METHODS FOR PRODUCI NG A HEXADENTATEBI METALLI C COVPLEX
FI ELD OF THE | NVENTI ON [ 0001] The present application
wo edoavessgeneral |y to ol efin oligonerization. RMIF/ES2005/042175
particularly, the present application relates to novel
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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.

[0004] 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.

SUMMARY OF THE INVENTION

[0005] In various embodiments, a method is presented for producing a
hexadeﬁtate 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



addi ti onal novel and inproved catal ysts and net hods

for olefin polynerization and oligonerization are
waele®soedabe. SUMMARY OF THE | NVENTI ON [ 0005] | nPUHDUS05042175

enmbodi nents, a nethod is prgsented for producing a

hexadentate binetallic conplex. In sonme enbodi nents,

the nmet hod nay conprise contacting an

acyl i m nepyri di ne conpound, a netal salt, and an am ne
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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

[0007] 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 1 through 5:



acyl i m nepyridine conpound with a netal salt to forma

second m xture; and recovering the acylim nepyridine
woredoaloeasspl ex fromthe second m xture. |n enbPdi/D82005042175

t he acylim nepyridi ne netal 3conpl ex may be a

nmonoacyl i m nepyri di ne netal conplex where the amne is

a diam ne. The nonoacylim nepyridine netal conplex to

diam ne nolar ratio may be in the range of about 2:1.
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enbodi nent of the conpound of structure 11, and the
conpound of structure 33 is a specific enbodi nent of

W@ R00eo64se 34, etc. Various other specific to PEnesi005/042175
rel ati onshi ps anong structufes will be apparent to one
skilled in the art. The pendant or "R' groups
associ ated with the conpounds, as indicated in Tables
1 through 5, are defined in detail below [0010]
Starting materia

| ude structures 1 t ugh 10 in
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ef i ned herei nReStructures 3 and 4 are aronat i
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Structures 7 and 8 ar
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acyl i m nepyri di ne conmpound having structure 1 1

wherein the aromatic group 100 is substituted for Win
w@aotuse 11. Simlarly, the acylim nepyridi NBCT/US2005/042175

conmpound having structure 18 is a derivative of the

acyl i m nepyri di ne conpound having structure 16 wherein

the aromatic diam ne group of structure 8 is used as a

reagent. Qther simlar relationships will be apparent

to one skilled in the art. .In enbodi nents, the
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be mrror imges of each other, identical or

different, symetrical or asymetrical, planar or
woomvepbasar . The pendant groups, W W, Rn, aneCRUS2005/042175

and |inking groups, Yland Y2, are further defined

bel ow. The netal conplexes shown in Table 3 and Tabl e

4 may be identified by the presence of a netal salt

(MXn or M-X n), which is present by coordination

reaction with an acylim nepyridine ¢

! onﬁgung or
hexadent at e | i gdable 4Thdexadeniats Bpsiallie CREPESFPound may
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to the presence Ry Ry ouls e, Bsat site

N

0 and one at sitg]||80. |#he| get al | t o slite 70 may
e the same as q&gﬂbii rermi~g han Ns%yt at
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asymmetrical enbodinments nmay be illustrated where
structure 27 represents a symetrical enbodi nent of

w0 bmshexszient at e bi metal lic conpl ex of struct uP€r/B82005/042175
IfY 1 is symetrical, the t& mnal imne groups are
identical, Wand Ware identical, R4 and R 4 groups
are identical, Rand R 5 groups are identical, and
the substituents and substituent pattern of the

pyridine rings 110 and 140 are identjcal. Any
di fference bet wdabletieHexadsntarendimeibc QPm@ﬂ"é‘ﬁ%nt s

utrd-make structure 28 asynmetric. AS a further
xanpl e, strucfare 33 woul d represent a symmetk4 cal
nmbodi nment RQf
tructure 34 a1 |
roups, N

selected to be identical to tl,h)q R
elBgcted to be syrmetrleI t

29 represents gspggj fi g synretrical

structur ereNp_ t he g(matlgrlns 10 W
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$tructure 33 represent specific N
enbodi nent of stru®greYZ9 Wher er, arryrati c rings,
120 and 130, and struct brldge of structure

34 are substituted for the af al brldge Y1, of
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[0015] In sonme enbodi nents, Wand Ware each

i ndependent |y hydrogen, hydrocarbyl, substituted
whyasoeasdyl , or an inert functional group. ThBCT/US2005/042175

applicable inert functional9groups are further

descri bed herein. [0016] In sonme enbodi nents, Rl, R |

R, R2, R3, and R 3 are each independently hydrogen,

hydr ocar byl , substituted hydrocarbyl, or an i nert

funct| onal grou%gbl n ot her enbodi nents, two OR1,

Ri, , legd Hrxaloptags Bapetalle &‘?@“ G658 her ,

taken together —may forma ring. The appli cabl e 1nert

fluncti onal grou are further described hereiffe [0017]

lin sone enbRg] 1 R4 R4, R5, and R 5Ra R’
iilndependent |y hyﬂfogen hydrocar byl , substi : '
rydrocar bﬁ!s rt functional gr&up R’

g LLpo:tl dhal groups aRhur bfler '

H et SRR4, RRd K R'10
g 1 taken ftfogeTher maf‘"form

r er effbod], mehts R5 an gl t erimt Rye R
F ° taken tBget her "ay a rihg. In yet :

dt her eRbodi nents, R4 arf# ¥ qf. _RB Br alternatively, °

R and RA or R B, takentogether2 formaring. In

yet ot her embodi nents, R5 §Hd1cﬂtre RD, or
a#rETT]Hﬁ—VEI"y—‘R'—ﬁano Rc or R D, taken together nay

forma ring. [0018] In sonme enbodi nents, R6, R 6, R7,
R 7, R R 8 R9, R 9, RO, R 10, Rn and Rp are
each i ndependently hy‘dbke@enHemdéntatmhgyﬂlds subst ituted

ydrocarbyl—eor—an—tnert—funettonal—gtrotup—The
gpplicable inert functRgnal groups areReurther

descri bed herein. 40019] IR some eppodilgenig, RA R
""A, RB, R B, RC and R’D ~gefigpal Iy ortho to
tlhe nitrogen at Ithﬁ nekor im me, are
gach i ndependent | ydrog W, dibstituted
Rydr ocar byl , or a?/ﬁN neft fudction N group. Nlhe

appl i cabl e |nerthunct|onaI g s are furthe¥
described herein. In other enbodinents, RA, R A RB,
RB, RC R'C RD and R DStarceunerﬁiependently sel ect ed
flrom hydrogen—Hderhre—an—inert—functional—group,—=a
pri mary carbon group, R,secondary carb gr oup,
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or a tertiary carbon group. [0020] Y1 and Y typically
represent a structural bridge between two hal ves of a
WO p@anes468 conpl ex. Y1 may be a bond between nPCT/O§®N5/042175

group 30 and nitrogen group040, a hydrocarbyl having
fromabout O to about 30 carbon atons, a substituted

hydr ocar byl having from about 0 to about 30 carbon

atons, or an inert functional group. Y2 may be a bond

bet ween aromatic rings, 120 and 130, drocarbyl

having from about 0 t8°&Bo e@ée@éﬁeﬁdﬁa

$UbSt I tuted hydrocarbyl having from about 0 tO about

30 carbon atons, or an®4nert functi onaﬁZgroup. In
flurther enmbodi ments, [

ng [pf the two arommfic rings, a

hydr ocar byl gro Rar orf? Rebout 20
¢arbon at ons, RD’TEtIB lene ( ), Rer an
ifnert f nme B0
Rn gr oups, ternatively thg

epresent the structural bridge
ot her errBdl Ent sRcthe two RL1 groups, or =€
al ternativel \R¢ he R11 and R groups, taken togeRher
florm a nethyl ene (CH2), or ethylene (C2H4) group and
fepresent the structural bStrdg@W§7 In yet other

embodiments,; Y2 s a bond between the two Tcarbom atons
having the R11 or R p Rabstituents. |nRsone
enbodi nents, any R
R B RH R 11, Rc,
D and R D, viciR
fforma ring. Rgh sg) eﬁ‘b gents,,

R 6, Rp, R7, R
, R
RO, R9, R R~ 10, RD an\F%/%(l nal to Y2

, N orm a ring. [0021] I n ot her '
¢nbodi meRgs, YhelRRAV R A is a primary cardén g AL
then none, ong, or two of RBFR B, RCORC anRRDR D
are primary car bon gr oups, secondary car bon groups,
phenyl , substituted phenyl Stracturad8t functi onal

D/ D RC/ R C nd

groups—and—the—remander—of—RBI-R—B—REHR—E—an
RD)R D are hydRegen or fluorine. In another R,
embodi mentg, whgn RRV R'Ais a secondaryRcarﬁ N R,
gr oup, then q/éei one, or two of

Rs Ry
l R
N N A
w Rs
Re Riq
Ry
Yo
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RBfIR B, RCCR C, and RDR D are primary carbon
groups, secondary carbon groups, phenyl, substituted
W@ b@npbi4sor inert functional groups, and the reoEUSHEF/ 042175
of RBIR B, Rc/R c, and RDJIR D are hydrogen or
fluorine. In other enbodi nents, when RAR A is a
tertiary carbon group, then none or one of RB/R B,
RCR C, and ROOR D are tertiary, phenyl, or
substituted phenyl, and the remai nder. are hydrogen or

fluorine. In other eldB¥armReadepipel gk ¢ is a

primary car bon group —then none, one, orf two of RA'R
A RB/RB, and®® D’R D are primary carbon gr
secondary Roups, phenyl, substit uRt
or inert fungtii@hal groups, and the renai nde
A, RB/RRs +D are hydrogen or Rk i

ry %ar bhs@

ot her enbgdi nent s, I\g\.henRRc/R' cis a sFe ong
group, thew none, & B/ R B ant.,

£

groups, phenyl, substi ¢d phenyl nert
unctional groups, R e Renmairiger 79T RAY R A,
RB/ R B, and RD/R'Dare iy, wori ne. I n ot her
enbodi nents, when Rc/R ¢ i sTaY,ertiary carbon group,
tthen none or one of RAR A RB/R’ B, and ROOR D are
tertiary, phenyl, or substStl‘ut:%deﬁﬁenyl and t he

DAL lL— N )

memai nder—of HH/R'H RBI R—B—and—RBR D’dle hydrogen
or fluorine. |ngependent of the above |imtatRons, Y1

and Y2 may Re syqmERysic or asymmetric. [(Q2ZP\M a@ad M

may be ang metfaho | I n sone enbodi nents, [Mednd M

\r e mstal |t oy sehectked from Group VB, RM BN Ré

of the TAS\er skon b tlﬁa\ Peri odi ¢ Tafl ex ]l n sot h |60 Rp

2 nBad] e M and ‘M be, met avi ng Rqo
oxi dat]i enbodi ne Mand M may [bgo

ohs 4, Lum van or m xtd R
herc’eof I nfurt her o netit s 1M g B may be °

obalt,R8| ron, chrom um Rrax Yu of Rai xt ures t her eof R
n further enbodi nents, Mand ® nay be cobalt, iron,
r mi xtures thereof. |n fubtrmeturedbodi nents, M and M

gy beTrTonm 1 forther—enbodiments,—Mand—vM—Tay be
obalt. In further enbodi nents, M and M may be
hrom um In fugther enbodi nents, Mand M ey be

i ckel . [0023] X may independent |y, be an
anion. In s iments, X and !

