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 Ser. No. 11/186,306 and U.S.
patent application Ser. No. 11/186,038 (now U.S. Pat. No. 7,129,304 issued
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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
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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

consisting of inert functional groups or a C; to Csy hydrocarbyl group, and the second imine
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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 nitrogen atom. [0008] In
yet another aspect, the present invention provides a process for producing
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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.

[0010] Figure 2 represents the ORTEP diagram of the X-ray crystal structure for the a-

diimine metal complex produced in Example 7.



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 atoms, and a-acylimine where
the acyl group oxygen atom and the imine nitrogen atom are bonded to
adjacent carbon atoms. The a- relational designation may also be used to

describe other com@pmqﬁ)q%g@ﬁgﬁr@@f\e& QB AIoERFoses of this
application, an "acyl group"” is represented by the structure C=0, wherein the
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group and/or any other group as indicated herein. Thus, the term acyl group
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atom (an acyl carbon group). [0014] For the purpose of this application, the
terpENINIME@YSuUp” is represented by the structure C=N-, wherein the
undesignated valences can be hydrogen, an organyl group, a hydrocarbyl
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carbon atom of the a- acﬂvqllmlne group (an a- acylimine acyl carbon group),
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sulgstitue i) gmRums)etgpm(satashashtathe imine nitrogen atom of the
a-acylimine group (an a-acylimine nitrogen group). For the purpose of this

appjiaagion tb@rp@ D POHRL O IR R, 'Qﬁn%c"}lﬂ%o% RHQP@&%&Q{W@H‘J@&E@&%
system (shown in its localized or delocalized form) does not constitute an

imilcegroupr{R01k] kaicpuipesetphibisapplicationognhy@dracatibyl grapp”a
ha$ the definition specified by IUPAC: a univalent group formed by removing

a Hydrogenatony frofdoaahydiecarborefiieliengddepicorithinitiy only satizgomp

an%yqqeg@me&mdma;bxhampl caphinglude Deiiensh"aky! ol 2k 1
rocar p Can Inciuge ri S, rnn StemS oma ic

e Y R I S T 8 R T

Fo&ptithoses of thls appllcatlon, an "organyl group" has the definition
specified by IUPAC: an organic substituent group, regardless of functional
tyF{@()lﬁvingF@nélemeepose 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
nitrogen  group). Additionally, the present application may refer to
substituents/groups/atoms attached to the acyl carbon atom of the a-acylimine group (an o-
acylimine acyl carbon group), substituents/groups/atoms attached to the imine carbon atom

of the oa-acylimine group (an o-acylimine imine carbon group), and/or
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valence at a carbon atom. Thus, an organyl group can contain organic
functional groups and/or atoms other than carbon and hydrogen (i.e. an
organic group that can comprise functional groups and/or atoms in addition
to carbon and hydrogen). For example, non- limiting examples of atoms other
than carbon and hydrogen include halogens, oxygen, nitrogen, and
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example, while an ether rouE can complex with a metal salt, an ether group
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group are restricted to those functional group and/or atoms other than carbon and hydrogen
which do not complex with a metal salt and/or are inert under the process conditions defined
herein. Thus, the term or variation of the term “organyl groups consisting of inert functional
groups” further defines the particular organyl groups that can be present within the organyl
group consisting of inert functional groups. Additionally, the term “organyl group

consisting of inert functional groups” can refer to the presence of one or more inert



limiting examples of inert functional groups which due not substantially
interfere with any process described herein can include halo (fluoro, chloro,
bromo and iodo), ethers (alkoxy group or etheryl group), sulfides (sulfidyl
group), and/or hydrocarbyl groups. [0019] The terms "polymerized product
having X carbon atoms" and "oligomerized product having X carbon atoms,"
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wherein the three free valences, , are to atoms other than a hydrogen atom
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CaQt&ﬁsWﬁﬁ%ﬁ%&%ﬂ%l?ﬂ&%ﬁ’ Jpoﬁgaala%@ (@.@?%h@ﬁ{)bon atom, oxygen
atom, sulfur atom, etc. In other words,

[0020] For purposes of this application, a primary carbon group is —CHj.

[0021] For purposes of this application, a secondary carbon group includes a group of
the formula —CH,-, wherein the one free valence (-) is to an atom other than a hydrogen
atom (the bond represented by the dash, —, is to atom and/or group to which the secondary
carbon group is attached). Thus, the free valence can be bonded to a halogen atom, carbon
atom, oxygen atom, sulfur atom, etc. In other words, the free valence can be to an organyl
group, an organyl group consisting of inert functional groups, a hydrocarbyl group, a
functional group, or an inert functional group. Non-limiting examples of secondary carbon
groups include-CH,CH(CH;),, -CH,Cl, -CH,C¢Hs, and -CH,OCH3;.
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each of the three free valences can be to an organyl group, an organyl group
consisting of inert functional groups, a hydrocarbyl group, a functional group,
or an inert functional group. Non-limiting examples of tertiary carbon groups
include: -C(CH3)3, -C(C6H5)3, -CC13, -C(CH3)20CH3, -C= CH,
-C(CH3)CH=CHZ2, -C6H5, -CF3, and -1-adamantyl. a-DIIMINE METAL
CQUELEX, BRI HRIMAGMA LEFR kR, ANRANTERMERIAdESP924} of the

Getnerafly, the a-diimine metal complexes can be prepared from a-diacyl
compounds, two primary amines, and a metal salt. Within the methods to

prefpdie teran diintiriemsetdfteniplexes, adivdisaiheo mbolreds dsedingond
a-aeykreing eonMpeUads antharaeyliovnetiptal GermpliexesieancBon group is

i”‘%&%“ﬁedcff‘teﬁﬁ‘s”qq’gﬁv%af’%@ g materials in the synthesisol.dhs fidiinine metal
compfexe's. The a-diacyl compounds, prlmarf; aminés, a-acylimine . ’
cOMPBNREE 9EFMMHIE HEtare8hfifexShshd Histardatistisr & mbepEist
elementstwithinretihel axdiimine matal complexsyithesimandufuriher despsibed
hefgino.8; PRty CRMRGHNESIPAZ3h Ganeralma-diagy! campaundskiilized

in the production of the a-diimine metal complexes c,omlPrise two acyl groups
caphble of fS¥IAE an iminé%r8lp wherf&8Rtacted WitH %Fprimary_gﬁ(l )
Apprbgiiat€ B(diHoyl conpoumds Barth©fibsendapdlbietstHeacting  with two
primary amines to form an a-diimine compound. Within in this specification,
thel0023in "capablepofaasatingppiitatwo primaniamines godprintladeaadiionine

compayndiaskeuld HeRtbacanstited jRdnean thatiwe, RHBRLY RMNINERIAR
necess il)ga ded in thfce\I same step. Nor should the term bql.cgnhstrued to
atom, (t ond represented by t edasg,.— is to atom /ox_grou Oto which .t uaternar,
méan that an a-diimine compound is Ne¢éssarily formed as an intefmediate
to anbardrpipdsnsghicddmphes. FEakthe theldfipinigean dealietcydn dsniptsperdeady
ongohageile AiIiQEMingnabaBuR e LRy e FORIaGIRELWI R PRIMALY wiRine
IS %9&”%%§§E%£!J¥r!a%dv'§ﬁ§$k‘é§ ahpeiteds ol iarming 9@&@4@&09;%%%9;-()}5@5 g
“capable of reacting with two primary amines to form an a-diimine _
coripb i Paah e P8 IESETBE St Bt SRAIKAFhIREPaft AR Pafftidirarnal
a-di@oyl compdundisnivingch eammpisutilizéd ireitivey syntiiesis ofithgsa-dinminke:
metgjgemplexegidescribed barpinotis, adlinine meia) Gepplexestande
progggiddutlllzlnlg any method as described herein. [0026] One class of

a-diticyl €6iipotinds that can be used in preparing a-diimine metal

complexes is an a—ketoaldehéde, which is a compound wherein a ketone
oxﬂg%ﬂ' r@i}%

Mk anaq%dehgf M‘ﬂc@%n atom & ndeMﬁ%ﬁ}é&@nt cathth
atdNEERNERIKGIBSIdehydes utilized in the production of the a-diiinine metal
complexes can be any a-ketoaldehyde

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

the a-diimine metal complex synthesis and further described herein.



capable of reacting with two primary amines to form an a-diimine compound.
The a- ketoaldehyde can be saturated, unsaturated, linear, branched, acyclic,
cyclic, aromatic, and/or heteroaromatic. [0027] Generally, the
a-ketoaldehyde will have the structure W-C(=0)C(=0)H wherein W can be
an organyl group, an organyl group consisting of inert functional groups, or a

hydrpgRiPYLEHERaiN some embodiments, W is an organyl group;
alternatively, an organyl group consisting of inert functional groups; or

altggpagvely 3, aydiogarby IraiB. KeRRsal: MY GaR.AEA L GRA.erdany!

group; alternatively, a C3 to C30 organyl group consisting of inert functional
gré0PEleAferABRTEY VA 13 TR RGO CA BN YR e ARVE! OB
C20idrganylagrempjcaltsppativiety ¢.ali@31tcoGRBsgem i aitosp wpridistingacing
inl ?%M?&Iﬁls}ﬂﬁdrg %Qlltdﬁgsctgg&m %H%@ﬁﬁ&@@bﬁ%&%@t_hy?ﬁmgﬁ gfé@gghﬁon, the
alternative a Q U organ, roup, alternatively, a (0] rgan
oo R R e B S S S RAR O LS g S
hy@pbBarsyEIRsUp; raftarfativetprian T8 41T grgasisgibiddes Blteerramgelypa
C3Ner Gvaagae e ghoby wansisding atinarhfunciianakg@rouppowd akemadively,

2 GorfRefF RS %qﬁ?&%‘a}ﬁtgwlﬂﬁ-&%‘?JQ%EB%&B%QV:&E%E’ f‘f%%%ﬂng&%{&’cyl

consisting of inert functional groups, or hydrocarbyl group of the™ .

a- KSRt dR e Bl SLTRaRsR (RES RPN AP ORE I EIR A piangy amine
branchedcaraliiyriatomatiof [OORE} i somiegamibodingents, Ric teprésgntdear
acygcliardanyhe r&ﬁn@arﬁ'&nﬁﬁé’s‘lﬂﬁfo%% W-hQﬁQH@cGQB%Hﬂ_% afuingss fyaetional
groups. Of fnyasuENC iydrocarbyl gronp. I oot A OdIMENtS, R ed in
represents a cyclic organyPgroup, a cyclic organyt group consisting”of ther
furtatibagt griotiss *olivyedicrisid revarlsyty dsapibRE daiditle ssTE theigninetardabf
thecoaigaRy L gf etiproatganyd graup capsistingiat ivedtdfastional groups, or
hydrocarbyl group, R~ can have any number of carbon atoms as indicated
A I Ay e P g o
alternatively, a 0 oxal: or alternatively, a. 0 oxal. In
atipt ekl AR S IR T
phehygNskaR et iere b daitrente, adiecakerdaranyde iShpreksitglderdrs
Withil-eg ubshéuted phenyigiyoxaliifachsu siitugates ane: aly JtRefcSdergany!
9rUPS1A ¥ i wATIRY b ERRPS SRS ISUIAG, OL NS IHACQNAL HOUPS:e o

and/or a C, to C5 hydrocarbyl groups. In other embodiments, each phenyl
suBSGRIERIECAN 0 2351 CHBRYANSH Jr6tipLeBrishtitfycur irsttcutietBhal
grougsy mtattepnatively, a C3 to C5 hydrocarbyl groups. [0029] A second
class of a-diacyl compounds which can be used in preparing a- diimine metal
comfiekes iSanmangdione (@lcampaynd whiereve twe keienecoRYger-@iomS)are

bho Qﬂ%(?iﬁ%a%%% CRERRN AN ol AeNES Sdlized iR REoRHGHAROf
t eora 2-1 Illyrdnrl(?cgrbyl group. In some embodiments, R® is an organyl group; alternatively, an

organyl group consisting of inert functional groups; or alternatively, a hydrocarbyl group.
Generally, R™ can be a C, to Cs, organyl group; alternatively, a C; to Cs, organyl group
consisting of inert functional groups; alternatively, a C; to Csy hydrocarbyl group;
alternatively, a C, to Cy organyl group; alternatively, a C; to Cy organyl group consisting
of inert functional groups; alternatively, a C; to Cyy hydrocarbyl group; alternatively, a C, to
C,y organyl group; alternatively, a C, to Cyy organyl group consisting of inert functional

groups; alternatively, a C; to C;o hydrocarbyl group; alternatively, a C; to Cs organyl group;
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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. [0030] Generally, the a-dione will have the structure
Rk'-C(=0)-C(=0)-Rk2 wherein the structures of Rk' and Rk2 are

indgReRART, 9feach. %@%ﬁg@%@%ﬁ@ S HRRYLERUR, g%hp@r&%hﬂ[%i}

cons&stln%ogl Qertf ctional % ,ora hydrocarbyl rouP

embotifents ﬁfé‘ orR ce&% LTI E S GrodRNgBan: stshinadly,
a @Emof@@@o@iﬁ?ﬂﬂsgmub’@@%@ﬁ regogp inerthéumdtionldeigirdsupes tteptatively,
a Gasian 30 hydrecadny! ligeaupaaiemativelysomind. to C20 organyl group;
alternatively, a C3 to C20 organyl group consisting of inert functional groups;
a“ﬁﬂi@lt]lve lyna ﬁ?&@%ﬁﬁmﬁgo?a*g?@{%@ an?m@twgﬂylaiggﬁﬂo & %Q%/chc
organ roup, aiternativ (0] an rou SISUN ner
i e RIS SO e e
a @Qlftbe@BO‘@f@F’gfaﬁy PPN At eYARIEN Y BEOUROATEC B GEENY LEUP CHASISENg
of wrentfunstianal gfmid@ébr Srcadteraativel, 2op. tR&shydrecathyhgiotpr the

(0034111 g%[f;seo% J%L%”ééns‘iﬁ% Song iﬁna{‘o%y%ﬁp% %%%%ré%&’ﬂ}&‘h?p“d

k2 are acycilc other em odlments a-dione can be a semi- CyC IC

a- cﬁor‘fé“ I‘-‘?Reéﬂﬂ?&?’?ﬂ@faﬁ%b%ra%‘ﬁ?ﬁﬁ%‘BcaéeéﬁﬁiFé‘lst%&‘iﬁ‘Fee‘BB?%?@%fhe o
coReaedtebythrough & hgeboxingbystemim yetotheehemboedishenisythea C;
a- dipﬁﬁegi%a@y(iﬂgcﬁlg iﬁ%dﬁiénén@le%kk?{%@&%@%%I@lg%'ﬂa@cﬁiQ&Mn(ﬂ?&
sys ntajni th carpon atoms of the a- gro
At e R LR SR B
be sghmmé@hmydﬁher%e?mhcywéwamm y/elie: dodiorvecambaidinteAtS; thes
ringrgunpir@osysst@mlaa@ epMRkai Makbangaikandaubte kandsdlochusiingfoups.
sem| ?ﬁ}"%' IS, Bheor t%yg 1% Frdiongcmboiments, E@?JE‘%r YR MRS g

bicyclic ring system. In yet other semi-cyclic and/or cyclic a-dione
enfb S BPRLONhE HRY %rrﬁl Agesyebe e dn dMBPEP ¥ ERBatic ring or an

aromatic ring structure. [0032] In acyclic a-dione embodiments, the a-dione
caPP¥D, 3-bistagsentoress 2f suBsaYlErPOBIpuEHEH iR )2 S P emteiisedinhe; a
Sulastiivtad-2)3pananadipnedidnd hexanacioneansubttiviedxygen atoms are

2, %&%X&‘Ebe%ﬁ&%t St EXANG IS, O & SHARKIEH St REXANLHONGriline

some embodiments, the a-dione can be 2,3-butanedione, 2,3-pentanedione,

2, 3MRdk sneeisie cot é%%%%‘ﬁ%‘%ﬁcfﬁélpﬂlf% r‘iFPéP’érﬁBé%fﬁﬁ%t‘%“‘%h@%Hﬂ%‘/
caanpec?(B{dutanediones alternativdlyy @ Boperdahedionedalteanativdlycyclic,

2,3haxanediong. A akernativedbr3dshexangdione. [0033] In aromatic
semi-cyclic a-dione embodiments, the a-dione can be benzil or a substituted

befigioin other, emROAIMERR. MR AdIRE RIRROLNZY) C(=0)-R* wherein the
structures of R*' and R* are independent of each other and can be an organyl group, an
organyl group consisting of inert functional groups, or a hydrocarbyl group. In
embodiments, R and/or R*' can be a C; to Cs organyl group; alternatively, a C; to Cj
organyl group consisting of inert functional groups; alternatively, a C; to C; hydrocarbyl
group; alternatively, a C; to Cy organyl group; alternatively, a C; to Cyy organyl group
consisting of inert functional groups; alternatively, a C; to C,y hydrocarbyl group;
alternatively, a C, to Cy, organyl group; alternatively, C, to C,, organyl group consisting of

inert functional groups; alternatively, a C; to C;, hydrocarbyl group; alternatively, a C; to Cs
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[0034] In saturated cyclic a-dione embodiments, the a-dione can be 1,2-
cyclobutanedione, a substituted 1,2-cyclobutanedione,
1,2-cyclopentanedione, a substituted 1,2-cyclopentanedione,
1,2-cyclohexanedione, a substituted 1,2-cyclohexanedione, 1,2-
cycloheptanedione, and a substituted 1,2-cycloheptanedione. In some
Sa%fé@ﬂ?ﬂg%f%l@fﬂ[%@,%rﬂpm Eﬁyf@%lﬂi gbﬂﬁ@tlﬁ?@fbﬁert functional groups;
1,2-cyc openﬁane lone, a ubsi[)lttjte 1,2- cyclopentanedione,
1,22V EOAEanEdibRe O A SABLEREY 1,2-cyclohexanedione. In some
saturated cyclic a-dione embodiments, the a-dione can be o o
1,3%opertattaticnBobrany: Bydstiddnaysmeian - ferothdl EmBbbietits,
thexa«diions cérr betbd@eyciopéntanedionecoi-catirnativetyR' and/or R are, or
1%&5(&'9@!%@51@4%r&9u[%@§§1t U&é@&k&@ﬁ%@ugﬁlg W?mﬁ%@ﬁe In yet other
emtr)l%di en%s,&lhe a-dione canl.be _(PicyplgLZ.Zd he ta-1,2-(tji ne.a
Sttuted bicyclo[2 21 fhepta-1,2-didne, bicyclo[Z2"210cta-1,2-dioAe, &
subsgtitensicyeit[2. Dog sthem apugich éhecrdieamphiarq i none sani sypte and/or
sauyatedlding systam@mhpdineatsinthe @caiofereanud@ed. In other semi-cyclic
blC%(HBLZC%&Jh(?_BI%’:H‘;. \;ﬁgégﬁ?ehgl,c%g?% %12 ]f?n%t%y}m;ﬁdé%’ﬁ" Cofthin carbon-carbon

camphordquinone. In yet other saturated ring system a-dione embodiments,
thél%flﬂf‘o"r‘ﬂé“&?ar{‘b@%iﬂ%ﬂﬁiﬁdﬁ@%%ﬁf%%ﬁﬂ??&t@ﬁ“&%%%I efa G
embodiménts;lithéng-giome dandoetis2schenzdiguimibneyedisubBtitetemodiments,
1, 2th@%ﬂéggH@Q%erﬁ¥%%%T§éeﬂ%fgm%&Qi QH? ofaR MM%Qg structure.

cyclohex-3-ene-1,2-dione, cyclopent-3-ene-1,2-dione, a substituted

CYGHORENT3-NG:T 7 dIoNs Afxeiahex:A-gReskiridions. & SYBSHIME one, o

cyclohex-4-ene-1,2-dione, 3 4-d|h%/dro.-1,2- naphthoquinone, a substituted
3,&%&%?8-1%é:h‘5fiﬁﬂﬂ(§ﬁuir’r&i%‘?1? cditRrdrdnaphtpBttinoraengpegione.  2.3-
substitut&ond, 4a dieydiord pAthbguindnes. B sdmeadsaturated cytlicwedicre
en}lﬁ?ﬁiéﬁ%ﬂ&s 1Iﬁr§-%12ﬁ)c’ Gm&&@%@%&%ﬁ@@@% Qg_nﬁltanedione, 2,3-pentanedione,
cyclghex-3-ene-1,2-djane, cyclopent-3- ene-1,2-dione, .
e 115 e SR B S RGN, ggone can be 23
dirrirendiprthodGinsielyIn Giiertirsdiotete it dielioneerhboandieits, te
a-dienexcaiy bes-he2ahaemzequinone; alternatively, 3,4-dihydronaphthoquinone;
or alternatively, 1,4- dihydronaphthanoquinone. [0037] In aromatic ring

systess)a-digpesaie diMensidReiR1dIORBRBRRE &hd LdibAPhNedUIeNne: 8

substtyied 1.2:paphihocuinans, &Snaphifiodyinone, g substituted 2.3-
naplhﬁwoqumone, acenapn% enequihone, a substituted acenaphthenequinone,
phenanthrenequinone, a substituted phenanthrenequinone, E}%renequinone,

or 3&Bstitutdd S%Wé‘ﬁleqﬂﬁ‘\gneaf?ho%%n‘?gltéotdd%egffc iy S sioke 1+
embyodiviarsdonhe aublitheed d 3 becldbRanedirith deiivigneeniBdieishthrobtiinede,
acenapbidjenestaibry el PhenaRiireMesH) iNOREs ARl renefiiRengedidRthep-
aI’OCI;]Tl o'%pﬁ%%gf%%geamd%'gﬁgﬁﬁu‘?e@t?ﬁgc'%f%ﬂet:%ta%ggic?}fg : n%(?rgg] s?t%rated cyclic a-
dione embodiments, the a-dione can be 1,2-cyclopentanedione, a substituted 1,2-
cyclopentanedione, 1,2-cyclohexanedione, or a substituted 1,2-cyclohexanedione. In some
saturated cyclic a-dione embodiments, the a-dione can be 1,2-cyclopentanedione, or 1,2-

cyclohexanedione. In yet other embodiments, the a-dione can be 1,2-cyclopentanedione; or

alternatively, 1,2-cyclohexanedione.
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acenaphthenequinone, phenanthrenequinone, or pyrenequinone. In yet other
aromatic ring system a-dione embodiments, the a-dione can be
1,2-naphthoquinone; alternatively, 2,3- naphthoquinone; alternatively,
acenaphthenequinone; alternatively, phenanthrenequinone; or alternatively,
pyrenequinone. [0038] Within the substituted a-dione embodiments, each

sulgs{ent q{:}n sHEGRENGRNTY, H& AN, QREANYLEEOMRAT Ofﬂﬂr&’h%gul%an be
conslst é? ert fu tlonal groups, a h%drocarbyl |net

FUNGRSTY: Homn] sorlﬂléeembodlmen%s létegrgany?lcgljlng% ule]n(i}fs") CAN B a
C, b@}@b[éﬁgﬁwwr&d@na C, to C~sabgjtvigl grolprxsdmisistingtof iddiena.1  or
funGHORaGHAMPS, Of dme teafuR@MyicioGaERYI FiabiitRBOMe Subsiitied be
a-dig diments; the su t| aC, to Clg or lgr
e B el A OB e
hyd?‘%féé?b%tﬁ%‘ﬂﬁ SYHatet Ssssthodisesny: die Aeliapssetinerhqpainone.
substituent(s) can be a C, to C5 organyl group, a C, to C5 organyl group
cof¥13¢ing oﬂﬁné‘ftsﬂﬂﬁ@ﬁ@)nwféﬁolﬂ’pﬁf’m e?@),osar@%yémcaﬁéfmegr@apbm 1,2-
furﬁaﬁzzocﬁhmwtﬁedlatdﬂﬁzﬂe emiediqorbts, eisaastituentis)icarn hedwdbuied

%859&”%’ Suk qlbodlo%'teré}%‘%}égl}’g A 1t9 &!Qeorzg%ﬂﬁf t%%ﬂpq%% medvely), é‘
C, to C5 organyl %roup dlternatively, a C, to Czo orgrmv grog conS|st|n

me%oﬂﬁni‘:ﬁb%%{le@r RSS! 51flé‘f?f‘aﬁ\%ll§mélteé°¥6k@fé 615 éoﬂ’é?(gfm
inerifuthationak greupsualdcshaihely; lazaaﬁmf@@mmg:amykghwpwﬂﬂmquf
inl%fi fy ng}tﬁﬂﬁleqprgih@ﬁggma&h@éxnﬁng tOIQIZQIHé’dﬁQ%QYéd 959&H§ a-dione
alternatjve t 0] I r rou at ative toC

hyargcgr ¥ts(;tr1(1)eumpgl8lr1e é%na i%ﬁe’lm?éo%lfhoert Fon% Ig%/eroét‘}p l?ﬁﬁéﬁclﬂ%e ? of
theersatBotoneimber dfhtiet-organyligioup, %ﬂgﬁwﬁr@mﬂ}ﬁlmgﬁmg of inettt-
funstiinel gralspsinand hyslrecarhyl-graupe eavh-igaiyheioUpe rgakydgnaup
CO”%%““Z% Qipert f%ﬂ%%‘ﬁ\froélﬁ’%ahaﬁ%@axﬁ{h %ﬁf#&ﬂ' gfgr” paﬁé'r% Jiugnt ggn

e a prim secondary, tertiary, or quaternary ydrocarbyl group. In” some
errfb‘%?’d‘fﬁ‘i’éﬂgglaé%ﬁl%anyl group, organyl group consisting of inert
functional groups, and hydrocarbyl group can be a primary group;
altéifiively I Bewaidaing grolss Gitensativer)inctertidey Gfeup; ©p be a 1.2-
alterpativelinoded bl aiies i@ grouppHindependent ahth@oqanban nwnbereaf 2t

organyhermeonsizing Ak IngrhifuRctional aroling, e Orga%M}t)g{l%Hpqumone

conS|st|n‘%of inert functional groups can comprise a halides, ether groups, or

sulfftfa’y Eﬁ?Q““Iﬂ“%oi‘rfébé%‘B‘c‘ih%ﬁ@rmﬁlﬁ@&ﬁﬁy&ﬁﬂ&%ﬁs%mﬁlbﬂﬁﬁﬂ
functiorakigrou pcamberemirifl vororyrstyt-growpsndroditemativelydane can be
trich&q;sm%amﬁ@ug)3%@@@@19&9«%oﬁé@ﬁ&a«r&%lm%@mn%n@mﬁ%@rpy |

group, each h carb grou substituent ¢an in ndently be ameth l,
CT IR (L OBy AR GO 2 Rrobl b DU, CAButgh 3

buWW%@ﬁW(@?ﬂeﬁh‘iﬂﬂpﬂif@Wl}mt@ﬁ PRy R AR - Elprff@pghler RrpeAEy g

(1 @.@ﬁfb{m @one embodiments, the o-dione can be 1,2-naphthoquinone; alternatively, 2,3-
naphthoquinone; alternatively, acenaphthenequinone; alternatively, phenanthrenequinone;

or alternatively, pyrenequinone.

