DIMINE 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. 11/186,039 and U.S.
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use of a-diimine metal complexes in the oligomerization and/or
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catalysts of this type, a nitrogen- gages in a coordination
reaction with a transition metal salt. The coordination reaction forms a metal
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invention provides a method for producing an a-diimine metal complex
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phietade.complex, or combinations thereof. In embodiments, the method for
producing an a-diimine metal
[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 novel and improved

catalysts and methods for olefin polymerization and oligomerization are desirable.



complex comprises: a) contacting an a-acylimine compound, a metal salt,
and a primary amine; and b) recovering the a-dimine metal complex. In
some embodiments, the a-acylimine compound comprises an a-acylimine
group and an a-acylimine nitrogen group consisting of an organyl group

consisting of inert functiofigl AfQRRSH AR YRRRERyAgroup and the primary
amine comprises an NHZ group, a metal salt complexing group and a
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further embodlments the a-diimine metal complex comprises a metal salt
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complex comprises a metal salt comprising iron complexed to a tridentate a-diimine compound
comprising: 1) an a-diimine group derived from acenaphthenequinone, phenanthrenequinone, or
pyrenequinone; 2) a first imine nitrogen group consisting of a 2,6-dimethylphenyl group, a 2,6-
diethylphenyl group, 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.
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diimine metal complex comprises a metal salt complexed to an a-diimine
compound, wherein the a-diimine compound comprises: 1) an a-diimine
group derived from an a-diacyl compound; 2) a first imine nitrogen group
consisting of a C, to C30 organyl group consisting of inert functional groups
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o- d11m1ne metal complexes and the use of a-diimine metal complexes in the ohgomerlzanon

and/or polymerization of olefins.
DEFINITIONS

[0012] For the purpose of this application the designation “o-” represents a relational
designation that when preceding a chemical name, either general or specific, indicates that the two
functional groups are on adjacent carbon atoms. Non-limiting examples using the relational a-
designation include, a-dione where the two ketone oxygen atoms are bonded to adjacent carbon
atoms, a-diimine where the two imine nitrogen atoms are bonded to adjacent carbon atoms, and a-

acylimine where the acyl group oxygen atom and the imine nitrogen atom are bonded to adjacent



the acyl group carbon atom (an acyl carbon group). [0014] For the purpose of
this application, the term "imine group” is represented by the structure C=N-,
wherein the undesignated valences can be hydrogen, an organyl group, a
hydrocarbyl group, and/or any other group as indicated herein. The term
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sulfides, amlnes a HL)hos. ines, among.others. Included in the organyl
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BWiadlex Withpurposes of this application, an “organyl group™” has the definition specified by

IUPAC: an organic substituent group, regardless of functional type, having one free valence at a
carbon atom. Thus, an organyl group can contain organic functional groups and/or atoms other
than carbon and hydrogen (i.e. an organic group that can comprise functional groups and/or atoms
in addition to carbon and hydrogen). For example, non-limiting examples of atoms other than
carbon and hydrogen include halogens, oxygen, nitrogen, and phosphorus, among others. Non-

limiting examples of functional groups include ethers, aldehydes, ketones, aldehydes, esters,
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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.
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[0019] The terms “polymerized product having X carbon atoms” and “oligomerized product
having X carbon atoms,” wherein X can be any integer, refers to materials produced in a reactor by
monomer polymerization or monomer oligomerization that has X carbon atoms. Thus, the term

polymerized product having X carbon atoms and oligomerized product having X carbon atoms



functional group. Non-limiting examples of secondary carbon groups
include-CH2CH(CH3)z, - CH2ClI, -CH2C6H5, and -CH20CHS3. [0022] For
purposes of this application, a tertiary carbon group includes a group of the
formula -CH=, wherein the two free valences (=) are to atoms other than a
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0 ﬁ’o ]in d’h or any gro@ Consistin olflnert najl2

§H)Gbscé11€y8m@ﬁrb9ﬂé?€ﬁp a functlonal group, or an inert functlonal group.
Non-limiting examples of tertiary carbon groups include: -C(CH3)3,

109225 H5)Bor-QEBes- O THISIPZMOH Y, Qi uE (GHEG) GHMC HRludS6H 5ovE 68, the
anpglnd- adamantyl. 6 a-DIIMINE METAL COMPLEX, STARTING
MATERIALS AND INTERMEDIATES [0024] Generally, fhe &-dimine mefal
complexes can be preparedIl from compoun S, a&w% ﬁmary ar%unes
EREF s Rl féaﬁaah/rthiﬁtwéoméﬂﬁ@dgrﬁﬂpptfewb}ﬁé tl*f‘etea%mﬁnﬁ‘mrﬁé?ap is attached).
ctomplexes, faddiianal compoadagsdaclydingea-@acyiinire aompabost@nchxygen
AACATIPRACIR. SPIRIEKERCabe eIaHlales Andloh SlainCaIaTIAlS,,

in the synthesis of the a-diiminé metal complexes. The a-d |acg compounds,

PR ST e SR Rfte BB P %E%fl’ﬁ?ﬁﬂgyhgé‘f&? ¢ %1%%?03%‘“
Aeatalt Saitsiare grrdepéloddinti@le memigenithicrthéua-dithong emetakcbom$lexCH;).,

synibesisnang furthenseseribed bargia: RiacyhComnaunds [0025]

Generally, a-diacyl compounds utilized in the production of the a-diimine

RIS COMRPIGAEILOTIAISE, HYR.AGY! OrRURS. S3RARIG A Jry q}l'élgd@@a' TS of the

roup when contacted with a primary amine. Appropriate a-diac

Wmipbahids WAH B b Y& LB aBIE 6 reactii g gepHitfaty s %ﬁ?ﬁ?&s"“{aﬂ (the
fondhremeacdiimis ehe oot mrdo\Aithi aniotrde ep ecifiaetitn aiaetavmcadapadybaro

attached). Thus, each of the three free valences can be independently bonded to a halogen atom,
carbon atom, oxygen atom, sulfur atom, etc. In other words, each of the three free valences can be
to an organyl group, an organyl group consisting of inert functional groups, a hydrocarbyl group, a
functional group, or an inert functional group. Non-limiting examples of tertiary carbon groups
include:

—C(CHj;);, -C(C¢Hs);, —CCl3, —C(CHj3),0OCH3;, —C= CH, —-C(CH;)CH=CH,, —C¢Hs, —CF;, and —1-

adamantyl.



reacting with two primary amines to form an a-diimine compound" should not
be construed to mean that two primary amines are necessarily added in the
same step. Nor should the term be construed to mean that an a-diimine
compound is necessarily formed as an intermediate to an a- diimine metal

GODRIAXENERRT, €ONBIE RV RAHINCHTPRR IS A0S RARANRPIARING

an imine group when contacted with a primary amine is not necessarlly

t?t'veé’ SI0aRS Ll RMmINg. 0. QLo E’e TS IS TS BRARIE lnpounds,
reac ing with two primary amines to form an a- diimine compound™is

Mt REBA0MRLEriBRUS Séskiffed Y HHR Bft trEPAAHIRUIEPH BT dimine meta
conppoemdsldithich campoendtilizelddinghe syhthiesiscofphed-ditinaecphetab metal

E&Hﬂﬁ'@é%ﬁﬁ@é%@%@mﬁ@ eami/(;l; Q@uﬁn@i mitgﬁam ﬁpi‘lll& !:%Q)? Ry lagmme metal
produced %tthln K p method as described herein, 0026 One class of

S ARCT caMioUNDS THAP A bR (ISBG T She AR iR Hietal Y mine met
e@n@me@%@w@%mam@m@@pwm@rﬁ wiGantisoudinivh ersih cankles ignthesis
aygeReatRiBriandhakinaldehyde oxygen atom are bonded to adjacent carbon
atoms. The a-ketoaldehydes utilized in the production of the a-diimine metal
cAMRIXSMpaEE any a-ketoaldehyde capable of reacting with two primary
amines to form an a-diimine compound. The a-ketoaldehyde can be

ted GHRSR rgtﬁguél NS AFRAO ChRARY BIE RIS A ARG ARHR metal

eteroaromatlc 0027 nerally, the a-ketoaldehyde will have the structure
PO “bi@%j’ﬁ%ﬁ&leﬁﬁ%’s Céﬁ??lﬁé’ ﬁ‘?rB}‘@%ﬁS}llﬁ‘f%%%“’%‘Hiahﬁ%ﬂt%ff%‘hﬁ“h a
ponsistigrof inemrfwnetondlagybupspomdshspdrbedrbyel agpaklp oinrswtimg with two
smtagdamﬁgg?@ Brniliaﬁa &l[ﬁiﬂ{lé)@oQﬁQMQd aWﬂﬁl Ihvglys@alf%é%myhgr@y@ ‘capable of
consisting of inert functiona s; or alternative r roy

A Bl s RS LA e WOLBCRIPN: iRy o
w&ﬁ%gmw&zﬁﬁsmm@s afq ﬂé?fsr@ﬁbfnﬁfwa@ drobpgmy ﬁ%rﬁaﬁxﬁéwkh@s&t@l be
Eodarhydioerbb\thgrolp datienativelyndi G de o forgamyl ghiahipimediate to an a-

AGmALeR yeoﬁ}él:& 19: @ QAR %O&‘&a@f‘%ﬁg&%ﬁf ANGIL f&g&élQ%ﬁ'ﬁ%PHQ%n

alternatively, a C3 to C20_hydrocarbyl group; alternatively, a

BrganyPat ”U}S’“aﬂ‘f&?ﬁéfﬁv%i {f & B GBS Gal "grSt Roneisting of Irgppds of

fmﬁgmallgmgxsualté"mamMaw@@@@mmnbcmwlgmummwmatm@hya

ai&?néocg}ﬁp%%ﬂ)@ gfekRaaltespatyely, %n@%l&@le@slmﬁélf&w W@B&%ﬁh’%i%ﬂ&l&yl

ofnert functipnal grouns, ot al %”s‘%t%esl of o) %ﬁn*éydé‘%? opél%roudoscnbed
enerally the organyl group Kﬁ group consisting tiner

@?@Hps“@r“ﬁiﬂﬂ‘?@éaﬁ’ﬁ?l %ﬂ%ﬁ‘ qﬁebam@%wra@ﬁw@ aeaﬁlﬁé@ﬁﬁ%ﬁé@,ed herein.

unsaturated, acyclic, cyclic, linear, branched, and/or aromatic. [0028] In some
H6d diméms cRkaofeprisehiyapoaeyscliciorgarty| gredup, erpacylicdorganyhetal
%&yr&&enshﬁiag{mm@tnyéyn&ﬂ@maé gr&uﬂﬁm@a m@&yqiﬁmr%@@mﬁouﬁu i)
embodiments § nts a CliIC argan
T B R R B e B A b
RedsroreestT tHiBiRgctGid smpexsTganis grddpcierlani gratccdnsistirg ot
inerpfuneli anahgraupsmotirhydiacashydgpaud, Rite caehadehahrycamubabatuaied,

GRJM@QMAHQJQ@%%E@&J NSRME SRRHIISRISHIRe a-ketoaldehyde

isaC3to

[0027] Generally, the a-ketoaldehyde will have the structure R*-C(=0)C(=0)H wherein R**
can be an organyl group, an organyl group consisting of inert functional groups, or a hydrocarbyl
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 Cjz, organyl group consisting of inert functional groups;
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C2o glyoxal; alternatively, a C3 to C3o glyoxal; or alternatively, a C3 to C6
glyoxal. In some embodiments, the a-ketoaldehyde is phenylglyoxal or a
substituted phenylglyoxal. In other embodiments, the a-ketoaldehyde is
phenylglyoxal. Within substituted phenylglyoxal, each substituent can be a
GRAQCS,01AaNY QYRS A g?gltal&%l@mmiygwné @g@@%gn Q08 matively.

functional groups, and/or a 3to drocarbyl groups. In other
%rﬁbé&uﬁfén%a‘g‘&c%{%ﬁeﬁ €8st d%?ﬁs B! agﬁ’%pfo EEYERY1 Yroufs
bphisiathyy obineritturctionah grolapS oredtetreativelyllca@sty €€ hirdfocariylyl
gmps@{gaag] & seeonthelpss ofraupliacyteampoURds WHiah CafiRRaHSE dotbup:
%(E'V%g/ a-iimine meta %815“9' XSS AN acdlo%e éa im Qu“”cda” t?Jgeo inert
etone oxygen  atoms are ed o adj jacent ‘carb
&Wkaﬂ@ear.ﬁlw%mﬂor%wﬁéd%ﬁm rgéometgee%fﬁlﬂpﬂésee%aﬂ SEOUP;
anynatdione casmpogntlicapahle ehreacingonithliwatgitigtary antinestoitkiyde
an B diming, GANRAUAGJRE, @yQ iong can e-RatuRIeH. YRgaturated, acyclic,
cyclic, linear, branched, aromatic, and/or heteroaromatlc [0030] Generally,
dione will hav ruciure Rk1-C 2 wherein th
LO0E roetb it R, Rt b e St ST I organy
SYRNFPHISINS, ah BFFaHACHB pPEBRSIsting of gt fb}‘f’éﬂfﬂ‘i%}llg%ﬁk‘ﬁs dp gother
hyibsdioary| Rif oupedmembedimentsyRkband/oycRko@any begranC3teiBRoof inert
Qf&%b/eh%ﬁ%ﬂ% @Jtsrmth\yqlxu@b%m&%@egm@@ybg{mI§flmg &Eéﬂﬁrgroup
functional groups; alternatlve to C30 hydr carlg p; thernatlvelg
TEMEEI SIHRHDE ot a'%/f'étrlﬁlé R P é%'% (240) g 3%10“;51 grodg™ have any
sonkistihepdbindetfurctidnatghosps; Ialﬁema@twa%mn@sfw@%mvéewbﬂs to
g;plgryoﬁdte ana&iy@mya aC@ tQ @%Og@r@@mdrgi@ﬂﬁhtﬁﬁ@r&aﬂy@clYCQéi}I&@?)Qn 8ome

0 m(%anx1 %OL{R consis o merthfe%n ion groups u?ergmahvel a XCal toIn 00 .,
droca roup ter Ratively, a >t’ %: grou alte %'Hatlve ly, a
f&l@él@@&n;}%@%&ﬁ%&ﬁ%ﬁrﬂ@ BP?H@EEY?&ch &Wl@ré‘t?ﬁ%ﬁué?ﬂaﬂ’@ﬁ%%ﬂ%%} gach
@ptouiest hydrocarbyltgrouprd9B tloupson@ embodipaeyitgrdine aedicresisfamert

anvRlifpliape ROt R apdtRkiRIEAMYEDs N AIBRELMBOTIRAR . & HRAG

can be a semi-cyclic a- dlone RK' and/or Rk2 are, or comprise, a cyclic
StROCHTRS i rd %‘of’ SoRFRARLLE RO EYR A Y BF E“élcéVS?é ?ﬁoﬂ%sy%tab%ﬁéa fively.
efbodirhehesathe geadione is a cyclic a-dione; Rk’ and Rk2 are connected to
form a ring or ring system containing both carbon atoms of the a-dione
;pmp. In dorvengemiscyclidiand/onsyclis whdiorne brmbadinpentsingleliingonetal

%&%ﬂaﬁéﬂﬂaﬁei@%ﬁﬁ%%d WRIRGET SRMEENCIG,RRASY S0 BAANE adjacent

n% odiments, the nn sny,?ltem an. contahn carbon carbon double
arno ati)mfej 'ﬁ € O 1011 S ut 1ze (] pr I]ICtIOIl C O~ 11 meta lexes can be
n further semi-cyclic and/or cyclic a-dione embodimenits e rifg

S%t%%&r?%epaubiby@h@ﬁn@f Syater. WﬁlyéW@tPFefFl%rérﬁimé%ﬁ@ &miel/ o cylignine
oflignedemiodimanianthesiagel, IRgEEe M gan, compriseanarRRBatiGIiRg.,

or an aromatic ring structure. [0032] In acyclic a-dione embodiments, the
an eteroaromatic.

a-dione can be 2 ,3-butanedione, a substituted
[0030] Generally, the a-dione will have the structure R¥-C(=0)-C(=0)-R* wherein the

structures of R*' and R are independent of each other and can be an organyl group, an organyl
group consisting of inert functional groups, or a hydrocarbyl group. In embodiments, R*' and/or
R* can be a C, to Cy organyl group; alternatively, a C, to Cs, organyl group consisting of inert
functional groups; alternatively, a C; to Cs, hydrocarbyl group; alternatively, a C; to C,y organyl
group; alternatively, a C, to C, organyl group consisting of inert functional groups; alternatively, a

C, to Cy hydrocarbyl group; alternatively, a C; to Cjy organyl group; alternatively, C; to Cy



2,3-butanedione, 2,3-pentanedione, a substituted 2,3-pentanedione,
2,3-hexanedione, a substituted 2,3-hexanedione, 3,4-hexanedione, or a
substituted 3,4-hexanedione. In some embodiments, the a- dione can be
2,3-butanedione, 2,3-pentanedione, 2,3-hexanedione, or 3,4-hexanedione. In

Bﬂé& G RMPQHREINS the AR LA0HE ZdRriRRedient @lIGHARNAN eroup:

entanedione; alternatively, 2,3-hexanedione; or alternativel
éltﬁ“ﬁagx%ﬁead%ﬁ% GOy | P RPBAER LR A e Cb‘?é%‘?éyéﬁﬁ%é’a‘i%gﬁ?gg fHfnert
Augiome! csmybecbeltezilatydy. substitatbrtltembill groather embodiments, the
a-dione can be benzil. [0034] In saturated cyclic a-dione embodiments, the
Hafithe camsbecls@toydotebutanaditne ivasulystitutdiik,baydbbutaRedioneclic.
h2Ryclapeaianedionena shstifuied. %%18%&!&9@”1@”%%9@‘2 are, or comprise, a