Q) =S OO 0O SO = O~ O

Structure 42

[0008]  For purposes of explanation only, the chemical compounds shown in
Tables 1 through 5 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,



X are independently a halide or acetyl acetonate. In
sone enbodi nents X and X' are halides. In further

wendodéaent s t he halide i s sel ected from chl orPEEUS2005/042175

brom ne, and iodine. In som@ enbodi nents the halide is
chloride. In yet other enbodinents the halide is

brom de. The nunber, n, of X groups is such that the
total nunber of negative charges on the total nunber X

OlcomipleRéY @ihyehldd!ise t@nRYiacka! | @@n&taﬂyest@ﬁﬁnﬂgomawnals may be the
respectively. In some enbodi nents, nis 1, or 3 and

tm@m@nmes,n@wm@ne%fanﬁecgapylpﬁn@lna% gésTable & oifh9< infegmediates may
egﬁlc%de tﬁg %Sg%‘%xﬂe% c%ﬁl%é&nc%f a aﬂ?lﬁln%yncﬁﬁisﬁl%?allc\éﬂp\fexes and

hadgpuitle I Tablassty |3, aﬁ@B 0 nl&fe&l,cyﬁmlﬁebﬁdhb €ofnpbaids besdigdinepyridine
of negative char ges on X is equal to _the OXI dati on
stegtd compigxgs. ad Ligands of Tpblewd, dndihp Feayt aleg be igensidered starting

h @ l.%@ﬁ

hy rogen angB E@S b &B&g{régg%ég%gbl pgg%len Qgsrroeft%a)?llé 4

et{0009] prApy! within ileopibtepy relationships e sihd asrepheridiAo apdcific, are

RB are nethyl; and Rc and FIQE F‘e each ‘IHP ﬁpendent]ﬁ%_ .

né‘fcﬁ?}t W%?tmcﬁ’fr%yf o gRamIe A6 GoTPoyRd ghSERbYEi velsta specific
ﬁnpo gf% 0919& R s@duBA 12964 BB c%ﬁ?oﬁﬁ& e structure 33isa

ent nmet , ethyl, propyl, opropyl. In
arspmﬁnommb@dtmerﬁc oﬁmﬂruﬂu& aBr4e etet hWanoandotﬁér aspelclﬁB to generic

ar % B‘?@%@lﬂ)g Qgﬁ, e nt {E% \X{I‘}TE&?h %lpﬁgig}t&%h % Sglﬁgx :1&, g?eg nThe pendant
a@g “RBgﬁﬁgs %’so@fa&d&@ﬁl’ﬂ tﬂe%ﬁ%ﬁﬁ&smaé Yhdi®tdavih Ta@lé@)ﬁ' through 5, are

g , or isopropyl. In an enbodinment, RA and RD are
Iyddlndn‘@lthBlcamd Rc are each mdependently met hyl ,

oA prGRtos et BBk el TR B i Berotares 1

C qa@gumlsmaﬂﬂu@%ﬂmﬁrg neRYiaisdiiee VEtad W’Oz[fB| %&sc pedent groups
to prepare hexadent ate binetallic conpl ex 33 [ 0025]

hias defireddifseiai netcsureRA angyd arR apomafimRNANAINES, JEleEe gB gromatic

7 U3 1 Bles ER Gl P AR BRI S TBRON: B ctuce 1 and

| Btrietiire B rregpdetdelyen$iguctika,S f8ba dRinaine at‘iﬂtlr@ asgrial where Y; is a
sel ected such that each M has an asymetr

eBFRGTiSnFtRIFUR) PHAgR digking the 1R 2Bt &%}8@ ¢ Stgarturs 7 and 8 are
F i RGSatil QfhrRAfE stffhg materials in which two aromatic amine groups connected by

a linking group, Y, have been substituted for the structural bridge, Y, of structure 5.
Structures 9 and 10 are substituted di-acylpyridine starting materials having the
substituents R, R’1, Rz, R’2, R3, R’3, Ra, R4, Rs, and R’s 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.



in the hexadentate binmetallic conplex having structure
34. The enbodi nents of this paragraph also apply to

w0 bwemeisse, acyl i m nepyridi ne conmpounds, PCT/US2005/042175
andacyl i m nepyri di ne netal 1donpl exes used to prepare
hexadentate binetallic conplex 34. [0026] In an
enbodi nent of a hexadentate binetallic conplex 27, 28,
29, 30, 31, 32, 33, or 34, the pendant groups may be

g [g@lﬁf]' neg b ate £ %E %Blet hajndatableM angy Mhcldd® acyliminepyridine

alt. In another enbodi nent, both Mand M are iron.
| recomapotihdsy Ievingli stervtyresonkl, ofl 2t hé3,mettal 1at ofs, 1M omd 18, and
M, js.iron,. and the other |s co alt. |
o dsaliminshi el st S g R S rea s DA LR 37 24 25 and
RA6. RBhe RleyiRRindpyriaid coh duQ@ZHdvnigW stanegbodigranderihtide of the

hexadent ate bi metallic corrpl ex 33, pendant groups_ may
beacgmitepindide sotpenndhaving Keudtore] Hmﬁvh@relélxt&l@ p@mr@mo group 100 is

d ar.e d R nd thy
h)ﬁdl};)%glgﬁa I}%’@Swmﬁ kgg ggﬁl&aré Sh a}cg %ﬁ% m&me %ound having
RBstrulere 88ds 8@%&1@6@&6%29@1&%%&1)&6 rasetﬂmshmd qatahmg structure 16
propyl, or i SOWQﬁﬁ’Y' and the two R11 groups taken

t o‘gleqrﬁ@rt ¢ aorasie fianpne gEup Rftstinare$ ilsdgéd @ a rqagent. Other similar
erﬁ%ﬁ% gﬁ s v&ﬁfl Bgraﬁgﬂ"’é‘ﬁta% %BQ ﬁélﬁ&i fﬂP%é’ 4P t]lille embo énents the

I'nes, acylim nepyridiné conpou

aru&ym@mepphmﬁeymtd]l ctenpte;talofmmptwesew 2Hed1f @2,p233p?31{ e5, and 26
hexadent ate binetalljc conpl e Oozg%\lFor Jpur poses

of M P Torpd; acemipcting e Wa i dsacy BpiRepIFfEy qyopound, for

H O
64 L RGO B S 114000 35,1, 1.

[ OTR Htrdeturespds, (365 8%, 33f 39 m054b,muld|4(2arbpr©$ent bextadldntotsdrdapdls formed
N T N ) P A T —
hylﬁﬁt@ﬁﬁﬁ k&fl Table 1. Add1t1ona1 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 Y;. Alternatively, the two halves may be connected by two aromatic
rings linked by structural bridge, Y,. 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, Y}



groups herein contain 1 to about 30 carbon atons. The

terns "hydrocarbyl" and "al kyl" are equival ent, and
woreyeles4ssed | nt er changeabl y. [0030] For pur poB€BUS$005/042175

this application, a substitudted hydrocarbyl is a

hydr ocar byl group which contains one or nore

substituent groups which are inert under the process

conditions to which the conmpound cont ai ni ng these

gRdns, ie fatthéreletias bdibw. StHeshbh UMl R ¥RSwWAlS Table 3 and Table
not substantially interfere with the hexadentate

bi*riatabe identiBerbethe praspageafiaonctgh wHd Y5 Xq of MoK n), which is present

o i C o tead f . .

OISRk o] 5, BCAEEAERA M qoun o e .

allhetaclithinephadihe 30mpalihibmagtberdmohsratyltietepyridife compound or a
ning of  "substituted" are arqmatic and/or

a -
%%&?Wmeccqmm@d- [Gw3mptasilts e desisaated by ppigrence numerals

applahg @bio(ﬁrlhe Qt?uéttﬁ@{){iﬁ TAHIES 'S.g{i] afllalflg {élggghrg%?%gg%qg% :to the presence

ot her than hydrocar or subst
woi tho dde§, grotpss ubsbanti td YO hmd end @rsiteVlOt MTlanmnetal salt at site 70

d i bed. her ej ere the conpound in which
P Dehe Satt 2 LR ot ted sl g STkt unct | onal
greviRs | NAkuydendaats &givlié{@[y?’th;g Q5100 or5 1050 ﬁl’ﬂ?bﬁfﬁgﬁ)ﬁ%metﬂcal or

or ethers such as - 8 wherein Rl 1s hydroca
satnineyiced hhelroymeméiyy malyibecasesslt iof awhifedencdibetween the terminal

f %’%C %h%lim%o%%@%i%%eg%%}rgon%e éx%l orgn%[g ﬁs %%hsuag’tiu?%ts or the
, sartinREnD phltemf sk eRRhaDiIAR SO L 10004 N80, edifferences
to the nmetal atom nore strongfl y than the groups in

ere

c bafpegndiec Bat idniRig graups, Rifferepgss WegweerRGhe RD,ang R)s groups,

c SRS aniind cnelbs pare U TGS BL ErS PR aptem of he

netriding plras € 10h@ddes] ssensesy ¢ tatlinkghggsoup,; Y0888 ences among
For purposes of this application, rimary carbon

. n, ap art L
gPBRIPT MRS Dbbs sabsitusyiy Qsrthe pubstiiept paiterroppthe lipkmgairematic rings

t e i . (0] N . .

