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DIIJVIINE 1VIETAL COJVIPLEXES, 1VIETHODS 
OF SYNTHESIS, AND 1\-'l_ETHODS OI<' USING 

IN OLIGOJVIERIZ~L~TION AND 
POLYJVIERIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

TI-:lis is a Divisional application o±-u.s. patent application 
Ser. No. 11/186,039, filed Jul. 21, 2005 and entitled «Dii.rnine 
Metal Co.rnplexes, Methods Of Synthesis, And Methods Of 
Using In OligomerizationAnd Poly.rnerization." ·rhe present 
application is also related to U.S. Pat. No. 7,129,304 issued 
Oct. 31, 2006 and U.S. Pat. No. 7,268,096 issued Sep. 11, 
2007, each having like title. Each of these patent and patent 
applications is hereby incorporated by reference herein in its 
entirety. 

FIELD OF THE INVENTION 

TI-:le present application relates generally to olefin oligo­
merization. More particularly, the present application relates 
to a.-diiinine .rnetal con"l.plexes, n"J.ethods of producing a.-di­
imine metal con"l.plexes, and the use of- a.-diimine n"J.etal com­
plexes in the oligornerization and/or polymerization of ole­
fins. 

BACKGROUND OF THE INVENTION 

Olefins, also corr"J.morrly known as alkenes, are in"J.portant 
iten"J.s ofcornn"J.erce. Their many applications include en"l.ploy­
n"l.ent as inter.rnediates in the manufacture of detergents, as 
more environmentally friendly replace.rnents where refined 
oils might otherwise be used, as monomers, and as intern"J.e­
diates ±or .rnany other types of products. An iniportant subset 
of· olefins are olefin oligomers, and one n"J.ethod of making 
olefin oligomers is via oligon"J.erization of ethylene, which is 
a catalytic reaction involving various types of catalysts. 
Examples of catalysts used cornn"J.ercially in polynierization 
and oligorrierization of olefins include alkylalu.rninum corri­
pounds, certain nickel-phosphine complexes, and a titaniuni 
halide with a Lewis acid, such as diethyl alu.rninum chloride. 

Another group of olefin poly.rnerization catalysts is derived 
fron"l. pyridine bis-i1nines. With catalysts of this type, a nitro­
gen-based ligand engages in a coordination reaction with a 
transition metal salt. The coordination reaction ±orn"J.s a metal 
complex, which is a catalyst precursor. The n"J.etal con"l.plex 
further reacts with another precursor or activator to generate 
a n"J.etal alk-yl or .rnetal hydride species. The catalyst resulting 
froni the generation of the metal alkyl or metal hydride spe­
cies polymerizes olefins. 

Applications and demand for olefin polyn"J.ers and oligo­
.rners continue to .rnultiply, and co.rnpetition to supply thern 
correspondingly intensifies. ~Ill.us, additional novel and 
in"l.proved catalysts and n"J.ethods for olefin poly.rnerization 
and oligo.rnerization are desirable. 

SUMMARY OF THE INVENTION 

In an aspect the present invention provides a 1nethod for 
producing an a.-dii1nine 1netal complex comprising forn"J.ing 
at least one i.rnine bond in the presence of a n"J.etal salt, metal 
con"l.plex, or co.rnbinations thereof. In e.rnbodinients, the 
method for producing an a.-diimine n"J.etal complex corn­
prises: a) contacting an a.-acyliniine compound, a metal salt, 
and a prin"J.ary an"J.ine; and b) recovering the a.-diimine .rnetal 
cornplex. In some e.r"J."J.bodi.rnents, the a.-acylimine con"l.pound 
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comprises an a.-acylimin.e group and arr a.-acylimin.e nitrogen. 
group consisting ofan. organ.yl group consisting of inert func­
tion.al groups or a hydrocarbyl group and the prhnary arnin.e 
con.iprises an --NH2 group, a nietal salt coniplexin.g group 
and a linking group linking the metal salt con.iplexin.g group 
to the --NH 2 group. In an.other enibodin.ien.t, the a.-acylimin.e 
conipoun.d coniprises an a.-acylimine group and arr 
a.-acylimine nitrogen group coniprisin.g a metal salt complex­
ing group and a linking group linking the metal salt complex­
ing group to the o.-acyliniin.e nitrogen aton.i, and the prirnary 
aniin.e consists of an --NH2 group and an organ.yl group 
consisting of arr inert fbnctional group or a hydrocarbyl 
group. In yet an.other enibodinien.t, the method for producing 
an a.-diimin.e metal con:iplex comprises: a) contacting arr 
a.-acyliniine nietal coniplex and a primary aniine; and b) 
recovering the a.-diiniine nietal coniplex. 

In another aspect, the present invention. provides for an 
a.-diiniin.e nietal coniplex coniposition. comprising a n:ietal 
salt cornplexed to a bidentate or tridentate cx.-diirnine coni­
pou:nd wherein. the a.-dihni:ne con.ipoun.d comprises an a.-di­
imine group, a first imine nitrogen. group, and a second imine 
nitrogen. group which is different fron.i the first imi:ne nitrogen. 
group. In en.1bodin1en.ts, the a.-diiniin.e compound is triden.­
tate, the a.-diin.iin.e group is derived from an a.-diacyl corn­
poun.d, the first imin.e nitrogen. group consists of a C.i to C 30 

organyl group consisting of inert functional groups or a Ci to 
C 30 hydrocarbyl group, and the second in.ii:ne nitrogen. group 
con.iprises a n.ietal salt complexing group and a linking group 
lirtlcin.g the nietal salt co:niplexin.g group to the iniin.e nitrogen 
group. In an.other embodi:nien.t, the a.-diimin.e con.ipourrd is 
biden.tate, the a.-diimi:ne group is derived fron.i an a.-diacyl 
con.ipoun.d, the first in.iin.e nitrogen group consists of a Ci to 
C 30 organyl group consisting of- inert functional groups or a 
Ci to C 30 hydrocarbyl group, and the second in.ii:ne :nitrogen. 
group consists ofa Ci to C 30 orgarryl group consisting of inert 
fbnction.al groups or a Ci to C 30 hydrocarbyl group. In ±1.rrther 
enibodinien.ts, the a.-diimin.e nietal co:niplex coniprises a 
metal salt comprising iron complexed to a triden.tate a.-di­
in.iin.e conipuun.d comprising: 1) an a.-diirnirre group derived 
fro.r11 acenaphthe.riequinone, phenantlire.riequinone, or 
pyren.equin.on.e; 2) a first in.iine nitrogen group consisting of a 
2,6-din.iethylphenyl group, a 2,6-diethylphenyl group, a 2,6-
diisopropylphen.yl group, or a 2,6-di-tert-butylphen.yl group; 
and 3) a second iniin.e nitrogen group coniprising a metal salt 
coniplexirrg group and a linking group linking the metal salt 
complexing group to the second imin.e nitrogen atoni. 

Irr yet another aspect, the present invention provides a 
process for producing alpha olefins coniprisin.g: a) contacting 
ethylene, arr a.-diimine nietal complex, and a cocatalyst; and 
forniin.g arr oligon1erized ethylene product comprising alpha 
ole.tln.s. In enibodinients, the c.t.-diiniine metal complex com­
prises a nl.etal salt cotnplexed to an c.x.-diirnine cornpound, 
wherein the a.-diiniine conipourrd cornprises: 1) arr a.-dii:niin.e 
group derived from an a.-diacyl conipourrd; 2) a first imine 
nitrogen group consisting of a Ci to C 30 organyl group con­
sisting of inert functional groups or a C 1 to C 30 hydrocarbyl 
group; and 3) a second iniin.e nitrogen. group coniprisi:ng a 
nietal salt complexing group and a linking group linking the 
nietal salt con1.plexing group to the irT1ine nitrogen group. In 
other embodiments, the a.-diirTJ.ine metal co1T1.plex comprises 
a nietal salt co1T1.prisin.g iron co1T1.plexed to arr a.-diin.iin.e com­
pound cornprising; l) an a.-diimin.e group derived from 
acerraphthenequinone, phenarrtlirenequinone, or pyrene­
quinon.e; 2) a first imin.e nitrogen group consisting of a 2,6-
dimethylphenyl group, a 2,6-diethylphenyl group, or a 2,6-
diisopropylph.enyl group; and 3) a second irnine nitrogen 
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group comprising a rnetal salt co1nplexing group and a linking 
group linking the n1etal salt cornplexing group to the second 
imine nitrogen atonL 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents the ORTEP diagrani of-the X-ray crystal 
structure for the ex-diirnine rnetal co1nplex produced in 
Exaniple 5. 

FIG. 2 represents the ORTEP diagrani of-the X-ray crystal 
structure. for the ex-diimine metal co1nplex produced in 
Exaniple 7. 

DETAILED DESCRIPTION OF EM:BODIM:ENTS 

The present application discloses ex-diimine metal com­
plexes, methods for producing ex-diimine 1netal complexes, 
and the use of- ex-diimine nietal complexes in the oligomer­
ization and/or polymerization of- olefins. 

Definitions 
For the purpose of- this application the designation "ex-" 

represents a relational designation that when preceding a 
chemical name, either general or specific, indicates that the 
tvvo functional groups are on adjacent carbon atorns. Non­
liniiting examples using the relational ex-designation include, 
ex-dione where the two ketone oxygen atonis are bonded to 
adjacent carbon atonis, ex-diimine where the tvvo i1nine nitro­
gen ato1ns are bo11ded to adjacent carbon aton1s, and 
ex-acylimine where the acyl group oxygen atoni and the imine 
nitrogen atorn are bonded to adjacent carbon aton1s. The 
ex-relational designation 1nay also be used to describe other 
compounds described herein. 

For purposes of this application, an "acyl group" is repre­
sented by the stru.cn1re 

"' C=O / , 

wherein the undesignated valences inay be hydrogen, an 
organyl group, a hydrocarbyl group, and/or any other group 
as indicated herein. Thus;· the term acyl group 1nay include 
ketones and/or aldehydes_ The present application n1ay also 
refer to substituent(s)/group(s)/atom(s) attached to the acyl 
group carbon ato1n (an acyl carbon group). 

For the purpose of this application, the term "imine group" 
is represented by the stru.cture 

wherein the undesignated valences can be hydrogen, an orga­
nyl group, a hydrocarbyl group, and/or any other group as 
indicated herein. The tern1 iniine group comprises both aldi­
rnincs and keti1nines. The present application niay also refer 
to substituent(s)/group(s)/atom(s) attached to the imine car­
bon aton1 (an imine carbon group) and/or substituent(s)/ 
group(s)/ato1n(s) attached to the in1ine nitrogen atotn (an 
in1ine nitrogen group). Additionally, the present application 
niay refer to substituents/groups/ato.c:ns attached to the acyl 
carbon atom of the ex-acylirnine group (an ex-acylimine acyl 
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carbon group), substitue:nts/groups/atoms attached to the 
imi:ne carbon ato:ni of the a.-acylimi:ne group (an a.-acylimi:ne 
imi:ne carbon group), and/or substitue:nt(s)/group(s)/ato:ni(s) 
attached to the i:nii:ne :nitrogen atoni of the a.-acyliniine group 
(an a.-acyli:niine :nitrogen group). For the purpose of this 
application the --C N-- portion of a pyridine ring, or pyri­
dine containing ring systeni (shown in its localized or delo­
calized form) does not constitute an iniine group. 

For purposes of this application, a "hydrocarbyl group" has 
the definition specified by IUPAC: a univalent group formed 
by re:nioving a hydrogen atnrn fro:ni a hydrocarbon (i.e. a 
group containing only carbon and hydrogen). A hydrocarbyl 
group can include the term "alkyl" or "alk--yl group." A hydro­
carbyl group can include rings, ring systen:is, aroniatic rings, 
and aromatic ring systenis which contain only carbon and 
hydrogen. 

For purposes of this application, an .. organyl group" has the 
definition specified by IUP~L\..C: an organic substituent group, 
regardless of functional type, having one free valence at a 
carbon atoni. Thus, an organyl group can contain organic 
:functional groups and/or ato1ns other than carbon and hydro­
gen (i.e. an organic group that can co1nprise :functional groups 
and/or atoms in addition to carbon and hydrogen). For 
example, non-liniiting exaniples of- atonis other than carbon 
and hydrogen include halogens, oxygen, nitrogen, and phos­
phorus, ainong others. Non-liniiting exaniples of- functional 
groups include ethers, aldehydes, ketones, aldehydes, esters, 
sulfides, aniines, and phosphines, among others. Included in 
the organyl group definition are heteroatorn containing rings, 
heteroatom containing ring syste1ns, heteroaro1natic rings, 
and heteroaroniatic ring systenis. Finally, it should be noted 
that the organyl group definition includes the organyl group 
consisting or inert runctional groups, and the hydrocarbyl 
group as a menibers. 

For the purposes of this application, the term or variations 
of the terrn "orgmiyl group consisting of- inert functio1'ial 
groups" refers to an organyl group wherein the organic func­
tional groups and/or atoms other than carbon and hydrogen 
present in the fiuictional group are restricted to those func­
tional group and/or atonis other than carbon and hydrogen 
which do not coniplex with a nietal salt and/or are inert under 
the process conditions defined herein. Thus, the terni or varia­
tion of the term "organyl groups consisting otinert tunctional 
groups" fii.rther defines the particular organyl groups that can 
be present -w·ithin the orgmiyl group consisting of inert func­
tional groups. Additionally, the tern-i "organyl group consist­
ing of inert functional groups" can refer to the presence of one 
or more inert t-._1nctional groups within the organyl group. The 
term or variation of· the "organyl group consisting of· inert 
finictional group" definition includes the hydrocarbyl group 
as a n1e1nber. 

For purposes of this application, an ••inert functional 
group" is a group which does :not substantially interfere with 
any process described herein in which it takes part and/or 
does not coniplex with the metal salt of an a.-diiniine metal 
con:iplex. The term "does not complex with the metal salt" can 
include groups that could complex with a metal salt but in 
particular :niolecules described herein can not co:niplex with a 
nietal salt due to its positional relationship within a cornplex­
ing a.-diimine group. For exaniple, while mi ether group can 
complex with a nietal salt, an ether group located at a para 
position of a substituted phenyl imine nitrogen group is an 
inert fi.,uictional group because a single nietal salt niolecule 
cmi not complex with both the ether group and the imine 
group ofthe a.-diiniine compound within the smn.e molecule. 
Thus, the inertness ofa particular :functional group is not only 
related to its functional group's inherent inability to co1n.plex 
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the rnetal salt but can_ also be related to the fun_ctional group• s 
position within the nietal coniplex. Non-liniiting exaniples of 
inert functional groups which due not substantially interfere 
with any process described herein can include halo (fluoro, 
chloro, bromo and iodo), ethers (alkoxy group or etheryl 
group), sulfides (sulfidyl group), and/or hydrocarbyl groups. 

The terms «polynierizcd product having X carbon aton:is" 
and ••oligonierized product having X carbon atonis," wherein 
X can be any integer, refers to n:1aterials produced in a reactor 
by 1n_ononier polynierization or niononier oligonierization 
that has X carbon atorns. Thus, the term polynierized product 
having X carbon atoms and oligomerized product having X 
carbon atonis excludes materials in the reactor e:ffluent having 
X carbon atoms which were not poly1n_erized or oligo1n_erized 
(e.g. solvent). 

For purposes of this application, a priniary carbon group is 
-CH3 . 

For purposes of-this application, a secondary carbon group 
includes a group of the forniula --CI-L,--, wherein the one 
free valence ( - ) is to an ato1n_ other than;_ hydrogen ato1n (the 
bond represented by the dash, --, is to atoni and/or group to 
which the secondary carbon group is attached). Thus, the free 
valence can be bonded to a halogen atom, carbon atom, oxy­
gen atoni, sulfur atom, etc. In other words, the free valence 
can be to an organyl group, an orga:nyl group consisting of 
inert fiuictional groups, a hydrocarbyl group, a functional 
group, or an inert fl_mctional group. Non-limiting exaniples of­
secondary carbon groups include --CH2 CH(CH3 ) 2 , 

-CH2 Cl, -CH2 C 6 l-I5 , and --CH2 0CH3 • 

For purposes of- this application, a tertiary carbon group 
includes a group of the forniula ----Cl-I=, wherein the two free 
valences (=)are to atorns other than a hydrogen atom (the 
bond represented by the dash, --, is to atom and/or group to 
which the tertiary carbon group is attached). Thus, the two 
free valences can be independently bonded to a halogen atom, 
carbon atoni, oxygen ato1n_, sulfi-ir ato1n_, etc. In other words, 
each of-the two free valences can be to an organyl group, an 
organyl group consisting of- inert functional groups, a hydro­
carbyl group, a fi1nctional group, or an inert functional group. 
Non-li1n_iting examples of secondary carbon groups include 
-CII(CI-I3 ) 2 , --CI-IC12' --CII(C 6 II5 ) 2 , -cyclohexyl, --CI-I 
(C.H3 )0CH3 , and -- CH=CHCH3 . 

For purposes of-this application, a quaternary carbon group 
includes a group of the forniula --C=, wherein the three free 
valences, =, are to aton1s other than a hydrogen atorn (the 
bond represented by the dash, --, is to atoni and/or group to 
which the quaternary carbon group is attached). Thus, each of 
the three free valences can be independently bonded to a 
halogen atorn, carbon atoni, oxygen atoni, sulfur atoni, etc. In 
other words, each of the three free valences can be to an 
organyl group, an organyl group consisting of inert fi-inctional 
groups, a hydrocarbyl group, a functional group, or an inert. 
f-..mctional group. Non-liniiting exa1n_ples of tertiary carbon 
groups include: --C(CH3 ) 3 , -C(C6 H 5 ) 3 , ---C~Cl3 , 
-C(CH3 ) 2 OCH3 , --C= CH, --C(CH3 )CH=--c-cCH2 , 

--C6 H 5 , --CF3 , and -1-adarnantyl. 

a.-Diiniine Metal Cornplex, Starting Materials, and Internie­
diates 

Generally, the a.-diirnine nietal co1n_plexes can be prepared 
from a.-diacyl con:ipounds, two primary arriines, and a metal 
salt. Within the niethods to prepare the a.-diimine nietal com­
plexes, additional co1n_pounds including a.-acylimine con1-
pounds and a.-acylimine inetal con1plexes can be interrnedi­
ates and/or starting niaterials in the synthesis of-the a.-diiniine 
1n_etal complexes. The a.-diacyl conipounds, pri1n_ary aniines, 
a.-acylimine conipounds, a.-acyliniine metal coniplexes, and 
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nietal salts are independent elen:ients within the a.-diiniine 
1.netal coniplex synthesis and f'Lrrther described herein. 

a.-Diacyl ConipoLmds 
Generally, a.-diacyl conipounds utilized in the production 

or the cx.-diirnine nietal cornplexes comprise two acyl groups 
capable of forniing an imine group when contacted with a 
priniary amine. Appropriate a.-diacyl compounds can be 
those capable of reacting with two prin-iary aniines to forni an 
a.-diin-iine conipound. Within in this specification, the terrn 
"capable oi reacting with two primary amines to form an 
a.-diimine conipound" should not be construed to mean that 
two primary aniines are necessarily added in the sanie step. 
Nor should the term be construed to mean that an a.-diiniine 
con-ipound is necessarily for1ned as an intermediate to an 
cx.-diirnine 1.netal cornplex. Further, defining an a.-diacyl corn­
pound as one capable of forming an ii.nine group when con­
tacted with a priniary amine is not necessarily indicative of 
niethods of forming an in:iine group. The tern-i "capable of 
reacting with two priniary amines to form an a.-diimine con:i­
pound" is intended to describe to one skilled in the art the 
particular a.-diacyl conipoLmds which can be utilized in the 
synthesis of the a.-diil.nine n-ietal complexes described herein. 
The a.-diiniine metal coniplexes can be produced utilizing 
any n1ethod as described herein. 

One class of a.-diacyl con1pounds that can be used in pre­
paring a.-diin1ine metal complexes is an a.-ketoaldehyde, 
which is a compoLmd wherein a ketone oxygen aton-i and an 
aldehyde oxygen atom are bonded to adjacent carbon atoms. 
The a.-ketoaldehydes utilized in the production of· the a.-di­
imine nietal complexes can be any a.-ketoaldehyde capable of 
reacting with two priniary amines to forn1 an a.-diiniine coni­
pound. The cx.-ketoaldehyde can be saturated, unsaturated, 
linear, branched, acyclic, cyclic, aroniatic, and/or l1eteroaro­
matic. 

Generally, the a.-ketoaldehyde will have the structure 
R.rc"--C(=O)C(=O)I--I wherein R7"" can be an organyl group, 
an organyl group consisting of inert functional groups, or a 
hydrocarbyl group. In son1e enibodiments, Rka is an organyl 
group; alternatively, an organyl group consisting of inert 
functional groups; or alternatively, ahydrocarbyl group. Gen­
erally, R.rc"' can be a C 1 to C 30 organyl group; alternatively, a C 1 

to C 30 organyl group consisting of inert functional groups; 
alternatively, a C. 1 to C.30 hydrocarbyl group; alternatively, a 
C 1 to C 20 organyl group; alternatively, a C 1 to C 20 organyl 
group consisting of inert f'Lmctional groups; alternatively, a C 1 

to C 20 hydrocarbyl group; alternatively, a C 1 to C 10 organyl 
group; alternatively, a C 1 to C 10 organyl group consisting of 
inert f'Lmctional groups; alternatively, a C 1 to C-10 hydrocarbyl 
group; alternatively, a C 1 to Cs organyl group; alternatively, a 
C 1 to Cs organyl group consisting of-inert fii.nctional groups; 
or alternatively, a C 1 to Cs hydrocarbyl group. Generally the 
organyl group, organyl group consisting of inert functional 
groups, or hydrocarbyl group of- the a.-ketoaldehyde can be 
saturated, unsaturated, acyclic, cyclic, linear, branched, and/ 
or aron1atic. 

In so1ne en1bodin1ents, Rka represents an acyclic organyl 
group, an acyclic organyl group consisting of- inert functional 
groups, or an acyclic hydrocarbyl group. In other embodi­
n1ents, Rka represents a cyclic organyl group, a cyclic organyl 
group consisting of inert fLmctional groups, or cyclic hydro­
carbyl group. Regardless of the structure of the organyl 
group, organyl group consisting of-inert functional groups, or 
hydrocarbyl group, Rka can have ai.1y number of carbon ato1ns 
as indicated herein. In son1e embodiments, the a.-ketoalde­
hyde is a C 3 to C 20 glyoxal; alternatively, a C 3 to C 10 glyoxal; 
or alternatively, a C 3 to C 6 glyoxal. In some embodinients, the 
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a.-ketoaldehyde is phenylglyoxal or a substin1ted phe:nylgly­
oxal. In other en1bodin1ents, the a.-ketoaldehyde is phenylg­
lyoxal. Within substih1ted phe:nylglyoxal, each substituent 
can be a C 1 to C-s organyl groups, a Cl to Cs organyl groups 
consisting of inert fbnctional groups, and/or a C 1 to Cs hydro­
carbyl groups. In other enibodirnents, each phenyl substin.1-
ents can be a C'. 1 to Cs organyl groups consisting of inert 
functional groups; or alternatively, a C 1 to C-s hydrocarbyl 
groups. 

A second class of a.-diacyl cornpounds which can be used 
in preparing a.-diimine n1etal con1plexes is an a.-dione (a 
compound wherein two ketone oxygen atorns are bonded to 
adjacent carbon aton1s). The a.-diones utilized in the produc­
tion of" the a.-diin1ine nietal complexes can be any a.-dione 
corn.pound capable of reacting with two primary an1ines to 
forin an c.x-diiinine compound. The a.-dione can be saturated, 
unsaturated, acyclic, cyclic, linear, branched, aromatic, and/ 
or heteroaro.matic. 

C-Tenerally, the a.-dione will have the structure R'ci---C 
(=0)--C(-0)--R1

c2 wherein the structures o-f" Rk1 and Rk2 

are independent of each other ai-1d can be an organyl group, an 
organyl group consisting of inert fi1nctional groups, or a 
hydrocarbyl group. In embodiments, Rk1 and/or Rk1 can be a 
C 1 to C 30 organyl group; alternatively, a C- 1 to C 30 organyl 
group consisting of" inert t'unctional groups; alternatively, a C 1 

to C 30 hydrocarbyl group; alternatively, a Cl to C 20 organyl 
group; alternatively, a C 1 to C 20 organyl group consisting of 
inert functional groups; alternatively, a C 1 to C 20 hydrocarbyl 
group; alternatively, a C 1 to C 10 organyl group; alternatively, 
Cl to C 10 organyl group consisting of inert functional groups; 
alternatively, a C 1 to C-10 hydrocarbyl group; alternatively, a 
C 1 to Cs organyl group; alternatively, a C 1 to Cs organyl group 
consisting of inert functional groups; or alternatively, a C 1 to 
Cs hydrocarbyl group. 

In son1e en:1bodin1ents, the a.-dione is an acyclic a.-dione; 
both Rk1 and R""2 are acyclic. In other embodiments, a.-dionc 
cai1 be a semi-cyclic a.-dione; Rk1 and/or Rk2 are, or con1prise, 
a cyclic structure but are not connected through a ring or ring 
systeni. In yet other en-ibodin1ents, the a.-dione is a cyclic 
a.-dione; Rk1 and Rk2 are connected to torn1 a ring or ring 
systen-i containing both carbon atorns of the a.-dione group. In 
sonie serni-cyclic and/or cyclic a.-dione en1bodin1ents, the 
ring or ring systen-i can be saturated. In other semi-cyclic 
and/or cyclic a.-dione embodin-ients, the ring or ring systen1 
can contain carbon-carbon double bonds. In fi1rther senii­
cyclic and/or cyclic a.-dione en1bodhnents, the ring systen1 
can be a bicyclic ring system. ln yet other sen1i-cyclic ai1d/or 
cyclic a.-dione ernbodin1ents, the ring or ring systern can 
comprise an aron1atic ring or an aromatic ring structure. 

In acyclic a.-dione en1bodin1ents, the a.-dione can be 2,3-
butanedione, a substin1ted 2,3-butanedione, 2,3-pentai-iedi­
one, a substin1ted 2,3-pentanedione, 2,3-hexanedione, a sub­
stituted 2,3-hexanedione, 3,4-hexanedione, or a substituted 
3,4-hcxanedionc. In sonic cinbodirnents, the a.-dione can be 
2,3-butanedione, 2,3-penta11edione, 2,3-hexanedione, or 3,4-
hexanedione. In further e1nbodin1ents, the a.-dione can be 
2,3-butanedione; alternatively, 2,3-pentanedione; alterna­
tively, 2,3-hexaiiedione; or alternatively, 3,4-hexanedione. 

In aromatic semi-cyclic a.-dione en-ibodiments, the a.-di­
one can be benzil or a substituted benzil. In other en1bodi­
_ments, the a.-dione can be benziL 

In saturated cyclic a.-dione e1nbodin1ents, the a.-dione can 
be 1,2-cyclobutanedione, a substin1ted 1,2-cyclobutanedi­
one, 1,2-cyclopentanedione, a substin1ted 1,2-cyclopen­
tanedione, 1,2-cyclohexai-iedione, a substituted 1,2-cyclo­
hexanedione, 1,2-cycloheptanedione, and a substituted 1,2-
cycloheptanedione. In some saturated cyclic a.-dione 
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en:tbodiments, the a.-dione can be 1,2-cyclopentanedione, a 
substituted 1,2-cyclopentanedione, 1,2-cyclohexanedione, or 
a substituted 1,2-cyclohexanedione. In son:te saturated cyclic 
a.-dione en:tbodinients, the a.-dione can be 1,2-cyclopen­
tanedione, or 1,2-cyclohexanedione. In yet other ernbodi­
rnents, the a.-dione can be 1,2-cyclopentanedione; or alterna­
tively, 1 ,2-cyclohexanedione. 

In saturated ring system a.-dione enibodiments, the a.-di­
one can be bicyclo[2.2.l]hepta-l,2-dione, a substituted bicy­
clo [2.2 .1 ]hepta-1 ,2-dione, bicyclo [2 .2 .2] octa-1 ,2-dione, a 
substituted bicyclo[2.2.2]octa-l ,2-dione, or cani­
phorquinone. In son:te saturated ring system ernbodiments, 
the a.-dione can be bicyclo[2.2. l]hepta-l ,2-dione, bicyclo 
[2.2.2]octa-l ,2-dione, or camphorquinone. In yet other satu­
rated ring systern a.-dione e:tnbodinients, the a.-dione can be 
caniphorquinone. 

In unsaturated cyclic a.-dione embodinients, the a.-dione 
can be 1,2-benzoquinone, a substin1ted 1,2-benzoquillone, 
cyclohex-3-ene-1,2-dione, a substin1ted cyclohex-3-ene-1,2-
dione, cyclopent-3-ene-1,2-dione, a substituted cyclopent-3-
ene-l ,2-dione, a cyclohex-4-ene-1,2-dione, a substituted 
cyclohex-4-ene- l ,2-dione, 3,4-dihydro-1,2-naphthoquinone, 
a substituted 3,4-dihydro-1,2-naphthaquinone, 1,4-dihy­
dronaphthoquinone, or a substin1ted 1,4-dihydronaphtho­
quinone. In so:nie unsan1rated cyclic a.-dione embodi:n1ents, 
the a.-dio:ne can be 1,2-benzoquinone, cyclohex-3-ene-1,2-
dione, cyclopent-3-ene-1,2-dione, cyclohex-4-ene-1,2-di­
one, 3,4-dihydronaphthoquinone, or 1,4-dihydronaphtho­
quinone. In other unsaturated ring a.-dione e:nibodinients, the 
a.-dione can be 1,2-benzoquinone; alternatively, 3,4-dihy­
dronaphthoquinone; or alternatively, 1,4-dihydronaphthano­
quinone. 

Tn arornatic ring system cx.-dione ernbodiments, the cx.-dione 
can be a 1,2-naphthoquinone, a substituted 1,2-naphtho­
quinone, 2,3-naphthoquinone, a substituted 2,3-naphtho­
quiJ:ione, acenaphthenequinone, a substituted acenaphthene­
quinone, phenanthrenequinone, a substituted 
phen.anthrenequirrone, pyrerrequirrone, or a substituted 
pyrcncquinonc. In sonie aro1natic ring systcrrr a.-dionc 
embodiments, the a.-dione can be 1,2-naphthoquinone, 2,3-
naphthoquino11e, acenaphthenequi11one, plienanthrene­
quinone, or pyrenequinone. In other aromatic ring syste:ni 
cx.-dione en1bodiments, the a.-dione can be ace:naphthe:ne­
quinone, phcna:nthrcncquinonc, or pyrcnequinone. In yet 
other aro:niatic ring systeni a.-dione en1bodin1ents, the a.-di­
one can be 1,2-naphthoquinone; alternatively, 2,3-naphtho­
quinone; alternatively, acenaphthenequinone; alternatively, 
pherrarrthre:nequi:none; or alternatively, pyrerrequirrorre. 

