
1 0 METHODS FOR PRODUCING A HEXADENTATE BIMETALLIC
COMPLEX  FIELD OF THE INVENTION [0001] The present
application relates generally to olefin
oligomerization. More  particularly, the present
application relates to novel methods of producing a
hexadentate bimetallic complex employed in the
oligomerization of olefins. BACKGROUND OF THE
INVENTION [0002] Olefins, also commonly known as
alkenes, are important items of  commerce. Their many
applications include employment as intermediates in
the  manufacture of detergents, as more
environmentally friendly replacements where  refined
oils might otherwise be used, as monomers, and as
intermediates for many  other types of products. An
important subset of olefins are olefin oligomers, and
one  method of making olefin oligorners is via
oligomerization of ethylene, which is a  catalytic
reaction involving various types of catalysts.
Examples of catalysts used  commercially in
polymerization and oligomerization of olefins include
alkylaluminum compounds, certain nickel-phosphine
complexes, and a titanium  halide with a Lewis acid,
such as diethyl aluminum chloride. . [0003] Another
group of olefin polymerization catalysts is derived
from pyridine  bis-imines. With catalysts of this
type, a nitrogen-based ligand engages in a
coordination reaction with a transition metal salt.
The coordination reaction forms a  metal complex,
which is a catalyst precursor. The metal complex
further reacts with  another precursor or activator to
generate a metal alkyl or metal hydride species. The
catalyst resulting from the generation of the metal
alkyl or metal hydride species  polymerizes olefins.
[00041 Applications and demand for olefin polymers and
oligomers continue to  multiply, and competition to
supply them correspondingly intensifies. Thus,
additional novel and improved catalysts and methods
for olefin polymerization and  oligomerization are
desirable. 1B oC SUMMARY OF THE INVENTION [0005]
According to a first aspect of the present invention,
there is provided a  method for producing a
hexadentate bimetallic complex, comprising: (a)
contacting  



an acyliminepyridine compound, a metal salt, and an
amine to form a mixture or  contacting an
acyliminepyridine metal complex and an amine to form a
mixture,  wherein the acyliminepyridine compound or
metal complex is a mono- acyliminepyridine compound or
metal complex and the amine is a diamine or wherein
the acyliminepyridine compound or metal complex is a
bis-acyliminepyridine  compound and the amine is a
monoamine; and (b) recovering the hexadentate
bimetallic complex from the mixture, wherein the
acyliminepyridine compound or the  acyliminepyridine
metal complex is prepared from a di-acylpyridine
having structure  9, 10, or mixtures thereof: Ic 0 R2
R2  R3 / RI R'I  1101 1401 R5 N R4 R'5 N R'4  0 0 0 0
Structure 9 Structure 10 wherein R1, R'1, R2, R'2, R3,
and R'3 are each independently hydrogen,  hydrocarbyl,
substituted hydrocarbyl, or an inert functional group,
and any two of RI,  R' 1, R2, R'2, R3, and R'3,
vicinal to one another, taken together may form a
ring, and R4, R'4, R5, and R'5 are each independently
hydrogen, hydrocarbyl, substituted  hydrocarbyl, or an
inert functional group, and R4, and RI, or
alternatively R'4, and  R'1, taken together may form a
ring, R5 and R3, or alternatively R'5 and R'3i taken
together may form a ring. In various embodiments, a
method is presented for  producing a hexadentate
bimetallic complex. In some embodiments, the method
may  comprise contacting an acyliminepyridine
compound, a metal salt, and an amine to  form a
mixture; and recovering the hexadentate bimetallic
complex from the mixture.  In 2 0 other embodiments, a
method for producing a hexadentate bimetallic complex
comprises  forming at least one imine bond in the
presence of a metal salt, metal complex, or
combinations thereof. The metal salt may be iron,
cobalt, nickel, chromium, vanadium or  mixtures
thereof. The acyliminepyridine compound may be a
mono-acyliminepyridine in  



instances where the amine is a diamine. In such
instances, the mono-acyliminepyridine  compound to
diamine molar ratio may be in the range of about 2:1;
and the mono- acyliminepyridine compound to metal salt
molar ratio may be in the range of about 1:1.
Embodiments of a method for preparing an
acyliminepyridine compound for use in  preparation of
a hexadentate bimetallic complex are also presented.
Such embodiments may  comprise contacting the
di-acylpyridine with a first amine to form a first
mixture, and  recovering the acyliminepyridine
compound from the first mixture. [0006] In some
embodiments, a method for producing a hexadentate
bimetallic complex  comprises contacting an
acyliminepyridine metal complex and a first amine to
form a  mixture, and recovering the hexadentate
bimetallic complex from the mixture. In  embodiments
where an acyliminepyridine metal complex is employed
in forming a  hexadentate bimetallic complex, the
acyliminepyridine metal complex may be prepared by
contacting the di-acylpyridine with an amine to form a
first mixture; recovering an  acyliminepyridine
compound from the first mixture; contacting the
acyliminepyridine  compound with a metal salt to form
a second mixture; and recovering the acyliminepyridine
metal complex from the second mixture. In embodiments,
the acyliminepyridine metal  complex may be a
mono-acyliminepyridine metal complex where the amine
is a diamine.  The mono-acyliminepyridine metal
complex to diamine molar ratio may be in the range of
about 2:1. DETAILED DESCRIPTION OF EMBODIMENTS ,
[00071 The present application discloses hexadentate
bimetallic complexes and  methods for producing
hexadentate bimetallic complexes. Such complexes and
methods  may involve one or more compounds having the
chemical structures shown in Tables I  through 5: WO
20061065458 PCTIUS2005/042175  3 Table 1- Monoamines,
Diamines, and Diacylpyridines  H2N - W H2N - W'
Structure 1 Structure 2  R 0 Ro Rio R'o R9 ~looc NH2
R'9 ~lso~ NH2  Re Rc R'8 R'c  



Structure 3 Structure 4  H2N-Y1-NH2 Structure 5 RA RA
RA R'A  H2N / R6 NR, NH2 H2N RD R's NH2  1120 I 130 Rs
Rs, Rs R6 Ri 1 R'1l R'e  R7 YZ R7 YZ R'7  Structure 7
Structure 8 R2 R2  R3 / RI R'1  110 N Ra R'R N 140 R4
0 0 0 O  Structure 9 Structure 10  Table 2 -
Acyliminepyridine Compounds R2 '2  R3 / R, R3 R'1  110
I 140 Rs \N Ra R' ~N R'a  WAN 30 W,,~N O  101 20 O 601
5D 40 Structure 11 Structure 12 WO 2006/065458
PCT/US2005/042175  4 Table 2 - Acyliminepyridine
Compounds R2 R'2  AR3'R, R'3 / R'1  140 l Rs R4 R's --
R4 N RD O RD *n k AN 0 R10 30 R'140  



100 RRc R'c  Ra R'a  Structure 13 Structure 14 R2 R2
R2 R'2  R3 4,N Rl R3 R3 R1 R'1 R'3  14011 IIOI 140  N
RaN R4 R'4 N R's O 0 aoN so 0 0 20 30 4oN so 0  l0 60
10 60  Y1 Y1  Structure 15 Structure 16  R2 R2  R3 R1
R1 R3 3  110 I 140 R ,N R4 R4 N Rs  0 20 4 30 RA RA 40
N 50 0 10 R8 Ra 60  \0I 1130 Ra R11 R11 'RFa  R7 R7
Y2 Structure 17 WO 2006/065458 PCT/1JS2005/042175  5
Table 2 - Acyliminepyridine Compounds R2 R'2  R3 Rt
A1R'3  110 R4 R'R's O 20 130 RA RA 40o  



10 R6 R'6 60  120 I f 130 R R44 R',4 R'B  R7 R'7  Y2
Structure 18 Table 3 - Acyliminepyridine Metal
Complexes  R2 R'2  R3 / Rt R'3 / R'4 110 ( 140 R R4
R's R'4  10 I 1 20 1130 60 I i 50 140  ?80 N% N\ T /O
WI'\ 70 80  X" X'n  Structure 19 Structure 20 R2 R'2
R3 Rt R3 / R',  it0 I too R5, R4 R' R4  Ro 0 1 20 1 30
R p 60 I s0 40 R10 N\ I /0 R'10 i  too X70 ` 150 X80
Ry * Ro 0 R'9 R'c n  Rs R's Structure 21 Structure 22
WO 2006/065458 PCTIUS2005/042175  6 Table 3 -
Acyliminepyridine Metal Complexes R2 R2 R'2  Rs R1 R1
/ R3 AR2 



R'1 110 I 140 I 40 R5 R4 R4 ~ RS R R'4 N R's N20 30 40
N50 60 10 0 40 50 60 10 I /N\ N' I /O I N\ N~ O  70 Yl
30 I 70 Y1 so Xn Xn Xn >C, Structure 23 Structure 24
R2 R2  R3 / Ri jR, R3 1100 ( Rs ~N R4 R4 Rs  20 30 RA
RA 50 I 60  O\M0 N N R6 Re MOO  Xn 20I 1130 X  n Re
R1a R1, RB  R7 R7  Y2 Structure 25 R2 R'2  R3 / Rl R't
R3  110 I R4 R'4 140 R's  10 140 1 30 RA R'A 40 i 50
160  M70 Re R'6 \ \ 4'  1 X. \ I 113 X' n  RB Ri4 R'11
R'a R7 R'7  Y2  Structure 26 WO 20061065458
PCT/US2005/042175  7 



Table 4 - Hexadentate Bimetallic Complexes  R2 R2  R3
R1 ARIR3  110 R R4 R4 R5  10~ M 20 1 30 40 W M 1 70
NyN\Mso N\W  X" Xn  Structure 27 R2 R'2  R3 R1 R'1 /
R'3  110 140 R R4 R'4 % R'5  10 I20 130 40 I I50 ' 60
W M7o NY/N` Mao N`W  Xn X'n  Structure 28 R2 R2  R3 R1
R1 R3  110 I 140 ' ~N R4 R4 ~N R5  RD 10 20 1 30 40 1
$0 60 RD RIO NAM -N ,,-N--'M~-N *R10  loo X70 Y1 Xs0
Rs RG n Rc Rs R6 Ra  Structure 29 R2 R'2  R3 R1 R'1
110 I 140 R5 R4 R'4 R'5  RD 10 1 i 20 ( 30 40 1 1 50 ~
0 R D R10 \1 lo 1 ao xc 0 / Rc Xn X'n R' R' 



c s  RB R'e  Structure 30 WO 2006/065458
PCT/US2005/042175  8 Table 4 - Hexadentate Bimetallic
Complexes  R2 R2  AR3R, R, / R3 1 40 R5 R4 R4 R5  10
RA RA 40 N 150 1160  W M70 Rs Rs \ Me W  1 120 X0 130
X RB \ R11 RI, / RB n  R7 R7  Y2 Structure 31 R2 R'2
R3 R1 R'1 R'3  110 140 R5 R4 R`4 R'S  10 20 30 RA R'q
40 0 150 D 60  N N N W M7 R6 R6 \ M s6 W  Xn 1~0I I13%
X'n  RB R71 R'i 1 R'B R7 R'7  Y2  Structure 32 R2 R2
R3 / R1 R1 R3  ) 



]lo I R4 R4 140 R5  \N \N  Rp 10 I 12 30 Rq RA 40 150
60 U R1*Rc N`M7/ N R6 R6 N\M800 R10  Xn 120 ( 1130 15
RB R11 R11 / RB Rc Rs  Re R7 R7 R3  Y2 Structure 33 WO
2006/065458 PCT/US2005/042175  9 Table 4 - Hexadentate
Bimetallic Complexes  R2 R'z  AR4 R'1 R'3 140Rs R'4
R's  Rp o RA R'q aoN 150 160 R0  R1o \M 7o Re R'6 I
R'1o 90 100 120 130 X, 150 R4 / Rc xn Ra R11 R'11 / RB
R'c R a  R7 '7 R'a  Y2 Structure 34 Table 5 -
Hexadentate Ligands  R2 R2  R3 R1 R1 / R3 110 , 140 ,
R5 R4 R4 Rs  ION 20 130 401 50 160 W ~W  Structure 35
R2 R'2  A20R3R, R'1 R'3  RsRa R4 140 R 



s  0 40 1 50 1 60 W oN N\Y/N N,W'  1  Structure 36 WO
2006/065458 PCT/US2005/042175  10 Table 5 -
Hexadentate Ligands  R2 R2  R3 R AIR 110 Rs R4 R4 Rs
R^ 10N 20 130 40 RE) Rio Rio  100 Yl 150  R9 Ry Rc Rc
R3 Rs  Structure 37 R2 R'2  R3 R, AR'IFRT3  10 R5 1 11
R4 R'4 RS R'^  R ^ 10 20 130 40 Rio \ N\ N RIO  too Yl
I lso Ry / RG R 'c R's  R3 R'8  Structure 38 R2 R2  



R3 / R1 AR,R3  Rs \to I R 4 R4 Rs  wN 20 130 RA RA 40
W R6 RB . W  \0I I13~ RD Rll Rll RB  R7 R7  Y2
Structure 39 WO 2006/065458 PCT/US2005/042175  11
Table 5 - Hexadentate Ligands R2 R'2  R3 / Ra R'a R13
110 I 140 R4 R'4 R'5  N N  101 20 1I30 RA R'A 401 so
16 W / R5 R's W  120 I 1130 RB Raa R'aa R'e  R7 R'7
Y2 Structure 40 R2 R2  R3 R, R1 / R3  1101 140 l R R4
R4 R5  RD 1oN 20 30 RA RA a0~ so ~60 RD Rao R8 RB Rao
100 120 1130 150  



R9 Rc RB Raa Rai Rs Rc R9 Ra R7 R7 R8  Y2  Structure
41 R2 R'2  R3 Ra R'a R'3  110 140 R N R4 R'4 R's  N
RD ]o m 30 RA R'A ao 50 N 6o R D Rao RB R' N N Rio
1100 120 I 130 1150 Rs Rc Rs Rat R'a RB Rc / R9  R8 R7
R'7 R'8  Y2 Structure 42 [0008] For purposes of
explanation only, the chemical compounds shown in
Tables 1 through S may be divided into three
categories: starting materials,  intermediates, and
complexes. Generally, starting materials react to form
intermediates, which may be further reacted to form
complexes. In some instances, 12  complexes may also
be intermediates. The starting material in the methods
of the present  invention is a di-acylpyridine having
structure 9, 10 or mixtures thereof. Structures 9 and
10  are shown in Table 1. Generally, the monoamines
and diamines, of Table 1 may be further  starting
materials. The intermediates may include the
acyliminepyridine compounds,  acyliminepyridine metal
complexes, and ligands of Tables 2, 3, and 5. [0009]
Also within the tables, relationships, such as generic
to specific, are present  among structures. For
example, the compound of structure 13 is a specific
embodiment of  the compound of structure 11, and the
compound of structure 33 is a specific embodiment of
structure 34, etc. Various other specific to generic
relationships among structures will be  apparent to
one skilled in the art. The pendant or "R" groups
associated with the  compounds, as indicated in Tables
I through 5, are defined in detail below. 



[0010] Starting materials are di-acylpyridine
compounds having structure 9, 10 or  mixtures therof.
Structures 9 and 10 are shown in Table 1.
Intermediates include structures 1  through 8 in Table
1. Structures 1 and 2 are monoamine starting materials
where W and W'  are generic pendent groups as defined
herein. Structures 3 and 4 are aromatic monoamines,
where an aromatic ring has been substituted for the
generic pendent groups W and W' of  structure 1 and
structure 2, respectively. Structure 5 is a diamine
starting material where Yi  is a generic structural
bridge linking the two amine groups. Structures 7 and
8 are aromatic  diamine starting materials in which
two aromatic amine groups connected by a linking
group, Y2, have been substituted for the structural
bridge, Y1, of structure 5. Structures 9  and 10 are
substituted di-acylpyridine starting materials having
the substituents R1, R' 1, R2,  R'2, R3, R'3, R4, R'4,
R5, and R'5 as described herein. Such substituted
di-acylpyridine  starting materials may be contacted
with one or more monoamine starting materials, for
example the monoamine starting materials of structures
1, 2, 3, and 4, to form  acyliminepyridine compound
intermediates, such as those of structures 11, 12, 13,
and 14.  Alternatively, the substituted
di-acylpyridine starting material may be contacted
with a  diamine starting material, for example the
diamine starting material of structure 5, 7, or 8, to
form acyliminepyridine compound intermediates, such as
illustrated by structures 15, 16, 17,  and 18. WO
2006/065458 PCT/US20051042175  13 [0011] Intermediates
in Table 2 and Table 3 may include acyliminepyridine
compounds having structures 11, 12, 13, 14, 15, 16,
17, and 18, and  acyliminepyridine metal complexes
having structures 19, 20, 21, 22, 23, 24, 25, and  26.
The acyliminepyridine compound having structure 13 is
a derivative of the  acyliminepyridine compound having
structure 11 wherein the aromatic group 100 is
substituted for W in structure 11. Similarly, the
acyliminepyridine compound having  structure 18 is a
derivative of the acyliminepyridine compound having
structure 16  wherein the aromatic diamine group of
structure 8 is used as a reagent. Other similar
relationships will be apparent to one skilled in the
art. In embodiments, the  acyliminepyridine metal
complexes of structures 19, 20, 21, 22, 23, 24, 25,
and 26  may be formed by contacting a metal salt with
an acyliminepyridine compound, for  example the
acyliminepyridine compound of structure 11, 12, 13,
14, 15, 16, 17, or  



18. Structures 35, 36, 37, 38, 39, 40, 41, and 42
represent hexadentate ligands formed  by various
combinations of the di-acylpyridine, monoamine, and
diamine starting  materials of Table 1. Additional
details on the formation of hexadentate ligands
having structures 36 and 42, and corresponding
bimetallic hexadentate complexes  having structures 28
and 34, respectively, are provided in U.S. Patent
Application No.  10/379,828, referenced previously.
[0012] Hexadentate bimetallic complexes may be those
having structures 27, 28,  29, 30, 31, 32, 33, and 34
in Table 4. The hexadentate ligand or hexadentate
bimetallic complex may be identified by six nitrogen
atoms denoted by reference  numerals 10, 20, 30, 40,
50, and 60 in hexadentate ligand structures 35, 36,
37, 38, 39,  40, 41, and 42, or in hexadentate
bimetallic complex structures 27, 28, 29, 30, 31, 32,
33 and 34. Such hexadentate structures may be viewed
as consisting of two halves or  sides; one side
including nitrogen atoms 10, 20, and 30, and the other
side including  nitrogen atoms 40, 50, and 60. The two
halves may be connected by a structural  bridge, such
as Y1. Alternatively, the two halves may be connected
by two aromatic  rings linked by structural bridge,
Y2. Additionally, the similarities between the two
halves of the ligand or complex may vary. In various
instances, the two halves may  be mirror images of
each other, identical or different, symmetrical or
asymmetrical,  planar or non-planar. The pendant
groups, W, W', R,,, and R',,, and linking groups, Yi
WO 2006/065458 PCT/US2005/042175  14 and Y2, are
further defined below. The metal complexes shown in
Table 3 and Table  4 may be identified by the presence
of a metal salt (M-X" or M'-X',), which is present  by
coordination reaction with an acyliminepyridine
compound or hexadentate ligand.  The acyliminepyridine
compound may be a mono-acyliminepyridine compound or a
bis-iminepyridine compound. The metal salts are
designated by reference numerals  70 and 80 on the
structures of Table 3 and Table 4. `Bimetallic' refers
to the presence  of two M-X" groups, i.e., one at site
70 and one at site 80. The metal salt at site 70  may
be the same as or different than the metal salt at
site 80. [0013] As mentioned previously, the metal
complexes may be symmetrical or  asymmetrical. The
asymmetry may be a result of a difference between the
terminal  W and W' imine groups, differences among one
or more of the substituents or the  



substituent pattern of the terminal imine aromatic
rings 100 and 150, differences  between the R4 and R'4
groups, differences between the R5 and R'5 groups,
differences among one or more of the substituents or
the substituent pattern of the  pyridine rings 110 and
140, asymmetry in the linking group, Y1, differences
among  one or more of the substituents or the
substituent pattern of the linking aromatic rings  120
and 130, asymmetry in the linking group, Y2, or any
combination of differences  in these elements.
Variations in chemical structure orientation and
planarity, such as  may occur by rotation of a portion
of a structure at a chemical bond, may also affect
symmetry. Though technically a point of asymmetry, for
the purpose of this  discussion a difference in the
metal salt at sites 70 and 80 (either at the metal
atom or  the X groups) may not be considered a
difference that affects the symmetry of
acyliminepyridine compounds, acyliminepyridine metal
complexes, and hexadentate  bimetallic complexes. As
an example, the link between symmetrical and
asymmetrical embodiments may be illustrated where
structure 27 represents a  symmetrical embodiment of
the hexadentate bimetallic complex of structure 28, if
Yl  is symmetrical, the terminal imine groups are
identical, W and W' are identical, R4  and R'4 groups
are identical, R5 and R'5 groups are identical, and
the substituents and  substituent pattern of the
pyridine rings 110 and 140 are identical. Any
difference  between these combinations of elements
would make structure 28 asymmetric. As a  further
example, structure 33 would represent a symmetrical
embodiment of structure WO 2006/065458
PCT/[JS2005/042175  15 34 where the R' groups of
structure 34 are selected to be identical to the R
groups,  and Y2 is selected to be symmetrical.
Structure 29 represents a specific symmetrical
embodiment of structure 27 wherein the aromatic rings
100 and 150 are substituted  for the W and W' of
structure 28. Structure 33 represents a specific
symmetrical  embodiment of structure 29 wherein the
aromatic rings, 120 and 130, and structural  bridge,
Y2, of structure 34 are substituted for the structural
bridge, Y1, of structure 29.  Other symmetrical versus
asymmetrical relationships among structures in Tables
1  though 5 will be apparent to one skilled in the
art. [0014] The components of the chemical structures
illustrated in Tables I through  5 labeled as RI, R'1,
R2, R'2, R3, R'3, R4, R'4, R5, R'5, R6, R'6, R7, R'7,
R8, R'8, R9, R'9,  



