1 0 METHODS FOR PRODUCI NG A HEXADENTATE BI METALLIC
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[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.



an acyl i m nepyridi ne conpound, a netal salt, and an
amne to forma mxture or contacting an

acyl i m nepyridine netal conplsx edd an amine to forma
m xture, wherein the acylim nepyridine conpound or
metal conplex is a nono- acylim nepyridi ne conmpound or
nmetal conplex and the amne is a diam ne or wherein
the acyli m nepyridi ne conpound or netal conplex is a
bi s-acyl i m nepyri dine conpound and the amine is a
nmonoam ne; and (b)-recovering the hexadentate
binmetallic conplex fromthe m xture, wherein the

acyl i m nepyri di ne conpound or the acylim nepyridine
metal conplex is prepared froma di-acyl pyridine
having structure 9, 10, or mxtures thereof: Ic 0 R2
R2 R3/ R RI 1101 1401 S NRA R5NR4 0000
Structure 9 Structure 10 wherein Rl, R1, R2, R 2, R3,
and R 3 are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an inert functional group,
and any two of RI, R 1, R2, R2, R3, and R 3,

vicinal to one another, taken together may form a
ring, and R4, R4, R5, and R 5 are each independently
hydr ogen, hydrocarbyl, substituted hydrocarbyl, or an
inert functional group, and R4, and RI, or
alternatively R4, and R 1, taken together may forma
ring, R5 and R3, or alternatively R5 and R 3i taken
together may forma ring. In various enbodi nents, a
met hod is presented for producing a hexadentate
binmetallic conplex. In sone enbodi nents, the nethod
may conprise contacting an acylim nepyridine
conmpound, a netal salt, and an amne to forma

m xture; and recovering the hexadentate binetallic
conplex fromthe mxture. In 2 0 other enbodi nents, a
nmet hod for produci ng a hexadentate binetallic conpl ex
conprises formng at | east one imne bond in the
presence of a netal salt, neta
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t hereo The acyl i m nepyri di ne_conpound may _be
no myﬂg)é)fpr nrodrsing 4 pxadeniate bimetallic complex, comprising: (a) contacting

an acyliminepyridine compound, a metal salt, and an amine to form a mixture or '
contacting an acyliminepyridine metal complex and an amine to form a mixture,
wherein the acyliminepyridine compound or metal complex is a mono-
acyliminepyridine compound or metal complex and the amine is a diamine or wherein
the acyliminepyridine combound or metal complex is a bis-acyliminepyridine
compound and the amine is a monoamine; and (b) recovering the  hexadentate
bimetallic complex from the mixture, wherein the acyliminepyridine compound or the
acyliminepyridine metal complex is prepared from a di-acylpyridine having structure
9, 10, or mixtures thergoﬁ



i nstances where the amne is a diamne. In such

i nstances, the nono-acylim nepyridine conmpound to

di ami ne nolar ratio may be in jiche® ange of about 2:1;

and the nono- acylim nepyridine conpound to nmetal salt
nolar ratio may be in the range of about 1:1.
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Structure 3 Structure 4 H2N Y1-NH2 Structure 5 RA RA
RARA HN/ R6 NRR NH2 HZN RD R s NH2 1120 | 130 Rs
Rs, RR R6 R 1 R1l Re R7 $Z R/ YZ R7 Structure 7
Structure 8 RR R2 R3/ R R1 110 NRa RR N 140 R4
O 00O Structure 9 Structure 10 Table 2 -
Acyl i m nepyridine Conpounds R2 '2 R3/ R R3 R1 110
other kembédirRents,\a Racthdod ot BraducingNa Iexedentate Gimbeli@ @odpbixl comprises
5D 40 Structuyre 11 Structure 12 WO 2006/ 06545
forming-pt Uspssoone Amine, bondtabithe presepes|9ind nuptA isgltndnetal complex, or

combi&%gﬁ%%%%o% ﬁhezﬁxe%ﬁ%éﬁiﬂg' 38/ iﬁlgl %@Jiﬂ%ikk&scﬁén&xﬁ, vanadium or

mixtures thereof. The acyliminepyridine compound may be a mono-acyliminepyridine in
instances where the amine is a diamine. In such instances, the mono-acyliminepyridine
compound to diamine molar ratio may be in the range of about 2:1; and the mono-
acyliminepyridine compound to metal salt molar ratio may be in the range of about 1:1.
Embodiments of a method for preparing an acyliminepyridine compound for use in
preparation of a hexadentate bimetallic complex are also presented. Such embodiments may
comprise contacting the di-acylpyridine with a first amine to form a first mixture, and
recovering the acyliminepyridine compound from the first mixture.

[0006] In some embodiments, a method for producing a hexadentate bimetallic complex
comprises contacting an acyliminepyridine metal complex and a first amine to form a
mixture, and recovering the hexadentate bimetallic complex from the mixture. In
embodiments where an acyliminepyridine metal complex is employed in forming a
hexadentate bimetallic complex, the acyliminepyridine metal complex may be prepared by
contacting the di-acylpyridine with an amine to form a first mixture; recovering an
acyliminepyridine compound from the first mixture; contacting the acyliminepyridine
compound with a metal salt to form a second mixture; and recovering the acyliminepyridine
metal complex from the second mixture. In embodiments, the acyliminepyridine metal
complex may be a mono-acyliminepyridine metal complex where the amine is a diamine.

The mono-acyliminepyridine metal complex to diamine molar ratio may be in the range of

about 2:1.

DETAILED DESCRIPTION OF EMBODIMENTS |
[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:
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Table 4 - Hexadentate Binetallic Conplexes R2Z R2 R3
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Table 4 — Hexadentate Bimetallic Complexes
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Table 5 — Hexadentate Ligands
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R7 R8 Y2 Structure 42 [0b08] For purposes of

expl anation only, the chem cal conpounds shown in
Tables 1 through S may be divided into three
categories: starting materials, internediates,
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[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,



[0010] Starting materials are di-acyl pyridine
conpounds having structure 9, 10 or m xtures therof.
Structures 9 and 10 are shodd i § Table 1.
I nternedi ates include structures 1 through 8 in Table
A 1. Structures 1 and 2 are nonoam ne starting materials
where Wand W are generic pendent groups as defined
compldsrcasemaly aBor bz intermsedlatasidTHe staeting material lmth@ aitlnsts, of the present

mvent@@ﬂés.d? BRI ) O Mityas Eiprests Shfgrures 9 and 10
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the corﬁi&)urﬁfmf SRubtias 1dgant iheadnippuaidof sBucturs BB 4 speceit embodiment of
acyl pyridine startipng materials nay, be contacted

structuw 4 @tﬁe Garigsr ethgio ARAEN &0 SERETIG fﬁéam%s&nsaa@ons gfructures will be
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or m “acyl T m nepyri di

compouﬁﬁseh;lETEQI'l@&tt&iSnn 'ﬁébl@s Bﬂubﬁ% 8, 8 deffihed indetail belowl2, 13,
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[ustrated by structures 15, 16, .
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i AR S b GG PSS s,
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Alternativgly,) the sepstifyted gfi-acylpyridine starting materia may e contacted with a

diamine starting material, for exarnple the diamine starting material of structure 5, 7, or §, to

form acyliminepyridine compound intermediates, such as illustrated by structures 15, 16, 17,

and 18.



18. Structures 35, 36, 37, 38, 39, 40, 41, and 42
represent hexadentate |igands fornmed by various

conbi nati ons of the di-acyl pyridine, nonoanm ne, and
VWO2M6RES48 arting materi al S of Tabl e 1. Addi PETSHSN05/042175
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SRS B T L3 0 o

50, acglidingPyridincheonaubend héeng stgatuﬂe 31 mlncltem@s aggnat@ggroup 100 is

o bR far i aionyef IE, ety 8 R TEGRGILANE compound having
33 afctudls Suc beﬂik%ﬁaéal eﬂﬂﬁtaeylﬁhhup)h'lﬁr&&omuﬂbhwdmmre 16
as consistin ’F‘ (hwo hal ves _or

i ncV BRI e BB ROV ! S5 I Ak W S5 B Sy il

Si ORlatitMshipdi WOl bBI dppRAEMNtALANEKMRd iB0the 2] 6. enibRlihs, the
hal ves may be connected by a structural _brj d&} gsuch
n

as aeylimgepwiding mgle] gomplexss ofstrpeiisge 49y 2heleofindbt ey 2nd 26
by &XAP%?%‘O?%{E% b? coﬁth&gé |ﬂn@t§ﬁ§$lth¥1ﬂ§5ﬁ h@lﬁﬁ@épyﬁﬂﬂng Q@mpound for

simlarities between the

haI srawplgfthe h@hmwdl@e cemppind Ot FEycyrly, 1¥,n13valfh bud®o, 17, or
' o éme*sfzg 387, 'x@%gn?gan@@z Ptk nbRGR eql?ands formed

eac er enti ca erent synnetrlca
as ypedrious abmbingtiensaef the dxr@cylpyradm mophemizen diech diamine starting

e

f urhahiag sﬁaﬁﬂufeedsfbaicbmz abideconrespinding ryrhetxitis lwlxa:dﬂntatmcomplexes

of bevgeareruR £ 46 Fopechti 9 bridBin 1S preBi e Mo

Cooro¢37gatzs QBfefcdaed previowdlf.h an acyl i m nepyri di ne
Eﬁound or hexadentate_ |igand

Th I di
BiZhd rgReRentse Rl SSmRPHS 9 b o B A G 27 28,

b' 29, @bnggygi ,439) ean‘aofmﬁi«'fiqble-we THRt li’dxadi-ﬁi:atteS lighRl or hexadentate
desi gnate by Téference nunerals 70 and 80 on the

st rhiwetallie cogivleRamig: by identifivd hy esiy nitrogenygtorys| denoted é%Yewgerence
A RS 9OCR), 46"‘58%)% #Mglﬁ(he)&ﬁ%% dndStructRE 3§t365 B’ﬁ ag, 39,

70 one’at site met al at site
be 40hé1 eadrd2.aw in hexgdérftae émetalhtammlri@i staichlcess) 2&3&9, 30,31, 32,

sitg 804, Q04 %exA&er:T %ﬂ’u%{?:? n?al[yeé/ 'a\gé{a%d chh§ tfﬁ%%o?kwo halves or

conpl’exés’ may rrca nvet - Cal
as ysides;tang snhylndﬂedm;; nit®gért atofs 40424, faad 20 aad lilet eibersidehiscluding

t e ' (?ggh éifo%géj, 5%% g{lén lﬁﬁ.: ﬁ%ot%ﬁ}%\gés fnfla%lr Be CotneSted %9 2 8 fctural
_ 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



substituent pattern of the termnal imne aromatic

rings 100 and 150, differences between the R4 and R 4

groups, differences between the R5 and R 5 groups,

VPRAWMEHEEs anong one or nore of the subst i t PEHES209042175

the substituent pattern of ¥he pyridine rings 110 and

140, asymetry in the |inking group, Y1, differences

anong one or nore of the substituents or the

subst i uent tern f t he | i nki ng aromalc ri

ancM sfyﬁlﬁ-‘éfi?@uefl cloKe W‘heﬁn?tﬂgO@Plsﬁﬁ wzn “b'rr%%lﬁ% and Table

C Omnﬁﬁbé Rentefed®y ifereRaQSof al Reti RASQVISL FBILR ), Wthh is present

Variations in chem cal structure orientation and

pl dysgoprdjnation seactien Wlﬁlwn aedimingpyridipe serppnimgior dexsdentte figand.

Of BheShciiaind ng% R 1pﬂinégyr?d’ i d
rrmgtrg Thgﬁlg tec n| ca a gg?nr? 4 trciclorn‘l un ora

t hénwmlpmdmﬁ cotpeunddi Bousstiabselts ai designaind by ireferches numerals

mst?%' and %btoH Etﬁés Z %?93 §1Q(% {“gnlé I' exBu%c%ta.{l re?gg ?0 the presence

at om or e consi

d| fof ewe M«Xntgn@.!ps afef emb at $1tee7059minmb fay siaf 80. The metal salt at site 70

e o e B e e SRR HRL et #EE Kl owes.  As
an [60a30p| eAs hatidricd prdédusse ﬁhémﬂiﬁfcbmﬁﬁkesaﬂldy be symmetncal or
asymetri 0%7 ﬁgb()dl nment s y be i.llu ted wh

st PICPRIFECsy ThefFuuBRry mey T ety 91 gt bR B terminal

t hay hay agte thiat @rdupiRtiBélehdes @ﬁimig Qe 6f mdtd UE e sBbstuentsior the
YI is sy rmetrlca , the termnal imne groups are

| GeHestBITt PJeanal e HBITALEREP GEmatRATIE Nk OFend b?o@@pfgerences

ar ¢ tih R :
i A A ey

py difdirensey pmgag enoramgre1aihe substithenis ot 4he suhqsxtuent pattern of the

YA, P IRt UG 0RO o s

ex &np bemorst afild wbgiiBRtsmrithelsubstines patterm oﬁg}mimkmg @edmatic rings

of Str uc;t e 2006/ 065458
pCHED 85 b Ao ™ i 1Kk ey Re by copfpgai ofdiffernces
st tinthestr ﬁeﬁiélntﬂr Vaﬁ?ﬁbﬁs:hecdlem&:ab strictigndtiehddtioh @nd planktity, such as

roups, nd Y2 is.selected to be s tr.
& A ere Viroripn 6ERvEcy °gﬁé‘EP‘F‘FE 3§ Wistigl b, may also affec
BRAt wﬁox@hrwaﬁ:waﬂya r&l zﬁ%ﬁul‘h%tr?r %I’Bﬂiec Ltrpd%scf this
100 and, 150 are substit ute W
st Aiseyssio axfferepae i thg maetaj salt éb?l@%(?ﬂ‘%d & @ﬁb‘?}' at F}@ metal atom or

SYHEEK blotps) BEPAGH B@%ns@(ieréi EL{ﬁFf&E&eZ@atV‘@ﬁ&ﬁé fhet aﬁnmetry of

aromatiCc rings, 120 and 130, and structural brid

Y2 acydimisenyriding cempamgs, cacyliminepyriginedmetel cormlexssy @r@t lwacﬂentate
br bglgé?alhé( 1 n‘ﬁﬁe)ﬁ%g ruciurg %g n%lg hie 1Y TRELA eﬁ agyff[r f eg'eﬁ and

asyrmretrlc relationship structures In
1 ammn@hcﬁ embddlm@tsapwr bmtlllnsjrawdewhml $tegtirer 27heepresents a

b IO ot S AR v,
%15 sl?’rrﬁne’cﬁ&,l t& ﬁ:rmﬁiél infithd ,grdﬂ'{)s afe iBenticdl, WRafid WR7are Rieftical, Ry

amﬂ{ groups are 18ént1cal 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



Rio, Rto, Rl11, R 11, RAA RA RB, RB, Rc, Rc, RD

R D, W W, Yl Y2, M M, Xn, and Xn (or "'"R

groups” or "pendant groups"), are defined throughout
Waa006/06548ht appl i cati on. The conponents nayPCHéUSZO"5/°42175
subdi vided into the followi'dg groups: Group 1 - Wand

W; Goup 2 - R, R1, R, R2, R3, and R3; Goup 3 -

R4, R4, R5, and R5;, Goup 4 - R6 R6, R/, R7, Rs,

R 8 RO, 9., R o, 1o, R'_and oup 5 - ,

R A% Whese e I, Srpyps qgs&mct% 3448 Sﬁe%ed @%wg%ﬂcal tghis Rogrous,
Y2 an@0up scﬁectedMofb@@yMnetr@Bﬁ SehRtiPe 2B repreSent@B dpelific- symmetrical