1, é cytclohexargedlonte asu ftﬁtute cIohexanedlonet diments. ¢
P2eyEShED ?5naé%j?8n‘é°“§% SR atu‘t“ 1"IEPEERe ptAReHiShE R LBHE te
sakigpatisch eyelic adiion&ernsoRinententhecd -gideim ©ange ring system containing

Bodreyolapesnianedionaicasubstitulad s 2.eycRie akane dioneq-dione embodiments,

62 r_1(1:1 %Iro I‘111(? Xars]t%gllogne bé) sra%gl € Sltltu d ]étrzn %y cﬂggr? (a)‘rnce gfl%r&edlg)gesg rgodlments

saturated cyclic a-dione em ments 'the a-dione can
PorEgcs pRstEEH R C%‘i‘%ﬂ“z%?&[b??é%@&‘l‘aﬁ Qo‘i‘ﬁsyelf‘(fﬂ*i@FrveBbﬁ’i?H% ARg/or
thdia-dibne eahddenchiR-adyctopentanedione adrigitBenativelytem. In yet other semi-
lyghg)éﬁ!f?(t}%éﬁheg AR IPRRBhIASatraied g SYSIGNA Eﬂﬁ’iﬂﬁs@ RoRGimMRNtR,
the a-dione can be blcyclo [2.2.1]hepta- 1,2-dione, a substituted
rléiﬁc SEFL TR dione, bicyclo[2.2.2]octa-1,2-dione, a substituted
bicyclo[2.2.2]octa-1,2-dione, or camphorquinone. In some saturated rlﬁg )
stituted

m erﬁb?fdﬁlh‘éﬁt@o%éf%%’?%‘??@t%afﬂebcédd‘?waﬁ[?? zﬁﬂfé’fﬁ%?dl"?ed?o
Bizyclaj@iRiR]dciap<hi2nelione, outBtcardhibpguimediend  ydicthaligaturatedtuted
E@%é&éﬁ&@f&h@'ﬂ@ﬁl&&@&hﬂ@im%@%s&hﬁe@ﬂ%%ﬁaﬁoﬁ@ FATRNTESHRUAR; the o
S S e LRS00 e
eybRsiesas- éwelﬁlznd|@fwévea2éib§meﬁ@dee9&r@wéxe&e%p££@%ﬁ@ﬁ@; alternatively,
cychopaBiicrene ale2isione, 321 sidhgtitbael cyclopent-3-ene-1,2-dione, a
cyclohex-4-ene-1,2-dione, a substituted cyclohex-4-ene-1,2-dione,
ﬁ)éb’ﬂihydﬁq :hrgnﬁﬁpm%mgn@-dﬁlwQﬁﬂ&tﬁgn%‘ltﬁghqune can be benzil or a

id%talh df%engf" ne, 1.4-dih ‘;{gnrtgq phthoguin ng)éorasubstltuted

ona hoqumone N Someé unsatura cycllc a-dione
embodlments the a-digne can be 1,2-benzoquingne, cyclohex-3-

ENa4 o. d}Bﬁ%mW(ﬁSﬁ%ﬁt“S &le “*1“5091‘?8?{85 é?x%f’oﬁ@%%a&?é P5lshatanedione, a
&Mﬂ%rbhaxﬁh@h@qmqhm 1 3retsipptitiyabcionaphthiobptimede! Acptivegntanedione,
unsytwriesdinga-diongempadimenisioHR.a-inBe ¢anRAfoheptanedione, and a
1ie:henz qnes altematively, 3,4-dinydronaphithoguinone; pr alterpatively,
i oﬁw 3r*on pht ﬁPanounnone %% naro atclcarlng system a- ione

%%&%@H@Pfh@nadm%é capree ﬂ D HAPITGHiEn &2 Kipbstitaedigne. or a
ystnaphihbouildbnandidnna phifiagtinond, @ sidlbstituteanBodmrap hilkagdikie ey

BCeRaphRENEAYInRNE: ASURRIIGRGENAPINANSAMIANG ML, the a-dione can be

?henanthrenequmone

2-cyclopentanedione; or alternatively, 1,2-cyclohexanedione.

[0035] In saturated ring system o-dione embodiments, the a-dione can be bicyclo[2.2.1]hepta-
1,2-dione, a substituted bicyclo[2.2.1]hepta-1,2-dione, bicyclo[2.2.2]octa-1,2-dione, a substituted
bicyclo[2.2.2]octa-1,2-dione, or camphorquinone. In some saturated ring system embodiments,

the a-dione can be bicyclo[2.2.1]hepta-1,2-dione, bicyclo[2.2.2]octa-1,2-dione, or
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a substituted phenanthrenequinone, pyrenequinone, or a substituted
pyrenequinone. In some aromatic ring system a-dione embodiments, the
a-dione can be 1,2-naphthoquinone, 2,3- naphthoquinone,
acenaphthenequinone phenanthrenequinone, or pyrenequinone. In other
@J&Hﬂ 1951& SXI?@@O%Q’QQ%QEH%'@@@H? laﬁ)rﬁ gfﬁm)glﬁl@ﬁ'tp%le a-dione can be
acenaphthenequinone, phenanthrenequinone, or pyrenequinone. In yet
GtRRPAIBIRAfic ring system a-dione embodiments, the a-dione can be
1,2-naphthoquinone; alternatively, 2,3-naphthoquinone; alternatively,
H@éﬁ]aphtIIféH%S&Eﬁﬁﬁ‘ﬁé’y%ﬂfe?‘rijé‘fﬂfewbﬁﬁ‘gﬁaﬁtﬁl?%ﬁé’d‘ﬂﬂﬁéﬂbb%ﬂ %1’?8?6%&1%19" a
pyreineguirbbez{Q0ias]e\ithirhtke-subsitdied, a-dibsieuerh bpdimefispedchlione,
Wﬂ%@n@ﬂ@i@ﬁﬁ@%@@ﬁ‘éﬁw&%ﬁ%p@ﬁg%ﬂ Yr4iBna1 WQ@QX'QEQ&JM dione, a

COI‘ISIStIn% mer%functlo al groups, hydroc rtlﬁx rou§ or an |n§r§4

RS RSB T Some SRt dIMNES. e By SIS ctit RIS A v aro-
C2w@@@qevg>aﬁyl ﬁmﬁoaa@l,th@q@mwgmbgr@md ¢drihydrmyaphibsinone. In
ﬁumetimmdugféa@al@&al&ﬁet@nﬁmﬂaydr%a&lay&ngmpe lﬂz&ﬁﬂieqﬁhhbﬁéitbl}tadhex 3-
PG SITROAMENtS. [0e SURSHUSHS,Canhe . Crld.CoP AORONL AR R
t6'C1o organyl group consisting ot inert functlonalngroups ora 8
HS/H?‘O“EB)‘E)WP”@ UifRSthiErOdiTh B BtHHEY e S el ORI BRRHEITES: the o dlone Can be
sabstitegurit@kcansbemtGelio CS ardgianybngpbilipquinGieto Gs organyhgvaup 1.4
appsistingueh gt inctional groups, or a C, to Cs hydrocarbyl group. In
further substituted a-dione embodiments, the substituent(s) can be a C, to

@gg),prgarﬁyl SRR AEMAUNELY o dOLrd REARIY! FrouR: ALETORUYELY, 8 o

to Cs organyl group; alternatively, a C, to C20 organyl group consisting of
H?B'Pfhﬂﬂ%t?d}ﬁalag r%‘BiS%”t&‘heHa‘ti’\l?BiW‘é.‘lﬁ?% %?bBaB‘Pé]ﬁﬁi}P%uﬁ ORIty of-
menthupstionalcgrauisnadtermativehpsen@diac@spbriganyligrouphd@ndonsigtinge,
QTsinﬁﬁ'&JééH\Cﬁiﬁﬂﬁéﬁéﬁmcﬁﬁew&ﬂvﬁl}.ﬁoﬁﬁoﬁ% %%HMQE@?WQ%&Q&Q In some
aternatlv a to Coo ocar oup; alternatively t

A Ral0 SHo: S ARE ATV R T STl o 37
ﬂqehéamﬁmﬁru rAtserrbEtie s reany | Ricoashisrganyngrotip ReeMsistingcof ifertother
funsitenalgroypsmanddiydragarhyhgreupheachiionganyd gseuRciganykgiRuR:,
gﬁ’enﬁn%ﬁ NQLOf IngGLL a?%Qe al:areups, and.oydrogarbyl, %’%é% %“atfé& “é%@&ac%ems

€ a primary, secondary, ertlary or quaternary pgdrocar y group. In some

SinpditAentan eth org AR AHIIASS: o Y B Bup ComeiNhfly B Fe dltematively.

fusctibhelgrowps, @ncdiydso obriyligroupicar be atpninialy. greuinone.
alternatively, a secondary group; alternatively, a tertiary group; or

ploasnativelsytha Gt aibyinakyd gravi: dndepepderhaf dnsttaiomnnisaedaafline an
OLIANYEALBUR G2 ﬁﬁtg?&;%&ﬂs&nwoﬂs’ﬁﬁl&(%}fﬁsgréﬂ& Ol AL AL Roup, or an

COI’]SIS#I’] oflner functional groups can comprise a aldes ether groups, or

%m&&%‘fﬁ‘ﬂb%m‘fﬁ %M@%WB&W@W@%H@?%&WF&W&@ 8%‘%‘?§tHd ‘fzrh‘&ﬁanyl
fumgtienial g psoah denp deiftisdngmigitieyl [ynotipraberalisy rativélyg 82 hydrocarbyl

J&morﬁmsﬁny LL%QH@ed |&1Q%9@ RAeNiRERe tﬁ@@gﬂlﬁlb&mt&ﬁ %tﬁ‘@h%ﬂt%@@a\@yl

roup, eac droc roup. substituen canl endentl ethyl,
T S o "k Bt

ezoﬂmtw!) qgﬁbatwt(‘zt?ﬁétﬁwnlemf@wWeﬁ»H@tﬁ'@lﬁ?@tﬁylczummﬁ) ) %e?ngﬁnyl

éioup a C, to Cs organyl group consisting of inert functional groups, or a C; to Cs hydrocarbyl
group. In further substituted a-dione embodiments, the substituent(s) can be a C; to Cyy organyl
group; alternatively, a C; to Cj, organyl group; alternatively, a C; to Cs organyl group;
alternatively, a C; to Cyy organyl group consisting of inert functional groups; alternatively, a C, to

Cyp organyl group consisting of inert functional groups; alternatively, a C; to Cs organyl group
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pentyl), 2-pentyl, 3-pentyl, 2-methyl-l-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

aliernative -AMAKeXY grauR. nsameempogine 'ﬂ%&t&%‘?ﬁ&?&%ﬂ AOTXNAY o

be fluorine, chlorine, bromine or iodine; alternatlv%% chlorine; or

A OB TR A LEE Sinbbalinbe Hia Rk A CHH Y o et
fedtiiony gpoap; ditepaetively!, e ethienty ok, ofltes ratively gennsoppbyoup

gmu@ngbait@maﬁiw&ialagismouﬁaxw&se&iﬁyl[@%m dniemRedinents offyl group

a-di acg c%ml%%upds ca have ana%gsgu Car 3s indicat ugc% in Table 1 In other

COl’l 1811 unctiona, I'OLI S Trou S uent can mar
fments, the élacy ompoun Sgtrugtu 3, 4, or >

aqfé?ﬁ%fﬁv@ryﬁrsﬁu&%aff‘énary,éwé%myé I%Fogirdétﬁﬂ’@eﬁ‘%%%m@?ﬁlt@%‘a“ﬂ%}% group,
stgagtlgeolp) cddsistind 21 arealtirative yrobpi Uil tey dibcaftablgrdp Examgple primary

d 1
B TR R RSl R IE RAT () R Ry s kAL

RTISTRAY E018- RIBTeaspdRILIA PestptRR B & AT & St SERtRe %‘%%?ﬂ%t?fré“%“
fuhcTigirlegloupx drmpteany Dimoy | OorFpeh ds O @@r®] RIPPQUC@REBL 2R3 Res,

RAQ Rl ~oR3@ RAIR3IRIARIRBAh )\ iR 2rokpyRAGuOchlibiRel 6rRJ3
% AEI%S 7 R33 R41 43 S ucture, 6, Structure 7, Str%cg%lre 8 St&tté:ture 900

51T R5S aﬁs m S R st REE " REE RA6 RAS HB7 R5g P
ﬁé@@@%@gfﬁﬁlﬁﬁF@%@Sﬁfd@ﬁ%@rﬂa@fﬂ%ﬂm@e epgh 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), 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. 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.

[0039] In embodiments, the a-diacyl compounds can have any Structure as indicated in Table
1. In other embodiments, the diacyl compound can have Structure 2, 3, 4, or 5; alternatively,
Structure 6; alternatively, Structure 7, 8, or 9; alternatively, structure 10, 11, or 12; or alternatively,

Structure 10.

Table 1 — Example a-Diacyl Compounds

o o o 0] 0]
O

o R13 Q R Rz R R13

O, O 12 R4
H RU R4 R R R12 R14 R
15 17

R R2 r1Z" (CHz)p Ri2 R14 R5 R16 R R16 R18R
Structure 1 Structure 2 Structure 3 Structure 4 Structure 5
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[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 group. The organyl group, organyl group consisting

of inert functional groups,;and -hydrocarbyl-groupare generatly described

WAbHiA thigcagelcriplivi! Sethedidiiacyl 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 integgr rangin fromol to 3;

' ' j InRs@m embodiments, Rip
s' to/throggh R ,

:arbyl g oup, aasvd Rss hydrogen. Prim
Am|§§§c[9(%1] The pnrg@ﬁguﬁnqne(s) that cap lgt% gtéllzed in the syg&t&gélll% Qf

the a-diimine metal rnmnl Xes and r the intermediate -arvllmlnp

compoungs a- acyllmlne metal complexes) can be an
capable o orlng an |m|ne group w f tacted WI'[

terms O y to form an im n contg
. 53 54

group, 84 iption is 10'B| atet

group of dn a-cylmﬁ‘lne co d, atacylimine metal

compourid, an87dr a-diimine me'?aﬁ conibIB?? de&Cibed |nerein ar8 ?nadémrhe
languagetisctd2 intended to describeyietard skilled in the art, therpaiticidar

primary-amine(s) that canbeutilized-in—the-synthesis of ana=acylimine
compound, a- acylimine metal complex, a-diimine compound, and/or

b h 13
Rigiyine ial &f%rEP RUcti 3 oqu%E' PRNGLEIR: T dﬁ]rou ora'gﬁ rﬁ‘}r’l%‘%get’iﬁj and

a aC limine met al complex, a- ||m|ne Compoun

Borrﬁ‘ﬁﬁéli@ééhcgn B@ﬁ%&d&éﬁ"ﬁ’éﬁ‘?{jy AyTEE G HeSEBE FePeit! foguwy] group
Miniriad yf thetimarya bgring, com pridesaeiy-Nbtg. groeprginyg gurihesrganyl group
@QQ&QMQ&W%&EHM%&@nﬁ&ﬂ&am&%?lag%ly'?1'1% QLR AR AL IR the

aroup alternatively, comprises an roup and a metal salt complexing

TR A& Ty L oTprRBESARd N*Flzh&‘f%ﬁ'by grbRtaiah s deprekifgen- “in
Sroepradd @ knking grolpiiedngrtieerfietal salocdtmpitixitg groals todkre <REz

gD Bltatalinely, COMRISOs AN, BV & Srouw anda ALIABYLGROMA R, R% R

?%ﬁ%ﬁt&{‘%@&“ Srlnctional graups;, o Altgrnatively, comprises an -NEE o
group a hydr ocarﬁy group. Inyet other emBodlr% %s the primary amine

B risRipYb PaMPN Pz RO BN B rhakgTegRodh alaﬁé&%h@wp CONISIRYHRRHP

edisigtingrefupsrafimatals atbgsnop lexing griou prand adiRkingygredp. linking the
metal salt complexing group to the -NHZ group; alternatively, consists of an

PriEdérgmatpa@nd an organyl group consisting of inert functional groups; or
alternatively, consists of an -NHZ group and a hydrocarbyl group. The

Ridngry aﬂ@%ﬁ@x@ Q%ﬁé’(’é'a' ratedatinsaturaied ineghhranched, aavelite metal

c clic, tic, and/or
comp exes an or the intermediate o-acylimine compounds, a-acylimine metal complexes) can be

any primary amine capable of forming an imine group when contacted with an acyl group. It
should be noted that while the applicable primary amines are described in terms of the ability to
form an imine group when contacted with an acyl group, such description is not intended to imply
a method by which an imine group of an a-acylimine compound, a-acylimine metal complex, o-

diimine compound, and/or a-diimine metal complex described herein are made. The language is
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heteroaromatic. [0043] In an aspect, the primary amine can comprise an
-NHZ group and organyl group; or alternatively, the primary amine can
consist of an -NHZ group and an organyl group. In the embodiments wherein
the primary amine can comprise or consist of an -NHZ group and organyl