Rio, R'to, R11, R'11, RA, R'A, RB, R'B, Rc, R'c, RD,
R'D, W, W', Y1, Y2, M, M', Xn,  and X'n (or "'R'
groups" or "pendant groups"), are defined throughout
the present  application. The components may be
subdivided into the following groups: Group 1 - W and
W'; Group 2 - R1, R'1; R2, R'2, R3, and R'3; Group 3 -
R4, R'4, R5, and R'5;  Group 4 - R6, R'6, R7, R'7, Rs,
R'8, R9, R'9, Rio, R'io, R" and R'11; Group 5 - RA,
R'A,  RB, R'B, Rc, R'c, RD, and R'D; Group 6 - Y1 and
Y2; Group 7 - M and M'; and Group  8 - X. and X',.
These groups are independent elements and thus the
structures in  Tables 1-5 may be defined using any
combination of embodiments within each  respective
group. [0015] In some embodiments, W and W' are each
independently hydrogen,  hydrocarbyl, substituted
hydrocarbyl, or an inert functional group. The
applicable  inert functional groups are further
described herein. [0016] In some embodiments, RI, R'1,
R2, R'2, R3, and R'3 are each  independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional  group. In other embodiments, any two of
Ri, R'1, R2, R'2, R3, and R'3, vicinal to one
another, taken together may form a ring. The
applicable inert functional groups are  further
described herein. [0017[ In some embodiments, R4, R'4,
R5, and R'S are each independently  hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group. The  applicable inert functional
groups a further described herein. In some embodiments
R4, and Ri, or alternatively R'4, and R), taken
together may form a ring. In other WO 20061065458
PCT/US2005/042175  16 embodiments R5 and R3, or
alternatively R'5 and R'3, taken together may form a
ring.  In yet other embodiments, R4 and RA or Ra, or
alternatively, R'4 and R'A or R'B, taken  together may
form a ring. In yet other embodiments, R5 and Rc or
RD, or  alternatively, R'5 and R'c or R'D, taken
together may form a ring. 100181 In some embodiments,
R6, R'6, R7, R'7, Rs, R's, R9, R'9, Rio, R'1o, R11 and
R'11 are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an  inert functional
group. The applicable inert functional groups are
further described  herein. [00191 In some embodiments,
RA, R'A, RB, R'B, Rc, R'c, RD, and R'D, generally  



ortho to the nitrogen atom group, either amine or
imine, are each independently  hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an inert functional group.
The  applicable inert functional groups are further
described herein. In other embodiments,  RA, R'A, Rs,
R'B, Rc, R'c, RD, and R'D, are independently selected
from hydrogen,  fluorine, an inert functional group, a
primary carbon group, a secondary carbon group,  or a
tertiary carbon group. [0020] Y1 and Y2 typically
represent a structural bridge between two halves of a
ligand or complex. Y1 may be a bond between nitrogen
group 30 and nitrogen group  40, a hydrocarbyl having
from about 0 to about 30 carbon atoms, a substituted
hydrocarbyl having from about 0 to about 30 carbon
atoms, or an inert functional  group. Y2 may be a bond
between aromatic rings 120 and 130, a hydrocarbyl
having  from about 0 to about 30 carbon atoms,
substituted hydrocarbyl having from about 0  to about
30 carbon atoms, or an inert functional group. In
further embodiments, Y2  may be a bond connecting any
but the ortho positions of the two aromatic rings, a
hydrocarbyl group including from about 0 to about 20
carbon atoms, methylene  (CH2), ethylene (C2H4), or an
inert functional group. In some embodiments, the two
Rif groups, or alternatively the R11 and R'11 groups,
taken together represent the  structural bridge Y2. In
other embodiments, the two R11 groups, or
alternatively the  R11 and R'11 groups, taken together
form a methylene (CH2), or ethylene (C2H4) group  and
represent the structural bridge Y2. In yet other
embodiments, Y2 is a bond  between the two carbon
atoms having the R11 or R'11 substituents. In some
embodiments, any two of RA, R'A, R6, R'6, R7, R'7, R3,
R'B, R11, R'11, Rc, R'c, Rs, WO 2006/065458
PCT[US2005/042175  17 R'8, R9, R'9, Rio, R'10, RD, and
R'D, vicinal to one another, taken together may form a
ring. In some embodiments, any of RA, R'A, R6, R'6,
R7, R'7, RB, R'B, R11, R'11, Rc,  R'c, R8, R'8, R9,
R'9, Rio, R' lo, RD, and R'D vicinal to Y2, taken
together, may form a  ring. [0021] In other
embodiments, when RA/R'A is a primary carbon group,
then none,  one, or two of RB/R'B, Rc/R'c, and RD/R'D
are primary carbon groups, secondary  carbon groups,
phenyl, substituted phenyl, or inert functional
groups, and the  remainder of RB/R'B, Rc/R'c, and
RD/R'D are hydrogen or fluorine. In another  



embodiment, when RA/ R'A is a secondary carbon group,
then none, one, or two of  RB/R'B, Rc/R'c, and RD/R'D
are primary carbon groups, secondary carbon groups,
phenyl, substituted phenyl, or inert functional
groups, and the remainder of RB/R'B,  Rc/R'c, and
RD/R'D are hydrogen or fluorine. In other embodiments,
when RA/R'A is  a tertiary carbon group, then none or
one of RB/R'B, Rc/R'c, and RD/R'D are tertiary,
phenyl, or substituted phenyl, and the remainder are
hydrogen or fluorine. In other  embodiments, when
Rc/R'c is a primary carbon group, then none, one, or
two of  RA/R'A, RB/R'B, and RD/R'D are primary carbon
groups, secondary carbon groups,  phenyl, substituted
phenyl, or inert functional groups, and the remainder
of RA/R'A,  RB/R'B, and RD/R'D are hydrogen or
fluorine. In other embodiments, when Rc/R'c is  a
secondary carbon group, then none, one, or two of
RA/R'A, RB/R'B and RD/R'D are  primary carbon groups,
secondary carbon groups, phenyl, substituted phenyl,
or inert  functional groups, and the remainder of
RA/R'A, RB/R'B, and RD/R'D are hydrogen or  fluorine.
In other embodiments, when Rc/R'c is a tertiary carbon
group, then none or  one of RA/R'A, RB/R'B, and RD/R'D
are tertiary, phenyl, or substituted phenyl, and the
remainder of RA/R'A, RB/R'B, and RD/R'D are hydrogen
or fluorine. Independent of  the above limitations, Y1
and Y2 may be symmetric or asymmetric. [0022] M and M'
may be any metal atom. In some embodiments, M and M'
are  metal atoms selected from Group VB, VIB, or VIII
of the CAS version of the Periodic  Table. In other
embodiments, M and M' may be metal atoms having a +3
oxidation  state. In other embodiments, M and M' may
be cobalt, iron, nickel, chromium,  vanadium, or
mixtures thereof. In further embodiments, M and M' may
be cobalt,  iron, chromium, vanadium, or mixtures
thereof. In further embodiments, M and M' WO
2006/065458 PCT/US2005/042175  18 may be cobalt, iron,
or mixtures thereof In further embodiments, M and M'
may be  iron. In further embodiments, M and M' may be
cobalt. In further embodiments, M  and M' maybe
chromium. In further embodiments, M and M' maybe
nickel. [0023] X and X' may independently be any
anion. In some embodiments, X and  X' are
independently a halide or acetyl acetonate. In some
embodiments X and X' are  halides. In further
embodiments the halide is selected from chlorine,
bromine, and  iodine. In some embodiments the halide
is chloride. In yet other embodiments the  



halide is bromide. The number, n, of X groups is such
that the total number of  negative charges on the
total number X or X' anion equals the oxidation state
of M or  M' respectively. In some embodiments, n is 1,
2, or 3 and the total number of  negative charges on X
or X' is equal to the oxidation state of M or M',
respectively.  In some embodiments X may be an anion,
such as a halide or acetyl acetonate, so that  the
total number of negative charges on X is equal to the
oxidation state of M or M'.  [0024] In an embodiment
of the hexadentate bimetallic complex 33, RA and RB
are  hydrogen; and Rc and RD are each independently
methyl, ethyl, propyl, or isopropyl.  In an
embodiment, RA and RE are methyl; and Rc and RD are
each independently  methyl, ethyl, propyl, or
isopropyl. In an embodiment, Rc and RD are hydrogen;
and  RA and RB are each independently methyl, ethyl,
propyl, or isopropyl. In an  embodiment, Rcand RD are
methyl; and RA and RB are each independently methyl,
ethyl, propyl, or isopropyl. In an embodiment, RA and
RD are hydrogen; and RB and  Rc are each independently
methyl, ethyl, propyl, or isopropyl. In an embodiment,
RA and RD are methyl; and RB and Rc are each
independently methyl, ethyl, propyl, or  isopropyl.
The embodiments of this paragraph also apply to the
amine,  acyliminepyridine compounds, and
acyliminepyridine metal complexes used to  prepare
hexadentate bimetallic complex 33. [0025] In some
embodiments, Ra, Rb, R'a, and R% are selected such
that each M  has an asymmetric environment with
respect to the ortho positions on rings 100 and  120.
In further embodiments, Ra, Rb, R'a, and R'b are
selected such that each M has  an asymmetric
environment with respect to the ortho positions on
rings 100 and 120  in the hexadentate bimetallic
complex having structure 34. The embodiments of this
paragraph also apply to the amine, acyliminepyridine
compounds, and WO 20061065458 PCT/US2005/042175  19
acyliminepyridine metal complexes used to prepare
hexadentate bimetallic complex  34. [0026) In an
embodiment of a hexadentate bimetallic complex 27, 28,
29, 30, 31,  32, 33, or 34, the pendant groups may be
as defined above, except that both M and  Ware cobalt.
In another embodiment, both M and Ware iron. In
another  embodiment, one of the metal atoms, M or M',
is iron, and the other is cobalt. In  



another embodiment, selection of M and M' affects
selection of RA, RB, Rc, RD, W,  and Y1. [0027] In an
embodiment of a hexadentate bimetallic complex 33,
pendant groups  maybe as defined above, with the
following exceptions: RI, R2, and R3 are hydrogen; R4
and Rs are methyl or hydrogen;  R6, R7, R8, R9, and
Rio are hydrogen; RA, RB, Rc, and RD are each
independently methyl, ethyl, propyl, or  isopropyl;
and the two R11 groups taken together represent the
structural bridge Y2. The embodiments of this
paragraph also apply to the amines, di-acylpyridines,
acyliminepyridine compounds, and acyliminepyridine
metal complexes used to  prepare hexadentate
bimetallic complex 34. [0028] For purposes of this
application, an acyl group is represented by the
structure RC(S)-, wherein R may be hydrogen, a
hydrocarbyl group, or a substituted  hydrocarbyl
group. [0029] For purposes of this application, a
hydrocarbyl group is a group containing  only carbon
and hydrogen. If not otherwise stated, it is preferred
that hydrocarbyl  groups herein contain 1 to about 30
carbon atoms. The terms "hydrocarbyl" and  "alkyl" are
equivalent, and may be used interchangeably. [0030]
For purposes of this application, a substituted
hydrocarbyl is a hydrocarbyl  group which contains one
or more substituent groups which are inert under the
process conditions to which the compound containing
these groups is subjected. The  substituent groups
also do not substantially interfere with the
hexadentate bimetallic  complex preparation process.
If not otherwise stated, it is preferred that
substituted WO 20061065458 PCT/US2005/042175  20
hydrocarbyl groups herein contain from about 1 to
about 30 carbon atoms. Included in  the meaning of
"substituted" are aromatic and/or heteroaromatic
rings. 100311 For purposes of this application, an
inert functional group is a group, other  than
hydrocarbyl or substituted hydrocarbyl, which does not
substantially interfere  with any process described
herein where the compound in which it is present takes



part. Examples of inert functional groups include halo
(fluoro, chloro, bromo and  iodo), or ethers such as
-OR1s wherein R18 is hydrocarbyl or substituted
hydrocarbyl.  In cases in which the functional group
may be near a metal atom, such as R4, R5, Rs,  RB, Re,
RD, R'4, R'5, R's, R'B, R'c, and R'D the functional
group should not  coordinate to the metal atom more
strongly than the groups in compounds containing  R4,
R5, Rs, RB, Re, RD, R'4, R'5, R's, R'B, R'c, and R'D
which are shown as  coordinating to the metal atom,
that is they should not displace the desired
coordinating group. [0032] For purposes of this
application, a primary carbon group includes a group
of the formula -CH2-, wherein the free valence is to
any other atom (the bond  represented by the hyphen is
to the benzene ring to which the primary carbon group
is  attached). Thus, the free valence may be bonded to
a hydrogen atom, halogen atom,  carbon atom, oxygen
atom, sulfur atom, etc. In other words, the free
valence may be  to hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group. Examples of
primary carbon groups include --CHs, --CH2 CH(CH3 )2 ,
--CH2 Cl, --CH2 C6 H5, and - -CH2 OCH3. [00331 For
purposes of this application, a secondary carbon group
includes a  group of the formula -CH=, wherein the
free valences are to any other atoms (the  bond
represented by the hyphen is to the benzene ring to
which the secondary carbon  group is attached). Thus,
the free valences may be bonded to a halogen atom,
carbon  atom, oxygen atom, sulfur atom, etc. In other
words, the free valences may be to a  hydrocarbyl, a
substituted hydrocarbyl or a functional group.
Specific examples of  secondary carbon groups include
-CH(CH3)2, -CHC12, -CH(C6H5)2, cyclohexyl, -
CH(CH3)OCH3, and -CH=CHCH3. [0034] For purposes of
this application, a tertiary carbon group includes a
group  of the formula -C =, wherein the free valences
are to any other atoms. Thus, the free WO 20061065458
PCT/US2005/042175  21 valences may be bonded to a
halogen atom, carbon atom, oxygen atom, sulfur atom,
etc. In other words, the free valences may be to a
hydrocarbyl, a substituted  hydrocarbyl or a
functional group. Examples of tertiary carbon groups
include: - C(CH3)3, -C(C6H5)3, -CCl3, -C(CH3)20CH3,
-C= CH, -C(CH3)CH=CH2, C6H5, CF3,  



and 1-adamantyl. [0035] For purposes of illustration,
some of the complexes and intermediates  exemplified
in Tables 2 through 5 may be viewed as consisting of
two halves or sides.  One side, such as in structures
7, 8, 15, 16, 17, 18, 23, 24, 25, 26, 27, 28, 29, 30,
31,  32, 33, 34, 35, 36, 37, 38, 39, 40, 41, and 42,
may include oxygen or nitrogen groups  at locations
10, 20, and 30, and the other side may include oxygen
or nitrogen groups  at locations 40, 50, and 60. The
two sides in structures 7, 8, 15, 16, 17,18, 23, 24,
25,  26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, and 42 maybe connected  by a
structural bridge, Yl or Y2. [0036] Some of the
complexes and intermediates shown in Tables 2 through
5  may be further illustrated by referring to rings
labeled 100, 110, 120, 130, 140, and  150, such as in
structures 3, 4, 7, 8, 9, 10, 13, 14, 15, 16, 17, 18,
23, 24, 25, 26, 27, 28,  29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, and 42. Some of these
compounds  and complexes may be viewed as having two
halves or sides. One half of such  structures may
include some or all of rings 100, 110, and 120, and
the other side may  include some or all of rings 130,
140, and 150. The two halves may be connected by  a
structural bridge, such as Y1 or Y2. [0037] In some
embodiments, one side of a structure identified by
groups attached  at some or all of the locations 10,
20, and 30, and/or by some or all of rings 100, 110,
and 120, is a mirror image of the other half of the
structure identified by groups  attached at some or
all of the locations 40, 50, and 60, and/or some or
all of rings 130,  140, and 150. In such a mirror
image scenario, the two halves or sides of the
structure  may be divided by a mirror plane, which
passes through a symmetrical structural  bridge, such
as Y1 or Y2. In some embodiments involving Y2 as a
structural bridge,  Y2 may connect rings 120 and 130
at their respective meta or para positions. In other
embodiments, R7, R'7,1(6, R'6, R,1, and/or R', 1 may
form part of the structural bridge,  Y2. In other
embodiments, a structure may have symmetry such that
the `R', and/or WO 2006/065458 PCT/US2005/042175  22
the `W' groups are symmetrical on each half of the
structure, but the sides of the  structure may not be
mirror images of one another, such as when divided by
a mirror  plane. In yet other embodiments, the `R',
and/or the `W' groups on each side of a  



structure are independent of each other such that the
structure may be asymmetrical.  Considering structure
36, for example, RI, R'I, R2, R'2, R3, R'3, R4, R'4,
W, and W'  may all be selected independently of each
other. Further, in various embodiments, the  degree of
symmetry present in such asymmetrical structures may
vary. [0038] Symmetry, for purposes of the present
disclosure, is defined as when each  R" substituent is
identical to each R'" substituent, for example
according to structure  34, where R'7 may have the
same structure as R7. In the more general structure
28, W  may have the same structure as W'. [0039] Even
though compounds 34 and 28 may possess symmetry
according to  the cited definition, compounds of this
type may possess local asymmetry. Local  asymmetry is
defined by considering the ortho groups RA, RB, Rc,
and RD, along with  their potentially identical ortho
groups R'A, R'B, R'c, and R'D, for example in complex
34. Local asymmetry refers to asymmetry of the ortho
groups around the metal on  each half of compound 34,
and it occurs when the type and number of substituents
in  RA and RB is not identical to the type and number
of substituents in Rc and RD. For  example if RA and
RB are both methyl, and Rc and RD are both H, then
local  asymmetry is present. [0040] Thus, those of
skill in the art will comprehend that a plurality of
structural  embodiments are possible because of
various symmetrical and asymmetrical  combinations of
`Rn' groups, `W' groups, M-X" groups, structural
bridges,  orientations, and rotations. [0041] Those of
skill in the art will recognize the relationships
among starting  materials, intermediates, and
complexes that motivate the selection of synthesis
paths  necessary to achieve various possible
embodiments of hexadentate bimetallic  complexes
suitable for employment in a polymerization catalyst
system. For  example, structures 27 and 30 are
specific embodiments formed by substitutions of
structure 28. Structure 28 includes R" groups on one
side and R'" groups on the other,  which may indicate
either identical or different substituents on each
half of the WO 2006/065458 PCT/US2005/042175  23
structure. Starting materials necessary to form an
asymmetrical embodiment having  structure 28 may yield
both symmetrical and asymmetrical complexes. The two
sides  