These groups are i ndependent elenments and thus the

st rembogdimst phstruphig % whewitihe apunaisfings d 00 enggohary substituted

COTER] RRUWOMAOH SFRRMIARMSS Yinichird 3§%ﬁese&lgsap§§euﬁ¥esymmemcal

group. [0015] In some enbodi ments, are each

i ncopediiesst bl sthytirogewherehyile @mraby Inngs, d@@taind UB@and structural

hy %ﬁaggr Y Lfsn%mfé%' a?g%lfbstfl féﬁ%&ﬂ@é&&&?&i@ﬁdg{;% , of structure 29.
nert functional groups are fur er

deﬁhm’o&y@rﬁ@n&ﬂ ners{uOﬁkaﬁﬂmdmnas osistioastipd amreng strucRkes iR Tables 1
, i ndependent |y hydrogen,
o dhieh oy be it o BB T or ani nor

f urjeaii4p nal ThegWoippnentsbfahd) eienesdd @whudm&ed Blustpdted ihVKables 1 through

andRRAE Fueh Oy Nrafioro BodtpilgR orfo &s Ru Koy R, R,

apm,, qam &Ry, TEeN t RE URGL R@ma’la,m@qvesa@rﬂen,wwhm Y2, M, M’, Xa,
descri_bed hgrel n. [0017] In some enbodi pents, R4, R 4,
R5 an(éﬁ%in fors”Rr grouRHori Rawiseh @ones ) arh flefnsgdfoughout the present

hy q{;@ﬁ%ﬁbﬂl The%é%&ﬁé Hstrﬁéjy YRS RED o tHRToRsWih Bk ps: Group 1 -
functi onal L‘;? plicable inert functiona
T

gr oupsd VE Qess]& i Be.dRheRas iapd Rf 3 Gsoyipe3 e Raddi Rentud R's;

g aREs "R o S R IR R R B RS Sh ke 5 - Ra Roa

PC‘HBLBZ:DBEI 1@’@21117 Bnd R&; éiﬂmn'ﬁ A¥nerd W5 Gmap R3 M end M’; and Group
er gat RY 5. and R 3, .tak th f
? ﬁn a/ ?/ée”t ixeﬁ% BroUDs glaa' mdlq&eg&]enﬁg % H%{usFée g%r@cmres n
aI t].'ablﬁatll—.’v @hay, bdrddfirsed dusitigAany ccﬁhﬁnaﬂcﬂkeﬁ embodjmkite rwnhmy each
rma ri Ig? I'n yet other embodi ments, RS and Rc or
DreSB?Ct“'ﬁ ®Pnatively, R5 and Rc or RD, taken
thnglzB]ér %yso%@; éﬁﬂ%sdlimélﬁs WO@ﬂ(ﬁJWi rAres em ﬂjabpuﬁdm@t Bydrogen,
R hzdraeaéb@aélrbspw&éptaﬁa)émbw& Al la@% rﬁmqwa%lo@a%ﬂhe appﬂcable

subihd R ealbrslpe e rtler d&dCriB&l hetdpr t functi onal
group. The applicable inert functional groups are

f ulQUi€l ddsceqnrepmbledimants, RoORY1 Rn FomeRentsddi Reness, each
RAlnd%&delﬁE' h}%}c%en,%drﬁaﬁ)yl, Ribstiafid @dﬁ)caﬂﬁfﬂ%% li¥ert functional

group. In other embodiments, any two of R;, R’1, Rz, R’,, Rs, and R’3, vicinal to one

another, taken together may form a ring. The applicable inert functional groups are
further described herein.

[0017] In some embodiments, R4 R’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



ortho to the nitrogen atom group, either am ne or
i mne, are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an inert functional grou
WRA006AHTFE cabl e i nert funct i onal groups are ?@?W%?S/O‘m“
described herein. In other ¥nbodi ments, RA R A Rs,
RB Rc, Rc, RO, and R D, are |ndependently sel ect ed
from hydr ogen, fluorine, an inert functional group, a
r car ho oup, .a secondar rb n or a |
el ee*a?% d 5@ Stpleras R iR g?%%npay orm a ring.
r e 9aemer 8mbadim6its! 8 land R, GQRB,h%maalaewo RN@ 83, &R, taken
I|g&gd or corrpl ex. Y1 may be a bond bet ween nltro en

thep mayd g podsh gous othm erabw@lp%awadh%wngn, or
fr amahauly, Rhtaﬂdﬁ OM R 30t DheR b Yot gxggast i tuted

hydr ocar byl havi ng from about 0 to car bon
at ¢ 8] or Inmomerembodimerds,iRernil, RgRouBs, K2 Raft'spBioaRheRd: and

betue i ?.&c%“ﬁ& %én@?%gﬁ%gou?f}g@ s@s‘&%u%ﬁaﬁy%écarbyl or an

havi rom a on a

S u et ftmd:tenialhgrdmmcﬁhday;bplhdm nxgrtffumnoabloglbup& ar¢ Gurthbodédscribed
30,carbon atons, or an inert functional group. In

fup?r fe&F enbodi ments, Y2 may be a bond connecting any
but[omlap Olh bmn@embdsdlmazﬁs MH,, Rh@ RpvR’ ﬁﬂl}ﬂ&[’é, Ry} mﬁtga,p, generally

ydr oup i ncludin rom about O to abqut
o2 P16 Rl moe o Gihgs SMuRnGH bmige- B2 a5t mgrpeafently
i nﬁydmgemn Wl@é@bylg E@dﬁmtdd%yﬂﬁi&&b?ﬂnﬂddmﬁl@ftsfun&ihﬁaﬂ #Bup. The
roups, or alternatively the R11 and R 11 grou

t a& 10?‘8@ dertdincignal gewps are ﬁg‘fheé‘éqsalabqﬁlrlgreub rmg@r q&zgocilwents
ot Rer' RE ”defEE rM:SR’ IR% EI’M)R%[ lre%@éﬂéﬁdenﬁ? selected from hydrogen,
alternativel R1 groups, taken together

f oflRernCHER myrlt éweﬁq@@pup,@rpn@tamwéb@ LrOmpa)sea9ndary carhwgroup,

re m? ctural bridge Y2. In yet other
n‘glgzg%r?r[{e%}t ?’&g) a bond between the two carbon

at B980havitngnd e tmqallfyrrelﬁbs’_em s stheturgl heidgs betimeerstroehalves of a

e BERPE Sbiipip ™Yt 8 b3 b8y om0 an mitogs group

PCAY, LSIl@%bﬁH;ﬂ ﬂ%lnglﬁorﬁ' &outR9, to RibBut BD Gzarbioh ]aﬁbmé?[ﬁ, substituted

Vi Gl .L o .one .anot her en et her or a

SRyl G BB PN Do SRy Bt ST RoRS. eRget fge anciona

R7groﬁ¥> 7Y, Rﬁy bRa $on&étwe& ér&matf&?mngs R20,anfR830, B'h%dro%byl having
Dvicinal to Y2, take

ggrpﬁgput thgfbglgrB,% Cgrb%glalt@ns suhgptyfed [hydencariyl havmg from about 0

e MROMo BN SarbdthBSnEAE Bn AndrSfufctiVabiNBrbip.C & ﬁ&tﬁergérﬁiéﬁlments Y,
t hen none, one, or two of RB/R B, Rc/R’ c, and RD

ar’@a!p PP iehiopd carnseting ARy, thes exghmnprsitions of rﬂthOgarr@mp%c rmgs a
r B arbgfpgﬁi h“‘d&lﬁ elrab% ro 'lé@ @bbu tf%F%%bSH' %lomé methylene
R[ﬂqHzFD @hyéenh)(arszgmﬂ aurmem fuoetional, growp. akmotolmerembodiments, the two
Ri1 groups, or altematively the Ry, and R’;; groups, taken together represent the
structural bridge Y,. In other embodiments, the two Ry; groups, or alternatively the
Ry; 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, Rs, R%, R7, R’7, Rg, R’, Ri1, R’11, Re, R, Rs,



enbodi nent, when RA/ R Ais a secondary carbon group,
then none, one, or two of RB/RB, Rc/Rc, and ROOR D

are primary carbon groups, secondary carbon groups,
WAEHH06S48bst i tut ed phenyl, or inert functi offgl/US2005/042175
groups, and the remainder df RBIR B, Rc/Rc, and

RD)R D are hydrogen or fluorine. In other enbodi nents,
when RAAR Ais a tertiary carbon group, then none or

one of RBIR B, Rc/Rc, and ROOR D are tertiary

pheigd Rs, Bis» RubR 4, Rt @ Bneviginal ta ape aother.daken ﬁ%EéFhe’éF’éY form 2
hyq{I%gan&{le EILLUKSHHIH%S 2!11 OPR,I;],% As RETJQ@Q'R'&ERE RB,VPU’Qan,Rn, Re,

Rc/R°c I's a primary car grou ‘t hen none, one

t wR'of Rs, R Rb.R’9, Fmb,FR B, Ramiti RO ReibakioeY p rakemiogethers @@h form a
ar , secondary carbon groups, phenyl, substituted
phen%l, or inert functional groups, and the remai nder

of [BBZIR A, In oRki8f EinBodiments, RIERRA/RIA és hyﬂm@g'ezarbon group, then none,
L8 v O BASH SRR e AR S s, seonday
RA/crbén iﬂ&/qﬁl @h&i}d Bﬁvsﬁtﬁdaplsenyp rérmiateyt Gmctionl @grayes and the

o TERBAISr Gt Rt s GBI RLFT HEOToBHb o ALPAGY. T another

RA/ dribddin{3B(, e RN &’ Blia( Rsddoiagy bytbérDgeip,ahen hdridPbid)@r two of

I n ot her enbodi ments, when Rc/R ¢ is a tertiary carbon
gr R st ReR nowd TR roffe REMaAPRDIN SIEPR RCONGAY REYOR SOUPS,

ar %htsﬁ*ﬁt éu@gt%uteRA/Bﬁ&% ’or%ertsfbﬁﬁﬁdnhpgggpgso REN e, reﬁﬂiﬂdérhﬁ' Ra/R’g,

remai nder of / R B, and are dr ogen

or RdRier indRo/R mmbm@xm o5 fluoringe Tnpihge embqﬁlm@nt& orhen RefR’4 is
) Q0
an% tg a%érﬂ%gtggm n%fn?& GRWFRIR| CRy/R024d | Riyeand: gheMertiary,

n sone e oglnents
ar @hemsé,t @l subdtituted pladny; tasd tHerremmiBden gue ‘hBlrogﬂnB)r fyroriye.| [in other

! soBFSiRs HELRE L 11550, B g9 B BB g o o

OX|R1amApRB/I8§ adnd. R4/R’ Iphﬂemnn&mjooaibma gtaips, Meermglaryl carbeop groups,

R T R A R A S

be rgaal dnd RJ/R Qare ﬁi&r@ wfrmumibadn éther embmmtams aghen Ro/R’c is
thereof. In further enbodi nents, M an

d
20@@6@6@%9%&@@@6@#@&%?56 018“’?7& Rt/ﬁ edipR e, and RefR’p are
OF ik HELSont é?@&&o&cbﬁﬁaﬁ')ué nElﬂJstltMeﬂ%eMl or inert

may be " iron. furt her errbodgrrr,ents nd M may
c otfanational rgrmln$,tané theciemguideret Be/R m RelRie: I@Pd Rca%e are hydrogen or

ni gﬁﬁflhgn[%é)gé} E.&Egkﬁ{c? anﬁ'g’b‘ : mease%% betFe: SBYBEp, then none or

aniooa of RaR&o Re/liégmmkné&bsm tertiard phottyl,or eubstltutedy phenyl, and the

e n‘g%gi%nrr%e%? ;f Wﬁ’gﬁ Bar e(E Rﬂ/i%e’i) é} S@%ﬁg@ Q mji&' “Bffpendent of

e ntiochboealimititions, %] and & insayde Isymmenhcfotr amnuhétnc i ne,

br i ne, d .iadine. In s di nent s, t al.i-d ,
ST0RE 1 et NPt s BB p g oo dEenl My 4R 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 cobali,

iron, chromium, vanadium, or mixtures thereof. In further embodiments, M and M’



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

total nunber X or X anion equals the oxidation state

WO 20068654581 r espectively. In some enbodi ment BCT/BS230¢5/042175
2, or 3 and the total numbé® of negative charges on X

or X is equal to the oxidation state of Mor M,
respectively. In sone enbodi nents X nmay be an ani on,

such l.i de or. acet e, o .t hat

© ot T B 5. ofa GGl JBOugHe Pl MY Mgy be
oxiigbat 19 furtheRébsdimbhte™ Mhd M’ [RE24d cobhit. am ﬁﬂﬁ&maﬁnents M
of the hexadent ate binmetallic conplex 33, RA and RB

ar 04} amay e shromipmpdn Srierrambedineis M e pamalairkel.

metjoyds et)h)ﬁhdxpfrﬁ Yhdep@idehtBORY £8¥4nion. TR séhe embodiments, X and
errb[odl ?rent 9 Eegreerreth 88’ anotlzfll Rcsan%ImIiD0 ens an

eac}ﬁ %Tmé?}?émm Fl}iahmr Agatyl ag@thlgqte Inrsowy pmberkiments X and X’ are
éﬁhgé?@m%[}&% LR hatfde 189dediR é&ﬁ :ﬂ% 9,9£J§mme and
an 01 en F h

] are each i ndepen y net
pr op@ine blrso'nsmhqdjmentd the dnalidee mtxd@bmbnha, ydR«:thed eﬁDodlmems the

d den ne I
G R e T T
RD nageelvh yidirgeg en ‘theatbthl %nbemd( oK’ attien epelb thenateadon statelof M or
e e B LB AL 14 C I e o

i E(ﬁewnﬂgd gl’ﬁatrée)t ofel ]Icay Xh ieddayl to the @;ﬁ&it]l.on(%fate d»flaﬂﬂﬁ oy ﬁespectwely
;-m gomeoeérlél{;ﬁ&ﬁsnﬁg}éﬁqya}%ﬁg %{rygg‘;%gh 2 Sajﬁlg gP ac)étyl acettonate so that

ac Yihd tBlalepbel 6 1¥@atiel Abrg ssoamk%&%a%% inaau@ﬁ SRRIEM or M.
hexadentate binetallic co ex In sone

entbfithe ntﬁsan mbocmentwf fe hamemsemetglép é@m@w 3% d¥n and Rpare
thalad Rp a?eséé o%éhd@lﬂw &&Hﬁe%@ﬂgﬁﬁgyl, irzlgopropyl.

