 R41 R53 R55 Structure 36b Structure 37b al2 Rail Ral2

RatI O R52 0 R52 R Rat3 R 54 Rat3 54 =\ NV Rata RR5 R5s Rata
Ral2Resi5158%le RA0YIRBS REPIES R60 R55 R55 R 59 Structure 38b
Structure 39b
ot Q
N a—L N
o] ) R \ 40 \ O
N R
R36 o ) Re2 R3! ' R0
Q R38 Q R* R3 R#?
R35 R31 4
37 39 R R 43
R R R
Structure 21b Structure 22b Structure 23b
-
N\ R52
O
R56
R53 RS5
Structure 24b
Ra11 0 Raﬂ 0 Raﬂ 0
Ra12 Ra12 13 Ra12
N ” N R N R'
R4 R15
11 11
Rat3 » Rl Rat3 aFjs (CHa)n Ratd a1|§
R R R12 R R4
Ra14 Ra14 Ra14
Structure 27b Structure 28b Structure 29b
R!® 20
Ra11 o) R
Ra11 0 Ra12 R13 Raﬂ 0
Ra12 N R13 N\ R14 Ra12 N R13 .
AN 14 R R17 N R
. R R Rats . RS R R'®
ailb ald
R Rats R'6 R R2 R16 R Rats R'6 RS
Ratl4 R12 R15 Rat4 R15 Ra14
Structure 30b Structure 31b Structure 32 b

36




[0076] The a-acylimine compounds of Table 4 can be prepared utilizing
various methods as described herein. Depending upon the a-acylimine
compound preparation method, the a-diacyl compound and the primary
amine can be separate and independent elements in the preparation of the
a-acylimine compound. Therefore, the Rxs of a-diacyl compound having

Structures 1-12 (Table 1), the R's of the primary amines having Structures

|l3-430 e IFIRIAR ot EMIPeSOPPIE 3) of the primary amine having

Structure 37 0 5a, and the metgla@alt complexing group|Rxs having
Structures Ic-22c (Table 2) of t iffiary amine having Structure 5a are

separeite angindependent|eféig - aC)éIimine con®punds:of Table
scribed R®

4] Thus compo Jads of Faple-4-¢ih be furth

u
1312, 1) as ribed herein, the Raxs e prin
Structures fa-4prasdestiibed herein, the linking gratips
the primary amine ha%ing |Structure 5a as desceibed harein, and the metap R"
salt complexnts §#8up R xs having Stifettrédd Ic-22¢ (Tlable 2) oftetpeiddary

amine having Structure Sa as described herein. Metal Salts [007/7] The metal
salts, M-Xp, gmployed in forming the a-a¢ylimine or a-diimine metal
complexes can 841t comprising any metal atom. Suitable metal salts
can cor_npr_is'ga11 ! | _
the periodic table pf e@ments. In some embodimentg;the metal §alt caftibe
titanium, zirconiurly, hafhiumg«vanadium, piobiun®*tan ,

c

- - - .’ 54
manganese, if& ickel, palladium, platlnurFTJa,I xture A
other embodime alsalt can cgmprise chromiumgireq 5

nickel, palladiam, off mixtyres thereof; alternatively, chromium, ipom, obalt, or
mixtures thereof; altéfnafively, iron, cobalt, or mixtures thereofR%lterfatively,
nickel, palladiunswacimbdases thereof; alternatively, chromsuiehadternatively,

irom;-alternativety, cobalt;atternatively, nicket;-or-aiternativety, pattadium:
[Q078] In 8BMme emmbodiments, the metal s
with two, cor e.g. the two i
azdiiinine cg ARG atom
atom of the’im e gro acylimine
. al 086 .4."
embodiments, tAgmets e trico(

complexing atoms (& e tweFamine nitr :
metal salt complexing grou’of an a-diimine compound). Taggicatly,
dicoordinating metal saits are utilized with bidentate a-diimine cethpdtinds
and tricoordinatiggueagtadgealts are utilized with Structure 39b

[0076] The a-acylimine compounds of Table 4 can be prepared utilizing various
methods as described herein. Depending upon the a-acylimine compound preparation
method, the a-diacyl 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 1a-4a, the linking groups 1L-5L (Table 3) of the primary amine having Structure
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tridentate a-diimine compounds. [0079] In some embodiments wherein the
a-diiinine compound portion of the a- diimine metal complex is tridentate (e.g.
the a-diimine compound portion of the a-diimine metal complex comprises
an a-diimine group and a metal salt complexing group), the metal 38 0 salt
can comprise chromium, iron, cobalt, or mixtures thereof; alternatively, iron,

CO@Q'%&HH@%M@%@&%&&QJ%%%EW HEOR: FrAllGraatvely, (‘i%l@'&) 1Bk the

some embodlm nts wherein t ea diimine compour nd pOI‘tIOp of the ||m|ne
é{ a/ 1ne VI, tl’ Ct are Se rate an endent e e{nents TO
m mplex is D the a-'diimine comﬁ’oun portion o he®

a—dﬂﬁmmeqn“etW%eﬁﬁme%@éﬁﬁpr@e@aﬁeaachm‘ﬁﬁ@gm@mom do&ablsot eontain
a meaaéraa&t:ﬁwmp&epgiagygmw)atmeomeaalxgaﬁoc&acgmmpmmﬁkﬁag Structures
H ?I IXt cr1 e%gf ﬁ!tqt{lﬂatly gllpy pnlcel(rel Ornéasltl?ar\ﬂl?‘ { g?l%tures la-4a
|um O 80 The anlon X, o e metal sa{ﬁ cyanml%)e any %IOI‘] In some
enﬂﬁd&ﬁﬁeﬁ%hfﬁ‘é‘l a‘ﬁ‘i’o‘r‘r“%‘lﬁaﬁ“ﬁ’@%%&ﬂdé%ﬁ?b@xﬁa‘f@ &%‘@f@hé’f’em%llk‘ﬁ%‘ée
phénoxige; nitréteriselfatein phosiphate) edichlopatend greopie’ embiog fnenis;s
the, aBienTK1d5)3MAlIgEOF AGRIRNA: JJuemogiments  thenbalide can be
fluorine, chlorine, bromine, iodine, or combinations thereof; alternatively,
Chlﬁ“&?sﬁﬁ)m'ne iodine, or combinations thereof; alternatively, chlorine;
alternatively, bromine, or alternatively, iodine. In carboxylate, acetonate,
a”@ or phenoxjdg,e ’Ef%%d'mei“s e carboxylate, acetonate ﬁ‘#ﬁ%%%mor
e can be any EOR N O 1" oxyf)a]ire Z(é\cetonayte alkoxi
phetibftes @ﬂnaqfeﬁldﬁ’aﬂtﬂ]/'e‘fymaﬁy@ afy OfO! ¥arboXylatis %@fdﬁ%ﬁé?‘aﬂ@ﬁ)ﬂﬂ@,
or phiemexideotn Soipe BIBRbGUREME] bredanions Xekian beta GerleilClble of
acelonate: ARGl finto LG EaTPaMIAIChAUEHRHY G A, Rufslh,

alkoxide; or alternatively, a C, to CEO phenoxide. In other embodiments, the

an|<S’ﬂa9<‘uﬁ’arP‘BBm5‘ce‘€§‘l%‘§%oﬁB‘i‘emé{HerH’éﬁ%ﬁ@ﬁfeaér@fhtéObéﬂfeﬁfélfR}eW ladium,
2-gthyhoexanmoaicuos atiexoitivély ottriflateb 00815 Genenally, the quntbepriss of

ani@RsmitmiSiSHCRIRAL & IOtRIRMMRES OhREFATIMR R YRS RN ARIRbum,

number 9 X anions eqiualshere fOXI(iigltIIl(E)lQVS ate of Mcolglaleome H(Ieurput%eodlrpeg(g? p

is 12, 6r 3, and the total num er of nega ative ¢ airges oh 9<r|se Ual to
oxiﬂaﬂeﬁvgtat@@ﬂewaﬁﬂ@ﬂ% o8 B BERHBFTES A TRREY A r‘f%@fl@f“aﬁ%ﬁ’étlrﬁlk
2; abnadiernativelycoBall0ABa]tn @mbiodime nisisiceorginatingnmetal salts can
be chromium(ll) chloride, chromium(lll) chloride, chromium(ll) fluoride,

chqommm(llhlfhuee@ebsmmw mehehramideichramin () BsapMdeyith two
chroml gll) |od|d b rpvlvtd uin(.l” |od|de ¢ romlym(ll) acetate chro([noyt A

(5% c"e‘t‘a c"ms e cGmpoln

1{10 I%
I) ace yfla ofa romium
oxygen atom of the acyl group and the nitrogen atom of the imine group of an a-acylimine

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

tridentate a-diimine compounds.

[0079] In some embodiments wherein the a-diimine compound portion of the a-
diimine metal complex is tridentate (e.g. the a-diimine compound portion of the a-diimine

metal complex comprises an a-diimine group and a metal salt complexing group), the metal
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ethylhexanoate, chromium (ll) triflate, chromium(lll) nitrate, iron(ll) chloride,
iron(lll) chloride, iron(ll) fluoride, iron(lll) fluoride, iron (II) bromide, iron(lll)
bromide, iron(ll) iodide, iron(lll) iodide, iron(ll) acetate, iron (lll) acetate,
iron(Il) acetylacetonate, iron(lll) 39 0 acetylacetonate, iron(ll)
2-ethylhexanoate, iron (Il) triflate, iron(lll) nitrate, cobalt(ll) chloride,

COQQI%LH)CGB&QHQ%%%@H(HM'%965#@ o ARG L HoF: 'qgerﬁﬁg@iﬁ (HDmide:

cobalt(lll rom cobalhgllf iodide, cobalt I |o ide, cobalt(ll acetateh
coluit i 5%8 USRETE (l Oﬁt((’artf}llta%nea Bate’ cobaﬂ(ﬁ‘l))mﬁenzoy {REM oSS
co B@ltf(ml)ra@etgﬁra@e@@ﬁ aratiopoth A 14y Pty IdXamomiex dobdfndly teflatee o-
colai(hld)cbtEated vanasi smHd b Ghiridaear @Bﬁgjm&ubﬂébﬂd@dumme group
vanadipm(/1l) chloride te zgf;\th(drofwian com vanadium (Il1) iod

ontain a mé t'Cco mé) % u the m ary comprisg’nickel,
ma anese( IIS acetate, ma h‘V“gane e(( IS'a et acetonate man anesef 31

Hb“%ﬁ@&ﬁ@%gﬁﬁ% ?fﬂ@”ﬁh&r’i‘&éﬂe%‘ﬂmﬁ%%@ Hganese(lll)
quorlde or manganese(ll) iodide. In some embodiments, the tricoordinating
md B8kt caFhbanii hEl PRI Grlblean SR ramivag I)hbméﬁd@}h?m@?mﬂrﬁﬂ l)
acetaie, xchramium Khiljacetateyehionvisnlesetygeetoridte niteia{l 1 Julfate,
chlgride,.| 50”1('4918113[9“%?sé‘%@é“élr)o&?%te%'@ O icﬁtétﬁahdm&(&@etonate In

acetylacetonate, iron(lll) acetylacetonate, cobalt(fl) chloride, cobalt(lll)

ch F‘d?ft?élmﬁ%a{h‘(ﬁ'?%ecﬁ‘t@e Hbyae (‘ihlf%‘&“efﬁ?@”ﬁfi’ E’(Slﬂ%ilt?ﬂ f%@é’fﬂ‘}?é’&é%ﬂ%‘t&
In athen@ripodimantshrineadriceibrdinatingieiahsditroétalsaktcaly, balorine;
chraeiumeil), duarise, &hménmmgll)lcﬁﬁﬁtylaﬁ%&wﬁa&m%l})&kﬂoQﬁi@m'ﬂm@l)

ace Iaceton te, won(ﬁ ace%(/)la(fetonate co Jé) chloride, .cobalt(1l)

ac8tylace eo%“é RUTRBth I eMBBRIRTeAtE. aéetﬁcooréi AP HETAr At eYane
chF@rﬁmrﬁ{ﬂ’Péﬁ%ﬁr@é?t&H@?naﬂW@% chrohshemdi ) cacdygstbnaty; Ci to Co

altespatiyiely, dcabihl) chtoxide calipsnative v kon(Uhaeahdacatenales, X, can be
a'tgrea‘i"’%}’o a‘égbla?‘a'tté"zl%m‘atﬁ%‘? qr @lter "é‘“"%ﬁ!@x%‘?a‘?@' {)'QrQ‘E%YY ”%eéorlé 2

0083 In embodiments, dicoor |nat|n meta sats can enlcke chlori

nlc‘RE‘i’(‘I’I‘je fﬂﬁé]‘ﬁi@atﬁﬁ%eﬂ ?Illjorﬁ:@ri’ﬁa@"fﬂ?:kgl @ihsoumgedimzrein 3&t°é‘t§téa“ be
nicket{lhracetylackionately, nickel{]  hbenzoylacetehaliexmiokel () alternatively,
2-gihvlbexanoate, nickel (1) triflate, nickel(ll) nitrate, palladium(ll) chloride,
palladium(ll) fluoride, palladium (Il) bromide, palladium(ll) iodide,

Pajgam (D AGSIAe dRAllRAUMLI 2661 '@@‘?&9&@%9&9%@9%}4}1@@' MUUAIR N

some embodiments, the dlcoordlnatlng metal salt can be kael(jv) chloride,

nicKBTATS AbatgIALehoHERST B4R CHINNG IF#Hforibe ot timefyM. I some
acetyladetorateisih dtles. embodirnénts)ke dicgordinatigy metab salticarhoe

altgrnativevrickelt!) chlaridesmsiarnatively. pigkalihacatuacaiopaien; or

alte{natlvely Qalladlum(ll) chloride; or alternatlvely or palladium(ll)
ace ypacé‘@%?{fate