of structure 27, on the other hand, are symmetrical,
having R3 through R5 on both  sides of the complex.
Such a symmetrical complex may be a part of a mixture
of  symmetrical and asymmetrical complexes, or
starting materials may be selected such  that the
synthesis only yields symmetrical complexes. [0042]
Another example that illustrates the relationships
among starting materials,  intermediates, and
complexes is structure 19. Of the intermediate
complexes in Table  3, structures 19 and 20 are the
most generic intermediate complexes that may be
employed to achieve the higher complexes including
those in Table 4. [0043] Amid other considerations,
recognizing the relationships among starting
materials, intermediates, and complexes assists in
selecting starting materials to  produce a desired
symmetry in a resulting mixture of complexes. For
example, two  different di-acylpyridines having
structure 9 may be selected in order to produce a
mixture of hexadentate bimetallic complexes that
includes some complexes that are  asymmetrical with
regard to pendant groups Rr through R5. Employing only
one type  of di-acylpyridine having structure 9 may
produce a batch of hexadentate bimetallic  complexes
that are all symmetrical with respect to pendant
groups Ru through R5.  Similarly, two different
aromatic monoamines having structure 3 may be selected
in  order to produce a mixture of hexadentate
bimetallic complexes that includes some  complexes
that are asymmetrical with regard to pendant groups
Rc, RD, R8, R9, and  Rtc. Thus, a plethora of
synthesis paths employing various combinations of
starting  materials and intermediates may achieve a
corresponding multiplicity of hexadentate  structures
suitable for employment in a polymerization catalyst
system. [0044] One starting material for producing a
hexadentate bimetallic complex is an  amine. The amine
may have structures 1, 2, 3, 4, 5, 7, or 8 as
indicated in Table 1.  Generally the amine may be a
monoamine, an aromatic monoamine, a diamine, an
aromatic diamine, or combinations thereof. In some
embodiments the amine is a  monoamine. In further
monoamine embodiments, the monamine has structure 1,
2, 3,  4, or mixtures thereof; alternatively,
structures 1, 2, or mixtures thereof; alternatively,
structures 3, 4, or mixtures thereof, alternatively,
structure 1; or alternatively, 24  structure 3. In
some embodiments, the amine is a diamine. In further
diamine embodiments,  the diamine has structure 5, 7,
8, or mixtures thereof; alternatively, structure 7, 8,
or mixtures  



thereof; alternatively, structure 5; or alternatively
structure 7. [0045] The base material for producing
the hexadentate bimetallic complex is a
di-acylpyridine.  The di-acylpyridine has structure 9
or structure 10 as indicated in Table 1. The
di-acylpyridine  may also have a mixture of structures
9 and 10. Alternatively, the di-acylpyridine may have
structure 9. [0046] Common intermediates in the
disclosed methods of producing a hexadentate
bimetallic complex are acyliminepyridine compounds.
Acyliminepyridine compounds may  have the structures
indicated in Table 2. In embodiments, an
acyliminepyridine compound may  be prepared by
contacting a di-acylpyridine with an amine to form a
first mixture, and  recovering the acyliminepyridine
compound from the first mixture. Generally, the amine
may  be any amine or combination of amines described
herein, such as mono-amines, diamines, or
combinations thereof. The acyliminepyridine compound
may be either a mono- acyliminepyridine compound or a
bis-acyliminepyridine compound. Mono-acyliminepyridine
compounds generally have one acyl group, one imine
group, and one pyridine group while bis-
acyliminepyridine compounds have two acyl groups, two
imine groups and two pyridine groups.  The
bis-acyliminepyridine compound may have two halves
with one acyl group, one imine  group, and one
pyridine group in each half connected by a structural
bridge Y, or Y2. 100471 Mono-acyliminepyridine
compounds may have structures 11, 12, 13, and 14. In
further mono-acyliminepyridine compound embodiments,
the mono-acyliminepyridine  compound may have
structures 11, 12, 13, 14, or mixtures thereof;
alternatively, structures 11,  12, or mixtures
thereof; alternatively, structures 13, 14, or mixtures
thereof; alternatively,  structure 11; alternatively,
structure 12; alternatively, structure 13; or
alternatively, structure 14.  In embodiments, a
mono-acyliminepyridine compound may be prepared by
contacting a  monoamine with a di-acylpyridine to form
a first mixture, and recovering the mono-
acyliminepyridine WO 2006/065458 PCT/US2005/042175  25
compound from the first mixture. Monoamines may have
structures as described  herein. The di-acylpyridines
may have structures as described herein. As a non-
limiting example, the mono-acyliminepyridine compound
having structure 13 may be  formed via a reaction
between a di-acylpyridine having structure 9 and a
monoamine  having structure 3. In some embodiments, a
mono-acyliminepyridine compound is  



produced by employing a di-acylpyridine to monoamine
molar ratio ranging from  about 1:1.1 to about 1:0.75;
alternatively, from about 1:1.05 to about 1:0.85; or
alternatively, from about 1:1.02 to about 1:0.9. In
other embodiments, the di- acylpyridine to monoamine
molar ratio may be about 1:1, or alternatively greater
than  1:1. [00481 Bis-acyliminepyridine compounds may
have structures 15, 16, 17, and 18.  In further
bis-acyliminepyridine embodiments, the
bis-acyliminepyridine may have  structures 15, 16, 17,
18, or mixtures thereof; alternatively, structures 15,
16, or  mixtures thereof; alternatively, structures
17, 18, or mixtures thereof; alternatively,  structure
15; alternatively, structure 16; alternatively,
structure 17; or alternatively,  structure 18. In
embodiments, a bis-acyliminepyridine compound may be
prepared by  contacting a diamine with a
di-acylpyridine to form a first mixture, and
recovering the  bis-acyliminepyridine compound from
the first mixture. The diamines may have  structures
as described herein. The di-acylpyridines may have
structures as described  herein. As a non-limiting
example, the bis-acyliminepyridine compound having
structure 17 may be formed via a reaction between a
di-acylpyridine having structure  9 and a diamine
having structure 7. In some embodiments, the
di-acyliminepyridine  is produced at a di-acylpyridine
to diamine molar ratio ranging from about 2:1.2 to
about 2:0.75; alternatively, from about 2:1.1 to about
2:0.85; or alternatively, from  about 2:1.05 to about
2:0.9. In other embodiments, the di-acylpyridine to
diamine  molar ratio may be about 2:1; or
alternatively, more than about 2:1. [00491 Common
intermediates and starting materials for some of the
disclosed  methods of producing a hexadentate
bimetallic complex are acyliminepyridine metal
complexes. Acyliminepyridine metal complexes may have
the structures indicated in  Table 3. A variety of
methods of preparing acyliminepyridine metal complexes
may  be employed. In embodiments, an acyliminepyridine
metal complex may be formed WO 2006/065458
PCTIUS2005/042175  26 by contacting an
acyliminepyridine compound and a metal salt. Generally
the  acyliminepyridine compound may be any
acyliminepyridine compound or  combination of
acyliminepyridine compounds as described herein. In
certain  embodiments, an acyliminepyridine metal
complex may be prepared by contacting a  



di-acyliminepyridine with an amine to form a first
mixture; recovering an  acyliminepyridine compound
from the first mixture; contacting the
acyliminepyridine  compound with a metal salt to form
a second mixture; and recovering the
acyliminepyridine metal complex from the second
mixture. The acyliminepyridine  metal complex may be
either a mono-acyliminepyridine metal complex or a
bis- acyliminepyridine metal complex.
Mono-acyliminepyridine metal complexes  generally have
one acyl group, one imine group, and one pyridine
group. Bis- acyliminepyridine metal complexes have two
acyl groups, two imine groups and two  pyridine groups
wherein the bis-acyliminepyridine metal complex has
two halves with  one acyl group, one imine group, and
one pyridine group in each half, connected by a
structural bridge, Y1 or Y2. [0050]
Mono-acyliminepyridine metal complexes may have
structures 19, 20, 21,  or 22. In further
mono-acyliminepyridine metal complex embodiments, the
mono- acyliminepyridine may have structures 19, 20,
21, 22, or mixtures thereof;  alternatively,
structures 19 or 20, or mixtures thereof;
alternatively, structures 21 or  22, or mixtures
thereof; alternatively, structure 19; alternatively,
structure 20;  alternatively, structure 21; or
alternatively, structure 22. [0051] In some
embodiments, forming a mono-acyliminepyridine metal
complex  comprises contacting a mono-acyliminepyridine
compound with a metal salt. In a  further embodiment
the mono-acyliminepyridine metal complex is recovered
from the  mixture. In yet a further embodiment, the
mono-acyliminepyridine complex may be  purified using
methods known to those skilled in the art, such as
recrystallization. As  a non-limiting example, the
mono-acyliminepyridine metal complex having structure
21 is formed by contacting a mono-acyliminepyridine
compound having structure 13  and a metal salt.
Additional mono-acyliminepyridine metal complexes,
mono- acyliminepyridine compounds and metal salts are
described herein. In some  embodiments, a
mono-acyliminepyridine metal complex is produced
employing a WO 2006/065458 PCT/US2005/042175  27
mono-acyliminepyridine compound to metal salt molar
ratio ranging from about  1:1.25 to about 1:0.75;
alternatively, from about 1:1.15 to about 1:0.85; or
alternatively, from about 1:1.1 to about 1:0.9. In
other embodiments, the mono- 



acyliminepyridine compound to metal salt molar ratio
may be about 1:1. [0052] In other embodiments, a
mono-acyliminepyridine metal complex is  prepared by
contacting a di-acylpyridine with a monoamine to form
a mono- acyliminepyridine compound in a mixture, and
then contacting a metal salt with the  mixture. In
further embodiments the mono-acyliminepyridine metal
complex is  recovered from the mixture. In yet a
further embodiment, the mono- acyliminepyridine
complex may be purified using methods known to those
skilled in  the art, such as recrystallization. As a
non-limiting example, the mono- acyliminepyridine
metal complex having structure 21 is formed by
contacting a di- acylpyridine having structure 9 with
a monoamine having structure 3 to form a mono-
acyliminepyridine compound having structure 13 and
then contacting a metal salt  with the mixture. The
di-acylpyridine to monoamine molar ratios that may be
used to  form the mixture are provided herein. In some
embodiments, a mono- acyliminepyridine metal complex
is produced employing a di-acylpyridine to metal  salt
molar ratio ranging from about 1:1.1 to about 1:0.75;
alternatively, from about  1:1.05 to about 1:0.85; or
alternatively, from about 1:1.02 to about 1:0.9. In
other  embodiments, the di-acylpyridine to metal salt
molar ratio may be about 1:1. In some  embodiments, a
mono-acyliminepyridine metal complex is produced
employing a  monoamine to metal salt molar ratio
ranging from about 1:1.25 to about 1:0.75;
alternatively, from about 1:1.15 to about 1:0.85; or
alternatively, from about 1:1.1 to  about 1:0.9. In
other embodiments, the monoamine to metal salt molar
ratio may be  about 1:1. The mono-acyliminepyridine
compound to metal salt molar ratio may be  about 1:1.
[0053] Bis-acyliminepyridine metal complexes may have
structures 23, 24, 25,  and 26. In further
bis-acyliminepyridine metal complex embodiments, a
bis- acyliminepyridine compound may have structures
23, 24, 25, 26, or mixtures thereof;  alternatively,
structures 23 or 24 or mixtures thereof;
alternatively, structures 25 or WO 2006/065458
PCTIUS2005/042175  28 26, or mixtures thereof;
alternatively, structure 23; alternatively, structure
24;  alternatively, structure 25; or alternatively,
structure 26. [0054] In an embodiment, a
bis-acyliminepyridine metal complex is formed by  



contacting a bis-acyliminepyridine compound with a
metal salt. In a further  embodiment, the
bis-acyliminepyridine metal complex is recovered from
the mixture.  In yet a further embodiment, the
bis-acyliminepyridine complex may be purified  using
methods known to those skilled in the art, such as
recrystallization. As a non- limiting example, the
bis-acyliminepyridine metal complex having structure
23 is  formed by contacting a bis-acyliminepyridine
compound having structure 15 and a  metal salt.
Additional bis-acyliminepyridine metal complexes,
bis-acyliminepyridine  compounds, and metal salts are
described herein. In some embodiments, the bis-
acyliminepyridine metal salt is produced at a
bis-acyliminepyridine compound to  metal salt molar
ratio ranging from about 1:2.5 to about 1:1.6;
alternatively, ranging  from about 1:2.25 to about
1:1.8; or alternatively, from about 1:2.1 to about
1:1.9. In  other embodiments, the
bis-acyliminepyridine compound to metal salt molar
ratio  maybe about 1:2. [0055] In a second method for
producing a bis-acyliminepyridine metal complex,  the
method comprises contacting a di-acylpyridine with a
diamine to form a bis- acyliminepyridine compound in a
mixture and then contacting a metal salt with the
mixture. In a further embodiment the
bis-acyliminepyridine metal complex is  recovered from
the mixture. In yet a further embodiment, the
bis-acyliminepyridine  complex may be purified using
methods known to those skilled in the art, such as
recrystallization. As a non-limiting example, the
bis-acyliminepyridine metal  complex having structure
23 is formed by contacting a di-acylpyridine having
structure 9 with a diamine having structure 5 to form
a bis-acyliminepyridine  compound having structure 15
and then contacting a metal salt with the mixture. The
di-acylpyridine to diamine molar ratios that may be
used to form the mixture are  provided herein. In some
embodiments, a bis-acyliminepyridine metal complex is
produced employing a di-acylpyridine to metal salt
molar ratio ranging from about  1:1.25 to about
1:0.75; alternatively, from about 1:1.15 to about
1:0.85; or  alternatively, from about 1:1.1 to about
1:0.9. In other embodiments, the di WO 2006/065458
PCT/US2005/042175  29 acylpyridine to metal salt molar
ratio maybe about 1:1. In some embodiments, a bis-
acyliminepyridine metal complex is produced employing
a dianiine to metal salt  



molar ratio ranging from about 1.2:2 to about 0.75:2;
alternatively, from about 1.1:2  to about 0.85:2; or
alternatively, ranging from about 1.05:2 to about
0.9:2. In other  embodiments, the diamine to metal
salt molar ratio may be about 1:2. [00561 In some
embodiments, a hexadentate bimetallic complex is
produced by  forming at least one imine bond in the
presence of a metal salt, metal complex, or
combinations thereof. In other embodiments the
hexadentate bimetallic complex is  produced by forming
at least one imine bond in the presence of a metal at.
In  further embodiments the hexadentate bimetallic
complex is produced by forming at  least one imine
bond in the presence of a metal complex. In some
embodiments, the  metal complex is an
acyliminepyridine metal complex as described herein.
The  hexadentate bimetallic complex formed and the
specific imine bond or imine bonds  formed are
independent elements and thus the embodiments of each
element  described herein may be used to further
describe the multiple synthesis methods  disclosed
herein that a skilled artisan can utilize to produce
the hexadentate bimetallic  complexes. [0057] In
embodiments, the hexadentate bimetallic complex has
structure 27, 28,  29, 30, 31, 32, 33, 34, or
combinations thereof. In other embodiments, the
hexadentate bimetallic complex has structure 28, 30,
32, or 34. In an embodiment,  the hexadentate
bimetallic complex has structure 28; alternatively,
structure 30;  alternatively, structure 32; or
alternatively, structure 34. In other embodiments, the
hexadentate bimetallic complex has structures 27, 29,
31, or 33. In an embodiment,  the hexadentate
bimetallic complex has structure 27; alternatively,
structure 29;  alternatively, structure 31; or
alternatively, structure 33. In other embodiments, the
hexadentate bimetallic complex has structure 27 or 28,
or mixtures thereof;  alternatively, structure 29 or
30, or mixtures thereof; alternatively, structure 31
or 32,  or mixtures thereof; or alternatively
structure 33 or 34, or mixtures thereof. [0058] An
imine bond may be identified by a nitrogen atom
located at position 10,  30, 40, and/or 60 that is
attached to a carbon atom by a double bond. In some
embodiments, at least one imine bond is identified by
one or more imine nitrogen at WO 2006/065458
PCT/U52005/042175  30 location(s) 10, 30, 40, or 60.
Such bonds may be formed in the presence of a metal  



salt or metal complex. In other embodiments, at least
one imine bond is identified by  an imine nitrogen at
location 40 and 60 and is formed in the presence of a
metal salt  or metal complex. In yet other
embodiments, at least one imine bond is identified by
an imine nitrogen at location 10 and 30 and is formed
in the presence of a metal salt  or metal complex. In
further embodiments, an imine bond is identified by an
imine  nitrogen at location 10 and 60 and is formed in
the presence of a metal salt or metal  complex. In
still further embodiments, an imine bond is identified
by an imine  nitrogen at location 30 and 40 and is
formed in the presence of a metal salt or metal
complex. Additionally, the skilled artisan will
recognize which imine bonds may be  formed within each
described method of producing a hexadentate bimetallic
complex  described herein. [0059] Various synthesis
paths may be employed to produce a hexadentate
bimetallic complex by forming at least one imine bond
in the presence of a metal salt.  In some embodiments,
a hexadentate bimetallic complex is produced by
contacting an  acyliminepyridine compound, a metal
salt, and an amine to form a mixture, and  recovering
the hexadentate bimetallic complex from the mixture.
In further  embodiments the hexadentate bimetallic
complex may be purified using method  known to those
skilled in the art, such as recrystallization. In some
embodiments, a  mono-acyliminepyridine compound is
contacted with a diamine in the presence of a  metal
salt. The mono-acyliminepyridine compound, diamine,
and metal salt may  have structures as described
herein. Additionally, suitable molar ratios of the
reagents  are described herein. In other embodiments,
a bis-acyliminepyridine compound is  contacted with a
monoamine in the presence of a metal salt. The bis-
acyliminepyridine compound, the monoamine, and the
metal salt may have structures  as described herein.
Additionally, the molar ratios of the reagents that
may be utilized  are described herein. The skilled
artisan will recognize that embodiments relating to
contacting an acyliminepyridine compound with an amine
in the presence of a metal  salt can be applied to the
production of any hexadentate bimetallic complex as
described herein. WO 2006/065458 PCTIIJS2005/042175
31 (00601 In embodiments, a hexadentate bimetallic
complex is produced by  



contacting an acyliminepyridine metal complex and a
first amine to form a mixture,  and recovering the
hexadentate bimetallic complex from the mixture. In
further  embodiments the hexadentate bimetallic
complex may be purified using methods  known to those
skilled in the art, such as recrystallization. In some
embodiments, a  mono-acyliminepyridine metal complex
is contacted with a diamine. The mono-
acyliminepyridine metal complex and diamine may have
structures as described  herein. Additionally, the
molar ratios of the mono-acyliminepyridine metal
complex  to diamine that may be utilized are described
herein. In other embodiments, a bis- acyliminepyridine
metal complex is contacted with a monoamine. The bis-
acyliminepyridine metal complex and monoamine may have
structures as described  herein. Additionally, the
molar ratios of the bis-acyliminepyridine to monoamine
that  may be utilized are described herein. The
skilled artisan will recognize that the  embodiments
relating to contacting an acyliminepyridine metal
complex with an  amine can be applied to the
production of any hexadentate bimetallic complex
embodiments as described herein. (00611 In
embodiments, a hexadentate bimetallic complex is
produced by  contacting an acyliminepyridine compound
with a metal salt to form an  acyliminepyridine metal
complex in a mixture, followed by contacting an amine
with  the mixture. In a further embodiment, the
hexadentate bimetallic complex is  recovered from the
mixture. In further embodiments, the hexadentate
bimetallic  complex may be purified using methods
known to those skilled in the art, such as
recrystallization. In some embodiments, a
mono-acyliminepyridine compound is  contacted with a
metal salt to form a mixture comprising a
mono-acyliminepyridine  metal complex, and the mixture
is contacted with a diamine. The mono-
acyliminepyridine compound, mono-acyliminepyridine
metal complex, and diamine  may have structures as
described herein. Additionally, the molar ratios of
the  reagents that may be utilized are described
herein. In other embodiments, a bis- acyliminepyridine
compound is contacted with a metal salt to form a
mixture  comprising a bis-acyliminepyridine metal
complex, and the mixture is contacted with  a
monoamine. The bis-acyliminepyridine compound,
bis-acyliminepyridine metal WO 2006/065458
PCT/U52005/042175  32 



complex, and monoamine may have structures as
described herein. Additionally, the  molar ratios of
the reagents that may be utilized are described
herein. The skilled  artisan will recognize that the
embodiments relating to contacting an
acyliminepyridine compound with a metal salt to form
an acyliminepyridine metal  complex in a mixture and
then contacting an amine with the mixture can be
applied to  the production of any hexadentate
bimetallic complex embodiments as described  herein.
10062] As described, a hexadentate bimetallic complex
may be produced via  various synthesis paths. Molar
ratios of reagents employed in such synthesis paths
may be dependent upon the particular paths selected.
Embodiments relating the molar  ratios of reagents
within these hexadentate bimetallic production methods
are  described below. [00631 In an embodiment, a
hexadentate bimetallic complex is produced by
contacting a mono-acyliminepyridine, a diamine, and a
metal salt. The mono- acyliminepyridines, diamines,
and metal salts are described herein. Additional
details  of this production method are described
herein. In some embodiments, the molar  ratio of
mono-acyliminepyridine compound to diamine ranges from
about 3:1 to about  1.8:1; alternatively, from about
2.5:1 to about 1.9:1; or alternatively, from about
2.1:1  to about 1.95:1. In other embodiments, the
molar ratio of mono-acylhinepyridine  compound to
diamine is about 3:1; alternatively, about 2.5:1;
alternatively, about  2.1:1; or alternatively, about
2:1. In some embodiments, the molar ratio of mono-
acyliminepyridine compound to metal salt ranges from
about 1:0.8 to about 1:1.2;  alternatively, from about
1:1.09 to about 1:1.1. In other embodiments, the molar
ratio  of mono-acyliminepyridine compound to metal
salt is about 1:0.8; alternatively, about  1:0.9;
alternatively, about 1:1; alternatively, about 1:1.1;
or alternatively, about 1:2.  In some embodiments, the
molar ratio of mono-acyliminepyridine compound to
diamine to metal salt ranges from about 3:1:3 to about
1.75:1:1.75; alternatively, from  about 2.5:1:2.5 to
about 1.85:1:1.85; or alternatively, from about
2.25:1:2.25 to about  1.95:1:1.95. In other
embodiments, the molar ratio of mono-acyliminepyridine
compound to diamine to metal salt is about 2:1:2. In
some embodiments, the mono WO 2006/065458
PCT/US2005/042175  33 