D80 AT SRR, K i 2 L (LR o itrncs
wini thiesé blemenisme ariatiensimchgnoey) sirsctadetaaizhedipbn ahtiydanatitye such as
free val ence may be bonded _to a hydrogen atqom hal ogen

T OE T B FPBHBHRt ORIYER ohcRIcWln #tii cherur! bongd, mpyalso affect
0 rdsg | y i
ety ol GABRaE £ IR TRY peryY f0 R pumose of this
gAsapssicBxadiffeemcoin 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
symmeirical embodiment of the hexadentate bimetallic complex of structure 28, if Y,
is symmetrical, the terminal imine groups are identical, W and W’ are identical, R4
and R’4 groups are identical, Rs and R’s 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



primary carbon groups include -CH 3, -CH 2 CH(CH )2 ,

-CH2 d, -CH2C6H5 , and - -CH2OCH3 . [0033] For
w@epoerss of this application, a secondary carPORUS008(H2175

includes a group of the foridula -CH=, wherein the free

val ences are to any other atons (the bond represented

by the hyphen is to the benzene ring to which the

secondary carbon group is attached). Thus, the free

v3hene&s thar’ kgﬁbu?@ ededuétare’h arlecls@fé@te@tt@fﬁe f@ehtkan taieM groups,
en atom sul atom etc. In other words, the

i :a@g Xeais spleetsd tmbe anénm@tra:ahyatr@élgﬁ@ﬂ repeesenif § $specifi e gymmetrical

UHERSAEN or Ayl S LA o BB PRGL H08 5X TR EP gubstiuted

secondaary car on groups |nc

- €K etHB) and QY CoOhechire 28. CBridtiileXIHepragets- Lo Bymmetrical

[ 0034].. For purposes of this application, a tertiary

¢ SFIGHITBTH @b STRCTISRSS WheigHb ths apmeliterings. fdP£ndd30, and structural
V“B'ﬁ'&lgé %téia?stt‘t{c(:ﬁﬁ %@la?yﬁﬁ%uﬁlbegi f% g%ﬁ—u?%i‘ag rbﬁl?%@ RP- of structure 29.

Thus; feeval ences may dgen
atOIhq:r oantpemicall varyuscasygeictatad nelagomships ahory stelhdturesi in Tables 1

ot her rgs, the free va es_may be to a
hﬁlﬁﬂ”@@\g)‘ﬁﬂf be %’PéﬁB%@iqqﬁfkﬁﬂﬁ%%@gr byl or a functional
004 ExepL&sp Qlents@Ifith@ENeriRh1 MR G QUPR sG] HOables 1 through
OJCHB)]S -C(CGHSI))S, -CA 3, -C(CH3)20CH3, -C CH,
- S(laMyom KHIR2y, Repk, RCR3;, Ranky 4 IRa8asdat Ble, Rf,UI3Rs, Ry Ry, R,

KB bgt Brok enlSingf it RBeR T Rr oo 802 K Bagh & 'miy MeM' Xo

Viagdved q8r €WISirslidsN GrOfpeh it g79), Qfe &éﬁjfﬁeﬂ th@i@h&itdtﬁe resent
such asql n st fgdctpur es 'P ?@dd{) ? 17, 18, 23, P
28pplpggtion.7 The gom}zcgqenggna}gb_e sqb@m@gl 1ng>4the jgllovgag ggmps Group 1 -

3 apd ep PX n or Nitsogen ) .
g?’&?%g ng' ro‘ﬁ £ oir% él% REOK 2a§ %’%R '%}gqe%e?étlﬂe 3¢nd Rs;
M@fouhg - mﬁRQxRﬂ R, ®s, RP ROIRY, Ryh ORINS, Rt ah@Raﬁ ] Gmp 40.,Ra, R4,
50, and 60. The two sides in structures 7, 8,

TRe, R RrgR' o o) R Croup 62011 229 Y 360w 7 M andyl'- ind Group
26 Bepdor,? il AR RN O s
cuapleexies mayl bendﬁ‘rmfédmmtgany frowbinatiohadl embadinteaugithin 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, R;, R’;, Rz, R’, Rs, and R’; are each
independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or an inert functional
group. In other embodiments, any two of R;, R’;, Rz, R’,, R3, and R’;, 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’s, Rs, 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 Ry, or alternatively R’4, and R’;, taken together may form a ring. In other



may be further illustrated by referring to rings
| abel ed 100, 110, 120, 130, 140, and 150, such as in

wareoeotuses 3, 4, 7, 8, 9, 10, 13, 14, 15, 16,prdips28s/042175

23, 24, 25, 26, 27, 28, 29,1630, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, and 42. Sone of these
conpounds and conpl exes may be viewed as having two
hal ves or sides. One half of such structures may
| BbodiencaTes @ Ry, br SlterhiatR@Es RQQnd REQ, tadhttodetber rﬁ%ﬂform a ring.
t he other side na¥ i nclude sonme or all of rings
St

1pyet oher embodimeats; Ro andRy 65 Rpmgr %@H@@Nﬁ@cRecﬁnéﬁ aor R’p, taken
, Y, O 7
o et e 0898 B O F B oYL 7 BRDHE or Ro, or

galmmpstnaﬂ}t &chad Rl cﬁtﬂTB takenab getﬁér rhﬁ\;efdr@paa;ﬁmga ns 10
and 30, and/or by sone or of_rings 100,

[ﬂﬁ’lﬂzo Ingome mnbpévnq%é% Bs Rhé,R ot Re R h Aot Rof Rnoha 10, Ry1 and
o ik et fiRBberd B8l RO AR SRR iRl By Aoy, or an

r 1mgtsfuﬂ1&ﬁhna]l ddup arithelgiplichbie snechfimctivnal gronp¥ege further described
enario, the two halves or sides of the structure may
e"'S]invlded by a mirror plane, which passes through a

SWW?} ri qalsomtrddfodiaéntd i d Q@A, RYCK AR YR O Dggmd RA generally

some enbodi nents involving Y as a stFuct urdl ridg
YQrﬂnmyO dhnmétnigen | a’q@}B 4120p.acithel 3Mnin¢ or hieiine, ras pach IIMEpendently

gﬁ“‘y T %ﬁ@ Ofgr L g t%tﬁtednh)glﬁher nbgglrl{rlggi% Sfflﬁ(élonal group. The
Sﬁ}fﬁllféhlblé @hertbﬁlh@tgﬁlal Frdupd Elre%ﬂﬂ%? desthrdi 'E@fé'ir? In®ther embodiments,

structure nay have s m’retrﬁ such that the CR,

2R Bi e, Riv.Rolbs: Rpean Rimtars tndepenieatiy selheted fiofn hydrogen,

Lol 4t ) 4 BB B o

bmnamﬂnﬁyemb@ﬂgﬁﬁp In yet other enbodinents, the 'R,
and/or the ' .groups on each side of a structure are

i 1428k nd et ands Y elyprrally Aepressgt i sttneitiral reidse peidtean verglves of a
|
BeRETEB Ll v HRDBE AHgh A el Sl Hoour) S gpe nisrqecp, eroup
iy albydbeabgl datiag fimdegwodontd ybaft T@chrbohhaéms, a substituted
her, i.n varjous _enbadi ments, the de%ree of . .
s‘%fﬁ% %ﬂpyld}aa% omahoyE fa?@%?? iCAERonSAPRRS ¢ QFr@?su‘r?ﬁt;/funCtlonal
Vol Q381 ey BORE 6 e&par mﬁl‘dﬁ@ﬁﬁgil% ah(b 3@ carb | having
SC? (O UI‘ e, | g

i's define en ea stit
i Gemtaboal 0 toatwat RO Rarbosmns tsulestityted hlydmxatrp] lmvmg from about 0

%Ca%rog{ 28 cetlr%o al l1?|r(1:st 'or &n inert functional group. In further embodiments, Y,

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
(CHy), ethylene (C;Hy), or an inert functional group. In some embodiments, the two
Ry groups, or alternatively the Ry; and R’y; groups, taken together represent the
structural bridge Y,. In other embodiments, the two Ry groups, or alternatively the
Ri1 and R’y groups, taken together form a methylene (CHy), or ethylene (C,Hy) group
and represent the structural bridge Y,. In yet other embodiments, Y, is a bond
between the two carbon atoms having the R;; or R’;; substituents. In some

embodiments, any two of Ra, R’a, Rg, R, R7, R’7, R, R’g, Ri1, R’11, Re, R’c, Rg,



34, where R 7 may have the sane structure as R7. In
the nore general structure 28, Wnmay have the sane
W@ Re0eo64se as W. [0039] Even though conpoundsPGHUS2UA5/042175
28 may possess symetry accdrding to the cited
definition, conpounds of this type nmay possess |oca
asymmetry. Local asymetry is defined by considering
the ortho groups RA, RB, RC, and RD, along with their
p‘ﬁ @rﬁ If fkd %, @e{'&tRﬁadndQ( 1N cBACRhePRothRr, "tikenogdtheransl form a

exanpl e in conplex 34. Local asymetry refers
t mr@sylmmm;mwbdm@tmram@f@moaps Rar Bun &7t Re, RetBis, 8mi> R, Re,

el Y RO oo Bk i R o R o By form o

ical to the type and nunber of substituents in Rc
and RD. For exanple if RA and RB are both nethyl, and
RJ00213 Rdlmtbembpdmnemtﬁevhmd%dli a§wmaly daghoprgsen tthen none,
[0040 Thus ski | i he
LRIE B BYaske sor ek FuathRalk ensar iy o o Weondary

peafiohl groape apus@ypf stsEituddds Fﬁyﬁmetorl @alt Amdtional groups and the
asymmetrical conbi nations o " groups, 'Wgroup

wxna@d@ru pE Redt’ BuM@L apd iRfRey abr haAHOgER O] uoawa ' In another
r%‘i‘rﬂ)t | 9814 / %Iiho gécoﬁ!fé.r lcaﬂﬂ;nté}g }?}, thelWh!)Ille olne or two of

recognlze T ere |ps anbng st a g materra

| IR RAR RS anchrmB/RWeepﬁmary hatbamgioups, esetdrelary carbon groups,
sel ection Qf synt hesi s pat hs necessar chi eve

to
v RPFBYls S Rhedih A iHEh FSCEPTH] RS £ S\epieHeRger PE Rk,
%ﬂa X68d Rgﬂi 9Q{&§&B§ 'fﬁYwHﬁé‘t T Bth@r BRbYdRELS a\‘ivh&[‘RA/R’A is
cata anpl

yst system e, structures 27 and are
paetertfaryc cahiyo grampnﬂsnﬁmnmldomg/oﬁﬁb’&’ Bt R/Ram sn«;bRD/R’D are tertiary,