[0038] Within the substituted o-dione embodiments, each substituent can
independently be an organyl group, an organyl group consisting of inert functional groups, a
hydrocarbyl group, or an inert functional group. In some embodiments, the organyl

substituent(s) can be a C; to C,y organyl group, a C; to C, organyl group consisting of inert
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pentyl, 3-pentyl, 2-methyl-I-butyl, tert-pentyl (2-methyl-2-butyl),
3-methyl-I-butyl, 3- methyl-2-butyl, neo-pentyl (2,3-dimethyl-l-propyl), or
n-hexyl (1-hexyl) group. In embodiments, the inert functional group can be a
halogen atom or an alkoxy group; alternatively, a halogen atom; or
alternatively, an alkoxy group. In some embodiments, the halogen atom may

befﬂh&{éﬂﬁ Qal%,r_'%r bremipe @y, iﬂ%ﬂ%ﬁk‘?@éﬁwe%c@%@ N&bQtuted o-dione
alter aH.veIf\l/, flﬁjlorlrl)e., In some embodiments, th(f alkox¥grou8 can be a
{s. t |

fituents. can b { i |
methoxy group: - aternatively; an ‘ethoxy Yroap-afterhativély, ati {Soprosoxy

groapsisinahémeativenyiorateretbuna/(gito G h21oad9) groem boekiricnibstittied
a-lagylcompamads sanJdavecainy Sirveture asindisateddm, hable ¢ bgather
embaodiments, the.diacyl compound can have Structure 2, 3. 4, or 5;
S I o L TSRt o ity
strifittiateh o f1ons rembodipeia rfativeR/ Sttt B2 Fabie o EiERpbI&roup:
a-DiroyiGomponds @O @@y0 Houp; QliRbFIRLL R1G RAICR kg0 Retdup;

R i 1 14 {r st? I f oups iVe
R B O A e o

0 & Bio2g@s RIPRIVRGS R K- HSIBRICBRIKERIKS R3S k36
\/ vR@D! ROPRIGIRES RITRATATe RAUIRIGSHictlre 6 Strbiunaipearbyl

Strgstipre i@ Sietdre @ © Q, B dd bR 2:k5daiR%E, RE1 ©B%% hydrocarbyl
group; or alternatively, an inert functional group. Independent of the carbon number of the
organyl group, organyl group consisting of inert functional groups, and hydrocarbyl group,
each organyl group, organyl group consisting of inert functional groups, and hydrocarbyl
group substituent can be a primary, secondary, tertiary, or quaternary hydrocarbyl group. In
some embodiments, each organyl group, organyl group consisting of inert functional groups,
and hydrocarbyl group can be a primary group; alternatively, a secondary group;
alternatively, a tertiary group; or alternatively, a quaternary group. Independent of the
carbon number of the organyl group consisting of inert functional groups, the organyl group
consisting of inert functional groups can comprise a halides, ether groups, or sulfide groups.
In some embodiments, the organyl group consisting of inert functional groups can be a
trifluoromethyl group; or alternatively, a trichloromethyl group. Independent of the carbon
number of the hydrocarbyl group, each hydrocarbyl group substituent can independently be
a methyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl (2-
butyl), isobutyl (2-methyl-1-propyl), tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, tert-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-
methyl-2-butyl, neo-pentyl (2,3-dimethyl-1-propyl), or n-hexyl (1-hexyl) group. In
embodiments, the inert functional group can be a halogen atom or an alkoxy group;
alternatively, a halogen atom; or alternatively, an alkoxy group. In some embodiments, the
halogen atom may be fluorine, chlorine, bromine or iodine; alternatively, chlorine; or
alternatively, fluorine. In some embodiments, the alkoxy group can be a methoxy group;
alternatively, an ethoxy group; alternatively, an isopropoxy group; or alternatively, a fert-

butoxy group.
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/\--R53\-/R54 R53\1/R54 R53 R54 55 R56 R R55 R56 R5 R57 R58
Rss R59 R6 Structure 10 Structure 11 Structure 12 [0040] Within the
Structures of Table 1, R', R2, R" to/through R20, R31 to/through R43, and
Rs' to/through R60 can each independently be hydrogen, an organyl group,

an organyl group consisting of inert functional groups, or a hydrocarbyl
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[0040]
and R

Within the Structures of Table 1, R', R% R'! to/through R*, RY to/through R*,

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

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

organyl group consisting of inert functional groups, and hydrocarbyl group are generally

described within the description of the a-diacyl compounds and can have any embodiment

as described therein.

In Structure 2, “p” can be a whole integer ranging from 1 to 10;

alternatively, a whole integer ranging from 1 to 3; alternatively, 1; alternatively, 2; or

alternatively, 3. In some embodiments, Rl, Rz, R" to/through RZO, R" to/through R43, an
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comprises an -NH2 group, a metal salt complexing group and a linking group
linking the metal salt complexing group to the -NH2 group; alternatively,

comprises an -NH2 group and an organyl group consisting of inert functional
groups; or alternatively, comprises an -NH2 group and a hydrocarbyl group.
In yet other embodiments, the primary amine consists of an -NH2 group and

an I@“g%}%%ﬁ?‘ﬁ@“ altesnalye n CaRSISER AhBRiHR, FOWRAMESRLSAH may

com d Jinking group linking the metal salt complexing group
B éﬁ‘%‘ éeroup aﬁe%naflvelf?r%an s%li%u f 3h Oﬁf‘-ﬁﬁ ISP SHESR rgagrl]y

grcfwlvw}s%ﬂﬁg of irferrofariotionab groupds brdgesmatively, conS|sts of an
-NH2 group and a hydrocarbyl group. The primary amines can be saturated,
un®aimaagednimear, branched, acyclic, cyclic, aromatic, and/or
heteroaromatic. [0043] In an aspect, the primary amine can comprise an
-NH84g1oup amchongaynythgkoy phaahatie inatbdaly hthe pitxiasy tenaidengafnmetal
consighal-a a2 RMR.2nd A0 RUEaRY HAHRMIR, &ﬂ%ﬁﬁ@lﬂ&gﬂ %%‘i%xes)

wherein the primary amine can comprise or consist of an -NHZ rou
orgAhYF GPSEHHHE %?ﬁ’ﬁﬁf}?ﬁ‘r‘&ﬁﬁf88ﬁ‘l§ea%1€§etért’fé’ow8?§a?ﬂ9‘|a§‘?% i acyl
altermatieipddd8 tot@ Zat whgarthy W@@@lﬂ@m&ti&eﬂwa@@tm@@%cg&mﬂ
Or QPR S FHRALINE imifeGR/EQ @%ﬁwa@y&mmnzm Mnéﬂcgr@slé}iﬁ%hbﬁ

saturated, ucpsatur?ted li ear 1g;mlg:hed acycllc C%/C|IC aromatlc and/ r
ot mtende “ﬁﬁ’ a metho g av 1C O mﬁ an a_ac limine_compoun
hetSroaromatic ome embodiments, |§r| ary amine comprising or’

conaiktvis BTk SN gPotiEmcFURgelyh g?éfabg ¢anitavelas aepplredricribed
indieaiedbetoms. Shctuigulada MidddwherdncRise, repsaseritthe argaiy|the

91 QURtclf 'HQQQW%H&%(H‘ %ﬁalﬂt'l%e 3 Sﬁﬁf%@&j R 'Eﬁé”é’yn‘ﬂ{éyﬁ € FOMPLISLORN R

consisting of an -NH group and orgaé/ groups, the second primary "amine

cofipmSHg- of &‘gﬁg}gﬁnﬁlﬁ? afPlsz ¢ ’&BI%GOS@%‘H% groapselimpe metal
desogméte dsai stidvingSitru dtur @-2¢y indicatedpbel dvwe- Situcherea RatiNgd Zo-

WhergineRontsRARS 8RIR G RGNV QURp LOQ¢ 41 B ap QRB&CEs L RYIMAMNd
amjne can comprise an -NHZ group and an organyl group consisting of inert

functsona groups or alternatively, the primary amine can consist of an -NHZ
gro (g and an organyl gPﬁoup consisting of inert functional groups. In the

emBOHinentdWRE N B e PH AN BIFine BRI EoMbrisEro R E8Rsist bifai Rz
groupr@intean tbegamyhgrouprcopsigting ofinévtifugctionaigroupsgding grgany!

group-ensistineheidnedt JiUHETg'Qﬁ@' ﬁ&py%@mlbecﬂ@emgcg%&prgmyh@@w

conS|st|n of i functional S aternatlve CZO or
O e S S M R R e e

grovarLBHSeRAl oI sEM T BEoNE @S‘“‘?SP%JIY@‘%&?W@WF%@CS“% ggup and

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

and/or heteroaromatic.

[0043] In an aspect, the primary amine can comprise an -NH, group and organyl group;

or alternatively, the primary amine can consist of an -NH, group and an organyl group. In
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organyl group consisting of inert functional groups. The organyl group
consisting of inert functional groups can be saturated, unsaturated, linear,
branched, acyclic, cyclic, aromatic, and/or heteroaromatic. In some
embodiments, the inert functional groups can be ether groups; alternatively,
sulfide groups; alternatively, halide atoms; or alternatively, hydrocarbyl

gf%@énllﬂdﬁ%ﬂfs‘ gRRadin %H%r%ﬂ{é%ryoﬂ{m&?o?%ﬁml%ﬁ%0Nﬁ9§§i§§'Q&hOf
an -NHZ group and an organyl vl group, conélstlng of inert functional %rgups can
c a gls (0]

have Str ?uPethfeaov%Iéyrle% A PesrbSeifts tha s Py LAV Mo Ebissisting B>
inetehupceRonRl diroradseln admisddintesaty taupritizatersavdnad: Srinedey againb
CORPUISINhObCANSIstHg ahan s&lﬁ&e@f@ﬂﬁt@mgdaﬂn%g%%kﬁk!@l-ﬂa}ﬁﬁﬂsdﬁctimg

of inert functional araups, the necgrﬁ‘ede%%”&arf&én?md%e riLn?aPorPnP”s'”% Ping or
con5|st|ng of an -NAZ group and an organyl group consistin ine

furfeRSr I GEp S daf BE YUtARbY WE UMY SHtctlird DA% Flté?é’i‘ﬂoﬂ ok
represents the organyl group consisting of inert functional groups. [0045] In
some embodiments, thegrganyl,group consisting of inggtfypctional 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
arovheiie ngrayste Barptsensl gigbetittivenisdinetie Hirig (Hsubseaterriplanhy|
group): osapeinativedysiaisybstituied, pappthalenaing (@ substittdadprimary
naphifly L%?ng TheAromatie Jins Ay ﬁ?r' %E“%%%Fg%?% JemCAnsH Jungtiaal

group substituent(s) can be an organy group having halogen atoms, an ether

gréif & W@rﬁﬂﬁd&a@m&’%roum or a sulfide group (sulfidyl group). In

some embodiments, thg, aramatic ring inert functional QFONR, substituent(s)
can be a trifluoromethyl group, a C, to C5 ether group a C, to C5 sulfide
group or a halogen atom. In some embodiments, the halogen atom may be
fluetineindkilorinesdoiinezaniquine; alternatively, chlorine; or alternatively,
fluorine. In some embodiments, the alkoxy group can be a methoxy group;
alterovattively Jram etipecty the Quinjaaftertiativel \coapriso propeX e aUPd @f organyl
alternativals ARt RHRN @R RN JiMiting XAMRlesiah RAMAL,TNE

consis w;g of an aromatic ring having one or more inert functional groups

incflid8 SOBsHAtEBhith SR TSI (R utiB&thdntd SisBthE Wiibstitudiis
as dandribad alhorva Noprilirmitingiexesn plepriaseprmaty amifds consistihgnof
an&ggmﬁg%wmgtsaﬁgmﬂ@rriﬁgmse@}&B@\tﬂ@%@ﬁ@ypgrmp@dmrﬁg‘wﬁqﬁ@nal
9“%,'? onal hré‘us 2 m noxyapiljne, 3- m‘?thr%ﬁ;%’%‘é‘ﬁ's'”te Acmethoxy: Q%' Foups;
hioroanifine. Ioroanlllne Y-chic ine, Higoromeit |ne oup

fluskeraniik; %l(ﬂd%%aﬁfém*ﬁé DB ANBRIIRGIHIfHEn B roups: altematively. a
diig thyt:4-mathyoxyapiineis 40846 kit Someoeinhodi entsieamphianary @nene;
CO@QJ&?&@O% 99&§§§ﬁ@9f%fe?tnfuwﬁa19§1%ﬁ{?s andl QR O ISHRERNSISHIE
of inert functional groups can have Structure 3a as
functional groups can be saturated, unsaturated, linear, branched, acyclic, cyclic, aromatic,
and/or heteroaromatic. In some embodiments, the inert functional groups can be ether
groups; alternatively, sulfide groups; alternatively, halide atoms; or alternatively,
hydrocarbyl groups. In some embodiments, the primary amine comprising or consisting of
an -NH, group and an organyl group consisting of inert functional groups can have Structure
la wherein R*' represents the organyl group consisting of inert functional groups. In

embodiments that utilize a second primary amine comprising or consisting of an -NH, group

and an organyl group consisting of inert functional groups, the second primary amine
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indicated below: Ral2 Ralf Structure 3a Ral3 NH2 Ral4 Ral5 wherein Ra"
to/through Ral5 represent the substituents of the aromatic ring. In
embodiments that utilize a second primary amine comprising or consisting of
an -NHZ group and an 16 organyl group consisting of inert functional groups,
the second primary amine comprising or consisting of an -NHZ group and an
0 r%ﬂx}éh%@“& Q%Hs‘*il%iﬂ@ _Qonai{‘ exuRRlignalor L@gaﬁ{ﬁn oBepdesignaed @ger
ha}%n%Structure 4a |nd|%1at,ed P%|OW' Ralzsﬁaltf %uct re.4all2 Ral3 NHt2 "
RatB4 51 s2ORR ST R TSRS LGN RAT rpred& it Ne e stituSHEE 81 thide
aronsanid gingp (OOSTpErEncadpetaprithary amine can comprise an -NHZ
group and hydrocarbyl group; or alternatively, the primary amine can consist
of H4NHZ dgrovpasdbadiyelrochrbykagrbepupnceribodinients Wwhereid theips
pri@&ﬁlﬁ)(te h@ﬁ?}ﬂ%&t@%@@ﬂéﬁaﬁ!} ﬁQQ%%IeC?I ?Qg%'glﬁ odgl%%i’Q 125!;@' fydiaeaylp
group, the rocar oyp can he a C, to ydrocarbyl group;

TR o ARy o, ARt O, s 15 ey e
hyebitisdl bresgpe oingltermiivelyd 2EsytoaBmydfoekaihylitipup. substituted
Indepensdenthhdhestydracadayh@rowpganbe aosaidniaigdr wosatidratgdystem
acyelien QYElE ISR BIANSNES . ANG/ A &%‘25%@%&%&9@%31%2399%%94%%&'{'9

primary amine comprising or consisting of ar grotp and a hydrocarbyl
gr@ﬂ‘f}‘%éﬁ“f?é%eg@ﬂ%é’fule hverein ®'t Fé‘&‘@sé‘i’?t&’tffél %ré@&ﬂ%yl Brotpein
emibodiinents thiad utitimeta seconolgrinaryiamingepmprisiingoconsistng of
an N foSaHP gf’i&ﬂﬁ’, Q@m{@@%l?&bgfb%‘almmé@ SEEANG RH A Y ARG om. In
com nswg{g} Of. Consis |n%l fan -NHZ grogp nd.an i’%dr.oca byl %rou can be
de%?gr?a edas eﬁ\?inges Ritthe Y] whereih RS 'm?eﬁre(gglﬁts the 6§/0Pr0(1:%1r18§il
grolipnpoad 8] Alsyeke Hiydiesesinsiy dhevin e nib st enbsdiaanipcitcdekne'¢Bo
acygliec hyebiacarioy graupsuaksrnativelyy &eul) £iat.acyelishysiosanoyoup;
0roR: AR B (310 (b0 REYSl RSBV ATHRS LA AINE.
C3to C5 acyclic hydrocarbyl groups. The “acyclic hydrocarbyl groups can be
lin@A" GFOAMETARR/ B 8 1l K S TriBe b BREERE o tes st rarhbet Biltrs
acydiicchyitlecoarioyéigs cupbdhie adychicitydydearbyligboup Oan-bmianekaeaywles
Se%@}ﬁﬁﬁ)_(pytgﬁiﬁ'&’ c&fsﬂ!ﬁ?gt%ﬁhﬂryrmgfpﬁﬁgW| BERUR: I SQRERMReMIMENS.
the acyclic hy roc_arbgll r%roug can be a primary h dr,ocarlgyl roup:

a Toup

more”. 1ntfrt unction such as ' 2-methoxyaniline, 3-mé&thox aniline, 4-
alternative Yy, a seconaa
methoxyanaline, 2-chloroaniline, 3-chloroaniline, 4-chloroanaline, 2-fluoroaniline, 3-

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

[0046] In some embodiments, a primary amine comprising or consisting of an -NH,
group and an organyl group consisting of inert functional groups can have Structure 3a as

indicated below:

Ral2 Ratt
Structure 3a Rats NH,
Rat4 Rats

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

that utilize a second primary amine comprising or consisting of an -NH, group and an
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hydrocarbyl group; alternatively, a tertiary hydrocarbyl group; or alternatively,
a quaternary hydrocarbyl group. In an aspect, the acyclic hydrocarbyl groups
can be a methyl, ethyl, n- propyl (1-propyl), isopropyl (2-propyl), n-butyl
(1-butyl), sec-butyl (2-butyl), isobutyl (2- methyl-1-propyl), tert-butyl
(2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2- 17

m%&)ﬂl)lfl QHWIL J&ﬁsﬁﬁ@@f‘u@ﬁ%%&%hﬁ QHI}{D vtl% EQ&LQMLA I%yelmme comprlsmg or

3-met ;@ -2- bu I NIEQ: en%l (2,3- dlmeth I-I- Sp}{gd exgll 1-h (ﬁg
consi r U an 0 an 1{0) C NSIStI lnert functio 1- IO can
group. p%cmc NOR-HIHE ﬁie% primarysamines consistifg

-NPWQ%%%M@W@@@M@W@@&]W eplowps include methyl amine, ethyl
amine, n-propylamine, isopropyl amine, n-butyl agune sec- butylamine
(2-butylamine), isobutylamine (2-methyl-I- propnya ine) Rert- butylamine (2-
methyl-2- propylamng{e:r)J I}‘:?)ﬁntylamlne neopenggl { and n-hexyamine.
One skilled in the Wllllreadlly recognize which scarbyl groups belong
(and which amines have a hydrocarbyl group 1gs) to the primary,
secondary, tertiary, or quaternary hydrocarbyl group classes. [0049] Cyclic
hydrocarbyl group embodiments can include embodiments wherein the
hysitecan®/! 'grobpigicRtficitrecsNhzsgroupis aftachethiocaicarbon that is a
member of a ring or ring system) or embodiments wherein the hydrocarbyl
grqou@ziomplises apyclice gratipy (iheneNimzcgiprip: isnattathec ol cataaarbyl
ato&&ﬁ%'i@&&éb%%@%ﬁ%@ N9 LLING, SYSEMNREIRIHIESS | %XJ&@&R |

the cyclic hydrocarbyl group is cyclic or comprises a cy %% group,
hy§Fftardyl Q}l&ﬂﬁﬂr\fﬁﬁ pacsh t‘BeG?s’@l&S)’cﬁ‘Euﬂilﬂ?BéﬁPﬁiﬂsﬁr%fu%mﬁﬁte?ﬁé‘ﬁvﬁfg;
a Qo ©20\cycticthldroparizyhgirocph o ealterratbes! ;) a0C4, ty CBRroyiciioup;
hygr@gfaﬁbéﬁlygm@o dn @@@%W%@%ﬁp t%ﬂMﬁU&#ﬂW%&fWﬂf@%@%up or
rise a cyc a  substituted cyc ou open
e tlva]ﬁs?l Ut él%fgpen GES Xf é’ c()lﬂ C%byl%éﬁtu?é v

grou asu ron, &ycfo

cyémﬁ@f{% g‘r@?}bfa§4:yé¢dﬁ@pty}/@%ubﬂf’&fsdﬁ*sﬁﬁmbdm@@loﬁéwﬁ?‘lcg rolip same
adaimasiyb@rouR, priasy bstitdtednadamantiykgiaitpgldsameNnempodimeants,
th%y&sb&@xgw&pawmg%&m he @h@é%lq{)“I;XILIQ{QnLEPuhQ'ﬂ%%%g%?lygr&p In

cyclopentyl group; alternatively, a cyclohexyl group; alternative

cy¢ly t%?‘%ﬂ%?ﬁ%il?ﬁéﬁildﬁlﬁﬁéim&ﬂ?ﬂoﬁf%ﬁﬁlglWé&‘?‘ﬁé“m&‘almléh%?%e
priandrynahyiivecodph prising the sebdbi griouyy amdneychiophiytiocarbykigiogptan
be ﬁﬁygénﬁ%@aﬁmmgwlg{m%m&&@@ﬁwgs ayEhaNARNEARrein R

substﬂutedg Iohex mlne or a substituted adamantylamine. In other

s t
Bodimen éocprl Ouef’mlne comprising or consisting of an - NH2 group

and c%/ﬂhc hydrocarbyl group can be a substituted cyclopen glamlne

altéfively A9Slb St &Y cRIABKyIARINEEBY aftdrdailtdy “a LQufstindgic
adbydexiytiainginens; Inltyebottier @mbedimehtshiirecprivm aryvamattenconebri Sing or