acyliminepyridine may be a mixture of
mono-acyliminepyridines. In some  embodiments, the
diamine may be a mixture of diamines. [0064] In an
embodiment, a hexadentate bimetallic complex is
produced by  contacting a bis-acyliminepyridine
compound, a monoamine, and a metal salt. The
bis-acyliminepyridine compounds, monoamines, and metal
salts are described herein.  Additional details of
this production method are described herein. In some
embodiments, the molar ratio of bis- acyliminepyridine
compound to monoamine  ranges from about 1:3 to about
1:1.9; alternatively, from about 1:2.5 to about
1:1.95;  or alternatively from about 1:2.25 to about
1:1.975. In other embodiments, the molar  ratio of
bis-acyliminepyridine compound to monoamine is about
1:3; alternatively,  about 1:2.5; alternatively, about
1:2.25; or alternatively, about 1:2. In some
embodiments, the molar ratio of bis-acyliminepyridine
compound to metal salt ranges  from about 1:2.2 to
about 1:1.8; alternatively, from about 1:2.1 to about
1:1.9; or  alternatively, from about 1:2.05 to about
1:1.95. In other embodiments, the molar  ratio of
bis-acyliminepyridine compound to metal salt is about
1:2.2; alternatively,  about 1:2.1; alternatively,
about 1:2.05; alternatively, about 1:2; alternatively,
about  1:1.95; alternatively, about 1:1.9; or
alternatively, about 1:1.8. In some embodiments,  the
molar ratio of bis-acyliminepyridine compound to
monoamine to metal salt ranges  from about 1:3:3 to
about 1:1.75:1.75; alternatively, from about 1:2.5:2.5
to about  1:1.85:1.85; or alternatively, from about
1:2.25:2.25 to about 1:1.95:1.95. In other
embodiments, the molar ratio of bis-acyliminepyridine
compound to monoamine to  metal salt is about 1:2.2.
In some embodiments, the bis-acyliminepyridine may be
a  mixture of bis-acyliminepyridines. In some
embodiments, the monoamine may be a  mixture of
monoamines. [0065] In an embodiment, a hexadentate
bimetallic complex is produced by  contacting a
mono-acyliminepyridine metal complex and a diamine.
Mono- acyliminepyridine metal complexes and diamines
are described herein. Additional  details of this
production method are described herein. The
mono-acyliminepyridine  metal complex may be produced
by contacting a mono-acyliminepyridine compound  and a
metal salt at any ratio capable of producing the
mono-acyliminepyridine metal  complex. In some
embodiments, the mono-acyliminepyridine metal complex
is WO 20061065458 PCT/US2005/042175  



34 produced by contacting a mono-acyliminepyridine
compound and a metal salt where  the
mono-acyliminepyridine compound to metal salt molar
ratio may range from  about 1:0.8 to about 1:1.2; or
alternatively, the from about 1:1.09 to about 1:1.1.
In  other embodiments, the mono-acyliminepyridine
compound to metal salt molar ratio  is about 1:0.8;
alternatively, about 1:0.9; alternatively, about 1:1;
alternatively, about  1:1.1; or alternatively, about
1:2. In some embodiments, the molar ratio of mono-
acyliminepyridine metal complex to diamine ranges from
about 3:1 to about 1.8:1;  alternatively, from about
2.5:1 to about 1.9:1; or alternatively, from about 2:1
to about  1.95:1. In other embodiments, the molar
ratio of mono-acyliminepyridine metal  complex to
diamine is about 3:1; alternatively, about 2.5:1;
alternatively, about 2.1:1;  or alternatively, about
2:1. In some embodiments, the molar ratio of mono-
acyliminepyridine compound to diamine to metal salt
ranges from about 3:1:3 to  about 1.75:1:1.75;
alternatively, from about 2.5:1:2.5 to about
1.85:1:1.85; or  alternatively, from about 2.25:1:2.25
to about 1.95:1:1.95. In other embodiments, the  molar
ratio of mono-acylpyridine to diamine to metal salt
may be about 2:1:2. In  some embodiments, the
mono-acyliminepyridine compound may be a mixture of
mono-acyliminepyridine compounds. In some embodiments,
the mono- acyliminepyridine metal complex may be a
mixture of mono-acylpyridine metal  complexes. In some
embodiments, the diamine may be a mixture of diamines.
[00661 In an embodiment, a hexadentate bimetallic
complex is produced by  contacting a
bis-acyliminepyridine metal complex and a monoamine.
The bis- acyliminepyridine metal complexes and
monoamines are described herein.  Additional details
of this production method are described herein. The
bis- acyliminepyridine metal complex may be produced
by contacting a bis- acyliminepyridine compound and a
metal salt at any ratio capable of producing the
mono-acyliminepyridine metal complex. In some
embodiments, the bis- acyliminepyridine metal complex
is produced at a bis-acyliminepyridine compound to
metal salt molar ratio ranging from about 1:2.2 to
about 1:1.8; alternatively, from  about 1:2.1 to about
1:1.9; or alternatively, from about 1:2.05 to about
1:1.95. In  some embodiments, the
bis-acyliminepyridine metal complex is produced at a
bis- acyliminepyridine compound to metal salt molar
ratio of about 1:2.2; alternatively, 
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alternatively, about 1:2.05; alternatively, about
1:1.95; alternatively,  about 1:1.9; or alternatively,
about 1:1.8. In some embodiments, the hexadentate
bimetallic complex is produced using a
bis-acyliminepyridine metal complex to  monoamine
molar ratio ranging from about 1:3 to about 1:1.9;
alternatively, from  about 1:2.5 to about 1:1.95; or
alternatively, from about 1:2.25 to about 1:1.975. In
other embodiments, the hexadentate bimetallic complex
is produced using a bis- acyliminepyridine metal
complex to monoamine molar ratio of about 1:3;
alternatively, about 1:2.5; alternatively, about
1:2.25; or alternatively, about 1:2. In  some
embodiments, the molar ratio of bis-acyliminepyridine
compound to  monoamine to metal salt ranges from about
1:3:3 to about 1:1.75:1.75; alternatively,  from about
1:2.5:2.5 to about 1:1.85:1.85; or alternatively, from
about 1:2.25:2.25 to  about 1:1.95:1.95. In other
embodiments, the molar ratio of bis-acyliminepyridine
compound to monoamine to metal salt is about 1:2:2. In
some embodiments, the bis- acyliminepyridine compound
may be a mixture of bis-acyliminepyridine compounds.
In some embodiments, the bis-acyliminepyridine metal
complex may be a mixture of  bis-acylpyridine metal
complexes. In some embodiments, the monoamine may be a
mixture ofmonoamines. [0067] In an embodiment, a
hexadentate bimetallic complex is produced by
contacting a mono-acyliminepyridine compound with a
metal salt to form a mixture  comprising a
mono-acyliminepyridine metal complex, then contacting
a diamine with  the mixture. The
mono-acyliminepyridine compounds, diamines, and metal
salts are  described herein. Additional details of
this production method are described herein.  In some
embodiments, the molar ratio of mono-acyliminepyridine
compound to metal  salt ranges from about 1:0.8 to
about 1:1.2; alternatively, from about 1:0.9 to about
1:1.1. In other embodiments, the molar ratio of
mono-acyliminepyridine compound  to metal salt is
about 1:0.8; alternatively, about 1:0.9;
alternatively, about 1:1;  alternatively, about 1:1.1;
or alternatively, about 1:1.2. In some embodiments,
the  molar ratio of mono-acyliminepyridine compound to
diamine ranges from about 3:1  to about 1.8:1;
alternatively, from about 2.5:1 to about 1.9:1; or
alternatively, from  about 2.1:1 to about 1.95:1. In
other embodiments, the molar ratio of mono- 



acyliminepyridine compound to diamine is about 3:1;
alternatively, about 2.5:1; WO 2006/065458
PCT/1JS2005/042175  36 alternatively, about 2.1:1; or
alternatively, about 2:1. In some embodiments, the
molar ratio of mono-acyliminepyridine compound to
diamine to metal salt ranges  from about 3:1:3 to
about 1.75:1:1.75; alternatively, from about 2.5:1:2.5
to about  1.85:1:1.85; or alternatively, from about
2.25:1:2.25 to about 1.95:1:1.95. In other
embodiments, the molar ratio of
mono-acylimninepyridine compound to diamine to  metal
salt is about 2:1:2. In some embodiments, the
mono-acyliminepyridine  compound may be a mixture of
mono-acyliminepyridine compounds. In some
embodiments, the diamine may be a mixture of diamines.
f0068] In an embodiment, a hexadentate bimetallic
complex is produced by  contacting a
bis-acyliminepyridine compound with a metal salt to
form a mixture  comprising a bis-acyliminepyridine
metal complex, then contacting a monoamine  with the
mixture. The bis-acyliminepyridine compounds,
monoamines, and metal  salts are described herein.
Additional details of this production method are
described  herein. In some embodiments, the molar
ratio of bis-acyliminepyridine compound to  metal salt
ranges from about 1:2.2 to about 1:1.8; alternatively,
from about 1:2.1 to  about 1:1.9; or alternatively,
from about 1:2.05 to about 1:1.95. In other
embodiments, the molar ratio of bis-acyliminepyridine
compound to metal salt is  about 1:2.2; alternatively,
about 1:2.1; alternatively, about 1:2.05;
alternatively, about  1:1.95; alternatively, about
1:1.9; or alternatively, about 1:1.8. In some
embodiments,  the molar ratio of bis-acyliminepyridine
compound to monoamine ranges from about  1:3 to about
1:1.9; alternatively, from about 1:2.5 to about
1:1.95; or alternatively  from about 1:2.25 to about
1:1.975. In other embodiments, the molar ratio of bis-
acyliminepyridine compound to monoamine is about 1:3;
alternatively, about 1:2.5;  alternatively, about
1:2.25; or alternatively, about 1:2. In some
embodiments, the  molar ratio of bis-acyliminepyridine
compound to monoamine to metal salt ranges  from about
1:3:3 to about 1:1.75:1.75; alternatively, from about
1:2.5:2.5 to about  1:1.85:1.85; or alternatively,
from about 1:2.25:2.25 to about 1:1.95:1.95. In other
embodiments, the molar ratio of bis-acyliminepyridine
compound to monoamine to  metal salt is about 1:2:2.
In some embodiments, the bis-acyliminepyridine
compound  



may be a mixture of bis-acyliminepyridine compounds.
In some embodiments, the  monoamine may be a mixture
of monoamines. WO 2006/065458 PCT/US2005/042175  37
[0069] The metal salt is typically the salt of a
transition metal that produces a  hexadentate
bimetallic complex via a coordination reaction. In an
embodiment, the  metal salt is indicated by M-X" and
M'-X',,, wherein M and M' are metals and X and  X' are
anions. In some embodiments, M and M' may be metals
selected from Group  VB, VIB, VIII of the CAS version
of the Periodic Table. In other embodiments, M  and M'
may be metals having a +3 oxidation state. In other
embodiments, M and M'  may be independently selected
from the group consisting of cobalt, iron, nickel,
chromium, vanadium, or mixtures thereof. In further
embodiments, M and M' may  be cobalt, iron, chromium,
and vanadium, or mixtures thereof. In further
embodiments, M and M' may be cobalt, iron, or mixtures
thereof. In further  embodiments, M and M' may be
iron. In further embodiments, M and M' may be  cobalt.
In further embodiments, M and M' may be chromium. In
father  embodiments, M and M' may be nickel. In some
embodiments, the anion is a halide  or acetyl
acetonate. In other embodiments, an anionic halide is
fluoride, chloride,  bromide, or iodide. In yet other
embodiments, the anionic halide is chloride. In an
embodiment, the metal salt is a cobalt salt. In an
embodiment, the metal salt is an iron  salt. In other
embodiments the metal salt comprises iron. In yet
other embodiments,  the metal salt comprises cobalt.
In some embodiments, the metal salt is cobalt(III)
chloride, iron(III) chloride, or combinations thereof.
In a non-limiting example,  referring to structure 27,
sites 70 and 80 are where the metal salt may
coordinate to  form the complex. [0070] Each reaction
in the production of a hexadentate complex may be
carried  out in a suitable solvent. Solvents suitable
in the formation of hexadentate bimetallic  complexes
may include solvents typically employed by those
skilled in the art. In  some embodiments, the solvent
may be alcohols, ethers, or mixtures thereof. In other
embodiments, the solvent may be an alcohol. In other
embodiments, the solvent may  be an ether. In
embodiments including alcohol, suitable alcohols may
be n-butanol or  ethanol. In embodiments including
ether, a suitable ether may be tetrahydrofiran.  



[0071] Various synthesis paths and sequences may be
employed when producing  the hexadentate bimetallic
complexes from the amines, di-acylpyridines, and metal
salts described herein. The following four synthesis
paths (referred to as the first, WO 20061065458
PCT/US2005/042175  38 second, third, and fourth
synthesis methods) are non-limiting examples of
methods for  producing a hexadentate bimetallic
complex as described herein. [0072] In various
embodiments, a first synthesis method for producing a
hexadentate bimetallic complex comprises: (a)
contacting a di-acylpyridine and a first  amine to
form a first mixture; (b) recovering an
acyliminepyridine compound from  the first mixture;
(c) contacting the acyliminepyridine compound with a
second amine  and a metal salt to form a second
mixture; and, (d) recovering the hexadentate
bimetallic complex from the second mixture. [0073] In
some embodiments, the recovered acyliminepyridine
compound may be  purified using methods known to those
skilled in the art, for example recrystallization.  In
some embodiments, the recovered hexadentate bimetallic
complex may be purified  using methods known to those
skilled in the art, for example recrystallization. The
first hexadentate bimetallic complex synthesis method
may be practiced by recovering  a
mono-acyliminepyridine compound from the first
mixture. Alternatively, the first  hexadentate
bimetallic complex synthesis method may be practiced
by recovering a  bis-acyliminepyridine compound from
the first mixture. [0074] In embodiments of the first
hexadentate bimetallic complex synthesis  wherein a
mono-acyliminepyridine compound is recovered from the
first mixture, the  method for producing a hexadentate
bimetallic complex comprises: (a) contacting a
di-acylpyridine and a monoamine to form a first
mixture; (b) recovering a mono- acylintepyridine
compound from the first mixture; (c) contacting the
mono- acyliminepyridine compound with a diamine and a
metal salt to form a second  mixture; and, (d)
recovering the hexadentate bimetallic complex from the
second  mixture. In some embodiments, the recovered
mono-acyliminepyridine may be  purified using methods
known to those skilled in the art, for example
recrystallization.  In other embodiments, the
recovered mono-acyliminepyridine may be used without
further purification. In some embodiments, the
recovered hexadentate bimetallic  



complex may be purified using methods known to those
skilled in the art, for example  recrystallization. In
other embodiments, the recovered hexadentate
bimetallic  complex may be used without further
purification. WO 2006/065458 PCT/US2005/042175  39
[0075] The di-acylpyridine, monoamine,
mono-acyliminepyridine, diamine, metal  salt, and
hexadentate bimetallic complex may have structures as
described herein.  The applicable di-acylpyridine to
monoamine, mono-acyliminepyridine compound to
diamine, mono-acyliminepyridine compound to metal
salt, and mono- acyliminepyridine compound to diamine
to metal salt molar ratios that may be used to  form
the first and second mixtures are described herein.
The reaction conditions, for  example temperature and
time, utilized to form the mono-acyliminepyridine
compound and the hexadentate bimetallic complex are
described herein. [0076] The first synthesis method
may be applied to produce either specific  hexadentate
bimetallic complexes, or may be applied to produce a
mixture of  hexadentate bimetallic complexes by using
mixtures of di-acyliminepyridines,  monoamines,
diamines, and metal salts. [0077] The embodiments of
the first hexadentate bimetallic complex synthesis
method wherein a mono-acyliminepyridine compound is
recovered from the first  mixture may be applied to
the synthesis of hexadentate bimetallic complexes as
described herein using suitable di-acylpyridine(s),
monoamine(s), diamine(s), and  metal salt(s) within
the synthesis method. [0078] As a specific,
non-limiting example of the first hexadentate
bimetallic  complex synthesis method wherein a
mono-acyliminepyridine compound is recovered  from the
first mixture, the method for producing a hexadentate
bimetallic complex  comprises: (a) contacting a
di-acylpyridine having structure 9 and a monoamine
having structure 3 to form a first mixture; (b)
recovering a mono-acyliminepyridine  compound having
structure 13 from the first mixture; (c) contacting
the mono- acyliminepyridine compound with a diamine
having structure 7 and a metal salt to  form a second
mixture; and (d) recovering the hexadentate bimetallic
complex having  structure 33 from the second mixture.
In some embodiments, the recovered mono-
acyliminepyridine compound having structure 13 may be
purified using methods  



known to those skilled in the art, for example
recrystallization. In other embodiments,  the
recovered mono-acyliminepyridine compound having
structure 13 may be used  without further
purification. In some embodiments, the recovered
hexadentate  bimetallic complex having structure 33
may be purified using methods known to WO 2006/065458
PCT/US2005/042175  40 those skilled in the art, for
example recrystallization. In other embodiments, the
recovered hexadentate bimetallic complex having
structure 33 may be used without  further
purification. In some embodiments, the metal salt may
comprise iron, cobalt,  or combinations thereof. In
another embodiment, the metal salt comprises iron. In
another embodiment, the metal salt comprises cobalt.
Other applicable metal salts are  described herein.
Non-limiting examples of the molar ratios that may be
used to form  the first and second mixtures include a
di-acylpyridine to monoamine molar ratio of  about
1:1, a mono-acyliminepyridine compound to diamine
molar ratio of about 2:1, a  mono-acyliminepyridine
compound to metal salt molar ratio of about 1:1, a
mono- acyliminepyridine compound to diamine to metal
salt molar ratio of about 2:1:2,  either individually
or in any combination thereof. Other applicable
di-acylpyridine to  monoamine, mono-acyliminepyridine
compound to diamine, mono-acyliminepyridine  compound
to metal salt, and mono-acyliminepyridine compound to
diamine to metal  salt molar ratios that may be used
to form the first and second mixtures are described
herein. [0079) In alternate embodiments of the first
hexadentate bimetallic complex  synthesis method
wherein a bis-acyliminepyridine compound is recovered
from the  first mixture, the method for producing a
hexadentate bimetallic complex comprises:  (a)
contacting a di-acylpyridine with a diamine to form a
first mixture; (b) recovering  a bis-acyliminepyridine
compound from the first mixture; (c) contacting the
bis- acyliminepyridine compound with a monoamine and a
metal salt to form a second  mixture; and, (d)
recovering the hexadentate bimetallic complex. In some
embodiments, the bis-acyliminepyridine compound may be
purified using methods  known to those skilled in the
art, for example recrystallization. In other
embodiments,  the recovered bis-acyliminepyridine
compound may be used without further  purification. In
some embodiments, the recovered hexadentate bimetallic
complex  