GROMRA HAREEANY! SEOURILEM IR & CRePa3 0O FIaRY dl SRR @l&‘?EQ@Hé’ﬁbﬁz@d in
C3to CZO organy | group; alternatively, a.C3 to C3 an g

ro

Deeciatiosy 4% 18/]6%“%) GARDTGFbUR Y HE Bt JAHI °§ c%u‘} B‘ép §a‘iu%?f’é‘8d
emiertyraiiendimetat, doramehed daeyetit heyalic, Téiponmmbmandmnpound a-acylimine
hetaraarpmaticdilnise ae R dHNeNtSditheh P HRAr APIKesCAMB ISIREI using
COhSI%ﬁlép of agedNeHreZ1 group and organyl groups can have Structure la
indicated below: tructure la R"NHZ wherein Ra' represents the organyl
@ sT In emboqi Ef nts, that utilize a second nmar anIune comp L 51% 0

sting OF 8K N ipélrncl)al‘fﬁ PHASTRRST GdUDS: THARs e B BFTER UMb
eomipYisigesreorsisting \BhaamouR IE grougrah drovganightbalys eamises an -NH,
g@aigmatad@auh@wngmﬁw@tg@@adn&iﬁate@ h@hawls&twcmm 2ap, al Nk salt
com%e)gﬁelnr(ﬁlat I’C? E m%glrg]tgr(t)gehnﬁgl?‘n% sa com el)lgman a(‘)% ?ocaﬁet hﬁH rou
primary SMiné can comprise NHZ g group and an orga %1%/ group consisting
BHSra thin CEBRATeY du é’f"éll’cé?ﬁ&ﬁ@é%nﬂ%oﬁﬂﬁ?&?ﬁ?%ﬂﬁé‘l&‘éﬁ‘%}%?étg&?‘m
arHdthhfivgyoupnarictsam Oﬁgagiydug rodp cohststigyeofument fangtionaltgibupss, lhe
B?&%WQQQHEGM&M%GWH@O@J ITREM @&Hﬁ‘ﬁ gt%ﬁ‘pc%%ﬁlﬁ%l?r&ﬂwé&oinaﬂm

-NHZ group d an organ on3|st|n of |nert functi naI groyps, the
groughy group c%’h“é’lef‘n gf) er‘{ unc}"‘mﬁﬁ PP AN B a ¢l peipyeing erou
m@&nwgzrowm@ﬁsmmglbfqnéntmicﬂtmoﬁ&l@mpgpéltenrawélg'roapc;gwulzof
m@mﬂk@fm BroapfSisiingn@ivagreinaational gray @&u@laearaa{mya@ycgd@ C3R
g‘l ')y lgroel'slpca%o es Issam:gt gf Inee{‘.ttur]; r;;cﬁllggaerllgr OI’ Ierp ac’ {}:/el matlc and/or
organyl group conS|st|ng of inert functional groups "The organ group
Eﬁﬁ@%ﬂﬁ@“ﬁf inert functional groups can be saturated, unsaturated, linear,
branched, acyclic, cyclic, aromatic, and/or heteroaromatic. In some
B}Qﬂa"d)dimén?sl, e it Himeationsing ol s et etitrgraupad algeribgioany or
sndﬁde\grﬁupé;paﬁafnaﬁﬂ@éycahad&ﬂa@tams mﬂzagﬁma&hdehm, hydracadayl In the
Qm%%’%ems [06;€ j;’ld ar?”t%int@?aErc'Qi‘n%r}’s NG SQMPIISING, OF: SONIPHNG 1

of an -NHZ group and an or | group consisting of inert funétional groups

M AT Bl Sare faniha |F? » FEBTR S tAECBRYRAVI Yot Cotreruhg 3P
mendfivettian@l groupsgdnyl emigpdiméatsiihey UtilizeoaCseqpnyl prioyarfremigeyl

g&mpr&m 5 OT GRARISNNGH Of @R HA O W AMEd a@c%ﬁ@”k‘lr&if@“ RGRRRIStRG/or
gf inert functlonal gro rES the second pﬂlmar amine comprisi r%or co S|SE\IP9

0 1
e Cgrolusp?an 0 6?5353/ gr upa%nss fing dt ihertfunctiona grétps >

émﬁmdéﬁ@nat@d)wfh%a%&@ﬁmtm@@aﬁ%@em Rat' represents the
organyl group consisting of inert

Structure la R*'NH,

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

Structure 2a indicated below:

Structure 2a R*'NH,
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functional groups. [0045] In some embodiments, the organyl group consisting
of inert functional groups can be an aromatic ring or aromatic ring system
having one or more inert functional group substituent(s). In these
embodiments, the aromatic ring or aromatic ring system can be a substituted

Reazene ring.{asuhstitigd Lhgnyl group); or alternatively, a substituted
naphthalene ring (a substituted naphthyl group). The aromatic rlng or

fipaatic rﬂﬁ‘gnsé’?e%m err‘inf%a{'ﬂyc&'r%{%a'c%oc%%? BSHtugRLE).G8 0 RIPLY up
group having halogen atoms, an ether group alf< group or et % fou
epnsiingige! “ﬁ‘i‘o@b"(’é’ﬂﬁéﬁ?‘@?o Hb)‘“fﬁl@b"ﬁ% %BB’G‘W&W?%H@ zSPBﬁféﬁ i

merp fudetiormhgrowpp substitgerifs)tCanfoazd grdihuerbm@thmbgdonqmsa)vﬁe&tm the

SE%&I?%&Q@&H SERite &rsavifide LR, OFodp Q@cl%%’?g%ﬁ@rol@ SO &ing of inert
?mbodlinents the alogfn atom ma be fluorine, chlorlne bromlne orciodlnce

BipSHRRH R PR Y SHRIR &N “Sl Uns1G6INTE. LS BBSGIh LR

alkoRy gronpeonsinipe of nmethéxytgmb ﬁ{(&ﬁérﬁ%ﬁiv@ly?lanae@\ot;éycgmwgﬁnyl group

a&tgmﬁag\&Imearfdﬁampgasmgrau&harv@}tefmtiy@x, ARBKIr lgwi@(yogmmg of inert

Elmc dmtng exgm RlEs e f? Primafy-aming consIsing. of an . AQMANE NG oups.
aving O% r more inert unctlonal EJI’O pS | c'[lﬁ)de sub %ltute anl ines

WHePEIMh & YRotREIES Uali e tRe et SHRBh @ ST EAlsedUapgated. linear,

Nartoditiog bxampile saaneaptimadyior artinesooonsistingsohars@bodnaticsrirg Giert

AUMALCHRY IR EMH DG ONR AL MM & INGIT BRpioNRIn A GYOMRESHERAS:
2-methox ahnlllne 3- {nethoxy?nlllne 4- 1fhox anaine, 2-chloroaniline, 3-

rnatlvel oCcar me cSmbpoemen rlmar amine comprisin or
A B A in® AoeHBY 0 AR e M FISr SRS ™S 0 rBAR SN n&" prising

dofivgsresari i@ 2, eronifhnd ronaegdylagiilimesooy dirgethipkd fimetioosdygapiilimean have
Bméé}elnasameeﬁmquﬁ@@m {1 PFNRN YL RNPRECRIMR IS NGrofsonsiatingupl am
nd,an organ roup consisting. of inert fun t|on | gr S can
e P R A v
AT E A BPVHORSIH LT BN fI0gIT R S Pepebentatid BlBatHdRYIRS GFtpesing or
asoiivaiicaing. -WHe rab o ime nisothaty | utilize @isétopdfprenaionainimegroups can be
GRRNISING ALERNSIRIAL O APhNHZRITOYR-aNE AR QFEANY LHQHRSRARISIINGer

of inert functional groups, the second primary amine comprising or consisting
BP&¥e a2 roup and an organyl group consisting of inert functional groups
can be designated as having Structure 4a indicated below: Ral2 Ralf

B turedn RH. SRS B CS B KRR PR AHHAST M A1 e pRe stihe
tinersulstitirentsacfrthee airgnagtiooriaging one or more inert functional group substituent(s).

In these embodiments, the aromatic ring or aromatic ring system can be a substituted benzene ring
(a substituted phenyl group); or alternatively, a substituted naphthalene ring (a substituted naphthyl
group). The aromatic ring or aromatic ring system inert functional group substituent(s) can be an
organyl group having halogen atoms, an ether group (alkoxy group or etheryl group), or a sulfide
group (sulfidyl group). In some embodiments, the aromatic ring inert functional group
substituent(s) can be a trifluoromethyl group, a C, to Cs ether group a C, to Cs sulfide group or a
halogen atom. In some embodiments, the halogen atom may be fluorine, chlorine, bromine or
iodine; alternatively, chlorine; or alternatively, fluorine. In some embodiments, the alkoxy group
can be a methoxy group; alternatively, an ethoxy group; alternatively, an isopropoxy group; or
alternatively, a fert-butoxy group. Non-limiting examples of a primary amine consisting of an
aromatic ring having one or more inert functional groups include substituted anilines wherein the
substituents can be the substituents as described above. Non-limiting examples are primary

amines consisting of an aromatic ring or aromatic ring systems having one or more inert functional
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[0047] In an aspect, the primary amine can comprise an -NHZ group and
hydrocarbyl group; or alternatively, the primary amine can consist of an
-NHZ group and a hydrocarbyl group. In embodiments wherein the primary
amine can comprise or consist of an -NHZ group and hydrocarbyl group, the

QCﬁfQﬁY'agr%ﬂeﬁf’&%@ﬁlﬁ@%%e@%QyQA’QEQC%hﬁéh%%&hﬂ@@%l&%%ﬂﬁ&%
droca byl group; alternatlve%l a C3to C30 hydrocaﬁt‘g/ grouy

8*&8???& {g&y a E%‘“@%‘ frydroCAHSH Y PSup. TAUEI ANty hoya%fiarbﬁﬁ-
gridugpoomh Yendirgatditeath Wirsatthextediliaeyclic, cyclic, linear, branched,
and/or aromatic. In some embodiments, the primary amine comprising or
9ds]stingofam -MZigroup andnalyydnoecarhypigriog prcanshéve Staociviie daap
where i&g%"f}«l TQIBB‘BSQBE%U%%PYQJ@ GRIMAT %HRranc%{T}QQQ isnentsLhatytiligRatd
Eecond primary amine comprising or consisting of an -NHZ group and an
yarocarbyl group, the second primary amine comprising or consisting of an
15 -NHZ group and an hydrocarbyl group can be designated as having
Structure 2a wherein Rat' represents the hydrogarbyl greup. [0048] Acyclic
hydrocarbyl group embodiments can include C, to ¢&38(acyclic hydrocarbyl
groups; alternativeh§u@3uie 20 acyclic hydroea @ Hpgy.alternatively, C3
to C30 acyclic hydrocarbyl groups; or alternatively {to Cs acyclic
hydrocarbyl groups. The acyclic hydrocarbyl graaps carBe linear; or
alternatively, branched. Independent of the carbon number of the acyclic
dI’OC rm{o%r o aC C!elgt it]‘}/ satru%}{lsg(;’to acr'g'rrgla?lc rlngrl; od ments that
secon ary, ter]ila%, or q at ernary rocarby group. In some embodiments.
%@@ﬂ%%ﬁk@é@rw}r@rmwﬁ% npifiRan Mydibe &Y groap: Organyl group
alismativElinea secontapyobydnacasbyldgsoupyalieneativglysia: tertiarysting of an -

Rygracasiyh groy @ %g&%@&ﬁ%l}g & %ﬁﬁ%ﬂ@%&i‘g&%ﬁ%@&%kQE?gﬁ’atéQ a%’?lavmg
aspect, the acyclic "hydrocarbyl groups can be a methyl, ethyl, n-propyl

?f‘ifﬂbtﬁﬂﬂ “?gifb’ie&ﬁ&‘/’}((‘ﬁ propyl), n-butyl (1- butyl), sec-butyl (2-butyl), isobutyl
(2-methyl-I-propyl), tert-butyl (2-methyl-2-propyR.n-pentyl-(1-pentyl),
2-pentyl, 3-pentyl, 2-methyl-I-butyl, tert-pentyl (2-methyi-2-butyl),
3-methyl-I-butyl, 3-RgthylaZ-putyl, neo-pentyl {2; ethylzl-propyl), or
n-hexyl (1-hexyl) group. Specific, non- limiting, examplés of prlmary amines
consisting of an -NHZ group and an acyclic hygdeearbylgroups include
methyl amine, ethyl amine, n-propylamine, isopropyl amine, n-butyl amine,
sec- butylamine (2-butylamine), isobutylamine (2-methyl-I-propylamine),
t’@ﬁrﬁ!]@%/arfﬂﬁ'@‘(@h‘i%t APToSEG P PRI ER R B A fPRIs SN Beopentylamine,
and n-hexylamine. One skilled in the art will readily recognize which
Hdvdcarbiyl arewps. el ongardwhich eomimes itavda sipdrecd iyl group sthiat:
bﬁl@c%&ﬁ&@ﬁhﬁepﬁﬁﬂﬁfyaﬁﬁ@%&f&ls{ﬁfﬂﬁﬁﬁ S uaies ALy yAreEAE P LG RURN
S, g%g;rcny H\W(Jdrocar m¥I egroupcgmmbodlments .caninclu

embo Iments w ereln en ofrocarbylf gro 51?2 8{/0 DnS(lts‘he fl\ﬁglz%%rlougﬁmép and
BYtaerEy eraredis ondthst e #Terridi 8fCa Wrfgedy drnsarey sten) giernatively, a C;

enthadimeniisywhereinl thednydracariyOgrayocampEses; acyclitgraym e Cs
Marbyl group. Independently, the hydrocarbyl group can be a saturated, unsaturated, acyclic,

cyclic, linear, branched, and/or aromatic. In some embodiments, the primary amine comprising or
consisting of an -NH, group and a hydrocarbyl group can have Structure la wherein R*' represents
the hydrocarbyl group. In embodiments that utilize a second primary amine comprising or
consisting of an -NH, group and an hydrocarbyl group, the second primary amine comprising or

consisting of an
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group is attached to a carbon atom that is not a member of a ring or ring
system). Regardless of whether the cyclic hydrocarbyl group is cyclic or
comprises a cyclic group, the cyclic hydrocarbyl group can be C4 to C30
cyclic hydrocarbyl group; alternatively, a C4 to C21 cyclic hydrocarbyl group;
QURItEDAYRIYm 2 (e l9 G5B QS iGNV ARSI GLOUR 4D SMbRdimentS. ther:
C|IC hydrocarb rou can comprise a cyclobutyl group, a substituted
Wﬂﬁ)ﬂ d}%ﬂj%c \f8Bentyl group, a substituted cyclopentyl group, a
clohexyl group, a substituted cyclohexyl group, a cycloheptyl group, a
§1|tuteé°é{§7€?olﬁyélﬁi§ftrb¥b%rﬁu%ﬁ%l&gfﬁ’ﬁ?ffyfﬁ‘rb‘l?b‘d&r% Kubstieaes hydrocarbyl
acapsanltyingtioelp. I Sonte embbidinyéntsittyiesoyaiic hiyanadathyIgroup camybokc
ﬁyﬁMQQDHUQrG&PsU Por aali@f%f{lr‘é@h/cﬁ ch@p%icg ER/HR)CQ’B?I I‘F?QA@W he acychc
%gloh(-?w/ 1group ternatlvel ac cl?hglpy or alterngtl\{e t an adamaqjé/
R SR ST BONTE s IHR i AR PIcis T s SBAIHY 48 R grSe !
qu%yhﬂé%dw@@émwmbﬁmﬁﬁ hﬁéira@wakameeae;belep@myramﬁ@aaf tertlary
sHbstitHiad hﬁjyﬁ@h@m@l@ﬁiﬂ Ny dsykaiiutad eycleheyiamioe era substitueda
adama t lamine. In othe mbodiments, t

rimary I”OC I r% %II'OUE gr SﬂlaﬁVe ('?ys(?ﬁgn gc%[%&i Igrgl)juarzla %Vegfnélpegtlary

onsis
émsgfﬁwﬁf&weldﬁewﬁﬂ% *’aﬂ%ﬁ‘ﬁ‘é‘ﬂ{)fewdg’%"ﬁ‘%t&{j’t‘é’d Eyaibw@ﬁsﬂa{hﬁﬁéw&if
ajtepoatiyetyypssulbsiitutediadanhanyianpiie] moped otloerogyh ibpliong@nts;bihve (1-
Eﬁlg‘ﬁ%%mﬂ%%m@f '%g&@[ CORSIRINGRSRD, MT%Q[QE&&HQ 6Y5liGy1), n-pentyl
y r rQup can C amine, C CO eXx
N s B R T G e AT sy -1 b,
Briveiary At eorrsitingG- éfdanegrmnémm@mmthmp@awwoup Specific, non-
ﬁmm@e&M@mn&, @lt@r@aetimbé &M@i@iﬁgﬂlamim;z Qraemaiivelyclic hydrocarbyl
arrS]al'I'IIC m amme] aatlr(l:eh dl‘gC E!.‘b n gESO()u 0e Qrglglleme u amlne Se(,
¢l ettel}rgnaal ntr%ents wh':ég}r::t de 8c?aHB¥T }EJ g] aromaItLu[:; %F
Bretiriacattindymisc (%BPHEY#FHH&? i€ gl?ﬂ’éh%b@%fl%{ﬁn@rdfﬁfaﬁw}mnﬁr@n‘?&thyl
systepnonemhediyhents, whekainlihé biyaiDcarlylagrioep Oomypiisesmme art will
?Jﬁﬂ}@%&gﬁ% RAbe rNRZ SRR isaltrshed oaicrihen aor hatis-aBtBeroup

mem er of a aromatic ring or aromatic ring system). Regardless of whether
i 648%%&%‘%8?8}?&%%%8}%% Rt O;SHH%‘%?R}E‘QFH%?&’C% YORTARE Bises
9‘bdarlses an aromatic group, the aromatic hydrocarbyl grougfgan be a C6 to

hromaXdihyaiBesrByl group;cabetimtelyey Bed crbrdipitiyherein the
hydirosaybytqropydic @lieiNHiigelyy & C6ted80@ embmatia hydneoaryydfgrougpor

l&g@m%W&%H&%ﬂé&s@ﬁe%%ﬂ@ﬂ?d&%ﬁ??@(&hﬁ DapR&aANPgia PO Me -NH,
grroup subﬁtléuted pheng{o%{cg#“a naphth I%eg ?up asubstltuted n%ohthéf « of