respec fo the ort O positions on’rings
| n I gn tembpdimehio Raradt Ry arERaletI@ﬂ), and Be and RpRarb eacte independently

env ?%’F ey S{r %pOPbﬂaOtf 1?0%90&5{ eniboc ?ﬁéﬁ[@q%s flck&qare hydrogen; and
r| RgsanﬂORB aanel eadtD mdepertdhﬂlyh mwl%é,nbmylgdﬁlmpm:gi E)S:?pmpyl In an
o rBb AR RethERn RS Bafyad R ud Racyp P Baperdemig metis

coumoLpeipy, aﬂﬁoMQ)ﬁOQﬁle@&%&nﬁﬁtT/RASﬁ@ B5aRAR Az 1hd Ry and

i m nepyrjdine taI | exes used to pre are
P ShdspsAenty FREthyl PO roB Yk of ORI (I embodimen,

enR dhdRM4re Hetiyl; AN RGQAE %ré)éa@ﬂ@ef)éﬁrﬁ@ﬂ@é 1 1
29, 930 gle etg/ qgor %& t he pendz:\ln%3 groJ@s1 &rrgy %:%py o

asisgePPYled %@b@@w of hihis LRsrsErMmbarsiso VEIE Holshe t amine,
oS e, U MY TR, AT bl v
i sPiepwnhexadentatevbimetallie canplexcial t . | n
[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 asymmefric 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



anot her enbodi nent, selection of Mand M affects
selection of RA, RB, Rc, RD, W and Y1. [0027] In an
enbodi mrent of a hexadentate binetallic conplex 33,
WeReAeS48F oups nmaybe as defined above, wi t hP¢T{ES2005/042175
foll owi ng exceptions: R, A2, and R3 are hydrogen; R4
and Rs are nethyl or hydrogen; R6, R7, R8, R9, and

Ri o are hydrogen; RA RB, Rc, and RD are each

i ndependent|y neth et hyl, propyl, or |soprop
an Aoy HBIERsidree mmefp %Pﬁ?lftxﬁk Bpd( feg@?méer hexagsngad %ﬁ%léc complex
stryyctural bridge Y2. The enbodi ments of th| s

par agr aph al so apply to the am nes, -acyl pyri di nes,

ac PVl ne grap¢mbedisisnpdfiaitpxadentnde b@;ﬁtallm i 2, A% 29, 30, 31,
metl 3 f%ﬁefh% eHd" g ﬁxfoﬁlf z@%?@r & IBEARABN LR ept t fhat both M and

bi mefal’li ¢ to or purposed of
app¥i aratqol:nit am amgﬂmgamhmﬁmcm,r bpthelke Iﬁh@MWe titve. In another

stru S) rei .
ny o BT bt e R g N NS S R0 0P8 s By s cobte. B
gr cupther éhﬂ%jmdimrsemuﬂime\z{ anfl Mhaﬁec&mlebtaxat mfdi]A, Fa, Rc, Rp, W
hydrg rbyl group is a group containing only carbon

&gr ogen. If not otherwi se stated, it is preferred

t hgbodrydr agaan Iambodngemu@a hegddehftelfimb@llie cdmplx 38Qehda® groups
carbon ataqns. %%o rocarbyl" and "alkyl" are
equ%Yéf{eéﬁfieﬁ%H&b%?yWB%ﬂlﬁ WiRg é’F‘i?H%‘P?@eabl y. [0030]

For pur posgsrfand Ri sredpBbi&at i on, a substituted
hydrocarbyl 'is_a hydrocarbyl group which contains one

or nore s%@ﬁ&éﬁmﬁhﬂebbywaﬂh are inert under the

process c dR :gférh?hl:k% orrpound cont ai ni ng
t hese gro(&%s I's su ecte h Substituent groups
al so do ndta Balid, aml Ra hileyea¢ninderfeadentlyintethyl, teghyl, propyl, or

he b| nmetallic conplex preparation process.
>§ gfd}g? erwi se stated, it is preferred that

S u bsti t ut elk WO RQ @ﬁ)bﬁﬁﬁld&ﬁoﬁ&fﬂ'drhﬁﬁ%ﬁf/tﬁélﬂﬂﬁﬁual bﬁdge Y.

ocar.b ou herein contain fro about 1
Y g Sitim i OE i oSl G Pty iR e fiGevipyridines,
" Sldbﬁtnhlhqiyﬁdme agempuedRtind adylihthepyatias aasalmebmplexes used to

rin 00311 For purposes of this application, an
i n@ ‘Tpa’fei’ﬁﬁdie’btﬁtﬁ ‘@?%{}ﬁc?@Plﬁxa‘f‘oup, other than

hy qos28pr b¥ror ‘iﬁup%%&sbf i ﬁﬁblféﬁﬁ'&rﬂoﬁi Bt ,grdﬂﬂl féhreﬁﬁﬁe%tdaoﬁy the
substantially interfere th process descri bed

he SERGURRE(EO}-hehergigFonanb wydme@ha hydreagryyj g@éﬂtortaér@esgmted
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



part. Exanples of inert functional groups include halo
(fluoro, chloro, bronmo and iodo), or ethers such as
-ORls wherein R18 is hydrocarbyl or substituted
WOAsesE| . I n cases in which the functi on®FT/gy2805@42175
may be near a netal atom 2lch as R4, R5, Rs, RB, Re,
RD, R4, R5 Rs, RB R¢c, and R D the functional
group should not coordinate to the netal atom nore

strongly than the groups in conpounds containing R4 )
R yfeoga e DS BRRGIn cReain fFRTSDCR! 4 o pbopt 3(pesgbonignseingluded in

whi, %%ﬁﬁ?}aiﬂﬁgﬁﬁﬁgdcﬁg !nﬁﬂf: L@ol l%tér&%rﬁﬁicg{ngﬁt om

that T1s not displace the desire ,

codP@ilhat iFog puaposss of fulio@plicaon, Jningrb Susticepl grANRIS a group, other
appl.icati on ri ' . .
oo o Bl 05, W 8L 1658 v
anywiot igrpradessriésctiveddmnsdn wherer ths enmpolnidyin twiachhiy phplesent takes

to the benzene ring.to.whjch the pri rb r

| o btk (aaelss or e ey ey febide iR BeR dity and
a hyah)a@eteat a6h a a0 @heRirOR); is bdrbaibyd oo snbsiited dmdrocarbyl.
atom su fur. ator}:]ane_tc. I n other words, Ir}e freF Ry
vallBfeses wayhigh thedfpnofionnl SR may bet5ans Fiel atgmy el af Res > Re,
hydgocar byl, R, ®°f URG! RaNaR’ YrHdPR’pERRMhefonall group should not
primary ‘carbon groups include --CHs, --CH2 CH(CH3 22 ..

- - @agrdgpte to tgHpetabaten moge sfronglyghen @EF@‘?“PP ObQPqERs containing
PUNPOSES KM R NS, AP LA ORvg, R ' SRONCAVRGAARA ¢ Mem as
i ncl'ddes @ group of the formula - , Wherein the .

f r eoonimeting ds the emetal ato, othieris dbemshquld ot plispdace the desired
r epr.esent the hyphen is to the benzene ring to

whiCh ﬁﬁ{eﬁé%@%%dary carbon group is attached). Thus,

t h0032pe \Rolr prupesesrdyhib epphioattbex a ppomanhearkogegioun inplpdes a group

S A AL RrBUC, o Lnd ¥, S En D e v

S Ulygjiredetitc@ By hediyphied D10 the berzefitiring foovidth @e primary carbon group is

S, TN B tand SS90 98 b8 DO RSl St atom,
CH(cGHidh HohB oxpotat atdaiistifietdtom ] 631 othé@rrwapdy, e vafence may be
this application, a tertiary carhon gqr@gg i ncl udes_ a los of
gr de pydregen; kirecarhil) substituted hygcaghvhox ,@n¢tional gFoiR. fexawples o

ar { -G S-CH, 8 , WO @610874:38 , and -
PC'?p/ﬁ OOS?%&%%thgﬁvaqﬂgﬁces 2rray@kl)-}g%boné%d to a -
hal-6ge@Clom carbon atom oxygen atom sul fur atom

et otgher. - eyl includ
nydPUD, DS ryREES o 1P b fIRRINE £ BarPYarkl (f0uf includes o
f urgrdtiposfathe dorouyte -CHiarphaasin dhe free vlenges @oa ivosnygetberdoms (the

i_ @oﬁfépge&%@ﬁ%%%%@%@ Bﬁt}ﬁz’g{% fng o HiBHE AR dary 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 beto a
hydrocarbyl, a substituted hydrocarbyl or a functional group. Specific examples of
secondary carbon groups include -CH(CHs);, -CHCL, -CH(C¢Hs),, cyclohexyl, -
CH(CH;)OCH3, and -CH=CHCH3s.

[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



and 1-adamantyl. [0035] For purposes of illustration,
some of the conplexes and intermedi ates exenplifi ed

in Tables 2 through 5 may be viewed as consisting
WOR00a¢5¢%s or sides. One side, such as in SWTEJ/@QZW(%ZW
7, 8, 15, 16, 17, 18, 23, 24 25, 26, 27, 28, 29, 30,

31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, and 42,

may i ncl ude oxygen or nitrogen groups at |ocati ons

10, 20, and 30, and the other side may include oxy

or vaﬂqnp@gew o borled tosa hilogentaternscazion 33@1 Cawaersefomm’éﬁlf atom,

tWoetcS I S%tl?é} %’fd‘é g‘l‘é g—g Zlglf§ce§ %r'l:‘]ay %Q to %@mc%yl 243ubstituted

38 hy'ﬂfhcaltb@l ot ﬁmamdnzl&rmaybéxmpinseof @dtlarb)cadvon groups ‘include: -

concaibe b e ook £ GRBogBEE OTBbeER gt cP

5 4\ -ddambntit. her il lustrated by referrl ng to rings
| abel ed 100 110, 12 1130 140, a b, uc%}éﬂ ediates
st rl9843r esFos, Pupposps of illugtratigy, spme off efgmpieé‘e “E%m

23, ex%ﬂlphﬁe'ii mzﬁblegz thr&?gh 5 1?1 b@ﬁew&ﬂ-as odBsisthg, of Jéko h@kes or sides.
36, 42. Sone_of these

conRASE SicbrA B SRSERED T 1o s Bndt Ao S Ay 2o 30. 31,
hal Z?QE§3 O, §5 4RS 37, Q‘Seﬁ] abf 410fan<§141’53hn h&lﬁ&é SHy@en Hﬁbitr%gen groups

i nclde sone of “all of rings 10 and
t heatdedaensdiOg20,rmag 30,. and |tlamh<§c§rﬁ9 8%y laFlPd?)‘PXMgPlﬁ giniagyn groups

140, Qﬁiorﬂsgt% 500 Qﬁd B@ﬁnﬁ%\é‘% ewsutaaufe@ﬁngqtse% by, 18823, 24, 25,

struc ura 4003’7 I'n some
e b2t RHErst 29, 3@nél §P-d’é o4, A, %6 r3l]c38,||38, Odl d htanfl 4@ anay\pe connected

gr s at me or all of the |locations 10,
Zooba {S‘Iaqgﬁg¥ 18r %onme or all of rings 100, 110,

andjoszd), | Soxﬁe mfrt}teocrompﬂmcge and intérenedintve shwah fin Jkbleh? through 5

struct i ied b r.ou . att

oL TGt b bR 581 2 raB LRSS . 140, o
al I'150f such A9 sh%@turesi,@,,? a,rgqlmsxz 14, nssw;m,ansmzz rzarzs 26, 27, 28,
i mge scenari o, hal ves

d
U r o B0r S Srctp B T o i by 0a 4641 BT B St ey compounds

P aséﬁscoﬂﬂié%ég by B VRREL la§ Rhvidk twW6 tHAMVAS or Qfdeﬁlg &neShitihof such
as Y1 or . I'n"some enbodi nents invol vin

st rsmwmealmammdg«ée somgor gl pf BEH A% 110, apd 1 120y @n%?hf oftgpyside may

at I3
. rrb%l ud sc{i‘r?es&%lt 6%&1%{'?(03 1926, aﬂ,a 190. p?ﬁéa %o?f%tr?ve% In',ihy‘:iﬂeh:@ﬁnected by

formtmamralbhdgélsu@ltasﬁ’atou’ﬁfhl bri dge Y2. |In other

IO e SR BN R b B e

t heat shihe gr ailipStha leationsie; 2, a:atl BGhmné/ax:bV $vanhef orcAl aflvisgs 100, 110,

i 10 i B SRR S Bl L e e 85 erours
a MitfaBled at mnw@f all oF thedbeAiohe40, S00di mpmdﬁnr sbine ot &1 of rings 130,
an d{4c())r ar}dhleSO‘ Vh\{ s19crh(z)1l%1§)1§r019 1rr]naegzcjs1 (s:ct]enzsul*lcgj ethe two%alves or sides of the structure
may be divided by a mirror plane, which passes through a symmetrical structural
bridge, such as Y; 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, Rz, R¢, R, Ri1, and/or R’y may form part of the structural bridge,

Y,. In other embodiments, a structure may have symmetry such that the ‘R’, and/or



structure are independent of each other such that the
structure may be asymmetrical. Considering structure
36, for exanmple, R, RI, R2, R2, R3, R3, R4, R4,

WO 2096/865448 may al | be sel ect ed |ndependentI)P(HYUSé%Péﬁ42175
other. Further, in various?tnbodi ments, the degree of
symmetry present in such asymmetrical structures may
vary [0038] Synmetry, for purposes of the present

ure, is defined C R subs ent

it (Aol B3 SHmeeenical G AL B of gty b (e Sdes o the

ac Gﬁﬁdﬂlhre GndyGoBbd iqrﬁ&drn&agé’sdof onb eidtheR st BY whaV@viiBEby a mirror
sarre structure as R7. In the nore general structure

28Plapg. Amyeteihee ephedismeis, dher Rorandler e W 2100pBY] eacheside of a
t " Qg6 ARPRANGESdeR 0 2B 2% T RYChRES SRS SR WHERLY Ye asyﬁnmetncal

according to ‘the cited definition, conpounds”of
t y fensigsynsctuers 360 &ulexamphnBt, Rj, RooR 2l Rs,elsy,rﬂmeRmyW,smd W’

gﬁg{ g%ﬁ bg?é%lggé'&iimh?%eh{é%ﬂ? e Ertonlt% uﬁ%&s gg@ﬂoc a? Elrﬁents the

gr degree ¢ sgnnietrBpreRent in suctl a@nﬁnetﬁml stemn'psi may Varjaorrpl ex

S0P SR b 8 AR by R pen o

ani, istbstimentr is idshitieal tdeach i sibttuent)ioe exaiipls aledtding @Nhacture

n and, RB i.s not identical e and  nunber
of 34T Ko7t Loy P s 2 16 RS SPTer kAT 28, W
RBnﬁgaamh@Sms&y&mea@dNRc and RD are both H, then

mretry is present. [0040] Thus, those of

fqoﬁ% i fopefpompuan A4 et d8 DHA(POSSSST SYBINFHY agsprding to
st fHeCdited @eﬁmﬁ&b%&ﬂﬁ%ﬁﬁ& &fﬁlsp@?éhﬁ& SolREAIRS g{,mmeu-y Local

various symmetrical and asymmetrical conbinations
* ResymgRedys defingd by eengidering/the orge &:q@@s Reit RasRousnsl Ro, along with
{- kO Q0
S By SRS B 15 K g KDty A
andhg Letad psymgetrymefos tcaawmmﬂmmf rflae piditce grouph atound the metal on

ggﬁwgisl SAEor E&l—f’i‘émﬁﬁ’ :3 Y, at a%t 3cb:telrs %lblstglg ogﬁ; L?ﬁé er ots su%s’utuents n

necess o aChI eve
e nRedndiBp tsmtﬁddnﬁrxaicﬂ@ ﬂteatype iindrmﬁxfhlef oftsubstiti@iteineRe and Rp. For

SRR R BT HE B ey S T o o b7 Yen o
spggmﬁne&yem@@hﬁents f or med by substltutl ons of
Séure 8 Strucg(g_{]e 28 incl udes %houps on on
{9§ 1 the %M%Fompresrﬁné Frayplyralgy Shtgictural

e i érﬁlﬁfdmﬁiﬁé“dr@ eﬁosﬁﬁled bbdaQEe My AL I 4 t8cd NarRf GBymmetrical
half of the WO 2006/ 065458 PCT/ US2005/ 042175 23

ns QfarRa’ ngronpt ef WVal gronrse eMs¥r yerewpst ottetyrgl bridges,
g‘z%i‘ﬁgﬂﬁbaﬁé:%dl%m% ment having structure 28 may yield

met ri cal and asymmetrical conpl exes. The two
Si [@@él} 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



of structure 27, on the other hand, are symmetri cal,
having R3 through R5 on both sides of the conplex.