[0082] In embodiments, tricoordinating metal salts can be chromium(II) chloride,
chromium(IIl) chloride, chromium(II) fluoride, chromium(IIl) fluoride, chromium (II)
bromide, chromium(III) bromide, chromium(II) iodide, chromium(III) iodide, chromium(II)
acetate, chromium (III) acetate, chromium(Ill) acetylacetonate, chromium(Il) 2-
ethylhexanoate, chromium (II) triflate, chromium(III) nitrate, iron(Il) chloride, iron(III)
chloride, iron(Il) fluoride, iron(IIl) fluoride, iron (II) bromide, iron(IIl) bromide, iron(II)

iodide, iron(IIl) iodide, iron(II) acetate, iron (III) acetate, iron(Il) acetylacetonate, iron(III)
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40 a -Acylimine Metal Complexes [0084] The a-acylimine metal complexes
can be described using any one of several descriptions. While the
a-acylimine metal complex descriptions may be indicated by labels such as
first description, second description, etc., these labels do not indicate a
particular preference to the description of the a-acylimine metal complexes.
[0083] iR firgt Q%‘%ﬂpti@é?hﬁﬂ@x%%é’,n%ﬂe(m efahgoMRIgNSanhe desschiibed

as &, complex befwecn.an a-agylimine compoundiand a metgl sall Wil ths
a-acylimin€’nietal’ Complex déscription appeats to’imply & specifi

a-aehiite briaiglec sahpleth sipdifire sisbatidth odditsis Jebalgiihechttientcobile 1D
meihaekof PEapar ghec-anaey iine Metal compiaxds cipaependentotthac,
methofl /] descrining the é‘aé‘é%gkm'{}%ﬂ‘?EaL%ﬁ?'%mT hys . il Ae Boride,
acyﬂmlne meta¥ compiex can pe deSCH. 98 as a complex etween an
a-aeiitHiRe(Borisidad vanduriorahisite taddesimer rrie catirax ¢ih
beipteipanesh pyceitactingianna: geyhiedineacoyhpauimce amchigzanatall s altonridny
Othﬁe[ngaﬁétlé?ﬂ)Qﬁﬁ)?{&@,e[qahgifé{éaﬁ%éhd%%mrﬂﬁs@@ﬁ}R%ng?&dlﬁﬁ%m&@ﬂn

salt are separate and,indefende,nt elements. Thus, the a- acylimine metal
compféx LA BE FURPEP HLs PR EE GG ARy EBMBIFARSS Y e A Heyhinie
corhpouina @le nakintide sdribadmeeirceind. tisbrometal SHR elestaentcayaeseithed
he e {QQO&HR]INiRA[EC VD GRSGHRION, dhsrRAGKIMINamatal camplsxcande

deﬁ%ﬂg’ﬁdac%%%c%ga et DIORHEE! PXe%ﬂth?%%%%ﬁlfi% %ﬂ%é?d ct%%ftgfﬁ)cc 0%3'8
of producing’the a-acylimine’ metal complex and can be Turther describe

usiigAHY erpBtafthehtdIbragiesrotedsds resiaseiamirelh ofsmbriintAid
desgeriptiondiheia: asytimine meialseonmplede camohave BN yhsbridet uter@sium(111)

indiEé}%@ei@nIéP'%&r(g) SamaEMRoHHealsy e Giacy iR el RIS,

can have Structure Id or Structure 27d; alternatively, Structure 2d or

StAPERI 2Bt FRERIE S HRTERE s SRR RS At i pE gy dinating
Struetirea29un StrudttreiBad!) ohBridrstuterBtidsnltemativeliiDStraclareBeor

Struetusgvaidd; aleInativeldStrieiuraved, Stuschyre8elpaixtukes af-stueiyre

S FAME R e LGN g o s o St
St b SHETAL. 370 SREPEMIABAB AT hel L Al
corftstide cripkilVe ISeruide rés ) inftisenaisvelyh) Steticturis28H) atebieivesty,
Stryetbie )2 9eh Sfrustoiac3 Qds i BirocitieSdabAl Qialtera@tivehuSthicine
32gftr%’lg,e{)gﬁg!i\{l?rll%II?EW(%H&%%%%N%?H)C ug%c%flgdlglgiiumnil %’r‘c’or?lil:de, palladium(II)
iodide, palladium(Il) acetate, palladium(Il) acetylacetonate, or palladium(Il) nitrate. In
some embodiments, the dicoordinating metal salt can be nickel(Il) chloride, nickel(Il)
acetylacetonate, palladium(I) chloride, or palladium(II) acetylacetonate. In other
embodiments, the dicoordinating metal salt can be alternatively, nickel(Il) chloride;

alternatively, nickel(Il) acetylacetonate; alternatively, palladium(Il) chloride; or

alternatively, or palladium(II) acetylacetonate.
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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

MU ERiRine Miely S mpfdx@ind Structure 23d; alternatively, Structure 24d,
Structure 25d, or Structure 26d; or alternatively, Structure 24d. Table 5 -

a- AI%"&“A M&J%&a‘i”&%ﬁf&?&%aﬁﬂ b@ (?élebgd%M é?’ {' sgleral

RaN .3 aRa N\ Ra\\ R 2)JaRn Rn 16
R ‘t?scﬁlit?‘i‘f% a‘%% F@%“W%W&%fﬂ%tﬁi‘ed%@ﬂ%t% %l@tﬁ‘i P& ARpIs
M-@OcR 19 R KutigddR adsloRO R st rfFol JelcR [BeRdpidls Rs n0RindR areRajaMiuRi 2

R3¢t 28 R REIRSiph Rk RLA RAEREPRRAestructure 5d Structure 6d
Structure 7d XP/ M-O R sz Ra, Ra -N X M-O Rao XP M-N Rao R36 P/\ R42

I\ RBigs)R3 RALNAY RRARFL b/ RdiRak \Ihétﬁ%%mx&%ﬁ R3zRHR4L

R31 Structure 8d Structure 9d Structure 10d 42 Table 5 - Example
a- Amﬂﬁﬁgtmé%ndomwscww \andd ﬁ%t%l kﬂt Whlle this a-acylimine metal

complex description appears to imply a specific a-acylimine metal complex synthesis
method, this is not the intent. The method of preparing the a-acylimine metal complex is
independent of the method of describing the a-acylimine metal complex. Thus, while the 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 described herein. The a-
acylimine compound and the metal salt are separate and independent elements. Thus, the a-
acylimine metal complex can be further described using any combination of the a-acylimine

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

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

described herein.

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

alternatively, Structure 28d; alternatively, Structure 29d, Structure 30d, or Structure 31d;
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XMR5z54 P/\R52/R 54 /R Rat-N\ Ra,'N\/ | Ral'N\/ Rya R51 R% R51
R% R51\/1R53 R60 R56 R5~ R53 R53 R53 R55 R55 R55 R5s Structure |
Id Structure 12d Structure 13d O-i Q-L O- Q-L -N XO -N XP IV}\ XPM-N
Y~"R3 R3//XM13f-ROz30\R150\R1la 14 R Rn (CH2)e Rn R R1
16 R1 R12 R14 R12 R15 Structure 14d Structure 15d Structure 16d Structure

176Ghi ek StrdedtiEMoN Eﬁ{%ﬁq&adﬁ REQARMsN 3¢Qard Rike & ML RIDR
O~RI17R R17 4 Rlz R R17 R 8 R31 ReR;%ﬂll%lG R16.R15 F}*(‘lact}l

Str cture ctur Iternative tﬁl(‘@]rﬁ |3:§

t
SrUMEFETBY STt oG sH AN 204 ™t
az 309 R 2Pl . Structure 37d. In yet other embodiments, the o-acylimine metal

complex can have Structure 14d; alternatively, Structure 15d; alternatively, Structure 16d,
Structure 17d, or Structure 18d; alternatively, Structure 19d; alternatively, Structure 20d,
Structure 21d, or mixtures of Structure 22d and Structure 23d; alternatively, Structure 24d,

Structure 25d, or Structure 26d; or alternatively, Structure 24d.

Table 5 — Example a-Acylimine Metal Complexes

X M—QO — X M—O
/ \ R X }VI (i i / \ R13
X }VI (i R TN R4 rat~Nx, R R NN
_N 15
Ra1 A R2 R
ﬁ/K R11——(CHa, -t R s
R1 R12 R14 R12 R15
Structure 1d Structure 2d Structure 3d Structure 4d
— X, M—O
Xp}\/' Q Rys °/ R32
Ra1/N A R14 Ra1/N XN
11 R'7
R 18 R31 R34
R12
R15 R'® R33

Structure 7d

X,;M—0
N/ \ R32 40 /Ra1 40
RTINS xM— R xM—N R
R36 / R42 \ R42
; Ra1/N \ O O\ O
43 43
R35 R38 R31 R R31 R
R37 R R R3 R*
Structure 8d Structure 9d Structure 10d
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314 RRoR R36 O\\\R31\1\1/R43 R39 R42 R31 R35 R38 R39 R41
R41 43 R37 Structure 21d Structure 22d Structure 23d 43 0 Table 5 -
Example a-Acylimine Metal Complexes Q-L Q-L Q-L X M-N X M-N R52 Sa X
M-N R-5z5a 0\R520\/R0O\R R 54 R5,\R56 R5, R56 ,/11 R\/R56 R5]
R 58 R60 Rya Rya R53 R55 R55 R55 R59 Structure 24d Structure 25d

Structure 26d Ra,z Ran XPMRaiz Ran XPM=WR 13 Rat2 Ran XPW—=N\

STRiG At Reaprels RASin Mesd GORPIEesi2) R13 Ra,5 Ra,5 ,a Ra,a Ra,a R,z

a,a R Structure 27d Structure 28d Structur 20 Ra,z Ran XPM-\
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R §
R3 RlZXB,arbXP/ -\ R13 Ra,2

R

Structure 11d Structure 12d Structure 13d
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! \ ‘ 1
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Ra,aR R12 R,5Ra,aR R12 R15 R,s Ra,a R R Structure 30d Structure 31d
Structure 32d Ralz Rail Ralz 11 Rats XPM-O Ralz Rail Ra N R32 Rao X
M-O\1 a X M-O Rats N R32 Ral4 Rats Ras Ra N ~ R42 Rsl Rata Rats\\ |
Rsa R38 Ra Rals Raa R1 Rss R31 Rss s] Ra9 Ral Structure 33d Structure

34

d Structure 35d 44 0 Table 5 - Example a-Acylimine Metal Complexes R
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R53 R57 R53 Rho R55 R55 R59 Structure 38d Structure 39d [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- acyllmlne compound can each be separate and
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the a-diimine conspattdssiiVhile these particular a-diimine Snetatcsmplex

d -'auiptiuub appearto iIIIIJI_y a Dpcbifib a=ditmine-metat bUIIIpIU)\ prepat ation
method this is not the intent of a-diimine metal complex description The

m of p arln the a- du ine etaltcprplgl X is independen
a 1 ne mtata com ts ? al can pr par ut z1n§ v rious
of descr iimine etal complex. us W Iimine

métﬁl@éfrﬂ@lé@é%w b@%s&%@&%&‘@%ﬁ?ﬁ@%@tméﬁml 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 1¢-22¢ (Table 2) of the primary amine having
Structure Sa are separate and independent elements of the a-acylimine metal complexes of
Table 5. Thus, the a-acylimine metal complexes of Table 5 can be further described using
any combination of the R*s of a-diacyl compounds having Structures 1-12 (Table 1) as
described herein, the metal salts as described herein, the R™s of the primary amines having

Structures la-4a as described herein, the linking groups 1L-5L (Table 3) of the primary

o
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an a-diimine compound and a metal salt, the a-diimine metal complex may be
prepared by contacting an a-diimine compound and a metal salt, by
contacting an a-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.
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entisesdliments, the a-diimine metal complex can be described as a
dicoordinate metal salt complexed to a bidentate a-diimine compound. In
somdimmisddeabfestlages-diimine metal complex can be described as a
tricoordinate metal salt complexed to a tridentate a-diimine compound. It
shouigbbe naied thatwdiiledhevaien embodimeaitdesaibesdhpladiinine o-
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a-diimine compound, this description does not necessarily imp S{t at the

thr%éhﬂﬁ’étﬁd‘?t&]f Tﬂ@l’r{ﬁfi&?ﬁ%{t%“&‘la e 8%?58%%1%5038Fﬁm% B4 e tHeHon-
metabsd|teFaopdé 0 @xartple, liv@xalmplet Amlitdcoardmateam etafesalteisto the

compiayeshiomantidentate AsdiitingecQmpound wherein the metal salt
complexing group is not complexed to the metal salt and can be utilized

witfgigypther ﬁﬁ?ﬁ&ftsdgic%%dﬂvtﬁé‘ﬂ%ﬁﬁgﬁé&ﬁ'P hereinpdQRA2HI & serand

descrlptlon the a-diimine metal complex can be described as a product

protiliSeHR Shy BPoEL i SRRBAE e &t Al bt Brdct Eiiy heompound
a-diichimeciietd tcomplexeandnrmaydse Wivth dregtasetityénd wdimgramyetal complex

emhedipaentaptshe M@@%ﬁﬁ&t@ﬁ@@ﬂmﬁ rh@miem[ﬁl&%ida@m ifthod, this is
deseriplan.dnecdimine mefalcamelex.san e describedas having, A
structure as in |cate 'Im?)?e é) Hﬁzn dFments t?w ||m| §I

comtiiane el rfav@lg‘trlﬁclﬁﬁ@q’é‘?eahéfr’fé‘t|\%q§h°$ﬁﬁéﬁﬁ%b2@, 'aﬁé&ﬁaﬁwy?etal
Strueipks . 3equStrutiite deljioinSirtictuseie; aliebnatieaibed Struaibifge68¢tween

aAltGINALYENe SHHEHAL.AEA DHUCIATSRE SEAMLES Qb RUUGHIG 60 by

Structure 10e; alternatively, Structure lle, Structure 12e, or Structure 13e; or

alté?Hté‘E‘\l)@ymSt‘h?élﬂﬂPée IS ReSB I S b Baithenls, Rat A et Bt SHLRIPSs
lecdBeoard differentnthomdarntitady.ahy staenethidodimiepddeRat dhSerdatunes

le Wihmughddacannave SiFueiuradan@ssivest fem Adinary-&mine metal
havm lexru'fltlugew?)t%)li Fﬁ %igsta(y d§1¥{1lfllgtrlljlgal om[;II %Q's]c'ﬁplt:\l)onlﬁie 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 o-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
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In other embodiments, Rte' of Structures le to/through 13e can have
Structure 2g (derived from a primary amine having Structure 4a). Ral2' Ralf
Structure 2g Ral3' Ral4' Ral5' [0094] In other embodiments, Rat of
Structures le to/through 13e can have Structure Ig and Rte' of Structure le
to/through 13e can have Structure 2g. In some embodiments, 47 0 wherein