{SER° AR Gratp ol RS NE N ST LHIIUS. T Beh e Sb e IES,

thietheoiraticlihhutosattyy Rproup Calicise ephieayh gydmraunabhmgﬂn@hw[g%byl
arhenayl sraype lo,yeiatheydembedimapisitheqrmatc, hydrgeathyIhgoesdaris

rguhewl aa{eo uaRfValltem%tlvt%lyCl?' Q acphtpyclrgcarg %‘ualte naet}}{t?(!Xl’menq ¥I cyclic
érou er embo Iments, the aromatic (frocarb group cansb

VRSN & YRS GYBRISE AIFEFIRHVR RO st et %bﬁtﬁxﬂ %j?aw Flopentyl
alepnativdlyiracsulystipuied penzyd gyolajrexyl group, a substituted cyclohexyl group, a
cycloheptyl group, a substituted cycloheptyl group, an adamantyl group, or a substituted
adamantyl group. In some embodiments, the cyclic hydrocarbyl group can be a cyclobutyl group;
alternatively, a cyclopentyl group; alternatively, a cyclohexyl group; alternatively, a cycloheptyl,
or alternatively, an adamantyl group. In some embodiments, the primary amine comprising an -
NH, group and cyclic hydrocarbyl group can be a substituted cyclopentylamine, a substituted

cyclohexylamine, a substituted cyclohexylamine, or a substituted adamantylamine. In other
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[0051] In embodiments, the primary amine comprising an -NHZ group and an
aromatic hydrocarbyl group can be aniline, a substituted aniline,
1-naphthylamine, a substituted 1- naphthylamine, 2-naphthylamine, a
substituted 2-naphthylamine, benzyl amine, or a substituted benzyl amine. In
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amine comprising an -NH, group and an aromatic hydrocarbyl group can be a substituted aniline;
alternatively; a substituted 1-naphtylamine; alternatively, a substituted 2-naphthylamine; or
alternatively, a substituted benzyl amine. In other embodiments, the primary amine consisting of
an -NH, group and an aromatic hydrocarbyl group can be aniline, 1-naphthylamine, 2-
naphthylamine, or benzyl amine. In yet other embodiments, the primary amine can be aniline; 1-
naphthylamime; alternatively, 2-napthylamine; or alternatively, benzyl amine. In further

embodiments, the primary amine can be aniline, or a substituted aniline. In embodiments, the
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[0053] In embodiments, each substituent of the cyclic hydrocarbyl group or
the aromatic hydrocarbyl group can independently be a C, to C20
hydrocarbyl group; alternatively, a C, to Coo hydrocarbyl group; or
alternatively, a C, to Cs hydrocarbyl group. Independent of the carbon
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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, tert-pentyl (2-methyl-2-butyl), 3-methyl-1-butyl, 3-methyl-2-
butyl, neo-pentyl (2,3-dimethyl-1-propyl), or n-hexyl (1-hexyl) group. One skilled in the art will
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combination of the metal salt complexing group described herein and the
linking group linking the metal salt complexing group to the -NHz group
described herein. [0056] In embodiments, the primary amine comprising or
consisting of an -NHZ group, a metal salt complexing group, and a linking
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Structure Structure -L-NHZ where Q represents the metal salt
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fREMRIEXIng QERUR. GANPRO M&@Py SHIU QDPE&Q‘Q&PQQ{% tﬁ‘tPth%ﬁp a

embodiments, the metal sat comp Iexm &tgeroatom of the metal salt
Et?tﬂﬁ?é‘i&ﬂﬁ“ﬁ%‘ﬂ% %f&‘l’?bf’éld&%‘é}% 61°8t t“% PestierrpBlRe e R the -
Mietatealtadrmpl8xingiaeteroatom of the metal salt complexing group can be
nitrogen, or phosphorus. In further embodiments, the metal salt

Structure 5a Q-L-NH,
where Q represents the metal salt complexing group and L represents the linking group. In some

embodiments, the metal salt complexing group and the linking group can have structures indicated

in Table 2 and Table 3, respectively.
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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
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[0059] In particular embodiments, the metal salt complexing group can be a dialkyl aminyl
group, a diphenyl aminyl group, a substituted diphenyl aminyl group, an alkyl phenyl aminyl
group, an alkyl substituted phenyl aminyl group, a dialkyl phosphinyl group, a diphenyl
phosphinyl group, a substituted diphenyl phosphinyl group, an alkyl phenyl phosphinyl group, an
alkyl substituted phenyl phosphinyl group, an alkyl etheryl group, a phenyl etheryl group, a
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group, a dialkyl phosphinyl group, a diphenyl phosphinyl group; or
alternatively, a diphenyl aminyl group, a substituted diphenyl aminyl group, a
diphenyl phosphinyl group, a substituted diphenyl phosphinyl group;
alternatively, a diphenyl aminyl group, a substituted diphenyl aminyl group, a
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pyridinyl group. In other embodiments, the metal salt complexing group can be a dialkyl aminyl
group or a dialkyl phosphinyl group; alternatively, a diphenyl aminyl group or a diphenyl
phosphinyl group; alternatively, a substituted diphenyl aminyl group or a substituted diphenyl
phosphinyl group; alternatively, a 2-pyridinyl group or a substituted 2-pyridinyl group;
alternatively, an alkyl etheryl group, a phenyl etheryl group, a substituted phenyl etheryl group, a
alkyl sulfidyl group, a phenyl sulfidyl group, or a substituted sulfidyl group; alternatively, an alkyl
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alternatively, a C, to Cs organyl group consisting of inert functional groups; C,
to C20 hydrocarbyl group; alternatively, a C, to Coo hydrocarbyl group; or
alternatively, a C, to Cs hydrocarbyl group. The substituted phenyl groups of
the aminyl, phosphinyl, ethyl, or sulfidyl metal salt complexing group
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group; alternatively, a tertiary hydrocarbyl group; or alternatively, a quaternary hydrocarbyl group.

[0061] Each substituent of the substituted metal salt complexing group embodiments can
independently be a C, to C, organyl group, a C; to C;, organyl group consisting of inert functional
groups, a C; to Cyo hydrocarbyl group, or an inert functional group. In some embodiments, the

substituents of the substituted metal salt complexing group can be C; to Cs organyl groups, a C; to
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the substituent(s) of the substituted metal salt complexing group can be a
primary, secondary, tertiary, or quaternary hydrocarbyl group. In some
embodiments, the alkyl group or the substituent(s) of the substituted metal
salt complexing group can be a primary hydrocarbyl group; alternatively, a
secandanyhydrasatayk AaHR: ﬁ%@ﬁ%\é@&p@ &er&saéydmﬂcr&%nbgftggmamm
Iternatlvel F?\uaternagy hydrocarbyl grou In some embodiments, the e
gﬁ‘iﬂ"é‘%éﬁ’ et B RSB SulbsatUEHES 6 thi st f sl sepplexing
somplexhid-giolp exmbecwypethighnetikgi. a-Coto Syl ¢l2amd pyt)piscopropys of inert
fergranysdnphulidchdauiyl) g6 b%tw&%@ww)grmbtﬂwérﬁzum@we Jtor:@mganyl
%?%5’1:}{} H)uty hyl %proeylé en% é Bfrb)}{l ’lte nt l, 3 eﬁn}lcflonal groups.

tert-pentyl metﬁ met but
@Wrﬁép%@fw%% eEReyIof2hs-errthsiRI prsh O&aﬁxh%rszw CoOIRisSgg)of inert
gratipnDarevpkitied dnctingl ardwyilindeadilyy recogrizsiwhicht alkylfugeocialgidhe can
Bydracarkylsuhstituentsof the substituted nelal SalkComPIeXIRg M Bhts, cach

belong to'the primary, secon tertiary, or quaternary hydrocarbyl group

ia88es 106 ThE™ %‘i?fé’ QPBE}E?IIH?]l?%ﬁ‘%é“ﬁ?&?&?’séﬁ?‘&’érﬁﬂé’%ﬁd’rdi“&[?p%w
tiferniNiM2yg ko sy wdrrb araurh ovidinaliv g anigh e LoEm do dfemyli gtpup quaternary
cRABIStIRG RhHRE LIURCtIQRBh GTaRIRS PR mygiarmagri’emb SRk Pofl h@th@hctional
embod ments tlhe Ilnklngsg{lg alternatlvel

up.can be a bo Yy
B R B L D UL i e
SIoupraloshEra Ry FIEE P ot %ﬁf%rﬁfé"@ﬁfb%mﬂfg? the THIGAGRSFENTS:
aenobeny ICadiep C3tkistgany| graupinoialieuatpselyn beCa diflGsoarganyLigtpUjor

Lﬁl&f?d?‘x%l?”&b%m%ﬁﬁmgﬁegwﬁﬂ”Qr%‘?ﬁb%dl&'éﬁ?& the MGLFh A GOMRUSUNObe o

%oup to the -NHz group can be a C3 to C30 organyl group consistin P? of inert
REHOASMH YUY B A ATRR S C 3 18I STyRRS Yot Eon il s EouP:
inestfignctivndingroupse Imlother aenbodiméntsluthiedinkikgigrobtinking thdine;
Qﬂ@ﬁ@dtﬁ@% camplexing ehupt fhi,l%ri'INHKl QM@&@&% gﬁg m&y?’group can be a
rocar roup; or. alternativ aC3toC car 0064

so%e erf%xu m%ltg S {‘ﬁe‘yhy&roc?é%%{d fﬂ«%g glst)recgltl}ég Vcoéyﬁ béY (QC? &mgw ere”
RieraHiycRRded- h\‘&@pjéfﬂﬂ'@ntly hydrogen, methyl, ethyl, propyl, isopropyl, or

butyl groups and m can be an integer from 1 to 5. In other embodiments, the
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group or the hydrocarbyl substituents of the substituted metal salt complexing group belong to the

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

[0063] The linking group linking the metal salt complexing group to the -NH, group can be a

bond, an organyl group, and organyl group consisting of inert functional groups, or a hydrocarbyl
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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,
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|sopropx ethylamine, and 1-(2-aminoethyl |per|d|ne In some embodiment

PHE i Ry AR ! éb‘t‘ﬁ’p??&sﬁsél%? MRS ftd‘ﬁtﬁf%&‘é?ﬁgobar‘&ﬁ%a%v%‘/ baehyd“"’arbyl
KroNPd it eting lestigiemettiatim hieking [odiecinbe thi/ldm Ediarging group; or alternatively,
NN diplhenylathylenesliamineme-(amymaiei N PiKichaesrduflinking the metal salt
oethy ridine, 2-(diphenylphosphi thylamine

5023 T eI B Ao N HSsRSf , me

%%W%rﬁfﬁ@a?V?Qeﬂw%xS?e@hyré?’ﬁtﬁér%P é?ﬁﬁ%ﬁ?t&?ﬁ.ﬁ@@%@mups
lsaphapaxyﬁﬂmelamlme lirkiyet g niekiodimenis sthe-@higralyg aimueto the -NH,
%ﬁﬁ\]lbocralﬁl&ga% nt‘(?&ao %IOQWE&R%QERH&E@QP §C1 to Cs hydrocarbyl group.

i

dimethylethylenediamine or N,N dlethylethylenedlamlne alternatively,

gﬂd&i"ph%”¥l)eth¥'et§‘o%drh%ms"‘1 &‘E'AE’a er‘ gr%hnoéan%thx@&ﬂg“f gre R and
(dlphenylfphosp Ino propy ne alt rnatlv 2(am|n ethyljpyr

5 (s éﬂﬁﬂ%‘éﬂﬁ% BWfﬁﬁﬁ% %ﬁ@hﬁt’ivél?m?yéﬁ%ﬂ%@ﬁty?r@“% Brgph §ﬁ|’|‘fﬁfean
orcglteimatively, 2: pgherowyeihytamiiadinkianethpxye iivydamindgsne group (-CH,-), an
anfiBRxyetyiamies, @”Qﬁot%@%FQWY@‘ﬁﬁﬁr@ﬁe) In_24duithay, e@mﬂ”@@iﬁ%

the rlmar}é amine com fisin I salt complexuﬁn?é?#%ggn be N

[Ehedmine 5 érnaftlvef)) NN AR e linking

at@emn\mly m@twledqoﬁewléﬂlﬂ;témedthﬂﬁmegramtrﬁtﬂnf@w or a propylene group (-
éﬁgitpt@nybpmsaifuﬂﬁbieélnylamIe@y@t{@r@@we YCI8;5CH,-), or a propylene group (-
@?&p&‘ﬁ@ﬁpPOSPh'”?)B[@y'am'Qﬁ’n Alterpatiy ;%Xll% it am'ré%’rﬁngéhX')IRé/tmene group;

térnative 22 aminoeth |ne or alte
thﬁﬁ%‘ﬁé‘b@l %HYHHFO%@BHQWB?HWM%‘Y{B@WW%%{% embodiments, the metal
salt complexing group can have any Structure indicated in Table 2. In some
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alternatively, Structure 8c or Structure 9c; alternatively, Table 2- Examp ole
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chloropheny sulflde phenoxyethylamine, 2-met oxyethylamlne 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
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embodiments, the metal salt complexing group can have Structure 3c;
alternatively, Structure 4c; alternatively, Structure 7c; Structure 10c;
alternatively, Structure 13c; alternatively, Structure 16c; alternatively,
Structure 17c; alternatively, Structure 18; alternatively, Structure 21c; or
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LS eh 5 S o LGOI oL EAPE R T e
HCPIRGIHR) bRhyRb2n Strecgamgl 4toBtractisie Sif [BG68hN@migodimeritgjrtabyl
QﬂJﬁ&S‘ God AP ﬁﬁ@u@@é{egm%%écwﬁﬁ dhboRfEMAIUrR LLR Stiuctyre JhymSiguciure 4L
fﬁt rg#g%t&i@ ?il“‘” to/t roug %m‘bﬁgl ?tgrougtltlﬁ LmELQQO%B lf?glgﬁ%hl%v (§ Elrlfl)%tglljlrl%go
of each Structure in Table 2 can independently be hydrogen, an organyl group consisting of inert
functional groups, a hydrocarbyl group, or an inert functional group and R®®' and R can be a
hydrocarbyl group. In some embodiments, R, R, R, R!! to/through R**', R®' to/through R*¥,
R to/through R, R®' to/through R®*, R®' to/through R, R’' to/through R®*’ of each
Structure of Table 2 an independently be hydrogen, a C, to Co organyl group, a C, to C,, organyl
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or an inert functional group. The organyl groups, organyl groups consisting of inert functional
groups, hydrocarbyl groups, and inert functional groups are generally described within the
description of the metal complexing group descriptions and can have any embodiment as described

therein.
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Structure 5L. In other embodiments, the linking group can have Structure 2L;
alternatively, Structure 3L; alternatively, Structure 4L; or alternatively,
Structure 5L. a-Acylimine Compounds [0070] The a-acylimine compounds
can be described using any one of several descriptions. While the
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group-—27-[0072] Within-the-a-acylimine-compound;
nitrogen atom is derived from the primary amine's -NHZ grodp and the
a-acylimine compound's nitrogen group is derived from ginder of the
primary amine. Thus, the a-acylimine nitrogen grouﬁ can
embodiments a(% |mary amine (with the absence of'the\NHZ group) as
described hereln. 2'ﬁi%refore the organyl group, metal salt complexing group,

linking group, BYg&HsfiBroup consisting of inert functiotEgrE3ps, and

he a-.acviimine aroun's
o U uu]llllllllu 3' \Jur.l ~J

fopdop carhyil gibndaseafsthie: pinkiaryraup ke mvﬂosxdjmem& desatiked hereimark.,
geneiRh aprlicRRIR . e descuptim e iDe e Ry IminG COmRaK %‘?r§cture 4L or

nitrogen group with the proviso that the linking group Tinks the metal salt

CBHiPtExitg dPoﬁ‘Befoefﬁté’dfM?H‘é ﬁh?o‘{jé‘i?%t%f?ﬁ%ﬁ‘ﬂé%v Qe Yrotfsmatively:
Fistead Jf: ezl giuptottHe prittrarytiashintruciihesLin embodiments, the
a-acylimine nitrogen group can comprise an organyl group; alternatively,
cowmphisieesComgiahsdlt complexing group; alternatively, comprise a metal salt
complexing group and a linking group linking the metal salt complexing group
footteg a- ac;yHmimghmtr@g@mgimmmtbe@eﬁmsﬁgaﬂyaiﬁéeiyseﬁ@mmésa@ﬂibns