Such a symmetrical conplex nay be a part of a m xture

O 2006063488 ri cal and asymmetrical conpl exes, BFT/US2005/042175
starting materials may be 8l ected such that the
synthesis only yields symetrical conpl exes. [0042]

Anot her exanple that illustrates the rel ati onships

anong starting materials, internediates, and ) .
corptriueiiees Stertisg materiglsaneg@sarpio fuye nrasgmmedicak gubodiment having
co | DT it HIES yrhhoRnch AhpRhEs. R two sid
rooRuEERSA ey it Bot PGl a8 ik M colbpRas. I o sdes
enpifeyrectuten2 7a ohith etheh bartd, gieesymomstyidabasingit| thiugly Rs on both
those in_Table. 4. [0043]. Am.d qther.,consi ' ot
K
matsemindngcal it ARG irthbsommeaxds, oo spttigasatasad mapbe selected such
sel ectjin tarting ppterials to roduce a desired
syrfﬁ?:‘tﬂi‘%ﬁ%’i“ esis prly gﬁe[%ﬁmeﬁcﬁlrcé’mé’ XEHnpl exes. For

exqomda. t Mothdliek 416 Hat HiustPtds thy FeldibAghipshiaong gtarting materials,
structure 9 nay be selected in order t oggroduce ai )

i xiplgrecdites e sommlexeRisSHENS 10 Ofdisipieahedialy pogpplexes in Table
i ncj UdESHRETE /8T S¥aRe bitat Fé}feﬁc IRENIBIRES béAdlewdstthat may be
regard to pendant groups Rr through R5. Enploying only :
onempjgied tefchigie a@ﬂmw pemmexen inpludipedhesqdn Gpde & may

pr a HRARBEL &0 HTRE Bhd befatio IR £X&R startin
thgtgmgﬁe a@‘@ﬁ%@?@gﬁ \[/}mﬁf% roglgpe%t to aplé)ndan_t S‘-r%s-a s
gr aogsridRy ilnte;rrmsﬂgheSR&nd <&nml¢xa$ |agsists vip seieetingr eiprting materials to
arqnatic nogani nes._hayi
7 BBt # R PR 3 oDl b oL oliE. 6 B ewo
bi riffakti di-acylpyidineashayingt stiucinteu? emy denelectedriplosdee go produce a

o o o BB, sttt R By SRR vt e
SY Nis{afietricRinyifSreg4ra k@ yéndgntveadups RS tieoidhi Bya tEopisying only one type
starting_ naterial S and i nternedi ates_ na ?gh’%agve a,. n
ot BRRTTEe IV SERERES S BRY ERCRERA LAED of Bptafeaiels pimetalli
SUi doftileed fHat SRTIONMRAStribA) ALH Ry id Féidiaﬂngrﬁﬂis_aky gfrough Rs.

system [0044] One 'starting material for producing a

he x&imdaty ttwo 1§iffesend [arqreatic gngfloasines haing strcHEe 3 TRay Bengelpsted in
.rmé/)r&]é'?\%g aﬁ&ful:’él:_ﬁ Eﬂi%relof Kexadentdle bitnetaflic Qémﬁeﬂ% that includes some
| n Table 1. GCe b

ndicated | _Generally the anm ne may be a
moreospiexes thahere peymemetricatovidiareard, to acaflanhigioups Bn Ro, Re, R, and

ar ti di 1 i i . .
oriua Tind e WA oP by RER JIA M bUEB0s odbifiSRs of strting
o nnateidie arehibierhedatéssmay hehieverranvimespohdisg stultipdicily ef hexadentate
2, 4. a ixtures thereof: alternativel
e S e e P T T S

st rjge44yr esOxe stz&ﬁnglaﬁxaféﬁxl fof pzfaadﬁdimg £héxadaltdte bingtallicadomplex is an
structure 1; or alternative structyre. 3. .
sorfiBFHERY Haine mayhaxe Sptwed L é%dfl Tt 83 lwdaﬁaleﬁé}l Table 1.
gi eA119 RO Sth#B M be b Reordb@feNgh Adfmafié hdabihife,5% dibmine, an

or m Xxtures thereof; alternatively, structure 7, 8,
or angmatigr digmine, 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,



thereof; alternatively, structure 5; or alternatively
structure 7. [0045] The base material for producing
the hexadentate binetallic c¥hpl’ex is a

di -acyl pyridine. The di-acyl pyridine has structure 9
or structure 10 as indicated in Table 1. The

di -acyl pyridine my also have a m xture of structures

struct®e &ndinl®meMtmbodivientsethe, antine islia-ddoyingy h dimker digming\ebodiments,
.Sstrugture 9. [0Q46] Commpn interpedi ates Jin_th .

e digyat b S % o T B Ee BB store 7,8, o mirturs

thereoP 2Bkt d1§, éfﬁgﬁllr@ X & a?te?fﬁ%ik/élﬁﬂ si@Biikd 7li ne conpounds.

Acyl'i m nepyri di ne conpounds fray have the structures
indicated in Table 2. In enbodi nents, an

i m nepyridi ne conpound na e, pr re . . 1
00451l e Prberiz Sor Bregiae e needgnine binRRE SOl s digecytpyridine.
The difdcyflyriBinétHas Seru@ied 9 bEGRAMAIENO dshadieayd imTasPY( iTHed-acylpyridine

coimpound fromthe first mxture. Cenerally, the amne
may alsayhavbe raixyuramif sérugturesohipne d0i oﬁlt@flata\rﬁlhetge degeylpyiédine may have

herei n, such as nono-ani nes, diamn nes, or :
StruClEH i nati ons t hereof. The acyl i mi nepyri di ne conpound

may be either a nono- acylim nepyridine conpound or a

bi s-acyl i m nepyri di ne conpound. Mbono-acylim nepyridi ne
[0046]confommenn deieenediatgs Hay theodisclosgd BebofS dnprodufing a hexadentate

. rou nd ti dine.qr ile big-_: L. d
iR RR 5 A A e RlBimingpridine cppgounds may
have tHeMgtietugdsdu@isated th Table Ry rihGnitddgnentpsan acyhminepyridine compound may

bi s-acyl i m nepyri di ne_conpound may have t\/\x% hal v

be prepanefh h&onl@gtingy o dacydmeding fath GPotipneaing a' first mixture, and
recovexgérfé g%g@i%?éﬁ%hﬁfg%ﬂfh%fﬁow ARERAE thiPiird BbAdtENYtAE amine may

, no- acyl 1 m nepyri di ne _
be anycammipe ondsmbinatibawé astinescdascebedl hgreib? sudBas moedo-amingsy diamines, or
.further nono-agylim nepyridi.ne conpound errbodibrrent. ;
combinglanc RS, ¢ Hhe e PR ARG TGS W Uidir & mono-

acylimﬁ%{;ﬁ'ﬁﬁh’é E&ngréundlgn a biv-adAimifépyHditd E&BpdliRl eMfono-acyliminepyridine
alternatively, structures 11, 12, or mXxtures . .
compoutiisrgsoérallyphaes orgt acdlgyoups bR snineagrours and pne yridingtgrews while bis-

. therepf: alternatively, § 11 £ - 1
ccytimibgRTERts ety g byt asaf HroUEh LB e QgL WS idine groups
The bidhdy@iiiaépyeRiine cahpogiduiy Ithve two Bafbedimithnéi®, agyl group, one imine

nono-acyl i m nepyri di ne conpound, may be prf&%éd},bg/
group, axhanedtidineLrowhoeadh hallwprrecieddy &stqiye %% B m

a first mxture, and recovering the nono-

acyl i m nepyri di ne WO 2006/ 065458 PCT/ US2005/ 042175 25

[0047] convonmdcflimimepyridifie kompoundsumay Hdvacamictes hylZhalde and 14. In

structures . as described herein. The di-acyl pyridines. .1
further Rone-ARYIminGPYRdINgs SoIpeuad, | FRoPHBFRS. aﬁs %H%‘ﬁ?ﬂlmmepyndme

compox.klg\%%)ié RS SARIRIEs 11,1, 18 nP4,Qﬁ%ix@g@§ Rrdot MeersARRBY Reuctures 11,

structure 13 may be’ formed via a reaction )
12, or hektwesntharedif- altgrhatyvelyli staichaes 1§, sl wet mibxdwgs ghereaf; alternatively,

structurgg Egg%‘%ﬁ#ﬂé% %%@%ﬁg@%ﬂﬁj ﬁq@%&r{g 1? {Tgroﬁ{e{‘rneart]i%gl‘y, gtructure 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



produced by enpl oying a di-acyl pyridine to nonoamn ne

molar ratio ranging from about 1:1.1 to about 1:0.75;
alternatively, fromabout 1:1.05 to about 1:0.85; or
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[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



di -acylimnepyridine with an amne to forma first

m xture; recovering an acylim nepyridi ne conpound
fromthe first m xture; contacting the

WoyPle#p346%yri di ne conpound with a netal sal PCEBSP¢Y042175

a second m xture; and recoVring the

acyli m nepyridine netal conplex fromthe second
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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



acyl i m nepyri di ne conmpound to netal salt nolar ratio

may be about 1:1. [0052] In other enbodinents, a

nono- acyl i m nepyridine metal conplex is prepared by
WORW0s06¥Mg a di -acyl pyridine with a nonoam nRCHES20Q5/043175

a mono- acylim nepyridine @npound in a mxture, and

then contacting a netal salt with the mxture. In

further enbodi ments the nono-acylim nepyri di ne net al
conplex is recovered fromthe mxture. In a
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[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



contacting a bis-acylimnepyridine conmpound with a

metal salt. In a further enbodinent, the

bi s-acyl i m nepyridine netal conplex is recovered from
waagongiossdsr e. I n yet a further enbodi nent, tPHE/US2005/042175
bi s-acyl i mi nepyri di ne conpl?8x may be purified using

met hods known to those skilled in the art, such as
recrystallization. As a non- liniting exanple, the

bi s-acyl i m nepyridi ne nmetal conpl ex having structure
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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-



nolar ratio ranging fromabout 1.2:2 to about 0.75:2;
alternatively, fromabout 1.1:2 to about 0.85:2; or
alternatively, ranging fromabout 1.05:2 to about
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[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



salt or netal conplex. In other enbodi nents, at | east
one imne bond is identified by an imne nitrogen at

| ocation 40 and 60 and is forned in the presence of a
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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
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In some embodiments, the molar ratio of mono-acyliminepyridine compound to
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diamine to metal salt ranges from about 3:1:3 to about 1.75:1:1.75; altematively, 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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complex. In some embodiments, the mono-acyliminepyridine metal complex is
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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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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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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



known to those skilled in the art, for exanple
recrystallization. In other enbodi nents, the

recover ed nono-acyl i m nepyri di ne conpound havi ng
WOr2005/065488 13 nay be used wi thout further PCT/US2005/042175
purification. In some enmbodi®rents, the recovered
hexadentate binetallic conplex having structure 33

may be purified using nethods known to WO 2006/ 065458

PCT/ US2005/ 042175 40 those skilled in the art, for

ex aﬁpkeesklil@dr ipsthalart, Zert ¢xamplel recoystallizaéarholii et gmbedigents, the
Gt Do 195 ARER Akl ey SRl T be used withou
pur ﬁﬁﬂherqﬁmﬁnatxohn Is eorae anbmhmerﬁs;tth@ metakbsattanai coganlrlse frany, cobalt,

rls i r.on, . cob r nat| ns er
ano é‘?‘?ﬂS’Eﬁ P inhaéloﬁ@{ eltt% esgﬁl r oﬁn&F fron. In
an Oﬁlhﬂfer @;ﬂb&&ﬁm&ﬁnme e smmipnsed dobalo I’@thbﬁ&pphcabtn&h&tal salts are
O her applicable netal salts are descri.be n.
NondeserRet hrg e Ngpfirating exaopples | the mplag safies ﬁt axﬁwss%“’ form

useﬁletﬁst 204 Rcohd GriftiFes tnchidd aSBGRAPydixd ﬂéﬁﬁ&ndaﬁﬁﬁéhﬁ@laﬁratw of
di -acylm;rl di ne to nonoam ne nolar ratio of ab

1: 1abogt r@dnmomymnﬁ@pwdveﬁ HEROYRAD LS T ﬁgrt‘r‘i’é’f about 2:1, 2
Mol Blond- %;tyhﬁm% borfipoknd @0 B QaR GYd1dr Fatls BY hb it '191 a mono-
conpoundt sa t" nolar ratio of about 1:1,
monecylimingpyridinre Wﬂpcdmd do sliampioe el necsalcieli melar Fasioned %hout 2:1:2,
s al ] f [ I |

51}]hgg1r1]181§71({ n%* & ?1 anﬁ@ e1}1§tg)#1 tﬁca:%fg rdtgle? aP#)lﬂ:qg% il H@Sllﬂ)%dme to
d| amydapmta mone-atyhmmmyudm nemporddo dxayulmenmqewwlmyndme

und i % qletgf;%ﬂe?ﬁ?%&g aC | m y(?]}l%#on ﬁnd ?o (Hdn 1 go metal

dl aﬁﬁlﬂiﬁblirﬁ‘aﬂimttﬂit ma@aietusﬁd)toaﬁ)nn diel fnst ztnhabconﬁymblmels sircdescribed
Lormthe first and second m xtures are descri bed
her THS [0079) In alternate enbodi ments of the first

hexpyiet at B RitdiRita | dnifodmAR 6K thes Yifs: TRSAdentaR! bidbtallic complex
wherei n a bis-acylimnepyridine cg]g'pound IS .recover

f r offoihgs mrethodtWhASR drtas-aqyHBIRRRYHERS LOPPPING dt 6?°ﬁ§efa $fom the
hexadentaie, i Hﬁ%ﬁlﬁﬁpr@@lﬁﬂig%h&&ﬁ&ftét@ﬁi&etal]ﬁ@éomplex comprises:

contacting a di -acyl pyridine with a diamne to forma

f i r € contacting e di-gdyjpyridinevdihi mdjamineidp Sorpca finstinidpy (bliraqevering
COMPRNTL iy wef bdifoutlt ot Ghe (et HRATL) Bonthdifte the bis-

bi s- acy g di ne" conpoun a nonoani ne an

met adyhmaiepyﬁdme‘ compasing emthrwl monpannine @nd amektal (sglt to form a second
recovel he. hexadent ate bi et e SO

emb B4 n?’%‘?’ fc}?e 51 °§er3’§yl Im ﬁ’g‘@ﬁ?‘%{ | ﬁlé&eg%ﬁé ogé’n & Fa mpidk, gie some
pur érhbodiinenss, ml& Bieiabydﬁﬁmeﬂymdlm dompohes mag Fbel;iuﬂdedi msmg anethods

art, for I1ization .o
el 5 g 1 Bt Pt Bl isgy v gihggembodiments,
CONPRURGVERM [Bes-abRfhindpiriiatt dodtipbtied mddu bl usedt ivithoud rfurther

sone enbodi ments, the recovered hexa éjﬁ te bi mstaﬂ1
conprifigation. In some embodiments, the recovered hexadentate bimetallic complex

junc

-'.4

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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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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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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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



acyl i m nepyri di ne conpound, netal salt,
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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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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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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



anot her enbodi ment, the netal salt conprises iron. In

an enbodi nent, the netal salt conprises cobalt.
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recove ed hexadentate binetallic conplex may be
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bi g tfgy 4 firdaiRhe aﬁ&,%ﬁfb‘ébﬁeﬂng 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 rtecovered 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



met hod wherein a nono-acylim nepyridi ne conpound is
recovered fromthe first mxture, the nmethod for

produci ng a hexadentate binetallic conplex conprises:
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hesghtnh Pl Eettrctoe 2Bt ko gFhctikd 7 Wil e Sccond mixture
to form a third mixfure; 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



descri bed herein using suitable di-acyl pyridine(s),

nonoam ne(s), diamne(s), and netal salt(s) as

descri bed herein within the synthesis nethod. As a
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c Or‘mﬂ%ﬁxﬁﬁ. In some embodiments, the recovered bis- acyhmmepynchne 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



di am ne, and nono-acyli m nepyridi ne conpound to

diamne to netal salt nolar ratios that may be used

to formthe first, second, and third m xtures are

WO 2006/06d6B herein. [0099] In alternate enbodP@ER$2805¢0H2175
the third hexadentate binet&allic conplex synthesis
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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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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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it h di am to.f .a thi t
C o JOU B v TP A A i o B R et o ol Bonoamine
f r inbiAEsaRkeMmON6lasfliitkpsriding niteileopleo e dirmirf, addw@ono-amine to

recover ed
d1am?ne 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



nono- acyl i m nepyridi ne netal conplex may be purified
usi ng net hods known to those skilled in the art, for
exanpl e recrystallization. In other enbodi nents, the
WeeHsnsdP mono- acyl i m nepyri di ne netal conpl BKI/BE)05(942175
used without further puriffcation. In some

enbodi nents, the recovered hexadentate binetallic

conpl ex may be purified using nethods known to those
skilled in the art, for exanple recrystallization. In _
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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, a2 mono-acyliminepyridine metal complex to diamine molar ratio of about



acyl i m nepyridi ne netal conplex having structure 21;