RataRPIRHE OLaPiHCiU Sl tAr Rl L3eicaonlame S uCHienlat fimine

Structure ?{Q},h resrp?lctivel , Wherein Structure | g and Structur 2% arle d
differa iSOt e eI tH0g5 [ HTREHIE SIBLaIMREREPIRS G utifhiRa il
comaplexugbrshavkiSthscaspectyd be iIgmisure RRebedterisatively, Structure
15e or Structure 28e; alternatively, Structure 16e, Structure 17e, Structure
18&0Rtucture 29eoBirdstuiei0ehor-Sirnotune Bl eynglier nativelyesSivetasre
196, QR BY 6y AR ENbea thHE NS08 o BIFMRIURE AL 6. dMhitdrasaf
Structure 22e an Séru&tur 23e, dStr.ucture S%e, .Strutctu %’;’)4& or mi turi%s of
SRR 356 Ahd S USUTE 908¢ SNBSS AR S iire 28,
Strisésiire 26e, Structure 37e, Structure 38e, or Structure 39e; or
alternatively, Structure 24e or Structure 37e. In other embodiments, the
a-dé@firhine dompoddccmtidiate SthuoturendidiecoalpbmativedydeStroctascatibe;
altgrpativelie Rridaitiieilfer .S dctie AR RnatructiigiLie; AitaraatiMelyean

Stctuce, Joe plienatiel, SIS 206, Sulure 2he oL miuies of o
Struc urenﬁle and _ fruc uré/’ §e; aﬁema |vglla, tructure ff e, ttrruc ure 2§e,
or @fﬂ%&f@r@?Z’@é‘?lé‘iwﬁh/eﬁ‘\%&ﬁ\k‘éﬁlﬁeStlfﬁf@ﬂ%@lyz%kl%rﬂﬁ’&‘ﬁéﬁ‘éﬁ%da iAaHESS

tha)asaﬁydmai_ae Dampadie D& avaiSticiuenéa; caletoatyety, Stiaknie:
28e; AllerRAtYR Vi TCHHE 798, RIHCIMS A8 ORSUMERING A frctures 1e-13¢

alternatively, Structure 32e; alternatively, Structure 33e, Structure 34e, or
miREE FELeE St RIS 35 LIPS FORIGTESRE R aRbrHALVEY | SHERR é%eec,an
Stiuctufeu88e; or(Strivetdren 839emoryaltennatveds®Situctdae 37e. Table 6 -
Example a-Diiinine Metal Complexes Ra,' Rap Ra, W1 XPM-N X M N
XPM-N R XP/M-N/R Ra-N\g,sa"\R,s Ra,~\ I§a§ a, NR§y~ ZR4RR15R4
RIN (CNz)n Rn Rn R1 R12 R14 R~R16 2 R15

Structure 1g Rats

Ra14 Ra15

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

from a primary amine having Structure 4a).

Rat2. Ralt’
Structure 2g Rats’
Rat4 Ra1 5'

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

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



Structure le Structure 2e Structure 3e Structure 4e Ra, Ra, P-N R Ral R19

Rzo XPM-N R 32 a,N\\3R14 X\ R3 Ra,-N\\ R Rn Rn Ral-N\ R1z R34 R1

RnR1R3,R12 R,5R,s R16 R15 R33 Structure 5e Structure 6e Structure
7e 48 0 Table 6 - Example a-Diiinine Metal Complexes Rat X M-N /\ R32
Rar Rat Rai-N\ X M-N Rao X M-N Rao R36 P/ Rae P/\ R42 RalN\ RarN\\

R31:8a6 Ral\d RabRirdknd RAGuRRLRER BAhLaG RS THGHES-8ure 20,

Structure 9e Structure 10e Rat Ral XP/-N R5z.R54 Xp/ -N R5z R 54 X M-N
e DI ST KA TS et BLE R EE a1 Rye 50

Rye R53 \ R57 R53 R R53 R55 R55 R55 R59 Structure lle Structure 12e
Str@g?é}e 13{._51 some embodiments, the a-diimine metal complex can have Structure 14e or

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

39e; or alternatively, Structure 37e.

Table 6 — Example a-Diimine Metal Complexes
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R VI-I\ Zl /]
R “&aﬂ%ﬁwlﬁs@mﬂﬁ%cﬁeel%% Rye R5] R55 Rss R55 R R59
Structure 38e Structure 39e Rat2
R Q—L
Pl
Ral2 Ratl Q L Ral3 Xp}\/l—l\<
\ N Rz
Rat3 Xp}\"_N N
\ R32 Ral4 \ats R36
R31
Rat4 Ra15 o Ro8
R37
Structure 33e Structure 34e
al3
Ra12 R Ra12
Ra14 Ran Q
Ratt Rat3 / \/L
XM
Q. PTTSN
Rat Vo MXg Ra’5 N\
R Q—L ~\ R40 Rat4 52
P 40 N\ \ Rats R
Ra13 Xp/M—’\\‘ A R42 R42 RS
N
N R31 R4
Ra14 215
R31 R RSg R43 R53
o Rét R41 R55
Structure 35e
Ra12
Ra13
Ra14
Structure 38e Structure 39¢
[0096] The a-diimine metal complexes of Table 6 can be prepared utilizing various

methods as described herein. Depending upon the a-diimine metal complex preparation

method the a-diacyl compound, the two primary amines, the metal salt, the 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
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[0096] The a-diimine metal complexes of Table 6 can be prepared utilizing
various methods as described herein. Depending upon the a-diimine metal
complex preparation method the a-diacyl compound, the two primary
amines, the metal salt, the a-acylimine compounds, and/or the a-acylimine
metal complexes can each be separate and independent elements in the

preparatien pihe a:diipive.me@brom Bl@&e@h?aﬁ%f%g RING RS fdidiamps 1
0 compo nds havin Stﬂuetures 1- 12 (Ta le 1% n}e}lal salts, the Res of

the DR aHiif a8 Aol St stoTes k- Aa T Mgy orﬂ?oa§y11_m§]f
3) dftkierpArnary Genisiahali nng@mlgreuBzB%ﬁmhe ?rﬁe‘tealrealttéémﬂmﬂ@ﬁg
OrphRpis iR Sk GieIasden 36 (lahiRrd): aldthrdpamany-rRmne hioming
S”&{Ct‘i‘l{gée {5 5%&%£af|a&d indgpengent glements of e 8; d"f”i%?e%‘can
complexes o e 6. T the a-diimine metal complex s of Table 6 can
be%ﬂﬁg\eﬂé%‘%@ﬂ YRR G RN S CHBIARINST e B CoskasdiseyPesih ering
hasingtuSiyucturéslb- L Tabtd di) lesideseniped dakyeinjcthebaddtatisalis RSs of
deﬁ@tﬁﬁﬁa&‘%ﬁ iResths Res Rfuthe pimany.amines-naving Stusslardaas
|

described herein, the linking groups 1L-5L_(Table %of the primary amine
ha\;rﬁlél%}}l? RN H?aé‘&F REPSH Hreasﬁoair?és?ﬁ TAMSHIT BBty St
groupiresiteagionp Sirodayies SerReeTrblac2Tallen? ofithamnriaminantzyinging
Strsiaitiie: 5a asidessdinrginerein. [0097] One skilled in the art will recognize
that a-diimine metal complex Structures 14e though 39e formally show a

mqomneric f@ﬁmsﬁh@dtﬂp@@rm;@ netal sall.cormpigxethin atden @it wres

o[luml %05,191 o\ wever it shoutld be noted tgat these st uctur s do
e i ou orma monom 11C orm trlC c meta rP (&) d to
neces san y |mp dimenc forms of ruc ures avmg ing

gr@upéea%erm@lfenmeanp&thudmw,eﬁ sl Apsertse thete@smwme do not

a-gdisariRginehacanplexnSir uelure sf Sﬂﬁcth@ﬂglhva’%ebmgthgrg&[p&ﬁﬂé%t
disglosed REIin.IN d'%&%ﬁ‘%&é@% MQd' %‘\%'“0 Sn2nddhe, metaksal, e

comp exm%3r0u rm a dative bond with the metal atom, these structures

do HetheeR sSarigi Ay i tre drrisiduris B el et dnnfiHE een
compotindnare scomplexiecing theipnétah saltatvertexamyile thn examplen/ dese

triceardinatgomitahesalhise e?ﬁ%@' iR Qh‘i@@"?%%%% JrdinipR&GRmPURi

form an a-diimine metal c%m]g oll@ted in a dimeric form and the metal ealt
ound are complexed fo t tal sa exam ]f I1n )ﬁm};ﬁ 7 a tricoordinage
compIeXing GrotpPis ot compiexét to the Metal salt “Frie’ éxamples iur

illusstitasecehatentsis tadliimenetprreddniahepienowidergaml en- éemnnfenmfﬁizeelplex
withinether aspeeis ofthadnvention ag.desplined keygins Rdoydde@meto the

tear%&%l 9siOtnep z{rﬁlfl%s %ur ﬁerﬂ Gt eaﬁh'”ed Alizan may,als oh
that the a-diimine metal complex Structures herein do not s owt e presence

of &HyREoteking EbRIBRH AHhTTEUILY AMETREY Aplstetiateh it ddpentihde
upeactiezsolvieni(seustd lstlketiprepBedtionaoinay 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).



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). 52 0 a -Diimine
Compounds [0098] The a-d imine compounds can be described using any
one of several descriptions. While these descriptions may be indicated by
labelpiski foatsiengsiption, second description, etc., these labels do not
indicate a preference towards a particular descrlptlon of the a-diimine

cofasyinds-(RO9L na sk Asasipanthe & iming. famAQUDH o Beera

minimally described as a compound comprising an a-diimine grou
enflsdinietts, ‘W?él"’ iR Esip Jtha e aRBE A& clBEY Sél%hil 6%‘8“
compriginigstypinma-diminsegtdep dncdhd) imoee diimiigemitrogendgroppsicimr
thigdirshassliimire.-aampowshslgscription, the a-acylimine group can be
further described as being derived from an a-diacyl compound. Thus,

altggaaively ihens @&Xllﬁ&'&e HOMRAHAM &%%Qﬁcﬂ&%%hﬁﬁ RS CHRRAMAC 4

comprising 1) an a-diimine group derived from an a-diacyl compound and 2)
tw8°§%‘?ﬂ?ﬁrf81¥’ﬁff8&%ﬁ“d’f&ﬂﬁ'é“eo%f%ﬂf’eth?ﬁ?Bﬁﬁ?lmﬁ‘é“cél?ﬁﬁd{&WH“Bc?ﬁgi%‘fﬁ?ﬂ gi'1)
antg-diismihedgroupcdepived franprama-tiacyb-comipoundiandd 2) two a-dimne
nitm@@g&gg@u& I the ﬁf§to@dﬁliimmmmum&%ﬁcm@mymn@ gﬂiﬁ@&hn be
compeund. and each,of fae Jye .diming tioden, groyps i separale,and
epen slements of 'i]h limine co pou scrlpflon ywk{?l
theﬁ?}flﬁﬁfdﬁ?ﬁlﬂéméd%ﬁ’pbﬁ ﬁ%ﬁﬂ%érﬂﬁtmpﬂ%dacdm?ﬁﬁ@gcéhﬁ@o%ﬁ%% Hae
anyecioen bitation. aidhe @mhanyl :aompeundiasidestcibaedhareinandtagvely,
a-qUiRG JNHCAEN-FHeWPS 25 derarbed ferein 0130 In . fyBt agiminga

compound description, the a-diacyl compound from which thé a-diimine

cofpBt e TS AR 98 aﬁ;ﬁﬁ B B EUTRT sterBly He ki - diey!
embodinmehtsidthectved tedimminglinitregenagroursipanre aghirind epk mderrtiyent
CORMRhiSR: a8 Oyl GirRu Q@rﬁ&ﬁmaﬂé!é%l&'ptﬁfam piigg awneial galteemplexng
group: glter atlvel cl%)mp flsn%n% [:neta})lms1 alt cor m Iexm @ma ) a Ofe I|n ln 1
grocﬁpqlﬁ]f%mg fﬁepmeta salt complexing group o the a‘dimine ni rogen group
nitfoGeAAIoYfleattddarvanAnddhn prisienin nEoRsn preRsEp doridiedibtest inert
functional groups; alternatively, comprise a hydrocarbyl group; alternatively,
cofiBig®lof arotgdnyt gdowpeaitamvanyd dbysravrsighof-disve taingaiind Smpexithg
OraP Ml r&kmlg)ﬁf@liuodunkj;ag:m%mgam@d&ﬁm%agj&maﬂﬁem ain
d||m|ne nltrotgep group. n%tro en atom. alg%rrgacté\l/le ly,.con e|st 8 ano %aﬁl/e an
group con5|st|ng of inért functiona grcﬁl ;or alterna ve11y, COrsiSt
hyd}:%}bgﬁpgpowﬁernanvely comprise a metal salt complexing group; alternatlvely