SIRHERHN G RORGREUHESh 0 s A ARHGE] REBGERE- In ofher

e'e&ﬁ%’dlmgﬁﬁt\*fﬁ‘éﬂ ROMR diik faeprBRdrySeapsdn gﬂﬁl t thefMdRRCBne, or two of
hal f of théstructure, Starting naterlals necessary to

f RafRan Redyimrend iRudR e atsoptimart canzan g@)uss,ra@@mﬂaéy ggbon groups,

R R A e e R e

SWHRYY, k@R /R15 bt By drbgdsrali@fin® On obhet bmbbdiﬁ&n@f whbﬁf RC/R cis
conplex Such a symmetrical conplex may be a part of
miaxsegerdagy carbon group, then none, one, or two of Ra/R’, Re/R’p 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, Rp/R’g, and Rp/R’p are hydrogen or
fluorine. In other embodiments, when R¢/R’c is a tertiary carbon group, then none or
one of Ry/R’ s, Re/R’p, and Rp/R’p are tertiary, phenyl, or substituted phenyl, and the
remainder of Ra/R’a, Rp/R’p, and Rp/R’p are hydrogen or fluorine. Independent of
the above limitations, Y; and Y, 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’



symetrical and asymetrical conplexes, or starting

materials may be sel ected such that the synthesis only
wQ e@bdes4symret ri cal conpl exes. [0042] Anot her PXEDP1085/042175

that illustrates the relatil8nshi ps anong starting

materials, internediates, and conplexes is structure

19. O the internedi ate conpl exes in Table 3,

structures 19 and 20 are the nost generic internedi ate
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a[rescﬁﬁelémﬁicﬁﬂn@ﬁls XMrial} be @f ahidnt @cﬂi&@@ﬂﬁhd@ Bp&tﬁ:ﬁyl Reetonate, so that
RD, R , and R 0. Thus, a pI et hora of s%nt esi s

p&t%@tabﬁwbﬁ}pﬁ gegaire sharseomXraequso te oxidation sigte of M or M.
24 aI %ﬁ %nib%fl?ﬁé]ﬁ %f ﬁ{e%%x%%éta%& gf Yael 1@00 lex t3uT Ra R and Rgare
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stem [Q044] One starting materlal for producing

an ambgfi@l%xt e and ke 2% ﬁmﬂ@sl P5d Fie 2w Ro. arvtrachAnsRpendently
I"ﬁﬁt @gt ? dyfl é]lldﬁjzlb bf %ff)ro ner 5 em?%dlzlenp rRCSanaﬁiuoare hydrogen; and

e an’ne na
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g@ﬂﬁgﬁ BRapS1, FIQPERAL Sn ah REWIRARLHL PR , BAP RS bfeUfidibSenl and Ry and
Rc are each independently methyl, ethyl, propyl, or isopropyl. In an embodiment,
Ra and Rp are methyl; and Rg 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'b 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



4, or mxtures thereof; alternatively, structures 1,
2, or mxtures thereof; alternatively, structures 3,
W@ 200006335t ures thereof; alternatively, structRPCEUS2000042175
alternatively,structure 3. n sone enbodi nents, the
amne is a diamne. In further diam ne enbodi nents,
the diam ne has structure 5, 7, 8, or mxtures
thereof; alternatively, structure 7, 8, or mxtures

t heyiaphep A difs BRidl1Rnplexss Lkt 4 frepare Hex @O BIMEMY complex
structure 7. [0045] A second commonh base material for

pBdduci ng the hexadentate binetallic conplex is a
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compounds may have the structures indicated in Table

220 Yienbodi ment's, an acyl i mi nepyridi ne conpound may
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Generally he i ne be any am ne or conbination
of ami nesti%c‘i“? _ﬂarﬁg%r?ﬁ?n’such as nono- an nes,
di am n.eS,RPﬁncPR{TQ‘e'?ﬁéthﬂ%h&J}%g@rﬂf- The

acyl i m nepyri di ne conpound nay be either a
monoacy! i RerdpyRi, Ronenddbmpruiregena

bi s-acyl i g nepyridi co und. Mpnoacyl i.m n ridine
conpounds ‘(}fz[ﬁ%&r F?/Pﬁ%erg r%ﬁ%mgigﬁndépﬁ‘ﬁée{hgfeeﬁp ' Iﬁgp}r’], or
ghispkopyBhRgdone pyridine group while

bi s-acyl i m nepyri di ne conmpounds have two acyl groups,

two i m nethgiwaFs: gieyps tnkerpipertiphieppsentple striglural bridge Y.
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or Y2. [0047] Mno-acylim nepyridi ne conpounds nay

h&vepars hegadsgiate bimetaliip complex g
[0028] For purposes of this application, an acyl group is represented by the
structure RC(=0)-, 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



14. In further nono-acylim nepyridi ne conpound
enbodi nents, the nonoacyli m nepyridine conpound may
whaoe/oeustict ures 11, 12, 13, 14, or m xtures tPer/esfops5/042175

alternatively, structures 120, 12, or m xtures thereof;

alternatively, structures 13, 14, or mxtures thereof;

alternatively, structure 11; alternatively, structure

12 alternatively, structure 13; or alternatively,
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blcsexdnmtmgrgrwpyrl di ne enbodl ment s, t he
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1Q>f tRE fORmRfIAr- e, hﬁ/ﬁ@l@lfn Rl 188 RAldn¥E 1Y to SdnfyUsther @fond (the bond

18, or m xtures thereof alternatively, strfucture 15;

alrcmmated\bevl the hyplrends torthe benzeap n@g rﬁtawhlcéll the pEmATCeaban group is
r.alkternatiyvel struct.ur.e Odl
b Pisa Q0T TR B 165 lenSt AS e ot g, 3 bFEREPh AR, Haldten atom,
c QBﬂb@ﬁ biong oXydbdBioRE si¥fiirhtémdéte AGY biheF ivdtdye tHedfrdeOvaldnd@e may be
first mxture, and recovering the
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Tﬁ,%mg;}}?éﬁggﬁ? isﬂgsu fa é%%ve st i‘% 352; ggle elzscr I'D 8H5’ and -
-CH,; OCH;.
[0033] 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 hydrocarby! or a functional group. Specific examples of
secondary carbon groups include -CH(CHz),, -CHCl,, -CH(C¢Hs),, cyclohexyl, -
CH(CH3)OCH3, and -CH=CHCHs.
[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



herein. As a non-limting exanple, the

bi s-acyl i m nepyri di ne conpound having structure 17 nmay
wheoobossregl via a reacti on between a di-acyl pyrPdi/ng2005/042175

havi ng structure 9 and a diZnm ne having structure 7.

In some enbodi nents, the di-acylimnepyridine is

produced at a di- acyI pyridine to diamne nolar ratio

rangi ng fromabout 2:1.2 to about 2:0.75;
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a structural bridge, such as Y1 or Ys.
[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 Yy or Y,. In some embodiments involving Y, as a structural bridge,
Y, may connect rings 120 and 130 at their respective meta or para positions. In other

embodiments, R7, R’7, Rs, R’s, R11, and/or R’} may form part of the structural bridge,
Y;. In other embodiments, a structure may have symmetry such that the ‘R’, and/or



structural bridge, Y1 or Y2. [0050]

Mono- acyli m nepyridi ne netal conpl exes may have
w@reoeoe4ses 19, 20, 21, or 22. In further PCT/US2005/042175

nono- acyl i m nepyri di ne net &2 conpl ex enbodi nents, the

nonoacyl i m nepyri di ne may have structures 19, 20, 21,

22, or mxtures thereof; alternatively, structures 19

or 20, or mxtures thereof; alternatively, structures

2 tHe OW” 2Zour ardis¥inkiehscal er @eh hatl demBafiueiry but the sides of the
structure 19; alternatively, structure 20;
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[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 ‘R,” 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



conpl ex may be purified using nethods known to those

skilled in the art, such as recrystallization. As a
wWoewel63tg | Ng exanpl e, the nonoacyl i m nepyri di PET/D8108$/042175

conpl ex having structure 228 is formed by contacting a

di acyl pyridi ne having structure 9 with a nonoam ne

havi ng structure 3 to form a nonoacyl i m nepyri di ne

compound having structure 13 and then contacting a
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r anigimeglistenamdbomplexesiis guetrealibUOF theontpanediate complexes in Table
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ratio may be about 1:1. The nono-acylim nepyridi ne ,
cdfBlind Aenidethar conpiderstiphy, Teeaeniz i hepieladipatiips among starting

[ . Bi 8- i ni.i yri di ; 0 h :

9933k g8 J6PCIHERS T, FOUBLENP s B
bipgediey|d désitapyyrmictre innatrasuldogmliaxreesfadipiers.s Foa example, two
ARkt GeA BT iner GREO R At B P e Sl A0 order 18"produce a

stfakd ro?%e%éﬁeﬁfatezﬁin%alms )éBHﬁ)ﬁﬁtg% hef §Rfludes some complexes that are

alternatively, structures 25 0or26, or m xtures

t hsyraofefrial tveth megard &l yendentr grovpsrRy 28yughlRse rhmaployiag pnly one type
structure 24; alternatively, structure, 25 . .
A aasrpyanpe Bevinaartr el mPOuaacH foAR shieuisuAls bimetalic
a Bipiaey thdll 28 B) ' dyiR&rieRt @th GEFREe) psndh g@a%dom through Rs.
contacting a bis-acylimnepyridi ne conpound with a

meltimlilagdml two different eroriadic repsadiingsrhavinghgructure 3 may be selected in
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complexes that are asymmetrical with regard to pendant groups Re, Rp, Rg, R, and
Rio. 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,



In yet a further enbodi nment, the bis-acylimnepyridine
conpl ex may be purified using nethods known to those

W@ kiobloedss n the art, such as recrystallizati onPCHESA05/042175
nonlimting exanple, the bid-acylim nepyridi ne netal
conpl ex having structure 23 is forned by contacting a
bi s-acyl i m nepyri di ne conpound having structure 15 and
a metal salt. Additional bis-acylimnepyridine netal
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aleeyimaepyridine comperngsaenerally hawe pre aed group, @ngsSming 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 Y.

[0047] 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



alternatively, fromabout 1:1.1 to about 1:0.9. i
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bi sacyl i m nepyri di ne netal 2Sonplex is produced

enploying a diamne to netal salt nolar ratio ranging
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the hexadentate binetallic conplexes. [0057] In
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Str. r 3 3 1 y 193,34, or ' .
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32, or 34. hi an _enbodi nent, the hexadentate
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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.

[0049] 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



hexadentate binetallic conplex has structure 27 or 28,

or m xtures thereof; alternatively, structure 29 or
W@B2006065488 Xt ures thereof; alternatively, struck@r/ESB03042175
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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
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descri
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



[0061] In enbodi nents, a hexadentate binetallic

conplex is produced by contacting an acylim nepyridi ne
weewpoemss with a nmetal salt to forman PCT/US2005/042175

acyl i m nepyridine netal corg8lex in a mxture, followed

by contacting an amine with the mxture. In a further

enbodi nent, the hexadentate binetallic conplex is

recovered fromthe mxture. In further enbodi nents,
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e mixoali satnhslar edtiatrangjng droto Ab@ttlihf taabout 1:1.6; alternatively, ranging
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t REfr CAMRGHERS, AR RILARIMIER IR BdMpoRl AR salt molar ratio
applied to the producti‘on of "any hexadent ate

binmest ke dhiowt €@npl ex enbodi nents as descri bed herein.