Co@%%@ﬁgi@ﬁﬁﬂom GRYP or alternatively, C, to Cs acyclic hydrocarbyl groups. The
acyclic hydrocarbyl groups can be linear; or alternatively, branched. Independent of the
carbon number of the acyclic hydrocarbyl group, the acyclic hydrocarbyl group can be a
primary, secondary, tertiary, or quaternary hydrocarbyl group. In some embodiments, the
acyclic hydrocarbyl group can be a primary hydrocarbyl group; alternatively, a secondary
hydrocarbyl group; alternatively, a tertiary hydrocarbyl group; or alternatively, a quaternary
hydrocarbyl group. In an aspect, the acyclic hydrocarbyl groups can be a methyl, ethyl, n-
propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl (2-butyl), isobutyl (2-
methyl-1-propyl), tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-
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and cyclic hydrocarbyl group can be cyclopentylamine, cyclohexylamine,
cycloheptylamine, or adamantylamine. In yet other embodiments, the primary
amine consisting of a cyclic hydrocarbyl group can be cyclopentylamine;
alternatively, cyclohexylamine; or alternatively, adamantylamine. 18 [0050]
Aromatic hydrocarbyl group embodiments can include embodiments wherein

thefdamrqear@yl QFP]F%t'yﬁ BOmaLE itﬂﬁyIN @anﬁ%‘}'@ Rgitacheq przab&@[ bar,.-
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consisting of a roup and an aromatic hydraocarh oup.can.be

an .ﬁéﬂailgﬁ%p%thy?am.ﬂ Bty E@tﬁ“ﬁ%%ﬁ%z’egl%‘? PR SR SA R an
emboUitians 2 A e ’t‘hMrﬁFﬁ cgé?i‘bec%lhm?\é FUPBREAYFATIPRRY lamine, a
alterbraitivedy, 2ychvipthilaimtine p orsatbteitn@divetyslbengizhamineorin furtestituted

e”ﬂﬁ%ﬁlﬁ%ﬁnéh%%ﬁa%ﬁ}{b%ﬁﬁ%ﬁts, the primary amine comprising or consisting of an -
NH, group and cyclic hydrocarbyl group can be a substituted cyclopentylamine;
alternatively, a substituted cyclohexylamine; or alternatively, a substituted adamantylamine.
In yet other embodiments, the primary amine comprising or consisting of an -NH, group
and cyclic hydrocarbyl group can be cyclopentylamine, cyclohexylamine,
cycloheptylamine, or adamantylamine. In yet other embodiments, the primary amine
consisting of a cyclic hydrocarbyl group can be cyclopentylamine; alternatively,

cyclohexylamine; or alternatively, adamantylamine.
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can be aniline, or a substituted aniline. In embodiments, the substituted
aniline can be substituted at the 2- position. In some embodiments, the
substituted aniline is substituted at the 2- and 6- position; alternatively, at the
2- and 5- position; or alternatively, at the 2-, 4-, and 6- positions. In other
embodiments, the substituents at the 2- position, at the 2- and 6- position, at

thet(ﬁ)sﬂnd 5AR9§A¥19VB§dBEa§‘E}1h§r%p 4nRBchnPositipnsicamidarardaniy e
substltuent alterr]{;ltlv%y a secondar ary substlguent alternatively,

E 0 I”Oll 1S aro. tic (t rou attach a hat 1s a member
a ter%a‘?y RUSRES SORLFH AVl & YAt ESP S OB TGRS B
enbo m@n@lqh@pmmrsg axsime mm@ﬁﬁ@@ftanvhmﬁz trobplepgartah group
aramicdyeracarhyd gynsanie bpdimathydanalineuino-aiathylaniline a
2 G:disopronvianiinenor &0 diierputvlaniine In. gther embadimenisihe
primary amine conS|st|ng of an -NHZ gr(y)up and an aromatic hydrocar y?
gréVpeBP He2 B AfnstRYIEMAITENS 16 A0SR LRifirTRR B F28-UREBHT Bantiife.
In yehoethdryembaginenpssdhe: prinary amine@onsistiing yd banp:Nitzngtoelp, a
ang ag ai¢ QP@&H&WQ{I‘B&%QV %Ebﬁ%“@rceﬁ!%rpﬁl%@ Q"@etl})danﬁﬂﬂﬁméﬁﬁﬂ%@&%?ﬂ%

2,6- dleth Ianlllne alternative 6-diisopropylaniline; alternatively

2 egrﬁf“fertl‘bu?ﬂ%lﬁ&'i’r%“%ﬁ’igrng n?%‘l?“ﬁ % g &P%ﬁiﬂ%éﬁ%@%t@'}?{%\%ﬁw
2-isepropyl-eamdtaylenalinehtion aftapativeskiudnahthivhetwleing. 40052} In
som@@mi&@@mmgrd&pe mimafsé@mmeﬁ@mlwiﬁmtwmw%ﬂmg&hgeanmaz
%Qn and an aromaf rXQVO&aarQé’ [QUR, e have Stugture 3a wherein Ra”
to/Ph 9%1 Rais ? F/eé B%sgﬁtﬁen?s of the aromatic ydr ocaraéy

g rdﬁﬁmﬁ%réﬂq BBYmhie ﬁtgl{‘ﬁ]a‘(’t ﬁ‘fﬂi‘i’e atematively BrirRtyhsime: sty br 2
cohsig{ingoop.am i gridapiacds ahearonmaiihyhydiagadoyl groug, thebsecend

Prigaaty; aé;%'&be GRMRTRINY ARSI AN & Z&r%b?na%‘{lg A %ﬁgmé‘&l&‘i
hydroca | group can be designated as having Structure 4a w ereln Ra™

to/H§P8U ggﬁ Ra'5' represent the substituents of the aromatic hydrocarbyl group.
[0053] In embodiments, each substituent of the cycli drocarbyl group or
thd? Hmatﬂ:“ﬁ;‘l‘&%’é’ﬁf’lf}&?l @mm&m&%wﬂ@wwbé“ﬁ@rwe@dn aromatic
hydlyocentiyll groupsaalbe raglinee ly sebGipedCodidvy d ragarhyhgioup; sobstituted 1-

altgrpRtyehind G-ighlesy AAROCarRyh SR 2 RGRRENASNL OfdlsI CARRN or a

num rof the C C|IC h drocarbyl substltuent the substituents of . the ¢ C|I1C_I
Ll Stltub benz amm[%: m O ments, he rimar amm% COInrpI‘ISIH a
hydtdcaryl grétp’ 8t 'the ardmafic PEEErbYI YHBaY aHhE 15/,

se&tnd g Htlemmtlemwamwm¢mémylsgb@umd |¢n§mmé substituted 1-
emppklinentse, 2. Gyeheuyd mﬁ@mh(ﬁaﬁubétksuamu@gtmeareéﬂ@ui GRydrocariyte
substituent can be a rlmar hydrocarbyl grqup, alternativel

i T R e i R T
a giiate Fﬁ%ﬂ‘i hm‘é{%w@% plamasyphe eibEtehtePifd pjpgj@lternatively,
hydredariytdrpupstipstiiuentoniamateshatic hydiocdribyhgubstiiwentiicanhbe

a f@ﬁﬂ&)ﬂm%ﬁwthe primary amine consisting of an -NH, group and an aromatic hydrocarbyl
group can be aniline, 1-naphthylamine, 2-naphthylamine, or benzyl amine. In yet other
embodiments, the primary amine can be aniline; 1-naphthylamime; alternatively, 2-
napthylamine; or alternatively, benzyl amine. In further embodiments, the primary amine
can be aniline, or a substituted aniline. In embodiments, the substituted aniline can be
substituted at the 2- position. In some embodiments, the substituted aniline is substituted at
the 2- and 6- position; alternatively, at the 2- and 5- position; or alternatively, at the 2-, 4-,
and 6- positions. In other embodiments, the substituents at the 2- position, at the 2- and 6-

position, at the 2- and 5- positions, or at the 2-, 4-, and 6- positions can independently be a
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n-propyl (1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl (2-butyl),
isobutyl (2- methyl-1-propyl), tert-butyl (2-methyl-2-propyl), n-pentyl
(1-pentyl), 2-pentyl, 3-pentyl, 2- methyl-I-butyl, tert-pentyl (2-methyl-2-butyl),
3-methyl-I-butyl, 3-methyl-2-butyl, neo- pentyl (2,3-dimethyl-I-propyl), or
n-hexyl (1-hexyl) group. One skilled in the art will readily recognize which
%Uﬁn@%ﬂr&%@t{RXLQVQHQ&HbéWUQ”E&QH r@éﬂ%tﬁmm&l@éﬁﬂw@ a tertiary
tltuents belong to the primar econdary, tertlaré/ Lqiuatern%é/
hy OB GraligTaEged o YR eeRted SREnTTE TS S mBodiahts,
thevsingstittitstnphengl hirdro ety lingronpresaritse iy Fosubgtitned shiefhyl 2.6-
grwﬂetﬂytamatévely,@e@ﬁaﬁﬂmbatﬁlttedpmt@whg@u)p 2 8ltprpativelindine. In

2,5- tgls s[tlt(tltted tth}n group: or alte;lrg% {vele a4 lﬁ trlsubstlt(yted a?hegl}é
group. In some embodlp’nent tﬁ]e substltut hen I yérogat%yl group can

be Do Bt Ry Gt depating; étﬁ%ﬁéﬁgﬂ igPobip’-gdiisopropylaniline.
2,6mdyisepropytpbenyhgroupriofag 2iGadededitingtyipheNyl, groupadm apetrathes

emRadiments. gy SUE&?PU{I@O' Phamy %&lﬁébee{tt&BQH%&an D8 Rethylaniline;
2,6- dlmeth phe a.2,6- -diethylphenyl %roup or

dii¢bBr8RY e2n§/ éj?%‘ﬁ AP et SIS el e %‘ﬂﬁé%ﬁtﬂtéd BSERYYel-
hydrodaidrybysbanplizan!isenaizeb-dimerrppHenythglaalnclte rmstiveleha 2.4.6-
2,Gridietiyipiheny! group; alternatively, a 2,6-diisopropylphenyl group;
alternatively, a 2,6-di-tert-butylphenyl group; alternatively, a
2| E[tﬂ'b‘i? r- FIIEYJ%BE @gﬁ%@&gﬁilﬂtsa Frl%rﬁtﬁlléié{@){mﬁt@cl%ﬁ{mg@’ B@cm%l%ﬂg{lg Ql'f%l RINEY,
alternative rimethy|pheny mesi n s
ar DAL TR0 A T B BRI G e HeR
salteptspan| Exingp Hotss tﬁthmmetﬁérhwwmhgmm i pnzhgpiarerinabeawilize a
co @awﬁaepaﬂlaw—hzmgéot@ﬂ@mgt@t saltseomplexing gn@y Rraapdaadlinking @rasp

linng.the, metal St complexing:, IraHe E‘Slﬁh?sn'l\é LR N,V arﬁ‘ﬁth‘?oup

aspect the primary amine can consist of a metal salt complexi oup, and
a [KIAG BPBURCIMIKIERE Artaranhecvprsdriy &rﬂ%%“t‘rﬁ@e fiﬂ—l‘g‘e&‘r’&}b
Genghraliyh IRE metalesaticcomplexingfgioupani biyddinkingegreup are
independent elements. Thus, the primary amine comprising or consisting of

an[eds3z group cavneiainsaltacomplexisg giouR, ardcatiakibgbgrogpulbnkinge
the metal saltse \eétQQPQEQH F}J&)eﬁtt?demt?zbg@t@ cgnde descripgd Ysing

any combination of the metal salt complexing group described heréin an
the!ifiRifgroup ﬁ%%ﬁ@%&cﬁﬁ%@%ﬁt QoYY ot SuOto tRE MR b
desclibaddneréine [BAB6 nimbebOdinenits hiHe@riylanpiméene bonpsigiagort
copRIghng Q;@&aMH%&ﬁ%QPth@d%%ﬁJ&@l&@%@iWB QoL ARy AsiRidngy,
group linking the met alt Iexmg th(e -NHz royp %ag have
ary,, @r g uaternary y rocar y Toups. e embo iments, & cyclic rocarbyl
Stricture
substituent or an aromatic hydrocarbyl substituent can be a primary hydrocarbyl group;
alternatively, a secondary hydrocarbyl group; alternatively, a tertiary hydrocarbyl group; or
alternatively, a quaternary hydrocarbyl group. In some embodiments, the cyclic
hydrocarbyl group substituent or an aromatic hydrocarbyl 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
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Structure 5a Q-L-NH, 21 where Q represents the metal salt complexing
group and L represents the linking group. In some embodiments, the metal
salt complexing group and the linking group can have structures indicated in
Table 2 and Table 3, respectively. [0057] The metal salt complexing group,
Q, can be any group comprising a heteroatom capable of complexing with
the, mgial saltelbhe ning: FRAYP sdeofBR DR ARY, BPYRCARAPIS aRfclivking Jie
metal salt complexing group to the -NH2 group. The linking group includes
all atdimis between the primary amine nitrogen atom, the -NH2, and the metal
salt complexing group. If the metal salt complexing gsrou is acyclic, the

linkMgtroudirtRiEs P e nse W R HTRE pith At Bﬂf?ﬂé’h“iﬂ%d@ﬁr%ml

andrthp heteredtonhsofuthé pinetdlsalp; ebenplexingafltationsaigriumefidrroup;
exanepigiiyN N-dimaihvieihylrRradiaming e diking .97 9WRis oki#S HEengnd

the metal salt complexing group is the N,N-dimethylaminyl group, and i
Hpcionie i N S
comprixigeRictiptis tretphrhdriegrotipui-adevdromendmetsl sitonrotr the
meiakaaih@muage@r@;g rQhl geﬂsmensai_ﬂ@mmmi ftha ﬁﬂ_}girﬂﬂﬂ |ﬂﬁ&h@gl@ﬂﬁ¢ﬂ§rby_l
includes all the atoms PEWESRIE RIMATY, 3pine RIS 3o and fhe first

atom contained within the ring containing the metal Salt comEIexmg

hetBrGRIGHRSF thkerrigtal S RIS FRIeRG Grotip  PEr Edafipie nifracedw! eroup
aminoethlpyirdihgthe)linking groupilehCHzCHalahddne gmetalBalbatively, a
CORPIEKINEOBY MRS gtla§p?-anymwkgaoz;@djgeﬂf:sarﬁf;ﬂ@ﬂ??£%9L%ﬁhqma}hg

linking, group Is -CHzCHz- and the metal salt complexing group is the .
1o B AR SRS raie KRG arerc S bora

ther A falriszsthz pheplégingp gmseipy isthe)2-pyridinyl group. [0058] The metal
salt complexing group, Q, can be any group comprising a heteroatom
cap¥sid of comaplexdndiwith teprivetal Bailtc aresmibpdliementd]ilgemetel safital
COMRIEHE X HOLBPAN P StferZel R GRHA OHP (S RMRTISHAG 2.hRIRIRAOM; -NH,
alternativelgf f qtz to q20 roup comprising a hef.e Oat%m; atltfrr@tivel ,aCz
to €30°grolp comprising & hetéroatom; or -aiternatively, a Cz to CS group -
cosipisin e NEterorro M. YR S6HE SRTBTHIMIERIS tnAretdoait Hormsighity
hetermatemy @fdie medalsali gamplexinguey adpican denpixyge raiglioithe -NH,

”it%}’&%ﬂ’&n@ﬁﬁ RO | QRIS RMROAIRE IR dISMEIRLRRA GRTIREGXI

heteroatom of the metal salt complexing group can be oxygen or sulfur. In

ye Gt e Bt B AN RS SRREIP e ShSMSKIG ABTROGtOHP o thE Ak
sakcvareplexgngugradp takingeznitpdgémeahe plrodphorusplivifigreherp to the -NH,
embagdimgntsudhasnaiahsal comiexndheteroatom QfthexneRbsAltscribed

complexing group can be oxygen; alternatively, sulfur; alternatiyely, nitrogen;
o " s e s Tk o PRl cnpian Srgpet sl kel
cofeagrbed herein.

[0056] In embodiments, the primary amine comprising or consisting of an -NH, group,
a metal salt complexing group, and a linking group linking the metal salt complexing group

to the -NH, group can have Structure Sa:

Structure 5a Q-L-NH,

21



additional heteroatom which do not complex the metal salt in a-diimine metal
complex such 22 as inert heteroatoms (e.g. halides, and silicon) and/or
additional metal salt complexing heteroatom(s) which do not complex with
the metal salt. [0059] In particular embodiments, the metal salt complexing
group can be a dialkyl aminyl group, a diphenyl aminyl group, a substituted

d'pvbﬁéﬂé/@%’éyélﬁsr HdRndthl ?aﬂf)éblﬂh&”ﬁg Q%HBXL@L%&&J&@%E!'&HQQ% dm
phenyl aminyl group, a dlalkyl hos hln | gro d rl%/ gh SLthX
grotpe 880 1[’%& daplﬁeetﬁy osp ﬁ)ll %r%mbg aha yIlln AV BROEBHIAY
grotpstamsamdidaidosifiabied pacrpleohospimglgroup, an alkyl etheryl group, a
phenyl etheryl group, a substituted phenyl etheryl group, an alkyl sulfidyl
gra0gs7d pherhgl neuifiahd oy sulvstituted phenmdrsulfidyipgsogp, & tturany
?r:%bﬂz substitwied, k!tzié’ahf}Mé IQJ%AUEM@ ﬁ'ﬂ@ﬂh@{%&g@ﬁ c%ﬁ&@lﬁ»@tt t hgltgﬂ)fcapablel
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grauppR- I 2RHOIO U, @ﬁuwmﬂynggmmﬁ B BN QRRIMYIudes
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substituted qumollny group, a pyrr grougJ a substituted yrroly group, a
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su estitute dCpijodtidmy |t owml kaleeninpdiving ispphe theetal-Salttbpanphexigrgup,
groyHe 19%9&1&9&%%011%{@ Wy hfampgralg iRhepyCamiRY! ok %a‘ﬂiéﬂﬂdlexm g

phosphin Igroup adl he hos rou alkyl ether
oGO AT RSk LRSS RS A SRRy BRI o
furaﬁwngﬁlmﬂowahﬂhléﬁﬁén%glﬁﬂﬂ?ﬁ %M@tpaﬁyéﬁwirmwtmtmw@w@pmmy
graum@npwgeﬁwb@rmphaﬁmwiswtgﬁew Wi @inQyEaMg @HOARIn the metal salt

tetanvaopy N %f%l bRUR AdUINQNNYEOTHRRY I 9TUP. eQaIRéﬁrerO!hd'E‘Xi

group, or a piperidi r{grou In some embod |ments ¥he metal salt
coﬁ‘i‘ﬁl@ﬁmﬁ)l’dﬂﬁlﬂlﬁ e BEng &Ryt drhityig Pﬂﬂﬂl%h%ﬁ;ﬂ%ﬂﬁmgg%&ﬂb ‘a
sulgstitutedidiphenyl anmidhngnoejylpigiaikkiyk pldspivip g grolpCH-Aiphenyihe

PhaIRh Y| QrgiBif %H%th%dl %‘BQ@HX% phe EPJM‘BH ﬂ%@rﬁ&;p@ﬂdﬁl@(ﬂl@ﬁﬂﬁﬁg
grou aphenxl e her}/n'e (g) a substituted ﬂ[rth I ether]y group, an alkyl
Fdylg itute

suffit y‘f SrdbPCaTsHeR PR LSBT AT PIERYESHidy! group, a

pyridinyl group, a substituted pyridinyl group, a morphilinyl group, or a
sub¥ttied ﬁ%l‘ﬁﬁﬁ]ﬁﬁt@?B’Bi?xﬁ?ﬁegfﬂ‘é‘h\%ﬁﬁné’ﬁF&Pk%‘i"&ﬁﬁﬂ’ﬂf/‘?@?%ﬁ hﬁtﬁfﬁﬂ%yl
amimpyebirotiporapthisiigyvigh 6sphitl| group, endipleeys.phospiinydlgrompleaing
a'%g%%wt&s%o%w’g?&}ﬂ @Jl%%ﬁglngm&%rédﬁoalkylkéﬁiﬂdlatdkgmgnﬁmgmﬁk I
sulfi roup a pyridinyl group, or a morphili alternatively, a dialky
gt e TRt B e e T
a oﬁ%ﬂmﬂﬁﬂmﬁpﬁyl Greepp aodiptsi briesplainy iy r%w,e@rbadﬁnmm@m@etal

salt complexing heteroatom of the metal salt complexing group can be oxygen, sulfur,
nitrogen, or phosphorus. In other embodiments, the metal salt complexing heteroatom of
the metal salt complexing group can be oxygen or sulfur. In yet other embodiments, the
metal salt complexing heteroatom of the metal salt complexing group can be nitrogen, or
phosphorus. In further embodiments, the metal salt complexing heteroatom of the metal salt
complexing group can be oxygen; alternatively, sulfur; alternatively, nitrogen; or
alternatively, phosphorus. Optionally, the metal salt complexing group can contain

additional heteroatom which do not complex the metal salt in a-diimine metal complex such
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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 23 group, a substituted diphenyl aminyl
group, a diphenyl phosphinyl group, a substituted diphenyl phosphinyl group;
alternatively, a diphenyl aminyl group, a substituted diphenyl aminyl group, a

diphegy RRRIPIIRY! @eURkSURRIItIEd diRhePYhRResR I WAURNDlexing
ph(ﬁ | sulfi I“% ou asubstftuted pheng/tl sulfldyl group, a pyridinyl group, or

a sUbStRUEEY BVi |n0y YrSB: BraltePS AR a diphenyl aminyl group, a

dlphe phosphinyl group, a phen sulfidyl group, or a pyridinyl
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an s§|EXLP§Po%&’ | 9CQUR.QE cﬁghe% %u%‘ﬂclyfjg’llo%%Qm%J%‘ﬁrnl%{l}{el,ym%s?lﬁ?é&y}u?}!{ﬁry'
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morRRinyLareuR, 1a'}§£”%}V££¥b$tut&Vp? ¥d%”?“[%9r %%9%5&%%%3 4G

group zﬂtérnatlvely -tetrahydropyranyl group a substituted

2- t?ﬂfﬁ?&’ﬂﬁﬁ%aﬁﬁ?}f@?ﬁhfﬁe HitalrAfTER! é“i%lﬁé?%‘?’i?’ Grity, e, @ dialkyl
subsiiptied kxpupe ridinydgiquipsmitetnativelyy aldyl pyreolidinybgroeny etheryl
SUQ%&Ptﬁﬂaﬂ(ﬁ)ﬁ[ﬂ!ﬂﬂ'Qﬂ@ugr%l?er@ltﬁflﬁéwgbﬁpaa%‘d?éﬁ PQ‘QU}Y L GRYRenA group.