(d) contacting the acylimnepyridine netal conplex

with a diam ne having structure 7 to forma third
WDx00s065458and, (e) recoveri n% t he hexadent at ePCT/US2005/042175
bimetallic con‘pl ex having sPructure 33 fromthe

second m xture. In sone enbodi nents, the recovered

nono- acyl i m nepyridine netal conplex having structure
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r atﬁeS%Veﬁ%ﬁM {')ﬂge us{ég %thegf i rst nig:co
andthbd sldlled ot ﬂmeeast afmeemm rdsmtabizatiom, Iq@@!?oslleﬁmentS the

alter nat enb t
bi nrgt:%\ferq heatg Lagcgpumgtaﬂ%ch pléxoxlﬁ%}%] hﬁg\%@gﬁmlﬁ fither purification.
bi sTRE Wl-hdyipieidine] diaﬁﬁemiﬁsahcybmmpgxdm@ compowndy atal (saliy mono-
the second m.xture, the nethod for
hex BB SRS B PRPIsE ISR, Al ?’g’é@eﬂtﬁ‘e%‘“‘e‘ﬂ‘m complex
Conﬁ:@ haveGtrdctiiles afdds@ibet efetn. and a di am ne to for m a

bi s- i m nepyridine co oun .
(b) [@éwﬁacﬂhﬁglp@ma@@alm@én? é‘fﬁ‘le g 10 iatin o dippine to
for M1 SEHONEls eytibhpyrifiial ﬁfé&PVéb"nhp‘l@( t#9€ monoamine, diamine to
bi s-acyl 1 m nepyri di ne rret al | ex ﬁrd%M coné’ ctithn% -
t hembheanziog toi metelsply thaamﬁﬁbﬁﬁ%eéltg%&?&% SEqon: mixtures

m)noarﬁesc%bed 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



to forma third mxture; and, (e) recovering the

hexadentate binetallic conplex from the third

m xture. In sone enbodi nents, the recovered

W0L0060934587i nepyri di ne nmetal conplex may be RAiVI2PEE42175

usi ng net hods known to tho$e skilled in the art, for

exanple recrystallization. In other enbodi nents, the

recovered bis-acylimnepyridine metal conplex may be

used wi thout further purification. In sone
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ski Sé’ahfﬂ?‘ﬁ for exanple recrystallization. In

ot f[eanepbomermuemsne dnite dinteatsoofethe dounthxlizatedentatecbimetallic complex

binmetal l.ic ex. my . be used wi.t hout f r.

urTRbsia RS Wi syt Hire el talpte i recovered from
bi $nG¥ddndl MERYNE iy 8e C@ﬂﬁéﬂlﬁd ﬂlmyﬁhemlof hexaiamtate bimetallic
acyl i m nepyri di ne net al npl ex, . oam ne

h o RTERNTIE 5 HF3FEbY] DTE SIS ERIOPTES SOUPEIRES P mine(,
%ﬁdz?'ﬂ_uﬁ bRt ﬁl'eﬁl sa{lf@sg]ag%lzscﬁb&i BdBinl widlih %d@h&ésﬁ ﬁfethﬁ& As a

yr| dine to diamne, diamhne tqQ I’Fg‘i’ ?Ia !
b| speaifjd, nap-Himping rpmpleadihy alt@gl,qfﬂ foyrth Bexadenial llziqéeta ¢ complex
di %pﬁtﬂgmi ﬁethp@ BRSNS bk %ﬁgpﬁﬁb{e bt cd'ﬁ}ilexbﬁ rbkﬁ)@éred from

rst, SGCOI’] hird m xtures
dest.he; istredd heixeire . the estiada for i roerueBigd? thewntaweol?m@s@&wp?fénplex

Ien:rg?l%ﬁ%r ﬁq} (érgacttmg% di-a %)lh%{(ﬁl?edhév%gf QRS and a diamine having

ne ¢
rmrs&uaﬁt;el 1w fmﬁpwbxéamnmyaﬂme oqxpp@md hemiglseneient’aine first

bi met al | i .ex ar
al RS é}g} contac r‘lngs? meﬁaé g{ﬁi %xl}? l:n%!{tgree tgl} 13 second mixture;
Pr qeyRLowkihf e.rblssmﬁmﬁnepyndme(mden cmlsebl hmr’ir@ dtnugture 25 from the

conpl exes or a m xture of xadentate bi.netal lic

BB BN (D6RSES. TPl KETPUBI MG it el with 2
Us'ﬁ&ldéhﬁeuﬁﬁf'i’ngoﬁmﬂﬂtm@%’ltd)%rmdhrm&d rﬁﬁﬁﬁanhn’dlef(e) recovering the
diam nes, or nmetal salts wiithin the s%nth Si s tho

[Odmm}enmtﬁebmetaélmmn@l@w%‘eﬁlm“ﬁ%%f33t ‘ﬁrs?‘l’? mixture. In

hexagdentabsui Eﬂf?t ! feEovePdiP bRMacyBnitep@adite MRt 0sdmplex having
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another embodiment, the metal salt comprises iron. In an embodiment, the metal salt

O

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 altematively, greater than about 2:1), a diamine to metal salt molar ratio



structure 7 to forma bis-acylimnepyridi ne conpound
having structure 17 in a first mxture; (b)

contacting a nmetal salt with the first mxture to form
WO3esWpdSEi xture; (c) recovering a PCT/US2005/042175
bi s-acyl i m nepyri di ne netal®conpl ex having structure

25 fromthe second mxture; (d) contacting the

bi s-acyl i m nepyridine netal conplex with a nonoam ne
having structure 3 to forma third m xture; and, (e)
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t hé o%EYS C”R{dm e@ggﬁ%&g?ﬁééﬁ?ds teﬁe nmet al sagst?’ 00

cormdsne Sestadt rzomes dndexasmtebtb cuitieneonditions mishas teyaperature, pressure,

lLsgs & bal t 0l AN R .08

nD s aFtéﬁlebgo‘fvﬂﬁtFS E?g J’dﬁllég dggk%fr‘%ﬁpﬁ fi r%éf 1,%0 may
S ey tispogdddn b Rikssél, agxd storage thnks kojei&omanhcr-, mixihgpyesali neector, etc.;

to dianm ne nolar ratio, of. bout

al t&lengthiof aipy, o gratepeinle: H’gﬁ&}?&ﬁ?ﬂt Bt h §a%er for c%nr%?lﬁmgtcomponem
met@ld $iftd inflP hddontrAdl UndRr2366M654hitble apparatus for bringing the
PCTI US2005/ 042175 57 of about 1;2, a

bi scompPheN tonseniash: nSheEehpdTBAY Pe caTigd ABHB At Frojogfinuous
r atﬂr?cegé 19 ble¥orta gid@ferfbodinadh Reith gxylﬁiéﬁlq;&fﬁrmrﬁ 6f the contact

ar ratto of about 1:2: eith
i ncione h@nag Sgccrﬁpd rerordiyels o R Teaatios for lRarigs ot logst pag-imine bond of
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netar I'S-acy epyr | d| ne netal conpl ex
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f orltlelgelln rglreTgeneraﬁy 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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metal salt or | ex SCrL i b
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the,.c Ied ed || re a method

recf‘lrggt %‘Bﬁ g]re OVS%E?ﬁé‘{‘g%e]%%ta%%ﬁponent s, such may
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portlon of such conponents.in_vario e S
Ronbmeife corbion if THmeRHE B Arabiing S Bga faly O aetal complex
Car bioskdPbi a yield S OB REANE @r @fea&rihﬁn\m\tlelngeﬁbnm’anﬁed on the

be T ntroduced to a contact zo l cl.usi on
weight of the limiting reagent; alternative y, e yield 1s 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



wi th one or nore conponents or may be introduced
separately to a contact zone, for exanple in a

solvent line or as an initial charge to a contact
WORe06/0pBBL15] | n various enbodi nents of the HEVBRPIL/N042175
described herein, a hexaderfate binmetallic conplex,

for exanple the hexadentate binetallic conpl ex having
structure 27, 28, 29, 30, 31, 33, 34, or mxtures
thereof, is produced at an overall yield of about
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conibaw abgut 59 weighhpsresat )phg?rp[%rs q]é %ug rln‘y ¥o gborlﬁ? 30 carbon
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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.



contacting the hexadentate binetallic conplex with one

or nore nononers. In other enbodinents, the

pol ymeri zation or oligonerization may be carried out

WP 2805069438 i ng t he hexadentate binetallic coRpIER20PH04217S
the presence of a suitable @o-catal yst and/or

sol vent, and contacting the activated conplex with one
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ol i gomeri zation may be carried out under suitable
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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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61 EXAmﬁErli zation catalyst systemthat is

LodbfEl | eSS ion RERSCRIOMENAR Ar} bisSivel b Banol n an

an el ealek uirmbient tapecituyel. 21 T lﬁiﬂ‘leﬂn@h’gﬁaﬂﬁﬁnmthylamlme

: P?%%@%%WWJ%%@%&B% gﬁg)gveg ﬁy u%ﬁ%gﬁ gﬁ %everal drops of acetic acid.

CONRAdiatneQlhy! iloROérysth ofehe tottijduad of etrhetdier@hegan t¢ erm, and

a t(%é;? l c%mpcgumﬁlg;? %ﬁ%@% Sl ggﬁ.ﬁ alg‘lt'l %181%2%1'3 collected

t heg@ut 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 (CDCl;) 88.58 (d, 1H, Hyy), 88.12
(@, 1H, H,), 57.90 (i, 1H, Hyy), 86.90 (s, 2H, Hes), 82.80 (s, 3H, acylne CHs), 62.30
(s, 3H, imine CH,), §2.23 (s, 3H, p-CH3), 52.00 (s, 6H, 0-CHa).




[00121] In enbodi ments of the nethod for preparing a

pol yneri zation catalyst, olefins may or may not be
present during generation of a netal alkyl or netal
WO@006[ES4585 peci es. The netal hydride or net al PGI/KS2P05/042175
speci es may be generated by?a Lewis acid or a

conbi nation of a Lewis acid and al kyl ati ng agent. An
exanple of a Lewis acid is (C6H5)3B An exanple of a

metal hydride is NaBH4. Alternatively, the netal

hydri de or netal al kyl specie be generated by an

al kyl al um num conpound such_ass r _exanpl e,
triethylalum num (TEA). In an t hér dihbodi ment, the

nmetal hydride or netal kytN speci €5 is generated by

an al kyl al um noxane suc $ a nmethyl- al um noxane

(MAO . The netal hydridé © et al al kyl speci es may
alternatively be generated b?la conmbi nation of Lew s
aciBAMRLEY al umi nuns, or al kyl al um noxanes.

EXAMPLES EXAMPLE 1 [00122] 25.2g (155 mol) of ,
2, 606123 et J ey (6l dinme el é6t§1i13§%ﬁ>6’§€|111? rfnd (o4 dR5 itamgh) of 4.4’
open a . ' ili f i l'peaker at
of BoTRB( 2t RN il WP Qi feiitol i ap JpeR!

be adestient frahpoaterd. Bhhet beakerdulist gayeredfwithe g avaigh glasspyermght, after

acet|. cid. Aft one.d ;

cCbEn 5 oo/ AL 05 Ikt B kgl i b o o
col TiRchearkrand thes hfdundoléred drdoet aysphfter Addéht fimaal light yellow
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(93%lectd & MeOBBR! mddser) ERibindd] @ad adentified aotpoenmgpound having

having structure El, which is i ment of .
st rigeyredZp an Elgabqnfqugp@ oﬁs@%l?,&y&iﬂ%% t?@i yli]ﬁwas 12.18¢g

H, ., dbyo58 %uv)l}é ) - A4 tdlontiey), 5A% QO2H, Hyy),
(s,()giﬁ?' :-%res ) ngzybgga?gx)(%lzﬁi, I%gi/lsicle‘l g:'lszﬁ Bé% 30 (s, )
3H, 56.96 (s 4HHA),), B3.883(s( 8H, SHy), p28PI},, 6B 2keme(SHz)6H2-20 (s, OH,

0- CH3) . WD 2006/ 065458  PCT{ US2005/ 042175 62 Y10-NY N
O IingSip)r20 S{%&?@]‘C%{:Og (61 ol ) of

2, 6-diacetyl pyridin nd 6.24g (25 nmmol f 4,4 -
met hyl enebi s( 2, 6- dijnetlnyl ani | ine) were]di gisol ved in
et hanol in an op Rak at  anbijentf"t eNpeyature. The

beaker was covergsl withpna wat cR glassNn overnbght, after
which tine a very snall a ) spended cl oudy
preci pitate had begun ta-f

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



The beaker was then | eft uncovered for four days,

after which tinme a light yellow crystalline solid was

col |l ected and washed with ethanol. Successive crops
Werers/06ds ected in the same manner, conbi nedfCTApRF005/042175
identified as the conpound®aving structure E2, an

enbodi nent of structure 18, by 1H NVR. The total yield
was 12.18g (91% . 1H NMR (CDCl13) 58.58 (d, 2H, pr)