[ As. descri bed exadentate .binetalljc. I
058 o Bt acian oy PE R B CuP o b RERIE compler.
I Fhd afetidd coAPRIKk ScoatiBlify @ddildtyfyeilineywithes diniasé e form a bis-
may be dependent upon the particul ar paths sel ected
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\émgl%{i;]({ﬂe.t hfﬁc'ea I%L%I?eg e&ﬁl%d?mgﬁt”ﬁ{eaIblsi-a%yﬁl'hﬂ%ﬂ%hfﬁ@ BRLD %@ﬁqplex 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-
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the hexadentate bimetallic complex has structure 28; alternatwely, 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



ranges from about 1:3 to about 1:1.9; alternatively,
fromabout 1:2.5 to about 1:1.95; or alternatively
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enbodi nents, the nolar rati3 of bis-acylimnepyridine

conpound to nonoam ne is about 1:3; alternatively,

about 1:2.5; alternatively, about 1:2.25; or

alternatively, about 1:2. hi sone enbodi nents, the

mabcakioh@) 19, 1 401 6r 66y ISubR P& Thal} e S UEGH Tk bresdiRE Al a metal

salt ranges fromabout 1:2.2 to about 1:1.8;

alsﬁlé Phaeia) epypleky drrptiss ambadipentst ¢ lgasbgne Ininedondys identified by
hqﬁﬂ% n],l)Dﬁ/r % atf15 'ﬁ ﬁbéﬁ)u clt d;i@roz arngt is £ tfgn?a@do lletthg;' p}esence ol} a metal salt

b io8 rmaﬂcbmpfﬁp)lh Iy@t bhe€ efpaiinents OatTeisa bné fhine bend@oidéntified by
1:2.2; alternatively, about 1:2.1; alternatively,

algBdmine Bitrogen af|lpentien i0/a1d30 addsformert indhe prasetce\as|aymetal salt
ahp Wetd: c%nﬁ@ex ainb ?@@ﬁ&%@é&nﬁﬁ@ OU irkind: b% d c%entlﬁ?chby an imine

alternati sSone enbo I nen

nolitesgen ait ilcﬁ:aﬁxﬁn b0 and &Pl andiin &pyied di e sresgee pd atmietal salt or metal
nonoa salt ranges fr.om abou ,1:, 3 to o
alSB’iE‘Pmi‘ 1Inrstﬂi f%t@leraﬁm PHEERSPY lmrmeo?w @dml eplisied by gn imine
t ‘i’ut?%ﬂtat 100%‘&&53@ afd '40%d% Fo@ﬁ]@@tlh‘ﬁ‘fé ﬁ/reaérfc@@f@l?ﬁé{gl salt or metal

to about 1: I'n ot
e rbhmgiaxe M@lltlwﬂa@ynﬂieaqklltedtaﬂnsanfw1ﬂl rseaEyls whmh pnynmecbdmds may be

nd. t t ab
< SFBREEIGHR Fa SoootRg! BoPg of ProveRSgy b eI HA Y ThRaS complex
Md¥dcibed Bbrehil S- acyl i m nepyridines. In sone
enbodi ments, the nonoam ne nay be a mi xture of

mbOSR ned. aﬂp@@@ﬁqlthmls mthsnm@m brewmpleyedeloageatiuat e hexadentate

N RS R e

M g6y EmBbdigieifs] &4 heeadeBfat! biketaHceooasplenid fHbakEMBS cafit@cting an
descri bed herein. Additional details of this

previerepyridis poapeind, desetal sall met aprpmipgelo form a mixture, and
W&%V%ﬁlﬁ% ttﬂ% q%&x&én%tg Chi ettaéf 1C C%H?dl%% A5 91% B{ugtgl CedIn further

a nono-acyl 1 mne I ne conpoun and a

metnbbdm&ints aie hmademhteobmaqmm &oﬁfpleﬁ{r atiycbégutified using method
no- acyl i m nepyri dine netal conplex. In saone
gﬁ%\é{nﬁ%m%e Sl i s oA EsRrstaliiFatione A Some Fpthediments, a

L%%gg%gﬁ r%}ﬁa &r?g% gan?BFnda1sr[}63?%cf%ﬁydvftﬁnarlﬁ8¥fﬂeqh Rfre presence of a
moretalasait] | ’li?hmepmormyhmlmpypmnadzohmamﬁ,amaﬁaﬂm, anmd| raetal salt may
' ﬁave stru cYurésaag%escnbeH]herem 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.
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prasylivéwpaidiae Bletal seyipien inagyritaenollowie S senipeting 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



metal salt nolar ratio ranging fromabout 1:2.2 to
about 1:1.8; alternatively, fromabout 1:2.1 to about
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descij bﬁﬁltdifﬁa[tﬁzle[y, 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-
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metAbods@bits,| 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
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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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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 momno-

acyliminepyridine compound to diamine is about 3:1; alternatively, about 2.5:1;
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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.
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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 tetrahydrofuran.
[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,
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aoyllmlnepyndlne 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.
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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
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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
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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
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[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-acyliminepyridine 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
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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
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PS5BS SR Bl AT 13t o e
a JEBb nSRfute; (@) koMitAting 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
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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
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synthesis method wherein a bis-acyliminepyridine compound is recovered from the
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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
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[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
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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, () 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
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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
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t( %&n %glggr?e:t}!}g?fwﬁg%t? é?ﬁ%%%,}{ﬂgﬁﬁ? rjd?riheggon%g)or{"lgg Y@ gecforvglryd from the
bi gracyhitieN@RYHhéHAM €or 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 bis-
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, (€) 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
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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-acyliminepyridine 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, (€) recovering the
hexadentate bimetallic complex having structure 33 from the third mixture. In some

embodiments, the recovered bis-acyliminepyridine compound having structure 17
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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
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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-aéylpyridine 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-acyliminepyridine metal
complex, and hexadentate bimetallic complex are described herein. The fourth

synthesis method may be applied to produce either specific hexadentate bimetallic
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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.

[00107] 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
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The di-acylpyridine, diamine, bis-acyliminepyridine compound, metal salt, mono-
acyliminepyridine metal complex, monoamine, and hexadentate bimetallic complex
may have structures as described herein.

[00109] 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
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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
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may be carried out over a wide range of temperatures, from about -20°C to 200°C;

alternatively, from about 25°C to 125°C; or alternatively, from about 40°C to 100°C.
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, may be 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
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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
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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.
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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
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So[l(](I)IdZSZ] TE?.Zg (155 mmol) of 2,6-diacetylpyridine were dissolved in ethanol in an

open beaker at ambient temperature. 21.7ml (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 E1, which is an
embodiment of structure 2, by 'H NMR. "H NMR (CDCls) 88.58 (d, 1H, Hp,y), 38.12
(d, 1H, Hyy), 87.90 (t, 1H, Hyy), 86.90 (s, 2H, Hyes), 52.80 (s, 3H, acylne CHs), 52.30
(s, 3H, imine CHy), 82.23 (s, 3H, p-CHs), §2.00 (s, 6H, 0-CHs).
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anount . [00118] In sonme enbddi nents, the hexadentate

bi metal |l ic conplexes are activated with a co-catal yst
and utilized to oligonerize ethylene. In sone

enbodi ments, the ethylene oligonerization process
produces a content of oligoners ving greater than 18
carbon atons no higher than 20 I ght percent above
the content of oligoners havi r than 18 carbon
atons predicted by a Schul z- Fkory cofgstant K. I n other
enbodi nents, the ethyl eng” ofi'gondri zation process
produces a purity of ol i OnBC S havi ng 14 carbon atons
equal to or greater thadan about..94 wei ght percent 1-
tetradecene. Li yet further eé%odinents, t he et hyl ene
olB i=zat i on process produces a content of

ol i gonmers having greater than 18 carbon atons no ,
hi[60E3]t ha@uomﬂz\m@ht) ple? Gatinceitpyriling, @n¢ §rideni2> opumol) of 4,4’

orbR TR SRR FPI ) AL R RRIOR BT, opey bealer a

Ofan‘ilhérﬁqeiﬁf)&aﬂ@é/l Mhelbbakér W catedits weiliualwatoh giass overmght after
greater than about 94 wei ght per cent -tet radegﬁn%. I n 6
arvltible timsrbenry sEvil, arport of RyPeRisdlowBRieripatis §Ad begun to form.
© c r Ga light yell
'ﬂ @ea#?rr \99&9&% all%ft %ég%%ctl gérnﬁJul'r) agﬁe’? %}g%ﬁsﬁ?%an i8ht yellow
ab@gﬂtalﬁﬂe \A@lncg Rtaspesietedd mdnwaslwdswfthwthzglogr éSaxceq:sserhachOps were

or equal to 20 carbon atons d 1-. hexen V|n at )
| ee@élpct%amth@sargev@m Continal i IEGIERE B AffoBhu havine
AhERs . t o‘?ﬁﬁ%ﬁﬁtrﬁéth&ol@e by 2ZANOIR. pTHéQ@ﬁﬂi yield was 12.18g
pr uces an a ol efi'n product conprising
Sciout- rrHQﬂMth@mcuga SSISSI(é,sﬁitBi@h &bloud, aH7HpJ)eé'é.% e @H, Hpy),
percent solids; and 1-hexene

about 20 wei havi.n

46 ol 10890 SacBgite 2ol SERBA (4 yoH 50PEoytivn 236 G, G
hexade t j | exes provided herein may
bé@lﬂ?@h@r g%ﬁ_é{(%)}gk#,l jari ng a pol ynerization or

ol i goneri zati on cat st system Prepan
pol yneri zation or glidpnerization catal

i nvol ve generati
speci es, and con

or netal hydride

EXAMPLE 3

[00124] 1.0g (3.57 mmol) of the compound having structure E1 and 0.34g (1.42
mmol) of 4,4’-ethylenedi-m-toluidine were dissolved in 25ml of anhydrous toluene
under inert conditions. 10mg of p-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



species with one or nore nononers under suitable
reaction conditions to polynerize the nononer. In
wordvencanbodi ments, the hexadentate binetalli cP€DORI08%042175
is activated by an al um num3al kyl, Lewi s acid,
al um noxane, or conbination thereof. In sone
enbodi nents, the hexadentate binetallic conplex
pr oduces an oligonerization catal yst systemthat is
r f hil ¥BustufeB3 byH NMR

o P e e g B e o
pr(ohld:rmeﬂ shrﬁsearhybtedﬂoEngmﬁeﬁb zation catal yst system
that |s substantially free of polynmer-form ng active

20] In sone enbodi nents the netal al kyl

Cﬂg@yﬁgs 13Bgabky! mﬁio%”bmmc%ﬁiﬁﬁﬁﬁ@ Ravihg sfriéthReE1 and 0.60g (2.5

nts, “the al kyl’al um num conpound conprises a
t rmadokydfad, élmmu}encdmp@lndmeawelaﬂ @lﬁmhﬁ@ame%mir of anhydrous toluene

conbj nati on er eof furt h d

al YHCL I E%?Fpodn(i? Sg%ﬁ’r I%Oégcut ar’rl n%& | Al % of Bffica/alumina
YeReheMARlod, i Qe R tmhméatesana 35°c for 20 hours.