substituted 2-pyrrolidinyl group; alternatively, erldlnyl ora

S BaERONSEr S BCAY B AR B 52t STt PTBRAR &oup. o

sulasmyﬂeér@murblmm'q@wmwtemeayq@@lpyirﬁypg{wmwgmu@d

1- M@ﬂmt@nmp@&&m@w&w@raupy[ﬁcsbfrhegﬁmlﬁreassuiasﬂétﬂaﬁlnzxmwalmg

grou u 6(l:|§e nat Q.mth rr%n dr81f th‘an%/ in lIJ OI‘ aa sSuLl!>blis ttlllEu&edl henyl aminyl
%tra‘h éllrofura lternatively, a 2-thio any?grouplc))

group; or
PRI i A LA AR AR
copplpkimg grawp canliye aheiphenyl, anpimylyt)kohspyladtenpativebsfiaited phenyl
Su@tﬁ@?%@@@%%l@%ﬂ gfcﬁﬂpa ﬁﬂ%‘ﬁ&@é\ﬂﬁ@}yg?&ui}m%w LQQP&RQW%@H}PQ

or alternatlvely, a substitute hen IphothlnyI rou
group, a pyridinyl group, a subst1tut d pyri 1ny1 gro

p, a Mo h111Ey1 group, or a substituted
morphilinyl group; alternatively, a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl
phosphinyl group, a diphenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl
group, an alkyl sulfidyl group, a phenyl sulfidyl group, a pyridinyl group, or a morphilinyl
group; alternatively, a dialkyl aminyl group, a diphenyl aminyl group, a substituted diphenyl
aminyl group, a dialkyl phosphinyl group, a diphenyl phosphinyl group, or a substituted
diphenyl phosphinyl group; alternatively, a dialkyl aminyl group, a diphenyl aminyl group,
a dialkyl phosphinyl group, a diphenyl phosphinyl group; or alternatively, a diphenyl aminyl
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[0060] The alkyl group(s) of the aminyl, phosphinyl, ethyl, or sulfidyl metal
salt complexing group embodiments can independently be a C, to C20
organyl group consisting of inert functional groups; alternatively, a C, to Coo
organyl group consisting of inert 24 functional groups; or alternatively, a C, to
Cs organyl group consisting of inert functional groups; C, to C20 hydrocarbyl
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substituted 2-tetrahydrofuranyl group; or alternatively, a 2-thiophanyl group or a substituted
2-thiophanyl group. In yet other embodiments, the metal salt complexing group can be a
diphenyl aminyl group; alternatively, a substituted diphenyl aminyl group; alternatively, a

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

[0060] The alkyl group(s) of the aminyl, phosphinyl, ethyl, or sulfidyl metal salt
complexing group embodiments can independently be a C; to C, organyl group consisting

of inert functional groups; alternatively, a C; to Cj, organyl group consisting of inert
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functional group can be a halogen atom or an alkoxy group; alternatively, a
halogen atom; or alternatively, an alkoxy group. In some embodiments, the
halogen atom may be fluorine, chlorine, bromine or iodine; alternatively,
chlorine; or alternatively, fluorine. In some 25 embodiments, the alkoxy
group can be a methoxy group; alternatively, an ethoxy group; alternatively,
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or alternatively, an alkoxy group. In some embodiments, the halogen atom may be fluorine,

chlorine, bromine or iodine; alternatively, chlorine; or alternatively, fluorine. In some
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methylene group (-CHz-), an ethylene group (-CH2CH2-), a propyl group
(-CHzCHzCHz-), a -CH(CH3)CHz group, -C(CH3)z group, or a butylene
group (-CHzCHzCHz CHz ). In some 26 non-limiting embodiments, the
linking group can be a methylene group (-CH2-), an ethylene group
(-CHzCHz ), or a propylene group (-CHzCHzCHz ); or alternatively, an

ethylenEmBrRUR- sﬁld;}Cygut Oh %pa%yﬁﬁﬂ %ﬁdpaﬁrgﬂa@wzwﬁwgﬂp

oth T engbodlments the lin ing group ¢ etatm(-%t ylene group;
altATRRAVEY: AR SHRSRe G RIS BF°E é?’ﬁéftle/e'il 4O 5B918ne group. [0065] In
embodlments the primary amine comprising a metal salt comPIeX|n%group

cal'B¥h-(2- B’k‘i‘ﬁ?f‘é‘é‘fﬂ&/f)f)ﬂ‘r‘r‘o‘i?ﬂ‘?ﬁ'é e it B PR diffs i ¢ alkyl
aingnoethyhpybelidimés) N Nadirbetiytdtmylaneldi@miheing group can be a primary,
N %&uﬁﬂ}yl%%r@%my h&&ba@ﬂ?ﬂ%&%ﬂﬁthﬁ{ I%d:lﬁmlﬁ%ents the alkyl group
2- (amﬂlno e%? p% 2-(2- amlcri]oethyl Ryrid rld n b

(dlp’henyf osp f} %tﬁ asrlrlnrsfletu (cIJn ptﬁeny X‘m%)ﬁrou glrlnlr?ea ?r@ary
anfirsetyhfurar: zlfaﬁﬁn@h‘»ezwma@@m @@%ﬁﬁh@%lﬁfﬁ@pﬁ@ﬁe aptertiary
(amyaaaaing)thjo phare . dval) ingeiiald rebtosaphenylpsulfidese embodiments,
2-phenRyysiiyaming hgdrgem?xxbewé%mem@ &HEB?&Y%“PQ/&%H”@? complexing

2-isopropxyethylamine; and aminoethyl)piperidine. In some
enBunarts atWét‘Bﬁrﬁ% a‘i‘rﬁfﬂ%‘/l:b‘rﬁﬁﬁ’&hgsapi‘%% SRIPEeAREXIHG BtBlp
carebeu]N2eimgihidetintyle@edidyiinerdiyN- diethylgtieakgdiamine ) NyMpentyl
g IF{Z%JQF)I{JQSV‘Y'E&%QPFB&?@J %M%Qm@glyh)n%ﬁq{(ylﬁ(zzﬁ%ﬂ@lﬁﬁﬁlBhyl).saﬁEWme,
| Inp)e ny sp Ino p
2-am r%oefﬁ %{Za%ﬁ%roﬁﬂ lfl?fl %?Rl ?1 Jg)( e hy am%gxci M%exy group.
2-rRethestethiplahsiret Zﬂétlﬁ@ﬁ@}]éth%%ﬁllﬁeWﬁlchn@kiéowwyé‘!hmmﬁ@b]’h
yek@ihrieam o dinn eqts ithedpHRary AMieaplamprisng aematadssalt primary,
Com&!ﬁa‘aﬁﬂ SEOUP Gan be NN meth I\{g}héﬁ%%d'am'”e or N,N-

dletehyle thylenediamine; alternatlvely N dlphenylethylenedlamme 2-

(dlgdan Zi[,1[|iylph rkrﬁgzeth Iaml dllggglné hos Ohe)l{gﬁ | #/thgrglen?\le eroup

alt amin Ine
alté%ﬁawéltgﬂdzaaﬁm@aéltasﬂumaltﬂﬂrﬂ@pjh@ﬁw)g@nﬂa@gaf wférfvaﬁwgi groups, or

2-pheapxyethglanping, dhenebtoxyethy|aningink- ethpxyeteylacinaji@ngively,
2- '§98¥£§%§Y§$ﬁ}ﬁamé%n%l§“rﬁb%&?@@%ﬁ‘%ﬁﬁs&@?&r MANRAMINE eroups; or

comprising a metal salt complexing grou Ecan be

N, REERHEIHY I Py IERaA SIS, RIS N delHasmyRReaninhE: ©
aIt@nnatgaew g diphenylettlyl er@diafiinesaraltermativelyome embodiments, the

2- (ﬁiﬁfﬁg%ﬁlﬁb Q§ﬂh§ﬂ9&%@%l@ﬂiﬂ @&nﬁl@ﬁﬁgag&iyﬁxo Fddinhenyiphaspbin)w ¢,

pro ine; alternativel Inome yr|d| e, alte atively, 2-(2-
il s A A e en Gre
[00BB]P rosEFHRS OB HIPR et ﬂi@umeialcﬁm eehrplesdighsrbtprearetnliekiagy
StrietdéRl salt complexing group to the -NH, group can be a C; to C;o 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
m can be an integer from 1 to 5. In other embodiments, the linking group can be a
methylene group (-CH,-), an ethylene group (-CH,CH,-), a propyl group (-CH,CH,CH,-), a
-CH(CHj;)CH,- group, -C(CHj3;),- group, or a butylene group (-CH,CH,CH,-CH,-). In some
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indicated in Table 2. In some embodiments, the metal salt complexing group
can have Structure Ic or Structure 2c. In other embodiments, the metal salt
complexing group can 27 have Structure 3c or Structure 4c; alternatively,
Structure 5c¢ or Structure 6¢; alternatively, Structure 8c or Structure 9c;
alternatively, Table 2- Example Metal salt complexing Groups -OR™ -SR™

-NRo SRR RrBRIiGhe Rl WR IRl SUHELIRS 26 RINEW €3G PEHCHILS ARylene
Rall Rcl %ﬁ{lB Rc15 Rc1l Rcl13 Rcl%lF%cgl R n Rc 5 cn Rc19 Ren Rel13
RcfB%En 20 ANERRISR SN R zcla(iglc BYREIEE A
RcaPUR E18IIHRR elap AFopgiEe Reba (ngtﬁ!b@ﬁe)SchSM cthee G Stmetirehdc
St pe:B6p Rels: RedsyRhd fKap:ReddaRel] aRaldeRedbuRcdkAIRGhEVENCL 3
S R021 N Rcz1Rc17 Rcl5 Rc20 Rc12 Rc15 Rcl12 Rcl5 Rcle c19 cl14 Ren

clE (ﬁ?gn n‘li’%la Rcls Rc14 Rcls R R Rels R Recls Structure 9c Structure
O&I%ECMQF lle Sef[ucture 12c. Rc11 Rc13 ¢31 ¢33 ¢c31 cé? Rc41 Rcl15
PRCIBINS BEPHERIAN HHY° REPH e AR T8 TR RS AR
Rcsm Rc32Rc34 Reamisgiistimard8instructiré paenstiidieinsrdiBe: Structite
16€mﬁiﬁé¥kﬂ%ir8ﬁ5ﬁ,mﬁﬁ@ﬁaeﬁiﬁlé&lﬁ&ﬁﬂiﬁﬁﬂa RQZ&iethylethylenediamine, 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)-
propylamine; alternatively, 2-(aminomethyl)pyridine; alternatively, 2-(2-

aminoethyl)pyridine; or alternatively, 2-aminoethyl-(4-chlorophenyl)sulfide.

[0066] In some embodiments, the metal salt complexing group can have any Structure
indicated in Table 2. In some embodiments, the metal salt complexing group can have

Structure 1c or Structure 2c. In other embodiments, the metal salt complexing group can
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\I Rcaa Rc71/Rczz Rc71 Rcn Rcaa Rc52 Rcesa Structure 17¢ Structure 18c
-N Rc79 - Rczs Rcso Rcso O Rcsl S Re61 Rcz RC78 Rez Rezs Resa Resa
Rcza Rczs Rcza Rczs Rcesz Rcesa Structure 21c¢ Structure 22¢  Structure 19c¢
Structure 20c 28 Structure lle or Structure 12c; alternatively, Structure 14c or
Structure 15c; alternatively, Structure 19c or Structure 20c; or alternatively,
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Taﬁémcuwﬁn%& mk&eﬁamﬂmhleﬁtguﬁﬁwﬁ 21c; or alternatively, Structure 22c.
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[0068] In some embodiments, the linking group can have any structure
indicated in Table 3. Within the Structure of Table 3, the undesignated
valancies are the points of attachment for the -NH2 group and the metal salt
complexing group; each RL can independently be hydrogen, a methyl group,
or an ethyl group; and m can be an integer ranging from 1 to 5. In further
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Structure 3L; alternatively, Structure 4L; or alternatlvely, Structure 5L.
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groupdervedipem an @-Ciadylireerhpogmeand 2joads axaaylinate nitrogenCs
IrQPm[P962) WihinAhe: arachiming I compoyed t(ﬂ@? 1%&8&’4}9}!%095%1 Briinert

nltrolgen atom 1S erlved from the prim QI amine's NH%%roufB and the
tiona roups consisting of thert functional groups,

a-a TR RS M pO LS R S g By dreany
hydrocarbyl groups, and inert functlonal groups are generally described within the
description of the metal complexing group descriptions and can have any embodiment as

described therein.

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

alternatively, m can be 3.

Table 3 — Example Linking Groups
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group is derived from the remainder of the primary amine. Thus, the
a-acylimine nitrogen group can have any of the embodiments as the primary
amine (with the absence of the -NH2 group) as described herein. Therefore,
the organyl group, metal salt complexing group, 30 linking group, organyl
group consisting of inert functional groups and hydrocarbyl groups of the
primary amine embodiments described herein are generalty applicabte to the
descriptiot@¥ théa-acylimjine compdtiHel's nitrogen|group Wltff‘fﬁ@‘prowso
that the libkingrgibup links the metahsalt 2bmplexing grouptodie ihine
nitrogemn atorm of the a-acylimine group instead of the -NHZ group of the
primary amine. Thus, in embodiments,|the a- acylimine\nitrogen group can
comprise an organyl group; alternatively, comprisg;a_nge H.complexing
group; alternatively, comprise a metal salt complexing group and a linking
group linking the¢petal,galt complexing group to the g-acylifgine nitrogen
group nitrogen atom. aZlLernatlver, comprise an org?ml Q{O%E consisting of
inert functional groups; alternatively, comprise a hydrocarbyl group;
altéively sAdidienn gt aipp dterharieRuesasis: oraeallsalt
costplaxiagigrauiptardia dinkinggeollp linkingetbatnkiahtsakeCiriplexing can
01qHR: .16, APVITNARCAUIEGCT A B QLA AIO T ARG c SRS

of an organyl group consisting of inert functional groups; or alternativel
CoRGISHO AFORAT B AT G et SR e g B
thebauaioyifhine nitrogen group are derived from separate and independent
elements, the a-diacyl compound and the primary amine, respectively, the
a-acykipimnmcongounds can be further described using any combination of
the a-diacyl compound element described herein and the elements of the
prifery] amingas-deserine ddigrainds QA 3jd ruas@ﬁﬁon@ludgsa}f}ptiw dihgeveral
a- %Cé/c'm INSCMRORRY SARpE deseibed as an %s%%‘ ing SRmRound. o
Uct of C contacting an a- apacy | compoun ith & primary amine. Within this
seéb ﬁﬂsh Sesirtitte SMPOlitdiRisEerfftioHests lﬁﬁ’%ﬁedsyﬁ‘fhé‘sqsﬁ? theparticular
a-acytkiminetocbaipeundoithetds- diagyindoempopnadnd the primary amine are
separate and independent elements. Thus, in the second a-acylimine
copppoynd descriptianciipeoa-acyliaeicotppuiid canvbaiunihey deseriaed
USLP dAMY.HETRInAteR &hf e A HACY SBMROHM LG MEAR RSP e DRISIR

and the primary amine element as described herein. As non- limiting
ex&MpREI R Bedes R &b MpBaHY canPhaithd) dmeyiimEcaitBstnd) &
produstioincointactingran & diadyboompouind omithoang dparytiamihecceniprising

an sIRZgraprand 2k QHeaN Y FasP datematively gcm;@}qti&gn Aadiagyl;,

compound Wlt 1 a priry; nary amine Om%I’ISJ 9.0, -NHz grou a.me al salt
f atlvely € O- ac elpompoun escribed ag.compoun com I\II% an o~
compleXing’group’ aiternatively, contacting an a-diacyl compound wi

pri m‘wyllap(ﬁfwm@ﬂmgﬁqgl am Q.N]apzlgp(gmgulgi eta)] apiracylimine nitrogen group

or alternatively, a compound consisting of 1) an a-acylimine group derived from an a-diacyl

compound and 2) an a-acylimine nitrogen group.

[0072] Within the a-acylimine compound, the a-acylimine group’s nitrogen atom is
derived from the primary amine’s -NH, group and the a-acylimine compound’s nitrogen
group is derived from the remainder of the primary amine. Thus, the a-acylimine nitrogen
group can have any of the embodiments as the primary amine (with the absence of the -NH,

group) as described herein. Therefore, the organyl group, metal salt complexing group,
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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 31 hydrocarbyl group;

altﬁmﬁgvgbﬁtpp&@mﬁgg@wf@m BP%P&H&%M%&&@%@_%M{}W groups
consisting of an -NHZ gr u&z and acp or%an){ll gr.ouE; alternatively .C%r‘ltactlr]l%

of the primary amine gmbgdiments described “herein are generally ap e fo t
an a-cﬁav:%/l1 EoBBUAE W BBy B NS EonSisEAG B aAPIN 2GS uls® a
metescgatoeofiptexhsyligisupemraeh d dinkivasrgeeup Yikilg preisdhal $altinking
complexing gromprdosine oNpieXigE Quptip Alt@enativel CRAacHNg &8 a-dianhe
compound witha primary aming: ‘iﬁé‘s'r%%}% of.an -Ngg %r%‘él%o nd.an qrganyl
grc?up'conss.tlng of inert fanc iona gIPOUpS; or aﬂternatlve.y, contacting an
a- AN BS HBRATA B R A pTRBHYS dfh 18 BY eIt g GFa i SN H2 BPBtfpiaReih
hy i cauipyd xgiro gpum:héaradydiminegtmpokntsaanobg lfuitherae seribed iging
any, SOMRIRAtRD Alhe R diaskl reeRar d RlemenidesariRech hesgimangd /e

primary amine_element as described herein. [0074] In a third description, the
a- A TmiHE SN BoREE i B tELLriBEUPaS AN 2 &y ithiHe U HTBBUAE P>
pradiereppvdriuceebbye anpydreednd avute sdidiedyHereimandtan beafulrtgrenp:

descsthad disitg anyambedinents0fthe P60sesse sk deseribadiNerRihetal
[oozplig.giwihdesciiption, Ing diacviming compaund.sanbe deserbed as
having any structure as mdic;até/d in Ta fegfi. IR SOme embo iments, t11e >
a-&CYHh RS TOIFPEUREr R AANT 4TS Singetlne tBnsl Straztaralo sy ke o3t
Strubjdrer @by prSipu cAuii2Bhly, ak@re ativelyhiG ot rend e Staugivtieedirogen

SUYGHIT G SR PUUETH e gRRe FGUGHFEIM RinerHUREU S3LR  AUES RREY RS Yhe

Structure 6b or Structure 32b; alternatively, Structure 7b, Structure 8b,

miREUPAY PSR G ala SHLRIPS SUBSIARLPS b SaRbS T 4Ah by
mixpuregagpisefubturel @68 emebStrd clore8Bloscated hative ndShachumentiof the
Strpiahdre haky aSIEsGIs@nt3. Structure 37b, Structure 38b, or Structure 39b;
or alternatively, Structure | Ib or Structure 37b. In other embodiments, the

a-gGyfiNine GOMRESICHCARN JiY R IMEIITGiA BmBUGTN LY B RFYEIUEEA 8;

alternatively, Strucctlure d29tb, Strutctttlre 30D, or Sltructure 1bt;h alternatively,
Sttt ST BINE ANV O 'STRURHIRS 3368, ERURRSAD oI AiREEY afine:
StriYéturehdSiocantioSedeninecsbbomdaemeniivon aStrtetuyetBFh oSiruetmndiags,
or &kipetinee 129hdaEAlemativeaStidGlikars Amile Yot epasicimbadispants:
the g-acylimine compound  can haye Structure 14b; dgltemativqé)g.snu?ture

gem B € secon (l-aC%/ 1mine coinpoun scrq%tlon, a-acyhimine
15b; alternatively, Structure 16b, Structure 17b, or Structure 1

alteAaavelycastRscitiBel gpscatet stie APy SWEHEIHEDOY, Btrtctiary! sappypd
mixtemest of StiudtireeR2ndnie Ptiuaty ren28hlaliernativketyibSirbetire 24on-

Strlﬂﬁ%g 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
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25b, or Structure 26b; or alternatively, Structure 24b. 32 Table 4 - Example
a-Acylimine Compounds O O O R13 R13 Q\U\ Rat-N~ Ral~N R13 Rat-N
al~-N/N\z414R154 14 44 (QNz)n R11 R11 R16 R1 R12 R14 R12 R15
Structure Ib Structure 2b Structure 3b Structure 4b R13 R3z Rat-N R14
Rai-N O *RR 10 0 Rn Rn Ral'NRn R34 Rte te R314 12 R15 R16 R16 R15

R §JUH’ Bon ,%WQ ,@0%&91 e Zbiia Rah ﬁn@%@ Ipa andN Ratne
Rglgy%%as ggjg‘ZZP\ Ral'N\O R31 ~ tF%l 81 R4%R43 %35 Rél §31 %},37 R30

RATREBA ST e 2B ST 2 GBS BRI T B 6 RS REF REIHEY

RS2 RN -VRAR NIRSY REERSNREE REINRYE: RO A/MRYsRTEREYIRNO

R5§dﬁ[§3and a linking group linking the metal salt complexing group to the -NH, group;
alternatively, contacting an a-diacyl compound with a primary amine consisting of an -NH,
group and an organyl group consisting of inert functional groups; or alternatively,
contacting an a-diacyl compound with a primary amine consisting of an -NH, group and a
hydrocarbyl group. The a-acylimine compound can be further described using any
combination of the a-diacyl compound element described herein and the primary amine

element as described herein.

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

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

[0075] In a fourth description, the a-acylimine compound can be described as having
any structure as indicated in Table 4. In some embodiments, the a-acylimine compound can
have Structure 1b or Structure 27b; alternatively, Structure 2b or Structure 28b;
alternatively, Structure 3b, Structure 4b, Structure 5b, Structure 29b, Structure 30b, or
Structure 31b; alternatively, Structure 6b or Structure 32b; alternatively, Structure 7b,
Structure 8b, mixtures of Structure 9b and Structure 10b, Structure 33b, Structure 34b, or
mixtures of Structure 35b and Structure 36b; alternatively, Structure 11b, Structure 12b,
Structure 13b, Structure 37b, Structure 38b, or Structure 39b; or alternatively, Structure 11b
or Structure 37b. In other embodiments, the a-acylimine 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.
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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 Res of the primary amines having Structures la-4a, the linking
grqm]ll—'mﬂ{e-rﬁl%'&ﬁ)liﬁ?@ tHﬁnBBﬁH&%@’ﬂlﬁl@ RaVNG,STUGIHE uaRyRANd M6
metalhs It corcp%le%(lg% roup II§ xsglavm Stt%uctgreﬁ. Ic-22¢ TabI(C-:-{ 2) of tt;le
prifary arine KAVHg Stlcturd B4 Afe"88hatatd Ard i eperndett BIEmEare
of thethad.aibylinsiney cormpounddadiiFanlematy Thins, thiebs-seppiireinedcodapdeds
of Jiahiad iean:Reefitithardescrhediusindoamyeamiphatias, afetres Bisuafiacyl
a-diacyl campound.haying Stryctur -12 (Table 1).as described herein. the
T R e B e O S T
linKities Yrouis*a LS Linyanh o8y o thE pritiary Arimer g sttt 8 W4 4S
desSeribedihereinl, andihglmeiaksail GO piexinGgroupsR @ having 2) of the
Strygiires. 226l ade2LQf e Rrinanamine ARYINGRIYSHIR 5% 3% o
described herein. Metal Salts [0077] The metal salts, M-Xp, employed in
forPRRg e aTReYIMiRe 'GP §-iiniHe & A FoMPles@P el be' any saic" b
comphigidgaihydmeralearnemiSuitablel tebat shitdiean compriddaging $hetales
fromigraups H\B dhegyahnvilinofithr G ASnegrsianyohthespatiadiciable ofa-4a
elements: i Soms epIbpdiments, the matalsalt gan be, ftanium. zigonium

i
s. desCribed "herein, the, ing groups
haflnlum, vanacﬂum, nlolblun%, ‘%anf)alum, chromium, manganese, iron, cobatt,

nicRBtc LRt SRS edipRiF ShdHixirs st uBtienna getrdb SRl Ptac e
metab salT adanompsisénahromichayiioSircotalia picksedripal ladéiim, or
mixtures thereof; alternatively, chromium, iron, cobalt, or mixtures thereof;
altare@tiyaty, iron, cobalt, or mixtures thereof; alternatively, nickel, palladium,
or mixtures thereof; alternatively, chromium; alternatively, iron; alternatively,
cop@yplternativiel EHE&S%’-Q{, alfprnrtive brikalaci uie [RRiA8HIN 90MGe metal
embod'lments, %he metal salt |s.dicoordin%tig%c%iga%@%ex with two

complexes cap be any salt comprising any me, etal safts can comprise
comfﬂ%xmg a omslt\é.g. ’[?'Ie PWO |‘%n|n}é nitrogen atoms of an a-diimine P

cofponeidl drotherapy e dttenesf Y atyiyfoip widethel ihroifeadigdmlothe
iminegheup af ama-amdiniegs, cCampetind)it: vaatberembadinenismthemetal

salf canRe HeRRRdNAHNGMCARSAMRIEX NI, LBre8, COMPIRXI NGO AFl:

the two imine nitrogen atoms and heteroatom of the metal salt complexing
grolih B anCa-Biie dsitpourd) oFghicahg  mEbbrdifatifg! nidtaiSateyyee
36 antitimachwirim bidesitaté leldipalinéuco mpoindssahe dricededinatihg ¢hetalusalts
arerutilizeghwit: tidaniate@diming.camPQUNEs: [QOFA] 18:SOM&ures  thereof;
embodiments wherein the a-diiinine CO[PPO}J”?' Portiop ofhthe.a- .
alternatively, nickel, palladium, or mixtures theteof; alternatively, chromium; alternatively,

iron; alternatively, cobalt; alternatively, nickel; or alternatively, palladium.