Wﬁ%ﬂ){!e r?&?&%@%&%ﬁb%%“d&?&é&ﬂ% H&%‘éBﬁ*b?'F%@‘é‘&h (1Y f?%ﬁl@ié?%t%n

hydrocarbyl'group; alternatively, consist of an organyl group; alternatively

SRS el s DEE GPRMERIAY BIFUHS ARe e HAKRHGESS I hm@c&ﬁe%%ft&e
saltytiorplexipgugdoup to the a-acylimine nitrogen group nitrogen atom;

alternatively, consist of an organyl group consisting of inert functional

greraps; onakainatvelyyeansistniaihydeoearpyingan pe Alditiamaliys@sdinas a
SHAGKIMING IR ANd N8 ARMIMING AR IAHR A &G NG fnine compound
can be described as a compound comprising 1) an a-acylimine group and 2) an a-acylimine
nitrogen group. In this first a-acylimine compound description, the a-acylimine group can be
further described as being derived from an a-diacyl compound. Thus, alternatively, the a-
acylimine compound can be described as compound comprising 1) an a-acylimine group derived
from an a-diacyl compound and 2) an a-acylimine nitrogen group; or alternatively, a compound

consisting of 1) an a-acylimine group derived from an a-diacyl compound and 2) an a-acylimine

nitrogen group.
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from separate and independent elements, the a-diacyl compound and the
primary amine, respectively, the a-acylimine compound can be further
described using any combination of the a- diacyl compound element
described herein and the elements of the primary amine as described herein.
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OB R AR Y Sl AT 88??§Fé1tﬂ&“BP&W%Wﬁ?I&rﬂﬁb‘%Hal%u‘fod?&éﬁﬁ/f
groupl, ealterxethiciyy cOmerttingrama-diamyl corrdpoutiteivithoasprinfanhahmndy !
cRNBISNRi RS ANY: N Ee Grayfntnngtabsall W%iﬂﬁhg Tk EseRNEo Rl IKIQGH ved
frouR inking the metal salt compiexing graup, e INHZ JrUPh ey amine

ernatively, contacting an a- énacyI compoun& i primary am}) Y
EOPRSISYTY st ‘éﬁCYNPfZegP&ﬂS”é}ﬁdaér??)%ﬁﬁy?@%@ﬁddé%iéﬁhg%ﬁﬁ@ﬁn of the a-
funetionap@ieupshat aieratrelyin asntacinghais atiacyticampoitechwitdcaibed
RLimary amine consisting of an -NHZ group and a hydrocarbyl group. The
a-acylimine compound can be further described using any combination of

diacyl comp nd e em ent des rlbed hereln the primary amine
e o e TN AL S Lo i

egRRpEHI B o tRdeaBR Y- é@fdhca%yn%w@ adﬁkﬁﬁ@tﬁ%“ﬁm‘ﬁl&‘@? this second
pragloed bymanyhprecessias dasaibedihstein dind-agtihedvsthenceseribadccyl
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fourth description, the a-acylimine compound can be described as_having any

SR SURAIA SRS R PaBle 2THIEHRR S BB hes s deryhniiane any
conbpetiitot &y irdireyIStruptune disraenSdrsaibere 27N @ltehatively, BingclareRlps

Qs SHPeE i 8k ABRINAKIMEYx aRTFIEIHE o-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 a-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
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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,
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Structure 39b; or alternatively, Structure 1lb or Structure 37h. In other
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StructNig T4tp alie rinativahy) Stougturneilibly; dteenativelynStguchsrerr bibpnatively,
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Structure 20b, Structure 21b, or mixtures of Structure 22b and Structure 23b;
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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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e a-acylimine compounds of Table 4 can be prepared utilizing various methods as

described herein. Depending upon the a-acylimine compound preparation method, the a-diacyl
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[0076] The a-acylimine compounds of Table 4 can be prepared utilizing
various methods as described herein. Depending upon the a-acylimine
compound preparation method, the a-diacyl 32 compound and the primary
amine can be separate and independent elements in the preparation of the

SoRAGYIRRINR S BRAUR I NEL ST B HAR R A PlAepiaGH: CRMBRURAAHZVIR G ation of

Structures 1-12 (Table 1), the Res of the primary amines having Structures
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amine having Structure 5a as described herein, and the metal salt
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desrinechheiviy Sttutumets salisdemeribedrier8irs. Ivanal Batefe07-2RT Hatiecadt
SRSy QR Ryeskiburr singitheiR-agytimine or a-diimine metal
complexes can be any salt comprising any metal atom. Suitable metal salts
fiLEemprise any metal from groups 1VB through VIII of the CAS version of
the periodic table of elements. In some embodiments, the metal salt can be

HiGHHM. ZECONIM HRIMERR, VARG, HORHM m AN EVOMMRine metar

manganese, iron, cobalt, nickel, palladium, plafinum, or mixtures thereof. In
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migkiefiqpakasipmiy Brthmixduidd thfetedfAs temsativelyhechmimbiuinmléron cleobekt, dn
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nickel, p%lladium, or mixtures thereof; .all(t rnaa]l.fi\éel , ﬁ:hromium; .alterne}lltivelly,
tantalu cnromiu manganese. iron, cobalt, nicke adiu atinum, or mixtyres, thereof. "In
iron; altérma |véIly, C aft; altema vely, NICKE ; Or altérha |veIO, paﬂa ium.

[UoT SPiprdirens e b odirherttsStheomisd shietidUdic ordierReilgniekah cohapian. or
wiklufwaheesmplexingaionsrighgnihgofiveotminernitragen atams afeatitively, iron,

Almne FANROHIALY (e LXYaEN, M ofiAGACK! FoLR.2ndtap RIERARY,

atom of the imine group of an a-acylimine compound). In other .
EHIBE N e RS Phetdns all BRABENricOBHEn AR et calttslexivitfHrpgeely-
pdhapibexing atoms (e.g. the two imine nitrogen atoms and heteroatom of the
metal salt complexing group of an a-diimine compound). Typically,
piersyrdinaiinghaetalbsaltsare wtilizediwiin idéntai@mtdimiae Campowids two
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compounds. [0079] In some embodiments wherein the a-diimine compoun
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a-diimine compound). Typically, dicoordinating metal salts are utilized with bidentate a-diimine

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

[0079] In some embodiments wherein the a-diimine compound portion of the a-diimine metal
complex is tridentate (e.g. the a-diimine compound portion of the a-diimine metal complex
comprises an a-diimine group and a metal salt complexing group), the metal salt can comprise

chromium, iron, cobalt, or mixtures thereof; alternatively, iron, cobalt, or mixtures thereof;
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chromium, iron, cobalt, or mixtures thereof; alternatively, iron, cobalt, or
mixtures thereof; 33 alternatively, iron; or alternatively, cobalt. In some
embodiments wherein the a-diimine compound portion of the a-diiinine metal
complex is bidentate (e.g. the a-diimine compound portion of the a-diimine
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acetylacetonate, cobalt(Il) 2-ethylhexanoate, cobalt (II) triflate, cobalt(IIl) nitrate, vanadium (III)
chloride, vanadium (II) chloride, vanadium(IIl) chloride tetrahydrofuran complex, vanadium (III)

iodide, manganese(I) acetate, manganese(Il) acetylacetonate, manganese(I) bromide,

34



iodide, manganese(ll) acetate, manganese(ll) acetylacetonate,
manganese(ll) bromide, 34 manganese(ll) chloride, manganese(ll) fluoride,
manganese(lll) fluoride, or manganese(ll) iodide. In some embodiments, the
ticoordinafing metal salt can be chromium(ll) chloride, chromium(lll) chloride,
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alternatively, cobalt(Il) chloride; or alternatively, cobalt(l]) acetylacetonate.
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[00834 In a first description, the a-acylimine metal complex can be described

A MetH SioRIErEh a-acylimine compound and a metal salt. While this
a-acylimine metal complex description appears to imply a specific
HBN limindenerayEsimpl sl riredis tethole tAFECIPPbIUtRe itterfneTRé several
methowef praparikg thelamaeistne neialkdeanpiax isdndepandeabofiiiheas such
methesofidescrbing &&%rﬁt%ﬁyg{l“%@%ﬂ%‘l&&’ml‘%@é@ UGN eference to

a-acylimine metal complex can be described as a complex between an
deyhrinine ebhriot AT H SISt the a-acylimine metal complex can
be prepared by contacting an a-acylimine compound and a metal salt or any
9 melRad e serpetehelsif aFHE NS BithiRBRIBh 3B BAJATE thasrASraplex

saltare sepacglieniandtompound and a metal salt. While this o-acylimine metal complex

description appears to imply a specific a-acylimine metal complex synthesis method, this is not the
intent. The method of preparing the a-acylimine metal complex is independent of the method of
describing the a-acylimine metal complex. Thus, while the a-acylimine metal complex can be
described as a complex between an a-acylimine compound and a metal salt, the a-acylimine metal
complex can be prepared by contacting an a-acylimine compound and a metal salt or any other

method described herein. The a-acylimine compound and the metal salt are separate and
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35 independent elements. Thus, the a-acylimine metal complex can be
further described using any combination of the a-acylimine compound
element described herein and the metal salt element as described herein.
[0086] In a second description, the a-acylimine metal complex can be
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metal complex can have Structure 14d; alternatively, Structure 15d:;
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Table 5 — Example a-Acylimine Metal Complexes
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34 R12R's 1e R31 R15 R16 R16 R15 R33 Structure 5d Structure 6d
Structure 7d 36 Table 5 - Example a-Acylimine Metal Complexes X P N--
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Structure 27d Structure 28d Structure 29d Ra,z Ran XPM-\ R s Ra,z Ran XP/
-\R13 Ra,z XPN/N\,an R19 *R"Ran R14 n Ral3,sRa,aR11SzR,e
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Rbiey RémReplcAcREnng Mei! Rupreses Rss R37 Ra9 R41 Structure 33d

Structure 34d Strycture 35d 38 Table 5 - Example a-Acylimine Metal
Ral2 Ral4 Ral2 Ran Ran/ Ral5 XPM\ R52 R40 N XP
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[0088] The a-acylimine metal complexes of Table 5 can be prepared utilizing various

methods as described herein. Depending upon the a-acylimine metal complex preparation method,
the a-diacyl compound, the primary amine, the metal salt, and/or the a-acylimine compound can
each be separate and independent elements in the preparation of the a-acylimine metal complex.
Therefore, the R*s of a-diacyl compounds having Structures 1-12 (Table 1), the metal salts, the
R™s of the primary amines having Structures la-4a, the linking groups 1L-5L (Table 3) of the
primary amine having Structure 5a, and the metal salt complexing group R™s having Structures 1c-
22c (Table 2) of the primary amine having Structure 5a are separate and independent elements of
the a-acylimine metal complexes of Table 5. Thus, the a-acylimine metal complexes of Table 5
can be further described using any combination of the R*s of a-diacyl compounds having
Structures 1-12 (Table 1) as described herein, the metal salts as described herein, the R™s of the
primary amines having Structures l1a-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.
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Ral2 Rall Ral2 Ran Ral3 XPM-O R5z 54 Ral3 XPM-O R5254 N\\/IR
N\\/1 R Ral4 Ral R56 Ral4 galR55, R56 Rye R53 R57 R53 R69 R55
R55 R59 Structure 38d Structure 39d [0088] The a-acylimine metal
complexes of Table 5 can be prepared utilizing various methods as

desthRrIMERnRRENdING upon the a-acylimine metal complex

preparation method, the a- dlacyl compound, the primary amine, the metal
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the rpetal salt complexing group R*xs having Structures Ic- 22c¢ (Table 2) of
tfiepfimary amine having Structure 5a are separate and independent
elements of the a-acylimine metal complexes of Table 5. Thus, the
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invention involves a-diimine metal complexes. The a-diimine metal

B iERes BaH 5 HRESTBE ACUBTRE SR GRS e fal HEEe SptBeE d\wif tR8!
seldiivminenvetel acompyéxide sonptions maynive imdieated byliabelssudiarasethod

fiest-Aesatirten, sreendiesCHRLQAn&ICindthese |ﬁh§'§r9%éﬂ%i@d§ﬁﬂtﬁ&pendent
Fartlcular P efe §nce to the descné)tlo of theh a qllmtme m taI comé)a?xes lex

6661&6 fx 1mine eta us wit rst o- 11 ne
In a I’S escrlp |m|ne me al complex can pe descr be

derprarsaie @diﬂ@lé?(é&tﬁé @rmalﬂm igpinke dotipsd r\’dﬂéﬁ ;Y qeanplien bfewéeléwe

dodipruineacompounetanchal metadusadl thea-dismiagigompounds. While these
particular a-diimine metal complex descriptions appear to imply a specific

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

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

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

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

[0093] In a third description, the a-diimine metal complex can be described as having any

structure as indicated in Table 6. In embodiments, the a-diimine metal complex can have
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diimine metal complex description. The method of preparing the a-diimine
metal complex is independent of the method of describing the a-diimine
metal complex. Thus, while the a-diimine metal complex may be described
as a complex between an a-diimine compound and a metal salt, the
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a-diimine compound. In some embodiments, the g-@iiming: metal complex
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describes the a-diimine metal complex as a tricoordinate metal salt
complexed to a tridentate a-diimine compound, ths* desgsiption does not
necessarily imply that the three ligands of the tridentate a-diimine compound
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second description, the a-diimine metal complexzeap be described as a
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Structure 27e; alternatively, Structure 28e; alternatively, Structure 29e, Structure 30e, or Structure

41



Ral2 Rall' Structure 2g Ral3 Ral4' Ral5' [0094] In other embodiments, R"
of Structures le to/through 13e can have Structure Ig and Rat' of Structure le
to/through 13e can have Structure 2g. In some embodiments, wherein Rat
and Rat' of Structures le to/through 13e can have Structure Ig and Structure
26, ORPERNVE!Y SWREISIN  StHCHHIE, 9, 2Rd SHHCHYE 3g2rEdTierent (Agkres of
|dent|callg.g0095%£ijn some embodiments, the a-diimine metal complex can
RSV Stri&iire THS 'SP %%"ru%{ﬁ‘f“ét??lé; SiBTREtvaTy, S iSurE 1B e BIe8tfudtin"
Agenagitelpnativelye Steucture 16e, Structure 17e, Structure 18e, Structure

29e, Structure 30e, or Structure 31e; alternatively, Structure 19e or Structure

%gb é g‘ l—t%)paarﬁ:g\fg &D%Hllfllg%lé?a?@(gn’g%exes

and Structure 23e. Structu

fructure 21e, mixtures of Structure 22e

re 33e, Struct

re 34e, or mixtures of Structure 35e

lternati

ture 38
other;

atively

and Structure 36e€; g
Structure 37gy Struc
or Strlxgvum/ 37e.In
Strygium waltern
Structure|17e, or St
StructureRQOe, Struc
alterrvatively, 1Structy

ture 21

ructuré’

re 248u8truecgre 25¢

U

vely gaStructur
/

R—ar Structurd
/ . 13

bodinents, {
tructurd‘15¢
12efCé\*F’f?e*rnati
efor mixtures

e 24e, Structu
39%e; 9
he a-a

p-alternatively, Structure
qyliniinezeomppung-san
B aIFt‘erna, Struciure 16e,
vely, Sthiicture 19e; giternafively,
of Structlire 22e and Structufe 23e;
2, or Sttuctune3@6e; or alterfrativehse

re 25e/ Structure 26e,
/.
24e13

\Y/
R14

/

R16

Structure 24€. In yet other
have Structuf® 27e: alterns
Structur308, okStructure
Strucairé’
alternative
Structure 37e/\Lable 6 - Ex
Rai' XPM-N PM N XPM-}
z R R15R¥dy€ht2)o R11 F

ture 34e, or mixtlre§ g
al—

embodiments, the a-acylimin
atively, Stryetuge 28e; altern
41 31e; ) wely, Struct
' Pugture 3
R

pStfucture

Stru€ture 38¢
ample a-DiffhingMeféll Com
\ XP/ Ra-N Rf3 4 Ra1'N\ R
R1s Ri RIURIe®¢2 R15 St

e compound can

atively, Structufe 29e,
ure 32e; diternatively,
356 and Strae
39e; or alterg
plexes Rat'Rai'|Rat
1I3Rai')YR381INR
ructure leSStidieteire 2e

Structure 3e %tI’UCtUI’E 4e
a1~N\} 3R4XPM \ R3 Rat;
P/ \

32
Ra1/N\ R
sy
R31
Q R38

R37

R35

Structure 8e

at Rat /Ral 10/ XPM-N R

N\ R

Ra1'

/ R40
XF"/Vl_N 42
N \ j R

Ra1/ N
31 Q R

R

R RY

Structure 9¢e

IR R20 XPM-N R 3z

X M—N/ R40
p
/ \ R42
Ra1 N N
Q R*3
R31
R R*

Structure 11e

Structure 12e

Structure 13e

42




R11 Rn RarN Ri7 I R 34 Rte R11 Rte R31 R 12 R15 R16 R16 R15 R33
Structure 5e Structure 6e Structure 7e Rai XPM-N / R32 Rai' Rai Ral~N\ X
M-N Rao X M-N Rao Ras P/\ R42 P/\ R42 Ral~N \ RarN R31\\ R35\R38
R31\/R43 R31\1/R43 R37 Rao R41 Rao R41 Structure 8e Structure 9e

C+ +- [Fal P b b Y N AANIDDEDSY /M- DNL-DEND \/ fal ANDPD-E99 I DDEA D)
SUUCWUIE TUE Rdl Rdl Rd A WVIFNROZ A NV-FNROZATI-NROZFIROA FI