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 o-
diimine nitrogen group nitrogen atom; alternatively, consist of an organyl group consisting

of inert functional groups; or alternatively, consist of a hydrocarbyl group.
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53 0 [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-diiinine nitrogen groups
comprise two different organyl groups; alternatively, comprise two different
organyl groups consisting of inert functional groups; alternatively, comprise

tW‘PO‘inFre“ﬁM&H@%@é&ﬁl@%P&e%@@éﬂ%ﬁlé’ nﬁ%@é&%@ﬁﬂé’v&n@@fﬁ&%&e In
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%Egg?ﬁwréﬁaﬂﬁ@a%.élfﬁﬁ@atsﬁbfe??lfaﬁafdwaﬂgffaaw%ﬁmﬁé}%&@ﬁamg of
a-diienifiencniidgepugsoarpatamypridescansietell saltdtmplexinggroyz@ngs.a In
linking. grQuRARKIRG e FHRIR! S ECQRIEXING JIQUR QSRR & ARGy

nitrogen gro; Si%}mtr gen atom; alternatlvely, the first a-diimine nltro%%ﬁ group
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conprisess a mrsthbabfoontrphexiryr)rdigmatarn dbvals, odamijrs micelipmigieup
nit@g@ﬂsgmhl @rgﬂmpgﬂagscanbuﬁkg@aml grmanangidm SRCOBdBoRldinNnine
nitrQ eng comprises am salt exmg 0 nd a linkin u
I S e o bR
grdﬁ%ﬁh.ﬁ%@éﬁ%@ﬁwg a&@f“rﬂaﬁ?/ef’ﬁc‘t’f‘fé firdtiaRfiiinieSAitrSEEA grsastoteBts
of aieargaslyl grotipcodsistingnbdae dréumctionatgroupsranchihemsaecand the

a-diippine RGeS SRR COR Skt L& Eﬂ&%@kﬁ?&%&&é&ﬁ@%ﬂ@% SRR ARE Fne
Imkm@g group linking the metal salt complexi Eg/;m%noup to the second a-diiinine

nitf SR BFBUR RitEGR S a8 B it ISP the R A e Mt yER e
groufppgennrsistscofmarhyd rovath yhig onplexkthe gessha lakliiengnauniirbgerthe
OrQuRCoRSiSteplritpetalusal aRMpexing-gieke aneainkng grabglinking
the metal salt com 'exé\ LR to the S%%Qs“‘ils_' Pa!l'nmdr”%“' rOgEy AR of
nitrogen atom. foi he r| mary ami NR2 rou domes the  ©

a- dﬁﬁﬁ‘irﬁ@l@f@f@b %rwa%@@nthaﬁﬁﬁ?n%%ﬁﬁw ée@pgrﬁ\@ta?@asfﬁ COrpreRing!t
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group. Thus, the a-diimine nltro[ggn groups can have the same embodiments

as ‘i?f&%?é’éﬁ?}"&f&fﬁr&yh%"c‘éﬂ OO G PSP RIS SUS S Br iy t!
groaip comsistigofined furdiangiogrdinsigahd hetdrodecyb growps @ptivethe

prigeany AineRSiElessURAg heseln abherefore, the organyl group, metal salt
complexing group, linking group,

[0102] As the primary amine -NH, group becomes the a-diimine group’s nitrogen
atom, the organyl group, metal salt complexing group, linking group, organyl group
consisting of inert functional groups, or hydrocarbyl groups of the primary amine becomes
an o-diimine nitrogen group. Thus, the o-diimine nitrogen groups can have the same
embodiments as the organyl group, metal salt complexing group, linking group, organyl
group consisting of inert functional groups, and hydrocarbyl groups of the primary amine as

described herein. Therefore, the organyl group, metal salt complexing group, linking group,
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54 0 organyl group consisting of inert functional groups, and hydrocarby!l
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 -NHZ group of the
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description. Thus, within the second a-diimine compound description, the
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gragsibadteeratively, comprising an -NHZ group and an organyl groups
consisting of inert functional groups; alternatively, comprising an -NHZ group
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group consisting of inert functional groups; or alternatively, consisting of an
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a-deitineccantpopmols anpreduotsofsrefetintyld-di@ayland 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 o-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,
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.
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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 -NHZ
group and an organyl group consisting of inert functional groups and the
second primary amine comprises an -NHZ group and a metal salt
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process described herein capable of producin the a-diimine compounds,
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be dgseribahashaving anwa, %tmgthtt@ asyinelicated byl alénd sdfbnd primary
emtr)nqltlziérpoents the imine comp ;}rf)dcca et)t(%ve rSl.ltrua{: %é*a%'L a”e”l}aﬁwﬁf){g
Structure 2f; alternatuvél%x ‘é”tructure Structure™, 'or Structurs St

altgt‘hléﬁ\?ét?“ SRS SW%féFH%tN/Iétﬁr@‘Ructure 7, Structure 8f, or mixtures
of Structure 9f and Structure 10f; alternatively, Structure i if, Structure 12f, or

Strig¢tate 130 pihaitaasetivien, Suudtrad (rnosodn cae irbduimeadtss Rrradigt
R'brefuddiusturesbi-ddtiaveivdifierent Lpatidenticabhil &emlﬂmllaqdiﬂﬁsmt&s
R" of Strug yres 1f:13f can have Str ct]ure tgoﬂﬁrlved frorHeSC 1ptgl amlne

d b
hav.né“structurérséfcﬁln e e 113K R

l;éa (% uctu![ﬂe I1% i n esc}/etgltrttcturgzlm%éderlved rom a (E)erslgnn eg glgmlge
ing tructure er embodlmenfs,nﬁ fc§truc ures i i r‘% Fltavve
a structure as 1ndlcated 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

lg (derived from a primary amine having Structure 3a). In other embodiments, R*' of

Structures 1f-13f can have Structure 1g can have Structure 2g (derived from a primary
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Structure Ig and R'1' of Structures if-13f can have Structure 2g. In yet other
embodiments, wherein Rat and Rat' of Structures if-13f can have Structure Ig
and Structure 2g, respectively, Structure Ig and Structure 2g are different
(not identical). [0108] In some embodiments, the a-diimine compound can
have Structure 14f or Structure 27f; alternatively, Structure 15f or Structure

28falfe maﬁageéym%%%re O S IR IS, RITUGIWIRIdBsSTFYSIUS dRTe
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Structure 37f, Structure 38f, or Structure 39f; or alternatively, Structure 24f or
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tird'f

I’UC ure’1 Ot’tg‘ill’alfll(\:/f3 esfélf; arﬁerna?lve Cglfl’u ;tlv ctuie 16f,
Str%f@tﬁfr’éezldtf, Stiisttinrd 821ﬁt@|3tm¢x¥afe§t@fﬂm?u%9cﬁr@ PP %kfuelfarr@%fy
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Structure 27f; alternatively, Structure 28f; alternatively, Structure 29f
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cture 37f. Table7 linine Compaqunds RaT Ra Rat
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Rsl% 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 37f, Structure 38f, or Structure 39f; or alternatively,

Structure 37f.

Table 7 — Example a-Diimine Compounds
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al- z Rn (CH~e Rn R R11 Rte R1 R12 R14 R12 R15 Structure 14f Structure
15f Structure 16f Structure 17f 58 0 Table 7 - Example a-Diimine
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31\R34 R38R 14 Rats\I/Raa R Rss Rat R33 R37 Ras Rat Structure 33f
Structure 34f Structure 35f Ral2 Ral3 Ral2 Rall Ral4 Ran /Ral3\Q-~L
L/Q NRal51/N\N R40 Ral4 | Ral5 R52 R42 R51 R31/R54 R39 R43
R53 R56 R41 R55 Structure 36f Structure 37f 60 0 Table 7 - Example
a-Diimine Compounds R al 2 Ral2 Rats Ran Q\ Rats Ran Q\/L I/ I N I R5z

6 R Rye
RE?'P%@RE%W& BREHMRFQUPAUBST Structure 39f [0109] Ideally, the

atdiimine compounds of Table 7 could be prepared fror;@@n a- diacyl
compound afd*two primary amines which are separate nd independent
elements T hus, th aﬁ@\qf a-diacyl compound havitig Ures-12 (Table
1),

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 a-diacyl compound having Structures 1-12 (Table 1), the R™s of the
primary amines having Structures 1a-4a, the linking groups 1L-5L (Table 3) of the primary
amine having Structure 5a, and the metal salt complexing group Rs having Structures lc-
22c¢ (Table 2) of the primary amine having Structure 5a are separate and independent
elements of the a-diimine compounds of Table 7. Thus, the a-diimine compounds of Table
7 can be further described using any combination of the R*s of a-diacyl compounds having
Structures 1-12 (Table 1) as described herein, the R™s of the primary amines having
Structures la-4a as described herein, the linking groups 1L-5L (Table 3) of the primary
amine having Structure 5a as described herein, and the metal salt complexing group R™s
having Structures 1c-22¢ (Table 2) of the primary amine having Structure 5a as described

herein.
GENERAL METAL COMPLEX AND INTERMEDIATE SYNTHESIS METHODS

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

complexes), and a-diimine metal complexes.



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™xs having Structures Ic- 22c¢ (Table 2) of the primary amine having
Structure 5a are separate and independent elements of the a-diimine
compounds of Table 7. Thus, the a-diimine compounds of Table 7 can be
furtbﬁrlﬂesc&hgqlﬂaﬁuag ﬁJPYpRﬁH&mQ%HQ{ldﬂfﬁl@ Bé&ptaﬁgi@@gu;&m QH&gﬁse
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a-aeihi I SO BB A AR S L RIS TS (I C B S BT A d et ivhiR R
metalaopnplexedVidin0hid 1t]ipde theatlhpts For prediiving mata wimicte theetal
comipiax geneahpcamprise farmingatiiRastiansoimineiRpRdindhe pesance
of a metal salt, a metal complex, ar combinations thereof and recovering an
e e ) R e AT
an"&CemElRtarbariee! dowipiia s arifin g atieist eHETMMBCBENE N the
presenseudtatmetalrshlicacacylimiremsialcong exmpswwdmbinatiohs e reof
ang SRGQVERINGAR @ﬁ%‘ﬁlﬁ%@n@_ﬂﬁt@&ﬁ&@%&iﬁg t‘ﬁ@%tﬁéﬁ?ﬁ%@@!‘&ﬁ? 8Bribed
method for producing an a-diimine metal complex comprises forming at least
on&fine bond in the presence of a metal salt. In further embodiments, the
method for producing an a-diimine metal complex comprises forming at least
onfithe bdia hdRe bresBALE oA YadPiftfina riBtal Bl SrexSopTafi7nd
thesépasthodinitresmetal paftactionadyliminginietahasnpledete addiioidey,

metal aRmRIexd %Q&?ﬁnﬁ@@&ﬁﬁoﬁﬁ’&c&ﬁﬁ/&miﬁ@ op&'}ﬁn%érﬁi&% QQBQ@;&VEH{? Ghe
are seftgrate and mdependent elements. Given the teachings aProwded, the

skilfBA AN N KSR SO §ISOE Rl B BB DR DM SHBAREAIRY RLEPES a

dediresd thediittimaariestal coristerrepartiimchsdod the desiecreldineis offthe o-

combinaianpswiicamporniigdhaiGambenuse ddrriproauen, anpartigiatscribed
-diimine metal complex utilizing the sypthesis methods are described

ﬁ‘ rein, ~ o-aCylimine  ompoun cri ¢refr], ~and ~g-acyliminé ~metal complexes
erd?alsgfibed herein to produce the desired o-diimine metal complexes utilizing the herein
described preparation methods. Provided the teachings of the present disclosure, a skilled
artisan should recognize how combinations of ingredients may be varied in order to produce

a desired metal complex including the desired elements and their variations.
Methods for Preparing a-Acylimine Compounds

[0113] The method of preparing an a-acylimine compound comprises contacting an o-
diacyl compound and a primary amine. In some embodiments, the a-acylimine compound

is recovered. In other embodiments, the a-acylimine compound can be purified using

62 °



[0112] The a-diacyl compounds, primary amines, and metal salts are

separate and independent elements in the preparation of the a-diimine metal
complexes. Additionally, the intermediate a-acylimine compounds and/or the
a-acylimine metal complexes can be separate and independent elements of
the a-diimine metal complex preparation methods. Thus, the a-diimine metal

complexPIeRaratiPmEethgfis CAN HSe.ANY.coMPIRALAMRLIRG. a- fiagy! oter
compounds described herein, primary amines described herein, metal salts

deSERBERHEr IR, HRRlVG NS BB ntS uas et HErdthn " Hha s e & Hitithe
met@degmplexes described herein to produce the desired a-diimine metal
complexes utilizing the herein described preparation methods. Provided the
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reciyStatfiddtionieamy | B8R ors siB SaitfEnE ta%h BMAM AR e BEHEo I Y
usedias isprepgsias an-NHp eritipdardactionalpsdduehlodiid | WWiihin lthedditional
a-apiaing COMRRMAL RWBSHE B MRh etk e Rrinar)RBHRs.ANd the

a-diacyl compound are separate and independent elements. Thus,

a-ggyfépine GampoYRd &%’%Q? REERAEY HHID% AMLEMPINAYRMA! Wfpound

primary amine as described herein_and the a—dlactil compound as described
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pripmedycamineslieuge ammpdurd.offpritnaion anidiescondistingagénamediHZtios,

OraLiR,aRe Y FeGarb YHarQiim AU RS BHIERALY AMINESSBRSIRING SldaR:

NEZ group,and an organyl group, consisting, of inett fungtional groups, or a
mixture of ﬁmary amines co prlsmé an- ?gro@p and a metal salt

complexing group. In additigpnal embodiments, the a-diacyl compound can be
a MYISthrds P LEBRIPR Sisuimius M6Rl 5P8Bl¢S s and catalysts that can be

utilized within the a-acylimine compound synthesis methods are described
hef8li®And aYartpaheyaigsippibania & reeiwes Bf PRYuadigaabningimstal
compolnds. Pegdtiatibardonditiors:spiebaasdeagentmiolacaabiostilized. While

LeMRE AR P RS WS AR YIRS L RS, R 8006 5@l 6 2/5R dRsREPed

herein and are ,generall)( applicable to methods offrodu ing a-acylimine
c onslig:(gﬁ%algthod s etc . . ., these designations do not imply any preference for a particular

method of preparing the a-acylimine metal complexes.