[0078] In some embodiments, the metal salt is dicoordinating; can complex with two
complexing atoms (e.g. the two imine nitrogen atoms of an a-diimine compound or the
oxygen atom of the acyl group and the nitrogen atom of the imine group of an a-acylimine
compound). In other embodiments, the metal salt can be tricoordinating; can complex with
three complexing atoms (e.g. the two imine nitrogen atoms and heteroatom of the metal salt

complexing group of an a-diimine compound). Typically, dicoordinating metal salts are
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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 salt can comprise chromium, iron, cobalt, or
mixtures thereof; alternatively, iron, cobalt, or mixtures thereof; alternatively,
iron; or alternatively, cobalt. In some embodiments wherein the a-diimine

C?Wﬁ&?&&@itﬂ%ﬁﬁ&ﬂa@o@-ﬁﬁxﬁf@i'&mﬂf@uﬂ&_@%@h%w&l%alﬁlgi%ﬁt?aﬁ% Q%QtiﬁQ@d%v‘ith
diimine compound Portlon of the a-diimine metal complex comprises an
ridentate o-diimine am ounds. . .

a-dilinine group and does not contain a metal salt complexing group), the
metal salt can comprise nickel, palladium, or mixtures thereof; alternatively,
niciR87%r alt8trigieRPPAIBEIN PRIBOTr A dRiRh RMBPAS et SAitheafi
be dimyramionr! tnrgderasertbodiTiepts)dalianmerohpamdpoditralitide o-diimine
carRX I ACRIANAIE oA K QKidRe BREP AXIMEMRIT IR cSHRIE PRSP ARG QI
chIo&ate. In some embodiments, tqte anioq, X, t's a %alige or alcetonateb Ifg
emBOGTMENTE tRE AT AN 18 Mo e ChiSAIE bramike. fodihar 5P O
combinetdisscthereatatizternatalgieritrine cobdimiliecrotipmbodiments wherein
Cco mbm_aﬁmnﬁ_ﬂ@f@ﬁﬁdqitﬁﬁaawelhy, (ﬁhiﬁﬂ'ﬁkemém&fdiﬁﬂ_ihfﬁw,H&[@ﬂa'tél@;.g).rthe o-
altgaly el IR L AFRX VIR ACRIQNASH AKOXIAG QL RDGNEXIAR oroup

embodiments, the carboxylate, acetonate, alkoxide, or phenoxide can be any
C, 9 €9 ‘Eér‘ﬁﬂ%%é?‘ég/e%h‘&t@%m&iﬂé%r BREHELicR: GF SRBRTAGREE!
anyaydionC Omoaukre Xydate; dcetaivate nalkoxidacoraphanexltidiuin. some
embodiments, the anion, X, can be a C, to CIO acetonate; alternatively, a C,
to IBogarbonylatesraieonatiyyelytaas ik, dtn GEQn alkoxidan coalietadiuetysa ks,

to g;lllgl pfeJAR)%Qea H&l%]%%@@%@%%&%a@%ﬂg@i&& h%ﬁgx}:&%, nitrate, sulfate,

acetylacetonate; alternatively, acetate; alternat_lvel¥< 2-ethylhexanoate; or
P Of

altBPREREN T HHISELS (0BSIT G BRIEM thé RdhiBe hahitses, A 184 cht
thatntheltotalsntinibédofanégativenchidnges. brortie totéihnombebofitomnborsf:

qu@%&h?e@xigﬁ&m,sﬁ%ﬁi%, NbdlReSeM& nmRRAIMENRLS T paiér%at?«eﬁz[ SniBhk;
the total numher of negative chazg{es on X i§ e&lggg tq the oxidatio staﬁ(e of

M. I BHREF Embaditients. the total namber oF Stions, b, iS2 8t aftématively,

3. fhosjdnaipsbantients, crigokimathio He i ddes Yanyeddn omibmiay)C:
chloridg, caboamitmitthehitoridexiabremimhandk) ddv oridecabioeniummi |, fiiwoude,

chramm, {1 Aramidg SO YRMIARr oGS, CRIRMILIRINOGIAR: X can be

chromium(lll) iodide, chromium(ll) 37 acetate, chromium (l1l) acetate,
chibfriiln{in) SHetiEcEtIREEE e ht dmiltnt(11) et e XARRAE e Sidnk el
triflakexidhromiam(iNyInitr Siey Fantitnetiloridlestroriitydahdoridig irder(K), can be
flugeide. ion(l) Buarideeion i bromidss uanGUbiRmidS.ron( D dadider.
wog(ljll:l iodide, iron(ll) acetate, iron (lll) acetate, iron(ll) acetylacetonate,
iront )
[0081] Generally, the number, p, of anions, X, is such that the total number of negative
charges on the total number of X anions equals the oxidation state of M. In some
embodiments, p is 1, 2, or 3, and the total number of negative charges on X is equal to the
oxidation state of M. In other embodiments, the total number of anions, p, is 2; or

alternatively, 3.

[0082] In embodiments, tricoordinating metal salts can be chromium(II) chloride,
chromium(IIl) chloride, chromium(II) fluoride, chromium(IIl) fluoride, chromium (II)

bromide, chromium(III) bromide, chromium(II) iodide, chromium(III) iodide, chromium(II)
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acetylacetonate, iron(ll) 2-ethylhexanoate, iron (ll) triflate, iron(lIl) nitrate,
cobalt(ll) chloride, cobalt(lll) chloride, cobalt(ll) fluoride, cobalt(lll) fluoride,
cobalt (I1) bromide, cobalt(lll) bromide, cobalt(ll) iodide, cobalt(ll) iodide,
cobalt(ll) acetate, cobalt (lll) acetate, cobalt(ll) acetylacetonate, cobalt(ll)
benzoylacetonate, cobalt(lll) acetylacetonate, cobalt(ll) 2-ethylhexanoate,
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nlckeIEII; acetate nlcke II) acetylacetonate, nicke benzoylacetonate

nickeidl %{’I’ﬂ?ﬁﬁ%?é%d%?ﬂéﬂﬂ|8%‘3V‘6‘fftf’r‘i‘ﬂ§tecoﬁ?&'§<‘&( oRFaf8LH4IR IS
chiotelép atkadiuinepidlt fILD ridesatpadiadivntt 1{) ) dsropaitiaaisal fadithen @R bodalidiets.

pau@dm%mlmgaﬁﬁetmauﬁdmmlI}aaceiylaeeé@f@aﬁamm)pa{laﬂwmﬁlMitﬁa@m)In
50”39 b Qn%'t%"e%% orlﬁ’rd'ﬁ}é‘ﬁ' Sl gan be ’;iﬁf'%ely%@e Sig
nicke ( acety Iacet ate pafadlum )cfﬁgrlocle or aI'lragl
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acetylacetonate. 38 a A%hmlne Metal Complexes 4] The a-acylimine
metPLOM B QLA BR R SRy D AG F?ye&’ﬂét of several descriptions.
While the a-acylimine metal complex descriptions may be indicated by labels

sut¥P3y first'acEtnpiRsASsEcHEIERE Astb MRlsten iseddsiBerdaddpdtthdiEate

a Fibr(imiftlaﬁckel (IT) bromide, nickel(IT) iodide, nickel(Il) acetate, nickel(I) acetylacetonate,
nickel(Il) benzoylacetonate, nickel(Il) 2-ethylhexanoate, nickel (II) triflate, nickel(Il)
nitrate, palladium(II) chloride, palladium(II) fluoride, palladium (II) bromide, 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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preference to the description of the a-acylimine metal complexes. [0085] In a
first description, the a-acylimine metal complex can be described as a
complex between an a-acylimine compound and a metal salt. While this
a-acylimine metal complex description appears to imply a specific
a-acylimine metal complex synthesis method, this is not the intent. The

mq;hggmﬁr‘gq%pgomﬁl&@cyhmme metal complex is independent of the
method of describing the a-acylimine metal complex. Thus, while the a-
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salfag.aePprataandhindepardent gleneantis bhisexthe a- acylimine metal
complex can be further described using any combination of the a-acylimine
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caAchiyime Sﬁ@bﬁﬂ?@’l@‘ st deteibed 7y wﬁaﬁe@wwmw@&w é?mpound
Struaturen28d;altera ativelymistiuetureodgleStec i e phr&troiCtisigabichg an o-

SUHGIHIR 22 RIHEUHE ST AL YN éﬁc?fﬁé? ' nfd B%H‘ﬁ&‘éﬁbéd%@%é%”r%daor

Structure 32d; alternatively, Structure 7d, Structure 8d, mixtures of Structure

OdSHTEY GRRRY OISR RS 26 “SRAATUIRY BACPeBHTHiR KPR o Bt Bitre
35e-anti StmectUre d6al caitbrriathelysSthut tuhe: hid cStitivitive A2tk Gtrubiine

13 mpliMEMIERG( BosHiBEHAE PEE, Q UM CINIGRRAL RUALRFRAHMEIY.

Structure lid or Structure 37d. In other embodiments, the a-acylimine metal

CORPRIGY CANRVE A UELHEG 64 Oine AL NAHINE e RFTUCIPIG Z8PAUKLRABHY G,

Structure 29d, Structure 30d, or Structure 31d; alternatively, Structure 32d;

altBIAL &l sl YD Preresu5etPEIBSE DA RIRIE L LB s 2B
Struetihreo 86 x adtdraative yuSinu dtsrab8y disigiracyuse B8 dnatsStf ubtupeoc8es
39d: enrliewaatively, Structure 37d. In yet other embodiments, the

a-acylimine metal complex can have Structure 14d; alternatively, Structure

15fb0§‘7t]emat1i%{§'b{m§‘i[é§€%i%&% o AEHAHE (A AR RIS L 8L structure as
alternativel 1P‘/S Structure 19d; alternatively, Structure 20d, Structure 21d, or

misEAE OIS i ure 220081 SIS 258, SHHRERVA Sl DA 42V
Strfeteiree 28idooB tatutst e 281dmar et rbfativiety 2S 0 StineuR4gRd; alternatively,

Structure 3d, Structure 4d, Structure 5d, Structure 29d, Structure 30d, or Structure 31d;
alternatively, Structure 6d or Structure 32d; alternatively, Structure 7d, Structure 8d,
mixtures of Structure 9d and Structure 10d, Structure 33d, Structure 34d, or mixtures of
Structure 35d and Structure 36d; alternatively, Structure 11d, Structure 12d, Structure 13d,
Structure 37d, Structure 38d, or Structure 39d; or alternatively, Structure 11d or Structure
37d. In other embodiments, the a-acylimine metal complex can have Structure 27d;
alternatively, Structure 28d; alternatively, Structure 29d, Structure 30d, or Structure 31d;
alternatively, Structure 32d; alternatively, Structure 33d, Structure 34d, or mixtures of

Structure 35d and Structure 36d; alternatively, Structure 37d, Structure 38d, or Structure
39



Table 5 - Example a-Acylimine Metal Complexes XPM-O X M-O XPM-O R,3
N\R3Ra/\R,3 RXP\RRa,\/\R,4Ra-\N\R 14 a, NR15 (ONz)n Rn
Rn R,s g1 R12 R,4 R12 R15 Structure Id Structure 2d Structure 3d Structure
4d X M-O R,9 R20 X M-0 Ra ,N\ R3R,4 xPN}-\ R,3 Ra,N\\ R32 R11 Rn
Ral'N\R 171 ReRnR,e 3,\R 34 R12R,5R,6 R16 q15 R33 Structure 5d

Strileiuse GEIGUr St PO YR 32 3Ry Rdbaitlidils AR & MaNRAQal

R36 P/ Raz P/ \ R3, R42 Ra"N\\ O\ R3
RATRAY K4, 'St By

rCHIRE 6

43
truc ureqjiﬁ;cfl

ructure

R 43

35 R31 R3
?(“?\?It-l@lﬁgf‘}?tﬁi- .

1\ R3] R39

R5PeRB 2l B, REATPIREASK MemmPRizeIN\SuReiur|\l Ry al¢rREAIR S1uRBE RKE,
R5&rucRie2 R ReehixRERE B8S@ucture 22d and Structure 23d; alternatively, Structure 24d,

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

Table 5 — Example a-Acylimine Metal Complexes
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Structure 11d Structure 12d Structure 13d
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R53 R53 R53 R55 R55 R55 R59 Structure | Id Structure 12d Structure 13d
40 Table 5 - Example a-Acylimine Metal Complexes Q-L Q-L Q-L Q-L X M-N
XP -N XPM-\ XPM-NR 3/Y\)R3 13 2\R14R 15\R14 RRn (CHz)ngn R
R11 16 R1 R12 R14 R12 R15 Structure 14d Structure 15d Structure 16d
Structure 17d Q L Q L Q L Rlo N N XPM \ R13 X M -N R20 XPM q32 \
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R35 R38 R39 R41 R41 43 R3] Structure 21d Structure 22d Structure 23d
Q-L Q-L Q-L M-N M-N R52 Sa X M-N R52 54 X0\ R52 0\/ R0\ R R54 R51/
\IR56 951 g56 I R5111\/R56 \ R57 R 58 g60 53 R53 R53 R55 R55
R55 R59 Structure 24d Structure 25d Structure 26d 41 Table 5 - Example
a-Acylimine Metal Complexes ,z Ran XPM -O a,z Ran XM-O Ra R ,s Ra,z

Talpeds- Eéa%&‘ﬁ%XM%WE%@%&’tureé?d Structure 28d Structure 29d
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3de'Structure 32d Ral2 qais :
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Structure 27d Structure 28d
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Rail Rail all Rail XPM-O Rail Rail R R32 40 X PM -O is X M\ Rats P~ R32
Rata Ra P 42 Ral5 RsO R R31 Raia Rais Rsa Rss Ra Rais Ras Rsi WE
R31 Rss R37 R39 R41 Structure 33d Structure 34d Structure 35d Ral3 Rai
2 Ra,a Ral2 Ra" Ran Ral5 XPM-\ R52 R40 N XP/-N\R42 Ra,s\/\ Rya
Ral4 Ral5 Rai R5111 Rss R31 R39 R41 R53 R55 Structure 36d Structure

Talpert RB 2RI 2RI Mt B4 RBIE*PM-0 54 Ral4 Rai Rye Rata Rals ye
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N
Ratd al5 5 Rat4 a1s 56
RR51 R R R51 R
RGO
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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-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 Rs having Structures 1c-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
amine having Structure 5a as described herein, and the metal salt complexing group R®s
having Structures 1c-22c (Table 2) of the primary amine having Structure Sa as described

herein.
o -Diimine Metal Complexes

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

descriptions of the a-diimine metal complexes.
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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-acylimine
compound can each be separate and independent elements in the
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deggrbed ey it RS qhdesPrimany. AMIRe S hANG, BIMAWES:Aa 65
described herein, the Ilnklng roups 1L-5L (Table 3) of the primary amine
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a-CRFARR FIBLAF Ciphest BEREARYIGREITAIOBe IntEHRE 59 Taped suerasitst
deserdptian thseconshilesdsiptio, hetein. these labels do not indicate a particular
preference to the descriptions of the a-diimine metal complexes. 43 [0090] In
a fiespdpscriptiombhignamdimine metalncomplexcanibe deswibacasma metal

salf;compl d?rxe%é& S %’H{E"ﬂe%&o(npo%n&’m% &S ad?%%?'%’én?ehwge” f diimine

compound and a metal salt, the a- diimine compounds. While these partlcular

a- cﬁ‘i‘?ﬁﬂ‘}énﬁ‘i‘égtép?:d‘rﬁbll'&e H@?&r‘fﬁ’ﬁ’ﬁﬁé &ﬁpté‘aﬁletsﬁrﬂ“ﬁﬁl?ﬁzi‘ Sprerfyednpfhet
metahgernp lexapréparationlinethedmiiisis  froththvddihtemitaf ediimhiketim edal

COmPIEK ASTAHRHAN: dlhe MBIRORALN REGRRNNG Ihe-Fo:Glimingmelal Camplex

is |tr(1)d§P dndent of the method of descrlbln the a-diimine metal complex.

Thifs® WHITB e 2 AT HRSHAf c S SIES IR Hecg &St irss aa{gyachlﬁﬁt aithe
betmfehgaaﬁsalfdihmrﬁéee@mgcﬂylﬁdnaﬁd@m@m@amnﬂ@@muﬁhm@emleidt For
comaiﬁxemayemlpreepar@ﬁt&ydﬁ@@taﬁtungamﬁcdﬂmmdqem peundandiametal
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can be utilized within other aspects of the invention as described herein.

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

herein.

[0093] In a third description, the a-diimine metal complex can be described as having
any structure as indicated in Table 6. In embodiments, the a-diimine metal complex can
have Structure le; alternatively, Structure 2e; alternatively, Structure 3e, Structure 4e, or

Structure Se; alternatively, Structure 6e; alternatively, Structure 7e, Structure 8e, or mixtures
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compounds and metal salts are separate and independent elements of the
a-diimine metal complex. Thus within the first a-diimine metal complex
description, the a-diimine metal complex can be described using any
combination of a-diimine compound as described herein and the metal salt
as described herein. [0091] In embodiments, the a-diimine metal complex

capchg-descried a&acdicqardingiemelialsaltsemrlexed (0.8 BIdeniatR wre
a—dll mlnelcompoa&m(g. In some ?mbodlm nts, the ﬁgdllrgﬂl{l@ nt]gtal comﬁle
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complexed to a tridentate a-diimine compound, this description does not
necessarily imply that the three ligands of the tridentate a-diimine compound
are complexed to the metal salt. For example, inféxamghe 7 a tricoordinate
metal salt is complexed to a tridentate a-diimine_co nd wherein the
metal salt complexing §F8tpds not complexed B t al salt and can be
utilized within other aspects of the invention as dg; ribed herein. [0092] In a
second description, the a-diimine metal complex can be Yescribed as a
product produced by any process described herein capable of producing the
oA SRERAIEB o LA S D U REBdaE B UG Sy 28 Corved
enfbodimentsyoihthe iproceSsedgudesaoribed herein. [0093] In a third
description, the a-diimine metal complex can be described as having any
structure as indicated in Table 6. In embodiments, the a-gjimine metal
complex can have Structure le; alternatively, Structyre 2e; alternatively,
Structure 3e, Structg{&dﬁge 9% Structure 5e; altgma i Structure 6e;
alternatively, Structure 7e, Structure 8e, or mixtures f Structure 9e and
Structure 10e; alternatively, Structure lle, StructyeeA2e,\QrStructure 13e; or
alternatively, Structure lle. In some embodiments, Rat and Rat' of Structures
1e-fosgapre dfigient (getdetizall, o Same sbRAMRN's: RALGL SiEIHee
le to/thrqugh 13e can have Structure lllg ]f(ferlved rom a primary amine
ha@ﬁﬂgRStrﬁfcﬁ%tS‘g)}R&’ﬁrﬂ'ﬁh Berueturelg BAt8RA%4 RaP5freBipdiments,
emidedim@fits) e of Structtrestdatoltirddgind Be cSimbarel Stndtuvene2g,

g%légéggivf{l?%ﬁeﬁi{@ﬁﬁ)&ﬁ@ig%n'a%\(liﬁlgu@%%‘éEﬁfé?elqt Redadralf)Structure 29
a

[0095] In 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 2le, 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 3le;
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Ral4 Ral5 [0094] In other embodiments, Rat of Structures le to/through 13e
can have Structure I|g and Rte' of Structure le to/through 13e can have
Structure 2g. In some embodiments, wherein Rat and Rte' of Structures 1 e
to/through 13e can have Structure 1 g and Structure 2g, respectively,
wherein Structure | g and Structure 2g are different (not identical). [0095] In

SO %rﬁefﬂxt%%d'm&m%et@ea -dimins Jpetal cempisx %J&ﬁ}!%@f%tkf{%&é‘@ ar
Stréjcture 27e a e natlvellxé Str égjcture JISG or Strugtur% 28e; alf rnatl e

tr cture tructure rma 1veey l"ucgl{ tur f) 6ture
Structure 1 tructure ruc Ure 18 Stfuctiira'24 e ure €, or
Striﬂ?ﬁ@@lmtlaﬂé{ﬁﬁwwslﬁsnucture 19e or Structure 32e, alternatively,

Structure 20e, Structure 21e, mixtures of Structure 22e and Structure 23e,

Tab@tgucé%% §§§ Dﬁ%%twqa?égm@%@gxtures of Structure 35e and Structure 36¢;

a tprnanvplv Struycture 24e_Structure 25e_Structure 26e, Structure 37e,

Structure 38e or| Structure 3&@ or alt rnat|vely, Speacture 24e or Strucﬁare
37e. In other embodlm@msm, the a-ac Ilmlnagmnn()ound car havapﬁmcture

14g, /rnatively, SHM alte natl\éejy Sh uoiure 16
%18( g-18e;| alternati er lcture 19e; a tatively,
Structure 21e, or mixtfit&s jof Sttacture 22e ad g Btructure 2

structlre 24e, Structure J5e, or Structure 26e; 8r alternatively, StruEturg
24euttnsgelicother lembodirmemes2ehe a-acylimbtrectopigound can havacture 4e

Structure 27¢; alternatiyely, Structure 28e; alternafiyely, Structure 29,
Structure F8e, or Structlire 31e; 4gealtgsnatively, Structure 32e altgrnatlvely,
Strué(t&ue\ 3éStructure 34e, ormixiyres Bf Structure 35e and Sty ctur@236e
alt%‘"’t‘ﬁa vely;tStlicture 37e, Strug‘tur eRGT Structure 39, oraitermatively,
Struc a—Téble 6 - Exaniple aBilmibe Metal Cpmplexes Ra Rat
Ral XFH\A FX RN XPMIN R XP/ MBN R'Rafdis 4 Ra' Ris Raifi\ \ Ris 14 a1l
N2 RRI5'R RIl (CH2)o Rn R11 R1s'R1 R12 R14 R12 R15 Structlire le
Struchtfits2e Structure 3e StructufdrarirRest' Rat XPM-N R13 RaqRY9 R20
XPM-N Ral;,-N\ 814 XP/ R13 Ral-N\ R3z Rn R17 Rat-N\ R1]
Xp}vl_l\< R 1 R 1
32 a a
Ra NN R xm—N  RY xm—N R
R36 l‘zl/ \ R42 ' ":/ \ R42
Rat-Na O Rat N O
R31
Q R38 Q R*3 Q R43
R35 R31 R31
R37 Re R* R3e R*
Structure 8e Structure 9¢ Structure 10e
Ra1'
/
Xp}\"_N\ R52
Ra1/N\
)
a O R
R53 R55
Structure 11e Structure 12e Structure 13e
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\ R34 1z R18 11 Rte R31 R R15 R16 R16 R15 g33 Structure 5e Structure
6e Structure 7e Rat XPM-N R32 Rar Rat Ral~N\ X M-N R4 X M-N 40 R36
P/ R42 P/\R42 Ral N\RarN R31\\Rae R43\/R43 R35 R31 R31 R37
R39 R41 R39 Rat Structure 8e Structure 9e Structure [0e Rat Ral Ra
XPM-N R52 ea XPM-N R5z 5a XpM-NR52/R/\R Ra-N Ral-N\Ral-N\