Reble Ra Nt WP REnAN PR REIpeRes1 R56 R51\// | R58 R56 R5] R60

R53 R53 R53 R55 R

55 RS%_RLSQ Structur

e lle Structure 12e S

tructureml_ge

42 Tablg 6 - Example a-D)i(imi_rL? Metal Complexe%: -L Q-L Q-] Q-L XPM-N X
M N XPNIN R XpIR Ra-N{{ Ri3 &N R13R -Ri3"Ria Ry aNR a, N2 RS av
g>> (CH2)n Rn R11 R, B'RIR1T R1P RES e 14e Stritture, R4
StriEturéyree Structure 17e-Q-1CQxL Rt 3 R s
R1 R12 R14 R12 R15
Structure 14e Structure 15¢ Structure 16e Structure 17¢
-t Q—L
XM—N o Xp}\ﬁ—N
RaVN/\ 3 13R14 rati-Ng ) R
11 R7
RR12 R'8 R3! R
Ris R'® R33

Structure 18e

-
X,M—N
;il/ \ R32 Q_L
— 1 40
RTTIN xM—N R
R36 N/ \ R42
a1 RN O
R
RSS ng R31 R43
R37 ng R41
Structure 21e Structure 22e
Q—L
Q—L L]
o XM—N R
Xp}\/l—l\\l R82 N/ R54
_N RN
Ra1 A
.O R RS RO
R56 RSS
R53 RS5 R55
Structure 24e Structure 25e
Q—L Q—L Q—L
Ra11 i ‘ Raﬂ d ‘ Ra11 | ‘
» X,;M—N 12 X,;M—N 12 X,;M—N
R? N/ \ R? N/ \ R®" R4 N/ \ g
2
N R N R14 N R15
at3 1 als R at3 =
R R R (CHo)n R
Ra15 Ra15 Lo Ra15 14
Rat4 Rat4 R Rat4 R

Structure 27e

Structure 28e

Structure 29¢e




X M- R Q-i R,0 R20 XpM-N Ra,N\\ 3R14 Xp% R,3 Rai-N\R32 ~P t1-N Rn
Rn Rat-N\ R17 R,2 R,8 R,1 R18 R3, R34 R15R,6 R16 R15 R33 Structure
18e Structure 19e Structure 20e Q-L X NI-N L/Q MX 40 \N N_Ra, a,-N R32
Q-LR\IXMNRR36p/\F42Rao Rat-q3, \311138R42R35R 3 R43 R

SO D P77 DY O DD 491D A4 AD C+ + ~N1 C+ + faVal C+ + fa¥al £}
OoJ R Ro/7 RoJd R4L R4l 45 SUUCWUTNE £21€ SUUCWUTNE £ZZ€ SUUCWUTITe £Zo€ U-L

Ehled -t Exerypla o i REoIES S OORIENSRSZ 54 P Pl Ra -N R52 Ra,-N \ R RP/ \

\ R R54 R51 R56 R51 R56 R51R§1£/ | R§$ 56 \ R57 060 R53 R53 R53 R55
R55 R55 R50<S%nucture 24e Structure 25e Strlgture 26 qu Q-
Ran g(pﬁﬁaﬁpMRan Xi-\ R { i AN R2 NQLR
13 Rn q 14 Ral4
28¢ R™ Rald
16 R17
Ra14 R12 R15 R15 R16R18
Structure 30e Structure 31e
Ra12 Ra11 Q—|l_
Ral2 alt Ral3 XpM—N
R ‘ N/\ \ Rao
Rats p/ \ R32 Ratd \ats Q R36
R31 Q
Rat4 a1s
R a5 R38
R37
Structure 33e Structure 34e
a al3
R N R Ra12
Ratt Rat4 Rat3
s a5
Ra12 Ha11 Q L L/\ /MXW\I\ FR{40 Ra14
Ral3 X M* R42
0| A
H43 R43
R39
ng R “ R41
Structure 35e Structure 36e
Ra12
Ra12 " a13 Raﬁ
R g 3 A~
/ ./
Ra14 Ra14

Structure 38e

Structure 39¢

44




43 Table 6 - Example a-Diimine Metal Complexes Ral2 Ran Q\ Ral2 Ran
Q-LL Q~L R Rall XP/-N X Rats NPM,N NPM/R 9 alzR13,IR13Ral 3
R 20 /N\ 14 R11 R R13 Ral3 Rn Ral4 Ral5 R14 Raj 4 Ral5 R11 Rn
Ral5 R16 R12 R17 Ral4 R12 R15 R15 R16R1e R16 R15 Rte Structure 30e

fsHiure g SEHEW G 32e RptaRambl B%%%Q%Qed%ﬁ%% ERUEN RN
-N\N R32 R Ral3 N R32 al4 Ral5 Ras R31 al4 R Ral5 R34 Rae R31

RS R IS DRI Wl il 2 RS RS R R Rh e o
Riachli Ran@u@~the A PYPMY MXORAS pERE1Y Rey-OylimiNe cRAPRELARAtghe
Re&y 1Rk InkM IR R4 2N dR4hDH R BSAtd and independent elements in the preparation of
the o-diimine metal complex. Therefore, the R*s of a-diacyl compounds having Structures 1-12
(Table 1), the metal salts, the R™s of the primary amines having Structures la-4a, the linking
groups 1L-5L (Table 3) of the primary amine having Structure 5a, and the metal salt complexing
group R®s having Structures 1c-22c¢ (Table 2) of the primary amine having Structure 5a are
separate and independent elements of the a-diimine metal complexes of Table 6. Thus, the a-
diimine metal complexes of Table 6 can be further described using any combination of the R*s of
a-diacyl compound having Structures 1-12 (Table 1) as described herein, the metal salts as
described herein, the R™s of the primary amines having Structures la-4a as described herein, the
linking groups 1L-5L (Table 3) of the primary amine having Structure 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.

[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 o-diimine compound. However, it should be noted that these structures do not
necessarily imply that dimeric forms of Structures having bridging X, groups are not formed.
Additionally, it should also be noted that while a-diimine metal complex Structures 14e though
39e, and other Structures disclosed herein, indicate that the two imine nitrogen and the metal salt
complexing group form a dative bond with the metal atom, these structures do not necessarily
imply that the three ligands of the tridentate a-diimine compound are complexed to the metal salt.
For example, in example 7 a tricoordinate metal salt is complexed to a tridentate a-diimine
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 o-
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).
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44080881chhg aagliimine metal complexes of Table 6 can be prepared utilizing
various methods as described herein. Depending upon the a-diiinine metal
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prepdnb¢ioniofnéhéndidimingrdafeetalecomplixa TheieforaeletagpRxs of tadi@diinine
COmpBRRds having Structures 1-12 (Table 1), the metal salts, the Raxs of
the primary amines having Structures la-4a, the linking groups 1L-5L (Table
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group R's having Structures Ic-22c (Table 2) of the primary aminie having
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Rediuriher described Hsing aBy.campinRtRR - Afthe Bxsofafrdiaccamaminds
gavin Strcﬁftures 1-dl2 Table 1]2 dasrgesc ibed.h reilQ, the metal salts as

eing derived from an g-diaayl comppund. .Thus. alternatively, the a-acylimine compound can be

es .I'I e& erein, fﬁe es OI?I%P]G prlmary amines F]avmg@fruc .ures a-4a as
dessebitded srereinndisemifiig bro s nesiroipalsie 3 fsmiie prisralyapmed and
bﬁmuagxatrmmm@geasgldeggribaddﬁﬂtaiay,a@ohdh@)metgilﬁaltmpbeaﬂrtgdiimine
IR BBYING SUUGIHISS IGafe Gld APIF2- S HRE RHMALY A the first o-
diimine compound description, the a-diacyl compound, and each of the two a-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 embodiments,
the two a-diimine nitrogen groups can each independently comprise an organyl group;
alternatively, comprise a metal salt complexing group; alternatively, comprise a metal salt
complexing group and a linking group linking the metal salt complexing group to the a-diimine
nitrogen group nitrogen atom; alternatively, comprise an organyl group consisting of inert
functional groups; alternatively, comprise a hydrocarbyl group; alternatively, consist of an organyl
group; alternatively, consist of a metal salt complexing group and a linking group linking the metal
salt complexing group to the a-diimine nitrogen group nitrogen atom; alternatively, consist of an

organyl group consisting of inert functional groups; or alternatively, consist of a hydrocarbyl

group.

[0101] In some embodiments, the two a-diimine nitrogen groups can be the same. In other
embodiments, the two a-diimine nitrogen groups can be different. In particular embodiments, the
two a-diimine nitrogen groups comprise two different organyl groups; alternatively, comprise two

different organyl groups consisting of inert functional groups; alternatively, comprise two different
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having Structure 5a as described herein. [0097] One skilled in the art will
recognize that a-diiinine 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
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a-diimine njtrogen groups are separate anéqlndependent elements of the

gn(a Hﬁﬁlﬁ(g%%&%ﬁa er eiﬁllgfia}e}ryrﬁragles embodiment described herein are generally

applicable to the description of the a-acylimine compound with the proviso that the linking group
links the metal salt complexing group to the imine nitrogen atom of the a-acylimine group instead

of the -NH, group of the primary amine.

[0103] In a second description, the a-diimine compound can be described as an o-diimine
compound product of contacting an o-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 compound is independent of the description of the a-diimine metal complex. Thus, while
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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
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second primary amine comprises an -NH, group, a metal salt complexing group, and a linking
group linking the metal salt complexing group to the -NH, group; alternatively, the first primary
amine consists of an -NH, group and an organyl group consisting of inert functional groups and
the second primary amine consists of an -NH, group, a metal salt complexing group, and a linking
group linking the metal salt complexing group to the -NH, group; or alternatively, the first primary

amine consists of an -NH, group and a hydrocarbyl group and the second primary amine consists
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nitrogen group consists of a hydrocarbyl group and the second a-diiinine
nitrogen group consists of a metal salt complexing group and a linking group
linking the metal salt complexing group to the second a-diiinine nitrogen
group nitrogen atom. [0102] As the primary amine -NH2 group becomes the
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articular embodiments, the a-diimine._ compound is a product of reacti
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Structure 27f; alternatively, Structure 28f; alternatively, Structure 29f, Structure 30f, or Structure
31f; alternatively, Structure 32f; alternatively, Structure 33f, Structure 34f, or mixtures of Structure
35f and Structure 36f; alternatively, Structure 37f, Structure 38f, or Structure 39f; or alternatively,
Structure 37f.
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group and a hydrocarbyl group; alternatively, consisting of an -NHZ group
and an organyl groups; alternatively, consisting of an -NHZ group and an
organyl group consisting of inert functional groups; or alternatively,
consisting of an -NHZ group and a hydrocarbyl group. [0105] In

embodiments; the-a-diimine compound-isa product of reacting-a-diacyl
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13f can have Structure Ig and Rat' of Structures 1f-13f can have Structure 2g.
In yet other embodiments, wherein R" and Ra" of Structures 1f-13f can have
Structure Ig and Structure 2g, respectively, Structure | g and Structure 2g
are different (not identical). [0108] In some embodiments, the a-diimine
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Q-LQ-LNR32NQ-LR1leR20NIRa,\R13N\R32R 36 RaiN\ R14\R13
Rai N\\ Rn Rn Rai-N\ R17 | R3 R12 R18 q11 R18 R31 R34 R35 R38 R15
R16 R16 R15 R33 R37 Structure 18f Structure 19f Structure 20f Structure 21f
Q-L L~QIQ-LNN-Ral NR5z N Rao Rat-N\\ RR 42 gao iN R31 q54

Rebd) \ / R4 R0 RAZART ARG BRI JRIBRAL Behd ‘é&@é@ﬁﬁ&%{%w&@ﬂ
22f Structure 23f Structure 24f Q-L Q-L N R52 N R52 \ R54 Rai-N\

RAPRAREY R REDREE Ry RES ﬁ?garﬁeﬁddé%epﬁg%“ﬁ%’ﬁl%g%ﬁu fgiRes of
Qﬁiasrkumupeuzéf@ing@tucyl@s Rd21(Ntda1 )t KeRRyAs1 N trgapzihpg\amigaszhnying
E%:ﬂtﬁtﬁl@&zl\lﬂa!\‘jié 31111311@ ér\)ﬁ)léhl—gﬁ (Table 3) of the primary amine having Structure 5Sa,

and the metal salt complexing group R™s having Structures 1¢-22¢ (Table 2) of the primary amine
having Structure 5a are separate and independent elements of the a-diimine compounds of Table 7.
Thus, the 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 l1a-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 a-diimine metal complexes.
As described herein, production of particular a-diimine metal complexes can motivate selection of
particular starting materials, (e.g. a-diacyl compounds, primary amines, and metal salts),
intermediates (e.g. o-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 a-diimine metal complex.
In some embodiments, the method for producing an a-diimine metal complex comprises forming
at least one imine bond in the presence of a metal salt. In further embodiments, the method for
producing an a-diimine metal complex comprises forming at least one imine bond in the presence
of an o-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
that includes the desired elements. The combinations of compounds that can be used to produce a

particular a-diimine metal complex utilizing the synthesis methods are described herein.
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herein, primary amines described herein, metal salts described herein, a-acylimine compounds
described herein, and o-acylimine metal complexes described herein to produce the desired a-
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 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 -NH, group and
hydrocarbyl group, a mixture of primary amines consisting of an -NH, group and an organyl group
consisting of inert functional groups, or a mixture of primary amines comprising an -NH, group
and a metal salt complexing group. In additional embodiments, the a-diacyl compound can be a

mixture of a-diacyl compounds.

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

producing a-acylimine compounds.
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of preparing a-diimine metal complexes.
[0118] Within the first a-acylimine metal complex production method the metal salt and o-

acylimine compound are separate and independent elements. Thus, utilizing the first a-acylimine
metal complex production method the a-acylimine metal complex can be prepared using any
combination of the metal salt as described herein and the a-acylimine compound as described
herein. In some embodiments, the a-acylimine compound can be a mixture of similar a-acylimine
compounds, e.g. a mixture of a-acylimine compounds produced by contacting a-diacyl compound
with a mixture of primary amines consisting of an -NH, group and a hydrocarbyl group, a mixture
of a-acylimine compounds produced by contacting a-diacyl compound with a mixture of primary
amines consisting of an -NH, group and an organyl group consisting of inert functional groups, or
a mixture of 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 o-diacyl compound, a metal salt, and a primary amine. In some
embodiments, an a-acylimine metal complex is recovered. In other embodiments, the a-acylimine
metal complex can be purified using methods know to those skilled in the art, such as

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

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

embodiments, the o-acylimine metal complex can be purified using methods known to those
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complex preparation methods can use any combination of the a-diacyl
HAdoundstrascrib eddtabereindpiiery dinfirres Heselibred Wevein; andiringamstal
dﬁﬁﬂ@ib@glnhemimneﬂxaﬁyﬁmia@@mmpﬁuﬂadsandeﬁ@rgae&dngremllané AoayiRinf

melalicomplexes deserbed Nerain 1 reauce NGidsser & AIninG Metalios

complexes utilizing the hereln descrlbed preparation methods. Provided the
RIS oPIFE Fred¥h Celgtlolre, At aitisdh ahdulerreghzdrntre are

gombilyatipinstdd tingrédis ntpmyileavasiedin ordérdogpepduce a desired
metal complex including the desired elements and their variations. Methods

facthsepmi Pgepality DRgLOMRaUNEspiedet 3] The method of preparing an
a-acylimine compound comprises contacting an a-diacyl compound and a

pﬂmry ammeusl RySONA 953@@@%@@%189@&@&%&&%&@@1&9@%&1 complexes

eied, i phet emhodiments, e, a-aeylmine ompound can.be purfted.

%lngr;mrlﬁét tée s known to those Sl?ﬁ%dnln the art, such as recryst IZatIOR fn
y‘@fﬂaﬂq@?l@ﬁhﬁ@aﬁn@%}bﬂqég%wwﬁg%mﬁBWﬁWt can be utilized. While methods

may be designated as 'first method', 'second method', etc., these designations do not imply any

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

[0124] In a first method, the method to produce an a-diimine metal complex, comprises a)
contacting an o-acylimine metal complex and a primary amine to form a mixture, and b)
recovering the a-diimine metal complex from the mixture. In some embodiments, the a-diimine
metal complex can be purified using methods known to those skilled in the art, such as

recrystallization. In yet other embodiments, the a-acylimine metal complex can be used as is.
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iIs used as is, e.g., as an unpurified reaction product. [0114] Within the
a-acylimine compound production method the primary amine and the a-
diacyl compound are separate and independent elements. Thus, a-acylimine
compound can be prepared using any combination of the primary amine as

fRssTibedvhgRimAnd e AHRGHL A ATRRAUNHAR ABRGHRRE: NAEGINC N RN Getal

embodiments, the primary amine can he a mixture of similar primary amines,
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compounds. Production conditions such as reagent molar ratios,
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Complexes [0116] Varlous synthesis paths can be employec} to produce the
a- acyllmlne metal complexes Described herein are several preparation
MSthB e sk Tavge ol SEyP WhHilke thraca YT mHE CoRmelar eghapise a complex
peepatatiemoethadsmayndadasign ate o taseiiirst methiadhe segonsdmethods 1)
GiCqacy TR HERI0RAHRRSHR R IRl AOYRIRIRI GRES 0L ARAHEHRLen sroup

method of preparing the a- acylimine metal complexes. [0117] In a first

ﬁ?@ﬁ%&&‘gtﬁér‘ﬁ‘?éﬂ%&%?%%lﬂ%ﬁf?ﬁpanp AR g YohTIEReBbsiewe the
golitd etingnashcaldcyianine roonspobinalivnttvizpaatdisakc hngomeetal complexes and

ﬁmﬁ%diﬁﬁﬁgzx%aﬁl‘& A&y lmra@r @ﬁ@u@@ Bﬁm%ﬂfﬁﬂﬁ@%ﬁ&lﬂﬂ&thﬁf includes the

emb lments the mlne metal colmpléax can be purified using methods
etal co TCX a 1mar amin
kno ose skiled'in th , such as recrystalllzatlon In yet other

embodlments the a-acy I|m|ne metal complex can be used as is. [0118]

{RAeSh theters e&b‘%ﬂ?ﬁﬁlﬁﬁsnﬁ%"t%l&% BRSSPI CHBR e Ut LY agfpes.
aacharigeydiphineneompoaneberietise phratéd Hnel inelependestidlé merts: Mhgge of

yﬁiﬁﬁi@gﬁnﬁziiEshsasacgyljfmlmmm%&ahg@&ﬂﬁ&@mﬂ@@ﬂcmﬁﬁagﬂ dh@ert functional

cylimine n]etal om Iex can be ared 179 arpén gmblna i0 of the
Oor a mixtyre ofl, Yy amines c an eta %f. € mg
etal salt as described herein and cyllmln poun escribe

BEHEiN .Ivnsge?nel@ﬁﬁim% bt ﬁﬁ@l@l&%ﬂﬁ?ﬁn@%@ﬂ&n@ @aﬁlb‘ér%l PhixEiHa oF
stpitainaracyl tmiipdexearapoundsye.of. @adikiie ohgaayh pirieeo paundsng an
pragueed Ay, centaging a-diacy camrrY @&n\eeﬂaoﬁsm%g%? of PRRALY.APNAS,

consstmg of an -NHZ grou and a hydrocarbyl! group, a mlxture of |
B h& RmpJUntE 8&8&%@? COMRRIY Bt BorRpBENg Wit a2y
mmpgpedo‘f«/{ﬂnmlaryure of primary amines consisting of an -NH, group and an organyl group

consisting of inert functional groups, or a mixture of a-acylimine compounds produced by
contacting an a-diacyl compound with a primary amine comprising an -NH, group and an metal

salt complexing group.