t h%?éie%? élJIfﬁé)?)fl)ﬂ] I'n errbeodl rrentes o? t he net hod for

pr Ejpareactpnawpo ﬂ;enefﬁlltemd i tha repadtining svolide iwefe WQSh¢dth§1ii toluene, and

t be prese eneration of ,a
e Sy S ptt, LBP SRR DAL Pl BBl  remanivg
al é@ﬁld WRE GaSedMBYrAR LB HVRh AR dnbhao] L. Wemo@€ ithe Qllhr@cted starting
conbination of a Lews acid and al k Iatlgq%%{ﬁggent

exapistialsof 1.3 W% yadiof gellay ﬂqrgdqg WARS 1 lagd dflerglﬁed as the

H‘;‘Eﬂa&l@él g'ﬁlla%gltgl %m'\%auﬁ%/_%%baeg—fmw%w Iger at §8b44 %\d 2H, Hy),
é%fh%eq apq e %m&rﬁ{ SH{,Qh 5896 (HOQHeé&*?lem?er) 86.89 (s, 4H, Hyes),
amrom (T t he

triet dnot her  enbodi nent
nes@68 tbdeL a1 @hmk@cm&ﬂ&addkw mybmﬁs),l& 9@és1ecﬂat<érdz)b§2 43 (s, 6H,
an al kyl al um noxane such as a_nethyl al um nox n%
(1) X188 (bt hIC g5 0 o B, SRAS. Qe 2 2, 12H, mes
{:E%)natlvel y be generated by a conbination of Lew s
al kyl al um nuns, or al kyl alum noxanes
EXAI\/PLES EXAVPLE | [00122] 25. 29 (155

2, 6-di acetyl pyridine were dissol ved |n in an
E3
EXAMPLE 5

[00126] 4.24g (15.1 mmol) of the compound having structure E1 and 1.42g (7.2
mmol) of 4,4’-methylenedianiline were dissolved in 50ml 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



open beaker at anbient tenperature. 21.7m (155 mol)
of 2,4,6-trinmethylaniline was then added to the
whewkess4s8 ol | oned by the addition of several drOPESWN5/042175
acetic acid. After one day,64yell ow crystals of the
conmpound of structure 2 began to form and were
col l ected and washed with cold ethanol. Additional
crops were collected without crystallization over
se f0
[ G AR CRERT e, (Tt Sl Bhlaffd, WRthed with
hasmangl, S&hﬂutﬁbll}l rrecridtallivdti 6bm & Bolohetmdiettand] ofixture. The product

t t 2, by 1H NVR. 1H NWR (CDC 3 . d . .
ls-ldg);%%g%g%.?}’l? yVVIaF-IBerIB%’led @ﬂlag@lgg qtruc}qqg Eggy? I’E-;I I‘é]gf_Rgéylﬁllegl’lcal shifts

2 , 3H, acylne CH3), 62.30 (s, 3H,
i %T%E%?%‘}Fﬁ% (s, 3H -CH3), 62.00 (s, 6H,( 0- CH3)
EE%NdMPE,E%l[OOlzg] | O Qg (61 nmol ) of
i_acetyl pyridine and 24 5 4,4 -
weﬁoﬂlﬂ7énelél7§62§6625dm%q hﬁéh‘? Icgﬂé’}) Wgﬁg“ 35%%%% Bl 496mg (2.5
Qﬁﬁlﬂlof‘ 4 alﬂe e&ﬁﬁﬁﬁé ﬁhl%f@nﬁ?&roﬁsefm%@t U0 -of BAEmolecular
was cove a wat ch gl ass overni ght, after
vvl"smdes tdnade0.2g wé rs;hc&thirﬂunandah{st aippgcts&mn dddet too@ dlask under inert
preC|p|tate had begyn to f beak
P on ey SEanS S g, di <he ATLEPE IS AR i G0 hours
yetl&eoé’éﬁlﬁg dr8lthd M RenRRbd @gvﬁﬁaﬁ@ﬁ |tﬁ€tr§ﬁ’a1§1ﬂ§ SHaaH edrdvinabhned with
ucceSS|ve crops were collected I'n the sane
nmetohene, therfiirates! ,weam dombiged) fndtheawliche vesmsmengd in vacuo. The

havi ng.strugt E2, 18

L eRRINE BRSSOt o VRS RBgrret. i KRR lasCiolid was

3) 1d§1§1ﬁ_%% tydH RWR EP¥bstlpe %6n1§3€un@hbv1ﬁ§3§@uctlﬁg EQ4blﬁtta, second crop
H, Hpy), "56.96 (s, 4H, 53. 88 , 2H

CH2
52ccﬂil©ct€=@ frxH, theefilirate G48) iso Qadzen ddengiified j asi the @%pound having

(3 %%mw)’&%#mehﬁ% %@%m %@@% otk Gtcp Papg 25 )

zis‘;%} §/d1é i gﬁ%'é‘h 8‘3f(t &Hﬁy d’?j Ryl th”al&PH‘r‘AkQ) 58,899 4H, His),

ous to uene under I ner

0066178 {QAEL, a{}@mm@) 84>0(I @] 2ENEHY), BRAL ¢s, BE], CHWY &2. 30 (s, 6H, CHz3),
added, and the reaction was heated at reflux for 5
hoﬁ&%ﬁ(SZl'ﬁH CHa)stZLQir(ZV\?aE{ angsodl)-t o cool, and was

bﬁ}@

EXAMPLE 7

[00128] 3.00g (5.50 mmol) of the compound having structure E2, 2.63ml (16.5
mmol) of 4-¢-butylaniline, and 10mg of p-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 90°C overnight. The
reaction was allowed to cool to 25°C, 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



renmove a small anount of dark residue. The tol uene was
renoved i n vacuo, and et hanol was added. The i nsol uble

W@ 200b0e34501 i d was i solated by filtrati on and wesHes2005/042175

wi th ethanol. Additional crdps were collected fromthe
filtrate for a total yield of426ng (39% vyield), which
was identified as the conpound structure E3 by 1H NWR
(chem cal shifts are listed in Exanple 4). EXAMPLE 4

[ 0013 i 6 ] i clusivel
S%/eglaocvf ﬁeéqg%f%ﬁl d0%§ %@@e@gmﬁlﬁgﬁpw cH@MI 9 be conclu y
Aiddnti sy E@IVIRM t ol ui di ne were dissolved in 25m of
anhydrous tol uene under inert conditions. |.Qg of 4A

nB PRE & eves and 0.2g of silica/alumna catalyst

S ' wesENepdRel (6 mmol
R e e S S e
t be4-r-doailmiitige, 96hil df antgrdeonscsinene, Wi g ft4st. nwhesulaantvesend 0.2g

e cont ned e CEbierg v LD e
i - - t - .
\r/\rﬁsatle rr{égf/%mélgﬂggégﬂd (tgﬁgeﬁalfggv\ggg Reitddnk 88t &5 29Rfutd. Mehe solids were

%oy of yel  ow product was
i gehatcatbvaddby démitichi elle asmbineng: sotplsuwerehwasheg with toluene, the

BB <Ot S folpereg O 0. Bhe feagijng sicky
2 H . , > ,

S PPl I e B o
Abow@ER Yornfed. 43hé Solié HbasCted)atedd anB 2ddnsifieéHys BEBjompound having

esuctaiays (SRR b G Vg T 1AR (REY T fe2s. B,

CBSHRIA S5S R P 0l 3 oo ot s

aRpy9r@usHt legmgeu AUndersd @enH, Cenylisisns, 6UAksmhe CHlbR52.25 (s,

sieves and 3°drops of concentrated sulfuric acid were
t loeh) irathee@H;)adiol (se12asyi CH3Was.33(, dBHd-By)-si t
overni ght. After sitting overnight, 4 re drops of

sul furic acid were added, along with nmol ecul ar
sieves. The reacti eated t o r 3 hours,
after which ti the reagti u waial kovved Q©7/

E5

EXAMPLE 9

[00130] 1.000g (1.31 mmol) of the compound having structure E3 and 0.521g of
FeCly4H,0 (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 H,O ). The blue power was submitted for elemental analysis (Atlantic
Microlabs, Norcross, GA), and the following values were determined: Analytical

Calculated for Cs;HgoNeFe,C1,O; having structure E6: C, 59.22; H, 5.73; N, 7.97; O,
202 Teannd- O 8776 H 550-N 751 O 36% Note that the emnpirical formula



cool and the toluene was renoved in vacuo. Ethanol was

added, and the reaction wasplaced in a freezer at 00C
wo®snegst . A yel l ow precipitate was isol at ed, PeEBR®AS/042175

wi th ethanol, and then recropstallized froma

cycl ohexane/ et hanol m xture. The product (0.36g, 6.6%

yield) was identified as having structure E4 by 1H NMR

(chem cal shifts are Iisted in Exanpl e 6). EXAMPLE 6

Ec,%?%z o étwéf u&g%e% 5 ?gﬁ a§rﬁ‘>?e SOALRUASAEVA 8&ond method for

Aptépariid fiyd eaﬁgmﬁm hiviag sﬂﬁnﬂureOE6an Eya{nnphas 38 alenenstrates a third
| . of 4A nol ecul ar si eve and 0. 2

simiefhod)/far Wﬁ@n&ﬁleaﬂowu%gﬁe% StWéPPEgEg‘ded to a flask

under inert conditians. Stirring was be and the
reacti on was heat a 35C for 20 hours. TH sol i ds
were then renoved By N BANAI ol i ds

wer e washed—wi t K | U i1 TR \{ygr,e hned,
and the to 3 | The/y emai
yel | ow resi due wapshed Wit h nmet/hanol ¢ Toe r€mai ni ng

solid was identified by 1H NVRgas nostly the conpound
havi ng structure El, but a second crop collected from
the filtrate was isolated andggdentified as the

conpound having structure E4 (228ng, 13%yield) by 1H

N ﬁg (CDCl 3) 58.42 (d, 2H, Hpy), 58.34 (d, 2H,
%‘%M@@” (t, 2H Hpy), 57.21 (d, 4H aryl Hinker),
6 (ﬁ%l{ S, 166l§)g am&i6. o‘f&hé dompdtndanaingisiradtere) 5 and 0.494mg

00 (s, , 52.42 , 6H 52. 30
C@)lS ngpol) gf EgClz O 4989 reagtseé j_og(eﬁlercg e manoer Qﬁ%gslbe% %Example

EéAI Y %{79? 9116 3|§§d Qﬁg@s‘?‘?i@]@& E‘?’fwftﬁ' %WS AR of H,0 ) of

- butey F)aWdéﬂ Res Roldted Ol ytizat @almM@IJIfbn rﬂseHaleEBz%Oe having
di sso

din 50m of anh tQ :
comrieong ot S TOR T LD TR ooy 1o, .92 N, 7.7
redl 3"6% 8%5%%7 @ﬁl%ﬁn&ﬁ@ﬁ‘ﬁt@g a8decdrifl hdtholiofor Qﬁ@pah(ﬁg rthe compound
t hén over ni