TablR 85 Rempisyinietdfed famskifcture 12e Structure 13e 46 Table 6 -

xample a-Diimine Metal Complexes Q-i Q- - - =N -
E | D Met | L Q Q-L XPIV1-N X XPM-N
R XP/M-N R Ra-N\ R13 4 Ra"N\ R13 Ral~N\i R1314 al N2 R}5R[R"
. p XoM—N N
(CHANJIIRILRR 10 7\ pw R T\ Re
P \ SEUSAN » Ra1/N\ R Rat-Nx. .
Ra1/N\ R2 R R15 R
R™ (CH2)n R R R16
R1 R12 R14 R12 R15
Structure 14e Structure 15¢ Structure 16e Structure 17¢e
a—t =t
XN X;M—N
R N e
Ra1/N\ R14 Ra1/N\
R“ R17
/ 18 R31 R34
R R15 R16 R'6 R15 R33
Structure 18e Structure 19e
-
X M—N
P/ R32 Q_”—
Ra1/N N XpM_N R40
R36 N/ \ R4
R31 Q Ra! \O
43
R35 R38 R31 R
R37 R R#
Structure 21e Structure 22e
Q—L
Q_IT ;‘ ‘ R52
N e
Ra1/N\
o)
R53 R55
Structure 24e Structure 25e Structure 26e
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R1 R12 R14 R12 R15 Structure 14e Structure 15e Structure 16e Structure
17e Q-L 9-L XPM-N R Q R19 Rzo XPM-N M-N Rat-N\ 3R14 X R13 Rai-N\\
R32 Rn Rn Ral~N\ R1~ R1z R18 R1 RR18 R31 R34 R15 R16 R16 R15
R33 Structure 18e Structure 19e Structure 20e Q-L Rat/\ R32 Q-L R4o0

\N~ MXN Ral M q36 X P/ N N R42 R31 R4O Rat N\\\/ 11 R3 Il Rae R43

Tabéﬁu&ﬁ%@%% DQHLHQ“’E@ ‘EOI?PIRA‘GN XPIV~\ R52 R54 XPM \ R52 R54 P~ 52

R Rat N Rald\l\ Ra ,N\ R

5 R54 R51 RSQ RS1R561

/11 Rye R56 R53 R57

i o R42

N
A
Ra15 R43

R31

Ra1 4

R39 R41

Structure 35e

Structure 36e

R53\ RReo, R 3 R55 R55 R55 R5$1Sgg ctifre 24e Structure 25;@181;[%%@ 26e
&7 Table 6 E?mple a+Diirfifie etal o ple:xes Ra Mo\ g
AN
15
Ra'3 Rat3 RN CH2 Rat3 R 3
Ra15 Ra15 Ra15 14
Ra14 Ra14 Ra14 R
Structure 27¢ Structure 28e Structure 29e
Q—Il_ Ra12 Raﬂ ’,Q\/L Ra12 a11
; XM
Raﬁ XpM_N Ra13 P \N s / R19
Ral2 [\ R N\ | R3 R®
N
R'4 al4 R 14
at3 R R Rats R Ral4 Rals Rt
R Rats R16 R'2 R'7
Ral4 R'2 R R'S RieR'® R15 R
Structure 30e Structure 31e Structure 32e
Ra12 Ra11 Q—|_
i
Ral2 Rall Q—L Ral3d Xp}\/l—l\< .
P N 32
Ra'3 XP}\A_N N
N\ \ R32 Ral4 \ats R36
Rat4 Rats Q
R31
RSS
Structure 33e
Ra12 Ra11Q L
- X | R40

Structure 37e
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Q-L Q-L Q-L Ra,z Ran XPM Ra,z Ran Xi -\ R 113 Ral2 Ran XPM-\ 3 / N\
R2/N\IR,41,5Ra,3Ral 3R"(CH2) Ral3 N Rn Ral5 Ral5Ra,5,4 Ra
14 Ral4 R12 Ra,4 R Structure 27e Structure 28e Structure 29e Ral2 Ran Q
Ra,2Ran Q-LLQ~La"XM,/,e a,zPN\R,3Ra,3N\iR3Ral3 N ~~/R
RRZO " 4Ra14R| Sl R14a14a15~~R3 Ra33IRRRRRn Ra15

Tab@ﬁu&ﬁ%@%ﬁ%%{?ﬂ&h%aé(é%mﬂ%f? Ran Q Ra12 Ran Q L Ra13 XPM NN\

R32 M-N Ral3 XP/ R32 Ral4 Ras \|N\ RalS R%,ZI | Fla] Ral5 R34 Rae
ture 34e Ralp Rgl3 Ral2
Ral3 Q
Ra14
Structure 38e Structure 39e
[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
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¢c-22¢ (Table 2)
of the primary amine having Structure Sa are separate and independent elements of the o-
diimine metal complexes of Table 6. Thus, the a-diimine metal complexes of Table 6 can
be further described using any combination of the R*s of a-diacyl compound having
Structures 1-12 (Table 1) as described herein, the metal salts as described herein, the R™s of
the primary amines having Structures 1a-4a as described herein, the linking groups 1L-5L
(Table 3) of the primary amine having Structure 5a as described herein, and the metal salt
complexing group Rs having Structures 1c-22¢ (Table 2) of the primary amine having

Structure 5a as described herein.

[0097] One skilled in the art will recognize that a-diimine metal complex Structures
14e though 39e formally show a monomeric form of a tricoordinate metal salt complexed to
a tridentate a-diimine compound. However, it should be noted that these structures do not
necessarily imply that dimeric forms of Structures having bridging X, groups are not
formed. Additionally, it should also be noted that while a-diimine metal complex Structures
14e though 39e, and other Structures disclosed herein, indicate that the two imine nitrogen

and the metal salt complexing group form a dative bond with the metal atom, these
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Ran Ral4 Rail Ral3 Q Q. XPMIN 2 a,5/ nf\ Ra Ran Q-L MXPN R40 R, al4
Is2 NIRatsR 40 Ral3 XPM-N R42 N R42c RRs1\VR311Rs4 Ra4 .5

R5 Ra Ra/ R43 Rae R4, R43 R53 Rss R56 Ray R4, Structure 35e Structure
36e Structure 37e 48 Table 6 - Example a-Diimine Metal Complexes ai 2 R

ai2 RatsRan\LRatsRRanI'L Il /XN1XPM~N/PiR5z RasaN ~ |

RSz Rad-Ralaf: R¥asBrR impRohdR theRime3 AR R 8P RO RS YR
38e Structure 39e [OO%J l@e e%;rr'lumlne metal comg!exes f Table 6 can be
o]

compoun al‘ne complexed ti alt, Fo examBIednh amﬁle atrlcod)rdmate met%h
prepare utl IZINng various me S as descripe erein. bependaing upon the

a-diihineomdeattiomplisikntriepedating compound to form an a-diimine metal complex

isolated in a dimeric form and the metal salt complexing group is not complexed to the
metal salt. The examples further illustrate that this a-diimine metal complex of example 7
can be utilized within other aspects of the invention as described herein. Provided the
teachings of the present disclosure, the skilled artisan may also recognize that the a-diimine
metal complex Structures herein do not show the presence of any complexing solvent
molecules and may appreciate that depending upon the solvent(s) used in the preparation of
a-diimine metal complex Structures le though 39e, and other Structures disclosed herein,
the a-diimine metal complexes can be isolated in forms having complexed solvent atoms,

(e.g. THF, acetonitrile).
o -Diimine Compounds

[0098] The a-diimine compounds can be described using any one of several
descriptions. While these descriptions may be indicated by labels such first description,
second description, etc., these labels do not indicate a preference towards a particular

description of the a-diimine compounds.

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

compound as described herein and the a-diimine nitrogen groups as described herein.

[0100] In the first a-diimine compound description, the a-diacyl compound from which

the a-diimine compound is derived can be any a-diacyl compound described herein. In
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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 Rxs of a-diacyl compounds having Structures
1-12 (Table 1), the metal salts, the Res of the primary amines having

SUUGIHERRHRs 4@1e”€\€o"9|ﬁﬂgnger bubd 2REROTHRE RUMB YA an

havin ?tructure oa, anqgthe meta ctolmJ) exm grou Rxs.h%v ng.
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Taal&@eﬁlkg@oabeoahe naingimoeial e @p@m@o@&m&l@ ﬁt&aﬁmb@ fettiieike an

escrlb d usm qtpn oft e R's of ch{ mpound havin
TO inert tunction ou s;a ik rlse a roc%b(vjl
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heFEHP tﬁtléeﬁ‘é%e]df %ﬁélﬁfrl?ﬁéfy %{ﬁafiﬁe&ﬁ&wlri’b‘egﬁﬁ‘&]l}re@‘lﬁsﬁﬁ as Bestripled
hereinplthadinkimg grow pskile-StoupNaltieg3hohttid pilmanprringesfoayingthe o-

SUHGHHE % 8% JRRe' %FQPJB&H anchihemekasal QPW'Q&@VQM&B%&I

having Structures Ic-22c (Table 2) of the primary amine having Structure
as 4 ‘géﬁﬁaﬁlﬁbﬁ}éﬁ%‘ﬂfﬁrﬁﬂ%ﬁgv Rinegiit e %’%Wﬁr%c%&fﬁe that a-diimine

metal complex Structures 14e though 39e formally show a monomeric form
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that,dimaerie dormsof SHHGHEESHBVINGRAPISIRGKP QIOURRRFE d}g;n}fpg?aea;

Adqlttlontall it should also Ece n(t)ted th twh|Ie a- dumlnef met cotm I1

SRS L ARG 394 G BHARY SIPURY SRS WL (O B HAPSTIYH iR
thaﬁltﬂm@w%vimm@ﬁmdgerﬂlﬁﬁanﬂqwﬁmbglaﬁrmmé%wgl‘@lbumewhqi two
dativedeansoatin depn el@hatasly, thase: AQstuatiasganiDibasessattys of

'mPAXrt”%@EcE JURg oandr.ohf lv%}‘}”gc%"s‘lt&tgf%w%"H‘H%%&%”&P%&'B% HGups. In

complexed to the mefa | salt. For example, in example 7 a trlcoordlnate metal

saltRcYRTpRakEy!toca tntiaIRaes- H‘iﬁ‘rﬁrﬁ’é‘%ﬁfﬁﬁ?ﬁ?ﬂ S YBIARA Se tripfEY!
met@hpormplietndsalated ifwadinak o ipsmrend¢heanetal-daltioomplexingroup

OrQUR§Loh %HPLQPE%Q&%Qﬁg 6! §1@é¥n£[ heexmples. frherdliksaiehat

this a-diimine metal complex of exa le 7 can llz)e utlllzeg within oéher )
aspERLLIST e TRUSHESH a%o%lséssnélﬁbe HEFATRIBROSTAM tAS Mo SthINgs Brthe
preseereniselias opaptites skilletdl artisamplaip algouiceed nilektha ety dindiraife
matal.Compleynpiitiyrgmhieraindenot sHawdh e praseneef ayogen atom;
compiexing,soivent malgshlesand may aRRissiate Makdepsnding uagn fhe
SO|VeI‘lt use In the preparatlon 0] Imine metal Comp é)tures
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THEW(%QthIBHﬁ”&)mprises a metal salt complexing group and a linking group linking the
metal salt complexing group to the second o-diimine nitrogen group nitrogen atom;
alternatively, the first a-diimine nitrogen group consists of an organyl group consisting of
inert functional groups and the second a-diimine nitrogen group consists of a metal salt
complexing group and a linking group linking the metal salt complexing group to the second
a-diimine nitrogen group nitrogen atom ; or alternatively, the first a-diimine nitrogen group
consists of a hydrocarbyl group and the second a-diimine nitrogen group consists of a metal
salt complexing group and a linking group linking the metal salt complexing group to the

second a-diimine nitrogen group nitrogen atom.
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a -Diimine Compounds [0098] The a-diimine compounds can be described
using any one of several descriptions. While these descriptions may be
indicated by labels such first description, second description, etc., these
labels do not indicate a preference towards a particular description of the
a-diimine compounds. [0099] In a first description, the a-diimine compound
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In embodiments, the a- ||m|ne clom énd can be (iieﬁcrlbed as a com ound
comphsing T)g%\nrY A ERHRINE G oty SHEZT O SoYRmine RitSY&n G lfpsgr?
thisofirstiagdifrmigre feenriproligiduge seripytioaartiye %ioammmm@rgr@tmﬂ@m becomes

furthey- ataﬁaehﬁﬁogalbgmg dativedisanuania- diacybceropauad. %hwhe same
alter%agvele the |ne com%qusgﬁi can l%%descrl epl S com

comprising 1 an a- 3rﬁnn?%eggr;%up erlvecf (%mop ﬁg §r°“£cyf‘c13 E) Ir)1 ralgfa\I(lJyZ
twESLBITAITE M N 'Yrotione! grutterhahvERrarad e ohng Efﬁﬁ%rﬁéﬁ'ﬁ@‘%?sl)
andsdiivadriergiro upheteiive chéramanh gedvacitat sah poupldancdrdptwokagimine

n '“299&91 %FQMPCJ&IEIHE fEB RIS S QORRUA AGSCERHANL0R 3rdiR Dt mary
égound and each of the two a-diimine mtrgﬁﬁa‘%tg ﬁrﬁare separate and
c

BRI R 1S B thE S HFRiF R 8P (6RO
th@ﬂﬁstlaﬂcnnmmen%mﬂpbm@\d@shﬁiph@hnlme a@nﬁwﬁeth@mm@@ﬂdcemlm
any-6eiibinatinncafitbg.a-iacyl tcampaundasae swihedhrrenHapgiper the
a-diimine nitrogen groups as described herein. [0100] In the first a-diimine
co&poundméléscnptlon the a-diacyl compound from which the a-diimine
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described herein.

[0104] In the second a-diimine compound description, the a-diacyl compound can be
any a-diacyl compound described herein. In an aspect, the two primary amines are the
same. In some embodiments, the two primary amines are different. In embodiments, at
least one of the primary amines consists of an -NH, group and a hydrocarbyl group or
consists of an -NH, group and an organyl group consisting of inert functional groups. In
particular embodiments, the a-diimine compound is a product of reacting an a-diacyl
compound with two different the two primary amines comprising an -NH, group and an

organyl groups; alternatively, comprising an -NH, group and an organyl groups consisting
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alternatively, comprise two different hydrocarbyl groups; alternatively, consist
of two different organyl groups; alternatively, consist of two different organyl
groups consisting of inert functional groups; or alternatively, consist of two
different hydrocarbyl groups. In some other particular embodiments, the first
a-diimine nitrogen group comprises an organyl group consisting of inert
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group instead of the -NHz group of the primary amine.
[0106] In a third description, the a-diimine compounds can be described as a product

produced by any process described herein capable of producing the a-diimine compounds

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

[0107] In a fourth description, the a-diimine compound can be described as having any
a structure as indicated in Table 7. In embodiments, the a-diimine compound can have
Structure 1f; alternatively, Structure 2f; alternatively, Structure 3f, Structure 4f, or Structure
5f; alternatively, Structure 6f; alternatively, Structure 7f, Structure 8f, or mixtures of

Structure 9f and Structure 10f; alternatively, Structure 11f, Structure 12f, or Structure 13f;
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[0103] In a second description, the a-diimine compound can be described as
an a- diimine compound product of contacting an a-diacyl compound with two
primary amines. While this particular a-diimine compound description
appears to imply a specific a-diimine compound synthesis method, this is not
the intent of a-diimine compound. The method of preparing the a-diimine
co G}I%%_Qik%l'ﬁ%%B&GQGHEOHQM%%BHQ&@&“%&%'%@@tm&ﬁ?és _(PQE@PL%(-
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compound description, the a-diacyl compound can be any a-diacyl
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same. In some embodiments, the two primary amines are different. In
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metal salt complexing group the -NHZ
amine comprises an -NHZ group and
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and Structure 36f; alternatively, Structure 24f, Structure 25f, Structure 26f,
Structure 37f, Structure 38f, or Structure 39f; or alternatively, Structure 24f or
Structure 37f. In other embodiments, the a-diimine compound can have
Structure 14f; alternatively, Structure 15f; alternatively, Structure 16f,
Structure 17f, or Structure 18f; alternatively, Structure 19f; alternatively,

V-V

Structure 20f, Structure LJ.T or mixtures of Structure 22fand Structure AJT
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Structure 19f Structure 20f Structure 21f ,Q Q- Q-L ~aiN N Roo N N N-R
at-N\R 52 R 42 Roo RiN\R31 R54 43 R 42 R51 R31 R Rao R56 R39 R41
R41 R43 R53 R55 Structure 22f Structure 23f Structure 24f Q-L Q-L N R52

N T789)R54 BodRai:N\ K\ Brdofia SR8 By hfndRar RrsR90
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~ RuR NS R RofCHRY 1@mpRAREVE R TS R 15 124(TREA 4 Rere 4RRs1 2 Rl 4
R Stiieiureddd Rtiueiirec 28 StrugtineeizRhSbotgble-31- Exaapler ariimine
Coell‘pnpn%%ggf%g Structure 5a, and the metal salt complexing group R®s having Structures 1c-
22c (Table 2) of the primary amine having Structure 5a are separate and independent
elements of the a-diimine compounds of Table 7. Thus, the a-diimine compounds of Table
7 can be further described using any combination of the R*s of a-diacyl compounds having
Structures 1-12 (Table 1) as described herein, the R™s of the primary amines having
Structures la-4a as described herein, the linking groups 1L-5L (Table 3) of the primary
amine having Structure 5a as described herein, and the metal salt complexing group R™s

having Structures 1c-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.

[0111] The methods for producing an a-diimine metal complex generally comprise
forming at least one imine bond in the presence of a metal salt, a metal complex, or
combinations thereof and recovering an a-diimine metal complex. In some embodiments,
the method for producing an a-diimine metal complex comprises forming at least one imine
bond in the presence of a metal salt, a-acylimine metal complex, or combinations thereof
and recovering an o-diimine metal complex. In some embodiments, the method for
producing an o-diimine metal complex comprises forming at least one imine bond in the
presence of a metal salt. In further embodiments, the method for producing an a-diimine
metal complex comprises forming at least one imine bond in the presence of an a-acylimine
metal complex. Within these methods, the metal salt or a-acylimine metal complex, the a-
diimine metal complex formed, and the specific imine bond or imine bonds formed, are
separate and independent elements. Given the teachings provided, the skilled artisan can

recognize which combination of ingredients may lead to a desired a-diimine metal complex
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Ral 5 R16 R12 R17 Ral4 R12 R15 R15 R16R18 R1 R1 Rte Structure 30f
Structure 31f Structure 32f Ral2 Rail Ral2 Ran Q_i Ral3 N Ral2\k R32
Ran Q-L Ral3 N N\ R32 Ral4 R N\ R36 Ral N Rao R42 ~a Rsi\~N, Ral4

Raga LR’ 3\ BItRaeBALS Thd BigiRRss RalnBIRRIaRaES R4led to
Structure 33f Structure 34f Structure 35f Ral2 Ral3 Ral2 I%a 4 Ran Rall/

RaTSUS [ PUET TR BN RICHA0TRST A RN I SY S BETOR ST KB 8%
R4BRB3 R56 R41 R55 Structure 36f Structure 37f Ral2 Ral?2

[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 complex preparation methods can use any combination of the a-
diacyl compounds described herein, primary amines described herein, metal salts described
herein, o-acylimine compounds described herein, and o-acylimine metal complexes
described herein to produce the desired o-diimine metal complexes utilizing the herein
described preparation methods. Provided the teachings of the present disclosure, a skilled
artisan should recognize how combinations of ingredients may be varied in order to produce

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

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

product.

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

embodiments, the a-diacyl compound can be a mixture of a-diacyl compounds.
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thd thidal sa?f%i?fﬁpﬁé‘%ﬁ?@‘sg?&‘}b BBLHIURIY St cHors s ST AmiRc oy o
thepniplracy. dpsinebhdbimgnStustiarel Deersadesorbeds herein. 16 EMNERAWhile
MEFALGOMRLEX AR INTERMESI Al oYM HE $SMET HORS 104401
An.aspert o e Iventioptelates (o methads of preparing a-dimine met,
complexes. As describé herein® proé’uctlon ofnﬁgrﬁc{ll%r a-diimine meta
compledes Rapirinioliv atec YERtiBA B Fpapiidatar starting materials, (e.g.
a-diacyl compounds, primary amines, and metal salts), intermediates (e.g.
a-deidithine bompoundstedd theaoylming mretalingom plexpshimnthdadiinminkex
melghsamplexesni0dldhdjnmmetbeps.faraedusing an andishipenbeiments,
COEHPL‘?%(%?:%Q-eEaIHM%%“rW%ei forming Atleast ong iming bopd n e presenre
of a met salﬁ, a meta cPomp ex, or

complex can be purified using methods known to those skilled in the art, such as

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

is.

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

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

[0119] In a second method, the method for preparing an a-acylimine metal complex

comprises contacting an a-diacyl compound, a metal salt, and a primary amine. In some
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combinations thereof and recovering an a-diimine metal complex. In some
embodiments, the method for producing an a-diimine metal complex
comprises forming at least one imine bond in the presence of a metal salt,
a-acylimine metal complex, or combinations thereof and recovering an
a-diimine metal complex. In some embodiments, the method for producing
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within the second and third a-acylimine metal complex production methods, the a-diacyl

compound can be a mixture of a-diacyl compounds.

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

and are generally applicable to methods of producing a-acylimine metal complexes.
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the a-diacyl compound are separate and independent elements. Thus,
a-acylimine compound can be prepared using any combination of the
primary amine as described herein and the a-diacyl compound as described
herein. In some embodiments, the primary amine can be a mixture of similar
primary amines, e.g. a mixture of primary amines consisting of an -NHZ

OTOURRM Y $12EATRY BRI L U ARRRIMary amines consisting of an

-NHZ group and an organyl group consisting of inert functional groups, or a
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and a-acylimine compound are separate and independent elements. Thus,
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hegain, In, some, smbodiments. ihe a-3gyimine compound,can, be, aymixiure
of similar a-acylimine comp (§u gfnp Camixture of a- -acylimine compéénag
prodticeti ) é@hf@étﬂ‘f@“ﬂgdw é‘%ﬂﬁb‘bﬁﬁﬂ%ﬁl%rﬁﬁfﬁkﬁ@ﬁkbﬁﬁﬁm?\@s
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a- Q:SXIHMH(? cﬁ%mﬂgyﬂ% & (391%&1@ BXup derived from an a-diacyl compound and 2) an
imine nitrogen group consisting of a hydrocarbyl group; or the primary amine can consist of
an
-NH, group and a hydrocarbyl group and the a-acylimine metal complex can comprise a
complex between an oa-acylimine compound and metal salt wherein the a-acylimine
compound comprises 1) an a-acylimine group derived from an a-diacyl compound and 2) an
imine nitrogen group comprising a metal salt complexing group. Provided the teachings of
the present disclosure, the skilled artisan should recognize how combinations of particular

a-acylimine metal complexes and primary amines can be varied in order to produce an o-
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contacting a-diacyl compound with a mixture of primary amines consisting of
an -NHZ group and an organyl group consisting of inert functional groups, or
a mixture of a- acylimine compounds produced by contacting an a-diacyl
compound with a mixture of primary amines comprising an -NHZ group and
an metal salt complexing group. [0119] In a second method, the method for
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primary amines consisting of an -NHZ group and an organyl group consisting
of MBRIFASRRBREICY B ihE o ARRIFE S BTy diihes comprising an
-NHZ group and a metal salt complexing group. In some embodiments,

witht¥he sondtifid msthada- Sy AR nife eiiofein plexpHoBte B St
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containing an o-acylimine metal complex b) contacting a primary amine with the mixture
containing an a-acylimine metal complex and c) recovering the a-diimine metal complex.
In some embodiments, the a-diimine metal complex may be purified using methods known
to those skilled in the art, such as recrystallization. In yet other embodiments, the a-

acylimine metal complex can be used as is, e.g., as an unpurified reaction product.