may be purified using methods known to those skilled
in the art, for example  recrystallization. In other
embodiments, the recovered hexadentate bimetallic
complex may be used without further purification. The
di-acylpyridine, diamine, bis- acyliminepyridine
compound, monoamine, metal salt, and hexadentate
bimetallic  complex may have structures as described
herein. The applicable di-acylpyridine to WO
2006/065458 PCT/US2005/042175  41 diamine,
bis-acyliminepyridine compound to monoamine,
bis-acyliminepyridine  compound to metal salt, and
bis-acyliminepyridine compound to monoamine to metal
salt molar ratios that may be used to form the first
and second mixtures are described  herein. The
reaction conditions, for example temperature and time,
utilized to form  the bis-acyliminepyridine compound
and the hexadentate bimetallic complex are  described
herein. The alternate first synthesis method may be
applied to produce  either specific hexadentate
bimetallic complexes or may be applied to the
production  of a mixture of hexadentate bimetallic
complexes by using mixtures of di- acyliminepyridines,
monoamines, diamines, and metal salts within the
synthesis  method. 100801 The alternate embodiments of
the first hexadentate bimetallic complex  synthesis
method wherein a bis-acyliminepyridine compound is
recovered from the  first mixture may be applied to
the synthesis of hexadentate bimetallic complexes as
described herein using the appropriate
di-acylpyridnie(s), monoamine(s), diamine(s),  and
metal salt(s) as described herein within the synthesis
method. As a specific non- limiting example of the
alternate first hexadentate bimetallic complex
synthesis  method wherein a bis-acyliminepyridine
compound is recovered from the first  mixture, the
method for producing a hexadentate bimetallic complex
comprises: (a)  contacting a di-acylpyridine having
structure 9 and a diamine having structure 7 to  form
a first mixture; (b) recovering a
bis-acyliminepyridine compound having  structure 17
from the first mixture; (c) contacting the
bis-acyliminepyridine  compound with a monoamine
having structure 3 and a metal salt to form a second
mixture; and, (d) recovering the hexadentate
bimetallic complex having structure 33  from the
second mixture. In some embodiments, the recovered
bis-acyliminepyridine  compound having structure 17
may be purified using methods known to those skilled  



in the art, for example recrystallization. In other
embodiments, the recovered bis- acyliminepyridine
compound having structure 17 may be used without
further  purification. In some embodiments, the
recovered hexadentate bimetallic complex  having
structure 33 may be purified using methods known to
those skilled in the art,  for example
recrystallization. In other embodiments, the recovered
hexadentate  bimetallic complex having structure 33
may be used without further purification. In WO
2006/065458 PCT/US20051042175  42 some embodiments,
the metal salt may comprise iron, cobalt, or
combinations thereof.  In another embodiment, the
metal salt comprises iron. In another embodiment, the
metal salt comprises cobalt. Other applicable metal
salts are described herein. Non- limiting examples of
the molar ratios that may be used to form the first
and second  mixtures include a di-acylpyridine to
diamine molar ratio of about 2:1 (or  alternatively,
greater than about 2:1), a bis-acyliminepyridine
compound to  monoamine molar ratio of about 1:2, a
bis-acyliminepyridine compound to metal salt  molar
ratio of about 1:2, a bis-acyliminepyridine compound
to monoamine to metal  salt molar ratio of about
1:2:2, either individually or in any combination
thereof.  Other applicable di-acylpyridine to diamine,
bis-acyliminepyridine compound to  monoamine,
bis-acyliminepyridine compound to metal salt, and
bis-acyliminepyridine  to monoamine to metal salt
molar ratios that may be used to form the first and
second  mixtures are described herein. [0081] In
general, the second synthesis method for producing a
hexadentate  bimetallic complex comprises: (a)
contacting a di-acylpyridine and a first amine to
form a first mixture; (b) recovering an
acyliminepyridine compound from the first  mixture;
(c) contacting the acyliminepyridine compound with a
metal salt to form a  second mixture; (d) recovering a
acyliminepyridine metal complex from the.second
mixture; (e) contacting the acyliminepyridine metal
complex with a second amine to  form a third mixture;
and, (f) recovering the hexadentate bimetallic complex
from the  third mixture. [0082] In some embodiments,
the recovered acyliminepyridine compound may be
purified using methods known to those skilled in the
art, for example recrystallization.  In other
embodiments, the recovered acyliminepyridine metal
complex may be  



purified using methods known to those skilled in the
art, for example recrystallization.  In yet other
embodiments, the recovered hexadentate bimetallic
complex may be  purified using methods known to those
skilled in the art, for example recrystallization.
[0083] The second hexadentate bimetallic complex
synthesis method may be  practiced by recovering a
mono-acylirninepyridine compound from the first
mixture  and a mono-acyliminepyridine metal complex
from the second mixture.  Alternatively, the second
hexadentate bimetallic complex synthesis method may be
WO 2006/065458 PCT/US2005/042175  43 practiced by
recovering a bis-acyliminepyridine compound from the
first mixture and  a bis-acyliminepyridine metal
complex from the second mixture. [0084] In embodiments
of the second hexadentate bimetallic complex synthesis
method wherein a mono-acyliminepyridine compound is
recovered from the first  mixture and a
mono-acyliminepyridine metal complex is recovered from
the second  mixture, the method for producing a
hexadentate bimetallic complex comprises: (a)
contacting a di-acylpyridine and a monoamine to form a
first mixture; (b) recovering  a
mono-acyliminepyridine compound from the first
mixture; (c) contacting the mono- acyliminepyridine
compound with a metal salt to form a second mixture;
(d)  recovering a mono-acyliminepyridine metal complex
from the second mixture; (e)  contacting the
mono-acyliminepyridine metal complex with a diamine to
form a third  mixture; and (f) recovering a
hexadentate bimetallic complex from the third mixture.
In some embodiments, the recovered
mono-acyliminepyridine compound may be  purified using
methods known to those skilled in the art, for example
recrystallization.  In other embodiments, the
recovered mono-acyliminepyridine compound may be used
without further purification. In some embodiments, the
recovered mono- acyliminepyridine metal complex may be
purified using methods known to those  skilled in the
art, for example recrystallization. In other
embodiments, the recovered  mono-acyliminepyridine
metal complex may be used without further
purification. In  some embodiments, the recovered
hexadentate bimetallic complex may be purified  using
methods known to those skilled in the art, for example
recrystallization. In  other embodiments, the
recovered hexadentate bimetallic complex may be used
without further purification. The di-acylpyridine,
monoamine, mono- 



acyliminepyridine compound, metal salt,
mono-acyliminepyridine metal complex,  diamine, and
hexadentate bimetallic complex may have structures as
described herein.  [0085] The applicable
di-acylpyridine to monoamine, mono-acyliminepyridine
compound to metal salt, mono-acyliminepyridine metal
complex to diamine, and  mono-acyliminepyridine to
diamine to metal salt molar ratios that may be used to
form the first, second, and third mixtures are
described herein. The reaction  conditions, for
example temperature and time, utilized to form the
mono- acyliminepyridine compound, the
mono-acyliminepyridine metal complex, and/or the WO
2006/065458 PCTIUS2005/042175  44 hexadentate
bimetallic complex are described herein. The second
hexadentate  bimetallic synthesis method may be
applied to produce either specific hexadentate
bimetallic complexes or may be applied to produce a
mixture of hexadentate  bimetallic complexes by using
mixtures of di-acylpyridines, monoamines, diamines,
or metal salts within the synthesis method. [00861 The
embodiments of the second hexadentate bimetallic
complex synthesis  method wherein a
mono-acyliminepyridine compound is recovered from the
first  mixture and a mono-acyliminepyridine metal
complex is recovered from the second  mixture may be
applied to the synthesis of hexadentate bimetallic
complexes having  structures as described herein using
the appropriate di-acylpyridine(s), monoamine(s),
diamine(s), and metal salt(s) as described herein
within the synthesis method. [00871 As a specific,
non-limiting example of the second hexadentate
bimetallic  complex synthesis method wherein a
mono-acyliminepyridine compound is recovered  from the
first mixture and a mono-acyliminepyridine metal
complex is recovered  from the second mixture, the
method for producing a hexadentate bimetallic complex
comprises: (a) contacting a di-acylpyridine having
structure 9 and a monoamine  having structure 3 to
form a first mixture; (b) recovering a
mono-acyliminepyridine  compound having structure 13
from the first mixture; (c) contacting the mono-
acyliminepyridine compound with a metal salt to form a
second mixture; (d)  recovering a
mono-acyliminepyridine metal complex having structure
21 from the  second mixture; (e) contacting the
mono-acyliminepyridine metal complex with a  diamine
having structure 7 to form a third mixture; and, (f)
recovering the hexadentate  



bimetallic complex of structure 33 from the third
mixture. In some embodiments, the  recovered
mono-acyliminepyridine compound having structure 13
may be purified  using methods known to those skilled
in the art, for example recrystallization. In  other
embodiments, the recovered mono-acyliminepyridine
compound having  structure 13 may be used without
further purification. In some embodiments, the
recovered mono-acyliminepyridine metal complex having
structure 21 may be  purified using methods known to
those skilled in the art, for example
recrystallization.  In other embodiments, the
recovered mono-acyliminepyridine metal complex having
structure 21 may be used without further purification.
In some embodiments, the WO 2006/065458
PCTIUS2005/042175  45 recovered hexadentate bimetallic
complex having structure 33 may be purified using
methods known to those skilled in the art, for example
recrystallization. In other  embodiments, the
recovered hexadentate bimetallic complex having
structure 33 may  be used without further
purification. In some embodiments, the metal salt may
comprise iron, cobalt, or combinations thereof. In
another embodiment, the metal salt  comprises iron. In
another embodiment, the metal salt comprises cobalt.
Other  applicable metal salts are described herein.
Non-limiting examples of the molar ratios  that may be
used to form the first, second, and third mixtures
include a di- acylpyridine to monoamine molar ratio of
about 1:1 (alternatively, greater than about  1:1), a
mono-acyliminepyridine compound to metal salt molar
ratio of about 1:1, a  mono-acyliminepyridine metal
complex to diamine molar ratio of about 2:1, and a
mono-acyliminepyridine to diamine to metal salt molar
ratio about 2:1:2, either  individually or in any
combination thereof Other applicable di-acylpyridine
to  monoamine, mono-acyliminepyridine compound to
metal salt, mono- acyliminepyridine metal complex to
diamine, mono-acyliminepyridine to diamine to  metal
salt molar ratios that may be used to form the first,
second, and third mixtures  are described herein.
[0088] In alternate embodiments of the second
hexadentate bimetallic complex  synthesis method
wherein a bis-acyliminepyridine compound is recovered
from the  first mixture and a bis-acyliminepyridine
metal complex is recovered from the second  mixture,
the method comprises: (a) contacting a di-acylpyridine
and a diamine to form  



a first mixture; (b) recovering a
bis-acyliminepyridine compound from the first
mixture; (c) contacting the bis-acyliminepyridine
compound with a metal salt to form  a second mixture;
(d) recovering a bis-acyliminepyridine metal complex
from the  second mixture; (e) contacting the
bis-acyliminepyridine complex with a monoamine  to
form a third mixture; and (f) recovering the
hexadentate bimetallic complex from  the third
mixture. In some embodiments, the recovered
bis-acyliminepyridine  compound may be purified using
methods known to those skilled in the art, for
example recrystallization. In other embodiments, the
recovered bis-acyliminepyridine  compound may be used
without further purification. In some embodiments, the
recovered bis-acyliminepyridine metal complex may be
purified using methods WO 2006/065458
PCT/U52005/042175  46 known to those skilled in the
art, for example recrystallization. In other
embodiments,  the recovered bis-acyliminepyridine
metal complex may be used without further
purification. In some embodiments, the recovered
hexadentate bimetallic complex  may be purified using
methods known to those skilled in the art, for example
recrystallization. In other embodiments, the recovered
hexadentate bimetallic  complex is used without
further purification. [00891 The di-acylpyridine,
diamine, bis-acyliminepyridine compound, metal salt,
bis-acyliminepyridine metal complex, monoamine, and
hexadentate bimetallic  complex may have the
structures described herein. The applicable
di-acylpyridine to  diamine, bis-acyliminepyridine
compound to metal salt, bis-acyliminepyridine metal
complex to monoamine, and/or bis-acyliminepyridine
compound to monoamine to  metal salt molar ratios that
may be used to form the first, second, and third
mixtures  are described herein. The reaction
conditions, for example temperature and time,
utilized to form the bis-acyliminepyridine compound,
bis-acyliminepyridine metal  complex, and hexadentate
bimetallic complex are described herein. The alternate
second synthesis method may be applied to produce
either specific hexadentate  bimetallic complexes or a
mixture of hexadentate bimetallic complexes by using
mixtures of differing di-acylpyridines, monoamines,
diamines, or metal salts within  the synthesis method.
[00901 The alternate embodiments of the second
hexadentate bimetallic complex  



synthesis method wherein a bis-acyliminepyridine
compound is recovered from the  first mixture and a
bis-acyliminepyridine metal complex is recovered from
the second  mixture may be applied to the synthesis of
hexadentate bimetallic complexes as  described herein
using the appropriate di-acylpyridine(s),
monoamine(s), diamine(s),  and metal salt(s) as
described herein within the synthesis method. As a
specific, non- limiting example of the alternate
second hexadentate bimetallic complex synthesis
method wherein a bis-acyliminepyridine compound is
recovered from the first  mixture and a
bis-acyliminepyridine metal complex is recovered from
the second  mixture, the method for producing a
hexadentate bimetallic complex comprises: (a)
contacting a di-acylpyridine having structure 9 and a
diamine having structure 7 to  form a first mixture;
(b) recovering a bis-acyliminepyridine compound having
WO 2006/065458 PCT/US2005/042175  47 structure 17 from
the first mixture; (c) contacting the
bis-acyliminepyridine  compound with a metal salt to
form a second mixture; (d) recovering a bis-
acyliminepyridine metal complex having structure 25
from the second mixture; (e)  contacting the
bis-acyliminepyridine metal complex with a monoamine
having  structure 3 to form a third mixture; and, (f)
recovering the hexadentate bimetallic  complex having
structure 33 from the third mixture. [0091) In some
embodiments, the recovered bis-acyliminepyridine
compound  having structure 17 may be purified using
methods known to those skilled in the art,  for
example recrystallization. In other embodiments, the
recovered bis- acyliminepyridine compound having
structure 17 may be used without further
purification. In some embodiments, the recovered
bis-acyliminepyridine metal  complex having structure
25 may be purified using methods known to those
skilled in  the art, for example recrystallization. In
other embodiments, the recovered bis-
acyliminepyridine metal complex having structure 25
may be used without further  purification. In some
embodiments, the recovered hexadentate bimetallic
complex  having structure 33 may be purified using
methods known to those skilled in the art,  for
example recrystallization. In other embodiments, the
recovered hexadentate  bimetallic complex having
structure 33 may be used without further purification.
In  an embodiment, the metal salt may comprise iron,
cobalt, or combinations thereof. In  



another embodiment, the metal salt comprises iron. In
an embodiment, the metal salt  comprises cobalt.
[0092] Non-limiting examples of the molar ratios that
may be used to form the  first, second, and third
mixtures include a di-acylpyridine to diamine molar
ratio of  about 2:1 (or, alternatively, greater than
about 2:1), a bis-acyliminepyridine  compound to metal
salt molar ratio of about 1:2, a bis-acyliminepyridine
compound to  monoamine molar ratio of about 1:2, a
bis-acyliminepyridine metal complex to  monoamine
molar ratio of about 1:2, a bis-acyliminepyridine to
monoamine to metal  salt molar ratio of about 1:2:2,
either individually or in any combination thereof.
Other applicable molar ratios of di-acylpyridine to
diamine, bis-acyliminepyridine  compound to metal
salt, bis-acyliminepyridine compound to monoamine,
bis- acyliminepyridine metal complex to monoamine, and
bis-acyliminepyridine WO 2006/065458 PCT/US2005/042175
48 compound to monoamine to metal salt that may be
used to from the first, second, and  third mixtures
are described herein. [0093] In general, the third
synthesis method for producing a hexadentate
bimetallic complex comprises: (a) contacting a
di-acylpyridine and a first amine to  form a first
mixture; (b) recovering an acyliminepyridine compound
from the first  mixture; (c) contacting the
acyliminepyridine compound with a metal salt to form
an  acyliminepyridine metal complex in a second
mixture; (d) contacting a second amine  with the
second mixture to form a third mixture; and, (e)
recovering the hexadentate  bimetallic complex from
the third mixture. [0094] In some embodiments, the
recovered acyliminepyridine compound may be  purified
using methods known to those skilled in the art, for
example recrystallization.  In some embodiments, the
recovered hexadentate bimetallic complex may be
purified  using methods known to those skilled in the
art, for example recrystallization. The  third
hexadentate bimetallic complex synthesis method may be
practiced by  recovering a mono-acyliminepyridine
compound from the first mixture.  Alternatively, the
third hexadentate bimetallic complex synthesis method
may be  practiced by recovering a
bis-acyliminepyridine compound from the first mixture.
[00951 In embodiments of the third hexadentate
bimetallic complex synthesis  



method wherein a mono-acyliminepyridine compound is
recovered from the first  mixture, the method for
producing a hexadentate bimetallic complex comprises:
(a)  contacting a di-acylpyridine and a monoamine to
form a first mixture; (b) recovering  a
mono-acyliminepyridine compound from the first
mixture; (c) contacting the mono- acyliminepyridine
compound with a metal salt to form a
mono-acyliminepyridine  metal complex in a second
mixture; (d) contacting a diamine with the second
mixture  to form a third mixture; and, (e) recovering
the hexadentate bimetallic complex from  the third
mixture. In some embodiments, the recovered
mono-acyliminepyridine  compound may be purified using
methods known to those skilled in the art, for
example recrystallization. In other embodiments, the
recovered mono- acyliminepyridine compound may be used
without further purification. In some  embodiments,
the recovered hexadentate bimetallic complex may be
purified using  methods known to those skilled in the
art, for example recrystallization. In other WO
2006/065458 PCTIUS2005/042175  49 embodiments, the
recovered hexadentate bimetallic complex may be used
without  further purification. The di-acylpyridine,
monoamine, mono-acyliminepyridine  compound, metal
salt, mono-acyliminepyridine metal complex, diamine,
and  hexadentate bimetallic complex may have the
structures as described herein. [0096] The applicable
molar ratios of di-acylpyridine to monoamine, mono-
acyliminepyridine compound to metal salt,
mono-acyliminepyridine compound to  diamine, and
mono-acyliminepyridine compound to diamine to metal
salt that may be  used to form the first, second, and
third mixtures are described herein. The reaction
conditions, for example temperature and time, utilized
to form the mono- acyliminepyridine compound, the
mono-acyliminepyridine metal complex, and the
hexadentate bimetallic complex are described herein.
The third synthesis method may  be applied to produce
either specific hexadentate bimetallic complexes or a
mixture of  hexadentate bimetallic complexes by using
mixtures of di-acylpyridines,  monoamines, diamines,
or metal salts within the synthesis method. [0097]
Embodiments of the third hexadentate bimetallic
complex synthesis  method wherein a
mono-acyliminepyridine compound is recovered from the
first  mixture may be applied to the synthesis of
hexadentate bimetallic complexes as  



described herein using suitable di-acylpyridine(s),
monoamine(s), diamine(s), and  metal salt(s) as
described herein within the synthesis method. As a
specific, non- limiting example of the third synthesis
method wherein a mono-acyliminepyridine  compound is
recovered from the first mixture, the method
comprises: (a) contacting a  di-acylpyridine having
structure 9 and a monoamine having structure 3 to form
a first  mixture; (b) recovering a
mono-acyliminepyridine compound having structure 13
from the first mixture; (c) contacting the
mono-acyliminepyridine compound with a  metal salt to
form a mono-acyliminepyridine metal complex having
structure 21 in a  second mixture; (d) contacting a
diamine having structure 7 with the second mixture  to
form a third mixture; and recovering the hexadentate
bimetallic complex having  structure 33 from the third
mixture. In some embodiments, the recovered mono-
acyliminepyridine compound having structure 13 may be
purified using methods  known to those skilled in the
art, for example recrystallization. In other
embodiments,  the recovered mono-acyliminepyridine
compound having structure 13 may be used WO
2006/065458 PCTIUS2005/042175  50 without further
purification. In some embodiments, the recovered
hexadentate  bimetallic complex having structure 33
may be purified using methods known to  those skilled
in the art, for example recrystallization. In other
embodiments, the  recovered hexadentate bimetallic
complex having structure 33 may be used without
further purification. In some embodiments, the metal
salt may comprise iron, cobalt,  or combinations
thereof. In another embodiment, the metal salt
comprises iron. In  another embodiment, the metal salt
comprises cobalt. Other applicable metal salts are
described herein. [0098] Non-limiting examples of the
molar ratios that may be used to form the  first,
second, and third mixtures include a di-acylpyridine
to monoamine molar ratio  of about 1:1 (or
alternatively, greater than about 1:1), a
mono-acyliminepyridine  compound to metal salt molar
ratio of about 1:1, a mono-acyliminepyridine  compound
to diamine molar ratio of about 2:1, a
mono-acyliminepyridine compound  to diamine to metal
salt molar ratio of about 2:1:2, either individually
or in any  combination thereof. Other applicable
di-acylpyridine to monoamine, mono- acyliminepyridine
compound to metal salt, mono-acyliminepyridine
compound to  



diamine, and mono-acyliminepyridine compound to
diamine to metal salt molar ratios  that may be used
to form the first, second, and third mixtures are
described herein.  [0099] In alternate embodiments of
the third hexadentate bimetallic complex  synthesis
method wherein a bis-acyliminepyridine compound is
recovered from the  first mixture, the method for
producing a hexadentate bimetallic complex comprises:
(a) contacting a di-acylpyridine and a diamine to form
a first mixture; (b) recovering a
bis-acyliminepyridine compound from the first mixture;
(c) contacting the his- acyliminepyridine compound
with a metal salt to form a bis-acyliminepyridine
metal  complex in a second mixture; (d) contacting a
monoamine with the second mixture to  form a third
mixture; and, (e) recovering the hexadentate
bimetallic complex from the  third mixture. In some
embodiments, the recovered bis-acyliminepyridine
compound  may be purified using methods known to those
skilled in the art, for example  recrystallization. In
other embodiments, the recovered bis-acyliminepyridine
compound may be used without further purification. In
some embodiments, the  recovered hexadentate
bimetallic complex may be purified using methods known
to WO 2006/065458 PCT/US2005/042175  51 those skilled
in the art, for example recrystallization. In other
embodiments, the  recovered hexadentate bimetallic
complex may be used without further purification.  The
di-acylpyridine, monoamine, bis-acyliminepyridine
compound, metal salt, bis- acyliminepyzidine metal
complex, diamine, and hexadentate bimetallic complex
may  have structures as described herein. 1001001
Suitable molar ratios of di-acylpyridine to diamine,
bis-acyliminepyridine  compound to metal salt,
bis-acyliminepyridine compound to monoamine, and bis-
acyliminepyridine compound to monoamine to metal salt
that may be used to form the  first, second, and third
mixtures are described herein. Reaction conditions,
for  example temperature and time, utilized to form
the bis-acyliminepyridine compound,  the
bis-acyliminepyridine metal complex and the
hexadentate bimetallic complex are  described herein.
The alternate third synthesis method may be applied to
produce  either specific hexadentate bimetallic
complexes or a mixture of hexadentate  bimetallic
complexes by using mixtures of di-acylpyridines,
monoamines, diamines,  or metal salts within the
synthesis method. 