[0127] In a second method, the method to produce an a-diimine metal complex comprises a)
contacting an a-acylimine compound, a metal salt, and a primary amine to form a mixture, and b)
recovering the a-diimine metal complex from the mixture. In some embodiments, the a-diimine

metal complex may be purified using methods known to those skilled in the art, such as
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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
serandimeshog, fhe methad JarprepRINg A AARinInG, Metal CORRISXis, c.q.
comenseg,f,contactln an a-diacyl compound, a metal salt, and a primary
AP U Bt ents, an a-acylimine metal complex is recovered. In
other embodiments, the a-acylimine metal complex can be purified using
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enbodiments, Iape-acacy bmbog metakicampleniscracavaragicknt otbetsed as is, e.g.,
embodiments, the a-acylimine metal complex can be purified using methods

S an unpuri 10N Pr. . . .
nown to those 55 skilled in the art, such as recrystallization. In yet other

diments, the a-acylimine metal complex js used as is. [0121] Within the
e B R e TP e e o e
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GRMRISKRILIUGIN NEthods: 1 &nasvliTiNg Mmeial CoOmRIeX G30R%s described

repared utilizing any combination of the primary amine as described herein,
E"‘ﬁ’-é*?ﬁd?f‘ft&]o??'?b% tHE YT bt h B SR R e G S A8 TR crib sgme
bereinarRrovidied thetie acinings:ofith espi es eniddisclesurey tnshélleanastisdandahe
FREGNIZGINOWERIPINALIARS RhINGRERICISpSutl 2R RIBRLY AMINGefdiRCYFor
com{B‘oundt and m ta{.salt, m?{ bethvari.ed in order to (Prtoducg adt sired fimi
metal complex IRciuding those ingredients and theif Variatfons. In some>
erpedifents within théaecond and/or tfidig-acylimine mefdl complex an
predyesign atd ethedscifg Ipsimarnanie e sanpanddixiukeef sinnilawe rimaryine
JRIDSSa Ged- RIS RLRIMANATVALS. CORIRING.0 AL Z.QNR ahdyy,
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8iPattd f@‘é??ﬁaﬁrfﬁiﬂ’%%@fﬁ?@?dfr iferP IRt BRSSP, PP hiber dre Yimine
prinparydarmisiets olom pNEing@n ahHZhgiouptahdraumatalisabticompleiingontacted
QYRR SOMGInE R asimE NS Within dhie sespnd anchihiid.a:acyiming mekela
complex production methods, th(%1 a- &iiacytl) om%oudn can be a mixture of .
SRR EB IR olintis. 107 221 8ot AY ARG CAtaR 218 aNG SRS thRT RAH B8 ne
utilizedoonitbdnca-aesilimine wreratndoipladesdimitashingethbel rayen o sdeiye the
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metal complexes. Production con ition%such as, reagent mqlar ratio§
salts, and primdry amines can be varied 1 order to produce ! a-acylimine. metdl complex

temperatures, pressure, and contact Limes, among others, are also
H)élélémgébe H&@ﬂﬁ%moumd, metal salt, and primary amine selected.

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

groups, or a mixture of a-acylimine compounds produced by contacting an a-diacyl compound
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generally applicable to methods of producing a-acylimine metal complexes.
Methods for Preparing a-Diimine Metal Complexes [0123] Various synthesis
paths can be employed to produce the a-diimine metal complexes by

forming at least one imine bond in the presence of a metal salt, a-acylimine

Wﬁ%@'n@&ﬁl@'@@br{?ﬁa&%}ﬁ ﬁi_ﬁ@%e‘}?h‘(m sgibad E@(ﬁ'{&l%@qﬁﬁéﬁ‘lggmup. In
methods that can be utilized. While methods may be designated as first
RSO O LBES R d Y BIHBE, BHEe HizkE Jsghiatibnd 88 KOS Ry omplex can
preferencestfomparticolay anetivod of preparing ardiminamvstaincomglekes NH,
RdAn R disshBiethesh, thaimethedpiarproduar e idilpine.metal camplay,an
semprisss ), coniaching.an a:acyimine metal complex and a priman, amine,,
{oform a r%ixture, an ll‘% recovering the a-diimine meta coymp ex from the-
MiXegreun Asorie @rtcamrEntas Bda-diimine metal complex can be purified
using methods known to those skilled in the art, such as recrystallization. In
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fomplexin %‘?%Pa‘%‘r}ﬁethﬁ aracyliming metal camplex can.comnnse a g o o
complex Between an a- cylimine compound anc .meteﬁ salt, whereinh the
AHEYHREL SATRO TN U8 D ASEET PRS- SEYRATIAG YroliP:orrretPfrdrnan salt
chapy xdampoighdancilydain imine witrogemgeabp torsisting-dhdihy drooardsyind
GRURy QLG R (RIS CRRSIRY %%Binﬁ&ﬂzogrﬁyﬁx%”grﬁ}lary amines as
hydrocarbyl group and the a-acylimine metal complex can comprise a

. . p prise
LMY BANGEER AN A iR RO DAL SN TR B S AT R are i He
a—a%)l/climine compound comprises 1) an a-acylimine group derived from an
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amines consisting of an -NHZ group and an or anyll group consétlng of Inert
ﬂiﬁi&ﬁﬁ‘ﬁafhe skilled artisan should recognize how combinations of a-diimine compound and

an

metal salt may be varied in order to produce a particular a-acylimine metal complex including the

a-diimine compound and metal salt selected.

[0133] Applicable catalyst and solvent that can be utilized within these a-diimine metal
complex synthesis methods are described herein and are generally applicable to methods of

producing a-diimine metal complexes. Production conditions such as molar ratios, temperatures,

59



groups, or a mixture of primary amines comprising an -NHZ group and a
metal salt complexing group. In some embodiments, the a-acylimine metal
complex can be a mixture of similar a- acylimine metal complexes, e.g. a
mixture of a-acylimine compounds produced by contacting an a-diacyl
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g&g}e%t%eg} 9{9&99%‘3%9%,% c¥i|(|)r1p E‘ondltlons and Metal Complex and Intermediate
Yields

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

described herein.

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

form an a-acylimine compound or an a-acylimine metal complex, the molar ratio of primary amine
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compound consists of an -NHZ group and a hydrocarbyl group and the
primary amine contacted with the a-acylimine compound and metal salt or
mixture containing an a-acylimine metal complex consists of an -NHZ group
and hydrocarbyl group different than the primary amine utilized to produce
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primary amine comprising an -NHZ group and an organyl group; or, if the
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compound or a- acylimine metal complex could be primary amines
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[0139] Generally, whenever an a-diacyl compound is contacted with a primary amine and a
metal salt, e.g. to form an a-acylimine metal complex, the molar ratio of the primary amine to
metal salt can be any molar ratio capable of producing an a-acylimine metal complex. In some
embodiments, the molar ratio of primary amine to metal salt to a-diacyl compound can range from

0.75:1:1 to 1.1:1:1; alternatively, range from 0.85:1:1 to 1.05:1:1; or alternatively, range from
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contacting an a-diimine compound with a metal salt, and b) recovering the
a-diimine metal salt. In further embodiments, the a-diimine metal complex is
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recrystallization. Within the fourth a-diimine metal complex production
mﬁhpﬁl’ 1“6@ ﬁld'ﬁ‘%ﬁaﬁ?%@%ﬂ@ﬁ@%%&%%%%%ﬁﬁ&@r Qttrﬁn@@(gmetal salt to a-
independent elements. Thus, the a-diimine metal complex can be produced
ation of the a-diimine compound as described herein an
(B SRRY EoBMALGN of the a-diimi d as described herein and
the metal salt as described herein. Provided the teachings of the present
HLMbsurditrsdkilndesriis an ‘éﬂ%ﬂﬂ‘ﬂ?&%@ﬁ?ﬂ@%ﬁ?%ﬁ?ﬂiﬁ&ﬁ%eﬁﬁ salt, e.g. to
fpuhi pnine@cytmipo vd| andpinetadisaldiming betdaxied i, drderko prodiiceal salt to
RAEHAE dsAp¥lIMIS melal RN Ql%ébl@ Juingdhe @-Qimingico m&&&%@i@_@;@' or
rpetal salt selected. 013%% AE‘)IP“C Ig, catalyst and solve ttha} can be utlllzed
t ~diimine metal.complex. e embodiments, the .molar ratio of metal salt to, o-acy
wWithin these a-dimmine metal’ complex syhthesis methdds dre‘déscrived
Preveindng arsigedenally apphitatsievedy nisthiod ot Hrdduelisgeiidiimigieapietein
oomplexrsnitredyeHaR QeRMINE IHehasmMelamtation. eoreratesetdalt to
RIESFhI: ANdSANBELLIMSS 3TPng aiiers. Atk Ao deseribed bereinand o
are'generally app icable to methods of pro ucing a-diimine metal complexes.
POERAT e aRERIRTR Mt LorhplRxes Rt B HiBtRE dRaROHIS B ELPh PrEEsakh P
steplieguiredfangriodeee the a-acylimine compounds and/or the a-acylimine
metal complexes utilized in the a- diimine metal complex syntheses. As such,
thmﬂ-o_liirninﬁemeiawﬁampl@@ﬁ_yﬁiheﬁﬁagaaobactdesaﬂbed-a@mmp&u&zjmg.
AraHIRCYGRMP A BRIMAN ADINGS A MEAl 33/t BAVING Allne

a-acylimine compounds and/or a-acylimine metal complexes as an

IRtEARSNSE PRI Wit R LY 80 Qe dXHIIBT HRRrEadrUyggtigsigable of
Pravidediihessimikicmmngonédtal tompliéxinsynthésisngiesciiptiomscthieogiiked, the
%i&aﬂatmaypmﬁgg@gﬁéh@&m%ﬁ\qégemmﬁaﬁ@ealm%ﬁ&@@sm#iékz@!%ﬁelﬂaﬁtgw, less

econ rfimary amine as neeade t ) A uat escribe the process. One .

R R e i L, S R R Py ine
thongidhetirsingsesond 0dnd tieird R-diitipaatvidal repsnglen sYithedis stéds or
akerannaiatedithsieps@). b), elicethe anbiminenatahcenmalexs symtiesisine
%eopgcﬁ?nqmtg:ecg _[?OQJHQ tg tgl%_&P IO {OViﬁi %reqfoot elfS te‘?n%ﬁ%@n%f‘ E}Pet%%qag %gtio of primary

Incorporate steps utilized in producing the a-acylimine compounds and/or thé
ATARS I PSS BRI SRR SG st M4 diiniTRE! iHe daI O e RSyhth asigeadily
diesigrigtiorsthApidhtionatinethelachokintorporditing thelsteps Iir@guiraghdonent, the
RIOSUSED B ARG IO 8.6 BFRRAKGES @Nd/or a-acylimine metal complexes into
the methods of producing the a-diimine metal complexes can create a

fdi‘z@}ion WARLGH) AFYRGESIS BRAR DAY NEMIE MR E MR ANGIXIIG: (e are

hese scenarios, such mixtures can be prefaced with a descriptor such as
fiPBEEEe Srid, ‘St o Prs R I ERTI GUBRIE T e B S 108 AR & itHfh ¢
tagireirdirmmeumttahcodnplex symnttiesis. compsyrit ia memdimitngnexampéel salt to
RIQGS$S IR RRRUESIAN ApaGYIANNG mekalicomRlexfiam afardidtylex. In some
gglgggound, liyvo p[imar. glimines, and a metal salt by _Eculftin together the

iments, the mo Cziir ati 1mar§éI amine, to anﬁtal salt to o 1mire ¢ ountd can range
various compoun escriptions escribe erein can comprise Steps a

from 0.75:1:1 to 1.1:1:1; alternatively, range from 0.85:1:1 to 1.05:1:1; or alternatively, range from

1mine

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
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contacting an a-diacyl compound with a first primary amine to form a first
mixture containing an a-acylimine compound; b) contacting the first mixture
with a metal salt to form a second mixture containing an a-acylimine metal
complex, ¢) contacting a second primary amine with the second mixture to
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ratio of metal salt to a-diacyl compound can be any molar ratio ca able of
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can be carried out at any suitable reaction conditions capable of producing the o-diimine metal
complex. For example, the time, temperature, and/or pressure required to produce the a-diimine
metal complex by forming at least one imine bond of a-diimine metal complex in the presence of a
metal salt or metal complex can be any condition needed to produce a quantity of the a-diimine
metal complex. Provided the teachings of the present disclosure, a skilled artisan may recognize
the relationship between parameters, such as the temperature of the imine bond formation reaction

and the time necessary to form a quantity of the a-diimine metal complex, and how to suitably

vary such parameters. Additionally, provided the teachings of the present disclosure, the skilled
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metal salt can be any molar ratio capable of producing the acylimine metal
complex or the a- diimine metal complex. In some embodiments, the molar
ratio of primary amine to metal salt can be less than 1.1:1; alternatively, less
than 1.05:1; alternatively, less than 1.02:1; or alternatively, less than 1:1. In
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contacting an a-acylimine metal complex and a primary amine.

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

imine bond of the a-diimine metal complex is formed in the presence of a metal salt or metal
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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
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embodiments, the limiting reagent for determination of the overall yield can be the o-diacyl

compound. In other embodiments, the limiting reagent for determination of the overall yield is the

can be the first primary amine.

OLEFIN POLYMERIZATION OR OLIGOMERIZATION
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[0145] Generally, the formation of at least one imine bond of a-diimine metal
complex in the presence of a metal salt or metal complex (e.g. reaction
between a primary amine and a-acylimine metal complex or a reaction
between a primary amine, metal salt and an a-acylimine compound) can be
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complexing group and a linking group linking the metal salt complexing group to the second imine
nitrogen atom. As the metal salt, a-diacyl compound from which the a-diimine compound is
derived, and the two imine groups originate from independent elements, the o-diimine metal

complex utilized to polymerize or oligomerize olefins can be further described using any
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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 Limes described herein are generally
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[0154] The metal salt of the a-diimine metal complex capable of producing alpha olefins can
be any metal salt as described herein. In embodiments, the metal salt can comprise iron, cobalt, or
mixtures thereof. In some embodiments, the metal salt can comprise iron or cobalt. In some

embodiments, the metal salt can comprise iron; or alternatively, comprise cobalt.
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based on the weight of the limiting reagent; alternatively, the greater than
about 60 percent based on the weight of the limiting reagent; alternatively,
greater than 65 percent based on the weight of the limiting reagent;
alternatively, greater than 70 percent based on the weight of the limiting
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alternatively, propylene. Olefin Polymerization or Oligomerization Catalysts
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hydrocarbyl groups, or mixture thereof; alternatively, a metal salt complexed
{&éﬂ a-d|r%lﬁﬁﬁ%‘]€bFﬁf5‘Blﬁlﬁ%PEbﬁfsﬁ‘%W§t%fSilj complexing group and linking group linking

the metal salt complexing group to the second imine nitrogen atom within the a-diimine compound
of the a-diimine metal complex can be advantageous for producing alpha olefins. In aspects, the
second imine group can comprise a dialkyl aminyl group, a diphenyl aminyl group, a substituted
diphenyl aminyl group a dialkyl phosphinyl group, a diphenyl phosphinyl group, or a substituted
diphenyl phosphinyl group and -(CH,),- linking group where m is 2 or 3; alternatively, can
comprise a pyridinyl group, a substituted pyridinyl group, a furanyl group, a substituted furanyl

group, a thiophenyl group, or a substituted thiophenyl group and a -(CH,)- linking group; or
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an a-diimine group derived from an a-diacyl compound and 2) a first imine
nitrogen group consisting of an organyl group consisting of inert functional
groups or a hydrocarbyl group and 3) a second imine nitrogen group
comprising a metal salt complexing group; or alternatively, a metal salt
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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
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herein, any second imine nitrogen group metal salt complexing group as
described herein, and any linking group linking the metal salt complexing
group to the of the second imine nitrogen group as described herein.
Alternatively, the a-diiinine metal complexes utilized for the production of
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Gnbp group; alternatively, can consist of a phenyl etheryl group, or a phenyl sulfidyl group and a
-(CH,CH,)- linking group; alternatively, can consist of a substituted phenyl etheryl group, or a
substituted phenyl sulfidyl group and a -(CH,CH,)- linking group; alternatively, can consist of a
phenyl sulfidyl group or a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group;
alternatively, can consist of a phenyl sulfidyl group and a -(CH,CH,)- linking group; or
alternatively, can consist of a substituted phenyl sulfidyl group and a -(CH,CH,)- linking group.
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alternatively, a 2,6-di-tert-butylphenyl group; or alternatively, a
2,4,6-trimethylphenyl group (mesityl group). [0157] Particular combinations
of the metal salt complexing group and linking group linking the metal salt
complexing group to the second imine nitrogen atom within the a-diimine
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or mixture thereof. In some embodiments, the organoaluminum compound can be
trimethylaluminum triethylaluminum, diethylaluminum chloride, diethylaluminum ethoxide,

diethylaluminum cyanide, diisobutylaluminum chloride, triisobutylaluminum, ethylaluminum
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a substituted 2-pyridinyl group and a -(CH2)- linking group; alternatively, can
comprise a phenyl etheryl group, a substituted phenyl etheryl group, a
phenyl sulfidyl group, or a substituted phenyl sulfidyl group and a
-(CH2CH2)- linking group; alternatively, can comprise a phenyl etheryl group,
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olefin; alternatively, a C, to Cy, alpha olefin; alternatively, alternatively, a C, to Cyg alpha olefin.