Within the substin1ted a.-dione einbodiments, each sub­
stituent can independently be an organyl group, an organyl 
group consisting of inert functional groups, a hydrocarbyl 
group, or an inert functional group. In so1ne einbodiments, the 
organyl substituent(s) cari be a Ci to C 20 organyl group, a Ci 
to C 20 organyl group consisting of-inert :functional groups, or 
a Ci to C 20 hydrocarbyl group. In some substituted a.-dione 
enibodirnents, the substin1ents can be a Ci to Cio organyl 
group, a Ci to C io organyl group consisting of inert functional 
groups, or a Ci to C 10 hydrocarbyl group. In other substituted 
a.-dione embodi:nients, the substituent(s) can be a C 1 to C 5 

organyl group, a Ci to Cs organyl group consisting of- inert 
:functional groups, or a C 1 to Cs hydrocarbyl group. In further 
substituted a.-dione embodin1ents, the substituent(s) can be a 
C 1 to C 20 organyl group; alternatively, a Ci to C 10 organyl 
group; alten1atively, a C 1 to C~s organyl group; alternatively, a 
C 1 to C 20 organyl group consisting of inert :l-..1nctional groups; 
alternatively, a Ci to C 10 organyl group consisting o±- inert 
:functional groups; alternatively, a Ci to Cs organyl group 
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consisting of inert :functional groups; alternatively, a C 1 to C 20 

hydrocarbyl group; alternatively, a C 1 to C 10 hydrocarbyl 
group; alternatively, a C 1 to C 5 hydrocarbyl group; or alter­
natively, an inert fl_mctional group. Independent of the carbon 
nun:iber of the organyl group, organyl group consisting of­
inert functional groups, and hydrocarbyl group, each organyl 
group, organyl group consisting of- inert :functional groups, 
and hydrocarbyl group substituent can be a prin:iary, second­
ary, tertiary, or quaternary hydrocarbyl group. In some 
e1nbodhnents, each organyl group, organyl group consisting 
of inert functional groups, and hydrocarbyl group can be a 
primary group; alternatively, a secondary group; alterna­
tively, a tertiary group; or alternatively, a quaternary group. 
Independent of the carbon nuniber of-the organyl group con­
sisting of- inert :functional groups, the organyl group consist­
ing of inert functional groups can comprise a halides, ether 
groups, or sulfide groups. In so1ne e1nbodiments, the organyl 
group consisting of inert functional groups can be a trifluo­
roniethyl group; or alternatively, a trichloroniethyl group. 
Independent of the carbon nuniber of the hydrocarbyl group, 
each hydrocarbyl group substituent can independently be a 
1nethyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), 
n-butyl (I-butyl), sec-butyl (2-butyl), isobutyl (2-inethyl-1-
propyl), tert-butyl (2-methyl-2-propyl), n-pentyl (1-pentyl), 
2-pentyl, 3-pentyl, 2-methyl-1-butyl, tert-pentyl (2-niethyl-
2-butyl), 3-n:iethyl-1-butyl, 3-methyl-2-butyl, neo-pentyl 
(2,3-diniethyl-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 atoni; or 
alternatively, an alkoxy group. In some embodirnents, the 
halogen ato1n niay be fluorine, chlorine, bro1nine or iodine; 
alternatively, chlorine; or alternatively, fluorine. In so1ne 
en:ibodiments, the alkoxy group can be a inethoxy group; 
alternatively, an ethoxy group; alternatively, an isopropoxy 
group; or alternatively, a tert-butoxy group. 

In embodhnents, the a.-diacyl conipo~mds can have any 
Structure as indicated in Table 1 . In other enibodinients, the 
diacyl compound can have Structure 2, 3, 4, or 5; alterna­
tively, StructuTe 6; alternatively, Structure 7, 8, or 9; alterna­
tively, structure 10, 11, or 12; or alternatively, Structure 10. 

TABLE 1 

Example a.-Diacyl Compounds 

Structure 1 

Structure 2 

0 0 

R"~Ru 
R12 RI4 

Structure 3 
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TABLE I -continued 

Ex~uuple a.-Diacyl CorI1pounds 

R31 

Rl.!.._ 0)---{0 __ R13 

R12~R14 
R1s R16 

0 

0 

R31 

R31 

R35 

R39 

Structure 4 

0 0 

R1s 

Structure 5 

Structure 6 

0 0 

R33 R34 

Structure 7 

0 0 

\_ 

R37 R38 

Structure 8 

R13 

R1s 

R32 

R32 

R36 

R4o 

~ 

R41 R43 

Structure 9 

R42 



Rs3 

Rs3 
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TABLE I -continued 

Example et-Diacyl Compounds 

RSI 

Rss 

RSI 

Rss 

0 0 

Rss Rs6 

Structure 1 0 

Rs7 Rss 

Structure 1 1 

Rs9 R6o 

Structure 1 2 

Rs2 

Rs6 

Rsz 

Rs6 

Rs4 

Rs4 

Within the Structures of Table 1, R 1 
, R 2

, R 1 1 to/through 
R 20

, R 3 
i to/through R 43

, and R 5 
i to/through R 60 can each 

independently be hydrogen, an organyl group, an orga:nyl 
group consisting of- inert fhnctional groups, or a hydrocarbyl 
group. The orga:nyl group, orga:nyl group consisting of inert 
functional groups, an~d hydrocarbyl group are generally 
described vvithi:n the description o±- the a.-diacyl cornpounds 
and can have any embodiment as described therein. In Struc­
ture 2, "p" can be a whole integer ranging ±roni 1 to 1 O; 
alternatively, a whole integer ranging froni 1 to 3; alterna­
tively, 1; alternatively, 2; or alternatively, 3. In sorne embodi­
nients, R 1

, R 2
, R ii to/through R 20

, R 3 1 to/through R 43
, and 

R 5
i to/through R 60 can be hydrogen. In son:ie en:ibodinie:nts, 

the a.-diacyl co:nipou:nd :niay have Structure 1 where R 1 is an 
orga:nyl group, an organyl group consisting of inert functional 
groups, or a hydrocarbyl group, and R 2 is hydrogen. 

Priniary Arnines 
The primary amine(s) that can be utilized in the synthesis 

of the a.-diin:iine metal coniplexes (and/or the interniediate 
a.-acylimine con:ipormds, a.-acylin:iine n:ietal con:iplexes) can 
be any prin:iary aniine capable of fornii:ng an imine group 
when contacted with an acyl group. It should be noted that 
while the applicable priniary anii:nes are described in terms o±­
the ability to forni an in:iine group when contacted vvith an 
acyl group, such description is :not intended to iniply a niethod 
by which an imine group 01- an a.-acylimine compound, 
a.-acyliniine metal complex, a.-diinii:ne compound, and/or 
a.-diimine metal cornplex described herein are made. The 
language is intended to describe, to one skilled in the art, the 
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particular prirnary arnine(s) that can be utilized in the synthe­
sis of an_ a.-acylhnine co1npound, a.-acyliniine 1netal co1n­
plex, cx.-dii1nine conipound, and/or a.-diimine metal co1nplex 
as described herein. The a.-acylimine conipound, 
a.-acylirnine .rnetal cornplex, a.-diimine corn.pound, and/or 
a.-diimine 1netal con1plexes can be produced using any 
n1ethod described herein. 

Mininially, the primary amine corn.prises an --NH2 group. 
In a further ern.bodinient, the prirnary aniine coniprises an 
--NH2 group and an organyl group; alternatively, co1nprises 
ar1 --NH2 group and a metal salt co1nplexing group; alterna­
tively, coniprises an --NH2 group, a niet.al salt con1plexing 
group and a linking group linking the nietal salt co1nplexing 
group to the --NH2 group; alternatively, comprises an--NH2 

group and an organyl group consisting of inert functional 
groups; or alternatively, comprises an --NH2 group and a 
hydrocarbyl group. In yet other embodinients, the primary 
amine consists o±- an --Nf-I2 group and an organyl group; 
alternatively, consists of an --NH2 group, a n1etal salt coni­
plexing group and a linking group linking the ni.etal salt 
complexing group to the --NH2 group; alternatively, consists 
of an --NH2 group and an organyl group consisting of inert 
fu.nctional groups; or alternatively, consists of an --NH2 

group an.d a hydrocarbyl group. The prhnary a111ines can be 
saturated, unsaturated, linear, branched, acyclic, cyclic, aro-
1natic, and/or heteroaro1natic. 

In an aspect, the pri111ary amine can co1nprise an --NH2 

group and organyl group; or alternatively, the prirnary aniine 
can consist of· an --NH2 group and an organyl group. In the 
e111bodiments wherein the priniary arnine can coniprise or 
consist of an --NH2 group and organyl group, the organyl 
group Call be a cl to C30 orgar1yl group; alternatively, a cl to 
C 20 organyl group; alternatively, a C:'. 1 to C 10 organyl group; or 
alternatively, a C 1- to Cs organyl group. The organyl group car1 
be saturated, unsaturated, li11ear, branched, acyclic, cyclic, 
aromatic, ar1cl/or heteroaromatic. In so1ne en1bodi111ents, the 
primary an:iine comprising or consisting of an ---NH2 group 
and organyl groups can have St:n.1ctu_re 1 a indicated below: 

Stn...i.cture la 

wherein Rc-i represe11ts tlie organyl group. In embodiments, 
that utilize a second primary aniine con1prising or consisting 
of au --NH2 group and orgauyl groups, the second priniary 
arnine coniprising or consisting of-an --NH2 group and orga­
nyl groups can be designated as having Structure 2a indicated 
below: 

Strt.l.cture 2a 

wherein Ra 1
' represents the organyl group. 

In an aspect, the pri1nary an1ine can comprise an --NH2 
group and an organyl group consisting of inert functional 
groups; or alternatively, the prin1ary ar-:i:iine can consist o±- ar1 
---NH2 group and an organyl group consisting o±- inert ±u.nc­

tional groups. In the ernbodinients wherein the primary aniine 
can coniprise or consist of an --NH2 group and an organyl 
group consisting of inert functional groups, the orgariyl group 
consisting of inert fi1nctional groups can be a C 1 to C~30 orga­
nyl group consisting of inert fi1nctional groups; alternatively, 
a C 1 to C 20 organyl group consisting of inert functional 
groups; alternatively, a C 1 to C 10 organyl group consisting of· 
inert functional groups; or alternatively, a C 1 to Cs organyl 
group consisting of inert functional groups. The organyl 
group consisting of inert functional groups car1 be saturated, 
unsaturated, linear, branclied, acyclic, cyclic, aromatic, ar1d/ 
or heteroaro1natic. In some ernbodin1ents, the inert ±''unctional 
groups can be ether groups; alternatively, sulfide groups; 
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alternatively, halide atonis; or alternatively, hydrocarbyl 
groups. In some ernbodiments, the primary amine comprising 
or consisting of an --Nl:-I2 group and an organyl group con­
sisting ot- inert ±1-uictional groups can have Structure I a 
wherein Rc-i represents the organyl group consisting of inert 
functional groups. In erribodirnents that utilize a second pri­
n:iary an:iine comprising or consisting of an --NH2 group and 
an organyl group consisting ot- inert functional groups, the 
second primary amine comprising or consisting of an --NH2 

group and an organyl group consisting of inert :fhnctional 
groups car1 be designated as having Stru.cture 2a wherein R ai' 

represents the organyl group consisting of inert functional 
groups. 

In some embodinients, the organyl group consisting of 
inert :functional groups can be an arorriatic ring or arorriatic 
ring systen:i having one or more inert :function.al group sub­
stituen.t(s). In these en:ibodin:ien.ts, the aromatic ring or aro­
inatic ring system can be a substituted benzene ring (a sub­
stituted phenyl group); or altern.atively, a substituted 
naphthalene ring (a substituted naphthyl group). The aro­
niatic ring or aromatic ring systein inert fi.mctional group 
substituent(s) can be an organ.yl group having halogen atoms, 
an ether group (alkoxy group or etheryl group), or a sulfide 
group (sulfidyl group). In soine embodiments, the aroniatic 
ring inert function.al group substituen.t(s) can be a trifluorom­
ethyl group, a C 1 to Cs ether group a C 1 to Cs sulfide group or 
a halogen. atoin. In sonie embodiments, the halogen atom may 
be fluorine, chlorine, bromine or iodine; alternatively, chlo­
rine; or alternatively, fluorine. In soine en:ibodiments, the 
alkoxy group can be a inethoxy group; alternatively, an 
ethoxy group; alternatively, an isopropoxy group; or alterna­
tively, a tert-butoxy group. Non-limiting examples o±- a pri­
mary ainine consisting of an aromatic ring having one or in.ore 
inert :functional groups include substituted anilines wherein 
the substituents can be the substituents as described above. 
Non-limiting exainples are primary amines consisting of an 
aroniatic ring or aroinatic ring systenis having one or in.ore 
inert functional groups such as 2-n:iethoxyanilin.e, 3-nieth­
oxyaniline, 4-inethoxyanaline, 2-chloroaniline, 3-chloroa­
niline, 4-chloroanalin.e, 2-fluoroaniline, 3-fluoroaniline, 
4-fluoroan.aline, 2,6-trifluoromethylaniline, or diniethyl-4-
methoxyaniline. 

In soine embodirr1en.ts, a priniary aniin.e coin.prising or 
consisting of an --NH2 group and an organyl group consist­
ing of inert functional groups can have Structure 3a as indi­
cated below: 

Structure 3a 
Ra12 

wherein. Ra 1 1 to/through R"' is represent the sub stituen.ts ot· the 
arornatic ring. In en.1bodin.1en.ts that utilize a second primary 
ainin.e coin.prising or consisting of an --NI-12 group and an 
organyl group consisting of inert functional groups, the sec­
ond prirnary arriine cornprising or consisting o±- an --NH2 

group and an organ.yl group consisting ot· inert :function.al 
groups can be designated as having Structure 4a indicated 
below: 
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Structure 4a 

Ra.13~ 

vvherein Raii· to/through Rais· represent the substituents of 
the arornatic ring. 

In an aspect, the prirnary arr1i11e can comprise an --NH2 

group and hydrocarbyl group; or alternatively, the prin1ary 
amine can consist of" an --NI-:12 group and a hydrocarbyl 
group. In embodiments wherein the primary amine can com­
prise or consist of an --NH2 group and hydrocarbyl group, 
the hydrocarbyl group can be a Ci to C 30 hydrocarbyl group; 
alternatively, a Ci to C 20 hydrocarbyl group; alternatively, a 
Ci to Cio hydrocarbyl group; or alternatively, a Ci to C 5 

hydrocarbyl group. Independently, the hydrocarbyl group can 
be a saturated, unsahl.rated, acyclic, cyclic, linear, branched, 
and/or arornatic. In son:ie ernbodin:ients, the primary 311-iine 
coniprising or consisting of an --NH2 group and a hydrocar­
byl group can have Structure la wherein R"'i represents the 
hydrocarbyl group. In embodiments that utilize a second pri­
n:iary amine comprising or consisting ofan--NH2 group and 
an hydrocarbyl group, the second primary amine con1prising 
or consisting of 311 --NH2 group and an hydrocarbyl group 
C31l be designated as having Structure 2a wherein R"' 1

' repre­
sents the hydrocarbyl group. 

Acyclic hydrocarbyl group ernbodirnents C311 include Ci to 
C 30 acyclic hydrocarbyl groups; alternatively, Ci to C 20 acy­
clic hydrocarbyl groups; alternatively, Ci to Cio acyclic 
hydrocarbyl groups; or alternatively, Ci to C 5 acyclic hydro­
carbyl groups. The acyclic hydrocarbyl groups can be linear; 
or alternatively, branched. Independent of the carbon nuniber 
of the acyclic hydrocarbyl group, the acyclic hydrocarbyl 
group can be a primary, secondary, tertiary, or quaternary 
hydrocarbyl group. In sorrie ernbodirnents, the acyclic hydro­
carbyl group can be a primary hydrocarbyl group; alterna­
tively, a secondary hydrocarbyl group; alternatively, a tertiary 
hydrocarbyl group; or alternatively, a quaternary hydrocarbyl 
group. In 311 aspect, the acyclic hydrocarbyl groups can be a 
rr1ethyl, ethyl, n-propyl (1-propyl), isopropyl (2-propyl), 
n-butyl (I -butyl), sec-butyl (2-butyl), isobutyl (2-methyl-1-
propyl), tert-butyl (2-.rnethyl-2-propyl), n-pentyl (1-pentyl), 
2-pentyl, 3-pentyl, 2-111ethyl-l-butyl, tert-pentyl (2-n1ethyl-
2-butyl), 3-rnethyl-l-butyl, 3-methyl-2-butyl, neo-pentyl 
(2,3-diniethyl-1-propyl), or n-hexyl (1-hexyl) group. Spe­
cific, non-liniiting, exainples of-primary amines consisting of­
an --NH2 group and an acyclic hydrocarbyl groups include 
n1ethyl 31nine, ethyl an1ine, n-propyla111ine, isopropyl a111ine, 
n-butyl ai11ine, sec-butyla1nine (2-butylamine), isobuty­
lan1ine (2-methyl-1-propylan1ine), tert-butylamine (2-111e­
thyl-2-propyla111ine), n-pentyla111ine, neopentylan1ine, and 
n-hexylamine. One skilled in the art will readily recognize 
which hydrocarbyl groups belong (and which amines have a 
hydrocarbyl group that belongs) to the primary, secondary, 
tertiary, or quaternary hydrocarbyl group classes. 

c:yclic hydrocarbyl group en1bodin1ents can include 
en1bodiments wherein the hydrocarbyl group is cyclic (the 
--NH2 group is attached to a carbon that is a me111ber of-a ring 
or ring syste.rn) or e1nbodin1ents wherein the hydrocarbyl 
group con1prises a cyclic group (the--NH2 group is attached 
to a carbon atom that is not a n1en1ber of a ring or ring system). 
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Regardless of whether the cyclic hydrocarbyl group is cyclic 
or co:n1prises a cyclic group, the cyclic hydrocarbyl group can 
be C 4 to C 30 cyclic hydrocarbyl group; alternatively, a C 4 to 
C 20 cyclic hydrocarbyl group; or alternatively, a C 4 to C 10 

cyclic hydrocarbyl group. In enibodiments, the cyclic hydro­
carbyl group can ccn=prise a cyclobutyl group, a substituted 
cyclobutyl group, a cyclopentyl group, a substituted cyclo­
pentyl group, a cyclohexyl group, a substituted cyclohexyl 
group, a cycloheptyl group, a substituted cycloheptyl group, 
an adaniantyl group, or a substituted adai=antyl group. In 
sonic cmbodinients, the cyclic hydrocarbyl group can be a 
cyclobutyl group; alternatively, a cyclopentyl group; alterna­
tively, a cyclohexyl group; alternatively, a cycloheptyl, or 
alternatively, an adai=ai1tyl group. In son:ie embodiments, the 
primary ai=ine cornprising an --NH2 group and cyclic hydro­
carbyl group caii be a substituted cyclopentylan1ine, a substi­
tu.ted cyclohexylarnine, a substituted cyclohexylaniine, or a 
substituted adai11antylamine. In other embodiments, the pri­
i=ary amine comprising or consisting of- an --NI-I2 group and 
cyclic hydrocarbyl group can be a substituted cyclopenty­
lai=ine; alternatively, a substituted cyclohexylan1ine; or alter­
natively, a substituted adamantylai=ine. In yet other e111bodi­
rnents, the prin:iary a111ine comprising or consisting of an 
--NH2 group and cyclic hydrocarbyl group can be cyclopen­
tylan1ine, cyclohexyla111ine, cycloheptylan:1ine, or adan1anty­
lan1ine. In yet other e1=bodin1ents, the prin:iary an:iine con­
sisting of- a cyclic hydrocarbyl group can be 
cyclopentylarnine; alternatively, cyclohexylarnine; or alter­
natively, adan1anty la111ine. 

Aron1atic hydrocarbyl group embodi111ents can include 
enibodiments wherein the hydrocarbyl group is aro111atic (the 
--NII2 group is attached to a carbon that is a nien:iber of an 
aromatic ring or ring system) or en:ibodiments wherein the 
hydrocarbyl group con-:tprises ai-i arornatic group (the --NH2 
group is attached to a carbon atom that is not a niember of- a 
aromatic ring or aromatic ring system). Regardless of 
whether the aroi=atic hydrocarbyl group of the pril=ary ai=ine 
is aromatic or con1prises ai1 arornatic group, the aroniatic 
hydrocarbyl group can be a C 6 to C 30 arornatic hydrocarbyl 
group; alternatively, a C 6 to C 20 aromatic hydrocarbyl group; 
or alternatively, a C 6 to C 1 0 aromatic hydrocarbyl group. In 
sonic en1bodi1=ents, the aron1atic hydrocarbyl group can be a 
phenyl group, substituted phenyl group, a naphthyl group, a 
substituted naphthyl group, a benzyl group, or a substiti.i.ted 
benzyl group. In other e111bodin1ents, the aro111atic hydrocar­
byl group can be a phenyl group, a naphthyl group, or a benzyl 
group. In yet other en1bodiments, the aromatic hydrocarbyl 
group is a phenyl group; alternatively, a naphthyl group; or 
alternatively, a benzyl group. In further embodi111ents, the 
aromatic hydrocarbyl group can be a substituted phenyl 
group; alternatively, a substituted naphthyl group; or alterna­
tively, a substituted benzyl group. 

In enibodiments, the priniary ai=ine coi=prising an --NH2 

group and an aron1atic hydrocarbyl group can be aniline, a 
substituted aiiiline, 1-naphthylaniine, a substituted 1 -naph­
thyla1=ine, 2-naphthylai=ine, a substituted 2-naphthylai=ine, 
benzyl an1ine, or a substituted benzyl a111ine. In some en1bodi­
n1ents, the primary amine co111prisirrg an --NH2 group and an 
aro111atic hydrocarbyl group can be a substituted aniline, a 
substituted 1-naphthylai=ine, a substituted 2-naphthylai=ine, 
or a substituted benzyl ar=ine. In other e111bodii=ents, the 
prini.ary arnine comprising an --NH2 group and an arornatic 
hydrocarbyl group can be a substituted aniline; alternatively; 
a substituted 1-naphthylai=ine; alternatively, a substituted 
2-naphthylai=ine; or alternatively, a substituted benzyl 
aniine. In other ernbodinients, the priniary arnine consisting 
of·an--NH2 group and an aro111atic hydrocarbyl group can be 
aniline, 1-naphthylamine, 2-naphthylan:iine, or benzyl an1ine. 
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In yet other embodiments, the prin1ary amine can be aniline; 
l -naphthylamin1e; alternatively, 2-napthylamine; or alterna­
tively, benzyl amine. In further en1bodin1ents, the prin1ary 
an1ine can be aniline, or a substituted aniline. In en:ibodi­
rnents, the substituted aniline can be substituted at the 2-po­
sition. In son1e embodin1ents, the substitu.ted aniline is sub­
stituted at the 2- and 6-position; alternatively, at the 2- and 
5-position; or alternatively, at the 2-, 4-, and 6-positions. In 
other en1bodin:ients, the substituents at the 2-position, at the 
2- and 6-position, at the 2- and 5-positions, or at the 2-, 4-, and 
6-positions can independently be a prin1ary substituent; alter­
natively; a secondary substituent; alternatively, a tertiary sub­
stituent; or alternatively, a quaternary substituent. In son1e 
en1bodfrn.ents, the primary an1ine consisting o±- an --NH2 

group and an aron1atic hydrocarbyl group can be 2,6-dim­
ethylanaline, 2,6-diethylaniline, 2,6-diisopropylaniline, or 
2,6-di-tert-butylaniline. In other embodiments, the prirnary 
amine consisting ofan--NH2 group and an aro:rn.atic hydro­
carbyl group can be 2,6-dirn.ethylanaline, 2,6-diethylaniline, 
or 2,6-diisopropylaniline. In yet other en1bodin1ents, the pri- -· 
mary amine consisting of an --NH2 group and an aron1atic 
hydrocarbyl group can be 2,6-diniethylanaline; alternatively, 
2,6-diethylaniline; alternatively, 2,6-diisopropylaniline; 
alternatively, 2,6-di-tert-butylanaline; alternatively, 2,5-di­
tert-butylanaline; alternatively, 2-isopropyl-6-methylana­
line; or alternatively, 2,4,6-trimethylanalin.e. 

In son1e en1bodiments, the prirn.ary amine comprising or 
consisting of an --NH2 group and an aro:rn.atic hydrocarbyl 
group can have Structure 3a vvherein R'"' 11 to/tlirough R'"' 15 

represent the substituents of the aron1atic hydrocarbyl group. 
In ern.bodiments that utilize a second primary an1ine coin.pris­
ing or consisting of an --NH2 group and an arornatic hydro­
carbyl group, the second primary amine con1prising or con­
sisting of an --NH2 group and an aromatic hydrocarbyl group 
can be designated as having Structure 4a wherein R"' 11

' 

to/tl1rougl1 R"' 15
' represent the substituents of the aron1atic 

hydrocarbyl group. 
In ern.bodin1ents, each substituent of the cyclic hydrocarbyl 

group or the aromatic hydrocarbyl group can independently 
be a C 1 to C 20 hy<lrocarbyl group; alternatively, a C. 1 to C 10 

hydrocarbyl group; or alternatively, a C 1 to C 5 hydrocarbyl 
group. Independent of the carbon nurnber of the cyclic hydro­
carbyl substituent, the substituents ot- the cyclic hydrocarbyl 
group or the aromatic hydrocarbyl group can be primary, 
secondary, tertiary, or quaternary hydrocarbyl groups. In 
so1n.e ernbodiments, a cyclic hydrocarbyl substituent or an 
arornatic hydrocarbyl substituent can be a priin.ary hydrocar­
byl group; alternatively, a secondary hydrocarbyl group; 
alternatively, a tertiary hydrocarbyl group; or alternatively, a 
quaternary hydrocarbyl group. ln so1n.e en1bodiments, the 
cyclic hydrocarbyl group substituent or an aron1atic hydro­
carbyl substituent can be a methyl, ethyl, n-propyl (1-propyl), 
isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl (2-butyl), 
isobutyl (2-in.ethyl-1-propyl), tert-butyl (2-in.ethyl-2-propyl), 
n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 
tert-pentyl (2-in.ethyl-2-butyl), 3-niethyl-1-butyl, 3-methyl-
2-butyl, neo-pentyl (2,3-diin.ethyl-l-propyl), or n-hexyl 
(1-hexyl) group. One skilled in the art will readily recognize 
which cyclic hydrocarbyl group substituents or aron:iatic 
hydrocarbyl substituents belong to the primary, secondary, 
tertiary, or quaternary hydrocarbyl group classes. 

In substituted phenyl group en1bodiJ.n.ents, the substituted 
phenyl hydrocarbyl group can be a 2-substituted phenyl 
group; alternatively, a 2,6-disubstituted phenyl group; alter­
natively, a 2,5-disubstituted phenyl group; or alternatively, a 
2,4,6-trisubstituted phenyl group. In so1n.e en1bodin1ents, the 
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substituted phenyl hydrocarbyl group can be a 2,6-dirneth­
ylphenyl group, a 2,6-diethylphenyl group, a 2,6-diisopropy­
lphenyl group, or a 2,6-di-tert-butylphenyl group. In yet other 
enibodinients, the substituted phenyl hydrocarbyl group can 
be a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group, or 
a 2,6-diisopropylphenyl group. In further ernbodiments, the 
substituted phenyl hydrocarbyl group can be a 2,6-dimeth­
ylphenyl group; alternatively, a 2,6-diethylphenyl group; 
alternatively, a 2,6-diisopropylphenyl group; alternatively, a 
2,6-di-tert-butylphenyl group; alternatively, a 2,5-di-tert-bu­
tylphenyl group; alternatively, a 2-isopropyl-6-niethyl group; 
or alternatively, a 2,4,6-trimethylphenyl group (mesityl 
group). 

In an embodirnent, the prirr1ary arnine can corr1prise an 
--NI-I2 group and a nietal salt complexing group. In another 
embodirnent, the primary amine can comprise an --NH2 

group, a nietal salt coniplexing group,' and a link:ing group 
linking the nietal salt complexing group to the --NH2 group. 
In yet another aspect the primary aniine can consist ofa metal 
salt coniplexing group, and a linking group linking the rnetal 
salt complexing group to the --NH2 group. Generally, the 
1uetal salt cornplexing group and the linking group are inde­
pendent elements. Thus, the prirnary amine comprising or 
consisting ofan--NH2 group, a rnetal salt coniplexing group, 
and a link:ing group linldng the metal salt coniplexing group 
to the --NH2 group can be described using any co1ubination 
o.f the metal salt complexing group described herein and th_e 
linl<.:ing group linking the metal salt co1uplexing group to the 
--NH2 group described herein, 

In embodinients, the prirnary aniine coniprising or consist­
ing of an NH2 group, a metal salt complexing group, and a 
linking group linking the rnetal salt complexing group to the 
--NH2 group can have Structure 5a: 

Structure 5a 

where Q represents the metal salt complexing group and L 
represents the linking group. In sorne embodi1uents, the metal 
salt cornplexing group and the linking group can have stru.c­
turcs indicated in Table 2 and Table 3, respectively. 

'The nietal salt coniplexing group, Q, can be any group 
coniprising a heteroatom capable of complexing with the 
nietal salt. The linking group, L, can be any group capal;lle of 
linking the metal salt complexing group to the --NH2 group. 
The linking group includes all atonis between the pri1uary 
aniine nitrogen ato1u, the --NH2 , and the nietal salt co1nplex­
ing group. If the nietal salt complexing group is acyclic, the 
link:ing group includes all a torus between the priniary aruine 
nitrogen atorn and the heteroatom of the 1uetal salt coniplex­
ing ±1.uictional group. For exa1uple, in N ,N-dirnethylethylene­
dia1uine the linking group is --CH2 CH2 -- arid the nietal salt 
corn.plexing group is the N,N-dirn.ethylarninyl group, and in 
2-phenoxyethylamine the linking group is --CH2 CH2 -- and 
the 1uetal salt con1plexing group is the phenoxy group. How­
ever, ifthe heteroatom ofthe metal salt co1uplexing group is 
contained within a ring, the linking group includes all the 
a torus between the prirnary aruine nitrogen ato.m arid the first 
atom contained within the ring containing the metal salt com­
plexing heteroatorn of the iuetal salt cornplexing group. For 
exaniple, in 2-(2-aminoethyl)pyridine the linking group is 

- CI-I2 CH2 ---- and the nietal salt coniplexing group is the 
2-pyridinyl group, in 1-(2-aiuinoethyl)piperidine the linking 
group is --------e-::H2 CH2 --and the rnetal salt cornplexing group is 
the 1-piperidinyl group, and in 2-arninopyridine the linking 
group is a bond and the iuetal salt co1uplexing group is the 
2-pyridinyl group. 
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The metal salt cornplexing group, Q, can be ar1y group 

con1prising a heteroaton1 capable of cornplexing with the 
n1etal salt. In embodirnents, the metal salt con:iplexing group 
car1 be a C 2 to C 30 group comprising a heteroato:tn; alterna­
tively, a C 2 to C 20 group comprising a heteroaton:i; alterna­
tively, a C 2 to C io group con1prising a heteroatom; or alterna­
tively, a C'.2 to C 5 group co:tnprising a heteroatom. In some 
embodiments, the :tnetal salt con1plexing heteroatom of the 
n1etal salt cornplexing group can be oxygen, sul-Fur, nitrogen, 
or phosphon..1s. In other e:tnbodin"l.ents, the metal salt com­
plexing heteroato:tn of the metal salt co:tnplexing group can be 
oxygen or sulfur. In yet other e:tnbodiments, the 111etal salt 
con1plexing heteroato:tn of the n1etal salt co:tnplexing group 
can be nitrogen, or phosphon..1s. In further en"l.bodirnents, the 
metal salt co:tnplexing heteroatom of the :tnetal salt complex­
ing group can be oxygen; alte=1atively, sulfi.tr; alternatively, 
nitrogen; or alternatively, phosphorus. Optionally, the n"l.etal 
salt con1plexing group can contain additional heteroaton"l. 
which do not complex the n1etal salt in a.-diin1ine n"l.etal 
cornplex such as inert heteroatoins (e.g. halides, and silicon) 
and/or additional :tnetal salt con1plexing heteroaton1(s) which 
do not complex with the n"l.etal salt. 