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

is.
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Methods for Preparing a-Acylimine Metal Complexes [0116] Various
synthesis paths can be employed to produce the a-acylimine metal
complexes. Described herein are several preparation methods that can be
utilized. While the a-acylimine metal complex preparation methods may be
designated as “first method', "second method', etc ..., these designations do
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complex production method the a-acylimine metal complex can be prepared
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compbaisl, a metal salt, and a primary amine. In some embodiments, an
a-acylimine metal complex is recovered. In other embodiments, the a-
acybpéne metah cenapiexhoan be peititiedousiog:caethods Knome tenthoseskided
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a-acylimine metal complex can be used as is In a third method, the

meﬁ.‘PﬂSﬂ“ﬁngi‘BcﬂJ%“éﬂHﬁ“}i SEYRAYREE ARELE) EB‘H?]BI@)% taiphisds V&)“b&iﬁé&‘ﬁﬁﬁean
a-diacyihogmipoundyéindhe prinparydaminestodormbedimipdren o-acylimine metal

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

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

[0121] Within the second and third a-acylimine metal complex production methods,
the primary amine, the a-diacyl compound, and the metal salt are separate and independent
elements. Thus utilizing the second and third a-acylimine metal complex production
methods, the a-acylimine metal complex can be prepared utilizing any combination of the
primary amine as described herein, the a-diacyl compound as described herein, and the

metal salt as described herein. Provided the teachings of the present disclosure, a skilled
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containing an a-acylimine compound, and b) contacting a metal salt with the
mixture containing the a-acylimine compound. In some embodiments, an
a-acylimine metal complex is recovered. In other embodiments, the
a-acylimine metal complex can be purified using methods known to those
skilled in the art, such as recrystallization. In yet other embodiments, the
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metal complexes. Production conditions such as reagent molar ratios,
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herein and are generally applicable to methods of producing a- acyllmlne
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firststApiBelc*gecond method', etc., these designations do not imply any

preferences for particular method of preparing a-diimine
[0124] In a first method, the method to produce an a-diimine metal complex, comprises

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

as is.

[0125] Within the first a-diimine metal complex production method, the a-acylimine

metal complex and the primary amine are separate and independent elements. Thus in the
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metal complexes. [0124] In a first method, the method to produce an
a-diiinine metal complex, comprises a) contacting an a-acylimine metal
complex and a primary amine to form a mixture, and b) recovering the
a-diimine metal complex from the mixture. In some embodiments, the a-
diimine metal complex can be purified using methods known to those skilled
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metal cc complex and primary amine selected. [0126] In some embodiments,
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Comogsﬁcﬁg oafnlnel\p_flunctlonal groups, or a mixture of primary amines comprising an -NH,

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

complexing group.
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group and a metal salt complexing group. In some embodiments, the
a-acylimine metal complex can be a mixture of similar a-acylimine metal
complexes, e.g. a mixture of a- acylimine compounds produced by contacting
an a-diacyl compound with a mixture of primary amines consisting of an
-NHZ group and a hydrocarbyl group, a mixture of a- acylimine compounds
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the a-a
compoal mnr:'i metal salt or mixture containing an a-acylimine metal complex comprises an

-NH, group and metal salt complexing group; or the primary amine used to produce the a-
acylimine compound consists of an -NH, group and a hydrocarbyl group and the primary
amine contacted with the a-acylimine compound and metal salt or mixture containing an o-
acylimine metal complex consists of an -NH, group and hydrocarbyl group different than
the primary amine utilized to produce a-acylimine compound. Provided the teachings of the
present disclosure, the skilled artisan should recognize how combinations of particular o-

acylimine compounds, metal salts, and primary amines can be varied in order to produce an
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compound and metal salt or mixture containing an a-acylimine metal complex
comprises an -NHZ group and metal salt complexing group; or the primary
amine used to produce the a- acylimine compound consists of an -NHZ group
and a hydrocarbyl group and the primary amine contacted with the
a-acylimine compound and metal salt or mixture containing an a- acylimine
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a-deyiithin & eBhipbdnas iyt B P e sHtaktidy Shca RacyreshhgBuRtHih
a mixiteresaf priteasyngmineChmpdsinge aretaNEdhigee upnardaaninetal galimilar

complgXNgHEHQUR. o NOheReMROimENtan i RIIMARMKAMIRE Yaed IR ihend
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andRcrgamila greup.aebsistingakéagrt functional groups, or a mixture of
primary amines comprising an - NHZ group and a metal salt complexing
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COI;:I‘CI) rll)%gédao? &M@%&ﬁ%qgetaapgo%glg{ %g'r?l Lgers zyrp -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.
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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 -NHZ 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
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efal complex synthesis descriptions the skilled artisan may recognize that
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thlrgeatvgcl)mg}pn?ag/l eatr?iln%(s)rggllebx SIX{)“PSSII rst 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 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 a-acylimine compounds and/or the a-acylimine metal complexes into the a-
diimine metal complex synthesis descriptions. Additionally, the act of incorporating the
steps required to produce the a-acylimine compounds and/or a-acylimine metal complexes

into the methods of producing the a-diimine metal complexes can create a situation wherein
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steps are 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 a-acylimine compounds and/or the
a-acylimine metal complexes into the a- diimine metal complex synthesis
descriptions. Additionally, the act of incorporating the steps required to
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yet other embodiments, the molar ratio of primary amine to a-diacyl compound can be about
1:1. In yet other embodiments, the molar ratio of primary amine to a-diacyl compound can
be greater than 1:1 when the remaining acyl group of the resultant a-acylimine compound
does not readily react with additional equivalents of the primary amine under the reaction
conditions employed. In this embodiment, the use of excess primary amine can prove

desirable.
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be greater than 1:1 when the remaining acyl group of the resultant
a-acylimine compound does not readily react with additional equivalents of
the primary amine under the reaction conditions employed. In this
embodiment, the use of excess primary amine can prove desirable. 70 0
[0137] Generally, whenever an a-diacyl compound is contacted with a metal
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primAry amine to metal salt can be any molar ratio capable of producing the
acylimine metal complex or the a-diimine metal complex. In some
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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 a-acylimine metal complex or an a-diimine metal complex, the molar ratio
of metal salt to a-acylimine compound can be any ratio capable of producing the o-
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
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of metal salt to a-acylimine compound can be any ratio capable of producing
the a- acylimine metal complex or the a-diimine metal complex. In some
embodiments, the molar ratio of metal salt to a-acylimine compound is
greater than 0.75:1; alternatively, greater than 71 0 0.85:1; alternatively,
greater than 0.9:1; or alternatively, greater than 0.95:1. In other
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a-acylimine compound to metal salt can be about 1:1 Generally,
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complex molar
oac llmﬁne co%pound 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 a-diimine metal complex. In some embodiments, the molar

ratio of primary amine to a-acylimine metal complex can be greater than 0.9:1;
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ratio capable of producing the a-diimine metal complex. In some
embodiments, the molar ratio of primary amine to a-acylimine metal complex
can be greater than 0.9:1; 72 0 alternatively, greater than 0.95:1; or
alternatively, greater than 0.975:1. In other embodiments, the molar ratio of
primary amine to a-acylimine metal complex ranges from 0.9:1 to 1.5:1;
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a-acylimine metal complex or a reaction between a primary amine, metal salt and an o-
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 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
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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 73 0 necessary to form a quantity of the
a-diimine metal complex, and how to suitably vary such parameters.
Additionally, provided the teachings of the present disclosure, the skilled
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imine bond of resulting a-diiinine metal complex in the presence of a metal
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iimine metal complex in gl’e 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
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alternatively, from 30 minutes to 36 hours; or alternatively, from 1 hours to 24
hours. The 74 0 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,

CORLAGLING- AR ARGV RIIRLCO MRAYAG o8 BRgHRh Sl A0 S QIQFMBMM&%&
contactln an a-ac I|m|ne metal complex and ahprlmarx1 amine. 014$]nl

t least nd_1n Biesence o metal complex “inc g the
enfbodin Bt HAS b WHE-BIRTAE ifhiAd B Sh O PIhE K i RS st
comphedsisofamieding %hé‘ﬁ?@gé?%@@f@ mém#@alt rdmetalen mphexcpnsetetls
at anyield higreaipbihan eRmerseat dasael o) MmVeighh @filelimittygmine
reagent. In some embodiments, the step wherein the imine bond of the

COIII X
a- |m|ne meta conqp[nx |s?ormed in the presence of a metal salt or metal

proceed ield of reate rthan about ent based on th
Werﬁ%%tg gf thelclm ?ﬁ%lr}léeafée%t ?Ygrna?r\?leqy ﬁrlea1 er ﬂ %erc‘eﬁn Badedon
thecoupighis derenes lirnfting seagsetite alt-'é%ﬂrﬁaﬂ\félyle@iéawﬁcth arresipereentld of
bag&dt@mhﬁﬂ%ﬂ\@@ait%ib_leoﬂi hitingeagentialiamativaly, 1gealessan Ko,
peftent based onthe weight ?&@&J%‘H”%&ﬁ%&%ﬁexﬁ} ternatvely. arealer o

than 85 percent based on the weight of the limiting reagent; or alternatively,

gréafsrtiiah B erpak caRpiBaBRacE fihé Wiyt riretin ARyt Fédﬁécﬁf“ feacig
Geheralighttbfehprivoedp regdesdribedvabrennaen dhlethepeothistibm oficspegific

a- Qflmmmggaﬂeggmp@eéﬁﬁth@w gt differepetantwdiffarant »Qé%) unine
f?%?s in a hlgt }/leldtusmg an a- gklac é comgoun%an two dﬂ‘fere {or two
erén ype pir?m%?ﬁ A Nine S NS o BEBSUR By t(heo?y‘,w {SL S/ &t
thé%&@t@hﬁ?@ﬁmﬁ%éwﬁﬁtm frrepove tehased m%mm@t@rﬁusém@pmh&ent or

preseneeyvel araatalhsalp gerteacion of theweegnotiaminanyith@i:. a-acylimine

metal complex, inhibits the reversibility of the Schiff base reaction that formed
theditgs iming GECHR, Qﬁé*ﬂﬁ)&&%i&@m@o&@m%ﬂ&f}bﬂﬁ{%hﬁ&% 5@&’1%&!'1%"&1)/

of the Schiff base rea tion does r}?t create |s§1 ?s When the two rimar
1mine me@l CcCOom aﬁ'l'léf d erent (or two rentt 1mine S1n a 1
amines used to pro duce WO Imine group o ine oun (gand

ultieit e s-ditavirernetad epshijfedfeat tPré\s%m@?r%WWéar}Wﬁeﬁrtﬁés
twovaliftese mbprinaniamines e usediarpredins tvecditenentiminaminogen

9rQURniNE. SEVSIRIPI NG R SPIlRATE N 8’19}&991&}1'8%’\(&%‘30@(1 AEIWRE

Compound to revert into its component prim %¥ amine and a- |acyl Compound

and’ M%Wféﬁﬁ@%ﬁﬁdﬁ]@ih“éf%ﬂﬁﬁfﬂh’ﬂf&i difm e B pEE s M HES he
prebeficeioin¢izeometahsatiotiaiacyhmpnadn tiahedym glere dusirigivé torbabition

of ﬁﬁ@iﬁﬂ&%ﬁ%@'n&%&lﬁ%s@é@%ﬂm{%rwlﬁﬁ@%@s & sppelicdesited

a-diimine met?l complex based up (t}hq I|m|t nq reagent of the synthe |s
1{1}]1n% group of the a-dumine compoun (an timately th 1imine metal complex
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.
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75 0 [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
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embodiments, the polymerization or oligomerization process comprises 1)
CONYBENTY POIORMER ATIGNORRONGDMFRIMATIaN] a cocatalyst; and 2)
forming an olefin polymer or oligomer. In other embodiments, the
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comprising polyethylene. The process can comprise additional steps such as
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metal complex can be a metal
polyethylene. The process can comprise additional steps such as deactivating the catalyst

and isolating the olefin oligomer or polymer. Suitable monomers for the olefin
polymerization or oligomerization can be olefins having 2 to 20 carbon atoms; alternatively,

olefins having 2 to 3 carbon atoms; alternatively, ethylene; or alternatively, propylene.
Olefin Polymerization or Oligomerization Catalysts and Cocatalysts

[0152] Within the polymerization or oligomerization processes, the a-diimine metal

complex can be any o-diimine metal complex described herein capable of forming the
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salt complexed to an a-diimine compound comprising 1) an a-diimine group
derived from an a-diacyl compound and 2) two different a-diimine nitrogen
groups. In other non-limiting embodiments, the 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
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indicated herein.