88.14 (d, 2H, Hpy), 57.94 (t, 2H, Hpy), 56.96 (s

i 638 W), Phichors den§fie s the coBpdund sm%ﬁe‘i@%)ﬂ NMR

82. 03 12H. aryl CH3
N s Redife %gﬁareg@eﬁmpée%g[oo&] 1. 0g (357 mwn)ol)IO
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L oo
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structure El an
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anhgéd 5#)@,?21-2, 1m15|)1;%%2(dl ra&qu?lunke>t32®is(s 44, @Hz(?f&% (s, 6H,

nol ecu S|I|ca ‘al umina catal yst
SUPQHE), 5287 @, SHetDH@ddEﬁD (saﬁid CHg), 6228 (si 6if, G, BOA(Hd2H, mes.
at 35C for 20 hours. The reaction was then filtered,

~ t heCHedmai ni ng solids were washed with tol uene, and

the filtrates were conbi ned. The tol ueneyas renoved
in vacuo, and the renmaining solid S he
thoroughly with hot nethanol to renovig the Tunrleact ed

starting nmaterials. 1.03g,(54% yietd) of

product was Jsolated and ide fi as the und
havi ng struct
(d, 2H,  Hpy),
57.15 (d, 2H,

[NR “H (VR (CDC13) 88. 44
SN36 (dn"28 Hpy), 57.88 (t, 2H, Hry),

rﬂk@é‘g, 56.89 (s, 4H, Hmes),

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 siiting 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. Fthanol was added, and the reaction was



56.68 (s, 2H, aryl Hunter), 56.63 (d, 2H, aryl Hunk"),

62.91 (s, 4H, CH2), 52.43 (s, 6H, CH3), 62.32 (s, 6H,

CH3), 62.30 (s, 6H, CH3), 62.25 (s, 6H, CH3), 2.01 (2,

WOR006/965458 CH3). N | NN 3\ ~\ NN N E3PCEHRUY@E2175

5 [00126) 4.24g (15.1 mol )%of the compound havi ng

structure El and 1.42g (7.2 nmmol) of

4, 4" - met hyl enedi ani | i ne were di ssolved in 50mL of

anhydrous tol uene under inert conditions. 4A

| plaaet dn aficexce st iHo@migip A péllovopredpitatawedliselatefyiyvashed with

aci d we en_adde d the.react we

s. TR g S IEDER L] ORG® GYep R GhcmiSr pitth P End froduc
f @wWek\8.6% ﬁ&dmma@naewwhavmg@ngcmem bryd HENMR (ehethlaal shifts

SI eves. The reaction was heated to reflux for 3

hou?Ié}lStﬁ‘?tneﬁxaM’ilec “tinme the reaction was allowed to

cookxanbitde tol uene was renoved in vacuo. Ethanol was

added, and the reaction was WO 2006/ 065458

PCTIOOEID05] §a@ 185 remolplof dbel crmpeutdy kg, stayctupe Bl 496me (2.5

o te{?m gth{]m Arx&hﬂ d%fu‘ﬁﬁé Rishitog amrdlﬁ ab1adRd1.04@$ B8 Unolecular

anol’, t hen recrf/st allized froma
cy chiolesxadd]. 2 hﬁﬂma/ahmm& calalyFinpperb waketadded to3g flasksurgley inert
yield entifi | & 4
(c h‘é‘ﬂl%i‘élgf‘s Shte W%{’ 3[*\13511 a@é{%{’%ﬂ% oyt @Y)'\%[f%zl\%@hours.
[ 001Re/Solids HWete (h@n 2Emove0 |b)y ﬁ'lfratid‘le t}teowmainmg $vdids mgre washed with

str uct ur e EI

3, 4Rt HEQRE REDnE LS o PG g vocuo: The
1. %nﬁfmri’g“y&ﬂiv@%b’i@% wal Q¥hsd veiktd nﬂat‘ti%golof The remammg sohd was
silical/alumna catalyst support re add % a%u d
Undidentifisd by "HOOVE: asmsndy hecpmpoy Hasios § it fgeond crop
r ea%ﬂeﬁgd Yrbin r{ﬁé‘tfﬁgat@twa§5ﬁolﬁﬁﬁ %91 RHRhtiffed 2sThR Sﬁhpcdﬁld having

were then renoved b altlon e remaini ng sol

vver sirustish B4 (248ute, 13%Iy&®d)é)y HRMR. I S %(%@b) 58.42 (d 3, Hay),

A U AT i T g e

‘ feﬁﬁém(agmo RS, 54. @iﬁ@tzﬁl@ﬂz)bsa 421'(sM‘I‘BC6[$3),r6283(] (¢, 6H, CHy),
t he conpound having structure El, but a second crop
82.23 (s 6H, CHs), 2. 01 (2 12H, mes. CHy).
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EXAMPLE 7

[00128] 3.00g (5.50 mmol) of the compound having structure E2, 2.63ml (16.5
mmol) of 4-z-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



collected fromthe filtrate was isol ated and
identified as the corrpound having structure E4
(228ng, 13%yield) by "H NVR 1H NWVR (CDC13) 88.42 Sd
WP 2004093458 58,34 (d, 2H, He% 87.85 (t, 2H, PEIHYS2005/042175
57.21 (d, 4H, aryl Hunker) ,56.89 (s, 4H Hm), 56.78
(d, 4H, aryl Hunker), 84.00 (s, 2H CH2), 82.42 (s,

6H, CH3), 62.30 (s, 6H CH3), 52.23 (s, 6H, CH3)

2.01 (2, 121-L mes. CH3). NN N NAINI N
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t di t t f ¢
o tIUR L oot ) AE G camap g Pledic A2 o8k 6 fmod
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Ve rs8 35t(BerE, Hygn 6885 Gy2H.iH) 8789 fd, 4Hharyt Breaineh %9756% HdgHary),

CormBiTia Tartivt B e T CHAYAE 5 olEkBone Gy 9225 6

r e R i), 9803 (¥ Qhﬁoaa«lylr@sg)dsnesmasmmey by

stirfing it nethanol at 65C until a fine suspended
powder formed. The s ||d was i sol at ed ar] identified
as the conpound haui ructure 33%

yield) by IHNWR_ TH NVRY 82 (dy Hpy) |
88.35 (d, 2H, HpyY, 87.85 py), 87.1 4H,
aryl Htsu it 86. 92 (s,72 - , 86.7 " 4H,
aryl HB,,,;,!), 83.86 (s, 2H CH2) 82.82 (s, 6H,

ket one CH3), 52.25 (s, 6H, inmine CH3), 82.03 (s, 12H,
aryl CH3), 81.33 (s, 1811, t-HEJ).

EXAMPLE 9
[00130] 1.000g (1.31 mmol) of the compound having structure E3 and 0.521g of

FeCl;4H,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;HgoNgFe,Cl4O; having structure E6: C, 59.22; H, 5.73; N, 7.97; O,
202 Tannd- O §7746-H S50- N 751- O 368 Note that the empirical formula



Nl NI I N5N'" N/ I (-~ NI r E5 EXAWLE9 (00130]
1.000g (1.31 mmol ) of the conpound having structure E3
and 0.521g of FeCl2'4H20 (2.62 mmol) were added to a
WO03e6/0p5458 subst anti al |y oxygen- and noi st UREUET2845/042175
environnent. A stirring bar®®was added, followed by the
addition of 25 mnm of anhydrous THF. The reacti on was
stirred for 16 h, followed by precipitation of the
product with pentane, filtration, and washing with

et bswaRd tpe rtgingentd o8B0 ofExaiypla 6pdsmpnstraiessa saseidametod for
(96% yi.el d based o r.opQ tgact i ird
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el e{Bryddbr ro@lciithe ofigoand havinglroctoteedifs, Nor cross,

&A), and the following val ues were detern ned:
Anal ytical Cal culfated for C52H60N6Fe2 14 havi ng
structure E6: /G ~H 5, 73; N, N na n
11y t 1’ ] N
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r . S Soy N A1 si t hat
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the enpiri ormjta WO | 175
66 allows fo WO vV ) aopl
denonstrates a second nethod fer ' preparing the
compound having structure E6. Exanpl e 33 denonstrates
a third nethod for produci ngééhe conmpound havi ng
structure E6. N-FeE N1\ N-Fe, N1/ /' C C Cd C
6 SoHMEAYGLE 10 [00131] 1.000g (1.24 mol) of the

conmpound havi ng structure E5 and 0, 494 .4 I

of [PUATD 4000z 26 Tel obdhe REHRS BRYIRE st i B4 0494me
. degen | O Fe®) chetaP D eétRG%0 Weahahnbbdestived in Example
pr %g%e sq {)]fuct u:rmgizgyve\?\ﬂ tht vvogm)l ecul es of Hiegu%%of ¢
bl We IpRhe@p%sld besst anatopopgskatyetireal/ with &viP 1O pfH0) 0
C55HB5NGFe2C in T.11C ! fof Cs0@ssR O, havi
5 e RIE’W%‘?IG‘%';QSO%S,"@E?ﬁgz%ﬁ%%: EHERGEA " fof- CeienthO, having
7. kucture E7: C, 60.29; H, 5.98; N, 7.67; O, 2.92. Found: C, 59.47; H, 5.92; N, 7.17;

0, 3.69. Example 11 demonstrates a second method for preparing the compound

having structure E7.

c <

E7

EXAMPLES 11-15
[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 FeCl;4H;0, 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
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NHi| 0. 780, 63% |H:776 |755 -
yield N:6.10 6.24 FeCL]
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EXAMPLES 16 -22
[00133]
structures E7-11, prepared in examples 11 ~ 15, for the oligomerization of ethylene.

Table 3 contains the results of these oligomerization reactions.

The following procedure was used to test the compounds having

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




63%H 7.76 7.55 [Ma yield N. 6.10 6.24 FeCl3]+ ES

13 Hye _ 0.92g, C 55.46 56.10 905 \ / NHZ91% H 5.29
5,40 [M + H,coyield NN 7.61 7.53 Fed 3] 14

WOZH®/065858 58. 87 59. 06 841 NHZ 92% H: 5. 62 5. SBCT/RF2005(942175
yield N 8.08 8.09 Fed 3] %10 15 F,c-&\HZ ~ 7.Sl g, F:
10.17 8.96 1085 78%IM- ield FeC|3]+ ~L tt a "' vy

Ell EXAMPLES 16 - 22 [00133] The foll ow ng procedure

was used to test the conpounds having structures E7-i

1, strebpatpelaiei suchxthaipthe deginning b stiigg vqydd break the NMR tube and
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elemental analyses) demonstrate that e desired bimetallic complexes are formed in

high yield with acceptable purities.

Table 3
Ex. | Cmpd | Amt. TEA MMAO | T | XK(mol | Yield Prod. % 1- % 1- % 1-
(mg) AlL:Fe Al:Fe (°C) | Cufmol | (g) | (gprod/g | hexene octene decene
ratio ratio Cio) Fe inCs in Cg inCyo
{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 | B8 0.15 | 1200 600 86 0.615 37.8 | 252,000 | 99.0 97.8 97.3
18 | E8 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 | E9 0.20 | 1200 600 86 0.695 440 | 220,000 {990 98.6 98.1
21 | El0 020 | 1200 600 82 0.664 52.6 | 263,000 | 99.2 98.5 98.0
22 | Ell 020 | 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



t he ethyl ene pressure was held constant and the

reaction tenperature was controlled by internal

cooling coils. Each reaction was begun at about 30C;
YVR206063#8% at ures reported in Tabl e 3 represBrt/U§2|¢5/042175
maxi num t enper at ure achi evéd during the course of the
reaction. At the end of each reaction, the ethylene
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EXAMPLES 28 —33
[00135] The same procedure used in examples 16 —22 was used to test complexes

having structures E6, E12, E13, E14, and E15 (prepared in examples 23 — 27) for the

oligomerization of ethylene. Table 5 contains the results of these experiments.



WO 2006/ 065458 PCT/ US2005/ 042175 69 was begun, and

the reaction was heated to 60C for |18h. The reacti on
was allowed to cool to ambient tenperature, t he
WO ex was precipitated by the additi OWWSZOOS/O“Z”S
pentane. The reaction was f?ltered, and the isol ated
solid was washed with pentane. Elenental analyses

were perfornmed at Atlantic Mcrol abs. The cal cul at ed

val ues assunme two equival ents of H2O per nole of

bi metal lic conplex. Table 4TaRle D ami ne Con'pound

Formed Yield Calc'd Found (g, % Fl enental |
ExAehpAd At Anat s § BBAR NI, pEgmolq Y | 1730, 79/° 189F "

% 1-

5. 38 3.8 | GQiF" 12\1@? °e) g€ - g1 ctene | decene

HZN NH2 | il i | e 11 1d %(O)C gg) ]' % ) IE%IE ﬁiﬂcs inCyo

cl ne lai o | (mok ol l>)(, : %o ex#3 pro rodlfcts products
28, | B12., d 0:20 4,600 "2 2 ?ﬁﬁ%@g& ]“61 _c?.’rbob- th 1 1310068 | 5 F 98.9
20 | B13-9%720 1600 22 |00 & Y 101 No.Es6N Kas70 [Higd\boblHpods, c| ®.1 97.7
30, PEMA H10%0 680 E- 6020 1157 [0.330, | £33 594200609953 . n.d.
3V T BEZ (B0 60907 Hieod. 73 | b4 340.691 B4 Wi28L.AON| 995 97 99.1 |99.0
327 BB |0 A%00. 29d,60C. 56983| 667418 67.8 | 339,000 | 98.9 98.2 91.8
33 | E15 |0.10 | 600 600 95 | 0.665 |46.2 |462,000 |99.3 98.6 98.1

EXAMPLE 34

[00136] 5.03g (18.0 mmol) of the compound having structure E1 and 3.40¢g (17.1
mmol) of FeCl;4H,0, and 100 ml of anhydrous THF were added to a 200ml flask
with a stir bar in a substantially oxygen- and moisture-free environment. The reaction
mixture was stirred for 2 days. Pentane was added to precipitate the complex, which
was then isolated by filtration and washed with pentane (7.8g). Anal. Caled for
C;sHoN;0FeCl; having structure E16: C, 53.10; H, 4.95; N, 6.88. Found: C, 49.32;
H, 5.8; N, 5.63. These data are consistent with the presence of two equivalents of

H,0.
=

Y
N
| l |
N\F /O
CI CI

16
El6

EXAMPLE 35

[00137] 1.00g (2.09 mmol, assuming 1 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 stimring, 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.