In particular e:tnbodin1ents, the n1etal salt complexing 
group can be a dialk-yl a:tninyl group, a di phenyl a:tninyl group, 
a substituted diphenyl aminyl group, an alkyl phenyl aniinyl 
group, an alkyl substituted phenyl an"l.inyl group, a dialk-yl 
phosphinyl group, a diphenyl phosphinyl group, a substituted 
diphenyl phosphinyl group, an alk-yl phenyl phosphinyl 
group, an alkyl substituted phenyl phosphinyl group, an alk-yl 
etheryl group, a phenyl etheryl group, a substituted phenyl 
etheryl group, an alkyl sulfidyl group, a phenyl sulfidyl group, 
a substituted phenyl sulfidyl group, a furanyl group, a substi­
tu.ted furanyl group, a thiophenyl group, a substituted 
thiophenyl group, a tetrahydrofuranyl group, a substituted 
tetrahydrofuranyl group, a thiophanyl group, a substituted 
thiopha:t"1yl group, a pyridinyl group, a substituted pyridinyl 
group, a :tn.orphilinyl group, a substituted morphilinyl group, 
a pyranyl group, a substituted pyranyl group, a tetrahydropy­
ranyl group, a substituted tetrahydropyranyl group, a quino­
linyl group, a substituted quinolinyl group, a pyrrolyl group, 
a substituted pyrrolyl group, a pyrrolidinyl group, a substi­
tuted pyrrolidinyl group, a piperidinyl group, or a substituted 
piperidinyl group. In en1bodiments, the :tnetal salt con1plex­
ing group can be a dialkyl a:ininyl group, a diphenyl aniinyl 
group, a dialkyl phosphinyl group, a diphenyl phosphinyl 
group, an alkyl etheryl group, a phenyl etheryl group, an alkyl 
sulfidyl group, a phenyl sulfidyl group, a furanyl group, a 
thiophenyl group, a tetrahydrofi.Ira:t1yl group, a thiophanyl 
group, a pyridinyl group, a :tnorphilinyl group, a pyranyl 
group, a tetrahydropyranyl group, a quinolinyl group, a pyr­
rolyl group, a pyrrolidinyl group, or a piperidinyl group. In 
so:tne embodi:tnents, the n"l.etal salt con"l.plexing group can be a 
dialb ... -yl arninyl group, a diphenyl arninyl group, a substituted 
diphenyl aminyl group, a dialk-yl phosphinyl group, a diphe­
nyl phosphinyl group, a substituted diphenyl phosphinyl 
group, an alk-yl etheryl group, a phenyl etheryl group, a sub­
stituted phenyl etheryl group, an alkyl sulfidyl group, a phe­
nyl sulfidyl group, a substituted phenyl sulfidyl group, a 
pyridinyl group, a substituted pyridinyl group, a n"l.orphilinyl 
group, or a substituted morphilinyl group; alternatively, a 
diaHcyl a:tninyl group, a diphenyl a:tninyl group, a dialkyl 
phosphinyl group, a diphenyl phosphinyl group, an alk-yl 
etheryl group, a phenyl etheryl group, an alkyl sulfidyl group, 
a phenyl sulfidyl group, a pyridinyl group, or a rnorphilinyl 
group; alte=1atively, a dialh.-yl a111inyl group, a diphenyl an1i­
nyl group, a substituted diphenyl a:tninyl group, a dialh.-yl 
phosphinyl group, a diphenyl phosphinyl group, or a substi-
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tuted diphenyl phosphinyl group; alternatively, a dialkyl arni­
nyl group, a diphenyl ru.ninyl group, a dialkyl phosphinyl 
group, a diphcnyl phosphinyl group; or alternatively, a di phe­
nyl aminyl group, a substituted diphenyl aininyl group, a 
diphenyl phosphinyl group, a substit.uted diphenyl phosphi­
nyl group; alternatively, a diphenyl aininyl group, a substi­
tu.ted diphenyl aniinyl group, a diphenyl phosphinyl group, a 
substituted diphenyl phosphinyl group, a phenyl sul:fidyl 
group, a substituted phenyl sulfidyl group, a pyridinyl group, 
or a substituted pyridinyl group; or alternatively, a diphenyl 
aminyl group, a diphenyl phosphinyl group, a phenyl sulfidyl 
group, or a pyridinyl group. In other enibodiments, the rnetal 
salt coniplexing group can be a dialkyl ru.ninyl group or a 
dialkyl phosphinyl group; alternatively, a diphenyl aminyl 
group or a diphenyl phosphinyl group; alternatively, a substi­
tuted diphenyl aniinyl group or a substituted diphenyl phos­
phinyl group; alternatively, a 2-pyridinyl group or a substi­
tu.ted 2-pyridinyl group; alternatively, an alkyl etheryl group, 
a phenyl etheryl group, a substituted phenyl etheryl group, a 
alkyl sulfidyl group, a phenyl sulfidyl group, or a substituted 
sulfidyl group; alternatively, an alkyl etheryl group or an alk.-yl 
sulfidyl group; alternatively, a phenyl etheryl group, a substi­
tuted phenyl etheryl group, a phenyl sul:fidyl group, or a 
substituted sul:fidyl group; alternatively, a phenyl etheryl 
group or a substituted phenyl ethcryl group; alternatively, a 
phenyl sul:fidyl group, a substituted phenyl sul:fidyl group; 
alternatively, a phenyl sulfidyl group; alternatively, a substi­
tuted phenyl sul:fidyl group; alternatively, a furru.'l_yl group, a 
substituted furanyl group, a thiophenyl group or a substituted 
thiophenyl group; alternatively, a l-1norphilinyl group or a 
substituted 1-rnorphilinyl group; alternatively, a 2-rnorphili­
nyl group or a substituted 2-inorphilinyl group; alternatively, 
a 2-pyrru.1yl group or a substituted 2-pyranyl group; alterna­
tively, a 2-tetrahydropyranyl group, a substituted 2-tetrahy­
dropyranyl group; alternatively, a 1-piperidinyl group, or a 
substituted 1-pipcridinyl group; alternatively, a 1-pyrrolidi­
nyl group, a substituted 1-pyrrolidinyl group; alternatively, a 
2-pyrrolidinyl group, a substituted 2-pyrrolidinyl group; 
alternatively, a 2-piperidinyl group, or a substituted 2-pip­
eridinyl group; alternatively, a 2-quinolinyl group or a sub­
stituted 2-quiolinyl group; alternatively, a 1-pyrrolyl group or 
a substituted 1-pyrrolyl group; alternatively, a 2-pyrrolyl 
group or a substituted 2-pyrrolyl group; alternatively, a 2-tet­
rahydrofuranyl group or a substituted 2-tetrahydrofuranyl 
group; or alternatively, a 2-thiophanyl group or a substituted 
2-thiophanyl group. In yet other enibodirnents, the nietal salt 
con1plexing group can be a diphenyl ru.ninyl group; alterna­
tively, a substituted diphenyl aminyl group; alternatively, a 
diphenyl phosphinyl group; or alternatively, a substituted 
diphenyl phosphinyl group. 

The alkyl group(s) o±- the aniinyl, phosphinyl, ethyl, or 
sul:fidyl metal salt cornplexing group en1bodiments can inde­
pendently be a C 1 to C 20 organyl group consisting of inert 
functional groups; alternatively, a C 1 to C 10 organyl group 
consisting of inert f~mctional groups; or alternatively, a C 1 to 
Cs organyl group consisting of inert functional groups; C 1 to 
C 20 hydrocarbyl group; alternatively, a C 1 to C 10 hydrocarbyl 
group; or alternatively, a Ci to Cs hydrocarbyl group. The 
substituted phenyl groups of-the arninyl, phosphinyl, ethyl, or 
sul:fidyl n1etal salt co1nplexing group embodiments can inde­
pendently be a C 6 to C 20 phenyl group; or alternatively, a C 6 

to Ci s phenyl group. Independently, the alkyl groups of the 
aminyl, phosphinyl, ethyl, or sulfidyl metal salt cornplexing 
groups can be prirnary, secondary, tertiary, or quaternary 
hydrocarbyl groups. In sorne ernbodin1ents, the alk.-yl group of 
the aminyl, phosphinyl, ethyl, or sul:fidyl nietal salt con1plex­
ing group can be a primary hydrocarbyl group; alternatively, 
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a secondary hydrocarbyl group; alternatively, a tertiary 
hydrocarbyl group; or alternatively, a quaternary hydrocarbyl 
group. 

Each substitu.ent of the substituted nietal salt coniplexing 
group embodhnents can independently be a C 1 to C 10 organyl 
group, a C 1 to C~ 10 organyl group consisting of inert f"t.1nctional 
groups, a C- 1 to C 10 hydrocarbyl group, or an inert fu11ctional 
group. In sonie enibodiments, the substituents of the substi­
tu.ted nietal salt coniplexing group can be C 1 to Cs organyl 
groups, a C 1 to Cs orgarryl groups consisting of inert f"t.1nc­
tional groups, C 1 to C 5 hydrocarbyl groups, or an inert func­
tional group. In other enibodiments, the substituents or the 
substituted nietal salt coniplexing group can be C 1 to C 10 

organyl groups; alternatively, a C 1 to C 10 organyl groups 
consisting of inert functional groups; alternatively, a C 1 toC10 

hydrocarbyl groups; alternatively, a C 1 to Cs organyl groups; 
alternatively, a C 1 to Cs hydrocarbyl groups; or alternatively, 
inert functional groups. Independent of the carbon nuniber of­
the organyl group, and the organyl group consisting of inert 
:fiuictional groups each organyl group and organyl group con­
sisting o:finert :fi.mctional groups can be a primary, secondary, 
tertiary, or quaternary hydrocarbyl group. In son:ie ernbodi­
nients, each org<omyl group and organyl group consisting of­
inert functional groups can be a priniary group; alternatively, 
a secondary group; alternatively, a tertiary group; or alterna­
tively, a quaternary group. Independent of-the carbon nunibcr 
o:fthe organyl group consisting o:finert fi1nctional groups, the 
organyl group consisting of inert functional groups can coni­
prise a halide, an ether group (alkoxy group or etheryl group), 
or a sulfide group (sulfidyl group). In so1ne embodiments, the 
organyl group consisting of inert :functional groups can be a 
trifluoroniethyl group; or alternatively, a trichloroniethyl 
group. In enibodiments, the inert fi1iictional group can be a 
halogen atom or an alkoxy group; alternatively, a halogen 
atom; or alternatively, an alkoxy group. In some en1bodi­
n1ents, the halogen atoni i=ay be fluorine, chlorine, bromine 
or iodine; alternatively, chlorine; or alternatively, fluorine. In 
son"l.e enibodin"l.ents, the alkoxy group can be a niethoxy 
group; alternatively, an ethoxy group; alternatively, an iso­
propoxy group; or alternatively, a tert-butoxy group. 

Independent o:fthe carbon nui=ber of the hydrocarbyl sub­
stituent, the alk-yl group or the substitl.1ent(s) of-the substituted 
metal salt cornplexing group can be a primary, secondary, 
tertiary, or quaternary hydrocarbyl group. In sonie en1bodi­
n1ents, the alkyl group or the substituent(s) of-the substituted 
i=etal salt complexing group can be a prirnary hydrocarbyl 
group; alternatively, a secondary hydrocarbyl group; alterna­
tively, a tertiary hydrocarbyl group; or alternatively, a quater­
nary hydrocarbyl group. In sorne ernbodhnents, the alkyl 
group or the hydrocarbyl substituents o:fthe substituted metal 
salt coniplexing group can be a methyl, ethyl, n-propyl 
(1-propyl), isopropyl (2-propyl), n-butyl (1-butyl), sec-butyl 
(2-butyl), isobutyl (2-methyl-1-propyl), tert-butyl (2-methyl-
2-propyl), n-pentyl (1-pentyl), 2-pentyl, 3-pentyl, 2-methyl­
l-butyl, tert-pentyl (2-niethyl-2-butyl), 3-methyl-1-butyl, 
3-methyl-2-butyl, neo-pentyl (2,3-dimethyl-1-propyl), or 
n-hexyl (1-hexyl) group. One skilled in the art will readily 
recognize whlch alk--yl group or the hydrocarbyl substituents 
of-the substituted nietal salt con1plexing group belong to the 
priniary, secondary, tertiary, or quaternary hydrocarbyl group 
classes. 

The linking group linking the metal salt coniplexing group 
to the ~-NH2 group can be a bond, an organyl group, and 
organyl group consisting of inert fi1nctional groups, or a 
hydrocarbyl group. In other en1bodi1nents, the linking group 
can be a bond; alternatively, an organyl group; alternatively, 
an organyl group consisting of inert functional groups; or 
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alternatively, a hydrocarbyl group. In some embodirnents, the 
linking group can be a C.i to Cio organyl group; or alterna­
tively, a Ci to C.s orgai:1yl group. In sonie einbodinients, the 
linking group linking the 1netal salt cornplexing group to the 
--NH2 group can be a Ci to Cio organyl group consisting or 
inert ±'un.ctional groups; or alternatively, a Ci to Cs organyl 
group consisting orinert functional groups. In other c1nbodi­
n1ents, the link:ing group linking the 1netal salt complexing 
group to the --NH2 group can be a Ci to Cio hydrocarbyl 
group; or alternatively, a Ci to Cs hydrocarbyl group. 

In son1e embodirnents, the hydrocarbyl linking group can 
be --(CRLRL),,,-- where RL and RL are independently hydro­
gen, rrrethyl, ethyl, propyl, isopropyl, or butyl groups and n1 
can be an integer from 1 to 5. In other embodiments, the 
linking group can be a 1nethylene group (--CH2 --), an eth­
ylene group (--CII2 CI-I2 --), a propyl group 
(--CH2 CH2 CH2 -), a--CH(CH3 )CH2 - group, --C(CI-I3 ) 2 

-- group, or a butylene group (--CH2 CH2 CH2 ----C'.H2 --). ln 
sonie non-liniiting embodi1nents, the linlcing group can be a 
1nethylene group (--CH2 --), an ethylene group 
(--CH2 CI-I2 -), or a propylene group (--CI'I2 CI-I2 CI'I2 -); 

or alternatively, an ethylene group (--CH2 CH2 --), or a pro­
pylene group (--CH2 CI-I2 CH2 --). In yet other enibodirnents, 
the linlcing group can be a niethylene group; alternatively, an 
ethylene group; or alternatively, a propylene group. 

In en1bodiments, the priniary aniine coin.prising a rnetal 
salt cornplexing group can be l-(2-an1inoethyl)pyrrolidine, 
2-(2-an1inoethyl)piperdine, 2-(2-aininoethyl)pyrrolidine, 
N,N-dirnethylethylenedian1ine, N,N-diethylethylenedi­
an1inc, N,N-diphenylethylenediamine, 2-(a1nirron1ethyl)py­
ridine, 2-(2-aminoethyl)pyridirre, 2-(diphenylphosphino) 
ethylaniine, 3-(dipherrylphosphino)propylan1ine, 2-(2-
arr1inoethyl)fiirarr, 2-( aminoniethyl)fiiran, 2-(2-amirroethyl) 
thiophene, 2-(arninornethyl)thioph.ene, 2-aminoethyl-( 4-
chlorophcrry l)sulfide, 2-phenoxyethy la1nirrc, 
2-inethoxyethylamine, 2-ethoxyethylamine, 2-isopropxy­
ethylainine, and 1-(2-aniirroethyl)piperidine. In so1ne 
e1nbodiments, the primary amine con1prisirrg a inetal salt 
con1plexing group can be N,N-dimethylethylenedian1ine, 
N,N -diethy lethy lenedia1nirre, N ,N -dipherry lethylenedi­
arr1irre, 2-(ainino-methyl)pyridine, 2-(2-amirroethyl)pyri­
dine, 2-(dipherrylphosphirro)ethylainine, 3-(diphenylphos­
phino )propylarr1irre, 2-amirroethyl-( 4-chlorophenyl)sulfide, 
2-phenoxyethylami:ne, 2-inethoxyethylarnine, 2-ethoxyethy­
lamine, 2-and isopropoxyethylamirre. In yet other einbodi-
1nerrts, the prhnary ainirre corr1prising a nietal salt coniplexing 
group can be N,N-di1nethylethylerredian1irre or N,N-diethyl­
ethylenediamirre; alternatively, N,N-dipherrylethylenedi­
arnine, 2-( diphenylphosphi no )ethylan1ine, 3-( diphenylphos­
phino )propy lamirre; alternatively, 2-( amirron1ethyl)pyridirre, 
2-(2-ainirro-ethyl)pyridine; alternatively, 2-aminoethyl-( 4-
chlorophenyl)sulfide; or alternatively, 2-pherroxy-ethy­
laniine, 2-methoxyethylaniirre, 2-ethoxyethylamine, and 
2-isopropxyethylainine. In rurther en1bodin1ents, the pri.rnary 
a1nine co1nprisirrg a .rnetal salt co1nplexirrg group can be N ,N­
din1ethylethylenedian1irre; alternatively, N,N-diethylethyl­
errediamirre; alternatively, N ,N -di pherry lethy lenediamirre; 
alternatively, 2-(diphenylphosphirro)ethylaniirre; alterna­
tively, 3-(dipherrylphosphirro)propylaniine; alternatively, 
2-(aininoniethyl)pyridine; alternatively, 2-(2-amirroethyl)py­
ridine; or alternatively, 2-an1inoethyl-( 4-chlorophenyl)sul­
fide. 

In sorne einbodhne:nts, the nietal salt coniplexing group 
can have any Structure indicated in Table 2. In so1ne embodi-
1nents, the rnetal salt complexing group can have Structure 1 c 
or Structi_irc 2c. Irr other embodiments, the 1netal salt com-
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plexing group can have Structu.re 3c or Stru.ctl.J.re 4c; alterna­
tively, Structu.re Sc or Structl.rre 6c; alternatively, Stru.cture Sc 
or Stru.cture 9c; alternatively, 

TABLE2 

Exa.rnple l\IIetal salt co1nplexiug Groups 

-OR cl 

Structure 1 c 
--SR.cl 

Structure:: 2c 
--NRc5Rc6 
Structure 3c 
--PRc5Rc6 
Structure 4c 

Structure Sc 

Structure 6c 

Structure 7c 

R""-:~:::: 
~Reis 

R.._Cl4 R.._cl6 

Stru.cture 8c 

Structure 9c 
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TABLE 2-corrtirrued 