[0153] The process to produce alpha olefins can utilize any a-diimine metal complex
capable of producing alpha olefins. In non-limiting embodiments, the o-diimine metal
complex capable of producing alpha olefins can be a metal salt complexed to an o-diimine
compound comprising 1) an a-diimine group derived from an a-diacyl compound and 2) a

first imine nitrogen group consisting of an organyl group consisting of inert functional
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complexing group and a linking group linking the metal salt complexing group
to the second imine nitrogen atom; or alternatively, a metal salt complexed to
an a-diimine compound consisting of 1) an a-diimine group derived from an
a-diacyl compound and 2) a first imine nitrogen group consisting of an
organyl group consisting of inert functional groups or a hydrocarbyl group

ang: 32 58 %é%??gPHEEP&%%)g{ QUBHAGRSISHRG éé%%ﬁﬁ%@hﬁ%‘suﬁg@[‘ﬂ@ﬁf‘é@lg

group and a nkln linkin metal salt complexin to the
s.e(:o%l emﬁ%ouﬁrogenuél%nﬁﬁr%\ Iﬁlﬁuﬁ%elfalm Sa? c,pyff(: ?r%p 1A Hoigrond
whighe¢hstaadiirnione eoMipouidlys @éﬁ%d@laﬂ@%@mmﬁw@m@mwme
fromﬂﬁdﬁ@@n dent elEmee iEo el @r el iRt MEeial-enrRxaRakle o st imine
prod lrJOCIer? pha olefins can be further descrlb?d us%qgerg\g&p&om ination of

bin
e ) S b Hesma St tfie a-diacyl compound from wiich’ the -

a-ditiRsa e ngp3antds etiveePxs ’(‘Ié%%r%té‘tﬁ’i’e FEMHP 9sHitésirfing ﬁﬁf‘ﬂg@ﬁ
greupEsdicesoriped hdnking anysatondhmirelsittegenigriop prongtalisaitcond

COEHB!%R&QEPHQI@S desgribed hereinaand any, Bﬁlﬂ“ﬂo‘a{ QURHNKING-HGine
metal salt complexing F)gtg%\gétc) the of the second. imine nitrogen group as
|

deSYPBRHhE S i Sy YRS SoHRATE A B BT RANEY ClHiSy tPSrathe
pradodtio mesfl gipheleslefinsle ah iieddarg kinbel alging dmebalfertherides aildidrmineg
meja/ @&mm@@lesgfépﬁam%ﬁqua&m&o@}&ha@%ﬁmd@wd&ﬁp&mcaf@mmrl
m%al <Spm lexes |nd|f§: ted herein The metahrsegllt of the a-diimine

e com erived as, d herf I}:, 1mine nitro cn g I‘OlllP
metal Complex ca of producing a olefins can be any metalsa

dedesiHRy %fFé}na%s%ﬁ?fb’dHPﬁ‘f‘éH'ﬂ’é’gfﬁérﬁﬁ‘ét%?F%?ﬁ]éaﬂnP}é’fﬁﬁr%@ﬂéhdeéﬁﬁ’éﬁ,
or haixtures the reodn resemenkimbadiiments]thenpietak sadi:pan thearmei secdroin

or goRalli PP e S MPdImERS.te MatahsAlliCARCOMRNSE ORI Omplexes
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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 a-diimine group of the o-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 a-diimine metal complex
can be derived from acenaphthenequinone, phenanthrenequinone, or pyrenequinone. In yet

other embodiments, the a-diimine group of the o-diimine metal complex can be derived
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pyrenequinone. [0156] The first imine nitrogen group within the a-diiinine
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
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where m is 2 or 3; alternatively, can comprise a pyridinyl group, a substituted pyridinyl
group, a furanyl group, a substituted furanyl group, a thiophenyl group, or a substituted
thiophenyl group and a -(CH,)- linking group; or alternatively, can comprise an alkyl etheryl
group, a phenyl etheryl group, a substituted phenyl etheryl group, an alkyl sulfidyl group, a
phenyl sulfidyl group, or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking

group. Alternatively, the second imine nitrogen group can comprise a dialkyl aminyl group,

a diphenyl aminyl group, a dialkyl phosphinyl group, or a diphenyl phosphinyl group and a -
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furanyl group, or a thiophenyl group and a -(CH2)- linking group; alternatively,
can comprise an alkyl etheryl group or an alkyl sulfidyl group and a
-(CH2CH2)- linking group; or alternatively, can comprise a phenyl etheryl
group or an phenyl sulfidyl group and a - (CH2CH2)- linking group. In some
embodiments, the second imine group can comprise a diphenyl aminyl
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can comprise a phenyl sulfidyl group and a -(CH,CH,)- linking group; or alternatively, can

comprise a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group.

[0158] In other aspects, the second imine group can consist of a dialkyl aminyl group, a
diphenyl aminyl group, a substituted diphenyl aminyl group a dialkyl phosphinyl group, a
diphenyl phosphinyl group, or a substituted diphenyl phosphinyl group and -(CHy),,- linking
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pyridinyl group, a furanyl group, a substituted furanyl group, a thiophenyl
group, or a substituted thiophenyl group and a -(CH2)- linking group; or
alternatively, can consist of an alkyl etheryl group, a phenyl etheryl group, a
substituted phenyl etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl
group, or a substituted phenyl sulfidyl group and a - (CH2CHZ2)- linking group.
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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
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phenyl etheryl group, or a substituted phenyl sulfidyl group and a -(CH2CHZ2)-
linking group; alternatively, can consist of a phenyl sulfidyl group or a
substituted phenyl sulfidyl group and a -(CH2CH2)- linking group;
alternatively, can consist of a phenyl sulfidyl group and a -(CH2CH2)- linking
group; or alternatively, can consist of a substituted phenyl sulfidyl group and
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Suﬂﬁgﬁ‘é‘qﬁﬁ&e; 2) a first imine nitrogen group consisting of a 2,6-dimethylphenyl group, a

2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group; and 3) a second imine nitrogen
group consisting of a metal salt complexing group and a linking group linking the metal salt
complexing group to the second imine nitrogen atom. Further embodiments of the elements

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

[0160] Generally, the cocatalyst can be any organometallic compound capable of

activating the a-diimine metal complex to polymerize or oligomerize olefins. Suitable
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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,
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3,000:1; or alternatively, from 200:1 to 2,000:1. In embodiments wherein the
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3,000:1; or alternatively, from 200:1 to 2,000:1. [0162] The a-diiinine metal
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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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[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 C20 hydrocarbon; or alternatively, a C4 to Coo
hydrocarbon. The hydrocarbon solvent can be a saturated hydrocarbon, an
aromatic hydrocarbon or an olefinic hydrocarbon. In some embodiments, the
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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

84 °



process reactor can be employed in the form of different types of continuous
reactors in combination, and in various arrangements. In an embodiment,
the continuous reactor can be a combination of a tubular reactor and a
CSTR. In other embodiments, the continuous polymerization or
oligomerizafion process reactor can be two or more reactors in series, two or

m%ﬁb@ﬁﬁé%s !ﬁle R3FaHEOHLEIMPINAIRTS HResRRfi M ANRRROMME ba: o
contrnuous merrz tion O Ilgomerlzafl ocess reactor can he more
thaR Br&? ﬁ“’“é‘évnés i ano thér &mbo 5P IR e L SAIRURL s e sk
carﬁry@a(ﬁﬂﬂar reathwreathddanionp earstimippus enkgielirajen anotlgemerization
embhadineatidheCoRiHpMYS aAHO FEANDaIiMRR QI ef |eaRIfQACIALS R in

seriem OHERLEHIahIs polmerizaion or dlsemerzain ecton.canlions

such as temperatures pressures sand Limes can mpacte a number of
factSrESIEHA SR A ibHie Trrdearet i SiekSdehtirifen “é‘i‘ﬁﬂ‘i‘ﬁéeﬂ% F CORtBHaRS
stapilitycdediimineligetaticomppexeactivity; cotatatysi identityctosdatalyst two
actlyifyo 0esirRd RIQAVE:(C.0 AAEIBAE iR VTS US . A RRR AlRIRSh &R us

product distribution, and/or desired oduct urity among others, Provided
thé’?é‘/é“é‘?i {HY8TOF" ?1%%?8%%’6’8&8%%%%"“8&% %Rﬁ|5‘8rf’n“}?{‘e°5‘?t%ﬁﬁ8‘c%?5ﬁizé“
hownetheneljtbstitinenp diy reattinaisieastolicpynhe ri zelfidn ressttiondcotditionsteo in
ackhigve thgdesiied cabjectivasHOdAdhbheteastion temparakdie Bbiheactors
polxmerrzatron or oligomerization reaction can be any reaction temperature
requrreg to produce the desired polymerization or oligomerizafion product
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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,
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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
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angyendns teganlO0d6R1 H@@sﬁ%@@ﬂ@ﬁbtﬂﬂ]ﬁr@hﬂﬁ@oﬁ%‘ﬂ@@ﬁﬁ@{@ﬁoﬁrreaction. In

ollgnomerlztatlon reacLon can be any. | eaqflon time reqwlredg roduce. the

t A% monomer. or a paortio rlza on or
desired quantity of polymerization or oﬁlgomerlzgtlon pro fuct(stch a

poRJEHYTERIGY ra?ﬁﬁ%{l BIEFHE), tb@o{%ﬁl%ﬁdé%ﬁlé@fé%wm&aam%e&ﬁﬁw
obtatncinelasicad convdisibin Gfuntioncidikiodnl gemasanhodemedts; e gas can

POlMRKIZAHOR A A UG EZ AHRMEBACHR LR SANISTMH M AIDIIE L0 S1n

hours; alternatively, ranges from 5 86 0 minutes to 2.5 hours; alternatively,

raﬁa@g%?ﬂtﬁoaﬂ‘? HeRYs L RN BraItEhAvaTdedrdhgas RO fo
1.5hoursi {017 0 deiienae miso dim érg, fhrer shgomeriZafioreprodutesfaiphiaates

olefins Ravingat lLast sfauh GRERAR atoms.dn futher embadimantsithats, te
0|I%O{nn§errllzzagll(9nn(}ro (R{googn%ﬁga ()Bhr%agglon 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

86 °



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
oligomerizafion process utilizing the a-diimine metal complex can produce
alphaRlefins. InsemeLMBREINERTR thePTRdHHCRMPsIsss inganRIRRR 1y,
olefin having at least 4 carbon atoms. Generally, the oligomerizafion process
I €S 110 minute te 1, QurIsS.
prodticing’ alpha’ ofefing R&Ving at least four carbon atoms produces a
distribution of several alpha olefins that can be described by a Schulz-FIor%/
chii §lowtHTaBEFRO4RIGRY R Fispatiriceiny HW@“@&&E’[‘?&WJ%@ Sy rfeas
whiereirnikop- 2dgithdmiurtitee pobaviolessofhalphgookefinipnod weetideaaihg cjeihs
caion AP msaRf: Xadsthgdimhenotmelesiefalkha glefinpptodusrdbaving
n ctrblon atoms git.e15 tht%gnol.e tof the;.p{tecediréggaltplhatoigfin r?.déftcedz.. I
omé embodinién s,0 e a\vﬁfﬁa dlé ﬁ]npfioalﬁé Varstiibttion’ dan be desttibed as
hatifrgsa 8 ehigRA RSPy ehali artswtd TaetenK dkasgativaly.0dsst Afteerratively, less
than 0.9; alternatively, less than 0.9; or alternatively, less than 0.80. In other
eniBbdiments, dhesgdphtodEfirnproduct diskibutionngale beldesceribed egnplex
having:3dw€ iz Glatys Chaloms oMitbalactay, Hd BREEMOMpBsdston:ORpha olefin
altﬁrnativetzl}/ fro4m 0.45 to 0.9; Galtertﬂati}‘gl%hfrom 0.510 0.85; or tematlvg:ly,

from 0’5510 D 8: CSenarafly. the Sehtlz- Elory Growih TAdSr can Be fheastired
usitleftdninnpdpot Mt sbansirms R ety itvg onelj acei! phidauidtisdisha
olefinseQneskillad in Heuarrwill wengatzethatthekmeastineds Saistz dylaky
gr%{migﬂptor 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 6f ptoduced alpha olefins. [0172]
In another aspect, the oligomerization process can produce an alpha olefin
s s o sy el e e s R T
87X sligomarizadionofprodedd petstin cexleced hetne effiuber aighesrgin tiremoles of
oligemesized PigHk e \HRguBeArbRNGIRMR M R Rnlsh@¥ensh conenhHRfduct
greater than 99.0 weight %; alternatively, -areater than 99.25 weight %; . o<.
e o s R e Kl 05
we*i‘{j?fP%Yeltgi’c??ﬁseﬁhélh%%dﬁﬁ‘@%?l?héﬁﬁli@é‘?ﬁb?ii&f?é‘ﬁ“ﬁﬂ‘&@é@éeﬁ%‘tfﬂ&%oa In
readior efffagintewheteinithe okgomedzedprosluich havihg S satizonalenisgaa

1-agienerkanigni QfrRalehiham R -Romeiant o Alternatvaly raaies ihen;

98.5 weight %; alternativelg/, .
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
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greater than 99.0 weight %; or alternatively, greater than 99.5 weight %. In
yet other embodiments, the oligomerizafion 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,

OremRHitaRgs- dﬁré%@ég h 50 AltRIBRHVERGAr SAHEE AR WXL MeIg! Hoaltt

ye other em men}ls the oI| omerizafign rocess pr duc Sa reactor
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efffiéREweraih“the o gomerlzed producthaving o car offid comprises
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herelntbr N0 ¢ §gmﬁt'5 LRroguct % 4O Garbon atoms CompIses.any
wel tpercent 1-decene a escCrl erein. For exampie, In em odlments
th@%ﬁ&éﬁfehéaﬁéﬁ Prejelis pi"Bﬁﬂ?‘,‘eVé’la rESES A P8 Rt Wirdleih thjesrnatively,
oligameribed produsthh&ving Sicasbhatyatomsrcomprises gppater tihaned dtber

WelgRbRRIGRNT N eXENR R R IFQREN 2R RN CLAAYING:R.GAT AR AIPTHR
com rises greater than 990we|ght percent 1- octene, and the ollgomerlzed

proUERPHEYhE % RO RO miSHSeY GHSSTAT tRARSS" Wit Patcert
1-destenge: BYAMPLES 0T8I THES detishafid dissetiptions provided i theeht

fO”%Mﬂ@rﬁK%I}D@&a@E&IﬁW%StQ/&@ﬂV% pardiedanembadiments 0f. melght %.

catla sts nd Mmetk od sed ang to demonstrate a numbe t( e
ct O men S om 112g(101N Process, 8roduces a reactor € fluen \%% erem
practices an a vantages the e examples are given as a more

dethsl eagoa&%ﬁﬂ%re%\f%ﬁfé%?ftﬁ@@ﬁ%%mfé Y e BREEF MoV
arelnatibadendad thelishgorthgzspecificationiar sheudlairmse follpvisin aiyywelght
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complexes of examples 1-9. Table 8 - Compounds of Exam es 1-9 88 Table

8 - CoMpSdRYS %?‘EJ?&%??B elsdiC@“f\Fif‘iﬁCH\ef{lhﬁelﬁ ASY AR edBrﬁB%‘t? nts,
a-AylibginerGomppueds| meAeyghnvisecCosiiboanghidriih Nhe oligpierip¢d\pPdyce/"

\ having 6 carbon atoms comprises greater than 99.0 weight percent 1-hexene, the
oligomerized product having 8 carbon atoms comprises greater than 99.0 weight percent 1-
octene, and the oligomerized product having 10 carbon atoms comprises greater than 99

weight percent 1-decene.
EXAMPLES

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

the compounds and metal complexes of examples 1-9.