[0129] Within the second and third a-diimine metal complex production methods, the
a-acylimine compound, the metal salt, and the primary amine are separate and independent
elements. Thus within the second and third a-diimine metal complex production methods,

the a-diimine metal complex can be produced using any combination of the a-acylimine
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[0122] Solvent and catalysts and solvents that can be utilized within
a-acylimine metal complex synthesis methods are described herein and are
generally applicable to methods of producing a-acylimine metal complexes.
Production conditions such as reagent molar ratios, temperatures, pressure,
and contact Limes, among others, are also described herein and are
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anfif&ei8€84%h produce the a-acylimine compound of the a-acylimine metal
complex and the primary amine contacted with the a-acylimine metal
cofIb8k areltirB e PR AEN eSO B MPIENd 53 RS HBRRitingmilar o-
exammless theyprindary.aminetoanioonpiisaaraNbiRdg roopcahl ammetal sealt

COMRIGXIDE A R h (A O I PRING MEAHCOMNEX CH L ORI 18R @ and a

corhndlex e}ween an a—tac Ii¥n|ne $omgound andd me(}al %ablt, whterteln thg, .
a-acyliming EoMpSund Eomptises 1) an a-aeyimme group defved #rém &

a-dieptuwdmpbundistieg 2 ammimineinttrogestieg ol prcosisting ghg an organyl
hydregadeykigiaupr andherpiindaly amipe 6an GaReist of abcyiidegrompoand a

"YALaRRIE, QLR A0, oY FUstel SOUIPIEY GA,COMRIEE, A iing
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a—ééwWhérOUP and a metal salt complexing group. In other embodiments, the primary
amine used in the synthesis of the a-diimine metal complex can be a mixture of similar
primary amines, e.g. a mixture of primary amines consisting of an -NH, group and
hydrocarbyl group, a mixture of primary amines consisting of an -NH, group and an organyl
group consisting of inert functional groups, or a mixture of primary amines comprising an -

NH; group and a metal salt complexing group.

[0131] In some particular embodiments, the primary amine utilized in the first, second,
and third o-diimine metal complex production methods described above is a different
primary amine than that utilized to produce the a-acylimine compound or a-acylimine metal

complex. For example in two non-limiting cases, if the primary amine used to produce o-
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compound comprises 1) an a-acylimine group derived from an a-diacyl
compound and 2) an imine nitrogen group comprising a metal salt
complexing group. Provided the teachings of the present disclosure, the
skilled artisan should recognize how combinations of particular a-acylimine
metal complexes and primary amines can be varied in order to produce an a-
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complex synthesis methoc?s are described herein and are generally applicable to methods of
producing o-diimine metal complexes. Production conditions such as molar ratios,
temperatures, pressure, and contact times, among others, are also described herein and are

generally applicable to methods of producing a-diimine metal complexes.

[0134] The a-diimine metal complex synthesis method can also comprise any step
required to produce the a-acylimine compounds and/or the a-acylimine metal complexes
utilized in the a-diimine metal complex syntheses. As such, the a-diimine metal complex
synthesis can be described as process utilizing an a-diacyl compound, two primary amines,

and a metal salt and having an a-acylimine compounds and/or a-acylimine metal complexes
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a-acylimine compound, the metal salt, and the primary amine are separate
and independent elements. Thus within the second and third a-diimine metal
complex production methods, the a-diimine metal complex can be produced
using any combination of the a-acylimine 63 compound as described herein,
the metal salt as described herein, and the primary amine as described
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indicated herein and can be generally applied to the methods of producing the o-diimine

metal complex as described herein.

[0136] Generally, whenever a primary amine is contacted with an a-diacyl compound,
e.g. to form an a-acylimine compound or an a-acylimine metal complex, the molar ratio of
primary amine to a-diacyl compound can be any molar ratio capable of producing the a-
acylimine compound or a-acylimine metal complex. In some embodiments, the molar ratio
of primary amine to o-diacyl compound can be less than 1.1:1; alternatively, less than

1.05:1; alternatively, less than 1.02:1; or alternatively, less than 1:1. In other embodiments,
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and third a-diimine metal complex production methods described above is a
different primary amine than that utilized to produce the a-acylimine
compound or a-acylimine metal complex. For example in two non-limiting
cases, if the primary amine used to produce a- 64 acylimine compound or
a-acylimine metal complex comprises an -NHZ group and an organyl group
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mettal salt selected. [0133] Applicable catalyst and solvent that can be utilized
within these a-diimine metal complex synthesis methods are described
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metal complexes utilized in the a-diimine metal complex syntheses. As such,
th éh&ndhpﬁi h?étf’é‘?aégﬁ%lﬁ% than 1:1. In yet other embodiments,"molar ratio of amine

to metal salt can range from 0.75:1 tol.1:1; alternatively, range from 0.85:1 to 1.05:1; or
alternatively, range from 0.9:1 to 1.02:1. In certain embodiments, the molar ratio of amine

to metal salt can be about 1:1.

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

compound can range from 0.75:1:1 to 1.1:1:1; alternatively, range from 0.85:1:1 to 1.05:1:1;
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synthesis can be described as process utilizing an a-diacyl compound, two
primary amines, and a metal salt and having an a-acylimine compounds
and/or a-acylimine metal complexes 65 as an intermediate product which
can be isolated and/or purified or used as is. Provided these a-diimine metal
complex synthesis descriptions the skilled artisan may recognize that the two
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[0142] Generally, whenever a primary amine, a-acylimine compound, and a metal salt
are contacted, e.g. to form an a-diimine metal complex, the molar ratio of primary amine to
a-acylimine compound to metal salt to a-acylimine compound is any primary amine to
metal salt to a-diacyl compound molar ratio capable of producing the o-diimine metal
complex. In some embodiments, the molar ratio of primary amine to metal salt to a-

acylimine compound can range from 0.75:1:1 to 1.1:1:1; alternatively, range from 0.85:1:1
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of primary amine to a-diacyl compound can be less than 1.1:1; alternatively,
less than 1.05:1; alternatively, less than 1.02:1; or alternatively, less than
1:1. In other embodiments, 66 the molar ratio of primary amine to a-diacyl
compound can range from 0.75:1 to 1.1:1; alternatively, range from 0.85:1 to
1.05:1; or alternatively, range from 0.9:1 to 1.02:1. In yet other embodiments,
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alternatively, range from 0.9:1 to 1.1:1. In yet other embodiments, the molar
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pritiSAFlafifgEnty Metirsdft RIPbE any SHistar PARG BAp b RHH piBEtiEng the
acylimmdienenetahe colviplexobdhe decdiivhinkemeitalconplescnipddydecarbon. In

emBedineotisnthe, TEEQ|§%ﬂsféattiQanHér&mﬁ&h@@ﬁ@n@i@?t@h%lﬁ&aﬁ‘u@ﬁd@@ﬂﬁaﬂ
1.1:1; alter atlvel Ies an 1 %

alternatj
S S R L AR SR e IR B S or
metalpeittehhy fErsae Rom bewﬁtcs?. ﬁ?uzuﬂawglnﬁn&?&y, ?@P@@lﬂ@ﬁw@l}gé,‘?ﬂ&
1.064,;, eilogHieraatielyatange flema0:911, taylcOR: t; itcenainembodiments,

the,molqy ¢atig,Q ée%‘éé‘%y&%@l%%' SRILGAR DE-ARAUAL 1l U3 QRGN be

whenever an a-diacyl compound is contacted with a primary amine and a
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amt!e?reaht}%ro gltgll Sﬁ] }{R atetrah)XJropyrans 1,3-dioxanes, or 1,4-dioxanes. In other
embodiments, the nitrile solvent can be acetonitrile. In yet other embodiments, the
halogenated hydrocarbon can be methylene chloride, chloroform, carbon tetrachloride, or
1,2-dichloroethane. In some particular embodiments, the solvent can be methanol;
alternatively, ethanol; alternatively, isopropanol; alternatively, tetrahydrofuran;

alternatively, acetonitrile; alternatively, methylene chloride; or alternatively, chloroform.

[0145] Generally, the formation of at least one imine bond of a-diimine metal complex
in the presence of a metal salt or metal complex (e.g. reaction between a primary amine and

a-acylimine metal complex or a reaction between a primary amine, metal salt and an o-
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compound can range from 0.75:1:1 to 1.1:1:1; alternatively, range from
0.85:1:1to 1.05:1:1; 67 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
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acy mine compound can range from 0.75:1:1 to 1.1:1:1; alternatively, range
froPSCes sy Io]:foma quantity of the a-diimine metal complex, and how to suitably vary such
parameters. Additionally, provided the teachings of the present disclosure, the skilled
artisan may also recognize that an imine bond formation reaction can also be dependent
upon other reaction parameters such as molar ratio of reagents, and can vary the reaction
parameters such as reagent mole ratio, reaction time, and/or reaction temperature to obtain

desired results.

[0147] In some embodiments, the reaction to form at least one imine bond of the a-
diimine metal complex in the presence of a metal salt or metal complex can occur at a
temperature ranging from -20 °C to 200 °C. In other embodiments, the reaction to form at

least one imine bond of the a-diimine metal complex in the presence of a metal salt or metal
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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
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a-acylimine metal complex, inhibits the reversibility of the Schiff base reaction that formed
the first imine group of the a-acylimine compound. Normally, the reversibility of the Schiff
base reaction does not create issues when the two primary amines used to produce the two
imine group of the a-diimine compound (and ultimately the o-diimine metal complex) are
the same. However, when the two different primary amines are used to produce two
different imine nitrogen groups, the reversibility of the Schiff base reaction allows the a-
acylimine compound to revert into its component primary amine and a-diacyl compound

and thus allows the formation of all potential a-diimine compounds. Thus, the presence of
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producing the a-diimine metal complex. For example, the time, temperature,
and/or pressure required to produce the a-diiinine 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
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process is an alpha olefin production process comprising: 1) contacting ethylene, an o-
diimine metal complex, and a cocatalyst; and 2) forming a product stream comprising
polyethylene. The process can comprise additional steps such as deactivating the catalyst
and isolating the olefin oligomer or polymer. Suitable monomers for the olefin

polymerization or oligomerization can be olefins having 2 to 20 carbon atoms; alternatively,

olefins having 2 to 3 carbon atoms; alternatively, ethylene; or alternatively, propylene.

Olefin Polymerization or Oligomerization Catalysts and Cocatalysts
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to 100 C; or alternatively, from 40 C to 80 C. The time needed to form at least
one imine bond of resulting a-diimine metal complex in the presence of a
metal salt or metal complex, at the temperature described herein, may be
from less than 1 minute to 48 hours; alternatively, from 30 minutes to 36
hours; or alternatively, from 1 hours to 24 hours. The temperatures and
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metal Sart 6 a-agylﬁhlﬁrgurlﬁetlgfcorﬁ% xeéﬂusrirlfd-%e form a-diimine

metagomerization of olefins can be described using the alternative o-diimine metal complex

descriptions equivalent to the polymerization or oligomerization a-diimine metal complexes

indicated herein.

[0153] The process to produce alpha olefins can utilize any a-diimine metal complex
capable of producing alpha olefins. In non-limiting embodiments, the a-diimine metal
complex capable of producing alpha olefins can be a metal salt complexed to an 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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complex allows improved selectivity to a specific desired a-diimine metal
complex based upon the limiting reagent of the synthesis method. [0150] In
embodiments, a-diimine metal complex is produced at an overall yield of
greater than 50 percent based on the weight of the limiting reagent;
alternatively greater than 55 percent based on the weight of the limiting

G cﬁ"&q{ﬂﬁ&\éﬁdw gﬁﬁ@&&ﬁi% tbana ARALAB REEEEY Lasediatheaveight

|m|‘ﬂ%§ reagent; aternatlvef}/k reater th n165 ercent based on the
weug"ﬁ‘f’ SFRRSTRRARG HIAYAh e MR IR ORGP L RRIT R Sl h sxssa
theies glitrekehedinh mm@t?eageht, alrestplatiViety gleateiothmy- ?@p@reemp@a@ed
Oncéhﬁ‘sW@i ght ahthailinmting ipageni e6aliemaivalyegseaienh anaSQspﬁme nt
m?ro an tl‘r](()eu V\éelvglrsl¥1 of t?eau!'@'“n% realgpe%nsl{s] SomFlnerﬁq(g onﬂ gfoups or a
limitin eht for determination “of the overa feld can he a* -diacyl
coﬁ’/ﬂﬁlﬁﬁﬂy rEotRe AEmbodirReNHts “?H%Fhﬁ*ﬁf?ﬁ@l @%‘@bﬁ?‘fﬁ?ttﬂ'étéfnﬂ rf&?féln B
theovgralhy etapsuitie lbaiperdog lfilsh primacyaissaiinemdxfk [§doup to the second
PORLYMERIZATION OR QLIGAMERIZATION IR Fm awiming mgtine

complexes described in the present ap isIlcatlon can be em Ityed in the

poW%%?T‘fSﬁ%%e%e&/&P% i‘éo TSR 6F Bl @ﬁ‘&ﬁ‘%ﬁ‘ﬁ? A e
carfiednoumdty) eonpiativagableatalisiuepstelimhcolefprsingba duathdiigirseiherbtaing
complecxﬁwﬁanemef o Meke Qlefindnenneisiunge hr@a@ﬁealﬁmdéttm which
sui abled}‘l%1 ) C¥h erlzgtfsogeor g'ggmerﬁ) gtflon of olef ns.. .In so
Tived a €SCr1 erem, gn I‘S mmine ni O cn rou

em oglments t ejpglymerlzatlon oro |gomer|zat|o process co prl 3
corestheg heFP BHeMH AN BHRSIAE EL I8 PR RSNl CoRagEmR £ %ﬁ%l“?‘)d
fornainig, andolefitinpaky merpdingligaheenctn olhemgmebiodignents, theof the second

Polymerizain erou‘B"QSO&Q&H%@J'QE}e‘M 0CLHS 10,2, AGHAPLEEH UM Iexes

process comprising: 1) contacting  ethylene, an a-diimine metal complex, and

a COEAEL LS REP I HS PP RS S BNt R Ps s hibvisidly AlfsHabie g
othrestd nioodimedesstibiéopolyamenizatidn airbligonieri zativatiqrocdsmiis ametal
alphaplalinipesuctgsiprocess comprising: 1) contacting ethylene, an a-
diimine metal complex, and a cocatalyst; and 2) forming a product stream

CO'EOPﬂﬁ'ng pRlysthylene off hﬁ RI@HGERR %%PQSHBE&QCQ&QIQCH?aﬂr%GHﬁgs%HaaS
deac%) vatin ]g the catalyet aeimd [ olatlng the olefln oI| omer or ol%mer

Ot s can be an escr1 herein, iments etal salt can
Suita e monomers e oletrin po ymerlzatlon OI’ O |gomer|za lon can be

olefmtisvirng. Xt @aﬁb@nrmdhqe«oaltelm&tiveIymh@reﬁlﬁetmmng%kd@t can

cadaapatoms, altespativaly sethylansaaicalie tnatively spropylesapriafin; or
Polym erlza1t|on or Olige rqerlzatlon Catalysts and Cocatalysts 72 [0152] Within

l’Jl‘latl € comprise
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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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salt complexed to an a-diimine compound comprising 1) an a-diiinine 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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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 -

(CHy)m- linking group where m is 2 or 3; alternatively, can comprise a pyridinyl group, a
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imine nitrogen atom; or alternatively, a metal salt complexed to an a-diimine
compound consisting of 1) an a-diimine group derived from an a-diacyl
compound and 2) a first imine nitrogen group consisting of an organyl group
consisting of inert functional groups or a hydrocarbyl group and 3) a second
imine nitrogen group consisting of a metal salt complexing group and a
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group or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively,
can comprise a phenyl sulfidyl group and a -(CH,CH,)- linking group; or alternatively, can

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

[0158] In other aspects, the second imine group can consist of a dialkyl aminyl group, a
diphenyl aminyl group, a substituted diphenyl aminyl group a dialkyl phosphinyl group, a
diphenyl phosphinyl group, or a substituted diphenyl phosphinyl group and -(CH,),,- linking
group where m is 2 or 3; alternatively, can consist of a pyridinyl group, a substituted
pyridinyl group, a furanyl group, a substituted furanyl group, a thiophenyl group, or a
substituted thiophenyl group and a -(CH,)- linking group; or alternatively, can consist of an
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metal complexes capable of producing alpha olefins can be any organyl
group consisting of inert functional groups or a hydrocarbyl group as
described herein. In an aspect, the organyl group consisting of inert
functional groups of the first imine nitrogen group can consist of a phenyl
group or a substituted phenyl group (substituted phenyl group consisting of
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phenyl etheryl group, or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking
group; alternatively, can consist of a phenyl sulfidyl group or a substituted phenyl sulfidyl

group and a -(CH,CH,)- linking group; alternatively, can consist of a phenyl sulfidyl group
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(CH2CH2)- linking group. In some embodiments, the second imine group can
comprise a diphenyl aminyl group, a substituted diphenyl aminyl group, a
diphenyl phosphinyl group, or substituted a diphenyl phosphinyl group and a
-(CH2)m linking group where m is 2 or 3; alternatively, can comprise a
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alternatively, can comprlse a phenyl sulfidyl grou or a substituted
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sub§tltuted en | sulfidyl group and a -
the a-dii etal compleX capable of producing alpha olefins are described herein.
[0160] Generally, the cocatalyst can be any organometallic compound capable of

activating the a-diimine metal complex to polymerize or oligomerize olefins. Suitable
cocatalysts can include monomeric or oligomeric metal alkyls, metal aryls, metal alkyl-aryls
comprising at least one of the metals selected from the group consisting of B, Al, Be, Mg,
Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd, and Sn. In embodiments, the cocatalyst can be

selected from the group consisting of organoaluminum compounds, organoboron
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(CH2CH2)- linking group. Alternatively, the second imine nitrogen group can
consist of a dialkyl aminyl group, a diphenyl aminyl group, a dialkyl
phosphinyl group, or a diphenyl phosphinyl group and a -(CH2)m linking
group where m is 2 or 3; alternatively, can consist of a pyridinyl group, a
furanyl group, or a thiophenyl group and a -(CH2)- linking group;

alternabyvely, Gamoansist &%{fa&ﬁl}&}’ lLethemvlQrauRar an alk éHB‘&QiMh&{@UJHe
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altéfmﬁ%lytoéd?%é)n&st of a subst|tuted phenyl etheryl group, or a
substituted phenyl sulfidyl group and a -(CH2CH2)- linking group;
altérrively Toan-donsistrefacpmelyl sulidyhigroup! ofefinsubstitutedcpidemyhy
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Ca ERAULE 81 ORBLRC AR RO SHobi Rk ACHOEHES T it
groupgn olefin mixture. Altematlvely the cocatalyst can be mixed with the olefin and/or the

solvent prior to contact with the a-diimine metal complex.

Polymerization or Oligomerization Solvents, Reactors, Reaction Conditions and

Products

[0163] In embodiments, the polymerization or oligomerization reaction can occur in a
solvent or diluent. In some embodiments, the solvent or diluent can comprise a C,4 to Cy
hydrocarbon; or alternatively, a C4 to Cjo hydrocarbon. The hydrocarbon solvent can be a

saturated hydrocarbon, an aromatic hydrocarbon or an olefinic hydrocarbon. In some
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[0159] In a non-limiting aspect, the a-diimine metal complex capable of
producing alpha olefins can comprise a metal salt comprising iron
complexed to an a-diimine compound comprising 1) an a-diiinine group
derived from aromatic dione; 2) a first imine nitrogen group consisting of a
2,6-disubstituted phenyl group; and 3) a second imine nitrogen group

CORRYISInG & fﬁ%@lt&%l&&i?&ﬁ;%‘%ﬂg S0P éﬂ@eaa@kﬂ@@lg EQMFLJ&G ‘Hﬂgoﬂaﬁoon
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GeRar gy T S8e L AINEE can BE AR So?roaclﬁs(%r??eltsaﬁ%acgr%oﬁc?%‘(’f caréa L

acw@tnlﬂgstﬁ?é rugiiniire st adteorsd o palssier 2ecodvliomerize oIeflns
Suitable cocatalysts can include monomeric or oligomeric metal alkyls, metal
ani¥.ofietal Alkyhadiisertormiprisingatdeast @ndighibézaietadsnsedectadtimoms
th%ﬂ@&&pcﬁgﬁ%i%mgtpt)% &, B MQetdesds Bl Be Lé.mNﬂnlﬁ:anthg%ozﬁhu@Qa

and Sn. In embodlments the cocatalyst can be selected from the rou
H g{lerlzat n_or_olieo erlzanon TOCESS™ reacior can comy a l reacto ular
cohsisting ot Ordandalimimum Eompounds, 6rganoboron compOun

org&ﬁ@lﬁtrﬁumneempﬁom shknirteiresthd o fon rrgabhetenbbeisnentl fhieer
coeatalyisic-aan he @ntatganpaluminuttnCanapaundizAppligald8 reactor can be a

orQ%o%J&&%!P%ﬂéxﬁﬁme‘?ﬁuP%ular reactor; or alternatively, a continuous stirred tank
reactor (CSTR). In other embodiments, the continuous polymerization or oligomerization
process reactor can be employed in the form of different types of continuous reactors in
combination, and in various arrangements. In an embodiment, the continuous reactor can be
a combination of a tubular reactor and a CSTR. In other embodiments, the continuous
polymerization or oligomerization process reactor can be two or more reactors in series, two

or more reactors in parallel, or combinations thereof. In an embodiment, the continuous
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can include trialkylaluminums, alkylaluminum halides, alumoxanes or mixture
thereof. In some embodiments, the organoaluminum compound can be
trimethylaluminum triethylaluminum, diethylaluminum chloride,
diethylaluminum ethoxide, diethylaluminum cyanide, diisobutylaluminum
chloride, diisobutylaluminum, ethylaluminum sesquichloride,

mehvialHmexARk Qham%ﬁb%gsm&w%m@mqw MASITISRRUNS. 1n
alumoxane t- bu alumaoxanes, or mixtyres t ereof In oth r(?mbodlments
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alum@xanes, or mixtures thereof. In other embodiments, the cocatalyst can
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frondjdstlthe QORI fioalternétwetyizitom ta:dotodrddd:k; @ltetmativeky disdel
10Q5%48v3,000:1; 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
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merE%L&QﬂH?&%«aPF&'Y&P ﬂé%ﬁm@{a@mwﬁgﬁﬁﬂgﬂlwyﬁ%ﬁ c%"xﬁ@ﬁé@ff%@m -20
Re tlorz'u Slggdl}lons and P ducts 016 In.embodi

he
(ime emb 0 n%en S, CRO erization or o 1g(§)mer1 atio temd)?ratur
polymerlzatlon or oligomerization rea can oCcur iIn solvent or dinuen

In &wa%e fEmdbdimdats GrisaniEely oriteERTCEN €dniprise allerattydenges
hyékecaobons ooelte mativebyivalCdigeCaanBpcoeagben. The hydrocarbon
solvent can be a saturated hydrocarbon, an aromatic hydrocarbon or an

olelinegnydregarbRRodHSNME of hepIRALMANS ofhE SaltHAlesh RRIRERRR

solygni.cane Gt 18,6eq satuated fvdiocarbon.. n her embodiments,
the saturated 'soivent ¢ %ﬁ’fane |sobutane PRex xane, h

cy ERSREkAtED 6? I?ﬂ&%ﬁlﬁé@lfﬁé deR Helprhele Pﬁ@é@fﬁ?@ﬁf@e&%é@rmﬁﬁ?@zaﬂon

solvesiigaritat@arfCaction pressure can be greater than 0 psig (0 KPa); alternatively,
greater than 50 psig (344 KPa); alternatively, greater than 100 psig (689 KPa); or
alternatively, greater than 150 psig (1.0 MPa). In other embodiments, the polymerization or
oligomerization reaction pressure can range from 0 psig (0 KPa) to 5,000 psig (34.5 MPa);
alternatively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig (689 KPa)
to 3,000 psig (20.9 MPa); or alternatively, 150 psig (1.0 MPa) to 2,000 psig (13.8 MPa). In
embodiments wherein the monomer is a gas (e.g. ethylene), the polymerization or
oligomerization reaction can be carried out under a monomer gas pressure. When the
polymerization or oligomerization reaction produces polyethylene or alpha olefins, the

reaction pressure can be the monomer ethylene pressure. In some embodiments, the

81



to C20 aromatic compound. In some embodiments, the aromatic solvent can
be benzene, toluene, xylene(s), ethylbenzene, or mixtures thereof. In other
embodiments, another embodiment, the olefinic hydrocarbon solvent can
comprise alpha olefins. In other embodiments, the alpha olefin solvent
comprises a C4 to C20 alpha olefin; alternatively, a C4 to C, alpha olefin;
altgy .%%S@ULEEMQIQ%@ ant® SsiclPRB. QIR J0 VST SLARE uembPsliments.
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coglinyQLs . RAIYMEGIZatiqn LAl AOMESIZAUARRLACESS ERARID! SARAMNLSE a
loop reactor, a tubular reactor, a continuous stirred tank reactor (CSTR), or

coMiSingtBHE tHePetst. 111 Bth&FEhFb Buakts " Eonth BBEs O Satith
or phigoamanixatiohqheooessateactaricanibesarcsap beadtoredalte aativelyyigout
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other embodiments, the continuous polymerization or oligomerization
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reactors in combjination, and in various arrangements..In an embodiment,
reactign time required to produge the desired .quantity of po erjzation or,oligomerization
the ConthUBUS Ye&Ctor Ean'be "a CoMbiRadN of B iBUIAT rEadtdrsang g
CITRUuGh(Bithes ephitstdime ntslithreotedintinelius apotyrderzbtiopragpctivity, and/or
oligemie Hzaline IQLeSHERACHH GABr baiWener S TRACIOKS JdISALRAIBNQrOr
moye reactors nparaliel, or, compinations thereof; In an.embodiment, [F)po?n 5
contihuous 80 polymerization or oWgomerlza ion process reactor can be

mdPE A bhe ESTRAIERHEY: MngdtRer YnibBdinEnt, e onhtitigaas ely.

reaeigescamberantutbil &b teactor and a loop reactor in series. In yet another

embodiment, the continuous reactor can be two or more loop reactors
[0170] In an embodiment, the oligomerization produces alpha olefins having at least

four carbon atoms. In further embodiments, the oligomerization to produce alpha olefins
having at least four carbon atoms can be characterized by a single pass conversion of
ethylene of at least about 35 weight percent; alternatively, at least 45 percent; alternatively,

at least 50 percent; alternatively, at least 55 percent; alternatively, at least 60 percent.