Example l'vfetal salt complexing Groups 

-----/0-r<=: ::~ 
~~~:~Rcls 
:R._C14 R.._c)6 R.._C17 

Structure l 1 c 

S Rell 

Rct3 

Rcls 
R.._C14 R.._CJ6 :R._C17 

Structure l2c 

Structure 13c 

Rc31 Rc33 

--o 

Rc32 Rc34 

Stl.Li.cture 14c 

Rc31 Rc33 

--s 
# 

Rc32 Rc34 

Structure 15 c 

-~>::rR~' 
~Ro44 

Rc42 

Structure l 6c 

Rc45 

'\. Ro41 

--S:XR~' 
Rc44 

Structure l 7c 

Rc3s 

Rc35 
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TABLE 2-continued 

Example Metal salt complexing Groups 

Rc53 

Rc52 

Structure 1 Sc 

Rc61 

-VCR"~ 
Rc62 

Structure 19c 

Structure 20c 

Rc73 Rc75 

Rc77 

--N 
Rc70 

Rc72 

Rc74 

Structure 21 c 

Rc73 Rc75 

Rc71 ~ Rc77 

Rc79 

Rc70 

Rc72 ~ Rc7s 

Rc74 

Structure 22c 

Structure 1 lc or Structure 12c; alternatively, Stru.cture 14c or 
StructLl.re 15c; alternatively, Structure l 9c or Structure 20c; or 
alternatively, Structure 21c or Structure 22c. In yet other 
en-ibodin:ients, the metal salt cornplexing group can have 
Structure 3c; alternatively, Structure 4c; alternatively, Struc­
ture 7c; Structure lOc; alternatively, Structure 13c; alterna-
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tively, Structure 16c; alternatively, StructuTe 17c; alterna­
tively, Structure 18; alternatively, Structure 21c; or 
alternatively, Structure 22c. 

Within the structures of Table 2, Re\ Rc5
, Rc 6

, Rel 1 

to/througl:i R cz t, R c31 to/througl:i R c 3 s, R c 41 to/through R c 4 s, 
R cs 1 to/througl:i R cs4

, R c 51 to/through~ R c 53
, R c 7 1 to/through 

R cso can each independently be hydrogen, arr orga:nyl group 
consisting of inert functional groups, a hydrocarbyl group, or 
inert functional groups Irr enibodin:ients R"'1 R"'s Rc6 Rc11 

to/througl:i Rczo Rc31 t~/through Rc3 S Rc4-l t~/thr.;n.i.=h' Rc44 

RcSl to/througl:i,R"'54
, Rc51~ to/throug:ti' Rc63

, R'°71 tohhrough 
R cso of each Structure in Table 2 can independently be hydro­
gen, arr orgarryl group consisting of inert functional groups, a 
hydrocarbyl group, or arr inert t"'t.uictiorral group and Rc-21 and 
Rc4 s can be a hydrocarbyl group. In some embodirrierrts, Rc1

, 

Res, Rc-6 , Rell to/through Rc21 , Rc-31 to/through Rc3 s, Rc4-l 
to/tlirougl:i R c 4 s, R cs 1 to/througl:i R cs4

, R c-51 to/through R c-53
, 

Rc71 to/through Rcso of each Structure ofTable 2 an indepen­
dently be hydrogen, a C 1 to C 10 orgarryl group, a C 1 to C 10 

organyl group consisting of- inert functional groups, a C 1 to 
C 10 hydrocarbyl group, a C 1 to C 5 orgarryl group, a C 1 to Cs 
organyl group consisting of inert functional groups, a C 1 to Cs 
hydrocarbyl group or an inert functional group. The organyl 
groups, organyl groups consisting of inert f"Lmctional groups, 
hydrocarbyl groups, and inert :functional groups are generally 
described within the description of the rnetal coniplexing 
group descriptions and can have any enibodirnent as 
described therein. 

In some embodinients, the linking group can have any 
structure indicated in Table 3. Within the Structure ofTable 3, 
the "Lmdesignated valancies are the points o:f attacllllient tor 
the --NH2 group and the metal salt complexing group; each 
RL can independently be hydrogen, a rnethyl group, or an 
ethyl group; and ni can be arr integer ranging froni 1 to S. In 
further crnbodinients, m can be an integer ranging from 1 to 3; 
alternatively, ni can be 2 or 3; alternatively, 111 can be 1 ; 
alternatively, m can be 2; or alternatively, :tll can be 3. 

TABLE3 

Example L,inking Groups 

-(CRLRL)~­
Structurc 1 L 
-(CH2)~­
Structure 2L 
-(CH2)---

Structure 3L 
-(CH2CH2)­

Structure 4L 

Structure 5L 

In eiiibodinients, the linking group can have Structure 1 L, 
Structure 2L, Structure 3L, Structure 4L or Structure SL. Irr 
so111c embodiments, the linking group can have Structure 4L 
or Structure SL. In other embodiments, the linking group can 
have Structure 2L; alternatively, Structure 3L; alternatively, 
Structure 4L; or alternatively, Structure SL. 

a.-Acyliniine Co:riipounds 
The a.-acylirriine compounds can be described using any 

one of several descriptions. While the a.-acyliniine compound 
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descriptions niay be indicated by labels such as first descrip­
tion, second description, etc., these labels do not indicate a 
particular preference to the description of the a.-acylimine 
compounds. 

In a first description, the a.-acylirnine compound can be 
n1inirr1ally described as a cornpound corrlpr1s1rrg an 
a.-acyliniine group. In further enibodi:nients, the a.-acylirnine 
compound can be described as a compound comprising 1) an 
a.-acylimine group and 2) an a.-acylimine _nitrogen group. In 
this first a.-acyliniine compound description, the a.-acylirnine 
group can be further described as being derived fro1n an 
C(.-diacyl co:nipound. Thus, alternatively, the cx.-acylimine 
co1T1pound can be described as corripound cornprising l) ail 
cx.-acyliniine group derived froni an a.-diacyl corripound and 
2) an a.-acyliniine nitrogen group; or alternatively, a co1n­
pound consisting of l) an a.-acylin:iine group derived frorri ar1 
a.-diacyl compound and 2) all a.-acylirnine nitrogen group. 

Within the a.-acylinline co1npound, the a.-acylimine 
group's nitrogen atoni is derived fro1n the primary amine's 
--NH2 group and the a.-acyliniine co1npound's nitrogen 
group is derived from the remainder of the primary amine. 
·rhus, the a.-acylimine nitrogen group can have any of the 
embodinients as the prin1ary amine (with the absence of the 
--NH 2 group) as described herein. Therefore, the organyl 
group, rnetal salt co1nplexing group, linking group, organyl 
group consisting of inert functional groups, arid hydrocarbyl 
groups of the priniary an"J.ine e1nbodirr1ents described herein 
are generally applicable to the description of the a.-acyli1nine 
co1npound's nitrogen group with the proviso that the linking 
group links the rnetal salt con"l.plexing group to the irnine 
nitrogen ato1n of the a.-acyli1nine group instead of the --NH 2 

group of the pri1nary amine. Thus, in embodiments, the 
cx.-acyliniine nitrogen group can corn.prise an organyl group; 
alternatively, co1nprise a rnetal salt complexing group; alter­
natively, comprise a nietal salt coniplexing group and a link­
ing group link::ing the rnetal salt co1nplexing group to the 
a.-acylimine nitrogen group nitrogen atom; alternatively, 
coniprise an organyl group consisting of inert functional 
groups; alternatively, con"l.prise a hydrocarbyl group; alterna­
tively, consist of an organyl group; alternatively, consist of- a 
n1etal salt con"l.plexing group ar1d a linking group link::ing the 
n1etal salt coniplexing group to the a.-acyli1nine nitrogen 
group nitrogen ato1n; alternatively, consist of- an organyl 
group consisting of inert functional groups; or alternatively, 
consist of a hydrocarbyl group. ~~dditionally, as the 
a.-acyliniine group and the a.-acylimine nitrogen group are 
derived ·f"rom separate and independent elernents, the cx.-diacyl 
corr"l.pound and the priniary an1ine, respectively, the 
cx.-acyliniine con"l.pound can be fii.rthcr described using any 
con"J.bination of the a.-diacyl con"J.pound ele1nent described 
herein arid the elenients of the priniary an"J.ine as described 
herein. 

In a second description, the cx.-acylin"J.ine compound can be 
described as an a.-acylin"J.ine corn pound product of contacting 
an a.-diacyl co1npound with a prirnary arnine. Within this 
second a.-acyliniine compound description, as in the synthe­
sis of the a.-acyliniine co1npound, the a.-diacyl conipound and 
the prin"J.ary a1nine are separate ar"J.d independent ele1nents. 
Thus, in the second a.-acyliniine compound description, the 
a.-acyli1nine con"l.pound can be further described using ar1y 
co1nbination of the a.-diacyl co1npound elen"J.ent described 
herein and the priniary aniine ele1nent as described herein. _A..s 
non-lin"J.iting exarnples, the a.-acylimine conipound can be the 
a.-acyliniine con1pound product of contacting an a.-diacyl 
con"J.pound vvi th a primary amine co1nprising an --NH 2 group 
and an organyl group; alternatively, contacting an a.-diacyl 
cornpo und vvi th a pri_rnary a1nine co1nprising an --NI-1 2 group 3 
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and a n1etal salt con1plexing group; alternatively, contacting 
an a.-diacyl compol.md vvith a prin1ary an1ine comprising an 
--NH2 group, a n1etal salt complexing group, and a linking 
group linking the metal salt con1plexing group to the --NH2 

group; alternatively, contacting an a.-diacyl con1pound with a 
prirnary alTiine comprising an --NH2 group alld an organyl 
group consisting of inert fin1ctional groups; alternatively, 
contacting an a.-diacyl con1pound vvith a prin1ary an1ine co1n­
prising an --NH2 group and a hydrocarbyl group; alterna­
tively, contacting an a.-diacyl con1pound vvith a primary 
ainine consisting of an --NH2 group and an organyl group; 
alternatively, contacting all a.-diacyl con1pound with a pri­
mary alnines consisting of an --N1-I2 group, a metal salt 
co1nplexing group, and a linking group linking the n1etal salt 
con1plexing group to the --NH2 group; alternatively, contact­
ing an a.-diacyl compound vvith a primary an1ine consisting of 
a11 --NH2 group and an organyl group consisting of inert 
:f'Lmctional groups; or alternatively, contacting all a.-diacyl 
co1npound vvith a primary an1ine consisting o±- an --NH2 

group and a hydrocarbyl group. The a.-acylin1ine con1pound 
Call be further described using any combination of-the a.-dia­
cyl conipound clement described herein and the primary 
amine element as described herein. 

In a third description, the a.-acylimine compounds Call be 
described as an a.-acylimine compound product produced by 
any process as described herein and can be further described 
using any einbodiments of the processes as described herein. 

In a fourth description, the a.-acylin1ine con1pound can be 
described as having any structure as indicated in Table 4. In 
son1e embodin1ents, the a.-acylimine compound can have 
Structure 1 b or Structure 27b; alternatively, Structure 2b or 
Structure 28b; alternatively, Structure 3b, Structure 4b, Struc­
ture Sb, Structure 29b, Structure 30b, or Structure 31 b; alter­
natively, Structure 6b or Structure 32b; alternatively, Struc­
ture 7b, Structure 8b, mixtures of Structure 9b and Structure 
1 Ob, Structure 33b, Structure 34b, or mixtures o±- Structure 
35b and Structure 36b; alternatively, Structure 11 b, Structure 
12b, Structure 13b, Structure 37b, Structure 38b, or Structure 
39b; or alternatively, Structure 11 b or Structure 37b. In other 
ernbodiments, the a.-acylimine con1pol.md 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 enibodiments, the a.-acylimine compound 
Call have Structure 14b; alternatively, Structure 15b; alterna­
tively, Structure 16b, Structure 1 7b, or Structure l 8b; alter­
natively, Stn..l.cture l 9b; alternatively, Stn..l.cture 20b, Structure 
21 b, or n1ixtures of Structure 22b and Structure 23b; alterna­
tively, Stn..l.cture 24b, Structure 25b, or Structure 26b; or alter­
natively, Stn..l.cture 24b. 

TABLE4 

Example et-Acylimine Compounds 

R°'-N+R2 
Rl 

Structure 1 b 
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TABLE 4-continued 

Example a.-Acylimi.ne Compounds 

RaJ,.-N~O R13 

R14 

Il 

R 
Rt2 

Structure 2b 

/N*O R" 
Rat 

1 

RJ4 

St:n1ct:ure 3b 

Structure 4b 

Structure 5 b 

RJ6 

Structure 6b 

0 

Structure 7 b 

R_J7 

RlS 
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TABLE 4-continued 

Example a-Acylimine Con1pounds 

0 

Structure 8 b 

R39 

Structure 9b 

R39 

Structure 1 Ob 

Structure 11 b 

Rss 

Structure 12b 

R38 

R56 
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TABLE 4-continued 

Example a-Acylimine Cornpounds 

Rs3 

0 

Rss 

Structure 13b 

Q-L 
I 

00R' 
RI 

Structure 14b 

Structure 1 5b 

Q-L 
I 

O~R'° 
Rl4 

Structure 1 6b 

Q-L 
I 
N~ Rl3 

Structure 1 7b 

Structure l Sb 
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TABLE 4-corrtirrued 

Example CL-AcylirT1ine CornpoLmds 

Structure 19b 

0 

Structure 20 b 

0 

R3s 

Structure 2 1 b 

0 
R43 

Structure 22b 

R31 

Structure 23b 
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TABLE 4-continued 

Example CL-Acylimine Compot_mds 

0 

Q-L 
I 
N~ 

Rss 

Structure 24b 

Rss 

Structure 25 b 

Structure 26b 

Structure 2 7b 

Structure 28b 

R54 
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TABLE 4-continued 

Example a-Acylirnine Compounds 

Structure 29b 

Structure 30b 

Structure 3 1 b 

Structure 32b 

Ra12 

Structure 33b 

R34 
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TABLE 4-continued 

Example ct-Acylirnine Cornpounds 

Ra12 

0 

Structure 34b 

StructLrre 3 5 b 

StructLue 36b 

Rs3 

StructL1re 37b 

Rss 

R3s 

R54 

Rs6 
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TABLE 4-continued 

Example a.-Acylimiiie CorT1poLu1ds 

Ra12 

Structure 38b 

Ra12 

Structure 39b 

The a.-acylimine compounds of Table 4 can be prepared 
utilizing various niethods as described herein. Depending 
upon the a.-acyliniine co:rnpound preparation niethod, the 
o:.-diacyl coin.pound and the prii.na:ry ai.n.ine can be separate 
and independent elei.nents in the preparation of the 
a.-acylimine compound. Therefore, the Rxs of a.-diacyl com­
pound having Structu.res 1-12 (Table 1), the Raxs of-the pri­
niary amines having Structures 1 a-4a, the linking groups 
1L-5L (Table 3) of the prii.nary amine having Structu.re 5a, 
and the i.netal salt coniplexing group R C-"s having Stn.J.ctu.res 
lc-22c (Table 2) ofthe prini.ary ani.ine having Structure 5a are 
separate and independent elements of the a.-acyliniine coni­
pourrds ofTable 4. Thus, the a.-acyliniine co1npo1.111ds ofTable 
4 can be further described using any combination of the R"'s of 
a.-diacyl coin.pound having Structures 1-12 (Table 1) as 
described herein, the R "'"'s of the prirnary aniines having 
Structu.res la-4a as described herein, the linldng groups 
1L-5L (Table 3) of-the priniary aniirre having Structu.re 5a as 
described herein, and the nietal salt coin.plexirrg group R cxs 
having Structures 1 c-22c (Table 2) of- the priniary ar:nine 
having Structure 5a as described herein. 

M:etal Salts 
The metal salts, M:-XP, eniployed in fon:ning the 

a.-acyliin.ine or a.-diiniinc nietal complexes can be any salt 
coin.prising any metal atoin. Suitable n-i.etal salts can con-i.prise 
any in.etal frorn groups IVB through VIII of-the CAS version 
of-the periodic table of elements. Tn son1.e en1bodirnents, the 
rnetal salt can be titaniu.rn, zirconiuni, hafniun-i., vanadiuni, 
niobium, tantalun-i., cliron-i.ium, 1nanganese, iron, cobalt, 
nickel, palladium, platirruni, or 1nixtures thereof. Irr other 
embodhnerrts, the in.etal salt can coniprise chromiu.rn, iron, 
cobalt, nickel, palladh.mi, or inixtures thereof; alternatively, 
chro.rniu1n., iron, cobalt, or mixtures thereof; alternatively, 
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iron, cobalt, or rnixtures thereof; alternatively, nickel, palla­
dium, or rnixtures thereof; alternatively, chroniium; alterna­
tively, iron; alternatively, cobalt; alternatively, nickel; or alter­
natively, palladiun:i. 

In sorne embodirnents, the nietal salt is dicoordinating; can 
complex with two cornplexing aton:is (e.g. the two irnine 
nitrogen atorrrs of an cx.-diirrline con1pound or the oxygen 
aton:i of the acyl group an_d the nitrogen atoni of the in:iine 
group of· an a.-acylimine cornpound). In other enibodiments, 
the rnetal salt can be tricoordinating; can coniplex with tl:iree 
complexing aton:is (e.g. the two imine nitrogen atoms and 
heteroaton:i of the 1n.etal salt coniplexing group of an cx.-di­
in:iine compound). Typically, dicoordinating n:ietal salts are 
utilized with bidentate cx.-diirnine corn.pounds and tricoordi­
nating n-ietal salts are utilized with tridentate cx.-diiniine co1n­
pounds. 

In so1n.e embodin-ients wherein the cx.-diimine co1npound 
portion ofthe cx.-diiinine metal con:iplex is tridentate (e.g. the 
cx.-dii1n.ine compound portion of the cx.-diimine metal complex 
con-iprises an cx.-dii1nine group and a n:ietal salt coniplexing 
group), the 1T1etal salt can cotnprise chrorrriurn_, iron, cobalt, or 
n-iixtures thereof; alternatively, iron, cobalt, or 1n.ixtures 
thereof'; alternatively, iron; or alternatively, cobalt. In some 
embodi1n.ents wherein the cx.-diin-iine compound portion of 
the cx.-diirrrine 1netal complex is bidentate (e.g. the cx.-dii1n.ine 
compound portion of the a.-diiniine n-ietal co1nplex co1nprises 
an cx.-dii1nine group and does not contain a inetal salt com­
plexing group), the n1etal salt can cornprise nickel, palladiurn, 
or mixtu.res thereof; alternatively, nickel, or alternatively, pal­
ladiu1n. 

'I'he anion X, of the 1netal salt can be any anion. In some 
enibodinients, the anionX can be a halide, carboxylate, aceto­
nate, alkoxide, phenoxide, nitrate, sulfate, phosphate, or chlo­
rate. In son-ie en:ibodirn.ents, the anion, X, is a halide or aceto­
nate. In ernbodiments, the halide can be fluorine, chlorine, 
bro1n.ine, iodine, or co1n.binations thereof; alternatively, chlo­
rine, bron-iine, iodine, or con-ibinations thereof; alternatively, 
chlorine; alternatively, bromine, or alternatively, iodine. In 
carboxylate, acetonate, alkoxide or phenoxide en1bodi1n.ents, 
the carboxylate, acetonate, alkoxide, or phenoxide can be any 
C-1 to C-20 carboxylate, acetonate, alkoxide, or phenoxide; or 
alternatively, any C 1 to C 10 carboxylate, acetonate, alkoxide, 
or phenoxide. In sonie enibodinients, the anion, X, can be a C 1 

to C 10 acetonate; alternatively, a C 1 to C 10 carboxylate; alter­
natively, a cl to Cio alkoxide; or alternatively, a Ci to c:lO 
phenoxide. In other e1nbodiinents, the anion X, can be acety­
lacetonate; alternatively, acetate; alternatively, 2-ethylhex­
anoate; or alternatively, triflate. 

Generally, the ITLnn.ber, p, of anions, X, is such that the total 
nt.m-iber of negative charges on the total 1nunber of- X anions 
equals the oxidation state oflVL In son:ie e.mbodiments, pis 1, 
2, or 3, and the total 1TLunber of-negative charges on Xis equal 
to the oxidation state of M. In other en:1bodi1nents, the total 
nt.nnber of anions, p, is 2; or alternatively, 3. 

In e1n.bodin-ients, tricoordinating 1netal salts can be cl:iro-
1n.iun1(II) chloride, cl:iro1n.iLnn(III) chloride, chromi Lun(II) 
fluoride, chron1iurn(III) fluoride, chron1iurr1 (TT) bro1nide, 
cl:iro1n.iurn(III) bron-iide, chro1nium(II) iodide, chro1n.iun1(III) 
iodide, chron-iium(II) acetate, chromium (III) acetate, cl:iro­
miLun(III) acetylacetonate, chro1niu1n(II) 2-ethylhexanoate, 
chro1nium (II) triflate, cl:iromium(III) nitrate, iron(II) chlo­
ride, iron(III) chloride, iron(II) fluoride, iron(III) fluoride, 
iron (II) bromide, iron(III) bro1nide, iron(II) iodide, iron(III) 
iodide, iron(II) acetate, iron (III) acetate, iron(TT) acetylaceto­
nate, iron(III) acetylacetonate, iron(II) 2-ethylhexanoate, 
iron (II) triflate, iron(III) nitrate, cobalt(II) chloride, cobalt 
(III) chloride, cobalt(II) fluoride, cobalt(III) fluoride, cobalt 
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(II) bromide, cobalt(III) brorriide, cobalt(II) iodide, cobalt 
(III) iodide, cobalt(II) acetate, cobalt (III) acetate, cobalt(II) 
acetylacetorrate, cobalt(II) berrzoylacetorrate, cobalt(III) 
acetylacetorrate, cobalt(II) 2-ethylhexarroate, cobalt (II) tri­
flate, cobalt(III) nitrate, vanadium (III) chloride, varradiu.rn 
(II) chloride, vanadiuni(III) chloride tetrahydrofurarr co.rn­
plex, vanadiu.rn (II.I) iodide, n:iangancsc(ll) acetate, manga­
nese(II) acetylacetorrate, manganese(II) broniide, rrranganese 
(II) chloride, rr1anganese(II) fluoride, rnanganese(III) 
fluoride, or rrianganese(II) iodide. In sorne ernbodir:ne.nts, the 
tricoordi.nating .rnetal salt can be chromium(II) chloride, 
chro.rniurn(III) chloride, chro.rnium(II) acetate, chroniiurn 
(III) acetate, chromium(III) acetylacetonate, iron(II) chlo­
ride, iron(III) chloride, irorr(II) acetate, iron (III) acetate, 
irorr(II) acetylacctonate, irorr(III) acetylacetonate, cobalt(II) 
chloride, cobalt(lll) chloride, cobalt(Il) acetate, cobalt (Ill) 
acetate, or cobalt(II) acetylacetonate. In other err'l.bodirnents, 
the tricoordinating rrietal salt .rnetal salt ca.ri be chrorriiu.rn(II) 
chloride, chron'l.iu.rn(III) acetylacetonate, iron(II) chloride, 
iron(II) acetylacetonate, irorr(III) acetylacetonate, cobalt(II) 
chloride, cobalt(II) acetylacetonate. In other embodirnents, 
the tricoordinatirrg metal salt can be chromium(II) chloride; 
alternatively, chron'l.iu.rn(III) acetylacetorrate; alternatively, 
iron(II) chloride; alternatively, iron(II) acetylacetonate; alter­
natively, cobalt(II) chloride; or alternatively, cobalt(II) acety­
lacetonate. 

In e.rnbodiments, dicoordi.nati.ng metal salts can be nickel 
(II) chloride, nickel(II) fluoride, nickel (II) bron'l.ide, nickel 
(II) iodide, nickel(II) acetate, nickel(II) acetylacetonate, nick­
el(Il) berrzoylacetonate, nickel(II) 2-ethylhexanoate, nickel 
(II) triflate, nickel(II) nitrate, palladium(II) chloride, palla­
diuni(II) flu.oride, palladiu.rn (II) bro.rnide, palladiurn(II) 
iodide, palladiu.ni(II) acetate, palladium(II) acetylacetonate, 
or palladiun1(II) nitrate. Irr son'l.e e.rnbodirnents, the dicoordi­
rrating metal salt can be nickel(II) chloride, nickel(II) acety­
lacetonate, palladiuni(II) chloride, or palladiurn(II) acetylac­
etonate. Irr other err'l.bodiments, the dicoordinating metal salt 
can be alternatively, rrickel(II) chloride; alternatively, nickel 
(II) acetylacetonate; alternatively, palladium(II) chloride; or 
alternatively, or palladiun'l.(II) acetylacetorrate. 

a.-Acyli.rnine :Metal C.01nplexes 
The a.-acylimine .rnetal cornplexes can be described using 

any one of several descriptions. While the a.-acylin'line .rnetal 
co.rnplex descriptions .rnay be indicated by labels such as first 
description, second description, etc., these labels do not indi­
cate a particular preference to the description of" the 
a.-acylirnine n1etal con1plexes. 

In a first description, the a.-acylin1ine nietal co.rnplex can be 
described as a complex between an a.-acylimine co.rnpound 
and a .rnetal salt. While this a.-acyliniine .rnetal co.rnplex 
description appears to i.rnply a specific a.-acyli.rnine metal 
complex synthesis .rnethod, this is not the intent. The method 
of preparing the a.-acylirnine inetal con'lplex is independent 
of the niethod of describing the cx.-acylin'line nietal corriplex. 
Thus, while the a.-acylimirre metal cornplex can be described 
as a cornplex between an a.-acylirr1ine compound a.rid a metal 
salt, the a.-acylimine n'l.etal con'lplex can be prepared by con­
tacting an a.-acylimine con1pourid and a nietal salt or a.r'l.y 
other method described herein. The a.-acyli.rnine compound 
and the metal salt are separate and independent clements. 
Thus, the a.-acyli1nine n:ietal co.rnplex can be fbrther 
described using any coni.bination of the a.-acylin:iine con.1-
po~1nd ele.rnent described herein and the rr1etal salt ele.rnent as 
described herein. 

In a second description, the a.-acylimine .rnetal complex 
can be described as a product produced by any process 
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described herein capable of producing the cx.-acylirrtine rnetal 
cornplex and cart be ±1.i.rther described using any e:rnbodin:ients 
of the processes described herein. 

In a third description, the cx.-acyliniine n:ietal con:iplex can 
have any structure as indicated in Table 5. Irr sorne err:ibodi­
n:ients, the cx.-acylimirre rr:ietal cornplex can have Structure 1 d 
or Structure 27d; alternatively, Structure 2d or Structure 28d; 
alternatively, Structure 3d, Structure 4d, Structure 5d, Struc­
ture 29d, Structure 30d, or Structure 3 ld; alternatively, Struc­
ture 6d or Structure 32d; alternatively, Structure 7d, Structure 
8d, inixtures of Structure 9d and Structure lOd, Structure 33d, 
Structure 34d, or mixtures of~Structure 3 5d and Structure 36d; 
alternatively, Structure 11 d, Structure l 2d, Structure 13d, 
Structure 37d, Structure 38d, or Structure 39d; or alterna­
tively, Structure 1 ld or Structure 37d. In other embodin:ients, 
the cx.-acyliminemetal co:rnplex canhave Structure 27d; alter­
natively, Struch1re 28d; alternatively, Structure 29d, StructL1re 
30d, or Structure 31d; alternatively, Structure 32d; alterna­
tively, Structure 33d, Structure 34d, or inixtures of Struch1re 
35d and Struch1re 36d; alternatively, Strncture 37d, Structure 
38d, or Struch1re 39d; or alternatively, Struch1re 37d. In yet 
other embodiments, the cx.-acylin:iine metal complex can have 
Structure 14d; alternatively, Structure 15d; alternatively, 
Structure l 6d, Structure 1 7d, or Structure 1 8d; alternatively, 
Structure l 9d; alternatively, Structure 20d, Structure 21d, or 
mixtures of Structure 22d and Struch1re 23d; alternatively, 
Structure 24d, StructL1rc 25d, or Struch1re 26d; or alterna­
tively, Struch1re 24d. 

TABLES 

Example a.-Acyli1nine M:etal C~orr1plexes 

xP: ~ 
Ra1_.,.Ny -R2 

R_l 

Structure 1 d 

RJI 
R12 

Structure 2d 

XpM--0 

j~~ R13 R"J_.,. -...._-..... 

R1s 
R11 

R'4 

Structure 3 d 

Structure 4d 
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TABLE 5-corrtirrued 

Example a-Acylimine Metal Complexes 

Structure 5d 

R16 R15 

Structure 6d 

R33 

Structure 7d 

R37 

Structure 8d 

Structure 9d 

Structure 1 Od 
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TABLE 5-continued 

Exarriple e<-Acylimine Metal Complexes 

~ 
·'>---< 

Structure 1 ld 

Rss 

Structure 12d 

Structure 13d 

Q-L 
: I xd: ~ 
~ -R2 

R1 

Structure l 4d 

R56 
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TABLE 5-continued 

Exafftple a.-Acylimine Metal Cornplexes 

Rll 
R12 

Structure 15d 

Q-L 
: I 

XM-N 

:t~~ R13 

R15 

R11 

Rl4 

Structure 1 6d 

Q-L 
: I 

XM-N 
pl ~ 
o~ 

Rl4 

Structure 1 7 d 

Q-L 
: l 

XM-N 
pl ~ 
o~ 

R11 

Structure l 8d 
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TABLE 5-continued 

Example a-Acylirnine Metal Complexes 

Q-L 
: I 

XM-N 
p/ ~ 
o~ 

R16 Ris 

Structure 19d 

Structure 20d 

R37 

Structure 2ld 

R4o 

R39 

Structure 22d 

R3s 

R43 
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TABLE 5-corrtirrued 

Example et-Acylimine Metal Complexes 

R31 

Structure 23d 

Q-L 
! I 

XM-N 
pl ~ 
o~ 

R51 

R51 

R53 

R51 

R55 

Structure 24d 

Rs2 

R57 

R55 

Structure 25d 

R55 

Structure 26d 

Rall x;{: ~ 
~ ~R2 

Ra12 

Rl 

Structure 27d 
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TABLE 5-continued 

Exarriple a-Acylimine Metal Complexes 

Structure 2 8d 

Structure 29d 

Structure 30d 

Structure 3 ld 

Structure 3 2d 

Ra12 

R34 

Structure 33d 
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T~L\..BLE 5-corrtirrued 

Example a-Acylimine lVletal Con~plexes 

Ra12 

Ra12 

Structure 34d 

R39 

Structure 35d 

Ral3 

Ral4 

R39 

Structure 3 6d 

R53 

Structt_u·e 3 7d 

R43 
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TABLES-continued 

Exa.rriple a-Acylirnine :Metal Complexes 

Ra12 

Ra12 

Ra11 

Rais 

Rs1 

R53 

Rss 

Structure 38d 

Structure 39d 

R_s2 

R56 

The a.-acylimine metal cornplexes of Table S can be pre­
pared utilizing various methods as described herein. Depend­
ing upon the a.-acylimine 1n.etal co1n.plex preparation niethod, 
the a.-diacyl compound, the prin-iary amine, the rnetal salt, 
and/or the a.-acylin-iine compound can each be separate and 
independent elenients in the preparation of the a.-acylirnine 
n-ietal cornplex. Therefore, the R"'s of a.-diacyl coin.pounds 
having Structures 1-12 (Table 1), the 111etal salts, the R"'"'s of 
the prin-iary amines having Stru~ctures la-4a, the linking 
groups lL-SL (Table 3) of the primary arnine having Struc­
h1re Sa, and the metal salt co1n.plexing group R ""=s having 
Stru~ctures 1 c-22c (Table 2) of- the primary aniine having 
Structure Sa are separate and independent elenients of the 
a.-acyliniine metal co1n.plexes of Table S. Thus, the 
a.-acylin:iine nietal coniplexes of Table S can be further 
described using any combination of the Rxs of a.-diacyl con-i­
pounds having Stru~ctures 1-12 (Table 1) as described herein, 
the metal salts as described herein, the R"'xs of the prin:iary 
an-iines having Structt.1res 1 a-4a as described herein, the link­
ing groups IL-SL (Table 3) of the priniary aniine having 
Structure Sa as described herein, and the nietal salt complex­
ing group R""=s having Struchires lc-22c (Table 2) of the 
priniary mn.ine having Struch1re Sa as described herein. 

a.-Diin-iine M:etal Complexes 
One aspect of the invention involves a.-diirnine 111etal com­

plexes. The u.-diin-iine metal complexes can be described 
using any one of- several descriptions. White the a.-diiinine 
1n.etal co111plex descriptions may be indicated by labels such 
as first description, second description, etc., these labels do 
not indicate a particular preference to the descriptions of the 
a.-diimine rnetal co111plexes. 

In a first description, the a.-diimine metal complex can be 
described as a metal salt coin.plexed to <:m a.-diimine com-
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pound or as a coniplex between a diiniinc conipound and a 
n1etal salt, the a.-diin:iine con:ipoun_ds. White these particular 
a.-diiniine metal complex descriptions appear to in'lply a spe­
cific a.-diimine metal complex preparation n'l.ethod, this is not 
the intent of a.-diiniinc r:netal coniplex description. 'I'he 
niethod of' preparing the a.-diirnine in.eta! coinplex is inde­
pendent of- the rnethod of· describing the a.-diimine n'l.etal 
coinplex. ·rhus, while the a.-diimine metal coniplex niay be 
described as a coinplex between an a.-diiinine co.in.pound and 
a inetal salt, the a.-diiinine n'l.etal cornplex may be prepared by 
contacting an a.-diilnine compound and a n'l.etal salt, by con­
tacting an a.-acyliin.ine coin.pound, an ainine and a metal salt, 
or any other method described herein. The a.-diimine con'l.­
pounds and in.eta! salts are separate and independent elenients 
of· the a.-diimine metal complex. Thus within the first a.-di­
in'line n:ietal coin.plex description, the a.-diiin.ine metal com­
plex can be described using any conibination of- a.-diiin.ine 
compound as described herein and the metal salt as described 
herein. 

In embodinients, the a.-diiinine n'l.etal con'lplex can be 
described as a dicoordinate in.eta! salt con'l.plexed to a biden­
tate a.-diin'line conipound. In some embodinients, the a.-di­
imine metal coniplex can be described as a tricoordinate 