[001011 The alternate embodiments of the third
hexadentate bimetallic complex  synthesis method
wherein a bis-acyliminepyridine compound is recovered
from the  first mixture may be applied to the
synthesis of hexadentate bimetallic compounds  having
structures as described herein using appropriate
di-acylpyridine(s),  monoamine(s), diamine(s), and
metal salt(s) as described herein within the synthesis
method. As a specific, non-limiting example of the
alternate third hexadentate  bimetallic complex
synthesis method wherein a bis-acyliminepyridine
compound is  recovered from the first mixture, the
method for producing a hexadentate bimetallic  complex
comprises: (a) contacting a di-acylpyridine having
structure 9 and a diamine  having structure 7 to form
a first mixture; (b) recovering a
bis-acyliminepyridine  compound having structure 17
from the first mixture; (c) contacting the bis-
acyliminepyridine compound with a metal salt to form a
bis-acylininepyridine metal  complex having structure
25 in a second mixture; (d) contacting a monoamine
having  structure 3 with the second mixture to form a
third mixture; and, (e) recovering the  hexadentate
bimetallic complex having structure 33 from the third
mixture. In some  embodiments, the recovered
bis-acyliminepyridine compound having structure 17 WO
2006/065458 PCTIIJS2005/042175  52 may be purified
using methods known to those skilled in the art, for
example  recrystallization. In other embodiments, the
recovered bis-acyliminepyridine  compound having
structure 17 may be used without further purification.
In some  embodiments, the recovered hexadentate
bimetallic complex having structure 33 may  be
purified using methods known to those skilled in the
art, for example  recrystallization. In other
embodiments, the recovered hexadentate bimetallic
complex having structure 33 may be used without
further purification. In an  embodiment, the metal
salt may comprise iron, cobalt, or combinations
thereof. In  another embodiment, the metal salt
comprises iron. In another embodiment, the metal  salt
comprises cobalt. Other applicable metal salts are
described herein. [00102] Non-limiting examples of the
molar ratios that may be used to form the  first,
second, and third mixtures include a di-acylpyridine
to diamine molar ratio of  about 2:1 (or
alternatively, greater than about 2:1), a
bis-acyliminepyridine compound  to metal salt molar
ratio of about 1:2, a bis-acyliminepyridine compound
to  



monoamine molar ratio of about 1:2, and a
bis-acyliminepyridine compound to  monoamine to metal
salt molar ratio of about 1:2:2, either individually
or in any  combination thereof. Other applicable
di-acylpyridine to diamine, bis- acyliminepyridine
compound to metal salt, bis-acyliminepyridine compound
to  monoamine, and bis-acyliminepyridine compound to
monoamine to metal salt molar  ratios are described
herein. [00103] In general, the fourth synthesis
method for producing a hexadentate  bimetallic complex
comprises: (a) contacting a di-acylpyridine and a
first amine to  form an acyliminepyridine compound in
a first mixture; (b) contacting a metal salt  with the
first mixture to form a second mixture; (c) recovering
an acyliminepyridine  metal complex from the second
mixture; (d) contacting the acyliminepyridine metal
complex with a second amine to form a third mixture;
and (e) recovering the  hexadentate bimetallic complex
from the third mixture. In some embodiments, the
recovered acyliminepyridine metal complex may be
purified using methods known to  those skilled in the
art, for example recrystallization. In some
embodiments, the  recovered hexadentate bimetallic
complex may be purified using methods known to  those
skilled in the art, for example recrystallization. The
fourth hexadentate WO 20061065458 PCT/US2005/042175
53 bimetallic complex synthesis method may be
practiced by recovering a mono- acyliminepyridine
metal complex from the second mixture. Alternatively,
the fourth  synthesis hexadentate bimetallic complex
synthesis method may be practiced by  recovering a
bis-acyliminepyridine metal complex from the second
mixture. [00104] In embodiments of the fourth
hexadentate bimetallic complex synthesis  method
wherein a mono-acyliminepyridine metal complex is
recovered from the  second mixture, the method for
producing a hexadentate bimetallic complex  comprises:
(a) contacting a di-acylpyridine and a monoamine to
form a mono- acyliminepyridine compound in a first
mixture; (b) contacting a metal salt with the  first
mixture to form a second mixture; (c) recovering a
mono-acyliminepyridine  metal complex from the second
mixture; (d) contacting the mono-acyliminepyridine
complex with a diamine to form a third mixture; and
(e) recovering the hexadentate  bimetallic complex
from the second mixture. In some embodiments, the
recovered  



mono-acyliminepyridine metal complex may be purified
using methods known to  those skilled in the art, for
example recrystallization. In other embodiments, the
recovered mono-acyliminepyridine metal complex may be
used without further  purification. In some
embodiments, the recovered hexadentate bimetallic
complex  may be purified using methods known to those
skilled in the art, for example  recrystallization. In
other embodiments, the recovered hexadentate
bimetallic  complex may be used without further
purification. The di-acylpyridine, monoamine,
mono-acyliminepyridine compound, metal salt,
mono-acyliminepyridine metal  complex, diamine, and
hexadentate bimetallic complex may have structures as
described herein. [00105] The applicable molar ratios
of di-acylpyridnne to monoamine, monoamine  to metal
salt, mono-acyliminepyridine metal complex to diamine,
and mono-amine to  diamine to metal salt that may be
used to form the first, second, and third mixtures are
described herein. The reaction conditions, for example
temperature and time, utilized  to form the
mono-acyliminepyridine compound, mono-ac
yliminepyridine metal  complex, and hexadentate
bimetallic complex are described herein. The fourth
synthesis method may be applied to produce either
specific hexadentate bimetallic WO 2006/065458
PCTIUS2005/042175  54 complexes or a mixture of
hexadentate bimetallic complexes by using mixtures of
di- acylpyridines, monoamines, diamines, or metal
salts. [00106] The embodiments of the fourth
hexadentate bimetallic complex synthesis  method
wherein a mono-acyliminepyridine metal complex is
recovered from the  second mixture may be applied to
the synthesis of hexadentate bimetallic compounds
having structures as described herein using
appropriate di-acylpyridine(s),  monoamine(s),
diamine(s), and metal salt(s) as described herein
within the synthesis  method. As a specific,
non-limiting example of the fourth hexadentate
bimetallic  complex synthesis method wherein a
mono-acyliminepyridine metal complex is  recovered
from the second mixture, the method comprises: (a)
contacting a di- acylpyridine having structure 9 and a
monoamine having structure 3 to form a mono-
acyliminepyridine compound having structure 13 in a
first mixture; (b) contacting a  metal salt with the
first mixture to form a second mixture; (c) recovering
the mono- 



acyliminepyridine metal complex having structure 21;
(d) contacting the  acyliminepyridine metal complex
with a diamine having structure 7 to form a third
mixture; and, (e) recovering the hexadentate
bimetallic complex having structure 33  from the
second mixture. In some embodiments, the recovered
mono- acyliminepyridine metal complex having structure
21 may be purified using methods  known to those
skilled in the art, for example recrystallization. In
other embodiments,  the recovered
mono-acyliminepyridine metal complex having structure
21 may be  used without further purification. In some
embodiments, the recovered hexadentate  bimetallic
complex having structure 33 may be purified using
methods known to  those skilled in the art, for
example recrystallization. In other embodiments, the
recovered hexadentate bimetallic complex having
structure 33 may be used without  further
purification. In some embodiments, the metal salt may
comprise iron, cobalt,  or combinations thereof. In
another embodiment, the metal salt comprises iron.
Other applicable metal salts are described herein.
[001071 Non-limiting examples of the molar ratios that
may be used to form the  first, second, and third
mixtures include a di-acylpyridine to monoamine molar
ratio  of about 1:1 (or alternatively, greater than, a
mono-amine to metal salt molar ratio of  about 1:1, a
mono-acyliminepyridine metal complex to diamine molar
ratio of about WO 2006/065458 PCT/US2005/042175  55
2:1, and a mono-amine to diamine to metal salt may
molar ratio of about 2:1:2, either  individually or in
any combination thereof. Other applicable
di-acylpyridine to  monoamine, mono-amine to metal
salt, mono-acyliminepyridine metal complex to
diamine, and mono-amine to diamine to metal salt molar
ratios that may be used to  form the first, second,
and third mixtures are described herein. 1001081 In
alternate embodiments of the fourth hexadentate
bimetallic complex  synthesis method wherein a
bis-acyliminepyridine metal complex is recovered from
the second mixture, the method for producing a
hexadentate bimetallic complex  comprises: (a)
contacting a di-acylpyridine and a diamine to form a
bis- acyliminepyridine compound in a first mixture;
(b) contacting a metal salt with the  first mixture to
form a second mixture; (c) recovering the
bis-acyliminepyridine metal  complex; (d) contacting
the bis-acyliminepyridine metal complex with a
monoamine  



to form a third mixture; and, (e) recovering the
hexadentate bimetallic complex from  the third
mixture. In some embodiments, the recovered
bis-acyliminepyridine metal  complex may be purified
using methods known to those skilled in the art, for
example  recrystallization. In other embodiments, the
recovered bis-acyliminepyridine metal  complex may be
used without further purification. In some
embodiments, the  recovered hexadentate bimetallic
complex may be purified using methods known to  those
skilled in the art, for example recrystallization. In
other embodiments, the  recovered hexadentate
bimetallic complex may be used without further
purification.  The di-acylpyridine, diamine,
bis-acyliminepyridine compound, metal salt, mono-
acyliminepyridine metal complex, monoamine, and
hexadentate bimetallic complex  may have structures as
described herein. [001091 The applicable molar ratios
of di-acylpyridine to diamine, diamine to  metal salt,
bis-acyliminepyridine metal complex to monoamine,
diamine to  monoamine to metal salt that may be used
to form the first, second, and third mixtures  are
described herein. The reaction conditions, for example
temperature and time,  utilized to form the
mono-acyliminepyridine compound,
mono-acyliminepyridine  metal complex, and hexadentate
bimetallic complex are described herein. The
alternate fourth synthesis method may be applied to
produce either specific  hexadentate bimetallic
complexes or a mixture of hexadentate bimetallic
complexes WO 2006/065458 PCTIUS2005/042175  56 by
using mixtures of di-acylpyridines, monoamines,
diamines, or metal salts within  the synthesis method.
[00110] The alternate embodiments of the fourth
hexadentate bimetallic complex  synthesis method
wherein a bis-acyliminepyridine metal complex is
recovered from  the second mixture may be applied to
the synthesis of hexadentate bimetallic  compounds as
described herein using appropriate di-acylpyridine(s),
monoamine(s),  diamine(s), and metal salt(s) as
described herein within the synthesis method. As a
specific, non-limiting example of the alternate fourth
hexadentate bimetallic complex  synthesis method
wherein a bis-acyliminepyridine metal complex is
recovered from  the second mixture, the method for
producing a hexadentate bimetallic complex  comprises:
(a) contacting a di-acylpyridine having structure 9
and a diamine having  



structure 7 to form a bis-acyliminepyridine compound
having structure 17 in a first  mixture; (b)
contacting a metal salt with the first mixture to form
a second mixture;  (c) recovering a
bis-acyliminepyridine metal complex having structure
25 from the  second mixture; (d) contacting the
bis-acyliminepyridine metal complex with a  monoamine
having structure 3 to form a third mixture; and, (e)
recovering the  hexadentate bimetallic complex having
structure 33 from the second mixture. In  some
embodiments, the recovered bis-acyliminepyridine metal
complex having  structure 25 may be purified using
methods known to those skilled in the art, for
example recrystallization. In other embodiments, the
recovered bis-acyliminepyridine  metal complex having
structure 25 may be used without frther purification.
In some  embodiments, the recovered hexadentate
bimetallic complex having structure 33 may  be
purified using methods known to those skilled in the
art, for example  recrystallization. In other
embodiments, the recovered hexadentate bimetallic
complex having structure 33 may be used without
further purification. In an  embodiment, the metal
salt may comprise iron, cobalt, or combinations
thereof. In  another embodiment, the metal salt
comprises iron. In an embodiment, the metal salt
comprises cobalt. [00111] Non-limiting examples of the
molar ratios that may be used to form the  first,
second, and third mixtures include a di-acylpyridine
to diamine molar ratio of  about 2:1 (or
alternatively, greater than about 2:1), a diamine to
metal salt molar ratio WO 2006/065458
PCTIUS2005/042175  57 of about 1:2, a
bis-acyliminepyridine metal complex to monoamine molar
ratio of  about 1:2, and a diamine to monoamine to
metal salt molar ratio of about 1:2:2, either
individually or in any combination thereof. Other
applicable di-acylpyridine to  diamine, diamine to
metal salt, bis-acyliminepyridine metal complex to
monoamine,  and diamine to monoamine to metal salt
molar ratios that may be used to form the  first,
second, and third mixtures are described herein.
[00112] Unless specified otherwise, the terms
contacted, combined, and 'in the  presence of refer to
any addition sequence, order, or concentration for
contacting or  combining two or more components or
reactants. Combining or contacting of  components,
e.g., the various compounds having structures set
forth in Tables 1  



through 5, according to the various methods described
herein may occur in one or  more contact zones under
suitable reaction conditions such as temperature,
pressure,  contact time, flow rates, etc. to produce
the desired compound. The contact zone may  be
disposed in a vessel, e.g. a storage tank, tote,
container, mixing vessel, reactor, etc.;  a length of
pipe, e.g. a tee, inlet, injection port, or header for
combining component  feed lines into a common line; or
any other suitable apparatus for bringing the
components into contact. The methods may be carried
out in a batch or continuous  process as is suitable
for a given embodiment, with physical parameters of
the contact  zone being specified accordingly. The
reaction for forming at least one imine bond of  the
hexadentate bimetallic complex in the presence of a
metal salt or metal complex  may be carried out over a
wide range of temperatures, from about -20C to 200C;
alternatively, from about 25C to 125C; or
alternatively, from about 40C to 100C.  The time
needed to form at least one imine bond of the
hexadentate bimetallic  complex in the presence of a
metal salt or metal complex, at the temperature
described herein, maybe from 30 minutes to 48 hours;
alternatively from 1 hour to 36  hours; alternatively
from 2 hours to 24 hours. The temperatures and times
described  herein are generally applicable to all
methods of forming at least one imine bond of  the
hexadentate bimetallic complex in the presence of a
metal salt or metal complex  described herein. [00113]
In embodiments utilizing a vessel for contacting the
components, the  components may be optionally mixed by
a mixer disposed in the vessel and the WO 2006/065458
PCT/US2005/042175  58 formed mixture may then be
removed for subsequent processing. In embodiments
utilizing a tee or other means for combining lines
such as a header, an optional in-line  mixer may be
placed in the commingled line to ensure that adequate
contacting of the  combined components takes place,
and the mixture is thus formed as it passes through
the commingled feed line. [00114] Where a method
recites contact or combination of components, such may
be carried out by contacting or combining all or a
portion of such components in  various embodiments.
None, some, or all of the contacting steps may be
carried out  in the presence of a solvent, which may
be introduced to a contact zone via inclusion  



with one or more components or may be introduced
separately to a contact zone, for  example in a
solvent line or as an initial charge to a contact
zone. [00115] In various embodiments of the methods
described herein, a hexadentate  bimetallic complex,
for example the hexadentate bimetallic complex having
structure  27, 28, 29, 30, 31, 33, 34, or mixtures
thereof, is produced at an overall yield of about
equal to or greater than 55 weight percent based on
the weight of the limiting reagent;  alternatively,
the yield is about equal to or greater than about 60
weight percent;  alternatively, 65 weight percent;
alternatively, 70 weight percent; alternatively, 75
weight percent; or alternatively, 80 weight percent.
In some embodiments, the  limiting reagent for
determination of the overall yield is the
di-acylpyridine  compound. In other embodiments, the
limiting agent for determination of the overall  yield
is the amine (monoamine or diamine). In other
embodiments, the limiting agent  for determination of
the overall yield is the metal salt. [00116] In other
embodiments, the step wherein the imine bond of the
hexadentate  bimetallic complex is formed in the
presence of a metal salt or metal complex  proceeds at
a yield of about equal to or greater than 60 weight
percent based on the  weight of the limiting reagent;
alternatively, the yield is about equal to or greater
than  about 70 weight percent; alternatively, 80
weight percent; alternatively, 90 weight  percent; or
alternatively, 95 weight percent. The determination of
the yield of the step  wherein in the imine bond of
the hexadentate bimetallic complex is formed in the
presence of a metal salt or metal complex may be based
upon the limiting reagent of  the specific method
utilized. In embodiments, the limiting agent for
determination of WO 20061065458 PCT/US2005/042175  59
the yield of the step wherein the imine bond of the
hexadentate bimetallic complex is  formed in the
presence of a metal salt or metal complex is the
acyliminepyridine  metal complex
(mono-acyliminepyridine metal complex or
bis-acyliminepyridine  metal complex); alternatively,
the acyliminepyridine compound (mono-
acyliminepyridine compound or bis-acyliminepyridine
compound); alternatively, the  amine (monoamine or
diamine); or alternatively, the metal salt. [001171
Hexadentate bimetallic complexes may be employed to
polymerize or  oligomerize olefins. The polymerization
or oligomerization may be carried out by  



contacting the hexadentate bimetallic complex with one
or more monomers. In other  embodiments, the
polymerization or oligomerization may be carried out
by activating  the hexadentate bimetallic complex in
the presence of a suitable co-catalyst and/or
solvent, and contacting the activated complex with one
or more monomers. The  polymerization or
oligomerization may be carried out under suitable
reaction  conditions to polymerize or oligomerize the
monomer. In an embodiment, the  monomer is an olefin
having 2 to 20 carbon atoms. In an embodiment the
monomer  is an olefin having 2 to 3 carbon atoms. In
yet another embodiment the monomer is  ethylene. The
polymerization or oligomerization is performed under
conditions  suitable for polymerizing or oligomerizing
monomer. In an embodiment, such a  polymerization
results in the production of polyethylene. In some
embodiments,  ethylene is polymerized to alpha-olefin
oligomers having from about 4 to about 30  carbon
atoms. In other embodiments, ethylene is polymerized
to produce a reactor  effluent that comprises greater
than about 50 weight percent alpha-olefins. In yet
another embodiment, the oligomerization produces a
reactor effluent including greater  than about 50
weight percent oligomers having from about 4 to about
30 carbon  atoms. In some embodiments the oligomers
comprise alpha olefins. In an  embodiment, the
catalyst produces linear a-olefins with a K value of
less than about  0.7. In other embodiments, the
oligomerization process produces 1-hexene having at
least about 98.9 percent purity. In additional
embodiments, the ethylene  oligomerization process
produces less than about 20 weight percent solids. The
catalyst yield may be verified by quantifying the
amount of solids produced in the  oligomerization
reaction and comparing this amount to the predicted
amount. WO 20061065458 PCT/US20051042175  60 [00118]
In some embodiments, the hexadentate bimetallic
complexes are activated  with a co-catalyst and
utilized to oligomerize ethylene. In some embodiments,
the  ethylene oligomerization process produces a
content of oligomers having greater than  18 carbon
atoms no higher than 20 weight percent above the
content of oligomers  having greater than 18 carbon
atoms predicted by a Schulz-Flory constant K. In other
embodiments, the ethylene oligomerization process
produces a purity of oligomers  having 14 carbon atoms
equal to or greater than about 94 weight percent 1- 



tetradecene. In yet further embodiments, the ethylene
oligomerization process  produces a content of
oligomers having greater than 18 carbon atoms no
higher than  20 weight percent above the content of
oligomers having greater than 18 carbon  atoms
predicted by a Schulz-Flory constant K, and a purity
of oligomers having 14  carbon atoms equal to or
greater than about 94 weight percent 1-tetradecene. In
another embodiment, the ethylene oligomerization
process produces a content of  oligomers comprising: a
Schulz-Flory K value less than about 0.7; less than
about 20  weight percent compounds having greater than
or equal to 20 carbon atoms; and 1- hexene having at
least about 98.9 weight percent purity. In yet another
embodiment,  the ethylene oligomerization process
produces an alpha olefin product comprising: a
Schulz-Flory K value of less than about 0.7; less than
about 20 weight percent solids;  and 1-hexene having
at least about 98.9 weight percent purity. [00119] The
hexadentate bimetallic complexes provided herein may
be further  employed in preparing a polymerization or
oligomerization catalyst system.  Preparing the
polymerization or oligomerization catalyst system may
involve  generating a metal alkyl or metal hydride
species, and contacting the catalyst system  including
the hexadentate bimetallic complex and the metal alkyl
or metal hydride  species with one or more monomers
under suitable reaction conditions to polymerize  the
monomer. In other embodiments, the hexadentate
bimetallic complex is activated  by an aluminum alkyl,
Lewis acid, aluminoxane, or combination thereof. In
some  embodiments, the hexadentate bimetallic complex
produces an oligomerization  catalyst system that is
substantially free of polymer-forming active sites. In
other  embodiments, the hexadentate bimetallic complex
produces an ethylene WO 2006/065458 PCT/US2005/042175
61 oligomerization catalyst system that is
substantially free of polymer-forming active  sites.
[00120] In some embodiments the metal alkyl comprises
an alkyl aluminum  compound. In further embodiments,
the alkylaluminum compound comprises a
trialkylaluminum compound, an aluminoxane, or
combination thereof. In yet further  embodiments, the
alkylaluminum compound comprises trialkylaluminum,
methyl- aluminoxane (MAO), MMAO, or combinations
thereof. 