Table 8 — Compounds of Examples 1-9
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The resulting m 3

mol) in 65 mL of ethanol.
cooled and fiI ored to
remove unreact oval of solvé @» de

vacuum, the ke @ in ether, fllterep
poled t -10]Co ight. ' i X

C( nosited wé
wasted with fsold e jain gpoled toy 10
overnight ag ange soE giving a t Igﬁeﬁéle.
g (68 5 %). Characterized|by 'H N DC13): @ 15
d| 6H; 2. 8§f|n 2HX 8.18,t| 1H; 7. turH}& 81,t, LH; 7. t rHMgﬁ
1H. (3H's are olbscured by the C 'H NMR (40 N- d3 :
0/89d, 6H; 1.10, d ; 2.19, in, 2H; 8.27, d, 1H; 8.12, in, 2H; 7.87, t, 1H
7|45, t, 1H; 7.30, in : 30, d,1H. EXAMP nthesis of a-Acy
Compound I f(2E jl-t- butylphenyl)im =naphthylen I (2
[0175] Anée/ﬁﬁjbr 65 ML) solution ef averRaphtirenequinone
mm treated nvith n\ écl/d,,\follo ed by sl
adao eer prox $) S Fe Q

Cl CI \\\/j CI/\ \\\)/

of \

Structure XIII Structure XIV Structure XV
KT/ | S/@ N(\ T/%N/ ~ \N | S
— =
NN / \I7<\e/ e
/
cl \CI Cl ¢l CI CI
Structure XVI Structure XVII Structure XVIII
\
NPy
\N \
N~ N~ /\
7? \_\ Fe ccl
Cl ¢ o CI CI
Structure XIX Structure XX Structure XXI

=

=



of a solution of 2,5-di-t-buytlaniline (1.69g, 8.25 mmol) in 65 mL of ethanol.
The resulting 91 0 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,
ashed with cotd ether and dried. The fittrate was again coofed to - 10C
overhlg Rt &rrpieres sf&rigarksiidivas isolated, giving a total yield of 2.13 g
(70 %). Characterized by 'H NMR (400 MHz, CDC13): 1.24, s, 9H; 1.31, s,
9H; 6.80, s, 1H; 6.88, d, 1H; 7.23, d, 1K (resanance partially covered by
CDC13 peak); 7.40, t, 1H; 7.44, d, 1H; H; 7.97, d, 1H; 8.17, d, 2H.
EXAMPLE 3 Synthesis of the a-Piimir 2tal’Complex Having Structure |
[176] A solution containing 0.1 mL (1 Imm [) of 2-aminomethylpyridine in
50 mL of anhydrous butanol WAS at d Vi nula to 0.285 g (1.0 mmol) @
atacylimine compound Il and 0. 12:1 ol) of anhydrous FeClz. The
initially orange solution turned dark brown within 5 minutes and deposited a
dark green solid after stirring ové’r’i@‘r‘f“ﬁﬁd@r argon at 55 C. The solid was
f|||tered washed with 6 mL of THF, and dried to yield 0.242 g (60%) of dark
green product. EXAMPLE 4 Synthesis of the a-Diixnine Metal Complex
Having Structure 11 [0177] A solution containing 0.10 mL (1.0 mmol) of
2-aminomethylpyridine in 50 mL @kapydsqus butanol was added via
cannula to 0, 342 g.(O. 91 mmol) of a- acylrmrne compound | and 0.127 g (1.0
TNy oS hiaty o %%e solution turned dark green
Wltﬁ!@@l@ﬂﬁﬁh@dﬂl@é}gmm@d&mg?riéle@rlsblld after stirring overnight under

argorvat 55 Gn Tiensolid Wﬁ}ssﬁitﬁ&dﬁ\a&ﬁmﬂlw@ﬁhﬁdﬁ!—(@ﬁd Kk 1 anghabiechio
elr%atg A4 q ‘r?lp (V?)[_ Or}})g a{_kll I%eﬁ'\o Q(Eq) t EXaMEL dStISIY ot\te(?s %r%s%rs)
ex Ha %Z?

limine Metal Com ving truc,yture fl so ution o
(1 a3 BB 2 @eﬁphlé?rgfﬁmeeﬁnﬁw@)éwrarﬁr oS otlanhgdreels The
butanuainyasi-addedyiaicanmuacto G«dighg (bod mol)eofdafaWMreacted

cOmPOURehafthGhd 64 &A1 0moD h aRhydrP v FeC e TREISIUIORNGR

stirred overnrcght under argon at 55 C. The solid that formed was filtered,

walike gﬁm K4 8 ﬁ,.l(tj:ﬂeﬁlt %ﬁdgcéxde 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, CDCly): 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.

EXAMPLE 2
Synthesis of a-Acylimine Compound II ((2FE)-2-[(2,5-di-t-
butylphenyl)iminoJacenaphthylen-1(2H)-one)
[0175] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was
treated with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs)

of a solution of 2,5-di-t-buytlaniline (1.69g, 8.25 mmol) in 65 mL of ethanol. The resulting

91 °
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THF, and dried to give 0.505 g (58%) of dark green product. Recrystallization
from acetonitrile yielded x-ray quality crystals. The obtained crystals were
subjected to x-ray crystallography. An ORTEP diagram for the crystals
produced in this example is shown in Figure 1. Selected bond distance and
bond angle for catalyst BMS-114 include: Fe-Cll - 2.286; Fe-C12 - 2.313;
Fenlhl)!turg ]vgdl Etﬁrcmza '@(ﬁ‘% F()%éﬁlil h‘t’2 40%3165) I'J: g IHRereJ}BQ'll%nP l/eFﬁﬁgALt'ed
100.77; 2FeCII-93 ONIFeC 15618 Cll-Fe-C12 - 111, .
E%AT\%@FE%%%%%B SF IR bR E ST C8rBR éﬁ?th‘é“ ﬁﬁ&ﬁﬁrseo
[0279] Bsssiiedidh . zmrgi(@.@zqvinddg of ®-(dipisengiiphdsponnietiwiduthine
in 4éhodnedaf anhyelQusdnudangl was-added viacampyiaie Ga263.6 QR o -
m of a-acytimine  compoung 11l and 0.1 9
Fe%(illlz% T eé“ 1s utlgnmv?/rgsogtr re 1dgl)v“earsnlrSorlrctﬁtﬁdi r%r (%)r%%:t lquC? é%f ?Lgegsqgﬁﬂat
forfrheersirigeribyr HINNESHEY Witk ‘é%%énl %t'rrfoﬁﬂt b?*rﬂ PHapd%Fidd 16 Bfive
0.380 726 6% HafedarkogreenapyoduactdbXAMPL k) Sythesis ofithe, uFDiiine
MetalComplexiHaying 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 adgded by, ¢annula to 40 mL of anhydrous
butanol. This solutlon Was transferred b cannula to O 265 g (0.93 mmol) of
aathesisof 1 ' 3 g {C HEEMsdanhydrous FeClz. The
res{(llt'mg solﬂtmﬁumsostame@ fDrOtwb dayslmoﬂdef angomat by Cridineid a0knL
fotrtl Eﬁ%&g&ﬂ@%&éﬂ@sxﬂi@ﬁﬁ@ed‘%§%ﬁ}[ﬂ'% ao@@ya:g qrrtprrrgtaf HH Eza@ﬂﬂnlﬂﬂed
0 give reen ct. Recrysta|lization from acetonitrile
o B e e L R e e el e et A
crygtmtb%m”mw@m'eplﬂtagraﬁ?ﬁ@%ﬂﬂdé eryjsezdeprotid ebel s ousaigple
IS shawwa-gonFigisrec? . 15eletedbond distance anel dandengiedor dhal esysials
in%tﬂg gd %ﬁt(il)k rzee%s%o@\ e(1)-N(2) = 2.197 A. The X-ray crystal
structure or the ma r|aI an 1 e 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,gativg (c@mplexing) bond with the metal
atom to have an actlve eth Iene olromerlzatlon catal st when the a-diimine
Epbgsisfthe o- i) 2t - tHiyst. Additionally, the
X- r[ﬁWdtystalAstpmttwecmdmageslﬂmLtﬁe) anullrpmnfémtah@drﬂpieﬂes may nie

Is%tat%t%aralglmaﬂa fem ﬁlﬁ&'% Qragrgmgtml@gze@ tawmd)lam Slat{eatlc@iﬂmme
aclive e eriz a-diimine meta .
co Fg Ctg(f \/%gﬁ etﬁm} an yyousvﬂjgp I%Ee 1n1t1a§Hy orange solution

comp X IS con
turned dark green within 20 min and dep0s1ted a dark green solid after stirring overnight

under argon at 55 °C. The solid was filtered, washed with 6 mL of THF, and dried to yield
0.449 g (80%) of dark green product.

EXAMPLE 5
Synthesis of the a-Diimine Metal Complex Having Structure III
[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
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cocatalyst. EXAMPLE 8 Synthesis of the u-Diiamine 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 Il and 0.130 g
(1.02 mmol) of anhydrous FeClz. The solution was stirred overnight under

afgrQ[FaEuﬁiE&e&r he g%td%@g dagkgy Qﬁrhé‘k'l&é%ﬂ (?@&E@d%‘é% IR¥lHsErOn
5mL in vacuo, ldlgj)osrtrn% %reen olid, T@g soli wzsatgsfll\tvtgre washed with

diettty e e o green pro uppiected to x-ray
Re@ryetatalz’ahbn%@&@ﬁémm@Ntha@MlPBEdQC[MBE]lP@Wn@enzaWn in

pragagdeine: $eieepaaie d@aﬁeeeaﬁrbatdraageqmwaaqga BB i ifakle %e-ci1 -
(pr§9§6r 6d a$,a standard ol L W@Y{s‘%nﬁeﬁﬂloﬁ%ﬂi %61% R2.-135.19; P1-

omogeneous mixture in bi was placed in an NMR tube in a
suE%téHtralIW -okyrehe-GHd ?ﬁd@t Ferfeld e]r?\?irlénﬁteﬁf’ t#3hd Yighenyl mixture
was used, about 0.5 ml of methylene chloride was added to the tube. The
NMR tube was then sealed and afitx¥{lEiAg copper wire) to the internal
Stirgimgh eohardamioﬁaémtmmtam&&sast@%autaﬁtam such that the
begipng of SIS Wesd Pr%’éihr%n%WHJPd‘?pﬁ‘ 15%&%6&?& Qﬁy?%ﬁ%%s o

the reactor. The reactor was then evacuated and ¢ d with anhydrous

soREri ARy eMtatHREC N S RsTh IR C?fB‘t‘é?téW@r%e(? ac%‘i“\}\)ag fhigpylimine
pressyrzed Withde thide e (Eid stinlingl wety domreficedte dvlitiate the stirred

re%‘%@%hﬂlﬂkﬂ:? @chl;}{ gessEe Washeld apnstantang rﬁe@tmt@mp A UrE MRS
controlled 1Jloerature 8§§¢30 g%/ i ernal coolrgg coils. Each reaction
et ris bt W

was commenc’e e4CHoNS @ maximum exotherm
is shown in Table 9. At the end of each reaction, the ethylene was slowly
vented and the products were ar%tﬁé}d‘w gas chromatography using the

g t Melak g dhvile: FloryweoMstant K was used to

esmﬁd?the&méb@(@b&%lgfrﬁ%%%ﬂ@ crc%hegyi)\' slh‘lf?dM@pnlh@l 34900

Ooﬁ%ﬁsﬁvg pélaged Vvt}llh%%r%? %?ﬁr%nﬁ?%lahen ad(de(c-l;by cannula to 45n m]? otl'gtr}h}%rousp

butanol. This solution was transferred by cannula to 0.265 g (0.93 mmol) of a-acylimine

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

93 °



OPVd~"C'PTarmnC+aaP deEVIOONyY'COaQVCb'CWhbbvl
d xVpOOCCdO"(OdCo ROO00.0O00O.00p00O000O0O00O0O
0ooOO00f:N.PbM~h pyW~ Nh[*"W~DJ~~""ZZd or+ZzVz
Varn”aoivoO FhvhimK.hvhNCNN F'NMOMVNiviCOMOO
Owiwi.VwiwiC'awi WCOOO0O0O0O0'0O0O0O0O0O00' 000000
O &igomBiMalh Mr: IﬁMMM&@&\&M%&&M&%M R QLM B RR BLO0
OOO?OGOO O000. OOOOOOO0O00OONNNOw=tiif titi
PiisticCticiooftitialf Z5xXx5rC555T5Fxx5v.S~ YO
O000'0O0000OO0OOOOOOOOO sIbobObOO-0O0O0DOOOOO
M0000-0 d CCCCCCC@WW‘%%VCVm CwOO0O00000
E : e@ID O'OO00Qviviw

v) IMM]VS VIAV!SMthOM Mﬁ (M@ g l(@z %%&)Q)on(ﬁp@e%ﬂ)ﬁ)g&QerQmQIQHOAL@

yR 6 ¢ d rdoéjs u(t)a1(1)016v9asd added %(gnnula to 0. {]ﬁ) w Qi Oé)f (Cx)acyhmgeo

~CCcvVve- V
compound II and 0.130 g (1.02 mmol) of anhydrous FeCl,. The solution was stirred

overnight under argon at 55 °C. The resulting dark green solution was reduced in volume to
SmL in vacuo, depositing a green solid. This solid was filtered, washed with diethyl ether

and dried to give 0.352 g (49%) of green product. Recrystallization was done in MeCN.