metal salt complexed to a tridentate a.-diiinine compound. It 
should be noted that while the later ernbodirnent describes the 
a.-diin'line metal complex as a tricoordinate r:netal salt coni­
plexed to a tridentate a.-diimine compound, this description 
does not necessarily iniply that the three ligands of the triden­
tate a.-diir:nine coin.pound are complexed to the inetal salt. For 
exaniple, in exainple 7 a tricoordinate nietal salt is complexed 
to a tride:ntate a.-diirnine coin.pound wherein the metal salt 
cornplexing group is not con'lplexed to the nietal salt and can 
be i.1tilized within other aspects of the invention as described 
herein. 

In a second description, the a.-dii:rnine nietal coniplex can 
be described as a product produced by any process described 
herein capable of producing the a.-diiln.ine :rnetal coinplex and 
inay be fl.u-ther described using any en'l.bodiin.ents of the pro­
cesses described herein. 

In a third description, the a.-diin'lirie n'l.etal cornplex can be 
described as having any structure as indicated in Table 6. In 
einbodiments, the a.-diin'line metal complex can have Struc­
ture le; alternatively, Stn..1cture 2e; alternatively, Structure 3e, 
Structure 4e, or Structure Se; alternatively, Structure 6e; alter­
natively, Structure 7e, Structure Se, or rnixtures of Structure 
9e and Structure lOe; alternatively, Stn..1cture l le, Structure 
12e, or Structure 13e; or alternatively, Structure 11 e. In sonie 
enibodirnents, R"' 1 and R" 1

' of Structures le-13e are different 
(not identical). In some embodin'lents, Rar of· Stn..1ctures 1 e 
to/through 13e can have Structure 1 g (derived froni a primary 
aniine having Stn..1cture 3a). 

StructLu-e 1 g 

Ral4 

In other embodin'lents, RcLI' of Structures le to/through 13e 
can have Structure 2g (derived from a prirnary amine having 
Structure 4a). 
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Structure 2g 

Ra13' 

R~l4' Ra.15' 

In other embodiments, R"' 1 of Structures le to/through 13e 
can have Stru~cture lg and Red' ofStn..1cture le to/through 13e 
can have Stn..1cture 2g. In some embodinients, wherein Red 

and Ra i • of Stn..1ctures 1 e to/through l 3e can have Stn..1cture 1 g 
and Stn..1ch1re 2g, respectively, wherein Struch1re 1 g and 
Structure 2g are dH'ferent (not identical). 

In so1ne en1bodin1ents, the cx.-diiniine 1netal coniplex can 
have Stn..lch1re 14e or Stn..1cture 27e; alternatively, Stn..1ch1re 
l Se or Stn..1cture 28e; alternatively, Stn..1cture l 6e, Stn..1cture 
1 7e, Stn..1cture 1 Se, Stn..1cture 29e, Struch1re 30e, or Stn..1cture 
3 le; alternatively, Structure l 9e or Structure 32e; alterna­
tively, Stn..1cture 20e, Stn..1ch1re 2le, niixtures ofStn..1cture 22e 
and Structure 23e, Structure 33e, Structure 34e, or rnixtures 
of Struch1re 35e and Structure 36e; alternatively, Struch1re 
24e, Stn..1ch1re 25e, Struch1re 26e, Stn..1ch1re 37e, Structure 
38e, or Structure 39e; or alternatively, Stn_1cture 24e or Stn..1c­
ture 37e. In other enibodiments, the cx.-acylimine compound 
can have Structure l 4e; alternatively, Structure l 5e; alterna­
tively, Stn..1cture l 6e, Stn..1cture 1 7e, or Stn..1cture l Se; alterna­
tively, Stn..1cture 19e; alternatively, Structure 20e, Structure 
21 e, or niixtures of Structure 22e and Stn..1cture 23e; alterna­
tively, Struch1re 24e, Structure 25e, or Structure 26e; or alter­
natively, Structure 24e. In yet other embodiments, the 
cx.-acylirnine compound can have Stn_1cture 27e; alternatively, 
Stn..1cture 28e; alternatively, Structure 29e, Strucu1re 30e, or 
Structure 31e; alternatively, Structure 32e; alternatively, 
Stn..1ch1re 33e, Struch1re 34e, or niixtures of Structure 35e and 

'Struch1re 36e; alternatively, Stn..1cture 37e, Structure 38e, or 
Struch1rc 39e; or alternatively, Structure 37c. 

TABLE6 

Exa1nple a..-Diimine Metal Complexes 

Structure le 

Strucnu~e 2e 
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TABLE 6-continued 

Example a.-Diimine Metal Complexes 

Ra! 

Rat' 

/ 
XpM--N 

_J~~ RJ3 

Rls 

RI! 

Rl4 

Structure 3e 

Structure 4e 

Structure Se 

RJ6 R1s 

Structure 6e 

Structure 7 e 

RJ7 
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T_A.BLE 6-continued 

Example a-Diirnine Metal Cornplexes 

R37 

Structure Se 

Structure 9e 

Structure 1 Oe 

Rs3 Rss 

Structure 11 e 

Rs2 

Rs2 

R56 

Rss 

Rss 

Structure l 2e 
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TABLE 6-continued 

Example a-Diirnine Metal Complexes 

Rss 

Structure 13e 

Q-L 
: I 

Xp>: ~ 
Ra1-Ny -Rz 

Ra1 

Rl 

Structure 14e 

Structure 15e 

Q-L 
: I 

XpM--N 

_J~~ R13 

Ris 
R11 

R14 

Structure 16e 

Structure 1 7e 

R56 
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TABLE 6-continued 

Example a.-Diimine Metal Complexes 

Structure 1 8e 

Structure l 9e 

R33 

Structure 20e 

Sti-uch1re 2 1 e 

R4o 

R39 

Structure 22e 

R34 

R38 

R43 
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TABLE 6-continued 

Example a-Diimine Metal Complexes 

Structure 23e 

Stn_1cture 24e 

Structure 25e 

Structure 26e 
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T~L\.BLE 6-continued 

Exarnple a-Diirnine Metal Cornplexes 

Ral3 

Ra12 

Ral3 

~ 
Ra14 

Rall 

Q-L 
: I x:t: )\___ y -R2 

Rl 

Structure 2 7 e 

Structure 2 Se 

Structure 29e 

Rall 

Rl4 

Structure 3 Oe 

Rall 

,,,/ 
Ra1s R14 

R12 

Rl6 

Structure 3 1 e 
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TABLE 6-continued 

Exarriple a.-Diimine l'v1etal Complexes 

Ra12 Rall }:2-L 

xPM'.-J 
N" ~ ___ 1--..._, 

Structure 32e 

Structure 33e 

Structure 34e 

Ra12 

Structure 35e 
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TABLE 6-continued 

Exarnple et-Diimine Metal Complexes 

.Ra12 

Ra.12 

Structure 3 6e 

Structure 3 7 e 

Rss 

Structure 38e 

Structure 39e 

Ral4 
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T'lie a.-diimine metal coniplexes ofTable 6 can be prepared 

utilizing various niethods as described herein. Depending 
upon the a.-diiniine metal coniplex preparation method the 
u.-cliacyl conipound, the two primary aniines, the metal salt, 
the a.-acylin:iine con-ipounds, and/or the a.-acyliniine nietal 
con:iplexes can each be separate and independent elenients in 
the preparation of the a.-diiniine nietal con-iplex. Therefore, 
the R-"'s of a.-diacyl compounds having Structures 1-12 (Table 
1), the metal salts, the Ra=s of the priniary amines having 
StructuTes la-4a, the linking groups lL-SL (Table 3) of the 
priniary an-iine having Structure Sa, and the metal salt com­
plexing group Rc"'s having Structures lc-22c (Table 2) ofthe 
priniary amine having Structure Sa are separate and indepen­
dent elen:ients of the a.-diin:iine nietal con-iplexes of Table 6. 
Thus, the a.-diiniine n-ietal con1plexes of Table 6 can be fur­
ther described using any combination of- the R""s of- a.-diacyl 
compound having Structures 1-12 (Table 1) as described 
herein, the rnetal salts as described herein, the R ="'s of- the 
priniary an-iines having Struchi.res 1 a-4a as described herein, 
the linking groups lL-SL (Table 3) of the priniary aniine 
having Structure Sa as described herein, and the n:ietal salt 
coniplexing group R==s having Structures lc-22c (Table 2) of 
the prin1ary an1ine having Structure Sa as described herein. 

One skilled in the art will recognize that a.-diiniine metal 
complex Structures 14e though 39e formally show a :rnono­
n1eric form of a tricoordinate nietal salt complexed to a tri­
dentate a.-diirnine cornpound. However, it should be noted 
that these structures do not necessarily in:iply that dimeric 
for:rns of' Structures having bridging XP groups are not 
for:rned. Additionally, it should also be noted that while a.-di­
in1ine metal coniplex Structures 14e though 39e, and other 
Structures disclosed herein, indicate that the two in1ine nitro­
gen and the metal salt co:rnplexing group form a dative bond 
with the rr1etal aton1, these structures do not necessarily in1ply 
that the three ligands of- the tridentate a.-dii:rnine co1npound 
are con-iplexed to the metal salt. For example, in example 7 a 
tricoordinate n-ietal salt is co:rnplexed to a tridentate a.-diimine 
con1pound to for:rn an a.-diiniine nietal complex isolated in a 
din-ieric forrn and the metal salt complexing group is not 
con1plexed to the n1etal salt. The exaniples further illustrate 
that this a.-diirnine n1etal con1plex o-f' exa1nple 7 can be uti­
lized within other aspects of the invention as described herein. 
Provided the teachings of- the present disclosure, the skilled 
artisan 1nay also recognize that the a.-diitnine n-ietal complex 
Stru.chi.res herein do not show the presence of-any complexing 
solvent niolecules and n-iay appreciate that depending upon 
the solvent(s) used in the preparation of a.-diimine metal 
co1nplex Struch1res 1 e though 39e, and other Struch1res dis­
closed herein, the a.-diimine rnetal coniplexes can be isolated 
in for:rns having complexed solvent ato:rns, (e.g. ~rHF, aceto­
nitrile). 

a.-Diimine Cornpounds 
The a.-diiniine co:rnpounds can be described using any one 

of-several descriptions. While these descriptions niay be indi­
cated by labels such first descriptio:ri, second description, etc., 
these labels do not indicate a preference towards a particular 
description of the a.-diiniine compounds. 

In a first description, the a.-diiniine con-ipound can be n1ini­
n1ally described as a con1pound coniprising an a.-dii:rnine 
group. In embodiments, the a.-diiniine compound can be 
described as a co1npound con:iprising 1) an a.-diimine group 
and 2) two a.-diin1ine nitrogen groups. In this first a.-diimine 
con1pound description, the a.-acylin-iine group can be fhrther 
described as being derived fro:rn an a.-diacyl compound. 
Thus, alternatively, tlie cx.-acyli:rnine con1pou11d can be 
described as con-ipound con-iprising 1) an a.-diiniine group 
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derived fron1 arr a.-diacyl compound and 2) two a.-diimirre 
nitrogen groups; or alternatively, as compound consisting of 
1) arr a.-diimirre group derived from arr a.-diacyl corn pound 
and 2) two a.-diil:nirre nitrogen group. Irr the first a.-dihnirre 
cornpound description, the ct.-diacyl cornpoLmd, and each of 
the two c<.-diirnine nitrogen groups are separate and indepen­
dent elernerrts of the a.-diimirre compound description. Thus, 
within the first a.-diiniirre compound description, the a.-di­
imirre compound can have any combination of- the a.-diacyl 
compound as described herein and the a.-diirnine nitrogen 
groups as described herein. 

In the first cx.-diirnirre compound description, the =-diacyl 
corr:tpound fron:i which the cx.-diirnine con1pound is derived 
can be any a.-diacyl compol.md described herein. Irr embodi­
nu:nts, the two a.-diirninc nitrogen groups can each indepen­
dently co1nprise an orgarryl group; alternatively, co1nprise a 
n1etal salt co1nplexirrg group; alternatively, con1prise a n1etal 
salt co1nplexirrg group and a linking group linking the metal 
salt complexing group to the cx.-diiinine nitrogen group nitro­
gen aton:i.; alternatively, con:iprise an organyl group consisting 
of inert functional groups; alternatively, cornprise a hydrocar­
byl group; alternatively, consist of an orgarryl group; alterna­
tively, consist of a n1etal salt co1nplexing group and a linking 
group linking the metal salt con1plexirrg group to the a.-di­
irr1irre nitrogen group nitrogen atom; alternatively, consist of­
an org:u1yl group consisting of inert functional groups; or 
alternatively, consist of a hydrocarbyl group. 

Irr sorne err1bodin1errts, the two a.-diin1irre nitrogen groups 
can be the same. Irr other einbodimerrts, the two a.-diimirre 
nitrogen groups can be different. Irr particular ernbodirnerrts, 
the two a.-diirnine nitrogen groups cornprise two different 
orgarryl groups; alternatively, cornprise two different orgarryl 
groups consisting 01- inert fLmctiorral groups; alternatively, 
cornprise two different hydrocarbyl groups; alternatively, 
consist of two different organyl groups; alternatively, consist 
of.two difl:ererrt orgarryl groups consisting of· inert fu.rrctional 
groups; or alternatively, consist of- two different hydrocarbyl 
groups. Irr sorne other particular embodiments, the first a.-di­
imirre nitrogen group ccnnprises arr organyl group consisting 
of inert functional groups and the second =-diimine ni trogerr 
group corn prises a rnetal salt complexing group; alternatively, 
the first a.-diirr1irre nitrogen group corr1prises arr organyl 
group consisting of· inert fu.rrctiorral groups and the second 
a.-dii1nine nitrogen group cornprises a rr1etal salt cornplexing 
group m1d a linking group linking the metal salt complexing 
group to second a.-diimine nitrogen group nitrogen atorn.; 
alternatively, the first a.-diimirre nitrogen group comprises a 
hydrocarbyl group and the second cx.-diirnine nitrogen group 
co1nprises a metal salt con1plexing group; alternatively, the 
first a.-diin1irre nitrogen group cornpriscs a hydrocarbyl group 
and the second a.-diirnirre nitrogen group comprises a metal 
salt cornplexirrg group and a linking group linking the n-ietal 
salt corn.plexirrg group to the second a.-diimirre nitrogen 
group nitrogen atorr1; alternatively, the first cx.-<liirr1ine nitro­
gen group consists of an organyl group consisting of inert 
functional groups and the second a.-diin1ine nitrogen group 
consists of· a metal salt complexing group and a linking group 
link:irrg the metal salt cornplexirrg group to the second a.-di­
iinine nitrogen group nitrogen atom ; or alternatively, the first 
a.-diimirre nitrogen group consists ofa hydrocarbyl group and 
the second a.-diimine nitrogen group consists of a rr1etal salt 
con1plexing group and a linking group linking the 1netal salt 
complexing group to the second a.-diimirre nitrogen group 
nitrogen atom. 

As the primary aniirre NH2 group becomes the a.-di-
imine group's nitrogen atorn., the organyl group, rnetal salt 
cornplexing group, linking group, orgarryl group consisting of-
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inert functional groups, or hydrocarbyl groups of'thc priniary 
arnine becomes an a.-dihnine nitrogen group. Thus, the a.-di­
imine nitrogen groups cmi have the same enibodinients as the 
organyl group, metal salt coniplexing group, linking group, 
organyl group consisting of inert i'unctional groups, and 
hydrocarbyl groups of the priniary an1ine as described herein. 
Therefore, the organyl group, nietal salt coniplexing group, 
linking group, organyl group consisting o:t· inert functional 
groups, and hydrocarbyl groups of- the primary amines 
enibodinient 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 iniine nitrogen aton1 of-the a.-acylirnine group instead of" 
the --NI-I2 group ofthe priniary amine. 

In a second description, the a.-diiminc compound can be 
described as an a.-diirnine cornpound product of contacting 
an a.-diacyl compol.u:td with two primary amines. While this 
particular a.-diiniine compound description appears to in:iply 
a specific cx.-diimine cornpound synthesis method, this is not 
the intent of a.-diiniine conipound. The niethod of preparing 
the a.-diiniine compol.md is independent of the description of 
the a.-diin:iine metal complex. Thus, while the a.-diimine 
compound can be described as an a.-diiniine conipound prod­
uct of contacting an a.-diacyl coi=pound with two priniary 
amines, the a.-diimine compound can be prepared by using 
any niethod described herein. Irr the second cx.-diiniine corn­
po1u1d description the a.-diacyl conipound and each of-the two 
pri1nary aniines are separate and independent elements of the 
a.-diimine conipound description. Thus, within the second 
a.-diiniine conipound description, the a.-diin:iine con:ipound 
can have any conibination of the a.-diacyl conipound as 
described herein and two primary amines as described herein. 

Irr tlie second cx.-diiniine conipourrd description, the cx.-dia­
cyl coi=pound cmi be any a.-diacyl conipol.md described 
herein. In an aspect, the two priniary amines are the same. In 
some embodiments, the two primary amines are difl:erent. In 
enibodinierrts, at least one of the pri1nary ai=ines consists of 
aii --NH2 group and a hydrocarbyl group or consists of- an 
--NH2 group and an organyl group consisting of- inert fl.mc­
tional groups. In particular embodirnents, the cx.-diirnine coni­
pol.llid is a product of- reacting an a.-diacyl conipound with 
two different the two primary arnines coniprising an --NH2 

group mid an orgmiyl groups; alternatively, comprising an 
--NI-I2 group and an organyl groups consisting of inert fl_uic­
tional groups; alternatively, co1nprising an --NH2 group and 
a hydrocarbyl group; alternatively, consisting of mi --NH2 

group and an organyl groups; alternatively, consisting of- an 
--NH2 group and mi organyl group consisting of inert func­
tional groups; or alternatively, consisting of an --NH2 group 
and a hydrocarbyl group. 

In embodiments, the a.-diimine compound is a product of­
reacting a.-diacyl conipol.md with two different primary 
ai=ines. In particular ei=bodiments, the a.-diimine conipound 
is a product of reacting a.-diacyl conipound with two di-frerent 
priniary m·nines, wherein the first priniary arnine coniprises 
an --NH 2 group and an organyl group consisting of- inert 
fl.mctional groups and the second primary miiine comprises 
an --NH2 group and a 1netal salt coniplexing group; alterna­
tively, the first primary mnine co1nprises an --NH2 group and 
an organyl group consisting of inert fbnctional groups and the 
second priniary aniine co1nprises an --NH2 group, a nietal 
salt complexing group, mid a linking group linking the 1netal 
salt co1nplexing group the --NH2 group; alternatively, the 
first priniary aniine co1nprises an -----NI-I2 group and a hydro­
carbyl group and the second primary mnine coniprises an 
--NH2 group and a metal salt complexing group; alterna­
tively, the .f"rrst priniary amine coniprises an --NH2 group and 
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a hydrocarbyl group and the second prirnary aniine con1prises 
ari--NH2 group, a 1netal salt co1nplexing group, and a linking 
group linking the n1etal salt complexing group to the --NH2 

group; alternatively, the first priinary an1ine consists of an 
--NH2 group and an organyl group consisting of inert fl_mc­
tional groups and the second prin1ary amine consists of an 
--NH2 group, a metal salt complexing group, and a linl<lng 
group linking the nietal salt co1nplexing group to the --NH2 

group; or alternatively, the first primary arnine consists of ar1 
--NH2 group and a hydrocarbyl group and the second pri-
1nary amine consists of- an --NH2 group, a 1netal salt com­
plexing group, and a linking group linking the 1netal salt 
complexing group to the --NH2 group. 

In a third description, the cx-diiniine con1pounds can be 
described as a product produced by any process described 
herein capable of producing the cx-diiniine co1npounds and 
rnay be further described using any enibodirnents of the pro­
cesses described herein. 

In a fourth description, the cx-diimine compound can be 

described as having any a structure as indicated in Table 7. In 

ernbodin:ien.ts, the cx.-diimine cotnpound can have Structu.re 

1 f; alternatively, Strt.lcture 2f-; alternatively, Strt.lcture 3f, 

Strt.lcture 4f, or Structure Sf; alternatively, Structure 6f; alter­

natively, Strt.lcture 7f~, Stn_i_cture 8f, orniixtures of-Structure 9f 

and Structure lOf; alternatively, Structure l lf, Structure 12f, 

or Stn_i_cture 13f; or alternatively, Structure l lf-. In some 

en1bodin1ents, R" 1 and R"' 1
' of-Structures lf-13f"are dif'ferent 

(not identical). In sonie en1bodi1nents, R" 1 of Stn_i_ctures 

1 f-13 f can have Strt.l.cture 1 g (derived fro1n a primary amine 

having Structure 3a). In other embodiments, R"zi· of Strt.i.c­

tures lf-13f can have Structure lg can have Structure 2g 

(derived f-roJ:rL a prirnary arnine having Structure 4a). In other 

enibodhnents, Ral ofStructures lf-13fcanhave Structure lg 

and R"' 1
' of Stn_i_ctures lf-13f- can have Stn_i_cture 2g. In yet 

other embodiments, whereinR"" 1 andR"' 1
' of-Structi_i.res lf--l 3f 

can have Strt.lcture 1 g and Structure 2g, respectively, Strt.1c­

ture 1 g and Stn_i_cturc 2g are difl:erent (not identical). 

In some enibodiments, the cx-diimine compound can have 
Structure 14for Structure 27f; alternatively, Structure 15for 
Structure 28f; alternatively, Stn_i_cture l 6f, Stn_i_cture l 7f, 
Structure l 8f, Structure 29f, Structure 30f, or Structure 3 lf; 
alternatively, Structure l 9f or Stn_i.cture 32f; alternatively, 
Structure 20f, Strt.1cture 21f~, niixtures of- Stn_i.cture 22f and 
Structure 23f, Structure 33f, Stn_i_cture 34f, or niixtures of 
Structure 35f- and Structure 36f, alternatively, Stn_i_cture 24f, 
Structure 25f, Strt.1cture 26f, Stn_i_cture 3 7f, Structure 38f, or 
Structure 39f, or alternatively, Stn_i_cture 24f or Structure 37f. 
In other ern_bodi1nents, the cx-diirnine corr1pound can have 
Structure l 4f; alternatively, Structure l 5f; alternatively, 
Structure l 6f, Stn_i_cture 1 7f, or Structure l 8f; alternatively, 
Structure 1 9f; alternatively, Structure 20f, Stn_i_cture 21 f, or 
mixtures of Structure 22f and Structure 23f-; alternatively, 
Structure 24f, Stn_i_cture 25f, or Strt.i.cture 26f, or alten1atively, 
Structure 24f. In yet other en1bodin1ents, the cx-diirrrine coni­
pound can have Structure 27f; alternatively, Structure 28f; 
alternatively, Structure 29f, Structure 30f, or Structure 3 lf; 
alternatively, Strt.i.cture 32f; alternatively, Structure 33f, 
Structure 34f, or 1nixtures of Stn_i_cture 35f and Structure 36f-; 
alternatively, Strt.1cture 37f, Stn_i_cture 38f, or Structi_i.re 39f; or 
alternatively, Structure 37f-: 
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TABLE? 

Exarriple a.-Diimine Compounds 

Rll 
Ri2 

Structure 2:I 

RaI' 

/ 

/N~NI. R" 
Ra1 

1 

R14 

Structure 3 :I 

Ral' 

/ 

Ra1--N~N~ 13 

Rt4 

R RI6 
RI2 Ris 

Structure 4±-

Structure Sf 

RI6 

Structure 6:I 

Rts 
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TABLE 7 -continued 

Example et-Diimine Co1npounds 

R33 

Structure 7:f 

Structure 8±-

Structure 9f 

Structure 1 Of 

Ra!' 

/ 
N~ 

Structure 1 lf 
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TABLE 7 -continued 

Example a-Diimine Cornpounds 

Rss 

Structure 1 2f-

Structure l 3f 

Q-L 
I 
N~ 

Ra1-N0R2 

RJ 

Structure 14f 

Q-L 
I 
N~ 

Rll 
R12 

Structure 15f 

Q-L 
I 

/N~Nll R" 
Kai 

1 

R14 

Structure 1 6£' 
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TABLE 7 -continued 

ExarT1ple a..-Diimine Compounds 

Q-L 
I 
N~ 

Structure 1 7f 

Structure 1 Sf 

R16 

Structure 19:! 

Structure 20±-

Structure 21 r 

R13 

Rl7 

R1s 

R38 
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TABLE 7 -continued 

Exarriple a.-Diimine Compounds 

RSI 

Structure 22:I 

R43 

Structure 23:I 

H._53 Rss 

Structure 24±-

Structure 25:I 

H._55 

Structure 2 6:I 

R56 

H._56 

H._56 
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TABLE 7 -continued 

ExarT1ple a-Dii1ni_c1e:::: Corupou_nds 

Q-L 
I 

Ran 

N~ ~ 
~ -R2 

RJ 

Structure 27±-

Q-L 
I 
N~ 

Structure 28r 

Q-L 
I 

N#N~ R13 

-= R1s 
RJI 

Rais Rl4 

Structure 29r 

Structure 30r 

R_al4 

Structure 3 1 r 
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TABLE 7 -continued 

Exa.rnple a.-Diiini.ne Compounds 

Structure 32r 

Structure 3 3 r 

Struc..-ture 34r 

Structure 35r 

R38 
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TABLE 7 -continued 

Exarriple a.-Diimine Co1npou11ds 

Ra12 

Ra12 

R53 

Ral3 

Structure 36:F 

Structure 37:F 

Structure 3 8:F 

R59 

Structure 3 9:F 

R54 

R54 
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Ideally, the cx.-diiniine conipounds of- Table 7 could be 
prepared froni an cx.-diacyl compound and two prin:iary 
amines which are separate and independent elements. Thus, 
the Rxs of- cx.-diacyl conipound having Stru~ctures 1-12 (Table 
l ), the R "'""s of the prin:iary arnines having Structures l a-4a, 
the linking groups 1 L-SL (Table 3) of- the primary arnine 
having Structure Sa, and thernetal salt coniplexing group Rc"'s 
having Stru~ctures lc-22c (Table 2) of the priniary arnine 
having StrLicture Sa are separate and independent elenients o:f 
the cx.-diiniine conipounds of Table 7. Thus, the cx.-diirnine 
conipounds of- ~Iable 7 can be furth~er described using any 
combination ofthe R=s ofcx.-diacyl conipounds having Struc­
tures l -12 (Table 1) as described herein, the R "''"'s of- the 
priniary aniines having Structures 1 a-4a as described herein, 
the linking groups lL-SL (Table 3) of the prirriary arriine 
having Structure Sa as described herein, and the nietal salt 
con:iplexing group Rcxs having Structures lc-22c (Table 2) o:f 
the prin:iary an:iine having Structure Sa as described herein. 

General ~etal Complex and Intermediate Synthesis ~ethods 
An aspect of the invention relates to :niethods of preparing 

cx.-diiniine nietal complexes. As described herein, production 
of particular cx.-diirnine rrietal coniplexes can rnotivate selec­
tion of particular starting niaterials, (e.g. cx.-diacyl coni­
pounds, primary aniines, and rnetal salts), interrnediates (e.g. 
cx.-acylimine conipounds and cx.-acyli:niine nietal coniplexes), 
and cx.-diirnine nietal complexes. 

The methods for producing an cx.-diiniine nietal cornplex 
generally coniprise forniing at least one irnine bond in the 
presence of a nietal salt, a nietal cornplex, or conibinations 
thereof and recovering an cx.-diiniine rnetal con:iplex. In sorne 
embodiments, the niethod for producing an cx.-diimine metal 
coniplex coniprises forining at least one irnine bond iii the 
presence of-a :nietal salt, cx.-acyliniine :n:ietal coniplex, or coni­
bi:nations thereof· and recovering an cx.-diin:iine nietal com­
plex. In so1ne embodinients, the niethod for producing an 
cx.-diimine metal complex comprises forming at least one 
irnine bond in the presence of-a metal salt. In flirther embodi­
ments, the n:iethod for producing an cx.-diin:iine nietal coniplex 
coinprises forniing at least one iniine bond in the presence o:f 
an cx.-acyliniine nietal coniplex. Within these niethods, the 
metal salt or cx.-acyliniine metal coniplex, the cx.-diin:iine nietal 
co:niplex fanned, and the specific imine bond or i1nine bonds 
formed, are separate and independent elenients. Given the 
teachings provided, the skilled artisan can recognize which 
combination of ingredients may lead to a desired cx.-diirnine 
rrietal coinplex that includes the desired elerrients. The coni­
binations of cornpounds that can be used to produce a par­
ticular cx.-diimine nietal cornplex utilizing the synthesis nieth­
ods are described herein. 

The cx.-diacyl conipounds, priniary aniines, and nietal salts 
are separate and independent elements in the preparation of· 
the cx.-dii:niine metal complexes. A.dditionally, the interniedi­
ate cx.-acyli1nine con:ipounds and/or the cx.-acylimine nietal 
coniplexes can be separate and independent elements of- the 
cx.-diiniine nietal complex preparation niethods. Thus, the 
cx.-diiniine nietal coniplex preparation inethods can use any 
conibination of the cx.-diacyl conipounds described herein, 
pritnary aniines described herein, nietal salts described 
herein, cx.-acylimine co1npounds described herein, and 
cx.-acyliniinemetal complexes described herein to produce the 
desired cx.-diimine nietal coniplexes utilizing the herein 
described preparation methods. Provided the teachings of the 
present disclosure, a skilled artisan should recognize how 
cotnbinations of ingredients niay be varied in order to pro­
duce a desired 1netal coniplex including the desired elenients 
and their variations. 
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Methods for Preparing a.-Acylimine Cornpounds 

The rr1ethod of preparing an a.-acylin1ine con1pound corn­
prises contacting an a.-diacyl compou:nd and a primary a1nine. 
In sonie en1bodi1nents, the a.-acyliniine conipound is recov­
ered. In other en:ibodinients, the a.-acylimine conipound can 
be pi.rrified using 1nethods known to those skilled in the art, 
such as recrystallization. In yet other enibodiments, the 
a.-acylimine conipound is used as is, e.g., as an unpurified 
reaction product. 

Within the a.-acylimine compound production niethod the 
primary an:iine and the a.-diacyl cornpound are separate and 
independent ele1nents. Thus, a.-acyliniine corripound can be 
prepared using any combination of the priniary a1nirre as 
described herein and the a.-diacyl compound as described 
herein. Irr so1ne en1bodi1nents, the priniary aniirre can be a 
1nixture ofshnilar primary amines, e.g. a niixture ofpri1nary 
a1nines consisting of an --NH2 group and hydrocarbyl group, 
a niixture of prirriary amines consisting of an --NH 2 group 
and an organyl group consisting of inert t"u_nctional groups, or 
a rnixti.rre ofprirnary arnines corn prising an --NH2 group and 
a rnetal salt cornplexirrg group. Irr additional e1nbodiments, 
the a.-diacyl corripound can be a 1nixture of a.-diacyl co1n­
pounds. 

Solvents and catalysts that can be utilized with.in the 
a.-acylirnine compound syntliesis n:iethods are described 
herein and are generally applicable to 1nethods of'producing 
a.-acyliniine compounds. Production conditions such as 
reagent niolar ratios, temperatures, pressure, and contact 
times, a1nong others, are also described herein and are gen­
erally applicable to niethods of producing a.-acyli1nine co1IL­
pounds. 

Methods for Preparing a.-Acylimine Metal C-omplexes 
Various synthesis paths can be erriployed to produce the 

a.-acylimine metal coniplexes. Described herein are several 
preparation niethods that can be utilized. While the 
a.-acylimine metal co1nplex preparation n-:iethods 1nay be des­
ignated as •first method', •second 1nethod', etc . . . , these 
designations do not irnply any preference for a particular 
n1ethod o-rpreparing the a.-acylirnine rr1etal corr1plexes. 

In a first niethod, the method of preparing an a.-acylirnine 
metal co1nplex corn.prises contacting an a.-acyliniine co1n­
pourrd with a rr1etal salt. Irr some enibodirnents, t.he 
o.-acylirnine .rnetal coniplex is recovered. In other en-:ibodi­
nierrts, the C(.-acylirnirre inetal complex can be purified using 
1nethods known to those skilled irr the art, such as recrystal­
lization. In yet other enibodimerrts, the a.-acylirriine 1netal 
cornplex can be used as is. 

Within the first a.-acylimirre metal corriplex production 