[00121] In embodiments of the method for preparing a
polymerization catalyst,  olefins may or may not be
present during generation of a metal alkyl or metal
hydride  species. The metal hydride or metal alkyl
species may be generated by a Lewis acid  or a
combination of a Lewis acid and alkylating agent. An
example of a Lewis acid is  (C6H5)3B An example of a
metal hydride is NaBH4. Alternatively, the metal
hydride  or metal alkyl species may be generated by an
alkyl aluminum compound such as, for  example,
triethylaluminum (TEA). In another embodiment, the
metal hydride or  metal alkyl species is generated by
an alkyl aluminoxane such as a methyl- aluminoxane
(MAO). The metal hydride or metal alkyl species may
alternatively be  generated by a combination of Lewis
acids, alkyl aluminums, or alkyl aluminoxanes.
EXAMPLES EXAMPLE 1 [00122] 25.2g (155 mmol) of
2,6-diacetylpyridine were dissolved in ethanol in an
open beaker at ambient temperature. 21.7m] (155 mmol)
of 2,4,6-trimethylaniline  was then added to the
beaker, followed by the addition of several drops of
acetic acid.  After one day, yellow crystals of the
compound of structure 2 began to form, and  were
collected and washed with cold ethanol. Additional
crops were collected  without crystallization over
several days and combined, for a total yield of 40.06g
(93%). The product was identified as the compound
having structure El, which is an  embodiment of
structure 2, by'H NMR. IH NMR (CDC13) 58.58 (d, 1H,
H,,), 58.12  (d, 1H, Hpy), 57.90 (t, 1H, Hpy), 56.90
(s, 2H, Hmes), 52.80 (s, 311, acylne CH3), 82.30  (s,
3H, imine CH3), 82.23 (s, 3H, p-CH3), 62.00 (s, 6H,
o-CH3). WO 2006/065458 PCT/US2005/042175  62  Y10-NY N
O  El EXAMPLE 2 [00123] 10.Og (61 mmol) of
2,6-diacetylpyridine and 6.24g (25 mmol) of 4,4'-
methylenebis(2,6-dimethylaniline) were dissolved in
ethanol in an open beaker at  ambient temperature. The
beaker was covered with a watch glass overnight, after
which time a very small amount of suspended cloudy
precipitate had begun to form.  



The beaker was then left uncovered for four days,
after which time a light yellow  crystalline solid was
collected and washed with ethanol. Successive crops
were  collected in the same manner, combined, and
identified as the compound having  structure E2, an
embodiment of structure 18, by 1H NMR. The total yield
was 12.18g  (91%). 1H NMR (CDC13) 58.58 (d, 2H, Hpy),
88.14 (d, 2H, Hpy), 57.94 (t, 2H, Hpy),  56.96 (s, 4H,
Hai), 53.88 (s, 2H, CH2), 52.80 (s, 61-1, ketone CH3),
82.26 (s, 6H,  imine CH3), 82.03 (s, 12H, aryl CH3). p
N 5::c_rN N O  E2  EXAMPLE 3 [00124] 1.0g (3.57 mmol)
of the compound having structure El and 0.34g (1.42
mmol) of 4,4'-ethylenedi-m-toluidine were dissolved in
25ml of anhydrous toluene  under inert conditions.
10mg ofp-toluenesulfonic acid were added, and the
reaction  was heated at reflux for 5 hours. The
reaction was allowed to cool, and was filtered to
remove a small amount of dark residue. The toluene was
removed in vacuo, and  ethanol was added. The
insoluble yellow solid was isolated by filtration and
washed  with ethanol. Additional crops were collected
from the filtrate for a total yield of WO 2006/065458
PCT/US2005/042175  63 426mg (39% yield), which was
identified as the compound structure E3 by 'H NMR
(chemical shifts are listed in Example 4). EXAMPLE 4
[001251 1.75g (6.25 mmol) of the compound having
structure El and 0.60g (2.5  mmol) of
4,4'-ethylenedi-en-toluidine were dissolved in 25m1 of
anhydrous toluene  under inert conditions. 1.Og of 4A
molecular sieves and 0.2g of silica/alumina  catalyst
support were then added, and the reaction was heated
at 35C for 20 hours.  The reaction was then filtered,
the remaining solids were washed with toluene, and
the filtrates were combined. The toluene was removed
in vacuo, and the remaining  solid was washed
thoroughly with hot methanol to remove the unreacted
starting  materials. 1.03g (54% yield) of yellow
product was isolated and identified as the  compound
having structure E3 by 'H NMR. 'H NMR (CDC13) 88.44
(d, 2H, Hpy),  58.36 (d, 2H, Hpy), 57.88 (t, 2H, Hry),
57.15 (d, 2H, aryl Hunker), 56.89 (s, 4H, Hmes),  



56.68 (s, 2H, aryl Hunter), 56.63 (d, 2H, aryl Hunk"),
62.91 (s, 4H, CH2), 52.43 (s, 6H,  CH3), 62.32 (s, 6H,
CH3), 62.30 (s, 6H, CH3), 62.25 (s, 6H, CH3), 2.01 (2,
12H, mes.  CH3). N i  N N  3 \ ~ \  N N N E3  EXAMPLE
5 [00126) 4.24g (15.1 mmol) of the compound having
structure El and 1.42g (7.2  mmol) of
4,4'-methylenedianiline were dissolved in 50m1 of
anhydrous toluene under  inert conditions. 4A
molecular sieves and 3 drops of concentrated sulfuric
acid were  then added, and the reaction was allowed to
sit overnight. After sitting overnight, 4  more drops
of sulfuric acid were added, along with more molecular
sieves. The  reaction was heated to reflux for 3
hours, after which time the reaction was allowed to
cool and the toluene was removed in vacuo. Ethanol was
added, and the reaction was WO 2006/065458
PCT/US2005/042175  64 placed in a freezer at 0C
overnight. A yellow precipitate was isolated, washed
with  ethanol, and then recrystallized from a
cyclohexane/ethanol mixture. The product  (0.36g, 6.6%
yield) was identified as having structure E4 by 'H NMR
(chemical shifts  are listed in Example 6). EXAMPLE 6
[001271 1.75g (6.25 mmol) of the compound having
structure El, 496mg (2.5  mmol) of
4,4'-methylenedianiline, 25m1 of anhydrous toluene,
1.Og of 4A molecular  sieves, and 0.2g of
silica/alumina catalyst support were added to a flask
under inert  conditions. Stirring was begun, and the
reaction was heated at 35C for 20 hours.  The solids
were then removed by filtration, the remaining solids
were washed with  toluene, the filtrates were
combined, and the toluene was removed in vacuo. The
remaining yellow residue was washed with methanol. The
remaining solid was  identified by 'H NMR as mostly
the compound having structure El, but a second crop  



collected from the filtrate was isolated and
identified as the compound having  structure E4
(228mg, 13% yield) by 'H NMR. 1H NMR (CDC13) 88.42 (d,
2H, Hpy),  58.34 (d, 2H, Hpy), 87.85 (t, 2H, Hpy),
57.21 (d, 4H, aryl Hunker), 56.89 (s, 4H, Hm,),  56.78
(d, 4H, aryl Hunker), 84.00 (s, 2H, CH2), 82.42 (s,
6H, CH3), 62.30 (s, 6H, CH3),  52.23 (s, 6H, CH3),
2.01 (2, 121-L mes. CH3). N NI N  N A IN I N  E4
EXAMPLE 7 [00128] 3.00g (5.50 mmol) of the compound
having structure E2, 2.63ml (16.5  mmol) of
4-t-butylaniline, and 10mg ofp-toluenesulfonic acid
were dissolved in 50ml  of anhydrous toluene under
inert conditions. The reaction flask was fitted with a
reflux condenser and heated at reflux for one hour,
then at 90C overnight. The  reaction was allowed to
cool to 25C, then filtered to remove a small amount of
dark  residue. The solvent was removed in vacuo to
give an oil, and ethanol was added. A WO 20061065458
PCT/US2005/042175  65 yellow precipitate (1.04g) was
collected by filtration and could not be conclusively
identified by sH NMR. EXAMPLE 8 100129] 1.36g (2.5
nunol) of the compound having structure E2, 0.95m1(6
mmol)  of 4-t-butylaniline, 20m1 of anhydrous toluene,
1.Og of 4A molecular sieves, and 0.2g  of
silica/alumina catalyst support were added to a flask
under inert conditions.  Stirring was begun, and the
reaction was heated at 35C for 20 hours. The solids
were  then removed by filtration, the remaining solids
were washed with toluene, the  filtrates were
combined, and the toluene was removed in vacuo. The
remaining sticky  yellow residue was washed by
stirring it methanol at 65C until a fine suspended
powder formed. The solid was isolated and identified
as the compound having  structure E5 (665mg, 33%
yield) by IH NMR. 'H NMR (CDC13) 88.42 (d, 2H, Hpy),
88.35 (d, 2H, Hpy), 87.85 (t, 2H, Hpy), 87.39 (d, 4H,
aryl Htsu its), 86.92 (s, 4H, Hary>),  86.79 (d, 4H,
aryl HtB,,,;,,), 83.86 (s, 2H, CH2), 82.82 (s, 6H,
ketone CH3), 52.25 (s,  6H, imine CH3), 82.03 (s, 12H,
aryl CH3), 81.33 (s, 1811, t-Bu). 



NI NI  I N 5 N ' N / I (~ N I r  E5 EXAMPLE9  (00130]
1.000g (1.31 mmol) of the compound having structure E3
and 0.521g of  FeC12'4H2O (2.62 mmol) were added to a
flask in a substantially oxygen- and  moisture-free
environment. A stirring bar was added, followed by the
addition of 25  ml of anhydrous THF. The reaction was
stirred for 16 h, followed by precipitation of  the
product with pentane, filtration, and washing with
ether and pentane. 1.33g of  blue powder was isolated
(96% yield based on proposed structure E6 with two
molecules of H2O ). The blue power was submitted for
elemental analysis (Atlantic  Microlabs, Norcross,
GA), and the following values were determined:
Analytical  Calculated for C52H6oN6Fe2C14O2 having
structure E6: C, 59.22; H, 5.73; N, 7.97; 0,  2 na n
,,, t  r 1;77t- u S So- N 7 1;1 - (l 't fist Note that
the empirical formula WO 2006/065458 PCTIUS2005/042175
66 allows for two equivalents of H2O. Example 26
demonstrates a second method for  preparing the
compound having structure E6. Example 33 demonstrates
a third  method for producing the compound having
structure E6. N--Fe`N 1 \ N -Fe,N 1 /  /' CI CI CI CI
6  E6  EXAMPLE 10 [00131] 1.000g (1.24 mmol) of the
compound having structure E5 and 0.494mg  (2.48 mmol)
of FeC12'4H2O were reacted together in the manner
described in Example  9. 1.35g (99% yield based on
proposed structure E7 with two molecules of H2O ) of
blue powder was isolated. Analytical Calculated for
C55H65N6Fe2C1a02 having  structure E7: C, 60.29; H,
5.98; N, 7.67; 0, 2.92. Found: C, 59.47; H, 5.92; N,
7.17;  



0, 3.69. Example 11 demonstrates a second method for
preparing the compound  having structure E7. I '1 ` I
1 \NI 1 _  if CI CI 7 C/ G  E7  EXAMPLES 11-15 100132]
The following procedure was used to prepare compounds
having structures  E7-11. Table 2 contains analytical
data for the compounds prepared. General  Procedure:
500mg (0.92 mmol) of the compound having structure E2,
366mg (1.84  mmol) of FeCl24H20, 15ml of anhydrous
n-butanol, and 2.76 mmol of the  appropriate aniline
were added to a small vial with a stir bar in a
substantially oxygen- and moisture-free environment.
The vial was sealed, stirring was begun, and the
reaction was heated to 80C for 18h. The reaction was
allowed to cool to ambient WO 2006/065458
PCT/US2005/042175  67 temperature, and the iron
complex was precipitated by the addition of pentane.
The  reaction was filtered, and the isolated solid was
washed with pentane. Mass  spectrometry analyses were
performed at the University of Michigan on a Waters
Autospec magnetic sector mass spectrometer, using
0.05mg/ml solutions of the  compounds in methanol. The
elemental analyses allowed for two equivalents of H2O
per molecule of complex. Table 2 Ex. Aniline Compound
Formed Yield Calc'd Found Mass  (g, %) Elemental
Elemental Spec.  Analysis Analysis (ES) % % m/z 11 NH
Y~`~ 0.84g, C: 60.24 61.38 897  \ / "'~ta'"cF" 83%
H:6.07 5.82 [M- 7 yield N:7.66 7.84 FeCl3]  E7 12 a<e
/ NHi 0.78g, C: 65.41 66.42 1178  



63% H: 7.76 7.55 [M a yield N: 6.10 6.24 FeC13]+  ES
13 Hye _ 0.92g, C: 55.46 56.10 905 \ / NHZ91% H: 5.29
5.40 [M- +  H,co yield N: 7.61 7.53 FeCl3]  14 _
0.878, C: 58.87 59.06 841 NHZ 92% H:5.62 5.55 [M- 10
yield N: 8.08 8.09 FeCl3]  E10 15 F,c-&NHZ ~ 7.Slg, F:
10.17 8.96 1085  78% IM - ield FeCI3]+  ~L tt a "' y
Ell  EXAMPLES 16 - 22 [00133] The following procedure
was used to test the compounds having  structures E7-i
1, prepared in examples 11 - 15, for the
oligomerization of ethylene.  Table 3 contains the
results of these oligomerization reactions. General
Procedure:  The bimetallic complex (prepared as a
standard solution in methylene chloride, or as a
homogeneous mixture in biphenyl) was placed in an NMR
tube in a substantially  oxygen- and moisture-free
environment. If the biphenyl mixture was used, about
0.5  ml of methylene chloride was added to the tube.
The NMR tube was then sealed and  affixed (using
copper wire) to the internal stirring mechanism of a
500 ml stainless WO 2006/065458 PCT/US2005/042175  68
steel autoclave, such that the beginning of stirring
would break the NMR tube and  release the contents
into the reactor. The reactor was then evacuated and
charged  with 100 ml of anhydrous n-heptane which
contained the aluminum co-catalyst (TEA  =
triethylaluminum, or MMAO = MMAO 3A made by Akzo) for
the given reaction.  The reactor was then pressurized
with 30 bars (450 psig) of ethylene, and stirring was
begun to initiate the reaction. The reactions were run
for 30 min, during which time  



the ethylene pressure was held constant and the
reaction temperature was controlled  by internal
cooling coils. Each reaction was begun at about 30C;
the temperatures  reported in Table 3 represent the
maximum temperature achieved during the course of  the
reaction. At the end of each reaction, the ethylene
was slowly vented, and the  products were analyzed by
gas chromatography, using the solvent (n-heptane) as
the  internal standard. The Schulz-Flory constant K
was used to estimate the total amount  of product
made. The high activity of the catalysts, the high
purity of the products,  the absence of polymeric
byproducts, and the analytical data (mass spectrometry
and  elemental analyses) demonstrate that the desired
bimetallic complexes are formed in  high yield with
acceptable purifies. Table 3 Fx Crnpd Amt TEA MMAO Tma
K (mol Yield Prod. % i- %I- %i- (rag) A1:Fe Al:Fe (C)
C,2/mot (g) (gprod/g hexene octene decene  ratio ratio
G0) Fe in C, in Cc in C" mol:mo mol:mol complex)
products products products  16 E7 0.20 1200 300 65
0.687 40.0 200,000 99.0 98.3 98.0  17 E8 0.15 1200 600
86 0.615 37.8 252,000 99.0 97.8 97.3  18 68 0.20 1200
600 89 0.631 56.6 283,000 99.1 98.3 97.6  18 69 0.20
120D 300 93 0.670 32.1 161,000 98.8 98.3 97.8  20 69
020 1200 600 86 0.695 44.0 220,000 99.0 98.6 98.1  21
E10 020 1200 600 82 0.664 52.6 263,000 99.2 98.5 98.0
22 Ell 0.20 1200 600 81 0.700 52.2 261,000 99.4 99.0
98.7 % Polymer = % of total product yield with
molecular weight greater than 2000.  Solids = % of
total product yield that is insoluble in n-heptane. %
Solids predicted = Total product yield predicted to be
in the C20" fraction.  EXAMPLES 23 - 27 [001341 The
following procedure was used to prepare the compounds
having  structures E6, E12, E13, E14, and E15. Table 4
contains analytical data for the  compounds prepared.
General Procedure: 800mg (2.86 mmol) of the compound
having structure El, 1.29 mmol of the appropriate
diamine compound, 2.58 mmol of  FeC1Z 4H20, and 20 ml
of anhydrous THE were added to a small vial with a
stir bar in  a substantially oxvaen- and moisture-free
environment. The vial was sealed, stirring 



WO 2006/065458 PCT/US2005/042175  69 was begun, and
the reaction was heated to 60C for I8h. The reaction
was allowed to  cool to ambient temperature, and the
iron complex was precipitated by the addition of
pentane. The reaction was filtered, and the isolated
solid was washed with pentane.  Elemental analyses
were performed at Atlantic Microlabs. The calculated
values  assume two equivalents of H2O per mole of
bimetallic complex. Table 4 Ex. Diamine Compound
Formed Yield Calc'd Found  (g, %) Elemental Elemental
Analysis Analysis 23 H N 1.21g, C: 58.13 56.70  89% H:
5.38 5.37  CI t' 12 C, yield N: 8.30 7.91  12 E12  24
HZN NH2 I I N i_ ~_ 7~x 1.168, C: 58.13 57.50  H: 5.38
5.06  aja ~J %4a yield N: 8.30 8.11  13 E13  25 F' W3
I 1.18g, F: 9.93 8.74  \ \ N L N k79% HyN NHq F, c a
'a yield  14  E14  26 ii . 1.33g, C: 59.22 60.03 H,N _
\ NHZ 1;''~ 96% H: 5.73 5.84  /  6 a yield N: 7.97
7.65  E6 27 1.29g, C: 56.83 56.18  