The reaction was al | owed
c tabinketrabds E1.hen filtered to renove a snall am)unt
of dark

E7

EXAMPLES 1115

[00132]  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 FeCly4H;O0, 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 80°C for 18h. The reaction was allowed to cool to ambient



resi due. The solvent was renoved in vacuo to give an
oil, and ethanol was added. Ayellow precipitate

W@ 2000406158vas col | ected by filtration and coul dPeDUSIHE5/042175

conclusively identified by 6H NVR EXAMPLE 8 [00129]
1.36g (2.5 nmmol ) of the conpound having structure E2,
0.95m (6 nmmol) of 4- -butylaniline, 20m of anhydrous
tol uene, 1.0g of 4A nol ecul ar sieves, and 0.2g of
si c
t%hﬁ@'/aﬁ%ér’,'{gh@ gmne d?{)@g%?bl gw&q&&%&&% Bg glgﬁ a(ﬁcgtrlléh bf ﬁé{fane The
I eagtion nwwa Sillesd! ethdathe3 x0ldtalr s@lﬁ)d hpasr svasiTdue vathl pcmane Mass

were then renpved by filtratiaon SO|IdS

NP QRS HTRSR 5T SRR Hett F Uy B e BT e Waters
a%t&{}‘)% 1@ %‘f‘eﬂ@ é@@ﬁrrﬁ%V%ctr&n\*SﬁPuﬁsmg h@05ﬁ§ﬁhlnkd]ﬁltlons of the
stic ye resi due was washed by stirring it

mebhmpoohdsain BEB@oliThe elnfentaibazalisioe ntlewed dudwio cpiveisyts of H,0
The soI i d S 'SPl ated and identified as the conpound

h&lFF RISl coPBI®s (665my, 33%vyield) by 1H NVR 1H

NVR (CDO 3) 88.42 (d, 2H, Hpyie2d8.35 (d, 2H, Hpy),
57.85 (t, 2H Hpy), 67.39 (d, 4H, arvl HrBu r| nn

6. 2 (ailinetH | Har yIGompaedTomedi,  4H] M Ho “hq)found | Mass
83.86 (s, 2H |CH2), 82.82 (s, 6H, Kefohie C’P\%‘X;*aéz af‘;j:‘ (Sggf)'
(s,|6H inine CH3), 82.03 (s, 12H |aryl o 81,337 o
(5118H—t—Bu}—E5—EXAMPEE—9-{ 60136136 3

N . 0.8 098 dob> 897
r#ml_)}o@-hez M\ (St ruct §r3?gE3 nd, ‘2!]8 [M —
of Fed 2 4H20) ¢ 275 V' "\%Iﬂe L& @ ]f:\&)k i B FeCl,]*

substanti al | y| oxygen- a%? noi st ur e- ree enV| ronm A

cfi 1 Ll nao hﬁL ne addad
F pw

Yy 1= 3] aud T I I V\ICU IJ e & I O
r]d”l QfCury ¥o Jsﬁf'ligﬁr}{ e [edet Y 7§§ Cg é;gﬁar %iéf El\l/; f
h, followed b cifpi s J%Eel&)du 6.24 FeCl]"

pentane, filtrati on, an@:gvvashl ng wt’h™ et her and

g 1337 of e POWOEER WaS I [ euc.{ggqf@ y|5g|1§1 905
bas¢d o ropos 3 1 EE6 M npliesyyd es sQph H M —
0) T@‘tﬁ“ﬁe ﬁ&?\ﬁ f M {tﬁe 8@ ld el eenEgl | 753 FeCl]"
anal VSQOS (AtI antl c Mcr 9abs Nor cr GA), and|the

£ }

Z

19! iro 119 values % c deter m\ ed: Artﬁ_g'zégl Calsg.87 59.06 841
b’“”z p‘vffjﬂ 92% | H:5.62 |555 [M —
CI/'.:‘?:I 10 c|/%| \Q/ y1€1d N: 8.08 8.09 FCC13]+

E10
C c : 10. . 85
15 FacONHz /@/\&I/\%( \r{(\gtlj\&(@ 57)880/10g, F. 10 17 8 96 éé)/[ -
Fe z:|/="i:| : 1 : c:/"in o yleld FCC13]+
Ell
EXAMPLES 16 -22
[00133] The following procedure was used to test the compounds having

structures E7-11, 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




Cal cul ated for C52H60N6Fe2C 402 havi ng structure EG6:

C 59.22; H 5.73; N 7.97;, O r\-xt ,r,ri-r 7 - TT
W@2006085438 1 p R Note that the enr>irical fornmPEEHUFNS042175

for two equival ents of H O68Exanpl e 26 denbnstrates a

second nethod for preparing the conpound havi ng

structure E6. Exanple 33 denonstrates a third nethod

for producing the conmpound havi ng structure ES6.

: t
AU hg TSR Te s ek 0 Hndigs B TR Bl e RN b and
AZiensaahe costants ddtot thgeteleor. | The heactrmmay thae sya¢uatad 4yl charged

N NSRRI

Was,. “ﬁ% hyii L@k I - :
%5&@@@@%&1 ’a\? I ng Ag(tgr u@%@g %%&E %ZO%ZS ) fcI)—r|, th% .g19‘78e n reaction.
N, The.r6attor@yas2h@Pprefouized with 39bhans7(45p psik) 9P cthxieng,. and:stirring was
O, 3.69.. Exanple 1 1 d nstrates a second.nethod.for,. . ..
B AR DEGRBURA TBJFHGOBE P UPdORs0 May, Sing hich tme
EW@&?@né %re‘ssu]ré WARHSZEonkhat had hevdagidr eepetinge Was controlled
used to prepare conpounds having structures E7-11.

Talyl iate2nat enolaignsoibin aEachi reaitiodawas Heguntah @bewi¥iUnthe temperatures
prepared. General Procedure: 50 .92 ) .of the

C aRRsisAch AdVE g Rt @wéﬂuﬂg%%g%‘ﬂegﬂ&ﬁﬁﬂﬁ%‘? Jurgye B8 course of
Fefd ﬁea%ﬁgrg AR R oA o) the bR RIne WdRCki@wi§Ovenital, and the
of the appropriate aniline were added to a small vial
wigrbdwtsswene dnalyzehby gesiblaoamtdgzanhy, usipgdirasedvent (n-heptane) as the

moi sture-fre Vil t. The vyi.al I
T G Y SRR TPt T e ettt amon
8QRGrb@ict 2Bhe. Tihe HigRativity orabe ahtalyesd tHethiglo plritycof the products,
anbi'enttenperature, and the iron conplex wa

> S

prtbe absienen eltpdiymetie byprgiteqts mnd thy anplutiral dath émpgsstpertgemetry and
was filtere t ' d el i -
B R R SR
t Negipiclewh hoceplabl mbitgan on a Waters Aut ospec

magneti ¢ sector nmass spectroneter, using 0.05ng/ m

sol uti ons of the conpounds i h2¥&Bhanol . The el enent al

anal yses allowed for two equivalents of H
Ex. | Cmpd | Amt. TEA MMAO | Tmax | K(mol | Yield Prod. % 1- % 1- % 1-
(mg) Al:Fe Al:Fe (°C) | Crafmol (g) (g prod/g | hexene octene decene
ratio ratio Co) Fe in Cs in Cg in Cyo
(mol:mol) | (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 | EB 0.20 | 1200 600 89 0.631 56.6 | 283,000 [ 99.1 98.3 97.6
18 | E9 0.20 | 1200 300 93 0.670 32.1 161,000 | 98.8 98.3 97.8
20 | B9 020 | 1200 600 86 0.695 44,0 | 220,000 | 99.0 98.6 98.1
21 | E10 0.20 | 1200 600 82 0.664 52.6 | 263,000 | 99.2 98.5 93.0
22 | Ell 0.20 | 1200 600 81 0.700 52.2 | 261,000 | 994 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 Cyo" fraction.

EXAMPLES 23 —27

[00134] 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 E1, 1.29 mmol of the appropriate diamine compound, 2.58 mmol of
FeCly4H,0, and 20 ml of anhydrous THF were added to a small vial with a stir bar in

a substantiallv oxveen- and moisture-free environment. The vial was sealed, stirring



per nol ecul e of conplex. Table 2 EXAMPLES 16 -22
[00133] The foll ow ng procedure was used to test the
W@ 0vpoesass havi ng structures E7-11, prepared iPCT/US2005/042175
exanples 11 - 15, for the dl% gonerization of ethylene.
Table 3 contains the results of these oligonerization
reacti ons. Ceneral Procedure: The binetallic conplex
(prepared as a standard solution in methyl ene
chIo as onmgen n
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E15

EXAMPLES 28 — 33
[00135]
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.

The same procedure used in examples 16 — 22 was used to test complexes




high yield with acceptable purities.
= % of total
w@e@anetsss han 2000.

pr odurCT/V0E042175

Tabl e 3 % Pol yner
product yield with nol ecul ar wei ght
% Sol i ds = %of total

that is insoluble in n-hept@ne. % Solids predicted =
Total product yield predicted to be in the C20 +
fraction. EXAMPLES 23 - 27 [00134] The follow ng

procedure was used to prepare t he conpounds havi ng
structures E6, E12, E13, El4;
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E15. Table 4

cont ai ns anal yti cal data for t onpounds pr epar ed.
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EXAMPLE 35
[00137] 1.00g (2.09 mmol, assuming I molecule of THF 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 60°C. 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.



wth a stir
nmoi sture-free environment.
W@ ios0esdss or 2 days.
t he conpl ex,

bar

in a substantially oxygen-
The reaction m xture was
Pent ane was added to precP@i/Us10€5/042175
whi ch was then isolated by filtration and

Cal cd for

washed with pentane (7.8g).
C1l8H20N20OFed 2 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 thegpsggence of two
equi val ents of H2O 16 E16 EXAI\/PLE 35 [00137]

Anal .