HzN i NHxI"" Y 96% H: 5.17 4.96 Al yield N 8.28 7.92
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E15 EXAMPLES 28 - 33 1001351 The sane procedure

used in exanples 16 - 22 was used to test conpl exes
NeQ/200§068458 uct ur es E6, E12, E13, E14, and E15PCEusspavoazi’s

in

exanples 23 - 27) for the oligonerization of

ethylene. Table 5 contains e results of these
experinments. WD 2006/ 065458 PCT/ US2005/ 042175 70
Table 5 Ex. Cnmpd Ant. TEA MMAO T,,,. K (ol Yield
Prod. (g %I1- %1- %1- (ng) TAlebe Al :Fe (C) C12/ nol

(9)

in

produgts Products 28 E12 0, 20 5@0%6§(0EGRhetal 00 Flefnchtal
210,0DP0 99.4 99.0 98.9 29 E13 0. 20 §Q0ab6 94 Q1 AQa1GHS%

45.6 P23, 00 % 0 98. 1 9F l7 30 £3%;, J-2@16800 66945/
0.743| 28. 3 . o304 31 BG4 20 [GQRE 600
64 0.p91 4 2/31 ' gﬁgdo ¥3.515 0529 600
600 9B 0. 674 67.8 3% ooo 98.9 [98.2 97.8 33 E15 0. 10

600 600950665 46. 2 462, 000993986 98 1 EXAWPLE —

34

prod/ g hexene octene decene ratio ratio ClO Fe
C6| iBx. Cs i nCohpomid:Fopingd ( N0l | iYadld qonphlexd pPr oduahd

%Hﬂﬁﬁ'ﬁ%% 03g (18.0 mml) of the conpound havi ng
str‘{gcture and 3.40g (17.1 rmol) of FeCl24H20, and

100[00‘138)1‘ Ehhseahm@cemh‘é waet i exadplds 10— A2 %@nﬂcdftb testcomplexes

a stir bstantlal

o Srhecibal® B PreBnRL IT SEURE o3l o 0 Sl gf ctiene

st | Tabdel7 Eamtains wWayesultshe tiaagerimsntadded to precipitate
the conpl ex, which was then |b olated by filtration
and washed vvlth pent ane (7. 863 eAnaI Cal cd for

Ci cl-l”nl\l’)(tn st rllr‘f ULe. l: (‘ 53. 10
Ex. Emyg AN“ 6. ggAz IFI;@ (ol | _|Yle§i 8Pro (&g gé 1- % 1- % 1-
These @Htla AFE cpnéfEs em(%ﬁn % @ es & of ™ octene | decene
equi val ert sr?&f’ Ny | N~ © inls | G | inCyg
(imolmol) %ol :motl) complex) | products | products | products
36 | E6 0.20 | 1200 600 65 0.678 37.7 |1 189,000 | 99.5 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




C Ca 16 E16 EXAMPLE 35 [00137] 1.00g (2.09 mmol,

assum ng 1 nol ecul e of THE per nol ecule of the

compound havi ng structure E16) of the conpound havi ng

WO rWeMEHE E16, 0.95 nmol of the dianiline, PCI/G#H200§{042175
anhydrous THF, and a stir Bar were added together in a
small vial in an environnment substantially free of

oxygen and noi sture. The vial was seal ed and heat ed,
with stirring, for 16h at 60C. The reacti on was

al howes teenscarh a ccongmisess includssphaving etc. shpmld geungdetsiood to
contents were_poured into 50 . t @ne nticki entially of,
pr BOVISe sypRort 19 nﬁ?%%c?@%uéh%cg%%%ﬁgaog’ foélgllgtéﬁgezssb g .
fi Ld4atde®BuRAstidyioEne:. Mathrtbre,wotlimiptotsaeintepded to the details

2006/'065458 PCT/ US20051042175,. 7 Tahl e .. X . . '
Conf)mm@uqn@p ﬁg@esxgnel}eaelwp%w% oglgﬂ#ﬁn af g’es%g}ge@etﬁ% %ltags below

El @’I?ﬂle?e!fore Analoy #Ha® i 146 bisibOdiaBntCaisElbsed 2b&@, mdy be altered
93% §3% H:

-~~~ . 5.54 505 dt 6 vyield N 8 25.7
6 o WRcE a3ial] OGhTamations BarsiIrH SIS hatpe R Soit of the
exanpl es 1§ - 2 t Kepapliexeset foaliimghe claims
st f'rh’rg?tborné 0 pr ! ’a?lggﬁig%a;eo%agr?g e 35) for the

ol bgleweri zati on of ethylene. Table 7 contains the
results of this experinment. Table 7 Ex. Copd Amt. TEA
MMAO T,,,,x K(nol Yield Prod. (g %1- %1- %1- (ng)
Al:Fe Al:Fe (C) da/nol (g) prod/ g hexene octene

decene ratio ratio Coo) Fe in C6 in Cg in Cl10



(rmol :nol) (ol :nol) conpl ex) products products

products 36 E6 0.20 1200 600 65 0.678 37.7 189, 000

99.5 99.0 99.0 [001391 The particul ar enbodi nents

di scl osed herein are illustrative only, as the

i nvention may be nodified and pgacticed in different

but equi val ent manners appa?ént to those skilled in

the art having the benefit of the teachings herein.
exanpl e, while the enbodi nrents have been
cribed in terns of a nmethod for preparing

hexadentate binetallic conpl exes from

acyl i m nepyri di ne conpounds and/or acyli m nepyridi ne

net I | exes he arat i nmet hods descr.i bed
efhod REBofioRg g peFadFe Pl Zohals s BBEhE ol 11 o
(é?o nadnexas ldﬁ'a@ﬁhﬁlh%ggﬁﬂﬁl%%on?ﬂo%ﬁﬁ fmet#AC4ltl Bhd'@n amine to form a
mono-acylim ne or Dis-acylimne) conpounds and/ or
ac ymxmrn or (sﬁmtn@mgamyawhnneemmdm@mtﬁ} lcprp )anndeqnaamme to form a
uch hat east..one im

o TR wB R g Ry Hinip PG PP PEC fmipd T mono-
AddichlinrblNdint N@nipud@tor ekt rdoafflehangithe Wn@ﬁi‘s 2 diamine or

applied to the synthesis of tetradentate binetal
comhiessinghe acylideisepyrishoe p¢mmr@11¥s$6@wcyhmmnynéme compound or
|ncor§orati q%#&F er.ence herelnh ut|I|2|ng t he
geﬁ’é‘?1 cogiplgtatisk ths ANNGAS R ORHITNG3AG i ne or
'%e@%ﬁh H@%x@&&mga BHfetallid/ cBmplSCHbMThe tixture,
nono- ac i mne or bis-acylinine) netal conplexes such
t hat at Ieast one imne bond is forned in the

resen e of ,.a.netal,.salt or | ex. f. WO .
Sy B F RS Sl SbRiee @%@}e%ﬁiwg Taflal Comptex is
as conprlses i ncl udes, haV|n8 etc, shoulg
preparegfiein &rdigaypyridise hav e ssuppss - 14 ot mixiuEAd erteef ms such
as consisting of, consisting essentially of,
conpri sed substantlally of, etc. Furthernore, no

CLA

H-mt+at+ens—are—intended tG +Hhe—detats of
construction 8 design hereih shown, otheR4han as
descri bedrj.n e @Jains bel ow. 1t isrihe

evi dent t hat ﬁm particul ar enbodi ments [dj osed
above or nodj fied aR h R4

vari ationg are cohsidered within the s spirit
of the ifventiorf Accordingly, the pﬁbtectloﬁ sought
herein is as set forth in the claims _below 73 0

CLAI M5 1. SHUAWRSY for producing a heRHdeHigId
bimetalTic conplex, conprising: (a) contacting an

acyl i m nepyri di ne conpound, a netal salt, and an am ne
whergiorRn, & 1,nRxt Rize Ror ansoRt:aarei cagh andeaenydently dipgeii hygrocarbyl,
netal conplex and an anmne to forma

substituted hydrocarbyl, or an inert functional group, and any two of R;, R’;, Ry, R’3, Rj, and

R’;, vicinal to one another, taken together may form a ring, and

Ry R’4, Rs, and R’s are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and R4, and R;, or alternatively R’4, and R’;, taken
together may form a ring, Rs and Rj, or alternatively R’s and R’3, taken together may form a

ring.



m xture, wherein the acylimnepyridine conpound or
metal conplex is a mono- acylim nepyridine compound or
metal conplex and the amine is a diamne or wherein
the acyli m nepyridine conpound is a

bi s-acyl i m nepyri di ne conpound @@ netal conplex and
the am ne is a nonoam ne; ant’ (b) recovering the
hexadentate binetallic conplex fromthe m xture,
wherein the acylim nepyridi ne compound or the
acylimnepyridine netal conplex is prepared froma

Al magivl RikEordi Fx\)i%etorkﬂﬂthﬂg Hheréat teea lmili@e din® éﬁrb’;ﬁcﬁﬁd is prepared
t her eof : RRR R3/ RI ORS R4 R5
WR4 0 O 0 0 Structure 9 Structure 10 wherein R,

1, R2 2,.. R3, 1 R 3 h i
&) oFbpErme pa ieenpione s fefARha O dras 331‘3%“1&8?6 .
@ g t&cgfguﬁ% i ra%yhﬁt&upmdﬁe oAp¥utdR o thBifirst ixture R2

vicinal to one another, taken
together may forma ring, and R4, R4, R5, and R5 are

dentl hydr dr ocarb ] . supstituted
R HaedrSringR slimhiortirn e aiaropay T sorpdiag or metl
d?)lnpl@;f t@dtﬁﬁ[ﬂé@hbl‘éﬂa)ﬁoqs 4bond; R 1, taken together may
forma ring, R5 and R3, or alternatlvely R 5 and R 3,

taken together may forma ring. 74 0 2. A nethod

‘@ &Pgﬁ?ﬁqﬁ&%({)ﬁgogg%% 1, V\@lgrreerlé? n%:‘%’l%t %%lfrhg]e[{] nreI (gompound to metal
selit Rl faMb iRt Mith a first amine to forma first
m xture; and, (b) recovering the acylim nepyridine

corrpound fromthe first mxture 3. A nethod accordi ng
ridj qund

%SJAPQC%@(S{V\}%H&?IC{I’%%H Olhe el {hgr H(F)g'%le%ta{ ng%& 1¢complex has
s&ucvﬁrm hedoraan@ids ibrédt, Cl aim 1, wherein a

nono- acyl im nepyri di ne corrpound to metal salt nolar
ratlo IS about 1:1. 5. A mathod accor di ng to claim1,

wi-at

VVIICI CI 'l l IIC IIC)\G.UEIIL al © UI IICL d.l I | C bUllpl CKX lld.b

structure 27, 28Rzor mixtures thBfeof, R2 R2

Structure 28




AR3/ RARR3 10R5 RA R4 RS\ tO | 120 130 410
WNMNNW Ma _a Yt Xn X' Structure 27 RR R2 R 3
ABRBR, Rj 14 R RA R4 0ol R5 0401 i 50 160
WNM o N YNM MW 1 Xn X, Structure 28 75 0
t he nono-acyl i m nepyridi ne conpgund has structure It,
12, or mixtures thereof, RIR2 R3/ R R3/ R110
140 RS INR4A Rs ~-NR4 oN 2 O601 50 W30 W~ 40
Structure 11 Structure t he di e has strycture

the mgno-poliminepyriding pomeg aarsgu%t%@p rovn sy essos
each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group; Rl, R 1,
R2, R 2, Rﬁ and R 3 are each |ndepende|p_ztly hydr ogen,
hydroc}gr byl? SéJbStltut ed

3

Structure 12

Structure 11

the diamine has structure 5,

HoN-Y; —NH;
Structure 5

wherein W and W’ are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group;

R, R’;, Ry, R’,, Rs, and R’; are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and any two of Ry, R’1, Rz, R’2, R3, and R’3, vicinal to

one another, taken together may form a ring;

R: R’4, Rs, and R’s are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and R4, and R, or alternatively R’4, and R’;, taken
together may form a ring, Rs and R, or alternatively R’s and R"3, taken together may form a
ring;

Y represents a structural bridge between two halves of a ligand or complex, and where
Y; may be a bond between nitrogen group 30 and nitrogen group 40, a hydrocarbyl having from

about 0 to about 30 carbon atoms, a substituted hydrocarbyl having from about 0 to about 30

carbon atoms, or an inert functional group;



hydrocarbyl, or an inert functional group, and any two
of R, R 1, R2, R2, R3, and R 3, vicinal to one
anot her, taken together may forma ring; R4, R 4, R5,
and R 5 are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or_anginert functional
group, and R4, and R1, or aI%ernativer R 4, and R 1,
taken toget her rray forma ring, R5 and R3, or
|veI en together may form a

M @E“?aé’d C§B§b§??)(JEIF€#3ﬁ°nbﬂgcgge bet ween two
hal ves of a I|gand or. conpl ex, and where Y1 may be a
&ﬁ‘dﬁét%éﬁd?ﬂe@lﬁ%@rp%@ﬁmgo and nitrogen group 40,
a hydrocarbyl having from about O to about 30 carbon
atons, a substituted hydrocarbyl having from about O
to about 30 <carbon atonms, or an inert functional

a mogs-acyliminepyridiae doMponny to nileméndenidryrabe @nabowet2al, and a mono-
atom and X and X may independently be any anion, a

acylin_'i'iﬁ e béﬂlﬁﬁﬁﬁﬂrtb%é@ﬁ S%R%HPQIUBQS shamine nolar ratio
I's dbout 2:1, a nono- acylim nepyridine conpound
to netal salt m)lar ratio is about 1:1. 6. A nethod
according to claim1, wherein the hexadentate

6. Abhﬂ@th@ﬂ'dc@oﬂgiégﬂt@)@lhﬁﬁl sihdteinueR Bexadddtatedbimdtallior &finplex has

t her eof A3R3~ R3 140 R5 R4 R4 N RS Rpo
 sactrre 30 3¢, @mlmsR@;eq:&o too \ ~~ 20 R6 R6 130 X80
110U R_LU II /\II LI I r(g r“_. r(c ml l'(l, l'(D I'(L. l'(.b I'(U I'(I R_

R8 Y2 Stfructure 33 RR R2 R3 1R7T RR/ R3 110 |

Structure 34

the mono-acyliminepyridine compound has structure 13, 14, or mixtures thereof,



NRA R4 ~-NRs Rp oN 20 130 RA RA 40N 150 N6o0 Ri o
R10 70 R6 R6 \Ma R 10 too 120 1130 X, 150 Xn n Rs
Rc Re RI1 RIl R8R ¢ Rs RB7R7R8 Yz
Structure 34 the nono-acyli m nepyridi ne conpound has
structure 13, 14, or mxtures_thereof, 0 77 RR2 R2
ARBR, R3/ R1 140R5 R4 R5/R4 NOBONO RD*RRD
| 50 Rla 3 Rlo 40 1150 Rs ¢ R9 Rc R8 Res
Strueture—13—Strueture— 4 the—diamne has—structure

7, 8, or mxtulRes thereof,

R7 YZ YZ Sijfygiare 7 Str

R3, and R.3 Cchrj ndep
hydr od@s byJl, s{tbst][t ut ed
frynct Nyroup, @nd any
Rﬂ’jp 3, vici n%l to

Rg Re

Structure 13 Structure 14

the diamine has structure 7, 8, or mixtures thereof,

Ra Ra
H,N Re  Rs E NH, | HoN
Rg Ri1  Ryj Rg Ry
Ry R
Y, !
Structure 7 Structure 8

R;, R’;, Ry, R’, R;, and R’; are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and any two of R;, R’1, Rz, R’;, R3, and R’3 vicinal to
one another, taken together may form a ring;

R4 R’4, Rs, and R’s are each independently hydrogén, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, and Ry4, and R,, or alternatively R’4, and R’;, taken
together may form a ring, Rs and Rj, or alternatively R’s and R’3, taken together may form a
ring, R4 and R, or R, or alternatively, R’4 and R’ or R’g, taken together may form a ring, and

Rs and Rc or Rp, or alternatively, R’s and R’ or R’p, taken together may form a ring;



one another, taken together may forma ring; R4, R 4,
R5, and R 5 are each i ndependently hydrogen,
hydrocar byl , substituted hydrocarbyl, or an inert
functional group, and R4, and RI, or alternatively
R4, and R 1, taken together mgy forma ring, R5 and
R3, or alternatively R5 and/® 3, taken together may
forma ring, R4 and RA or Re, or alternatively, R4

a A or B,, taken tagether y form.a_rin and.
ek i 76 B ot O el Ay s S 1R Rhingependently
taken together may forma ring; 78 R6, R6, R/, R7,
hydroggn, hydgpcarhyl, sybstifited kydrqearhyl, oriap ingrcfupetionabgrauBach
i ndependently hydrogen, hydrocarbyl, substituted
hds BéarRuy [R’s,0Rc,aRci Rer andf Rincare saell ingepandentiyphydrogen, hydrocarbyl,
RB, RB, Rc, Rc, RD, and R D are each i ndependently
substitutelt hgleocarbyy,dbraa didatyfuncticabgioup;ut ed hydrocarbyl, or an
inert functional group; Y2 represents a structural
biyi, dggefpisiegictudl BiRlgk detvden dwb ihgBRSE 00k ligaitPbe2omplex, where Y,
where YZ may be a bond between aromatic rings 120 and