EXAMPLE 9

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

Flory constant K was used to estimate the total amount of product made.
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empddiments’of tHe ipventipn have been shown and described,
by therepf ¢an bg made by one skilled in the art without departing
i itssdridl | teach|ngk of th'E invention. The embodiments described
-exXemplary-pnlydnd-ate-Hottrtanded to be limiting. Many

B andsmadificasigns|of thel inyention disclosed herein are possible
P oyl & g . - .

Fe &thirfthe scope jof thelinventi®n. Where numerical ranges or
limitgTigng arg eg]ess Iy §tajed| suchjexprefss ranges or limitations should be
u 1der§epo§t3§r s} de (itgratiye fan es;?r limitations of like magnitude falling
wjthihe| expressly stated fanges off limitations (e.g., from about 1 to about
10 includgs, P, 3, 4] efc.; | greater thah 0J10|includes 0.11, 0.12, 0.13, etc.).
Uke agtﬁe £re "gtionglly” with respest| tojany element of a claim is
imeridgtgmﬁe n“that{f3e subjéct elenfent is required, or alternatively, is not
rdquiréd” Both gltefnatives gre |ntgnded fo be within the scope of the claim.
Use pLbrgader terms sudh ds o Q{i es,ircludes, having, etc. should be
undgret&d® (& prdy idle BUPhP?t |fEr| Fayfén@l terms such as consisting of,
cpngsting-egsentially-pf-te ised-substantially of, etc.
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[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

thgRgfierredyambRAinenim i iR %§%tlm&%ﬂﬁl%v§ D lRGHS SIRNIQE Abed,

reference jn the Description of Related ﬁgt is not an a Assmn that it js rlor
7 1cations thereof can he made b one in the art w1t th ;ha]rtm%q Lom the p1r1t
art'to the present invention, es eC|a y any rererence tna

publiteagnndant hetew eheopridhity nipademshithissapsidistiim ?Ivﬁeed@emgabeemir
all Qat%}tSHtQﬁf@ﬂtcﬂBp|iﬁﬁﬁiﬂQS Mﬁdyp{zﬁi)ﬂﬁaﬂﬂﬁﬁd Giledigarein arebdersbytion

mcgrp,ogg erel refere %the el tglthat theytgrowde e%ewere%mmcal
procedural or other etalfs suppﬁementaréto ﬁwose set ?ort(h herein. 97

CLIAIRAS OWHAROR AR SAPTESSH SEebs¥ForepREEuERg S HATHRIAS should be
comdeisingt @) iedndadtingiethyleaeoraimationine liketahgomipléliandiein the
cocgiplyshsand rQQg@rgﬂ g @Rpligom %E?Q)&IW IS NBRIE YL GBI ISR ke ..

alpha olefins; wherein the a-diimine metal complex comprlses a metal salt
coﬁ’i&ﬂ&gﬁ’}cﬁ’ KB ifniHe Colm po]LPnStC\R/hg?&%f e SR AR LS mpELEPet
cotaprisedemgnanfzadiliminé dgrsoged doivedfrban n st yloomipe uemitigy. sor
firshisnine ENragen gaew consistingafvasGR t1aiad @rg@wlmqm) SCORSISLRNY
of Ingrt Typctiopal Qroups of @ G, 19,630 hydi %saﬁ'P ropp ANt 8) nﬁ cond
|m|ne nltrogen group comprising a metal salt comple ng group and alin Ing
grotiPINdn PR TP S ED RPN XIHG @Foﬁﬂ?%t%(éeéﬂﬁﬁtlﬁﬁlﬁéseﬂiﬁ%é?ﬁ
atam@iséhepracaig of alaim 1, wherein the a-diimine group is derived from
an aromatic a- dione and the first imine nitrogen group consists of a C3 to
C301yfrocasbydrgroup 12. sthe: pfqﬁee&@ﬁ Glaimn ﬂznﬂéh&fﬁiﬂeﬂd@s@-rﬂiﬂﬁiw out

grOHQve%Qtelrs"é%‘} rrglted %§%1nac?ar1] %e%“%r‘l%r\‘x?u%??co? én%g%% S qul%a%nts of

pyrenequinone. 4 process of claim 1, wherein inine g
deFWéBbﬂFﬁh’T‘a&Ere‘ﬁé'Eﬂ‘ﬁﬁ‘eﬁseqpt?ﬁWﬂ@ eBerTﬁ]é“Br’éé%PB‘faaﬁi‘ﬁ’iolth?/\?ﬁ t’tﬁ‘e
firstsinni natnitioge vgteupesonsiststoha CoitohC30nar amaticrihyddecayh gndup

angrggg £H@1¥%§@'Ih€%i%ﬁ%ﬂ%91&ﬂﬂl¥9n%f Jh%é&%%%m%nn'ﬁfﬁ@&&&%%f a
comgnses a dialkyl aminyl | group, a di di hen}/l amlnylsgrou p, a substituted

rence in the Descriptio is not an admis that 1t 1s 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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98 0 diphenyl aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl
group, or a substituted diphenyl phosphinyl group and the linking group of
the second imine nitrogen group is -(CH,)m where mis 2 or 3. 6. The
process of claim 5, wherein the first imine nitrogen group is a
2,6-dialkylphenyl group, and the metal salt complexing group of the second
imine nitrogen group comprises a ¢ipReyl phosphinyl group. 7. The process
of claim 1, wherein the a-diimine group is derived from an aromatic a- dione;
thefirst.imine pitrogen group consists of a C6 to C3o0 aromatic hydrocarbyl
group; and the metal salt complexing group of the second imine nitrogen

group comprises a 2-pyridinyl group or a substituted 2-pyridinyl group and
thelinking Brocs B e e R h R o s Cro). 6. The
process ofcelaitink PRI LDIGEHIMIAG SsRMRISAELVEd fiim A0 aromatic
a- dione; the first imine nitrogen group consists of a C6 to C30 aromatic
hydrocgrbyl arau, aRd e meialsalh camplexingisiarQfithg second imine
nitrogen group comprises a phenyl sulfidyl group or a substituted phenyl
sulfidyl gro anqhthe_ inkin up of the second imine nitrogen group is
el b b Sl 2 S R R B0
metal complign COMPpsisaSEHRIOMITY. diihcaptuR Wigiwas thereof. 10.
The process of claim 1, wherein the cocatalyst is an organoaluminum

compoundit. Jﬁ%ﬁ%ﬁ@%&@ glaim Hwhereinghe apsaialyst is
methylalumoxane, or modified methylalumoxane. 99 0 12. The process of

claim 10, lraviadiat metahofokre gocatahystity af metal Of threaayUginipeonsieiad
complex ratio ranging from 1:1 to 1:10,000. 13. The process of claim 1,

wherein the olRjdifieHASEPRthgIRRE Brodut ity erion Had Pa2¢hulz-Flory
chain growgh factor ran ing.{rom 0.4 t0 0.95. .14, Th{e Rrocess of.claim 1
wherein t\k,:éét) a|%ﬁ%°6’leﬁ‘r’?‘s‘%#é°§?8 Uced AN Sligomerization process feactor
comprising a le@prigasial Antuwhuly reactar cangxinueus stineddaakmine

reactor, or combination thereof. 15. A process to produce alpha olefin
comprising: a)ngoreactiong- ethylene, an a-diimine metal complex, and a
cocatalyst; b) forming an oligomerized ethylene product comprising alpha

o'%!nS; The process of claim 1, wherein the a-diimine group is derived from an aromatic o-

dione and the first imine nitrogen group consists of a C; to C3y hydrocarbyl group.

3. The process of claim 1, wherein the a-diimine group is derived from

acenaphthenequinone, phenanthrenequinone, or pyrenequinone.

4. The process of claim 1, wherein the o-diimine group is derived from
acenaphthenequinone.
5. The process of claim 1, wherein the first imine nitrogen group consists of a Cg to

Cs aromatic hydrocarbyl group and the metal salt complexing group of the second imine

nitrogen group comprises a dialkyl aminyl group, a diphenyl aminyl group, a substituted
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wherein the a-diimine metal complex comprises a metal salt comprising iron
complexed to an a-diimine compound comprising; 1) an a-diiinine 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, QridSARTARKANEE, O Aty R RS EERAP, I EHYIOGRRL IR Rroup. or a
comprising a metal salt complexing group and a linking group linking the
medaksalt¢dippiexipiggioup twtheusttenoimingonitodgernatamindiée Tivegen
process of claim 15, wherein the metal salt complexing group of the second
imifeURitt0Géh grdtigcniprisés a dialkyl aminyl group, a diphenyl aminyl
group, a substituted diphenyl aminyl group, a dialkyl phosphinyl group, a
dipfieny! phoseRinyd L sraERiah sy BRHUERE P BRDY L PhOSRINRYIAERVP
and a linking group of the second imine nitrogen group is -(CH,)m where m
is ZrowB add7thd hretpradessot olaigrdld siltersirptdénandinmirenoetal compiexa
has Structure Ill: N-\_\I P~/N CIS CI Structure Ill. 18. The process of
claithPee e thE 4Pdiimine metal complex has Structure VIII: P I N\ CI CI
Structure VIII. 19. The process of claim 15, wherein the metal salt complexing
group of the 5eeandr iniRa NIKOIRNHIIQURMEAMRISES R 2V SotinQr-a
substituted 2-pyridinyl group and the linking group of the second imine
nitkogentigroupisin¢@id2gen 20uf herpsocd s$ ofoclaimobSfininaresarthiezmuwiamhe
metal complex has Structure 1l: 1 N11 C1 CI Structure Il. o

the metal salt complexing group of the second imine nitrogen group comprises a 2-pyridinyl

group or a substituted 2-pyridinyl group and the linking group of the second imine nitrogen

group is -(CHy)-.

8. The process of claim 1, wherein the a-diimine group is derived from an aromatic a-
dione; the first imine nitrogen group consists of a Cg to Cso aromatic hydrocarbyl group; and
the metal salt complexing group of the second imine nitrogen group comprises a phenyl
sulfidyl group or a substituted phenyl sulfidyl group and the linking group of the second

imine nitrogen group is -(CH,CH,)-.

9. The process of claim 1, wherein a metal salt of the o-diimine metal complex

comprises chromium, iron, cobalt, or mixtures thereof.

10. The process of claim 1, wherein the cocatalyst is an organoaluminum compound.
11. The process of claim 10, wherein the cocatalyst is methylalumoxane, or modified
methylalumoxane.
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101 21. The process of claim 15, wherein the metal salt complexing group of
the second imine nitrogen group comprises a phenyl sulfidyl group or a
substituted phenyl sulfidyl group and the linking group of the second imine
nitrogen group is -(CH2CH2)-. 102

12. The process of claim 10, having a metal of the cocatalyst to a metal of the a-diimine

metal complex ratio ranging from 1:1 to 1:10,000.

13. The process of claim 1, wherein the oligomerized ethylene product distribution has

a Schulz-Flory chain growth factor ranging from 0.4 to 0.95.

14. The process of claim 1, wherein the alpha olefins are produced in an
oligomerization process reactor comprising a loop reactor, a tubular reactor, a continuous

stirred tank reactor, or combination thereof.

15. A process to produce alpha olefin comprising:
a) contacting ethylene, an a-diimine metal complex, and a cocatalyst;
b) forming an oligomerized ethylene product comprising alpha olefins;
wherein the a-diimine metal complex comprises a metal salt comprising iron
complexed to an a-diimine compound comprising;
1) an a-diimine group derived from acenaphthenequinone,
phenanthrenequinone, or pyrenequinone;
2) afirst imine nitrogen group consisting of a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, or a 2,6-diisopropylphenyl group; and
3) asecond 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.

16. The process of claim 15, wherein the metal salt complexing group of the second
imine nitrogen group comprises a dialkyl aminyl group, a diphenyl aminyl group, a

substituted diphenyl aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl
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group, or a substituted diphenyl phosphinyl group and a linking group of the second imine

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

17. The process of claim 16 wherein the a-diimine metal complex has Structure III:

Structure II1.

18. The process of claim 16 wherein the a-diimine metal complex has Structure VIII:

Structure VIII.

19. The process of claim 15, wherein the metal salt complexing group of the second
imine nitrogen group comprises a 2-pyridinyl group or a substituted 2-pyridinyl group and

the linking group of the second imine nitrogen group is -(CHy)-.

20. The process of claim 19, wherein the a-diimine metal complex has Structure II:

Structure II.
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21. The process of claim 15, wherein the metal salt complexing group of the second
imine nitrogen group comprises a phenyl sulfidyl group or a substituted phenyl sulfidyl

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