1T:Lethod the 1netal salt and a.-acyli1ILine corripourrd are sepa­
rate and independent elements. Thus, utilizing the first 
a.-acylirnine 1netal cn1nplex production niethod the 
a.-acylimirre rrietal complex can be prepared using any coin­
binatiorr of the nietal salt as described herein and the 
cx.-acyliniine conipound as described herein. In sonie en-:ibodi­
merrts, the a.-acylirnirre conipourrd can be a 1nixture of similar 
a.-acyliniine compoi.uids, e.g. a mixti.rre of a.-acyliniine com­
pounds produced by contacting a.-diacyl co1npound with a 
mixti.rre of primary amines consisting of' arr --NH2 group and 
a hydrocarbyl group, a 1T:Lixture of a.-acylirriirre compounds 
produced by contacting a.-diacyl corripourrd with a rr-:iixture of 
priniary aniirres consisting ofan--NH2 group and an organyl 
group consisting of inert functional groups, or a i=ixture of 
a.-acyliniine co1npounds produced by contacting an a.-diacyl 
conipound with a mixture of primary amines comprising an 
-----NH2 group and an rnetal salt complexing group. 
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Irr a second rr1ethod, the method for preparing arr 

a.-acylirr1irre 1netal co1nplex corr1prises contacting arr a.-diacyl 
corrrpourrd, a metal salt, and a prirr1ary arr1irrc. Irr son1e 
en1bodi1nerrts, arr a.-acylin1irre 111etal cornplex is recovered. In 
other ernbodirnents, the a.-acyli1nirre metal complex can be 
purified using rr1ethods know to those skilled in the art, sucl1 
as recrystallization. In yet other en1bodirnents, the 
a.-acylin1irre metal co111plex can be used as is. 

In a third 111ethod, the n1ethod to produce an a.-acylirnine 
111etal con1plex con1prises a) contacting an a.-diacyl con1-
pound and a prin1ary an1irre to forrn a mixture containing an 
a.-acylin1ine con1pourrd, and b) contacting a 1netal salt with 
the n1ixture containing the a.-acyli111irre co1npourrd. In son1e 
embodiments, arr a.-acylimine metal co111plex is recovered. Irr 
other eI11bodin1ents, the a.-acyli111ine 111etal co111plex car1 be 
purified using rnethods known to those skilled in the art, such 
as recrystallization. Tn yet other embodirn.ents, the 
a.-acylirnirre n1etal complex is used as is. 

Within the second and third a.-acylirnirre 111etal co111plex 
production methods, the primary an1irre, the a.-diacyl com­
pound, and the n1etal salt are separate and independent ele­
n1ents. T'hu.s utilizing the second ar1d third a.-acylin1irre 111etal 
cornplex production 111ethods, the a.-acylirr1ine 111etal corn­
plex car1 be prepared utilizing ar1y combination of the primary 
an1ine as described herein, the a.-diacyl compound as 
described herein, and the n1etal salt as described herein. Pro­
vided the teachings of-the present disclosure, a skilled artisan 
can recognize how combinations of ingredients, e.g.--a pri­
rr1ary arnirre, a.-diacyl co111pound, and n1etal salt, rr1ay be 
varied in order to produce a desired rrretal corr1plex including 
those ingredients and their variations. In sorr1e err1bodi1nerrts 
within the second ar1d/or third a.-acylimirre metal cornplex 
production methods, the primary amine can be a 111ixture of 
sirnilar pri1nary arnirres, e.g. a rnixture of- primary an1ines 
consisting of arr --NH 2 group and hydrocarbyl group, a mix­
ture of- prirnary an1irres consisting of- arr --NH 2 group and arr 
orgarryl group consisting of-inert :functional groups, or a n1ix­
ture of pri111ary ar11irres corr1prising arr --NH 2 group and a 
rr1etal salt complexing group. Irr so111e en1bodi111errts, within 
the second and third a.-acyli111irre 111etal cornplex production 
rr1ethods, the a.-diacyl corr1pourrd can be a rr1ixture of a.-diacyl 
compounds. 

Solvent and catalysts and solvents that can be utilized 
within a.-acylimirre n1etal corr1plex synthesis n1ethods are 
described herein and are generally applicable to n1ethods of 
producing a.-acylimirre rnetal con1plexes. Production condi­
tions such as reagent nJ.olarratios, temperatures, pressure, and 
contact tirnes, among others, are also described herein ar1d are 
generally applicable to methods of producing a.-acylimine 
metal con1plexes. 

:Methods for Preparing a.-Diir11irre :Metal Co1nplexes 

-V:'l.rious synthesis paths can be en1ployed to produce the 
o.-dii.rnine n1etal con1plexes by forn1ing at least one i.rnine 
bond in the presence of a rnetal salt, a.-acylirnirre 1netal corn­
plex, or cornbinations thereof. Described herein are several 
111ethods that can be utilized. While rr1ethods rnay be desig­
nated as 'first 111ethod', 'second 1netl1od', etc., these designa­
tions do not irnply any preferences for particular n1ethod of 
preparing a.-diin1ine rr1etal co111plexes. 

In a first n1ethod, the 111ethod to produce an a.-dii111irre metal 
complex, comprises a) contacting an a.-acylimine 111etal com­
plex and a prin1ary arr1ine to forrr1 a rr1ixture, and b) recovering 
the a.-dii111irre n1etal con1plex fron1 the mixhrre. In so111e 
ernbodiments, the n.-diirr1ine rnetal con1plex can be purified 
using rr1ethods known to those skilled in the art, such as 
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recrystallization. In yet other enibodinients, the a.-acyliniine 
nietal co1TI.plex can be used as is. 

Within the first a.-diiniine nietal coniplex production 
method, the a.-acyli1TI.ine n:ietal cornplex and the primary 
amine are separate and independent elenients. Thus in the first 
cx.-diirnine n:ietal coniplex production n:iethod, the a.-diimine 
metal co1TI.plex can be prepared utilizing any con:ibination 0£ 
a.-acylin:iine 1TI.etal coniplex as described herein and prirnary 
an:iine as described herein. In sorne particular enibodinients, 
the priniary aniine used to produce the a.-acyliniine coni­
pound of the a.-acyliniinc metal complex and the priniary 
aniine contacted with the a.-acylimine nietal coniplex are 
different (not identical). For example, in two non-liniiting 
exaiTI.ples, the primary amine can comprise an --NII2 group 
and a nietal salt coniplexing group and the a.-acyliniine metal 
co1TI.plex can coniprise a coniplex between an a.-acyliniine 
cornpound and rnetal salt, wherein the a.-acylin1ine con:1-
pound coniprises 1) an a.-acyli1nine group derived fron1 aii 
a.-diacyl co1npound and 2) an iinine nitrogen group consist­
ing ofa hydrocarbyl group; or the priniary ainine can consist 
o±- an --NH2 group aiid a hydrocarbyl group and the 
a.-acylin1ine metal cornplcx can co1TI.prise a co1TI.plcx between 
an cx.-acylimine compound and metal salt wherein the 
a.-acylimine compound cornprises I) an a.-acylimine group 
derived froni aii a.-diacyl conipound and 2) ai1 iniine nitrogen 
group coniprising a ITI.etal salt co1TI.plexing group. Provided 
the teachings of the present disclosure, the skilled artisan 
should recognize how con1binations of particular 
a.-acyli1TI.ine 1TI.etal coniplexes and prii=ary amines can be 
varied in order to produce an a.-acyli1nine metal complex that 
includes the a.-acyli1nine rnetal cornplex and pri1TI.ary aiTI.ine 
selected. 

In some embodiments, the pri1TI.ary amine can be a 1TI.ixti.1xe 
0£ sin1ilar primary arnines, e.g. a niixti.1re o±- prirnary aniines 
consistiiig of an --NH2 group and hydrocarbyl group, a rnix­
ti.1re of prirnary aiTI.ines consisting of ai1 - NH2 group and aii 
organyl group consisting of inert fi1nctional groups, or a n1ix­
ti.1re 0£ priniary aiTI.ines cornprising an --NI-I2 group and a 
n1etal salt complexing group. Tn some embodiments, the 
a.-acylimine nietal complex can be a niixture o±- sin:iilar 
a.-acylirriine metal complexes, e.g. a 1nixti.1re of a.-acylimine 
compounds produced by contacting an a.-diacyl compound 
with a niixti.1re of prirnary aniines consisting of an --NI-I2 

group and a hydrocarbyl group, a 1TI.ixture of a.-acyli1TI.ine 
compounds produced by contacting aii a.-diacyl co1npound 
with a mixti.1re of priiTI.ary amines consisting of aii --NI-I2 

group and an organyl group consisting o±- inert functional 
groups, or a rnixture of a.-acylimine corn pounds produced by 
contacting an a.-diacyl compound with a primary amine co1n­
pri sing an ·---NH2 group and an rnetal salt cornplexing group. 

In a second method, the inethod to produce an a.-diimine 
nietal cornplex comprises a) contacting an a.-acylimine coni­
pound, a metal salt, and a pri1nary aiTI.ine to forni a mixture, 
and b) recovering the a.-diiniine nietal coniplex fron1 the 
1nixture. In some ernbodirnents, the a.-diiniine metal cornplex 
may be purified using 1nethods known to those skilled in the 
art, such as recrystallization. In yet other eiTI.bodin1ents, the 
a.-acylin1ine n1etal coniplex can be used as is, e.g., as aii 
unpurified reaction product. 

In a third niethod, the method to produce an a.-diiniine 
rnetal cornplex cornprises a) contacting an cx.-acyliniine corn­
pound and a rnetal salt to form a mixture containing an 
a.-acylimine ITI.etal complex b) contacting a primary amine 
with the rnixture containing an a.-acyliniine nietal complex 
and c) recovering the a.-diiniine nietal co1nplex. Tn sonie 
einbodiments, the a.-dii1nine nietal co1TI.plex 1TI.ay be purified 
using 1nethods known to those skilled in the art, such as 
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recrystallization. In yet other embodirrients, the cx.-acyliniine 
metal complex can be used as is, e.g., as an unpurified reac­
tion product. 

Within the second and third cx.-diimine rrietal coniplex pro­
duction niethods, the cx.-acyliniine conipound, the rnetal salt, 
and the primary amine are separate and independent ele­
n:ients. Thus within the second and third cx.-diin:iine metal 
corriplex production methods, the cx.-diiniine rnetal complex 
can be produced using any con:ibination of- the cx.-acylin:iine 
conipound as described herein, the nietal salt as described 
herein, and the priniary aniine as described herein. In some 
particular en:ibodinients, the primary an:iine used to produce 
the cx.-acyliniine cornpound and the priniary aniine contacted 
with the cx.-acyliniine compound are different (not identical). 
For example, in two non-lirriiting exaniples, the primary 
arnine used to produce the o-acylitnine cornpound can consist 
of an --NH2 group and a hydrocarbyl group and the priniary 
aniine contacted with the cx.-acylimine compound an.cl metal 
salt or mixture containing an cx.-acyliniine nietal coniplex 
con1prises an --NH2 group and rrietal salt coinplexing group; 
or the prirnary aniine used to produce the cx.-acyliniine coni­
pound consists of an --NI-I2 group and a hydrocarbyl group 
and the primary cllllirre contacted with the cx.-acyliniirre coni­
pound and rr1etal salt or niixture corrtairrirrg an cx.-acyliniirre 
metal coniplex consists of arr --NH2 group and hydrocarbyl 
group different than the prirriary aniine utilized to produce 
<-x.-acylirriine compound. Provided the teachings o-Fthe presen.t 
disclosure, the skilled artisan should recognize how co1nbi­
rratiorrs of particular cx.-acyliniine corr1po1-mds, metal salts, 
and primary arriines carr be varied in order to produce arr 
cx.-acylin1irre rr1etal cotnplex including the cx.-acylin1ine corr1-
pourrd, n1etal salt, and primary alnirre selected. 

Irr sorr1e embodiments, the cx.-acylirr1ine co1npound can be a 
mixture of similar cx.-acylimine con1pourrds, e.g. a 1nixture of 
cx.-acylirnine cornpounds produced by contacting cx.-diacyl 
compound with a mixture of- prirr1ary amine consisting of- an 
--NI-I2 group alld a hydrocarbyl group, a rr1ixture of 
cx.-acyliniine corripounds produced by contacting u.-diacyl 
con1pound with a mixture of pri1nary atnine consisting of an 
--NH2 group and an orgarryl group consisting of- inert func­
tional groups, or a rnixture of cx.-acylimirre compounds pro­
duced by contacting an cx.-diacyl corr1po1-u1d with a n1ixture of­
primary atnirre comprising an --NI-12 group and a n1etal salt 
cornplexing group. In other embodin1errts, the prin:iary an1irre 
used in the synthesis of the cx.-diimine metal co1nplex can be 
a 1nixture ofsitnilar pri1nary a1nirres, e.g. an1ixture ofpri1nary 
amines consisting o:t-all --Nf-12 group and hydrocarby 1 group, 
a n1ixture of primary amines consisting of an --NH2 group 
and an organyl group consisting of" inert Functional groups, or 
a mixture of prin1ary al11ines co111prising arr --NI I 2 group and 
a n1etal salt co1nplexing group. 

In some particular embodin1ents, the primary an1irre uti­
lized in the first, second, and third cx.-diirnine rrietal cornplex 
production n1ethods described above is a different prirnary 
an1ine than that utilized to produce the cx.-acylimine con1-
pound or cx.-acylin1ine n1etal corr1plex. For example in two 
non-li111iting cases, if the prin1ary an1ine used to produce 
cx.-acyliminc compound or cx.-acylin1ine metal complex com­
prises an --NI-I2 group and an orgal1yl group then the priinary 
atnine contacted with the cx.-acylitnine co111pound or 
cx.-acyli1nine n1etal co1nplex could be a different primary 
arnine co1nprrs1rrg an ·Nl-12 group and all orgarryl group; or, 
i:t- the prirnary amine used to produce cx.-acylin1ine con1pound 
or cx.-acylirnine rnetal con:iplex cornprises an --NF-12 group 
and an organyl group consisting o:t- inert :functional groups, 
then the pri111ary an1ine contacted with the cx.-acylin1ine co1n­
po1-u1d or cx.-acylitnine n1etal corr1plex could be primary 
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arnines comprising an --NI-I2 group and a metal salt com­
plexing group_ One skilled in the art will recognize that these 
are .non-lirniting exaniples and can envision that within these 
en1bodin1ents any cornbination of the two priniary aniines as 
described herein can be utilized with the stipulation that the 
two primary aniines are different_ 

In a fuurth n:iethod, the method to produce the 0--diirnine 
metal complex corn.prises a) contacting an 0--diin1ine com­
pound with a metal salt, and b) recovering the 0--diin1ine 
nietal salL In further en1bodin1ents, the o.-diimine nietal com­
plex is purified using niethods known to those skilled in the 
art, such as recrystallization_ Within the fuurth a_-diimine 
nietal cornplex production method, the 0--diimine conipound 
and nietal salt are separate and independent elen:ients_ Thus, 
the 0--diiniine metal cornplex can be produced utilizing any 
conibination of the 0--diiniine conipound as described herein 
and the metal salt as described herein_ Provided the teachings 
of the present disclosure, the skilled artisan should recognize 
how combinations of 0--diiniine compound and nietal salt 
niay be varied in order to produce a particular 0--acyliniine 
nietal coniplex including the 0--diirnine compound and metal 
salt selected_ 

~'\_pplicable catalyst and solvent that can be utilized within 
tliese 0--diiniine nietal complex synthesis methods are 
described herein and are generally applicable to niethods o:f 
producing 0--diiniine nietal complexes. Production condi­
tions such as rnolar ratios, tcnipcratures, pressure, and contact 
tinies, arnong others, are also described herein and are gen­
erally applicable to niethods of- producing 0--diimine metal 
con:iplexes _ 

The cx.-diiniine nietal complex synthesis niethod can also 
coniprise any step required to produce the 0--acyliniine coni­
pounds and/or the 0--acylimine metal coniplexes utilized in 
the 0--diiniine nictal complex syntheses. As such, the a_-di­
imine metal coniplex synthesis can be described as process 
utilizing an 0--diacyl compound, two priniary amines, and a 
nietal salt and having an 0--acyliniine conipounds and/or 
0--acylimine nietal complexes as an intermediate product 
which can be isolated and/or purified or used as is. Provided 
these 0--dii:rnine nietal complex synthesis descriptions the 
skilled artisan rnay recognize that the two primary amines can 
be labeled first or second priniary amine as needed to 
adequately describe the process_ One skilled in the art pro­
vided these teachings niay also recognize that even though the 
first, second, and tliird cx.-diirnine nietal cornplex synthesis 
steps are annotated with steps a), b), etc., the 0--diin1ine nietal 
con:iplex synthesis steps can be reannotated to provide con­
sistent step annotation to incorporate steps utilized in produc­
ing the 0--acylimine compounds and/or the 0--acylimine metal 
coniplexes into the 0--diimine nietal con:iplex synthesis 
descriptions. Additionally, the act of incorporating the steps 
required to produce tlie cx.-acylirriine corr1po1u1ds and/or 
a_-acyliniine nietal corriplexes into the niethods of producing 
the 0--diiniine n:ietal complexes can create a situation wherein 
a synthesis path niay include more than one rnixture In these 
scenarios, such niixtures can be prefaced with a descriptor 
such as first, second, etc., to provide unambiguous references 
to the mixtures within the 0--diimine metal coniplex synthe­
sis_ Thus, in a non liniiting exarnple, a process to produce arr 
0--acylinii:ne nietal coniplex froni an a_-diacyl conipound, two 
priniary arnines, and a metal salt by putting together the 
various conipound descriptions described herein can coni­
prise the steps a) contacting an 0--diacyl compound with a first 
primary arnine to forni a first mixture containing an 
0--acylimine conipound; b) contacting the first niixture with a 
nietal salt to forni a second niixture containing a.n 
0--acylin1ine nietal coniplex, c) contacting a second priniary 
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arnine vvith the second rnixture to f"orrri an cx.-diirnine metal 
complex, and d) recovering the a.-diiniine rnetal complex. 

Reagent Molar Ratios, Solvents, Reaction Conditions and 
:Metal Con1plex and Tnterrr1ediate Yields 

As described herein, an a.-diiniine rnetal con1plex n1ay 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 niethods of-producing the 
a.-diin1ine nietal coniplex as described herein. 

Generally, whenever a prin1ary an-iine is contacted vvith an 
a.-diacyl compound, e.g. to forrr1 an a.-acylirnine compound 
or an a.-acylimine rnetal complex, the niolar ratio of primary 
an1ine to a.-diacyl con1puund can be any niolar ratio capable 
of producing the a.-acylimine con:ipound or a.-acylimine 
n1etal cornplex. In some embodiments, the rr1olar ratio of 
priniary amine to a.-diacyl conipol.md can be less than 1 .1: 1; 
alternatively, less than 1.05: 1; alternatively, less than 1.02: 1; 
or alternatively, less than 1: 1. In other en:ibodirnents, the 
rnolar ratio of prin1ary aniine to a.-diacyl con1pour1d can range 
fro:rn 0.75:1 to 1.1 :1; alternatively, range from 0.85: 1 to 1.05: 
1; or alternatively, range fron:t 0.9:1 to 1.02:1. In yet other 
embodiments, the niolar ratio of prin1ary aniine to a.-diacyl 
corr1pound can be about 1: 1. In yet other en1bodin1ents, the 
molar ratio of· pri:tnary an1ine to a.-diacyl compol.md can be 
greater than l: 1 when the remaining acyl group of the result­
ant cx-acylirnine conipound does not readily react with addi­
tional equivalents of the primary an-iine under the reaction 
conditions employed. In this embodiment, the use of excess 
prirnary ac:nine can prove desirable. 

Generally, whenever an a.-diacyl compound is contacted 
vvith a nietal salt, e.g. to form an a.-acylimine n-ietal con1plex 
by contacting an a.-diacyl conipound, a pri:r:nary amine, and 
:rnetal salt, the niolar ratio of metal salt to a.-diacyl con1pound 
can be any niolar ratio capable of producing an a.-acylimine 
metal complex. Tn so:rne embodiments, the molar ratio of 
n-ictal salt to a.-diacyl compound to is greater than 0.75:1; 
alternatively, greater than 0.85: 1; alternatively, greater than 
0.9: 1; or alternatively, greater than 0.95: 1. In other en1bodi-
1nents, the n-iolar ratio of metal salt to a.-diacyl compol.md can 
range from 0.75: 1 to 1.25: 1; alternatively, range fron10.85:1 
to 1.15:1; or alternatively, range fron1 0.9:1 to 1.1:1. In yet 
other e:rnbodin1ents, the inolar ratio of metal salt to a.-diacyl 
conipound can be about 1 : 1 . 

Generally, whenever priniary acnine is contacted vvith a 
metal salt, e.g. to form an a.-acylimine nietal complex or an 
a.-diimine metal con1plex, the niolar ratio of primary a1nine to 
inetal salt cac1 be any molar ratio capable of producing the 
acylimine n-ietal co1nplex or the a.-diiniine n-ietal co:rnplex. In 
sonie ecnbodicnents, the :r:nolar ratio ofpriniary ac:nineto metal 
salt can be less than 1 .1 : 1; alternatively, less than 1.05:1; 
alternatively, less than 1.02: 1; or alternatively, less than 1: 1. 
In yet other embodin1ents, molar ratio of a1nine to metal salt 
can range fro1n 0. 7 5: 1 to 1 .1: 1; alternatively, range fron1 
0.85: 1 to 1.05: 1; or alternatively, range frorn 0.9: 1 to 1.02: 1. 
In certain en1bodi1nents, the molar ratio ofaniine to metal salt 
can be about 1: 1. 

Generally, whenever an a.-diacyl co1npound is contacted 
vvith a prin1ary a:rnine and a n-ietal salt, e.g. to forn1 an 
a.-acy liniine n-ietal coniplex, the inolar ratio of the pri:rnary 
amine to rnetal salt can be any rnolar ratio capable of produc­
ing an a.-acyliniine n-ietal coniplcx. In some embodi1nents, 
the inolar ratio of prin1ary amine to inetal salt to a.-diacyl 
conipound can range fron1 0.75: 1: 1 to 1.1: 1: 1; alternatively, 
range fro1n 0.85: 1: 1 to 1.05: 1: 1; or alternatively, range fro1n 
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0.9: 1: 1 to 1.02: 1: 1. Incertaine1nbodirnents, the 1nolar ratio of 
primary an1ine to metal salt to cx.-diacyl con1pound is about 
1:1:1. 

Generally, whenever an cx.-acyli1nine co1npound is con­
tacted with a metal salt, e.g. to form an =-acylin1ine n1etal 
cornplex or an C(.-diir:nine rnetal cornplex, the rrrolar ratio of 
metal salt to cx.-acylimine compound can be any ratio capable 
of'producing the cx.-acylimine in.ctal co1rrplex or the cx.-diirnine 
metal complex. In some e1n.bodiments, the molar ratio of 
n-ietal salt to cx.-acylimine coin.pound is greater than 0. 75: 1; 
alternatively, greater than 0.85:1; alternatively, greater than 
0.9: 1; or alternatively, greater than 0.95: 1. In other en-ibodi­
rnents, the rr1olar ratio of- rr1etal salt to c~-acylirnine cornpound 
ranges from 0.75: 1 to 1.25: 1; alternatively, ranges from 
0.85: 1 to 1.15: 1; or alternatively, ranges fro1n 0.9: 1 to 1.1: 1. 
In yet other e1nbodin1ents, the rnolar ratio of 1netal salt to 
cx.-acylirnine con1pound is about 1: 1. 

Generally, whenever a prin-iary amine is contacted with an 
cx.-acylirnine cornpourrd, e.g. to for1n arr =-dihnine compound 
or an a.-diirnine rn.etal complex, the rr1olar ratio of prin-iary 
amine to cx.-acyli1nine con1pound is any primary amine to 
cx.-acylin-iine coin.pound molar ratio capable of producing the 
cx.-diin1ine compound or the cx.-diimine n-ietal co1n.plex. In 
so1n.e e1nbodin-ients, the n-iolar ratio of pri1n.ary amine to 
cx.-acyli1nine con-ipound can be less than 1.25:1; alternatively, 
less than 1.15 to 1; or alternatively, less than 1.1: 1. The in.olar 
ratio of prirrrary arnine to cx.-acylirnirre con1pound can range 
fron-i 0.75:1 to 1.25:1; alternatively, range fron:1 0.85:1 to 
1 .1 5: 1 ; or alternatively, range fro1n 0. 9: 1 to 1 .1 : 1 . In certain 
e1nbodin1ents, the n1olar ratio of primary amine to 
cx.-acylhnine con1pound is about 1: 1. In yet other ernbodi­
ments, the in.olar ratio of pri1nary amine to cx.-diimine coin.­
pound can be greater than 1: 1 when the initial imine group is 
not readily displaced with the prin-iary an1ine under the reac­
tion conditions employed. In this embodi1nent, the use of­
excess pri1nary amine can prove desirable. 

Generally, whenever a prhnary a1n.ine, cx.-acylimine con-i­
pound, and a metal salt are contacted, e.g. to for1n. an cx.-di­
imine metal co1n.plex, the molar ratio of prhnary an1ine to 
cx.-acylimine coin.pound to 1netal salt to cx.-acyli1nine coni­
pound is any prin-iary arnine to rnetal salt to a.-diacyl corn­
pound molar ratio capable of producing the cx.-diiniine metal 
complex. In son1e c1n.bodiments, the 1nolar ratio of· pri1nary 
arnine to 1netal salt to cx.-acylimirre co1npound can range from 
0.75: 1 :1 to 1.1:1:1; alternatively, range from 0.85:1 :1to1.05: 
1: 1; or alternatively, range fron-i 0.9: 1: 1 to 1.02: 1: 1. In certain 
embodin-ients, the molar ratio of a1rrine to cx.-acylirrrine com­
pound to rnetal salt can be about 1: 1: 1. 

Generally, whenever a pri1n.ary amine is contacted with arr 
cx.-acyli111ine 1netal cornplex, e.g. to forn-i an cx.-diin-iine n1etal 
con1plex, the molar ratio of- primary a1nine to cx.-acylhnine 
metal cornplex can be any prin-iary amine to cx.-acylin-iine 
rnetal coniplex inolar ratio capable of producing the cx.-di­
in-iine metal complex. In some e1nbodi1n.ents, tlie inolar ratio 
of prirr1ary arn.ine to cx.-acylin1ine n-ietal cornplex can be 
greater than 0.9: 1; alternatively, greater than 0.95: 1; or alter­
natively, greater than 0.975: 1. In other e1nbodin1ents, the 
molar ratio of primary an-iine to cx.-acylimine 1n.etal con1plex 
ranges from 0.9: 1 to 1.5: 1; alternatively, from 0.95: 1 to 1 :25: 
1; or alternatively, fro1n 0.975:1 to 1.1:1. In certain en-ibodi­
ments, the niolar ratio ofa1nine to cx.-acylimine metal co1nplex 
is about 1: 1. 

Generally, the solvent for preparing the cx.-acyliniine com­
pound, cx.-acylirnine metal complex, or cx.-diimine 1netal co1n­
plex can be any solvent capable of allo-~ring the selected 
reagents to react to for1n the selected con-ipo"Lmd or in.etal 
co1n.plex. In embodiments, the solvent cai1 be an alcohol, 
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ether, :nitrite or halogenated hydrocarbon. In some embodi­
n1e:nts, the solvent can be an alcohol; alternatively, and ether; 
alternatively, a nitrite; or alternatively, a halogenated hydro­
carbon. Generally, the alcohol, ether, :nitrite, or halogenated 
hydrocarbon can be any C 1 to C 10 alcohol, C 1 to C 10 ether, Ci 
to C 10 :nitrite or Ci to C 10 halogenated hydrocarbon; or alter­
natively, any C 1 to Cs alcohol, ether, C 1 to Cs :nitrite, or Ct to 
Cs haloge:natedhydrocarbo:n. In some ernbodime:nts, the alco­
hol solvent can be :n1etha:nol, ethanol, propa:nol, isopropanol, 
buta:nol, or tert-butan.ol. In other ein_bodi1n_e:nts, t:l'Ie ether can 
be dimethyl ether, diethyl ether, methyl ethyl ether, ITI.o:noet­
hers or diethers of-glycols (e.g. di:n1ethyl glycol ether), :fbrans, 
dihydrofbra:n, substituted dihydro:fbra:ns, tetrahydrofbran 
(THF), tetrahydropyrans, 1,3-dioxa:nes, or 1,4-dioxanes. In 
other e:n1bodime:nts, the :nitrite solvent can be aceto:nitrile. In 
yet other ernbodime:nts, the halogenated hydrocarbon can be 
methylene chloride, chloroform, carbon tetracltloride, or 1 ,2-
dichloroethane. In son'Ie particular e:n'Ibodin'Ients, the solvent 
can be ITI.ethanol; alternatively, ethanol; alternatively, isopro­
pa:nol; alternatively, tetrahydrofii.ran; alternatively, acetoni­
trile; alternatively, n1ethyle:ne chloride; or alternatively, chlo­
roforn1. 

Generally, the fon.TI.ation of at least one itn_ine bond of 
a.-diin1ine metal complex in the presence of· a metal salt or 
n1etal con'Iplex (e.g. reaction between a pritn_ary amine and 
a.-acylin'Iine metal con'Iplex or a reaction between a p.rimary 
arnine, n'Ietal salt and an a.-acylin'Ii:ne compou.nd) can be 
carried out at any suitable reaction conditions capable of 
producing the a.-dii1n_ine n'Ietal con'Iplex. For exan'Iple, the 
tin'Ie, ternperature, and/or pressure required to produce the 
a.-diirnine n'Ietal cornplex by forming at least one in1ine bond 
of- a.-diimi:ne 111etal con1plex in the presence of- a metal salt or 
n1etal complex can be any condition :needed to produce a 
quantity of the a.-diimine 111etal con'Iplex. Provided the teach­
ings of the present disclosure, a skilled artisan n1ay recognize 
the relationship between parain_eters, such as the ten1perature 
of-the in1i:ne bond forn'Iation reaction and the time :necessary 
to f'orn1 a quantity of the cx.-diimine n'Ietal complex, and how 
to suitably vary such parameters. Additionally, provided the 
teachings of the present disclosure, the skilled artisan Inay 
also recognize that an imi:ne bond forn1ation reaction can also 
be dependent upon other reaction paran'Ieters sucl'I as ITI.olar 
ratio of reagents, and can vary the reaction paran1eters such as 
reagent mole ratio, reaction tiine, and/or reaction temperature 
to obtain desired results. 

Generally, the t<::>r1n_atio:n of at least one i111i:ne bond of­
a.-diimi:ne Inetal con1plex in the presence of a 111etal salt or 
111etal con'Iplex (e.g. reaction between a prin'Iary an'Iine and a.­
acyli111ine 111etal co1n_plex or a reaction between a prin'Iary 
amine, n1etal salt and an a.-acylin'Iine co:n'Ipound) can be 
carried out at any suitable reaction conditions capable of 
producing the a.-diin'Ii:ne metal complex. For exa1n_ple, the 
time, ten1perature, and/or pressure required to produce the 
a.-dii.rnine .rnetal con1plex by forming at least one imine bond 
of-a.-diin'Iine 111etal con1plex in the presence ofa n1etal salt or 
ITI.etal co1n_plex can be any condition needed to produce a 
quantity of the a.-diin'Iine 111etal con'Iplex. Provided the teach­
ings of the present disclosure, a skilled artisan n'Iay recognize 
the relationships between paran'Ieters, such as the ten'Ipera­
ture of the in1ine bond fonnation reaction and the tiine nec­
essary to form a quantity of the a.-diimine 1n_etal co111plex, and 
how to suitably vary such parameters. Additionally, provided 
the teachings of the present disclosure, the sk:illed artisan may 
also recognize that an imi:ne bond forn1ation reaction can also 
be dependent upon other reaction par=eters such as n1olar 
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ratio of reagents, and can vary the reaction paranieters such as 
reagent niole ratio, reaction tinie, and/or reaction ternperatu.re 
to obtain desired results. 

Tn so:n:ie enibodiments, the reaction to form at least one 
hnine bond of-the a.-diirnine metal coniplex in the presence of 
a rnetal salt or nietal coniplex can occur at a ternperature 
ranging frorn -20° C. to 200° C. In other en:ibodi:n:ients, the 
reaction to forni at least one imine bond of the a.-diiniine 
metal coniplex in the presence of a nietal salt or rnetal com­
plex can occur at a temperah.i.re ranging froni 0° C. to 1 50° C.; 
alternatively, from 20° C. to 100° C.; or alternatively, frorn 
40° C. to 80° C. The tinie needed to form at least one iniine 
bond lTf" resulting a.-diirr:tine ni.etal cornplex in the presence of 
a rnctal salt or rnetal complex, at the temperature described 
herein, may be frorn less than l minute to 48 hours; alterna­
tively, froni 30 minutes to 36 hours; or alternatively, from l 
hours to 24 hoi..rrs. The teniperatures and tin-ies described 