HzN i NHxl""`Y 96% H: 5.17 4.96  Al yield N: 8.28 7.92
15 E15  EXAMPLES 28 - 33 1001351 The same procedure
used in examples 16 - 22 was used to test complexes
having structures E6, E12, E13, E14, and E15 (prepared
in examples 23 - 27) for the  oligomerization of
ethylene. Table 5 contains the results of these
experiments. WO 2006/065458 PCT/US2005/042175  70
Table 5 Ex. Cmpd Amt. TEA MMAO T,,,. K (mol Yield
Prod. (g % I- % 1- % 1- (mg) AI:Fe Al:Fe (C) C12/mol
(g) prod/g hexene octene decene  ratio ratio CIO) Fe
in C6 in Cs in C1 mol:mol) (mol:mol complex) products
products Products  28 E12 0,20 600 600 61 0.700 42.1
210,000 99.4 99.0 98.9  29 E13 0.20 600 600 101 0.656
45.6 228,000 99.0 98.1 97.7  30 E14 0.20 600 600 57
0.743 28.3 142,000 99.5 n.d. n.d.  31 E6 0.20 600 600
64 0.691 46.2 231,000 99.5 99.1 99.0  32 E15 0.20 600
600 96 0.674 67.8 339 000 98.9 98.2 97.8 33 E15 0.10
600 600 95 0.665 46.2 462,000 99.3 98.6 98.1  EXAMPLE
34 [00136] 5.03g (18.0 mmol) of the compound having
structure El and 3.40g (17.1  mmol) of FeC124H20, and
100 ml of anhydrous THE were added to a 200m1 flask
with a stir bar in a substantially oxygen- and
moisture-free environment. The reaction  mixture was
stirred for 2 days. Pentane was added to precipitate
the complex, which  was then isolated by filtration
and washed with pentane (7.8g). Anal. Calcd for
CisH2oN2OFeC12 having structure E16: C, 53.10; H,
4.95; N, 6.88. Found: C, 49.32;  H, 5.8; N, 5.63.
These data are consistent with the presence of two
equivalents of  H20. N  N~rI__O  



CI CI  16  E16 EXAMPLE 35 [00137] 1.00g (2.09 mmol,
assuming 1 molecule of THE per molecule of the
compound having structure E16) of the compound having
structure E16, 0.95 mmol  of the dianiline, 15 ml of
anhydrous THF, and a stir bar were added together in a
small vial in an environment substantially free of
oxygen and moisture. The vial was  sealed and heated,
with stirring, for 16h at 60C. The reaction was
allowed to cool to  ambient temperature, and the vial
contents were poured into 50 ml of pentane to
precipitate the product. The product was isolated by
filtration and further washed  with pentane. WO
2006/065458 PCT/US20051042175  71  Table 6 Ex.
Compound Formed Yield Calc'd Found  (g, %) Elemental
Elemental  Analysis % Analysis % 35 C: 61.32 52.43
93%  -~~-~ 93% H: 5.54 5.05  d t 6 yield N: 8.25 7.00
E6 EXAMPLE 36 [001381 The same procedure used in
examples 16 - 22 was used to test complexes  having
structure E6 (prepared in example 35) for the
oligomerization of ethylene.  Table 7 contains the
results of this experiment. Table 7 Ex. Cmpd Amt. TEA
MMAO T,,,,x K (mol Yield Prod. (g % 1- % 1- % 1- (mg)
Al:Fe Al:Fe (C) Cla/mol (g) prod/g hexene octene
decene  ratio ratio Coo) Fe in C6 in Cg in C10 



(mol:mol) (mol:mol) complex) products products
products  36 E6 0.20 1200 600 65 0.678 37.7 189,000
99.5 99.0 99.0  [001391 The particular embodiments
disclosed herein are illustrative only, as the
invention may be modified and practiced in different
but equivalent manners apparent to those skilled in
the art having the benefit of the teachings herein.
For example,  while the embodiments have been
described in terms of a method for preparing
hexadentate bimetallic complexes from
acyliminepyridine compounds and/or  acyliminepyridine
metal complexes, the preparation methods described
herein may be  applied to other hexadentate bimetallic
complexes using the general class of  acylimine
(mono-acylimine or bis-acylimine) compounds and/or
acylimine (mono- acylimine or bis-acylimine) metal
complexes such that at least one imine bond is  formed
in the presence of a metal salt or a metal complex.
Additionally, the method  described herein may be
applied to the synthesis of tetradentate bimetallic
complexes  as described in WO 01/36379, which is
incorporated by reference herein, utilizing the
general class of acylimine (mono-acylimine or
bis-acylimine) compounds and/or  acylimine
(mono-acylimine or bis-acylimine) metal complexes such
that at least one  imine bond is formed in the
presence of a metal salt or a metal complex. Use of WO
2006/065458 PCT/US2005/042175  72 broader terms such
as comprises, includes, having, etc, should be
understood to  provide support for narrower terms such
as consisting of, consisting essentially of,
comprised substantially of, etc. Furthermore, no
limitations are intended to the details  of
construction or design herein shown, other than as
described in the claims below.  It is therefore
evident that the particular embodiments disclosed
above may be altered  or modified and all such
variations are considered within the scope and spirit
of the  invention. Accordingly, the protection sought
herein is as set forth in the claims  below. 73 0
CLAIMS 1. A method for producing a hexadentate
bimetallic complex, comprising: (a) contacting an
acyliminepyridine compound, a metal salt, and an amine
to form a  mixture or contacting an acyliminepyridine
metal complex and an amine to form a  



mixture, wherein the acyliminepyridine compound or
metal complex is a mono- acyliminepyridine compound or
metal complex and the amine is a diamine or  wherein
the acyliminepyridine compound is a
bis-acyliminepyridine compound or  metal complex and
the amine is a monoamine; and (b) recovering the
hexadentate bimetallic complex from the mixture,
wherein the acyliminepyridine compound or the
acyliminepyridine metal complex is  prepared from a
di-acylpyridine having structure 9, 10, or mixtures
thereof: R2 R2  R3 RI R'3 / R'I  110 I 140 RS N R4 R'5
N R'4  0 0 0 0  Structure 9 Structure 10 wherein RI,
R' 1, R2, R'2, R3, and R'3 are each independently
hydrogen, hydrocarbyl,  substituted hydrocarbyl, or an
inert functional group, and any two of RI, R' 1, R2,
R'2, R3, and  R'3, vicinal to one another, taken
together may form a ring, and R4, R'4, R5, and R'5 are
each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and R4, and
R1, or alternatively R'4, and R'1, taken  together may
form a ring, R5 and R3, or alternatively R'5 and R'3,
taken together may form a  ring. 74 0 2. A method
according to claim 1, wherein the acyliminepyridine
compound is prepared  by: (a) contacting the
di-acylpyridine with a first amine to form a first
mixture; and,  (b) recovering the acyliminepyridine
compound from the first mixture. 3. A method according
to claim 1, wherein a mono-acyliminepyridine compound
or metal  complex to diamine molar ratio is about 2:1.
4. A method according to claim 1, wherein a
mono-acyliminepyridine compound to metal  salt molar
ratio is about 1:1. 5. A method according to claim 1,
wherein the hexadentate bimetallic complex has
structure 27, 28, or mixtures thereof, R2 R2  



AR3 / R AR,R3  10 R5  R4 R4 R5 \ t0 I 120 130 410
W/N\MNNN\W  Ma _a Yt Xn X"  Structure 27 R2 R'2 R'3
A3R3R, R'j 14 R5 R4 R 4 o I R'5  0 40 I i 50 160
W/N\M _o N\ Y N\Ms N\W'  1 Xn X., Structure 28 75 0
the mono-acyliminepyridine compound has structure It,
12, or mixtures thereof,  R2 R'2  R3 / R, R'3 / R'1 10
140  RS 1N R4 R's ~N R4  oN 2 O 601 50 W 30 W'~ 40
Structure 11 Structure 12  the diamine has structure
5, H2N - Y, - NH2  Structure 5 wherein W and W' are
each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group; R1, R'1,
R2, R'2, R3, and R'3 are each independently hydrogen,
hydrocarbyl, substituted  



hydrocarbyl, or an inert functional group, and any two
of R1, R' 1, R2, R'2, R3, and R'3, vicinal to  one
another, taken together may form a ring; R4, R'4, R5,
and R'5 are each independently hydrogen, hydrocarbyl,
substituted  hydrocarbyl, or an inert functional
group, and R4, and R1, or alternatively R'4, and R'1,
taken  together may form a ring, R5 and R3, or
alternatively R'5 and R'3, taken together may form a
ring; Y1 represents a structural bridge between two
halves of a ligand or complex, and where  Y1 may be a
bond between nitrogen group 30 and nitrogen group 40,
a hydrocarbyl having from  about 0 to about 30 carbon
atoms, a substituted hydrocarbyl having from about 0
to about 30  carbon atoms, or an inert functional
group; 76  M and M' may independently be any metal
atom; and  X and X' may independently be any anion, a
mono-acyliminepyridine compound to diamine molar ratio
is about 2:1, and a mono- acyliminepyridine compound
to metal salt molar ratio is about 1:1. 6. A method
according to claim 1, wherein the hexadentate
bimetallic complex has  structure 33, 34, or mixtures
thereof, R2 R2  A3R3~Rj R1 R3  140 R5 R4 R4 N RS  Rpo
RA RA 40 0 150 N60 RE) R10 too \ ~~ 20 R6 R6 130 X80
1150 R10  / Xn n /  Rg Rc Re R11 RI, RB Rc Rs R8 R7 R7
R8  Y2  Structure 33 R2 R'2  R3 1R7 R'1 / R'3  110 I
140 R5 



N R4 R'4 ~N R's  Rp oN 20 130 RA RA 40N 15O N6o Rio
R10 7o R6 R6 \M'a R'10  too 120 1130 X, I50  Xn n Rs
Rc Re R11 R'll R'8 R, c R's  R8 7 R'7 R'8  Yz
Structure 34 the mono-acyliminepyridine compound has
structure 13, 14, or mixtures thereof, 0  77 R2 R2
AR3R, R'3 / R'1 140R5 R4 R'5 R-4  N O 60N O  RD *R R D
I 50 Rla 3 R1o 40  1150  Rs c R'9 R'c R8 Res
Structure 13 Structure 14  the diamine has structure
7, 8, or mixtures thereof, RA RA RA 'A  H2N / R5 NR,
NH2 H2N R'6 NH2  ~I 130 RB R11 RB RR11 R'11 RB  R7 R7
R'7  YZ YZ Structure 7 Structure 8 R1, R'I, R2, R'2,
R3, and R'3 are each independently hydrogen,
hydrocarbyl, substituted  hydrocarbyl, or an inert
functional group, and any two of RI, R' 1, R2, R'2,
R3, and R'3, vicinal to  



one another, taken together may form a ring; R4, R'4,
R5, and R'5 are each independently hydrogen,
hydrocarbyl, substituted  hydrocarbyl, or an inert
functional group, and R4, and RI, or alternatively
R'4, and R'1, taken  together may form a ring, R5 and
R3, or alternatively R'5 and R'3, taken together may
form a  ring, R4 and RA or Re, or alternatively, R'4
and R'A or R'B, taken together may form a ring, and
R5 and Rc or RD, or alternatively, R'S and R'c or R'D,
taken together may form a ring; 78  R6, R'6, R7, R'7,
R8, R'8, R9, R'9, Rio, R'io, Rii and R'it are each
independently  hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group; RA, R'A,
RB, R'B, Rc, R'c, RD, and R'D are each independently
hydrogen, hydrocarbyl,  substituted hydrocarbyl, or an
inert functional group; Y2 represents a structural
bridge between two halves of a ligand or complex,
where YZ  may be a bond between aromatic rings 120 and
130, a hydrocarbyl having from about 0 to about  30
carbon atoms, substituted hydrocarbyl having from
about 0 to about 30 carbon atoms, or an  inert
functional group; M and M' may independently be any
metal atom; and  X and X' may independently be any
anion, a mono-acyliminepyridine compound to diamine
molar ratio is about 2:1, and a mono-
acyliminepyridine compound to metal salt molar ratio
is about 1:1. 7. A method according to claim 1,
wherein the mono-acyliminepyridine compound is
prepared by: (a) contacting the di-acylpyridine with a
monoamine to form a first mixture; and,  (b)
recovering the mono-acyliminepyridine compound from
the first mixture. 8. A method according to claim 7,
wherein a di-acylpyridine to monoamine molar ratio is
about 1:1. 9. A method according to claim 1, wherein a
bis-acyliminepyridine compound to  monoamine molar
ratio is about 1:2. 10. A method according to claim 1,
wherein a bis-acyliminepyridine compound to metal
salt molar ratio is about 1:2. 79 0 11. A method
according to claim 1, wherein the hexadentate
bimetallic complex has  structure 27, 28, or mixtures
thereof, 



R2 R2  R3 Ri ARIR3  10 1 Ra Rs  Rs N 10 120 4I0 W/NM7a
N\Y/N\Mso N\W  Xn Xn  Structure 27 R2 R'2  AR3 / R,
R'l R'3  110 140 Rs R4 R'4 R'5  l0 120 30 40 I50 60 W
N M N N N\  1 70 \ Y so Xn X" Structure 28 the
bis-acyliminepyridine compound has structure 15, 16,
or mixtures thereof,  R2 R2 R2 R'2  R3 R, AjR R3 R1
R'R'3 to101 140RS N R4 Rs R5 N R4 Rya N Res  O 20 130
4060 O zo N3o 4oN so 0  to 60 10 60  Yl , Yl Structure
15 Structure 16  the monoamine has structure 1, 2, or
mixtures thereof, 0  80 H2N - W H2N - W'  Structure 1
Structure 2 



wherein W, W', R1, R'1, R2, R'2, R3, R'3 R4, R'4, R5,
R'5, Y1, M, M', X and X' have the same  meanings as
given in claim 5, a bis-acyliminepyridine compound to
monoamine molar ratio is about 1:2, and a bis-
acyliminepyridine compound to metal salt molar ratio
is about 1:2. 12. A method according to claim 11,
wherein the hexadentate bimetallic complex has
structure 33, 34, or mixtures thereof, R2 R2  AR3R, Rt
R3  140 R5 R4 R4 N R5  R0o RA RA 40N (5o N6o R R10 100
70 20 I R6 130 \Xn 80 150 R10  y1 CRc Xn Rs R11 Rtt RB
Rc R9  Ra R7 R7 R6 Yz  Structure 33 R2 R'2  R3 Rt R't
R'3  110 140 R5 R4 R'a R'S  R0 aN i 20 N30 RA R'A 40N
150 160 R0 Rto \M~ R6 R'6 M R'10  I100 170 1 0 1130 X
80 1 150 Rs / Rc Xn R11 / R'a  Rs tt R'tt R'e R8 7 R'7
R8  Y2  Structure 34 81 0 the bis-acyliminepyridine
compound has structure 17, 18, or mixtures thereof,
R2 R2  R3 R1 AR,R3 



1D R5 1 R4 R4 R5 N m N 30 RA RA 40 10 R6 R6 60 \ 0 13
RB Rit Rit RB  R7 R7  Y2 Structure 17 R2 R'2  R3 / Rt
R'1 R'3  110 1401 R5 R4 R4 R'5  O  N30 Rn R'n 40N  O
10 R6 R'6 60  120 1 130 RB Rtt R'it R'B  R7 R'7  Y2
Structure 18 the monoamine has structure 3, 4, or
mixtures thereof, R10 Rp R'1D R0  R9 /t00\ NH2 R'9
~t50\ NH2  R3 Rc R'8 Rc  Structure 3 Structure 4 0  82
wherein R1, R'i, R2, R'2, R3, R'3 R4, R'4, R5, R'5,
R6, R'6, R7, R'7, Rs, R'8, R9, R'9, Rio, R'10, RI I,
R'11, RA, R'A, RB, R'B, Rc, R'c, R0, R'D, Y2, M, M', X
and X' have the same meanings as given  in claim 6, a
bis-acyliminepyridine compound to monoamine molar
ratio is about 1:2, and a bis- acyliminepyridine
compound to metal salt molar ratio is about 1:2. 13. A
method according to claim 1, wherein the
bis-acyliminepyridine compound is  prepared by: 



(a) contacting the di-acylpyridine with a diamine to
form a first mixture; and,  (b) recovering the
bis-acyliminepyridine compound from the first mixture.
14. A method according to claim 13, wherein a
di-acylpyridine to diamine molar ratio is  about 2:1.
15. A method according to claim 1, wherein the
acyliminepyridine metal complex is  prepared by: (a)
contacting the di-acylpyridine with an amine to form a
first mixture;  (b) recovering an acyliminepyridine
compound from the first mixture; (c) contacting the
acyliminepyridine compound with a metal salt to form a
second  mixture; and, (d) recovering the
acyliminepyridine metal complex from the second
mixture. 16. A method according to claim 1, wherein
the hexadentate bimetallic complex has  structure 27,
28, or mixtures thereof, 0  83 R2 R2  AR3 / R1 AR,R3
X10 R5  R4 R4 R5 l0 I 120 30 41N 0 W N\M~o NY/N\Msa
N\W  Xn Xn Structure 27 R2 R'z  3 R1 R'A-N  110 I 1
1R5 R'4 R 5  N 10 20 N 40 0 W/N 1 70 Y/N\Mso W M t Xn
X.n  Structure 28 the mono-acyliminepyridine metal
complex has structure 19, 20, or mixtures thereof,  



R2 R-2  AR3R, R'3140  R5 R4 R'8 Ra N 10 60 i 50 40  W
N\M/O W'~NM /O  X70 X80 Xn Xrn Structure 19 Structure
20  the diamine has structure 5, H2N-Y1-NH2  Structure
5 0  84 wherein W, W', RI, R'1, R2, R'2, R3, R'3 R4,
R'4, R5, R'5, Y1, M, M', X and X' have the same
meanings as given in claim 5, and a
mono-acyliminepyridine metal complex to diamine molar
ratio is about 2:1. 17. A method according to claim 1,
wherein the hexadentate bimetallic complex has
structure 33, 34, or mixtures thereof, R2 R2  AR3R, R,
R3  140 R 5 R4 R4 N R5 RD 1o RA RA 40 1 150 60 RD  R
N\ /N ,0 1 80 I Rs n Rc R7 R8 70 yNN  Y2 Structure 33
R2 R2  R3 R, R', R'3  R5 I 1110 R4 R'4 140 R'8 RD 10N
20 N30 RA R'A 40N (50 N60 RD  



80  R10 -- R6 R8 M RIO \ 150 100 1 70 120 130 Xn  Xn
R9 Rc RB R" R'" R'B R'c / Rs  R8 7 R-7 R'8  Y2
Structure 34 the mono-acyliminepyridine metal complex
has structure 21, 22, or mixtures thereof, 0  85 R2 R2
R3 R3 R'3 R'1  to 140 R5 R4 R'5 N R'4  RD 10 I 20 30 R
D 60 I 50 40 Rto N /O R'lo NAM iO  too 170 tso 180  Rs
Rc X, R's / R c n R8 R's  Structure 21 Structure 22
the diamine has structure 7, 8, or mixtures thereof,
RA RA RA R'A  H2N / R6 R6 L NH2 HzN / R6 R'6 NH2  120
I 130 120 I 130 R7 R7 R7 Fte R11 R11 RB RB Rt1 R'31 /
R'B  R'7  Y2 Y2 Structure 7 Structure 8 wherein R1,
R'1, R2, R'2, R3, R'3 R4, R'4, R5, R'5, R6, R'6, R7,
R'7, R8, R'8, R9, R'9, Rio, R'1o, R11,  



R'11, RA, R'A, Re, R'B, Rc, R'c, RD, R'D, Y2, M, M', X
and X' have the same meanings as given  in claim 6,
and a mono-acyliminepyridine metal complex to diamine
molar ratio is about 2:1. 18. A method according to
claim 1, wherein the mono-acyliminepyridine metal
complex is  prepared by: (a) contacting the
di-acylpyridine with a monoamine to form a first
mixture;  (b) recovering a mono-acyliminepyridine
compound from the first mixture; (c) contacting the
mono-acyliminepyridine compound with a metal salt to
form a  second mixture; and, 0  86 (d) recovering the
mono-acyliminepyridine metal complex from the second
mixture.  19. A method according to claim 18, wherein
a di-acylpyridine to monoamine molar ratio is  about
1:1. 20. A method according to claim 18, wherein a
mono-acyliminepyridine compound to  metal salt molar
ratio is about 1:1. 21. A method according to claim 1,
wherein the bis-acyliminepyridine metal complex is
prepared by: (a) contacting the di-acylpyridine with a
diamine to form a first mixture;  (b) recovering a
bis-acyliminepyridine compound from the first mixture;
(c) contacting the bis-acyliminepyridine compound with
a metal salt to form a second  mixture; and, (d)
recovering the bis-acyliminepyridine metal complex
from the second mixture. 22. A method according to
claim 21, wherein a bis-acyliminepyridine compound to
metal salt  molar ratio is about 1:2. 23. A method
according to any preceding claim, wherein the metal
salt comprises, iron, cobalt,  nickel, chromium,
vanadium or mixtures thereof. 