In yet other embodiments, the alpha olefin solvent can be 1-butene, 1-dodecene, 1-tetradecene, 1-

hexadecene, 1-octadecene, or combinations thereof.
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consist of a diphenyl phosphinyl group and a -(CH2CH2)- linking group;
alternatively, can consist of a substituted diphenyl phosphinyl group and a
-(CH2CH2)- linking group; alternatively, can consist of a 2-pyridinyl group or
a substituted 2-pyridinyl group and a -(CH2)- linking group; alternatively, a
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disclosure, one skilled in the art will recognize how to adjust the polymerization or

oligomerization reaction conditions to achieve the desired objectives.
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complexing group and a linking group linking the metal salt complexing group
to the second imine nitrogen atom. Further embodiments of the elements of
the a-diimine metal complex capable of producing alpha olefins are
described herein. [0160] Generally, the cocatalyst can be any organometallic
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mixed with the olefin and/or the solvent prior to contact with the a-diimine

FHRLST S ORISIES BBIy¥h AP AR Bl Ot MILRbATESNENTE, BeReligpgzation or
Reackorr@onditions dndhProdeicts ode3)drmembodimeiiss, ther a portion of the

palyregsiation S USMas Ao AGACHER, CRNQLENN sRHYNEte can decrease as
the gaseous monomer is consumed. In this situation, additional gaseous monomer and/or inert gas
can be added to maintain a desired polymerization or oligomerization reaction pressure. In
embodiments, additional gaseous monomer can be added to the polymerization or oligomerization
reaction at a set rate (e.g. for a continuous flow reactor), at different rates (e.g. to maintain a set

system pressure in a batch reactor). In other embodiments, the polymerization or oligomerization
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or diluent. In some embodiments, the solvent or diluent can comprise a C4 to
C20 hydrocarbon; or alternatively, a C4 to Coo hydrocarbon. The
hydrocarbon solvent can be a saturated hydrocarbon, an aromatic
hydrocarbon or an olefinic hydrocarbon. In some embodiments, the saturated
fvdsocarbQRsolMant GRREL 8 &d I CORSRURIE Y UREATRE Y LRRtNEE nomer
embodiments, the saturated solvent can be butane, isobutane, hexane,
AEHIERE" &tlohexane, or mixtures thereof. In some embodiments, the
aromatic solvent can be a C6 to C20 aromatic compound. In some
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]
the contact zone being specified accordingly. [0165] In embodiments, the
(581 e 25108 BMdREBHIEZ ARBITEEA Bl a ettt pr eS8 Rarkiedstth?
Srimlottimorevrmartors fingdtmeterm Bodifrfentshttie eontimuous polymerization
or oligomerizafion process reactor can comprise a loop reactor, a tubular
reactor, a continuous stirred tank reakterx(G&TR), or combinations thereof. In
other embodiments, the continuous polymerization or oligomerizafion
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other embodiments, the continuous polymerization or oligomerizafion process
LB B IR ks Sl Qphan el G e

paraflél top eomltirmations fhandbts lie 813: alternatively, from 0.5 to 0.85; or alternatively,

from 0.55 to 0.8. Generally, the Schulz-Flory growth factor can be measured using the number of
moles alpha olefins of any two adjacent produced alpha olefins. One skilled in the art will
recognize that the measured Schulz-Flory growth factor may not be exactly the same using the
number of moles of alpha olefin produced for every possible adjacent pair of produced alpha
olefins. Thus, in some embodiments, the Schulz-Flory growth factor can be an average of two or

more adjacent pairs of produced alpha olefins.
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embodiment, the continuous polymerization or oligomerizafion process
reactor can be more than one CSTR in series. In another embodiment, the
continuous reactor can be a tubular reactor and a loop reactor in series. In
yet another embodiment, the continuous reactor can be two or more loop
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3,000 psig (20.9 MPa); or

alternatively, 150 psig (1.0 MPa) to 2,000 psig
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be described as having a Schulz-Flory chain growth factor K less than 0.95;
alternatively, less than 0.9; alternatively, less than 0.9; or alternatively, less
than 0.80. In other embodiments, the alpha olefin product distribution can be
described as having a Schulz-FIory chain growth factor K range from 0.4 to
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practices and advantages thereof. The examples are given as a more
detailed demonstration of some of the embodiments described above, and
are not intended to limit the specification or the claims to follow in any
manner. Table 8 provides the Structures of the compounds and metal

-
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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 —10°C overnight and additional orange solid was
isolated, giving a total yield of 1.91 g (68.5 %). Characterized by '"H NMR (400 MHz, CDCls):
0.88 d, 6H; 1.15, d, 6H; 2.82, m, 2H; 8.18, t, 1H; 7.99, d, 1H; 7.81, t, 1H; 7.39, t, 1H; 6.62, d, 1H.
(3H’s are obscured by the CDCl; peak). '"H NMR (400 MHz, MeCN-ds): 0.89d, 6H; 1.10, d, 6H;
2.79, m, 2H; 8.27,d, 1H; 8.12, m, 2H; 7.87, t, 1H; 7.45, t, 1H; 7.30, m, 3H; 6.60, d,1H.

EXAMPLE 2

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

[0175] An ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was treated
with 1 mL of formic acid, followed by slow, dropwise addition (over approx. 8 hrs) of a solution
of 2,5-di-t-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
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MeCN-d3): 0.89 d, 6H; 1.10, d, 6H; 2.79, in, 2H; 8.27, d, 1H; 8.12, in, 2H,;
7.87,t, 1H; 7.45, t, 1H; 7.30, in, 3H; 6.60, d,1H.
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 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
Svnthesis of the a-Diimine Metal Complex Having Structure II1
[0178] A solution of 0.297 g (1.3 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of

anhydrous butanol was added via cannula to 0.440 g (1.30 mmol) of a-acylimine compound I and
0.164 g (1.3 mmol) of anhydrous FeCl,. The solution was stirred overnight under argon at 55 °C.
The solid that formed was filtered, washed with a small amount of THF, and dried to give 0.505 g
(58%) of dark green product. Recrystallization from acetonitrile yielded x-ray quality crystals.
The obtained crystals were subjected to x-ray crystallography. An ORTEP diagram for the
crystals produced in this example is shown in Figure 1. Selected bond distance and bond angle for
catalyst BMS-114 include: Fe-Cl1 - 2.286; Fe-CI2 - 2.313; Fe-N1 - 2.181; Fe-N2- 2.166; Fe-P1 -
2.497; P1-Fe-N2 - 135.19; P1-Fe-Cl1 - 100.77; N2-Fe-Cl1 - 93.70; N1-Fe-Cl1 - 156.18; Cl1-Fe-
CI2-111.98.
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EXAMPLE 2 Synthesis of a-Acylimine Compound II
L(2E)-2-[(2,5-cli-t-butylphenyl)imino]acenaphthylen- 1(2fl)-one) [0175] An
ethanol (65 mL) solution of acenaphthenequinone (2.00 g, 11.0 mmol) was
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diimine metal complex is contacted with ethylene and a cocatalyst.

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

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

product. Recrystallization was done in MeCN.
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(58%) of dark green product. Recrystallization from acetonitrile yielded x-ray
quality crystals. The obtained crystals were subjected to x-ray
crystallography. An ORTEP diagram for the crystals produced in this
example is shown in Figure 1. Selected bond distance and bond angle for
catalyst BMS-114 include: Fe-CHg 2, 28%;58e-C12 - 2.313; Fe-NI - 2.181;
Fe-N2- 2.166; Fe-P1 - 2.497; Pl-Fe-N2 - 135.19; PIl-Fe-C11 - 100.77;
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butanol. This solution was transferred by cannula to 0.265 g (0.93 mmol) of
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is shown in Figure 2. Selected bond distance and bond angle for the crystals
include: Fe(1)-N(1) = 2.132 A; Fe(1)-N(2) = 2.197 A. The X-ray crystal
structure for the material and the ethylene oligomerization example provided
in Table 9 indicate that it is not required that the metal complexing group of
the a-diimine metal complex for a dative (complexing) bond with the metal
atom to have an active ethylene oligomerization catalyst when the a-diimine
metal complex is contacted with ethylene and a cocatalyst. Additionally, the
X-ray crystal structure indicates that the a-diim ne metal complexes may be
isolated in a dimeric form (having bridging halogen atoms) and have an
active ethylene oligomerization catalyst when the a- diimine metal complex is
contacted with ethylene and a cocatalyst. EXAMPLE 8 Synthesis of the
a-13iixnine Metal Complex Having Structure VI [0181] A solution of 0.235 g
(2.02 mmol) of 2-(diphenylphosphino)ethylamine in 40 mL of
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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
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trv:vtrvce TtGN~ 84 [0183] While preferred embodiments of the

ivgition favie been.showp.and dessrineds medificaions tharsal Gan REcribed,
made by one skilled in the art without departing from the spirit and teachl,nr%lgd

BRI ORI O HE RS SRts HestMhEs %Wéﬁ%o%{r%e%%ﬂ%ﬁfé’\?il%% A
srehites itdadadniiobe Timitmbodinrants dasddtishkermindam cdéfivatioreslpf ahdare not
invemiion sisclesed harginargiopossinipAnd @R withinthassona Bidgerein are

fveiion, Wiers pumeical 131Aes, of I1aons s STesSly siated St

BXpress ranges of limitations s oJFJ%lé(.)Shders?trgcr)lar{lgr}%cltrjagé iterative
FAPIGEY oraifflitstfOnS O k& sy AlitliBEtianh gt RetHRIER RIS Kly sty tis fterative
rarpge sraimiimitatiostaie ragiiam abing ditdraie ukesinchidesrdded, ¢, letdtitions

Q{%?E?&ﬁ%@up 110 IBGHG65:Ondibs O 12,4063, oRlfe)- di® 96 AR 1PSINaly.
Wi

respect to any element of a claim is intended to mean that the subject
&bt R PEdEiPeEPEPHitEr Va5 REL ST D! B SRS L Jgen that
intentied tenisetwithinitie gcdpmoivthe slatreqygedofBntbabdenibymsrsuehndsl to
COMRIISAR, INGIHILH RAMNOIURIGS broader terms such as comprises, includes, having, etc.

should be understood to provide support for narrower terms such as consisting of, consisting

essentially of, comprised substantially of, etc.

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

supplementary to those set forth herein.
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should be understood to provide support for narrower terms such as
consisting of, consisting essentially of, comprised substantially of, etc. [0184]
Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all
equivalents of the subject matter offhggigims. Each and every claim is
incorporated into the specification as an embodiment of the present
Ryentign. Thus, the claims are a further description and are an addition to
the preferred embodiments of the present invention. The discussion of a
ngerencnePi&lthe Descri %i?n of {é’gl%ted Art ig not an admission that it is prior

o-dimine al Comy C acterize S 1mng:
art to the present invention, especiafly any reference that may have a

publicatjon date afteidheriQuty datenoiihisarplication cokpsudisclosures of
all patents, patent applications, and publications cited herein are hereby
incorp@rated birreferemieqde theupxterisihatth€y providensiiemglaryibyl group;
procedural or other details supplementary to those set forth herein. 85

CLAIME What9EethifiBe MTOAT EEER ORI RS HRataY cBiiingy! or substituted
SRALRGBHEHAT YT 1 AR Ak R AR M AR HRMA: meta
a-diaCyl compound; 2) a first imine nitrogen group consisting of a C6 to C3
afoaiehydeaarbyhgreispd g seoefchicRingditrogen group comprising a
diphenyl phosphinyl or substituted diphenyl phosphinyl metal salt complexing
group B#dra theCHZEBElinking group linking the metal salt complexing group to
the second imine nitrogen atom; gnd having_the structure: Rc77 Rc7B RC75
Rc76 RC79 Rc8 RC73 RR# RET71 RCT72 it

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.

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

acenaphthenequinone and R*' to R*® are each hydrogen.

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

a Cq to C;p aromatic hydrocarbyl group is a 2,6-disubstituted phenyl group.
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R5 R56 R53 R55 wherein R" to/through Rao can each independently be
hydrogen, an organyl group consisting of inert functional groups, a
hydrocarbyl group, or inert functional groups; R51 to/through R56 can each
independently be hydrogen, an organyl group, an organyl group consisting of
inert fupgtiopak: ArawRs ShadyEracaTRYLeUR 1R stelthrauaby %@&gl GBhp is
each independently be hydrogen or hydrocarbyl group; and m can be 2 or 3.
2 o Hnecandiiianyegmeial Zonlipleprotolbgnmup, whereititheqiiiinegoup is
derived from acenaphthenequinone and R51 to R56 are each hydrogen. 3.
g’he a—i(ljf'limir_lﬁ.metal co Plexlof cltairp.l, Yvheﬁein firgt imine, nitrogen group
Consisting 5f a5 I E33MARE fitfocarbyigholls §R" a-yikubditited ™ P
BR84S A RN ELh RIS PRI, RSIINIAE sroup
2,6-disubstitute pﬁenyl group is a 2,6-dimethylphenyl group, a
Byidielih yiphiesniylcgnalijnreao2pBediis sgorop ypenybgnoatpmS. The a-diimine
metal complex of claim 1, wherein the second imine nitrogen group
?ompriﬁ?s gddi hengtl hos hir(1)¥I {net?l salt comg}eﬁinr?%og and a -(CHZS)[Z-
inking group Tinking the metal salt corplexing grotp to the second fmine &
BitiogeR AYMoRadhgyarsliring Bptal comalanehglaithdnyWhetginthentrslcond
imine nitrogen group consisting of a C6 to C30 aromatic hydrocarbyl group is
an\6ndlispdstitupednninersd drbop ahdtheysecahehlinemgaiitrogenpgrdup-(CH,),-
comprises a diphenyl phosphinyl metal salt complexing group and a -(CHz)z-
[RRRGEEIBUE kit BIE e SRl CrAIain G grsap i e S8Esh el dine
nitrogen atom. 7. The a-diimine metal complex of claim 6, wherein the
2,6-dispRsfituted PReRY LSRR &8 daid 6; diRatRYIRNenNY Gk QM Re@pheny! group is a
2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group. 8. The a-diimine
Afetahcbrpiew o olaim2d-didteiehertyiefirst mide Wrirogepyiprouy sonsisting of
a C6 to C30 aromatic hydrocarbyl group is a 2,6-disubstiituted phenyl group,
nd the,second. imine nitrogen group.comprises a diphenyl phosphinyl metal
B cor B B R et
60Mp|a¥ing, GroMpitontR.sSEANJPINC NI AGRBAtAR. FhelyI Q@i MRL3hd
complex of claim 8, wherein the 2,6-disubstituted phenyl group is a
élintreghyiphiansdngrawgp 2 digh@vdiethyivhemydtgredisooplaxing group and a —(CH,),-
2,6-diisopropylphenyl rouP. 10. The a-diimine metal complex of claim 1
H‘é%%ﬂ%&@%‘&%‘(& fis “ﬁ%ﬂl AL AR EF AP g e T imine nitrogen atom.

9. The a-diimine metal complex of claim 8, wherein the 2,6-disubstituted phenyl group is a

2,6-dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group.

10. The a-diimine metal complex of claim 1 having Structure I11:

bes

Structure II1.
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87 it. The a-diimine metal complex of claim 1 having Structure IV: rIN | P CIC
N Structure IV. 12. The a-diimine metal complex of claim 1 having Structure
XIIl: P-F e' CI Cl Structure Xlll. 13. The a-diimine metal complex of claim 1
having structure XIV: rN f/-\N P~ CI CI Structure XIV. 14. The a-diimine

metal amplex,ak GRIMSARMINE SHMGHERR SirltuieRvFe N\ CI CI 88

Structure XV. 15. The a-diimine metal complex of claim 1 having structure VI:
rN- P\I~NI CI Structure VI. 89

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

bos
oS
\\\j Cl/ \CI

Structure XIII.

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

Structure XIV.

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



Structure XV.

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

Structure VI.
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