herein arc generally applicable to any methods of· forniing at 
least one irnine bond in tlie presence of a rnetal salt or rnetal 
cornplex including the rnethods for contacting an o.-diacyl 
corn.pound, a metal salt and a prirnary arnine, contacting an 
a.-acylimine corn.pound, a metal salt, and a prirnary amine, or 
contacting an a.-acylimine metal cornplex and a primary 
aniu-ie. 

In embodinients, the step wherein the imine bond of' the 
a.-diimine rnetal coniplex is formed in the presence of a nietal 
salt or nietal complex proceeds at a yield of greater than 60 
percent based on the weight of' the lirniting reagent. In sonie 
ernbodirnents, the step wherein the iniine bond of the a.-di­
irnine nietal cornplex is formed in the presence of a n-ietal salt 
or nietal co1nplex proceeds at a yield of greater than about 65 
percent based on the weight of the lirniting reagent; alterna­
tively, greater than 70 percent based on the weight of the 
limiting reagent; alternatively, greater than 75 percent based 
on the weight of the linriting reagent; alternatively, greater 
than 80 percent based on the weight of the liniiting reagent; 
alternatively, greater than 85 percent based on the weight of 
the liniiting reagent; or alternatively, greater than 90 percent 
based on the weight of the liniiting reagent. 

Generally, the procedi..i..res described herein enable the pro­
duction of specific a.-diimine metal cornplexes having two 
difTerent (or t-vvo difTerent type) in1ine groups in a high yield 
using an a.-diacyl corn.pound and tvvo different (or tvvo differ­
ent type) prirnary amines. Not to be boi..md by theory, it is 
believed that the reaction of the second ainine with an 
C(.-acylirnine corn.pound in the presence of a rn.etal salt, or 
reaction of' the second amine with mi a.-acylirnine n-ietal co1n­
plex, inhibits the reversibility of'the SchifTbase reaction that 
:fi::>rnied the first irnine group of the a.-acylimine compound. 
Norrnally, the reversibility of the Schiffbase reaction does not 
create issues when the two pri1nary ainines used to produce 
the two imine group of the a.-diimine compound (and ulti­
mately the a.-diirnine rnetal con-iplex) are the san-ie. However, 
when the tvvo different prirnary aniines are used to produce 
two different irnine nitrogen groups, the reversibility of the 
Schiff' base reaction allows the a.-acyliniine compound to 
revert into its cornponent prirnary arnine and a.-diacyl coin.­
pound and thus allows the formation of' all potential a.-di­
imine compounds. Thus, the presence of- the rnetal salt or 
a.-acylimine n-ietal cornplex during the formation of a.-di­
in-iine nietal coniplex allows in-iproved selectivity to a specific 
desired a.-diirnine nietal coniplex based upon the limiting 
reagent of the synthesis method. 

In en-ibodinients, C(.-diirnine rnetal complex is produced at 
an overall yield of greater than 50 percent based on the weight 
of the liniiting reagent; alterriatively, greater than 55 percent 
based on the weight of the li1niting reagent; alternatively, the 
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greater than about 60 percent based on the weight of the 
lilniting reagent; alternatively, greater than 65 percent based 
on the weight or the 1in1iting reagent; alternatively, greater 
than 70 percent based on the weight of the limiting reagent; 
alternatively, greater than 7 5 percent based on the weight of 
the lirniting reagent; or alternatively, greater than 80 percent 
based on the weight of the limiting reagent. In son1e e1nbodi­
rnents, the lirrtiting reagent For detern-i.ination oF the overall 
yield can be the a.-diacyl compound. In other embodiments, 
the lin1iting reagent for determination of the overall yield is 
the car1 be the first prin1ary an1ine. 

Olefin Polymerization or Oligo1nerization 
T'he a.-diimine metal con:1plexes described in the present 

application can be en:1ployed in the polyn:1erization and/or 
oligon1erization of- olefins. Such a process can be carried out 
by contacting a catalyst systern comprising an o.-diimine 
rnetal complex with one or more olefin n1onomers under 
reaction conditions suitable for polyn1erizatio:n or oligorner­
izatio:n of olefi:ns. In some en:ibodirne:nts, the polyn:ierization 
or oligomerization process cnn:iprises 1) contacting an olefin, 
an cx-diin-i.ine metal complex, and a cocatalyst; and 2) f"orming 
an olefin polymer or oligon1er. In other en1bodirnents, the 
polyn:1erization or oligo:n:ierization process is an alpha olefin 
production process co:n:iprising: 1) contacting ethylene, an 
a.-diimine n1etal cornplex, and a cocatalyst; and 2) for:n:iirrg a 
product stream co1nprising alpha olefins. ln other ernbodi­
me:nts, the poly1nerization or oligomerizatio:n process is an 
alpha olefin production process co1nprisirrg: 1) contacting 
ethylene, an a.-diirnine n:ietal cornplex, and a cocatalyst; and 
2) f"orn1i:ng a product streani con1prisi:ng polyethylene. The 
process can con:iprise additional steps such as deactivating the 
catalyst and isolating the olefin oligo:n:ier or polymer. Suitable 
n1o:norners for the olefin poly1nerizatio:n or oligorr:ierization 
can be olefi:ns having 2 to 20 carbon aton:1s; alternatively, 
olefins having 2 to 3 carbon atorns; alternatively, ethylene; or 
alternatively, propylene. 

Olefin Polyrr1erizatiorr or Oligornerizatiorr Catalysts and 
C~ocatalysts 

Within the polymerization or oligomerization processes, 
the a.-diin:iine inetal complex can be any a.-diirr:iirre metal 
con:iplex described herein capable of forming the desired 
polyrr1er or oligon1er. In e1nbodin:ierrts, the cx.-diin:ii:ne n1etal 
complex can be a rr:ietal salt co1nplexed to an a.-diirr:ii:ne co:n:i­
pound co1nprisirrg 1) an a.-diin1ine group derived from arr 
a.-diacyl compound and 2) two dif"fererrt a.-diimirre nitrogen 
groups. In other :non-limiting en:ibodimerrts, the a.-diin::ii:ne 
inetal con1plex can be a n::ietal salt co1nplexed to an a.-dii111ine 
co1npound comprising 1) an a.-diin:iirre group derived from an 
a.-diacyl compound and 2) two different a.-dii1nirre nitrogen 
groups consisting of an organyl groups consisting of inert 
fLmctional groups, hydrocarbyl groups, or rr:iixture thereof; 
alternatively, a rnetal salt cornplexed to an a.-dii111ine co111-
pol..md consisting of 1) an a.-dii111ine group derived f"ro1n an 
cx.-diacyl co111pound and 2) a first in1ine :nitrogen group con­
sisting of- an organyl group consisting of inert functional 
groups or a hydrocarbyl group and 3) a second i:n:ii:ne :nitrogen 
group con1prisirrg a 1netal salt con:1plexi:ng group; or alterna­
tively, a :n:ietal salt co:n:iplexed to an a.-diirni:ne compound 
consisting of 1) an a.-diin1ine group derived from an a.-diacyl 
con:1pound and 2) a first ilnine nitrogen group consisting an 
organyl group consisting of inert functional groups or a 
hydrocarbyl group and 3) a second in1ine group con:iprisi:ng a 
metal salt complexing group and a linking group linking the 
metal salt complexing group to the second imi:ne ilitrogen 
aton:i. As the 111etal salt, a.-diacyl compound fro1n which the 
a.-diin1ine co:n:ipound is derived, and the two in:1ine groups 
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origin.ate from independent elen:ients, the c.x-diirnine rnetal 
con1plex utilized to polyn1erize or oligomerize olefins can be 
further described using any combination of- the n:ietal salt as 
described herein, the a.-diacyl compound fron:i which the 
a.-diin1ine cornpound is derived as described herein, any first 
i1nine nitrogen group as described herein, any second hnine 
nitrogen group metal salt con1plexing group as described 
herein, and any linking group linking the rnetal salt con1plex­
ing group to the of the second irrtine nitrogen group as 
described herein. A ... lternatively, the a.-diimine inetal con1-
plexes utilized for the polymerization or oligon1erization of 
oleI'ms can be described using the alternative cx-diin1ine metal 
con1plex descriptions equivalent to the polymerization or oli­
gomerizatio:n a.-dii1nine 1netal complexes indicated herein. 

The process to produce alpha olefins can utilize any a.-di­
irnine rrretal coinplex capable of- producing alpha olefins. In 
non-lin1iting embodiments, the a.-dii:n1ine inetal complex 
capable of producing alpha olefi:ns can be a metal salt com­
plexed to an a.-diin1i:ne compound co:n1prising 1) an a.-di­
in1ine group derived fro:n1 an a.-diacyl con1pound and 2) a first 
in1ine nitrogen group consisting of.an orga:nyl group consist­
ing of-inert fl_mctional groups or a hydrocarbyl group and 3) a 
second imine nitrogen group comprising a metal salt com­
plexing group and a linking group linking the n1etal salt 
complexing group to the second i1nine nitrogen ato1n; or 
alternatively, a n1etal salt con1plexed to an a.-diimine com­
pound consisting of 1) an cx-diimine group derived from an 
a.-diacyl conrpormd and 2) a first i:n1ine nitrogen group con­
sisting of an organyl group consisting of- inert functional 
groups or a hydrocarbyl group and 3) a second inrine nitrogen 
group consisting of a n1etal salt cornplexi:ng group and a 
linking group linking the n1etal salt coinplexing group to the 
second i:n1ine :nitrogen atom. As the n1etal salt, a.-diacyl com­
pound from which the a.-dii1nine con1pound is derived, and 
the two in1ine groups originate fro1n independent elen1ents, 
the a.-dii1nine n1etal con1plex capable of- producing alpha 
olefins can be further described using any combination of the 
1nelal salt as described herein, the cx-diacyl compound fron1 
which the a.-diin1ine con1pound is derived as described 
herein, any first in1irre nitrogen group as described herein, allY 
second i1nine nitrogen group n1etal salt complexing group as 
described herein, and any linking group linking the n1etal salt 
co1nplexing group to the of the second in"l.ine nitrogen group 
as described herein. Alternatively, the a.-diin1i:ne metal corn­
plexes utilized for the production of alpha olefins can be 
described using the alternative a.-dii1nine n"l.etal con"l.plex 
descriptions equivalent to alpha olefin production a.-diimine 
rnetal co1nplexes indicated herein. 

The rnetal salt of the cx-diimirre rr"l.etal complex capable of' 
producing alpha olefins Call be any metal salt as described 
herein. In en1bodi1nents, the n1etal salt Cal"l. comprise iron, 
cobalt, or inixtures thereof-. In son1e en"l.bodime:nts, the metal 
salt can coniprise iron or cobalt. Tn sorne en1bodirnents, the 
:n1etal salt can co1nprise iron; or alternatively, comprise 
cobalt. 

The a.-diacyl compound fron1 which the a.-diin"l.ine group 
of the a.-diin"l.ine rnetal con"1plex capable of producing alpha 
olefins is derived can be any a.-diacyl compormd as described 
herein. In e1nbodin:ients, the a.-dii:n"l.ine group can be derived 
frorn an aron"l.atic a.-diacyl con1pound. Irr so1ne embodiments, 
the a.-dii1nine group of- the a.-diimine metal complex Call be 
derived from acenaphthenequino:ne, a substituted acenaph­
thenequi:none, phenantl"l.renequinone, a substituted phenan­
threnequinone, pyrenequinone, or a substituted pyrene­
quinone. In other embodiments, the a.-diin1ine group of- the 
a.-diimine :n"l.etal con1plex can be derived fron"l. acenaphthe:ne­
quinone, phenanthrenequinone, or pyrenequinone. In yet 
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other e.mbodimerrts, the a.-diirr1irre group of the a.-diirriirre 
rr1etal co.inplex can be derived fro.in acerraphtherrequirrorre; 
alternatively, pherrarrthrerrequirrorre; or alternatively, pyrerre­
quirrorre. 

The first i.tnirre nitrogen group within the a.-diimirre group 
of sorr1e c.(.-diin:iirre .inetal complexes capable of producing 
alpha olefirrs can be any organyl group consisting of inert 
functional groups or a hydrocarbyl group as described herein. 
Irr arr aspect, the organyl group consisting of inert :fi.1rrctiorral 
groups of' the first irr1irre. nitrogen group can consist of a 
phenyl group or a substituted phenyl group (substituted phe­
nyl group consisting of inert functional groups). In e:n1bodi­
me:nts, the hydrocarbyl group of the first imi:ne nitrogen group 
can consist ofa phenyl group or a substituted phenyl group. In 
some embodin1e:nts, the hydrocarbyl group of the first imi:ne 
:nitrogen group can be a 2-substituted phenyl group; alterna­
tively, a 2,6-disubsituted phenyl group; or alternatively, a 
2,4,6-trisubstit:uted phenyl group. In other embodiments, the 
hydrocarbyl group of'the first imi:ne nitrogen group can be a 
2,6-dimethylpherryl group, a 2,6-diethylphe:nyl group, a 2,6-
diisopropylphe:nyl group, or a 2,6-di-tert-butylphe:nyl group. 
Irr yet other e:n1bodimerrts, the hydrocarbyl group of" the first 
i.tni:ne nitrogen group can be a 2,6-dirr1ethylphe:nyl group, a 
2,6-diethylphenyl group, or a 2,6-diisopropylphe:nyl group. 
In f'urther e:n1bodi1nerrts, the hydrocarbyl group of' the first 
imi:ne :nitrogen group can be a 2,6-di.tnethylphe:nyl group; 
alternatively, a 2,6-diethylphe:nyl group; alternatively, a 2,6-
diisopropylphenyl group; alternatively, a 2,6-di-tert-bu­
tylphe:nyl group; or alternatively, a 2,4,6-trimethylphe:nyl 
group (1nesityl group). 

Particular combinations of the metal salt co.inplexi:ng 
group and linking group linking the r:netal salt co:n1plexirrg 
group to the second i1ni:ne nitrogen aton:i within the a.-dii1ni:ne 
compound of the a.-diimi:ne n1etal complex can be advanta­
geous for producing alpha olefins. Irr aspects, the second 
ir:ni:ne group can co:n1prise a dialkyl arnirryl group, a diphe:nyl 
an1irryl group, a substituted dipherryl an1i:nyl group a dialkyl 
phosphi:nyl group, a diphe:nyl phosphirryl group, or a substi­
tuted dipherryl phosphinyl group and --(CH2 ),.,.,-- linking 
group where :n1 is 2 or 3; alternatively, can comprise a pyridi­
nyl group, a substituted pyridirryl group, a ±'uranyl group, a 
substituted fura:nyl group, a thiopherryl group, or a substituted 
thiophe:nyl group and a --(CH2 )-- link:i:ng group; or alterna­
tively, can con1prise arr alkyl etheryl group, a phenyl etheryl 
group, a substituted phenyl etheryl group, an alkyl sulfidyl 
group, a phenyl sulfidyl group, or a substituted phenyl sulfidyl 
group and a --(CII2 CI-I2 )-- linking group. Alternatively, the 
second imirre :nitrogen group can corr1prise a diallcyl a:n1i:nyl 
group, a diphenyl mni:nyl group, a dialkyl phosphirryl group, 
or a diphenyl phosphinyl group and a --(CH2 ),,.,-- linking 
group where n1 is 2 or 3; alternatively, can comprise a pyridi­
nyl group, a fi.rranyl group, or a thiophenyl group and a 
--(CH2 )-- li:nk:ing group; alternatively, can comprise an 
alk-yl etheryl group or an alk-yl sulfidyl group and a 
--(CH2 CH2 )-- linki:ng group; or alternatively, can corrrprise 
a phenyl etheryl group or an phenyl sulfidyl group and a 
--(CH2 CH2 )-- linking group. In some e1nbodimerrts, the 
second in1ine group can comprise a diphe:nyl an:iinyl group, a 
substituted diphenyl aminyl group, a dipherryl phosphinyl 
group, or substituted a diphenyl phosphi:nyl group and a 
--(CH2 )rn-- linking group where tn is 2 or 3; alternatively, 
cm1 co:n1prise a di phenyl mni:nyl group or a diphenyl phosphi­
rryl group and a --(CH2 )rn-- linking group where 1n is 2 or 3; 
alternatively, can co.tnprise a substituted diphe:nyl ami:nyl 
group, or a substituted diphe:nyl phosphinyl group and a 
--(CH2 ),,,,-- li:nld:ng group where n1 is 2 or 3; alternatively, 
cm1 comprise a dipherryl phosphirryl group or a substituted 
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diphenyl phosphinyl group and a --(CH2 ),,,,- link:ing group 
where ni is 2 or 3; alternatively, can comprise a di phenyl 
phosphinyl group and a --(CH2 ),,,-- linking group where m 
is 2 or 3; alternatively, can con:iprise a substituted diphenyl 
phosphinyl group and a --(CH2 )m-- linking group where iYL 
is 2 or 3; alternatively, can co111prise a diphenyl pb.osphinyl 
group or a substituted diphenyl phosphinyl group and a 
--(CH2 CH2 )-- linking group; alternatively, can con-:iprise a 
diphenyl phosphinyl group and a ----(CH2 CH2 } linking 
group; alternatively, can coiYLprise a substituted diphenyl 
phosphinyl group and a -(CH2 CH2 )- linking group; alter­
natively, can con:iprise a 2-pyridinyl group or a substituted 
2-pyridinyl group and a --(CH2 )-- linking group; alterna­
tively, a 2-pyridinyl group and a -(CH2 )-- linking group; 
alternatively, a substituted 2-pyridinyl group and a 
--(CI-I2 )--- - linking group; alternatively, can comprise a phe­
nyl etheryl group, a substituted phenyl etheryl group, a phenyl 
sulfidyl group, or a substituted phenyl sulfidyl group and a 
--(CH2 CH2 )-- linking group; alternatively, can. comprise a 
phenyl etheryl group, or a phenyl sulfidyl group and a 
--(CII2 CH2 )-- linking group; alternatively, can con:iprise a 
substituted phenyl ctheryl group, or a substituted phenyl sul­
fidyl group and a -(CH2 CH2 )- --linking group; alternatively, 
can comprise a phenyl sulfidyl group or a substituted phenyl 
sulfidyl group and a --(CH2 CH2 )-- linking group; alterna­
tively, can con:1prise a phenyl sulfidyl group and a 
--(CH2 CH2 )-- linking group; or alternatively, can cornprise 
a substituted phenyl sulfidyl group and a -(CH2 CH2 )-­

linking group. 
In other aspects, the second imine group can consist of a 

dialk..-yl an:iinyl group, a diphenyl arn.inyl group, a substituted 
diphenyl aminyl group a dialk:yl phosphinyl group, a di phenyl 
phosphinyl group, or a substituted diphenyl phosphinyl group 
and --(CH2 ),,.,-- linking group where rn is 2 or 3; alterna­
tively, can consist of-a pyridinyl group, a substitu.ted pyridinyl 
group, a furanyl group, a substituted furanyl group, a thiophe­
nyl group, or a substituted thiophenyl group and a --(CH2 )-­

linking group; or alternatively, can consist of-an alk..-yl etheryl 
group, a phenyl etheryl group, a substituted phenyl etheryl 
group, an alkyl sulfidyl group, a phenyl sulfidyl group, or a 
substituted phenyl sulfidyl group and a --(CF-I2 CH2 )-- link­
ing group. Alternatively, the second imine nitrogen group can 
consist o:r a dialk:yl an:i.inyl group, a diphenyl an.:i.inyl group, a 
dialkyl phosphinyl group, or a diphenyl phosphinyl group and 
a --(CH2 ),.,,-- linking group where m is 2 or 3; alternatively, 
can consist of' a pyridinyl group, a furanyl group, or a thiophe­
nyl group and a --(CH2 )-- linking group; alternatively, car1 
consist of an alkyl etheryl group or an alkyl sulfidyl group and 
a --(CI-I2 CH2 )-- linl<ing group; or alternatively, can consist 
of" a phenyl ctheryl group or an phenyl sultidyl group and a 
--(CH2 CH2 )-- link:ing group. In some embodiments, the 
second iiYLine group can consist of a di phenyl aininyl group, a 
substituted diphenyl an:1inyl group, a diphenyl phosphinyl 
group, or substituted a diphenyl phosphinyl group and a 
--(CH2 ),,,-- linking group where lTl. is 2 or 3; alten"l.atively, 
can consist of a diphenyl an-:iinyl group or a diphenyl phos­
phinyl group and a --(CH2 ),,.,-- linking group where n1 is 2 or 
3; alternatively, can consist of a substituted di phenyl aminyl 
group, or a substituted diphenyl phosphinyl group and a 
--(CH2 ),.,,-- linking group where n-:i is 2 or 3; alternatively, 
can consist of a diphenyl phosphinyl group or a substituted 
diphenyl phosphinyl group and a --(CH2 ),,,-- linking group 
where iYL is 2 or 3; alternatively, can consist of a diphenyl 
phosphinyl group and a --(CH2 ),.,,-- linking group where m 
is 2 or 3; alternatively, can consist of a substituted diphenyl 
phosphin.yl group and a --(CH2 ),,.,-- linking group where m 
is 2 or 3; alternatively, can consist of a di phenyl phosphinyl 
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group or a substituted diphe:nyl phosphi:nyl group and a 
--(CH2 CH2 )-- linking group; alternatively, can consist of a 
diphe:nyl phosphi:nyl group and a -(CH2 CH2 )-- linking 
group; alternatively, can consist of a substituted diphe:nyl 
phosphinyl group and a --(CH2 CH2 )-- linki:ng group; alter­
natively, can consist of- a 2-pyridi:nyl group or a substituted 
2-pyridi:nyl group and a --(CH2 )-- lin1d:ng group; alterna­
tively, a 2-pyridinyl group and a --(CH2 )-- linking group; 
alternatively, a substituted 2-pyridinyl group and a 
--(CH2 )-- linking group; alternatively, can consist of a phe­
nyl etheryl group, a substituted phenyl etheryl group, a phenyl 
sulfidyl group, or a substitl..i.ted phenyl sulfidyl group and a 
--(CH2 CH2 )-- linking group; alternatively, can consist 0£ a 
phenyl etheryl group, or a phenyl sulfidyl group and a 
--(CH2 Cf-I2 )-- linking group; alternatively, can consist of- a 
substituted phenyl etheryl group, or a substituted phenyl sul­
fidyl group and a --(CH2 CH2 )-- li:nki:ng group; alternatively, 
can consist of a phenyl sulfidyl group or a substitu.tcd phenyl 
sulfidyl group and a --(CH2 CH2 )-- linking group; alterna­
tively, can consist of a phenyl sulfidyl group and a 
--(CII2 CII2 )-- li:nk:i:ng group; or alternatively, can consist of 
a substituted phenyl sulfidyl group and a -(CH2 CH2 )-­

linking group. 
In a non-liniiting aspect, the a.-diirnine metal con1.plex 

capable of producing alpha olefins can coin.prise a inetal salt 
comprising iron conl.plexed to a:n a.-diimi:ne cornpou:nd com­
prising 1) an a.-diiinine group derived frorn aromatic dio:ne; 2) 
a first iini:ne nitrogen group consisting of- a 2,6-disubstituted 
phenyl group; and 3) a second imi:ne :nitrogen group compris­
ing a metal salt coinplexing group and a li:nld:ng group linking 
the metal salt complexing group to the second ii-nine nitrogen 
atoin; or alternatively, a rn.etal salt con1prisi:ng iron coinplexed 
to an a.-diimine cornpormd comprising 1) an a.-dii:n1ine group 
derived fronl. arornatic dione; 2) a first irnine nitrogen group 
consisting or a 2,6-disubstituted phenyl group; and 3) a sec­
ond iinine nitrogen group consisting of a metal salt complex­
ing group and a linking group linking the n1etal salt co1nplex­
i:ng group to the second irnine nitrogen atom. In son1e :non­
limiting ernbodirn.ents, the a.-diirnine rnetal con1.plex capable 
of producing alpha olefi:ns can coin.prise a rnetal salt cornpris­
i:ng iron coniplexed to an a.-diirni:ne conipound comprising 1) 
a:n cx-dii1nine group derived fronl. acenaplithenequinone, 
phenanthrenequinone, or pyrenequi:no:ne; 2) a first irni:ne 
nitrogen group consisting of· a 2,6-diniethylphc:nyl group, a 
2,6-diethylphenyl group, or a 2,6-diisopropylphenyl group; 
and 3) a second in1i:ne nitrogen group coin.prising a metal salt 
co1nplexing group and a linking group linking the metal salt 
co1nplexing group to the second in1i:ne nitrogen aton1. I:n other 
non-lin1iti:ng embodirne:nts, the a.-diirnine metal complex 
capable orproducing alpha olefins can corn.prise a rnetal salt 
co:n1prisi:ng iron co:n1plexed to a:n a.-diimi:ne co:n1pou:nd com­
prising 1) a:n cx-diimi:ne group derived from ace:naphthe:ne­
qui:no:ne, phe:na:ntlirenequino:ne, or pyre:nequi:none; 2) a first 
i:n1i:ne :nitrogen group consisting of a 2,6-diinethylphe:nyl 
group, a 2,6-diethylphenyl group, or a 2,6-diisopropylphe:nyl 
group; and 3) a second i:n1i:ne nitrogen group consisting of a 
:n1etal salt complexing group and a linking group linking the 
1netal salt co1nplexi:ng group to the second i:nii:ne :ni troge:n 
atom. Further e.rnbodi:n1e:nts of the elenie:nts of-the cx-diin1ine 
1netal co1nplex capable of producing alpha olefi:ns are 
described herein. 

Generally, the cocatalyst can be any organometallic coni­
pormd capable of activating the cx-diimi:ne metal co:n1plex to 
poly:nl.erize or oligonl.erize olefi:ns. Suitable cocatalysts can 
include :n1o:no:n1eric or oligo:n1eric rnetal alk.yrls, :nl.etal aryls, 
metal alk.yrl-aryls coniprisi:ng at least one of· the metals 
selected from the group consisting of B, Al, Be, :Mg, Ca, Sr, 
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Ba, Li, Na, K, Rb, Cs, Z11, Cd, and Sn. In enibodin:ients, the 
cocatalyst can be selected from the group consisting oforga­
noalurninurn conipounds, organoboron conipounds, organo­
lithiuni compounds, or rnixtures thereof-. In some enibodi­
nients, the cocatalyst can be an organoah.nninurn co:n:ipound. 
Applicable organoaluminuni corripourrds can include trialky­
laluminunis, alk-ylalu1=inurr1 halides, alui=oxanes or mixtuTe 
thereof. In some embodiments, the organoalurninuni coni­
pound can be trimethylaluminuni triethylalun:iinui=, diethy­
lahnninu1n chloride, diethylalu1ninu1n ethoxide, diethylalu­
i=inum cyanide, diisobutylaluminum chloride, 
triisobutylalu1ninu1n, ethylalrmiinum sesquichloride, 1nethy­
lalurnoxane (]'v[AO), 1nodified methylal1unoxane (]'v[AO), 
isobutyl alumoxanes, t-butyl alurnoxanes, or niixtures 
thereof-. In other einbodii=ents, the organoalu1ninu1n com­
pounds can include niethylalumoxane (]'v[AO), i=odified 
niethylalurnoxane (M"M"AO), isobutyl alurrioxanes, t-butyl 
alunioxanes, or rnixtures thereof. In other ei=bodiments, the 
cocatalyst can be methylahunoxane, i=odified niethylalu­
moxane, or i=ixtures thereof. In yet other ei=bodi1=ents, the 
cocatalyst can be rnethylalunioxane; alternatively, niodified 
1nethylah.nnoxanc; isobutylalunioxane (IBAO); or alterna­
tively, partially hydrolyzed trialk-ylaluminum. 

In enibodirnen:ts, the n:rolar ratio of the metal ofthe cocata­
lyst to the metal of the cx.-diimine metal coi=plex can: range 
from 1:1 to 10,000:1; alternatively, from 10:1 to 5,000:1; or 
alternatively, from 100: 1 to 3 ,000: 1; or alternatively, fro1n 
200: 1 to 2,000: 1. In ei=bodi1nents wherein the cx.-dii1nine 
n:retal cornplex cornprises a iron salt and the cocatalyst is an 
alu1noxane the 1=olar ratio of alun:iin:urn to iron can range 
froni 1: 1 to 10,000: 1; alternatively, frorn 10: 1 to 5,000: 1; 
alternatively, fro1= 100: 1 to 3,000: 1; or alternatively, froni 
200: 1 to 2,000: 1. 

The cx.-diiniine nietal co1nplex, cocatalyst(s), and olefin can 
be contacted in any inanner known to those skilled in: the art. 
For instance, the a.-diiniine nietal co1nplex and the cocatalyst 
can be niixed first before bringing into contact with a feed 
coniprising an olefin or an olefin 1nixture. j\Jtern:atively, the 
cocatalyst can be niixed with the olefin: and/or the solvent 
prior to contact with the cx.-dii1nine nietal coniplex. 

Polymerization or Oligo1=erization Solvents, Reactors, 
Reaction Conditions and Products 

In einbodi1nen:ts, the polymerization or oligo1nerization 
reaction can occur in a solvent or diluent. Irr sonie embodi­
n:ients, the solvent or diluent can coniprise a C 4 to C 20 hydro­
carbon:; or alternatively, a C 4 to C 10 hydrocarbon. The hydro­
carbon solvent can be a saturated hydrocarbon, arr aromatic 
hydrocarbon or an olefinic hydrocarbon. In sorne en:rbodi­
ments, the saturated hydrocarbon solvent can be a C 4 to C 10 

sati_=ated hydrocarbon. In other embodii=ents, the saturated 
solvent can: be butane, isobutane, hexane, heptane, cyclohex­
ane, or n:iixn~res thereof. Irr sorne enibodirnents, the aroniatic 
solvent can be a C 6 to C 20 aroniatic co1=poi_111d. Iii sonie 
embodiments, the aroniatic solvent can be benzene, toluene, 
xylene(s), ethylbenzene, or niixtures thereof. In other 
enibodinients, another embodiI=ent, the olefinic hydrocarbon 
solvent can comprise alpha olefirrs. In other eI=bodinients, the 
alpha olefin solvent co1=prises a C 4 to C 20 alpha olefin; alter­
natively, a C 4 to C 12 alpha olefin; alternatively, alternatively, a 
C 12 to C 18 alpha olefin. In yet other ei=bodiinents, the alpha 
olefin solvent can be 1-butene, l-dodece11e, 1-tetradecene, 
1 -hexadecene, 1-octadecene, or conibinations thereof. 

Unless specified otherwise, the ternis contacted, coni­
bined, and" in the presence of" refer to any addition sequence, 
order, or concentration for contacting or cornbining two or 
more coniponents of the polynierization reaction. Combining 
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or contacting of polymerization or oligornerization cornpo­
nents, according to the various niethods described herein rnay 
occur in one or n1ore contact zones uT1der suitable contact 
conditions such as temperature, pressure, contact time, flow 
rates, etc ..... T'he contact zone can be disposed in a vessel, 
e.g. a storage tanl<:, tote, container, niixing vessel, reactor, etc.; 
a length of pipe, e.g. a tee, inlet, injection port, or header for 
cornbining con,_ponent teed lines int<__-, a con1n1on line; or any 
other suitable apparatus tor bringing the components into 
contact. ~rhe rnethods niay be carried out in a batch or con­
tinuous process as is suitable for a given etnbodiment, with 
physical para1neters of the contact zone being specified 
accordingly. 

In e1nbodin,_ents, the polyn .. erization or oligon .. erization 
can be a continuous process carried out in one or niore reac­
tors. In some embodinients, the continuous polymerization or 
oligornerization process reactor can co1nprise a loop reactor, 
a tubular reactor, a continuous stirred tank reactor (CSTR), or 
con1binations thereof. In other ernhodhnents, the continuous 
polymerization or oligo1nerization process reactor can be a 
loop reactor; alternatively, a tubular reactor; or alternatively, 
a continuous stirred tank reactor (CSTR). In other en .. bodi­
n .. ents, the continuous polymerization or oligo1nerization 
process reactor can be employed in the form of different types 
of- co"nti11uous reactors ix1 co111bi11atio1._, and i"n various 
arrange1nents. In an e1nbodin1ent, the continuous reactor can 
be a conibination of- a tu"bular reactor and a CSTR. In other 
ernbodiments, the continuous polymerization or oligomeriza­
tion process reactor can be two or niore reactors i11 series, two 
or more reactors in parallel, or combinations thereof-. In an 
enibodirnent, the continuous polyrnerization or oligo1neriza­
tion process reactor can be rnore than one CSTR in series. In 
another e1nbodin1ent, the continuous reactor can be a tubular 
reactor and a loop reactor in series. In yet another e1nbodi­
n1ent, the continuous reactor can be two or niore loop reactors 
in series. 

Suitable polymerization or oligon,_erization reaction con­
ditions such as temperatuses, pressures and ti1nes can be 
in'-pacted by a nurnber of factors such as a.-diiniinc Inetal 
coniplex identity, a.-diimine TI'-etal complex stability, a.-di­
iniine nietal co1nplex activity, cocatalyst identity, cocatalyst 
activity, desired product (e.g. polyethylene versus alpha ole­
fins), desired product distribution, and/or desired product 
purity an .. ong others. Provided the teachings of the present 
disclosure, one skilled in the art will recognize how to adjust 
the polymerization or oligon,_erization reaction conditions to 