[0171] In an aspect, the oligomerization process utilizing the a-diimine metal complex

can produce alpha olefins. In some embodiments, the product comprises linear alpha olefin
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in series. [0166] Suitable polymerization or oligomerization reaction
conditions such as temperatures, pressures and Limes can be impacted by a
number of factors such as a-diimine metal complex identity, a-diimine metal
complex stability, a-diimine metal complex activity, cocatalyst identity,
cocatalyst activity, desired product (e.g. polyethylene versus alpha olefins),
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embodiments, the reaction temperature for the polymerization or
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be graaterdhiandh psig (OricBa) altesTatively togreatadhan & psig (3440KPa);

alteroatyely, HERIES ‘t@%&o& Qﬁé%@@e% K 245 alternatvely, greptelinan

150 psig (1.0 MPa). In other embodiments, the polymerization or
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159 &m uce for 82 000 gj 1§1t8 MP rogucemqql n‘e S \Afﬂerellnnsgr]nee
monom rlsagas egy%(fﬁ ene (i?'l rization or 0|gomer|zaif|0n

re&éthodiBat b e arted Hetma@e%ﬁ%ﬁem% B gh8'prESSUreY/PhaEhedjacent
pohumasizadinnconpligorterzafion reaction produces polyethylene or alpha
olefins, the reaction pressure can be the monomer ethylene pressure. In

sompezem bocﬂma%rthg%ealtﬁémg&geamm [Roean ba greales thanfL0sigito0
R R T
otrfélﬁ@mﬁéaﬂwﬁeme%h@r@ﬁwér?e BReigs B eah VPTG fﬂwbgﬁ@rgl{eﬂ Kpaslith
5, 000ipség-{dbbaldial s adtetrativetyn bl poige{d4hicPRa)todsH00; paigneAvety,
Mpg?a)aiter than 99.25 weight %; alternatively, greater than 99.5 weight %; or alternatively,
greater than 99.75 weight %. In other embodiments, the oligomerization process produces a
reactor effluent wherein the oligomerized product having 8 carbon atoms a 1-octene content
of greater than 98.0 weight %; alternatively, greater than 98.5 weight %; alternatively,
greater than 99.0 weight %; or alternatively, greater than 99.5 weight %. In yet other
embodiments, the oligomerization process produces a reactor effluent wherein the
oligomerized product having 10 carbon atoms a 1-decene content of greater than 97.0
weight %; alternatively, greater than 97.5 weight %; alternatively, greater than 98.0 weight
%; alternatively, greater than 98.5 weight %; or alternatively, greater than 99.0 weight %.
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alternatively, 100 psig (689 KPa) to 3,000 psig (20.9 MPa); or alternatively,
150 psig (1.0 MPa) to 2,000 psig (13.8 MPa). In some cases when ethylene
is the monomer, inert gases can form a portion of the total reaction pressure.
In the cases where inert gases form a portion of the reaction pressure, the
previously stated ethylene pressures can be the applicable ethylene partial
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wherein Xqg+2 is the number of moles of alpha olefin produced having g+2
carbon atoms and Xq is the number of moles of alpha olefin produced
having n carbon atoms (i.e. the moles of the preceding alpha olefin
produced). In some embodiments, the alpha olefin product distribution can
be described as having a Schulz-Flory chain growth factor K less than 0.95;

alternatively, tess than 0.9; alternatively, tess than 0.9; or alternativety, tess

Tadr 0. Semmuetherzamidiments, the alpha olefin product distribution can be

described as havinga S
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be measured usirg
produc : &‘

S schylz-Flory ¢
! raﬁ‘?\ﬁlés of alpha

ced g pg] T
growth factor can be an g

alpha O1&#{8rgdY72] In a

chulz-Flory chain growth fa

ey
s

umber of
dne skilled in t

p 2y et bé ex
roduiied fo y
husindomé’ éthbodirrént

Lvelrage of two or more adjg
nother aspBitWieYoligomer

ctor K range fro
»m 0.5 to 0.85;

e arfi will recod

5, the Schulz-Flory
icent pairs of produced

ization pf&edsEedn

produce an alpha olefin
some embodiments, the

broduct with hig
oligomerizafio

to linear alpha olefins. In
pduces a reactoy_effluent

wherein the o erized product having on atoms has a 1-
content of greate i ely, | greater than 99
weight %;-8ffewnativ han 49.5 Weightt90o; jor altern tivi! ater
th?@ﬁ/‘% wet ment ¢ oligomerizami nproses
pr ?Ef\ rea oligomerized product h%l\/ing
carbon afdrésa 3 content of greater than 98.0 v9eight 94 Cl
alterngiiyghirgtagter than 98.5 waight % aligrnatively, greajgtthat 89.0
weight-%6;-er-alternatively,greaterthan-99-5-weight Y%61n-yet-other
embodiments erizafion proc roduceg a reactor efflug
erize product havi rbonjatoms a 1-d ‘
2 n 97.0 wej ively, greater than 975 wejght
At greater than 98.0 %; alfternatively,gred ﬁ 8.5
or glternatively, greaj 0 weight %. 8/3,\yn\yét othler
ye Qli erizafion 1@0 uceg a redctorfefflue
: i producthad¥lifig 6€drbon atoms cogpki
weight percent 1-hexene|as described herein, the oligomerized product
having 386X atoms compriseS SHSWEGht percent 1-octéRERE I cribed

herein, and the gligomeri
weight percent
the oligomerizaf

oligomzz'rl/z\e
S
\_/

Structure XIII

Cl/ \CI

10 carb

ved product having

Structure XIV

on atoms comprises any
xample, in emb
ent wherein the

Structure XV

85




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
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EXAMPLE 1

Synthesis of a-Acylimine Compound I ((2E)-2-[(2,6-
diisopropylphenyl)imino]acenaphthylen-1(2H)-one)

[0174]

An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was

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

of a solution of 2,6-diisopropylaniline (1.56 mL, 8.22 mmol) in 65 mL of ethanol.

The

resulting mixture was stirred at 60°C overnight, cooled and filtered to remove unreacted

acenaphthenequinone. After removal of solvent under vacuum, the resulting orange solid

was dissolved in ether, filtered and cooled to —10 °C overnight.

The orange solid that

deposited was filtered, washed with cold ether and dried. The filtrate was again cooled to —
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65 mL of ethanol. The resulting mixture was stirred at 60C overnight, cooled
and filtered to remove unreacted thenequinone. After removal of
solvent under vacuum, the resulting orange solid was dissolved in ether,

filtSvathesiteE soleriteing Canpoeith B2 el Grafge solid that deposited was
filteredpnvashadyyitbnaplich gtherandarjed. The filtrate was again cooled to -

[0175] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was
treated with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs)
of a solution of 2,5-di-t-buytlaniline (1.69g, 8.25 mmol) in 65 mL of ethanol. The resulting
mixture was stirred at 60 °C overnight, cooled and filtered to remove unreacted
acenaphthenequinone. After removal of solvent under vacuum, the resulting orange solid
was dissolved in ether, filtered and cooled to —10 °C overnight. The orange solid that
deposited was filtered, washed with cold ether and dried. The filtrate was again cooled to —
10°C overnight and more orange solid was isolated, giving a total yield of 2.13 g (70 %).
Characterized by '"H NMR (400 MHz, CDCls5): 1.24, s, 9H; 1.31, s, 9H; 6.80, s, 1H; 6.88, d,
1H; 7.23, d, 1H (resonance partially covered by CDCI; peak); 7.40, t, 1H; 7.44, d, 1H; 7.81,
t, 1H; 7.97,d, 1H; 8.17, d, 2H.

EXAMPLE 3

Synthesis of the o-Diimine Metal Complex Having Structure I

[0176] A solution containing 0.10 mL (1.0 mmol) of 2-aminomethylpyridine in 50 mL
of anhydrous butanol was added via cannula to 0.285 g (1.0 mmol) of a@-acylimine
compound III and 0.127 g (1.0 mmol) of anhydrous FeCl,. The initially orange solution
turned dark brown within 5 minutes and deposited a dark green solid after stirring overnight
under argon at 55 °C. The solid was filtered, washed with 6 mL of THF, and dried to yield
0.242 g (60%) of dark green product.

EXAMPLE 4
Synthesis of the ¢-Diimine Metal Complex Having Structure II
[0177] A solution containing 0.10 mL (1.0 mmol) of 2-aminomethylpyridine in 50 mL
of anhydrous butanol was added via cannula to 0.342 g (0.91 mmol) of a-acylimine
compound I and 0.127 g (1.0 mmol) of anhydrous FeCl,. The initially orange solution
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86 10C overnight and additional orange solid was isolated, giving a total yield
of 1.91 g (68.5 %). Characterized by 'H NMR (400 MHz, CDC13): 0.88 d, 6H;
1.15,d, 6H; 2.82, in, 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 CDC13 peak). 'H NMR (400 MHz,
MeCN-d3): 0.89 d, 6H; 1.10, d, 6H; 2.79, in, 2H; 8.27, d, 1H; 8.12, in, 2H;
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turpedidankdrove witbin Spnioutesrauth depessiad iardark greengsolid after
stirring overnight under argon at 55 C. The solid was filtered, washed with 6
mL of THF, and dried to yield 0.24% avVp0%) of dark green product.

LE ékixntﬁesis the -Di| |n Metaé Cortn I%Havmg Structure |l
=aminomethylpyridine in

5079t anhyahsies BRI WAS Rttt wiaZcdimieilitboorBino)ghdagnerimé)
of adacylimineoworapesincht antddvl2 fagh(la nomesl)cabanhyslous heGlzmibe

imti@#%o%'i%nﬁ?a%ﬁh&ﬁ% g8 70.92 mmol) of anhydrous FeCl,. The solution was stirred

overnight under argon at 55 °C. The solid that formed was filtered, washed with a small

amount of THF, and dried to give 0.380 g (66%) of dark green product.

EXAMPLE 7
Synthesis of the a-Diimine Metal Complex Having Structure V
[0180] A 0.202 g sample of 2-aminoethyl(4-chlorophenyl) sulfide (0.93 mmol, 80%

pure) was purged with argon for 20 min and then added by cannula to 40 mL of anhydrous
butanol. This solution was transferred by cannula to 0.265 g (0.93 mmol) of a-acylimine
compound 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
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turned dark green within 20 min and deposited a dark green solid after
stirring overnight under argon at 55 C. The solid was filtered, washed with 6
mL of THF, and dried to yield 0.449 g (80%) of dark green product.
EXAMPLE 5 Synthesis of the u-Diimine Metal Complex Having Structure 11l
[0178] A solution of 0.297 g (1.3 mmol) of 2-(diphenylphosphino)ethylamine

in %%fﬁﬂie qf &GQMQ@P@QW@”%W&&?HQ%M%&@%Wl%&&i)Qr 4409 gi'e 3B stals
mmo ine. com n 49 mmol) o rous
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93.70; NI-Fe-Cll - 156.18; ClI- Fe C12-111.98. EXAMPLE 6 Synthesis of the
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(0.92atlyrol) of 2-(diphenylphosphino)ethylamine in 40 mL of anhydrous
butanol was added via cannula to 0.263 g (0.92 mmol) of a-acylimine
compound Il and 0.117 g (0.92 niExalMef.&hydrous FeClz. The solution was
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transferred by cannula to 0.265 mmol) of a-acylimine compound
ané“@‘flgaﬁufﬁ @B%‘H%B %’f’%lh??ﬁdroﬂ%sr—sé@l 2 a?l‘i‘@%%uﬂﬁﬂ@‘j’%& I‘dh%‘ﬁ%é%ther
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filtered, washed with a small amount of THF, and dried to give 0.203 g (39%)
of green product. RecrystallizatiopxrovipEeetonitrile gave long, rod-like
crystals. The obtained crystals were subjected to x-ray crystallography. An
ORYIBH diadraimreraten dipsedrisidaucads tHIs: 8B eraiipleciarisistvisiee in
Figriee29 Gelpaied hanstistiancauand ibonetargle dosibe orystalshomogeneous

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
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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 oligomerizafion catalyst when the a-diimine

m%ﬁ@@@%é%ﬁ%&%&ﬁh‘&"ﬁ@@@%%%&ﬂqs%&Qﬁ%ﬁéY%Fan&?@'“ﬁﬁaﬁéﬁu‘@e

rystal structure |nd|cates that the a- d||m|ne metaI complexes may be
|soTat B RS it ERSIY AV g A HAlSS B 43 M4YCand have an
active ethylene oligomerizafion catalyst when the a-diimine metal complex is
contacted with ethylene and a cocatalyst. EXAMPLE 8 Synthesis of the
u-Mimine Metal Complex Having Structure VI [0181] A solution of 0.235 g
(2.02 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 argon at 55 C. The resulting dark green solution was
reduced in volume to 5mL 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 89 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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WEaOOOo0d OOO'ONpV O{{yyQry ~dYN'YdL CalJpOO Q O-
O0OC 5~VaVvVO-VOb mOOOOO0OO0O QINN".Inv5v1i4nx600000
8lzcU Zr~~DfX. 7f. W,Uyra d 'Q CN NN-NM M 92 [0183] While
preferred embodiments of the invention have been shown and described,

[HHBdificalions thisfastdcamtisdimrite By Bhemkiked ihite keepwitlhont aharteiged.
niﬁsamzth@@mieitaan&ntea@hims@ﬁbadn&en{ima althei@sabadimentsrelesaeibge: and

tea }g? %‘f‘%h%’ﬁ%@ﬁ’t‘%‘ﬁy Oﬂlly e%gd%gnﬁoﬁeér}g%péjﬁgetﬁ QI% lé%ﬁlgﬁr%%ﬂy and are not

variations and modifications of the invention disclosed herein are possible

ingaded e RAthintRE st S mBhIRIIRRATERS pluftfelitalidhgiadaspd herein are
péswittiatiodsaarevidnip s shostatt thesinenexpreddeangesaral muonls Ighicuichbere

eMRAGISIaR, 1N EIASS TRTAVR FRNAES LR UANS Qiike image iude iallings or
.within th(? fxpressly s Pli d ranges or limit tlonsé fro about éli bo% out

R S AP B T N6 T
1yt tenedydss, %étlén%my'gliﬁﬂtﬁ ré@erhQ terkifss 8lemeht. of i3 claim ‘i%§e Of the term
"diptiended faumegacthatithe-sukje cr alemeant iﬁltd‘lﬁﬁﬂlif@dleﬂf altemadiveiy, demet: is

rer%(i:}lélg ga?%mé‘e@rpsant(l)\/?eq@ red Iné%[}ll a?tgr}lgtlggs telliﬁed ERPGAR Iy}l?e scéape of the

se of broader terms such as comprises, includ es aving, etc. shou
Clﬁﬁhe‘?é%’cﬁar%dﬁ’i&ﬂﬁses“éﬁ f)b‘&?t’f‘?&?ﬁ%dﬂ%%%ﬁ* faring §ﬁﬁd’i"&gd(?6ﬂ§f§[‘iﬁ§°6f° provide
sigpnsistingresse niial yuoh, cemprisedos ubsiarntatysafialbtof, [@bitisAicobsamglyy;, of,
o#he scope of protection is not limited by the description set out above but is

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

provide exemplary, procedural or other details supplementary to those set forth herein.
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only limited by the claims which follow, that scope including all equivalents of
the subject matter of the claims. Each and every claim is incorporated into
the specification as an embodiment of the present invention. Thus, the
claims are a further description and are an addition to the preferred
embodiments of the present inventiehATYE discussion of a reference in the
Description of Related Art is not an admission that it is prior art to the
Wireseritiimention, especially any reference that may have a publication date
after the priority date of this application. The disclosures of all patents, patent
1 applicatiensddndppudblingtio nsddited: heteirargdiexelpyisneoikpotaged Byst one imine
reference, to the extent that they provide exemplary, procedural or other
bendt il L spispARIn ehtarsabs iR derrorin: HE e g atiens Awest \Wheeis Bragrdigine
%taﬁcgpnegg)ggag%e%%gl g!ng an a-diimine metal complex comprising forming at
"feast ohe imine bond in the presence of a metal salt, metal complex, or
combinations thereof , wherein the a-diimine metal complex has the formula:
Rc77 Rc78 Rc5 Rcs Rc]9 Ross Rc73 Ro74 Ro71 Rc72 (R2). pall Ral2
ClI2Fe-N Rsz Rats N~ RSA}5 Rad# Ral5 RBR~ RRQ,?,; R55 wherein RE1

to/through R'ss can eacHinde endegg%cg)e drggen, an organyl group
consisting of inert functiona u a hyd @ | group, or inert functional
groups; R51 to/through TR86 &g pendently be hydrogen, an

organyl group, an organy! g« ORSisting of ingrt functional groups, or a

hydrocarbyl group; Ra" to/through Iﬁa b5 cap),each independently be hydrogen
Ra12 R2

or hydrocarbyl |
y y C|2Fe_’L
/0 R%2
Ra13 N\
Qa

Rat4 Rals
R51

R53 R55

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

group; and m can be 2 or 3.
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group; and m can be 2 or 3. 94 2. The method of claim 1 wherein the method
comprises: a) contacting an a-acylimine compound having a Structure 37b:
Ral2 Rail O R52 Rats\/N R54 Ral4 Ral5/R511 R5s R53 R55 Structure
37b, FeC13, and a primary amine having a Structure: Rc73 ¢c75 RRo71
2RRC Tie rerol NigRipCc HRY PR tReoBeROEORBESS'RC]4 Rc7s and b) recovering
the a-diimine metal complex. 3. The method of claim 2, wherein the
a-acydimine wormpog nddsgénved frgrunddenaphtteneguiione and the
a-acylimine nitrogen group of the a-acylimine compound consists of a
2, 6 disubstituted phenyl grouppna4 The'method of claim 3, wherein the primary

Structure 37b,

FeCl,, and a primary amine having a Structure:

RC73 RC75
Re71 RC77
NH,—— (CHa)y—F 22;3
RC72 RC78
Re74 R7 . and
b) recovering the a-diimine metal complex.
3. The method of claim 2, wherein the o-acylimine compound is derived from

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

2,6-disubstituted phenyl group.

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

(diphenylphosphino)propylamine.
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/ 1f-~P C1C 8. The method of claim 4 wherein the a-diimine metal complex
has a formula: CI CI 9. The method of claim 4 wherein the a-diimine metal
complex has a formula: 961 P-7 N CI Cl 10. The method of claim 2 wherein
the a-diimine metal complex has a formula: rN CI Cl it. The method of claim
52 whéhsimehedkrbegiinfindcempe emésnp rapalrenbyx iy edtiteidting an a-acyl
compound having a Structure 10: 0 0 RE' Rsz Rsa | Rsa R55 Rss Structure
10 and a primary amine having a Structugé 3a: Ral2 all Rata -NH 2 Rata
Ral5 Structure 3a and b) recovering the g inine compound. 12. The
mthod of claim 1, wherein themethod a) contacting an a-acylimine
metal complex having a Stn@g #— Cl2 ~-O R5z Rats\/ N\

R54
\_

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

(\N/
OPZT 5

9. The method of claim 4 wherein the a-diimine metal complex has a formula:
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Ral4 Ral5 R51 R56 R53 R55 and a primary amine having a Structure:
Rc73 ¢75 Rc]l Ric77 Ro79 NH2 (CH2)m R Roso Roe Roes Rc]4 Rc7s and
b) recovering the a-dimine metal complex. 13. The method of claim 12,
wherein the a-acylimine compound in the a-acylimine metal complex is

a-acylimine compound of the a- acylimine =t
2, 6 disubstiituted phenyl group. 14 ethed f claim 13, wherein the

ar R51 R5z R53 1 R54 R55 R56
Structure 10 and a primary amine having a Structure 3a: 98 Ral2 Rall

16Rata TN e BasacRaiD Stieetvne daiibyfesemecig ihena-aeyimine compound;
c) contacting the a-acylimine compound with FeCla; and d) recovering the

a-acylimine metal complex.

11. The method of claim 2 wherein the a-acylimine compound is prepared by:
a) contacting an a-acyl compound having a Structure 10:
0 o)
R . R52
R53 OO R54
R>% R56

Structure 10

and a primary amine having a Structure 3a:

Ra1 2 Ra1 1
Ra13 NH2
Ra14 Ra15
Structure 3a
;and
b) recovering the a-acylimine compound.
12. The method of claim 1, wherein the method comprises:

a) contacting an a-acylimine metal complex having a Structure:
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16. The method of claim 12 wherein the a-acylimine metal complex is
prepared by: a) contacting an contacting an a-acyl compound having a
Structure 10: 00 RE'Rsz Rsa | Rsa R55 Rss Structure 10, FeCla and a
primary amine having a Structure 3a: Ral2 all Rata -NH 2 Rata Ral5
Structure 3a ; and b) recowéging g a-acylimine metal complex. 99

\

2F/e— RS2
Ra1 3 N XN
. R54
at4 Rats
R56
RS3 R5S
and a primary amine having a Structure:
Re(3 Rc75
RC71 RC77
RC79
NH—(CHz);n—R RC80
RC72 RC78
RC74 RC76 - an d
b) recovering the a-dimine metal complex.
13. The method of claim 12, wherein the o-acylimine compound in the a-acylimine metal

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

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

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

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

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

Structure 10

and a primary amine having a Structure 3a:
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Ra13 NH;

Ra14 Ra1 5

Structure 3a;

b) recovering the a-acylimine compound;
c) contacting the a-acylimine compound with FeCl,; and
d) recovering the a-acylimine metal complex.
16. The method of claim 12 wherein the a-acylimine metal complex is prepared by:
a) contacting an contacting an a-acyl compound having a Structure 10:
0} O
L A
R53 OO R54
R>% R56
Structure 10,

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

Ra1 3. N H2

Ra14 Ra‘l 5

Structure 3a ; and

b) recovering the a-acylimine metal complex.
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