and

| . 00y

(2.C L2 — ¥ assumng rotecuteraf —TH ¥ ect of

t he c]c:ﬁ‘rp)und ﬂ%FP re E ‘%‘gldoi eég%l éiu oy%ound
havilng structure EI 6, O. 95 mo| (%} lamﬁ’ﬁﬁarrn slerggntal
m qf anhvdrous THF and a sti r| bar Amalygisdg | Analysis %
t oget Bér |i (Jo an ph¥bg.0 wﬁ??eﬁi 32 52.43
subst ant il a J@ Wﬂm no93f6i st i 6.54The |\A.GH

was |seal ed and °heatq5d WHEh” St i I I vieldg, | Nog.256h gt7.@00C.
The |reacti on was algewed to coo|l to apbient

tenperature, and the vial contents were poured into 50
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results of this experinent. Table 7 [00139] The
particul ar errbodl ment s di scl dslgdd 7herein are
illustrative only, as the invention may be nodified
Ex. | Capd| pradclt | a@A i 1 MMAer emt,, DU (e6lufi Yialdg nProda@ner %6 1- % 1- % 1-
appa(egt| t al:rboge skid | egeG)n A fiolar t(ghgviphgl/g e hexene | octene | decene
benefit |of rithe tleaskibngs herei@y) For exanmie, in Cg in Cg in Cyg
(mol:mol) | (mol:mol) complex) | products | products | products
36 | E6 0.20 | 1200 600 65 0.678 37.7 | 189,000 | 995 99.0 99.0
[00139] 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




whil e the enbodi nents have been described in terns of
a nethod for preparing hexadentate binetallic

weewplexss from acyl i m nepyridi ne conpounds anPDUS2005/042175

acyl i mi nepyri di ne netal corl exes, the preparation
met hods descri bed herein may be applied to other
hexadentate binetallic conpl exes using the genera
cl ass of acylimne (nono-acylimne or bis-acylin ne)
C s _and/.or 0 m uld be understood to
bgggg gpﬁfﬁ%?‘ﬁ%?ﬁ%ﬁnﬂkpﬁgég%%éggﬁ ?hggpgﬁBle;%t one
i ﬁi‘oﬂﬁlebﬁﬁbﬁoﬂt Soif Rarf@der terrhd euqhr semsistiog of, pesisting gheentially of,
or a neta npl ex. Additionally, E PEthOdlﬁgﬁfr'bﬁ%ckﬁmm
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t hs GRRACHR] evidensthadtheamytidutirreebprimnatsadiyelosddrabope may be altered
bi s- acyllnln coppounds and/ or
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Sal conpl’ex. Use of broader
teaﬂmzsuch as conprlses, |ncludes havi ng, etc. should
be understood to provide support for narrower terns
such as consisting of, consisting essentially of,
conprised substantially of, etc. Furthernore, no
limtations are intended to the details of
construction or design herein shown, other than as
described in the clains below It is therefore evident
that the particul ar enbodi nents di scl osed above may be
altered or nodified and all such variations are
considered within the scope and spirit of the
i nvention. Accordingly, the protection sought herein
is as set forth in the clainms bel ow CLAIMS 1. A net hod
for producing a hexadentate binetallic conpl ex,
conprising: (a) contacting an acylim nepyridine
conpound, a netal salt, and an amne to forma
m xture; (b) recovering the hexadentate binetallic
conplex fromthe mxture. 2. The nmethod of claiml1,
wherein the nmetal salt conprises, iron, cobalt,
ni ckel , chrom um vanadi um or m xtures thereof.



3. The nethod of claim1l, wherein the

acyl i m nepyridine conpound is prepared by: (a)
weowbacshg a di -acyl pyridine with a first am PEI/US2005/042175

forma first mxture; and, Bb) recovering the

acyl i m nepyri di ne conpound fromthe first m xture. 4.

The nmethod of claim 1, wherein the acylim nepyridine

compound i s a nonoacyl i m nepyridi ne conpound and the

amne is a diamne. 5. The agiegk of claim4, wherein

a nono- acyl i m nepyri di ne conpound to di am ne nol ar
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r at | O(a) S cahitinglinl acylimihbgridaichagnmfund) aintetd, saithaidehm amine to
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28, or gifmflt@sxﬁlfﬁer eof , the nono-acyli m nepyridi ne
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nmonoacyl i m nepyrl di ne conpound to netal salt nolar
rati oCHrempmy yenadiym o MFHECSHRERSH of claim 4, wherein
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m xtures t e nono-acyl i m nepyri di ne
conp 0(111)1 d chratsctstg aiditanydpytidineith o firstiamtingte g”onnin e flsgifmixture; and,

t he di_am ne has ructure 0 er eof A
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c | ai moy)immepydidmetchmponnd ambtgap |am11i¢e1|§ ywdignine conpound
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recov&@mﬁ@ma@rm@qs alge,ﬁtlzrm nepyridi ne conpound from
the first m xture.10. The nethod of claim@9, wherein

di6- acYhpiprethgidmd dannbnvherrine menanacy amn@pmdl%@empqmﬁ to metal

salt molar ratio is about 1:1.

7. The method of claim 4, wherein the hexadentate bimetallic complex has
structure 27, 28, or mixtures thereof, the mono-acyliminepyridine compound has
structure 11, 12, or mixtures thereof, the diamine has structure 5, 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.

8. The method of claim 4, wherein the hexadentate bimetallic complex has
structure 33, 34, or mixtures thereof, the mono-acyliminepyridine compound has
structure 13, 14, or mixtures thereof, the diamine has structure 7, 8, or mixtures
thereof, 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.

9. The method of claim 4, wherein the mono-acyliminepyridine compound is
prepared by:

(a) contacting a di-acylpyridine with a monoamine to form a first mixture; and,

(b) recovering the mono-acyliminepyridine compound from the first mixture.



11. The nmethod of claim 1, wherein the

acyl i m nepyridine conpound is a bisacylimnepyridine
w@ovpoemss and the amine is a nonoam ne. 12. TheCTES1908042175

of claim 11, wherein a bis-%cylim nepyridi ne conpound

to nonoam ne nolar ratio is about 1:2. 13. The nethod

of claim1l, wherein a bis-acylimnepyridine conpound

to nmetal salt nolar ratio is about 1:2. 14. The nethod

ofjoc! @, odvmlﬁiﬂbt\bﬁel@ﬁﬁ(ﬁgﬁﬁgyﬂ;ﬁldmé%t Bbhbdinine molar ratio is

conplex as structure 27, 28, or m'xtures thereof, the
bi s- aglydut filnepyr i d| ne corrpound has structure 15, 16
ere nono ne -has structure
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bi s-acyl i m nepyri di ne conpound to netal salt nolar
r d2i oThe mbthod of Zlaims.11Thehereinhedbisfacylimimapymidine compound to

wherei n t he. hexadent. a allic conplex has
st r uctiyPRBEe 0 a”{’o}ﬁ%}’tﬂpg “thereof, the

bi13: agyt iBtR&PYT tEinn g 1 amResind lbla-écﬁinﬁlkie}bjd{cﬁné%mﬁ&nd to metal
or m xtures thereof, t he nonoami ne has structure 3, 4,

or m Xftlulmébrtfﬁ@rlééboutd Ji s-acyl i m nepyri di ne conmpound
t014 @ﬁa%&%ﬂm&aé {n?tlllo \!Vﬁer@% fe ﬂ'exzad 29 &'met?llic complex has
bi's-a mol ar

i nne yr| I e co netal sal t
rati ostrgct@leo2it, 28; 3r nﬂlﬁture'Ehthelmef hbed bisfacyliaiimepltidine compound has

wherein the bis- acyl i m nepyridi ne conpound i ar ed
by: (&Yudwist kot | hgramartugs \iheiept dhe angformine 3‘@51 fﬁ%}“"te 1, 2, or

form ﬂu{(ﬂufe%tthg?eéf Mdis- a@ﬁgmnslgg)nc? A dlﬁlg tbhBonoamine molar ratio

bi s-acyl i m nepyri |ne conpo first mxture.

17. Thweatoat hQd and adlisaeplibfinevyrehinei cm)rrepodnd 4c yhagirsaliinpdar ratio is
to dlagnne molar ratio is about 2:1. 18. A nethod for
produé 1#-hexadentate binetallic conpl ex,

COMI iffbNYethod of claim 11, wherein the hexadentate bimetallic complex has
structure 33, 34, or mixtures thereof, the bis-acyliminepyridine compound has
structure 17, 18, or mixtures thereof, the monoamine has structure 3, 4, or
mixtures thereof, 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.

16. The method of claim 11, wherein the bis-acyliminepyridine compound is
prepared by:
(a) contacting a di-acylpyridine with a diamine to form a first mixture; and,
(b) recovering the bis-acyliminepyridine compound from the first mixture.

17. The method of claim 16, wherein a di-acylpyridine to diamine molar ratio is
about 2:1.

18. A method for producing a hexadentate bimetallic complex, comprising:
(a) contacting an acyliminepyridine metal complex and a first amine to form a

mixture;

(b) recovering the hexadentate bimetallic complex from the mixture.



(a) contacting an acylim nepyridine metal conplex and

a first amne to forma mxture; (b) recovering the
wheoatienasat e bimetal lic conplex fromthe m xtuP€r/LS2005/042175

The met hod of claim 18, whéein the acylim nepyridine

metal conplex is prepared by: (a) contacting a

di -acyl pyridine with an amne to forma first m xture;

(b) recovering an acylim nepyridi ne conpound fromthe
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nono-acyl i m nepyri di ne metal conplex and the amne is
a di ani neg.ec@gl.r%‘ﬁ‘érenﬁ%hod of claim21, wherein a
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rati o@s about %: 1. 023. m%)g#net hod of h‘g)l aim 21, i
whadl. eiThe nirshdresdaelaine 49 ewherpiat the metalceshoaiprisgs iron, cobalt, nickel,

structyure .27, 28..0or m xtur reof, the
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nmono- dny kirmitaeph;, i20i nemistiess thanpf, dhe digmine has structure 5, a mono-
acyliminepyridine metal complex to diamine molar ratio is about 2:1.

24. The method of claim 21, wherein the hexadentate bimetallic complex has
structure 33, 34, or mixtures thereof, the mono-acyliminepyridine metal complex
has structure 21, 22, or mixtures thereof, the diamine has structure 7, 8, or
mixtures thereof, and a mono-acyliminepyridine metal complex to diamine
molar ratio is about 2:1.

25. The method of claim 21, wherein the mono-acyliminepyridine metal complex is
prepared by:

(a) contacting a 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,

(d) recovering the mono-acyliminepyridine metal complex from the second

mixture.



prepared by: (a) contacting a di-acylpyridine with a
nmonoam ne to forma first mxture; (b) recovering a

wWOoreweesays | m nepyri di ne conpound fromthe firSPCT/US2005/042175

m xture; (c) contacting thé&6nono-acylim nepyridine

compound with a netal salt to forma second m xture;

and, (d) recovering the nono-acylim nepyridi ne netal

conpl ex fromthe second m xture.26. The nethod of

Chal MigomMBEHELRIA 281 wAEhPY Bi-aH dHNAa I affindBloddr ratio is
ratio Is about 1:1. 27. The method of clai m 25,

wher edbouil :hi ono- acyl i m nepyri di ne conpound to net al

salt lar ratio is . about 1:1. 28 A.nethod..
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imne bond in the presence of a netal salt, netal

c88pl Axpetbod fonrioduting ashaxpdanéase bimetallic complex having at least one

imine bond comprising forming at least one imine bond in the presence of a

metal salt, metal complex, or combinations thereof.