achieve the desired objectives. 

The reaction ternperature of the polynierization or oligo­
merization reaction can be any reaction te1nperatu.re required 
to produce the desired polymerization or oligo1nerization 
product (such as polyethylene or alpha ole:fi:ns). In sonie 
embodiments, the reaction temperature for the polymeriza­
tion or oligonierization reaction can range froin -20° C". to 
200° C. In son,_e embodiments, the polymerization or oligo-
1nerization ten,_peratl.i.re ranges from 0° C. to 150° C.; alter­
natively, ranges from 10° C. to 150° C.; alternatively, ranges 
troin 20° c:. to 100° C.; or alternatively, ranges fron1 30° C. to 
80° C. 

The reaction pressure of the polynierization or oligonier­
ization reaction can be any reaction pressure required to pro­
duce the desired polynierization or oligo1nerization product 
(such as polyethylene or alpha olefins). In son,_e einbodi­
n .. ents, the polymerization or oligo1nerization reaction pres­
sure can be greater than 0 psig (0 KPa); alternatively, greater 
than 50 psig (344 I<Pa); alternatively, greater than 100 psig 
(689 KPa); or alternatively, greater than 150 psig (LO M:Pa). 
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In other e:rrrbodinients, the poly:rnerization or oligo:rnerization 
reaction press·ure can range froni 0 psig (0 KPa) to 5,000 psig 
(34.5 MPa); alternatively, 50 psig (344 KPa) to 4,000 psig 
(27.6 MPa); alternatively, 100 psig (689 KPa) to 3,000 psig 
(20.9 MPa); or alternatively, 150 psig (1.0 MPa) to 2,000 psig 
(13 .8 MPa). In embodiments vvherein the nionomer is a gas 
(e.g. ethylene), the polymerization or oligorrrerization reac­
tion can be carried out under a nionomer gas pressure. "When 
the polynierization or oligomerization reaction produces 
polyethylene or alpha olefins, the reaction pressure can be the 
niononier ethylene press·u.re. hi some embodinients, the eth­
ylene pressure can be greater than 0 psig (0 KPa); alterna­
tively, greater than 50 psig (344 KPa); alternatively, greater 
than 100 psig (689 KPa); or alternatively, greater than 150 
psig (1 .0 MPa). In other embodinients, the ethylene pressure 
can range from 0 psig (0 KPa) to 5,000 psig (34.5 MPa); 
alternatively, 50 psig (344 KPa) to 4,000 psig (27.6 MPa); 
alternatively, 100 psig (689 KPa) to 3,000 psig (20.9 MPa); or 
alternatively, 150 psig (1.0 lVIPa) to 2,000 psig (13.8 lVIPa). In 
so:rne cases vvhen ethylene is the niono:rner, inert gases can 
form a portion of the total reaction pressure. In tlie cases 
vvhere inert gases forni a portion of the reaction pressure, the 
previously stated ethylene pressures can be the applicable 
ethylene partial pressures of the polynierization or oligomer­
ization reaction. In the situation vvhere the nionomer provides 
all or a portion of the poly:rnerization or oligonierization 
reaction pressure, the reactio:ri system pressure can decrease 
as the gaseous :rnononier is cons·umed. In this situ.ation, addi­
tional gaseous niono:rner and/or inert gas can be added to 
:rnaintain a desired polymerization or oligonierization reac­
tion pressure. In e:rnbodiments, additional gaseous monomer 
can be added to the poly:rnerization or oligo:rnerization reac­
tion at a set rate (e.g. for a continuous :flovv reactor), at differ­
ent rates (e.g. to maintain a set system pressure in a batch 
reactor). In other ernbodiments, the poly:rnerization or oligo­
nierization reaction pressure can be allovved to decrease vvith­
out adding any additional gaseous :rnonorner and/or inert gas. 

The reaction time of the polymerization or oligomerization 
reaction can be any reaction tinie required to produce the 
desired quantity of polymerization or oligomerization prod­
uct (such as polyethylene or alpha olefins), obtain a desired 
catalyst productivity, and/or obtain a desired conversion of­
niono:rner. In sorne embodinients, the polynierization or oli­
gorr1erization. reaction tirne ranges froni 1 niin.ute to 5 hours; 
alternatively, ranges fro:rn 5 niinutes to 2.5 hours; altenia­
tivcly, ranges fro:rn 10 minutes to 2 hol.rrs; or alternatively, 
ranges fro:rn .1 niinute to 1.5 hours. 

In an enibodhnent, the oligomerization produces alpha 
olefins having at least foi.rr carbon atonis. In fil.rther e:rnbodi­
ments, the oligo:rnerization to produce alpha olefins having at 
least four carbon atonis can be characterized by a single pass 
conversion of ethylene of at least about 35 vveight percent; 
alteniatively, at least 45 percent; alternatively, at least 50 
percent; alteniatively, at least 55 percent; alternatively, at 
least 60 percent. 

In an. aspect, the oligomerization process utilizing the a.-di­
iniine :rnetal complex can produce alpha olefins. In some 
enibodi:rnents, the product coniprises linear alpha olefin hav­
ing at least 4 carbon. atonis. Generally, the oligonierization 
process producing alpha olefins having at least fnt.rr carbon 
atonis produces a distribution of~several alpha olefins that can 
be described by a Schulz-Flory chain grovvth factor K, vvhere 
I< is defined by the equation: 
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wherein Xq-+-2 is the nurn_ber of n-ioles of alpha olefin produced 
having q+2 carbon atorns and Xq is the nun-iber of n-ioles of 
alpha olefin produced having n carbon atorns (i.e. the n-ioles of 
the preceding alpha olefin produced). In some en-ibodiments, 
the alpha olefin product distribution can be described as hav­
ing a Schulz-Flory chain growth ±actor K less than 0.95; 
alternatively, less than 0.9; alternatively, less than 0.9; or 
alternatively, less than 0.80. Irr other ernbodime=ts, the alpha 
olefin product distribution can be described as having a 
Schulz-Flory chain growth factor K range fro_c:n 0.4 to 0.95; 
alternatively, from 0.45 to 0.9; alter-i-iatively, froni 0.5 to 0.85; 
or alternatively, fron-i 0.55 to 0.8. Generally, the Schulz-Flory 
growth factor can be n-ieasured using the :number of nioles 
alpha olefins oi-a:ny two adjacent produced alpha olefins. One 
skilled in the art will recognize that the :r:neasured Schulz­
Flory growth factor niay not be exactly the san-ie using the 
nuniber of n-ioles of alpha olefin produced for every possible 
adjacent pair of produced alpha olefins. Thus, in son-ie 
enibodiments, the Schulz-Flory growth factor can be an aver­
age oftvvo or :rnore adjacent pairs of produced alpha olefins. 

In another aspect, the oligonierizat.ion process can produce 
an alpha olefin product with high selectivity to linear alpha 
olefi:ns. In sorne en-ibodi:tnents, the oligon-ierization process 
produces a reactor effluent wherein the oligomerized product 
having 6 carbon aton-is has a 1-hexene content ot- greater than 
99.0 weight 0/o; altcr-i-iatively, greater than 99.25 weight o/o; 
alternatively, greater than 99.5 weight %; or alternatively, 
greater than 99.75 weight%. In other e_c:nbodinients, the oli­
go1nerization process produces a reactor eilluent wherein the 
oligo:tnerized product having 8 carbon atoms a 1-octene con­
tent of greater than 98.0 weight%; alternatively, greater than 
98.5 weight%; alternatively, greater than 99.0 weight%; or 
alternatively, greaterthan 99.5 weight 0/o. In yet other embodi-
1nents, the oligo1nerization process produces a reactor e:ftTu­
ent wherein the oligonierized product having 10 carbon 
atoms a 1 -decene content of greater than 97 .0 weight 0/o; 
alternatively, greater than 97.5 weight %; alter-i-iatively, 
greater than 98.0 weight%; alter-iiatively, greater than 98.5 
weight%; or alternatively, greater than 99.0 weight 0/o. In yet 
other einbodi:tnents, the oligonierization process produces a 
reactor effluent wherein the oligomerized product having 6 
carbon ato1ns comprises any weight percent 1-hexene as 
described herein, the oligonierized product having 8 carbon 
aton-is con-iprises any weight percent 1-octene as described 
herein, and the oligonierized product having 10 carbon atonis 
coniprises any weight percent 1-decene as described herein. 
For exa1nple, in einbodiments, the oligomerization process 
produces a reactor effluent '"-rherein the oligonierized product 
having 6 carbon aton-is comprises greater than 99.0 weight 
percent 1 -hexene, the oligomerized product having 8 carbon 
ato1ns co:n-iprises greater than 99.0 weight percent 1-octene, 
and the oligomerized product having 10 carbon ato1ns com­
prises greater tlian 99 weight percent 1-decene. 

EXAM:PLES 

The data and descriptions provided in the following 
exan-iples are given to show particular en1bodi1nents of the 
catalysts and n-iethods disclosed, and to demonstrate a nu.m­
ber of the practices and advantages thereof. The exaniples are 
given as a more detailed denionstration of some of the 
einbodiments described above, and are not intended to limit 
the specification or the clain-is to follow in any nianner. Table 
8 provides the Structl.i.res or the compounds and metal co:rn­
plexes ot'exaniples 1-9. 
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TAB-LE 8 

Conipounds of Examples 1-9 

a.-,.<\_cylirnine Compound I 

a.-Acylimine Compound II 

a.-Acylimine Compocmd III 

Structure I 
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TABLE 8-continued 

Compounds o:fExarr:iples 1-9 

CC
N~ 
1 __ J 

Fe 
/ '\. 

Cl Cl 

Structure II 

Structure III 

Structure IV 

....---- ~ =-
~ 

I N I 
s--1--~ -= Fe µ o/'c, I/~ 

Structure V 
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T~l\.BLE 8-continued 

Compounds of Examples 1-9 

Structure VI 

Structure VII 

Structure VIII 

Structure IX 
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TABLE 8-continued 

Corn.pounds o:f Exa.rr:iples 1-9 

Structure X 

Structure XI 
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Cl/ 'c1 If ~ 

Structure XII 

Structure XIII 
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TABLE 8-corrtirrued 

Cornpounds of Exarnples 1-9 

Structure XIV 

Structure XV 

Structl.u·e XVI 

Structure XVII 
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TABLE 8-continued 

CompuLmds o:fExarnples 1-9 

~ 
~N~ 
'---~-- 1 ___ sb Fe ~ 

/ ' If '-':: Cl Cl 

-= 
Structure XVIII 

Structure XIX 

Structure XX 

Structure XXI 

..------- ~ =-
I N I 
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Cl/ 'c1 If -= 

Structure XXII 



Synthesis of a.-Acylirn_ine Cornpound I ((2E)-2-[(2, 
6-diisopropylphenyl)iniino ]acenaphthylen-1 (2I-I)­

one) 

Art ethanol (65 rnL) solution of acenaphthenequinon_e 
(2.00 g, 11.0 1rnn_ol) was treated with 1 rnL of forrr1ic acid, 
followed by slow, dropwise addition (over approx. 8 hrs) of a 
solution of 2,6-diisopropylaniline (1.56 1n_L, 8.22 1rnn_ol) in 
65 rnL of' ethanol. The resulting n1ixtu.re was stirred at 60° C. 
overr1ight, cooled and filtered to reniove unreacted acenaph­
tl1enequi11one. After renioval of solvent u11der vacu"t:u:n, 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 1 H Nl'YiR (400 l'YiHz, CDC13 ): 0.88 d, 6H; 
1.15, d, 6H; 2.82, Hl, 2H; 8.18, t, lH; 7.99, d, lH; 7.81, t, lH; 
7.39, t, lH; 6.62, d, lH. (3H's are obscured by the CDCl,. 
peak). 1 H Nl'YiR (400 l'YiHz, l'YieCN-d3 ): 0.89 d, 6I-I; 1.10, cl, 
6H; 2.79, __rn, 2I-I; 8.27, d, lH; 8.12, __rn, 2H; 7.87, t, lH; 7.45, 
t, II-I; 7.30, __rn, 3H; 6.60, d, lH. 

Exarnple 2 

Synthesis of a.-AcyliL-nine Con1pound II ((2E)-2-[(2, 
5-di-t-butylphenyl)irnino ]acenaphthylen-1 (2H)-one) 

An ethanol (65 1n_L) solution of acenaphthenequino1ie 
(2.00 g, 11.0 nirnol) was treated with l .rnL of forn1ic acid, 
followed by slow, dropwise addition (over approx. 8 hrs) of a 
solution of'2,5-di-t-buytlaniline (1.69 g, 8.25 n:un_ol) in 65 n1L 
of ethanol. The resulting 1n_ixture 'N·as stirred at 60° C. over­
night, cooled and filtered to re__rnove Ul:l.reacted acenapl1thene­
qui1ione. Aller re.rnoval of solvent under vacuu1n_, the result­
ing orange solid was dissolved in ether, filtered and cooled to 
-10° C. overnight. The orange solid that deposited was fil­
tered, washed with cold ether and dried. The filtrate was again 
cooled to -10° C. overnight and niorc orange solid was iso­
lated, giving a total yield of 2.13 g (70%). Characterized by 
1 H Nl'YiR (400 l'YiHz, CDC13 ): 1.24, s, 9H; 1.31, s, 9I-I; 6.80, s, 
lH; 6.88, d, lH; 7.23, d, lH (resonance partially covered by 
CDC13 peak);7.40,t, 1H;7.44,d, 1H;7.81,t, 1I-I;7.97,d, lH; 
8.17, d, 2H. 

Synthesis of the a.-Diiniine l'Yietal c:o1n_plex Having 
Structure I 

A solution containing 0.10 niL (1.0 1rnn_ol) of' 2-aniino1n_­
ethylpyridine in 50 niL of anhydrous butanol was added via 
cannula to 0.285 g (l .O 1rnn_ol) of a.-acyliniine conipo"Luid III 
and 0.127 g (1.0 1rnn_ol) of anhydrous FeC12 . The initially 
orange solution turned dark brown within 5 niinutes and 
deposited a dark green solid after stirring overnight under 
argon at 55° C. The solid was filtered, washed with 6 1n_I_J of 
TI-IF, arid dried to yield 0.242 g (60%) of' dark green product. 

Exan1ple 4 

Synthesis o-t'the a.-I_>iirnine Metal C".::'.ornplex I laving 
Structure I I 

A solution containing 0.10 rnL (l .O rnrnol) of' 2-arninoni­
ethylpyridine in 50 niL of" anhydrous butanol was added via 
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cannula to 0.342 g (0.91 inniol) of a.-acyli1nine compound I 
and 0.127 g (1.0 rnniol) of anhydrous FeC1 2 • The initially 
orange solution turned dark green within 20 niin and depos­
ited a dark green solid after stirring overnight under argon at 
55° C. The solid was filtered, washed with 6 n1L ofTHF, and 
dried to yield 0.449 g (80%) of dark green product. 

Example 5 

Synthesis of- the a.-Diimine Metal Complex Having 
Structure III 

A solution of0.297 g (1.3 nunol) of2-(diphenylphosphino) 
ethylaniine in 40 n1L of anhydrous butanol was added via 
cannula to 0.440 g (1.30 irnnol) of a.-acyliniine co1npound I 
and 0.164 g (1.3 n1n1ol) of anhydrous FeC1 2 • The solution was 
stirred overnight under argon at 55° C. The solid that formed 
was filtered, washed with a s1nall amount ofT.HF, and dried to 
give 0.505 g (58%) of dark green product. Recrystallization 
fro1n acetonitrile yielded x-ray quality crystals. The obtained 
crystals were subjected to x-ray crystallography. An .. ORTEP 
diagrani for the crystals produced in this example is shown in 
FIG. 1. Selected bond distance and bond angle for catalyst 
BMS-114 include: Fe-Cll-2.286; Fe-Cl2-2.313; Fe-Nl-
2.181; Fe-N2-2.166; Fe-Pl-2.497; Pl-Fe-N2-135.19; Pl-Fe­
Cl1-100.77; N2-Fe-Cll-93.70; Nl-Fe-Cll-156.18; Cl1-Fe­
Cl2-l 1 l .98. 

Example 6 

Synthesis of the a.-Diimine Metal Coniplex Having 
Structure 1\7 

A solution of 0.211 g (0.92 nimol) of 2-( diphenylphos­
phino )ethylamine in 40 n1L of anhydrous butanol was added 
via carniula to 0.263 g (0.92 nimol) ofa.-acyli1nine co1npound 
III and0.117 g (0.92 nunol) ofanhydrous FeC1 2 • The solution 
was stirred overnight under argon at 55° C. The solid that 
formed was filtered, washed with a sin.all a1nount ofTHF, and 
dried to give 0.380 g (66%) of dark green product. 

Example 7 

Synthesis of the a.-Dii1nine Metal Complex Having 
StructureV 

A 0.202 g saniple of2-aniinoethyl( 4-chlorophenyl) sulfide 
(0.93 mniol, 80% pure) was purged with argon for 20 niinand 
then added by cannula to 40 mL of anhydrous butanol. This 
solution was transferred by cannula to 0.265 g (0.93 rmnol) of" 
a.-acyliniine co1npol.rn.d III and 0.118 g (0.93 inmol) of anhy­
drous FeC12 . The resulting solution was stirred for two days 
under argon at 55° C. The dark solid that forn-ied was filtered, 
washed with a small aniount ofTHF, and dried to give 0.203 
g (39%) of green product. Recrystallization from acetonitrile 
gave long, rod-like crystals. The obtained crystals were sub-
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jected to x-ray crystallography. An ORTEP diagram for the 
crystal produced in this example is shown in FIG. 2. Selected 
bond distance and bond angle for the crystals include: Fe(l )­
N(l )=2.132 A; Fe(l )-N(2)=2.197 A. The X-ray crystal struc­
Ulre for the material and the ethylene oligomerization 
exmnple provided in Table 9 indicate that it is not required 
that the 1netal complexing group of' the a.-diimine metal con1-
plex for a dative ( con1plexing) bond with the n1etal aton1 to 
have an active ethylene oligo1nerization catalyst when the 
a.-diin1ine n1etal con1plex is contacted with ethylene and a 
cocatalyst. Additionally, the X-ray crystal structure indicates 
that the a.-diin1ine 1netal coniplexes niay be isolated in a 
di1neric f'orni (having bridging halogen aton:is) and have an 
active ethylene oligomerization catalyst when the a.-diin1ine 
n1etal complex is contacted with ethylene and a cocatalyst. 

Exarnple 8 

Synthesis of'the a.-Dii1nine Metal Co1nplex Having 
Structure VI 

A solution of' 0.235 g (1.02 mmol) of' 2-(diphenylphos­
phino )ethy lan1ine in 40 n1L of' anhydrous butanol was added 
via cannula to 0.377 g (1.02 nunol) o±-a.-acylimine compound 
II mid 0.130 g (1.02 1nmol) of' miliydrous FeC12 . The solution 
was stirred overnight under argon at 55° C. The resulting dark 
green solution was reduced in vohune to 5 mL in vacuo, 
depositing a green solid. This solid was filtered, washed with 
diethyl ether and dried to give0.352 g (49%) of green product. 
Recrystallization was done in MeCN. 

Example 9 

Polymerization procedure: In separate runs, each of' the 
coniplexes listed in Table 9 (prepared as a standard solution in 
methylene chloride, or as a homogeneous rnixture in biphe­
nyl) was placed in an NMR n1be in a substantially oxygen­
and inoishlre-f'ree envirol'lHlent. If' the bi phenyl mixture was 
used, about 0.5 ml of' methylene chloride was added to the 
tube. The NMR tube was then sealed and affixed (using cop­
per wire) to the internal stirring mechanisn1 of' a 500 1nl 
stainless steel autoclave, such that the beginning o±- stirring 
would break the NMR tube and release the contents into the 
reactor. The reactor was then evacuated and charged with 
anhydrous solvent that contained the aluminum cocatalyst 
The reactor was then pressurized with ethylene, and stirring 
was con1n1enced to initiate the reaction. Ethylene pressure 
was held constant and reaction temperature was controlled at 
the temperature set point by internal cooling coils. Each reac­
tion was conunenced at about 30° C.; for selected reactions a 
maxinium exothern1 is shown in Table 9. j\_t the end of' each 
reaction, the ethylene was slowly vented, and the products 
were analyzed by gas chromatography using the solvent as 
the internal standard. The Schulz-Flory constant K was used 
to estin:iate the total a1nount o±- product inade. 



97 0 

TABLE9 

Ethylc.::ne. Polxmeriz:Ition Resu!Ls 

K value 
Catalyst Amt Cocat- P..,1hy1c11e Solvent Length T Tma\" Yield Productivity (C11f C6% Cs% Crn% 

Entry Stmcture (mg) alyst. Al:Fe (psig) (ml) (min) (C.) IC.! (g) (lbilb cat) C10) purity purity plll'ity 

II 6.0 \.!:Vt\O 500 4<JO Heptane, l 00 60 55 56 51) 8,300 -0.5 99.1 98.8 98.6 
VII 4.0 'v!:VL~O 500 400 Heptane. 100 30 30 NA 

VIII 4.0 MMAO 500 400 Heptane, 100 30 30 NA 
4 III 4.0 MMAO 500 400 Heptane, 100 10 55 57 43 ll,000 0.61 99.15 98.92 98.75 

III 4.0 MMAO 500 400 Heptane, l 00 30 55 62 69 17,000 0.60 99.17 98.92 98.85 
III 1.0 MMAO 1000 4<i0 Heptane, 100 30 40 42 31 31,000 0.60 99.60 99.26 99.25 
IX 4.0 MMAO 500 400 Heptane, 100 lO 30 NA 
x 4.0 MMAO 500 400 Heptane, 100 30 30 NA 
XI 4.0 MMAO 500 400 Heptane, 100 30 30 <5 

10 XII 4.0 MMAO 500 400 Heptane, 100 30 30 NA 
11 6.0 MMAO 500 400 Heptane, 100 30 30 <5 
12 IV 4.0 MMAO 500 400 Heptaiie, 100 30 55 61 90 22,000 0.42 99.16 98.62 97.97 
13 v 4.0 MMAO 500 400 Heptane, 100 30 50 52 31 7,700 0.64 98.95 97.43 
14 vl 4.0 MMAO 500 650 Heptane, 200 30 45 45 15 7300 PE 
15 III 2.0 MMAO 500 4<)0 Heptane, 200 30 55 57 153 76,000 -0.6 
16 III 1.0 MMAO 1000 400 Heptane, 200 60 50 54 83 83.000 0.60 99.86 99.88 99.36 
17 XIII 4.0 MMAO 500 400 Heptane, 200 60 40 46 21 5,400 0.61 98.62 98.70 97.54 
18 m 0.8 MMAO 1000 800 Heptane, 200 30 50 71 94 117,000 0.59 99.70 99.63 99Jl4 
20 III 1.0 MMAO 1000 400 Heptane, 200 60 50 71 85 85,000 0.61 99.82 99.81 99.39 
21 III 0.4 MMAO 2000 800 Heptane, 200 60 40 43 16 40,000 0.54 99.52 99.06 
22 XIV 4.0 MMAO 500 650 Heptaiie, 200 60 40 42 30 7,400 0.49 99.20 98.54 97.67 ,, 
L) xv 4.0 MMAO 500 650 Heptai1e, 200 30 35 37 6.4 l,600 0.60 nd nd nd 
24 XVI 4.0 MMAO 500 4(10 Heptane, 100 20 30 NA 
25 IV 2.0 MMAO 1000 400 Heptm1e, 100 30 50 51 45 22,500 0.45 97.93 97.57 97.68 
26 X\1I 4.0 MMAO 500 400 Heptane, 100 15 30 NA 
27 XVIII 4.0 MMAO 500 400 Heptai1e. 100 25 30 NA 
28 XIX 4.0 MMAO 500 400 Heptm1e, 100 30 30 NA 
29 xx 4.0 MMAO 500 400 Heptane, 100 20 30 NA 
30 XX! 4.0 MMAO 500 650 Heptane, 200 30 35 35 4.8 1200 -0.6 87.3 
31 X-XII 8.0 MMAO 500 650 Heptane, 400 60 35 37 NA 
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Wh.ile preferred ernbodin:ien.t:s of the invention. have been 

shown and described, 1nodificat:ions thereof can be niade by 
one skilled in the art without: departing frorn the spirit and 
teachings of the invention. The enibodirnent:s described 
herein are exeniplary only, and are not in.tended to be liniit:in.g. 
~any variations and rnodificat:ions of the invention disclosed 
herein are possible and are within the scope oft:he invention. 
Where n.l.unerical rmiges or liniit:at:ions are expressly stated, 
such express ranges or 1 inrit:at:ions should be understood to 
include iterative ranges or liniit:at:ions o-f" like rnagnit:ude fall­
ing within the expressly stated ranges or liniit:at:ion.s (e.g., 
frorn. about 1 to about 10 includes, 2, 3, 4, etc.; greater than 
0.10 includes 0.11, 0.12, 0.13, etc.). lise oft:he t:errn .. option­
ally" with respect: to any elenien.t: of a claini is in.tended to 
niean that the subject: elernen.t: is required, or alternatively, is 
not required. Both alt:e=iatives are in.tended to be within the 
scope of-the clain.1. Use of-broader te=ns such as coniprises, 
includes, having, etc. should be understood to provide sup­
port for narrower ternis such as consisting of-, consisting 
essentially of, co1nprised substantially of, etc. 

Accordingly, the scope of- protection is not lirnit:ed by the 
description set out above but is only liJ:nited by the clainis 
which follow, that scope including all equivalents of the sub­
ject: niatter of the clairns. Each mid every clain1 is incorporated 
into the specification as an en1bodin1ent: of the present: inven­
tion. Thus, the claini.s are a further description and are an 
addition to the preferred ei:nbodirnent:s of the present: inven­
tio.n. The discussion of a reference in tJie r::>escriptioJ:1 of 
Related Art is not an adniission that it is prior art to the present 
invention, especially any reference that rnay have a publica­
tion date after the priority date of this application. The dis­
closures 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 supplen1errtary to those set forth herein. 
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What is claimed: 
1. A niethod for producing an a.-diiniine nietal cornplex 

coniprising a nietal salt complexed to tridentate a.-diiniine 
cornpound, the tridentate a.-diiniine conipound comprising: 

a. an a.-diimine group; 
b. a first imine nitrogen group; and 
c. a second imine nitrogen group con1pns1ng a dialkyl 

phosphinyl group, a diphenyl phosphinyl group, or a 
substituted diphenyl phosphinyl metal salt complexing 
group and a linking group linking the 1netal salt corn­
plexing group to the second imine nitrogen atoni; 

the niethod comprising: 
a) contacting an a.-acyliniine conipound, the rnetal salt, and 

a primary amine; and 
b) recovering the a.-diiniine nietal coniplex. 
2. The niethod of clahn 1, wherein: 1) the a.-acylhnine 

co1npound comprises an a.-acylimine group and an 
a.-acylimine nitrogen group consisting of' an organyl group 
consisting of inert fi.1nctional groups or a hydrocarbyl group; 
and 2) the pri1nary amine comprises an --NI-12 group, the 
nietal salt cornplexing group and the linking group linking the 
rnetal salt coniplexing group to the --NH2 group. 

3. The niethod of claiin 2, wherein the 1netal salt comprises 
chromium, iron, cobalt, or niixtures thereof. 

4. The method of claim 2, wherein the a.-acyliniine group 
of- the a.-acylimine compound is derived fro.tu an aro:niatic 
a.-dione, the a.-acyli1nine nitrogen group of- the a.-acyliniine 
conipound consists of-a C 1 to C 30 hydrocarbyl group, and the 
linking group of- the primary a1nine co1nprises a C 1 to C 10 

hydrocarbyl group. 
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5. The method of- clain1 2, wherein the a.-acylirnine group 

of the a.-acylimine compound is derived fron1 acenaphthene­
quinone, phenanthrenequinone, or pyrenequinone, the 
a.-acylimine nitrogen group of the a.-acyli1nine compound 
consists of a C 6 to C 30 aron1atic hydrocarbyl group, and the 
linking group of the pri1nary a1nine is -(CH2 ),,,- where m 
ranges from 1-5. 

6. The n1ethod of clain1 2, wherein the a.-acylimine group 
of the a.-acylin1ine compound is derived frorn acenaphthene­
quinone, the a.-acyli1nine nitrogen group of-the a.-acylimine 
compound consists of a 2,6-disubstituted phenyl group, and 
the linking group of the prin1ary amine is -(CH2 ),,.,- where 
m ranges from 1-3. 

7. The n1ethod of clain1 1, wherein the a.-acylimine com­
puLmd is prepared by: 

a) contacting an a.-diacyl co1npound and a pri1nary an1ine 
consisting of an --NH2 group and an organyl group 
consisting of- inert fhnctional groups or a hydrocarbyl 
group; and 

b) recovering the a.-acylimine compound. 
8. The n1ethod of clai1n 1, wherein: 1) the a.-acylimine 

con1pound comprises an a.-acyli1nine group and an 
a.-acylimine nitrogen group consisting of an organyl group 
consisting of inert functional groups or a hydrocarbyl group; 
and 2) the prin1ary a1nine consists of an - NH2 group and an 
organyl group consisting of- inert functional groups or a 
hydrocarbyl group. 

9. The inethod of clain1 1, wherein: 1) the a.-acyli1nine 
compound co1nprises an a.-acylimine group and an 
a.-acylimine nitrogen group con1prising the metal salt con1-
plexing group and the link:ing group linking the metal salt 
complexing group to the a.-acylin1ine nitrogen atom; and 2) 
the pri1nary amine consists of-an--NH2 group and an organyl 
group consisting of inert fhnctional groups or a hydrocarbyl 
group. 

10. A inethod for producing an a.-dii1nine n1etal cornplex 
con1prising a n1etal salt complexed to tridentate a.-diimine 
compound, the tridentate a.-dii1nine con1pound co1nprising: 

a. an a.-dii1nine group; 
b. a first in1ine nitrogen group; and 
c. a second imine nitrogen group con1pns1ng a dialkyl 

phosphinyl group, a diphenyl phosphinyl group, or a 
substituted diphenyl phosphinyl metal salt co1nplexing 
group and a linking group linking the metal salt com­
plexing group to the second imine nitrogen atom; 

the inethod co1nprising: 
a) contacting an a.-acylimine inetal con1plex and a pri1nary 

a1nine; and 
b) recovering the a.-diin1ine metal complex. 
11. The n1ethod of claim 10, wherein: 1) the a.-acylilnine 

n1etal complex co1nprises a con1plex between the rnetal salt 
and an a.-acylirnine compound comprising an a.-acylimine 
group and an a.-acylimine nitrogen group consisting of an 
organyl group consisting of inert functional groups or a 
hydrocarbyl group; and 2) the primary amine comprises a 
-NH2 group, the inetal salt co1nplexing group, and the link­
ing group link:ing the metal salt con1plexing group to the 
-NH 2 group. 
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12. The method of- claim 11, wherein the nietal salt coni­

prises chroniium, iron, cobalt, or mixtures thereof. 
13. The niethod of' claini 11, wherein the a.-acylirnine 

group of the a.-acylimine corn pound in the a.-acylimine rnetal 
con:iplex is derived fron:i an: aroniatic a.-dion:e, the 
a.-acyliniin:e nitrogen: group of the a.-acylimine compound in: 
the a.-acylimine metal complex consists ofa C 1 to C 30 hydro­
carbyl group, and the lin:k.ing group of the priniary an:iine 
comprises a C 1 to C 10 hydrocarbyl group. 

14. The niethod of- clain:i 11, wherein the a.-acylin:iine 
group of-the a.-acyliniine con:ipound in the a.-acylimine metal 
complex is derived from ace:naphthe:nequinone, phe:nan­
thrcnequinone, or pyre:nequi:none, the a.-acylimine :nitrogen 
group of-the a.-acylimine conipound in the a.-acylimi:ne nietal 
complex consists ofa C 6 to C 30 aroniatic hydrocarbyl group, 
and the linking group of the priniary aini:ne is --(CH2 )m-­
where 111 ranges froni 1-5. 

15. The niethod of- claini 11, wherein the a.-acy11n1i:ne 
group of the a.-acylimi:ne compound in the a.-acylimi:ne inetal 
complex is derived frorn ace:naphthe:nequino:ne, the 
a.-acyliini:ne :nitrogen group of-the a.-acylimine coinpou:nd in 
the a.-acylimine metal complex consists ofa 2,6-disubstituted 
phenyl group, and the linking group of the primary a:nii:ne is 
--(CH 2 )m-- where ni ranges from 1-3. 

16. The method of clairn 11, wherein the a.-acy limi:ne inetal 
complex is prepared by: 

a) contacting an cx.-diacyl conipou:nd and a priniary anii:ne 
consisting of an --NH2 group and an organyl group 
consisting of- inert fi1nctional groups or a hydrocarbyl 
group; 

b) recovering the a.-acylimine corn.pound; 
c) contacting the a.-acylirnine coin.pound with a nietal salt; 

and 
d) recovering the a.-acylimine metal coinplex. 
17. The niethod ofclai:ni 11, wherein the a.-acylimine .metal 

con:iplex is prepared by: 
a) contacting an a.-diacyl conipound, the inetal salt, and a 

primary aini:ne consisting of an --NH 2 group and an. 
organyl group consisting of inert functional groups or a 
hydrocarbyl group; and 

b) recovering the a.-acylimine inetal complex. 
18. The method of clailn 10, wherein: 1) the a.-acylirni:ne 

in.eta! complex comprises a coniplex between the nietal salt 
and an a.-acyliniine coinpcn.111d comprising an a.-acylinii:ne 
group and an a.-acyliinine :nitrogen group consisting of an: 
orga:nyl group consisting of inert functional groups or a 
hydrocarbyl group; and 2) the primary anii:ne consists of' an 
--NI-12 group and an organyl group consisting of-inert func­
tional groups or a hydrocarbyl group. 

19. The niethod of claim 10, wherein: 1) the a.-acylirni:ne 
rnetal cornplex coniprises a cornplex between the nietal salt 
and an a.-acyliin.ine con1po1-111d coniprisi:ng an a.-acyliini:ne 
group and an a.-acylinii:ne nitrogen group corn.prising the 
in.etal salt coin.plexi:ng group and the linking group linking the 
metal salt complexing group to the a.-acylimi:ne :nitrogen 
atoni; and 2) the priniary aniine consists of- an --NII 2 group 
and an orga:nyl group consisting of inert functional groups or 
a hydrocarbyl group. 