[
may b%%%bonﬁ bANAYR QRIMC (1RYi158 aﬁcgl 3%% %gfr’,)g olcgﬁ)gg%l%gr%ﬁom%gout 0 to about

11
carbon atons, substituted y rom

30 caB3fdhon, sibsBRAHE vep &R R 38 s Who R J0 carbon stoms, or an
. tal atom and X and X may independently be any
mertfg’ﬁqt'é’ﬂ?l 8°Wono- acyl i ni nepyri di ne conpound to di ani ne
mplar ratio.is about 2:1, and a nono-
A AndYinmay indgpendeptbnboemametd! #eparniSal t nol ar ratio
is about 1:1. 7. A nethod according to claima1,
wikand 21 maydndepsodendly beanyiemgni di ne compound i s
prepared by: (a) contacting the di-acylpyridine with a
nmonoam ne to forma first mxture; and, (b)
a moroespietingyyridive: compeoand ko riiaeimgr indlanerationpabodt 2rigmand a mono-
. the fjrst mxture. 8. A togod according to claim?7,
acylimfpepygidinecogrozad ip et SHb QI TBHR ST ANt At ar rati o | s
about 1:1. 9. A nethod according to claiml1l, wherein a
bi s-acyl i m nepyri di ne conpound to nonoam ne nol ar
7. Ar atetlood acabbding to: @ainl (1, whereinhthed mooovadymyirtepyndiae neotgpound is
vvher%i n a bis-acylimnepyridine compound to mnetal
pepeied i ar ratio is about 1:2. 79 0 11. A nethod
(H° R Bichfg IR cﬁla%&l?y;idin‘@f\ﬁﬂ?h thdrdemRX@AB AN altfst mixture; and,
bimetal 1€ conpléx"has structure 27, 28, or m xtures
(W) heeapfering the mono-acyliminepyridine compound from the first mixture.

8. A method according to claim 7, wherein a di-acylpyridine to monoamine molar ratio is

about 1:1.

9. A method according to claim 1, wherein a bis-acyliminepyridine compound to

monoamine molar ratio is about 1:2.

10. A method according to claim 1, wherein a bis-acyliminepyridine compound to metal

salt molar ratio is about 1:2.



R R RBR ARR3 101 Ra Rs Rs N 10 120 410 W NWa
MY N\Mso MW Xn Xn Structure 27 R R2 AR3 / R
RI R3 110 140 Rs RA R4 R5 10 120 30 40 150 60 W
N NNM 170\ Y so Xn X' Structure 28 the

bi s-acyl i m nepyri di ne conmpound has structure 15, 16,
or mxtures thereof, R R B R2 RIR ARR3RL
RR 3 tol01 140RSNR4RsR5NR4 Rya N Res O 20 130
4060 O zo N3o 40N so 0O to 60 10 60 .Yl , Yl Structure
15 Structure 16 the nonoam ne has structure 1, 2, or

11. g]t ?%ﬁ(’%s aé%‘?&lﬁgf to UaifiO01 HeMereilVhe Mexadintatet Elﬂﬁtﬂl‘l‘i@ cbmplex has

structure 27, 28, or mixtures thereof,

Structure 28

the bis-acyliminepyridine compound has structure 15, 16, or mixtures thereof,

Structure 15

Structure 16

the monoamine has structure 1, 2, or mixtures thereof,



wherein W W, R, R1, R, R2, R3, R3 R4, R4, R5
R5 YL, M M, Xand X have the sane neanings as
given in claimb5, a bis-acylimnepyridine conpound to
nonoam ne nolar ratio is about 1:2, and a bis-

acyl i m nepyri di ne conmpound to netal salt nolar ratio
is about 1:2. 12. A nethod &8cording to claim 11,
wherei n the hexadentate binetallic conplex has

1 nD no
structure—33—34—or—m-xtures—thereof—R2-R2—ARR Rt

Oy O C o 1T1CT )

R3 140HRS-M R4 N RS R0o RA RA 40N 50WN60 R R10 100
70 20 1 R6 130 \ Xn 80 150 R10 y1 CRc Xn Rs Rl11 Rt |RB
Rc RO Stractitfe R7 R6 Yz Sfructure 38trikéture2 R3 Rt Rjt
RLS —RO—aN-i—20-N30-RA-R-A-40N

150 160 RO RRo \M R6 R6 MR 10 1100 170 1 0 1130 X

0 5 s | pRCpXN pR1G, / a it Rt <t 1Rvd
Where&ﬁwl’\g ’q%{%rﬁdctRﬁi' 8 23}1{3’8% 3(}{45?1@’ EERER 5’033{/71’#% Mgpgr P dlave the same
meanifG@R@ived ilalais by ucture 17, 18, or mixtures thereof,

R R2 R3 Rl AR R3

a bis-acyliminepyridine compound to monoamine molar ratio is about 1:2, and a bis-

acyliminepyridine compound to metal salt molar ratio is about 1:2.

12. A method according to claim 11, wherein the hexadentate bimetallic complex has

structure 33, 34, or mixtures thereof,

Structure 34




IDRS 1 RARARS NmN30 RARA 40 10 R6 R6 60 \ 0 13
RB Rt Rt RB R7 R7 Y2 Structure 17 RR R2 R3/ R
R1R3 110 1401 RS M R4A R5 O N3O Rh Rn 40N O
10 Re R6 60 120 1 130 RB Rt Rit RB RT R7 Y2
Structure 18 the nonoam ne has structure 3, 4, or
mxtures thereof, RIO Ro R #D RO RO /t00\ NH2 R 9
~t500\ NH2 R3 Rc R8 Rc Structure 3 Structure 4 0 82

thebiRy RBep R Reumbaind hebiirapare g8, et eyl
R 11, RAA RA RB, RB, Rc, Rc, RO, RD Y2, M M, X
and X have the sane neanings as given in claim6, a
bis-acyliﬁinepyridine conmpound to nonoangne nol ar
ratio is out 1:2, and a bis- acylim nepyridi ne

corrp&a tal salt nolar ratio i e 2. 13. A
met_hod \gt@drdi g to claim1l, V\,her%n t {’340 R
bi S¥agyl nepy*fi di ne compound is pamed by

o 20430 Ra Ra 0 50 S

10 g Rg Rs 60

Rg Rit Ryj Rg
Ry Ry
Y2

Structure 17

Structure 18

the monoamine has structure 3, 4, or mixtures thereof,

Rio  Ro Riwo Rb

Rg @ NH, R' @ NH,
Rs Re Ry Re¢
Structure 3 Structure 4




(a) contacting the di-acylpyridine wwth a diamne to
forma first mxture; and, (b) recovering the

bi s-acyl i m nepyri di ne conpound fromthe first m xture.
14. A nmethod according to claim13, wherein a

di -acyl pyridine to diam ne aP ratio is about 2:1.
15. A nethod according to cl&m1, wherein the
acylininepyridine metal conplex is prepared by: (a)

a ,h diys PYR i g§,n | th ,a
wherf e Ry B9, 2t W R BB ARk BOR Fikrer Rl Rab Koo R,
R’11, RQ”RUAURQ RrBomctllaPC RLrmt ,%Mume,,x&ﬁa XC tlatatitisife hiva@nings as given
acyl i m nepyr i di ne corrpound with a netal salt to forma
inclaga@ond nmixture; and, (d) recovering the
acyl i m nepyridine netal conplex fromthe second
m xture. 16. A nethod according to claim1, wherein

a bistdeglinéuepgeidingt cohpomidatd inmorwamihe mdlas ratid isiaboute 127,and a bis-
28, or mxtures thereof, 0 83 RR R2 AR3 / Rl AR R3

acylinungpyrdinggompoyss! togngtalsall melanmatogs pbaatNED NY/ N Msa
NW Xn Xn Structure 27 RR Rz 3 RLRA-N 1101 1
IR R4 R5 N10 20 N40 0 WN 1 70 YYNNMso WMt Xn

13. X methodr bedordifg 28 thaén nbnestaesih i thie neigsacylihitepy®diak compound is
| ex has structure 19, 20, or m xtures thereof,
prepared by:

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

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

14. A method according to claim 13, wherein a di-acylpyridine to diamine molar ratio is

about 2:1.

15. A method according to claim 1, wherein the acyliminepyridine metal ‘complex is
prepared by:
(a) contacting the di-acylpyridine with an amine to form a first mixture;
(b) recovering an acyliminepyridine compound from the first mixture;
(c) contacting the acyliminepyridine compound with a metal salt to form a second
mixture; and,

(d) recovering the acyliminepyridine metal complex from the second mixture.

16. A method according to claim 1, wherein the hexadentate bimetallic complex has

structure 27, 28, or mixtures thereof,



RR R2 AR3R, R 3140 RS R4 R8 Ra N 10 60 i 50 40 W
NNMOW~NM/O X70 X80 Xn Xrn Structure 19 Structure
20 the diam ne has structure 5, H2ZN-Y1-NH2 Structure
50 84 wherein W W, R, R1, R, R2, R3 R 3 R4,
R4, R5, R5 Y1, M M X and X' have the sane

nmeani ngs as given in cl a| m %3 and a

nmono- acyl i m nepyridine netal conplex t

ro+|n |c ahat 2-1 17 Aot had A~~~
—att S—aR O uUt—2== —A-EetRo6——aC€o

wherei n the hexadgntate binetall iRy con‘pl
structure 33g,34,J or gm xtureg, th
R3 140 R5 R4 R5 RD 10 /%40115060RDR
NN /N ,O0 1r80 RRr, R7TRR8 ¥2 Structure 33

RRR2 R3 R ,N%SMRSI D10 F%omgomo R 8 RD 10N
20 N30 RA R”A\Mgl\h N60 RON—__ | NI

M \ M w

'70 Y1 80

X Xa

Structure 27

Structure 28

the mono-acyliminepyridine metal complex has structure 19, 20, or mixtures thereof,

|
Xa

Structure 19 Structure 20

the diamine has structure 5,

HoN—-Y; — NH,

Structure 5



80 RI0O -- R6 RB MRIO\ 150 100 1 70 120 130 Xn Xn
RO RR RBR R" RBRc/ RS RB7R7RS8 Y2
Structure 34 the nono-acylim nepyridine netal conpl ex
has structure 21, 22, or mxtures thereof, 0 85 R2 R2
RBRRBR3R1 to 140 R A R®NR4 RD10 1 20 30 R
D601 50 40 Rto N/ORIlo BMMiO too 170 tso 180 Rs
Rc X, Rs/ RcnR8Rs Structure 21 Structure 22
the di am ne has structure 7, 8, or mxtures thereof,
RARARARA HN/ R R6 L NH2 HZN/ R6 R6 NH2 120

120 1,130 B7 BT R e Ral Rl RRRE: R dndxdhate th
wherek; %@Q%’ﬁg%l ’Et Lijiétg%e éﬁifjc%’r e58 Wwherein R1, ave the same
meanifgslas gi?en ilkcRimB3, R 3 R4, R4, R5, R5 R6, R6, R7,

R7, RB, R8 R, R9, Ro, R1lo, R11,

and a mono-acyliminepyridine metal complex to diamine molar ratio is about 2:1.

17. A method according to claim 1, wherein the hexadentate bimetallic complex has

structure 33, 34, or mixtures thereof,

Structure 33

Structure 34

the mono-acyliminepyridine metal complex has structure 21, 22, or mixtures thereof,



R 11, RAA RA Re, RB, R, Rc, RO, RD, Y2, M M, X
and X' have the sane neanings as given in claim®é,
and a nono-acyl i m nepyridine netal conplex to di am ne
nolar ratio is about 2:1. 18. A nmethod according to
claim1, wherein the nono- acgll i fi nepyridine netal
conplex is prepared by: (a) Xontacti ng the

di -acyl pyridine with a nonoamne to forma first

mxt yre; ( h\ recov-erineg

g—a—eno—acyH-mhepyridine
conpound fromRZthe first |[mxture; (c) conta&ing the
nmono- acyldg.m n yrR di ne gonpound w th g Jret
xture; and, 0 86 (d) r {lq
| fR,ne et aI conpl exR'§r 0

m xt @pe. f19. EI 3{) hod according tRpcldl erein
RS di -|a [°’pyri di ne©To nonoan Re, ol ar 3 ~Q li_s-Oabout
19 " A fod accordi ng t 0 c &rein a
no [imn rpyrl di ne ¢onpound etal xalt nol ar
Rgt ig 1 sRgbout 1:1. 21. [A metRi®éd accomting to claiml,
wher g n the bis- acyI i m nepyridine ggetal conplex is

prepared by (a) contacting the di-acylpyridine with a
diam ge to fogma first|mxture;, (Jpudt@feMering a
bi s- ayl L m népyridine c mpound fromthe first mxture;
(c) contacting the bis-acylimnepyridine conpound with
a metal salt to form.a second .m xture; and, (d)

the diagas asisHycrfe’> 15 8 Hﬂﬁuﬁﬁtﬁgﬁ%l di ne netal conpl ex
fromthe second m xture. 22. A nethod according to
claim?21l, wherein a bis-acylimnepyridine conpound to
rretQI salt nolag ratio is aboug, 1:2. 23. A method

t di ng to any ﬁr eced| rg_bﬁl ai \/\gqer eH%tnehal

NHz o
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Structure 7 Structure 8

Wherein Rla R’la R2 3 R’Z, R?n R,3 R4, R’4; RS: R,S’ R69 R’G, R7s R’77 RS: R?S’ R9) R’93 R]O) R’ 105 th
R’i1, Ra, R74, Rg, R’s, R, R'c, Rp, R’p, Y2, M, M’, X and X’ have the same meanings as given

in claim 6,
and a mono-acyliminepyridine metal complex to diamine molar ratio is about 2:1.

18. A method according to claim 1, wherein the mono-acyliminepyridine metal complex is
prepared by:
(a) contacting the di-acylpyridine with a monoamine to form a first mixture;
(b) recovering a mono-acyliminepyridine compound from the first mixture;
(¢) contacting the mono-acyliminepyridine compound with a metal salt to form a

second mixture; and,
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20.

21.

- 22.

23.
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(d) recovering the mono-acyliminepyridine metal complex from the second mixture.

A method according to claim 18, wherein a di-acylpyridine to monoamine molar ratio is

about 1:1.

A method according to claim 18, wherein a mono-acyliminepyridine compound to

metal salt molar ratio is about 1:1.

A method according to claim 1, wherein the bis-acyliminepyridine metal coniplex is

prepared by:
(a) contacting the di-acylpyridine with a diamine to form a first mixture;
(b) recovering a bis-acyliminepyridine compound from the first mixture;

(c) contacting the bis-acyliminepyridine compound with a metal salt to form a second

mixture; and,
(d) recovering the bis-acyliminepyridine metal complex from the second mixture.

A method according to claim 21, wherein a bis-acyliminepyridine compound to metal salt

molar ratio is about 1:2.

A method according to any preceding claim, wherein the metal salt comprises, iron; cobalt,

nickel, chromium, vanadium or mixtures thereof.



