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LI GAND AND CATALYTI C COVWPLEX THEREW TH
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
PEY/RAPREDIT [ 0002] Not appl i cabl e. REFERENCEpC©UA2004/004472
M CROFI CHE APPENDI X [0003] Not applicable. HELD OF
THE | NVENTI ON [ 0004] The present application rel ates
generally to ol efin oligonepjgati on. Mre
particularly, the present application relates to a
novel hexadentate |igand, associated hexadentate
bi net al | | ee:conyrhex r1@n0 avptdaodsTaf comelExNgiEstHang
-hexadentate |igands and conplexes. Additionally, the
hexadentate |igand and conpl ex are enployed in the
ol i goneri zeROSHREFERPNCGETSO RBAASCHIOWNDY (oA TidNS
I NVENTI ON [ 00051 O efins, also conmonly known as
@PbkgneNonare i nportant itens of commerce. Their many
appl i cations include enploynent as internediates in
t he manuf STATERENT REGARPENG FEDERAIIY SPONSORED
envi ronnment al | y RESEARGH IORDBVENORMENIer e refined
oils mght otherw se be used, as nononers, and as
[002¢r MmNk artpbebleor nany ot her types of products. An
irrpo\rtant subset of olefins are olefin oligoners, and
one net hod oREFERENGE TP & MICROFHIHEASPENDEK
ol i gonerization of ethylene, which is a catalytic
[gxm?ti %tﬁﬁf?’ﬁ&ﬂéj ng various types of catalysts.

anples o catal ysts used comercially in
pol ynmeri zati on and ol i goneri zation of ol efins include
al kyl al um uum conpemIds OFCENE BNVENTION! - phosphi ne
conpl exes, and a titaniumhalide with a Lewi s acid,
oo asrheli saésht| aipuaauam Melikk ogeh&aly ft) Gk Gﬁ@td&ﬁiatlgi’ OUMore

of oI ol on C ysts is de

et o RyoHihy g host on 1 peel op & i Mypsociated
H&kztdéﬂge rbn’ﬁaﬂmd corhplex) Cané NG ehj&is cbfnmdcm[g)et[oﬁl ]ihmideﬁlate ligands and
rea t| on ra SI n al

BB FeaA oy oo RRehr e TEl 2 eipithEe gRpere i the
‘cﬁlgo:amhtyosbfolﬁ'uecursor. The netal conpl ex further

201 14777 o1/ dORTRGRS TR FRgRbyPoRT [0 oenerate

[P@S] USZOGS, 0154 dor@monielromnaailkenes, e firapdrtadt itpals of agfumerce. Their
rﬁ‘a?lgi'tag;gﬁé#gtﬁ% %ﬁﬁdecéﬁﬁ&)ﬁ%t 5E5tntaafls b RO WRGa G0 6F Midr s, as

i
more environmentally friendly replacements where refined oils might otherwise be used, as

monomers, and as intermediates for many other types of products. An important subset of
olefins are olefin oligomers, and one method of making olefin oligomers is via oligomerization
of ethylene, which is a catalytic reaction involving various types of catalysts. Examples of
catalysts used commercially in polymerization and oligomerization of olefins include
alkylaluminum compounds, certain nickel-phosphine complexes, and a titanium halide with a
Lewis acid, such as diethylaluminum chloride.

[0006] Another group of olefin polymerization catalysts is derived from pyridine bisimines.
With catalysts of this type, a nitrogen-based ligand engages in a coordination reaction with a
transition metal salt. The coordination reaction forms a metal complex, which is a catalyst

precursor. The metal complex further reacts with another precursor or activator to generate a

1
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al kyl or metal hydride species polynerizes ol efins.

[ 0007] Applications and demand for ol efin polyners and
ol i goners continue to multiply, and conpetition to
supply them correspondingly intensifies. Thus,
&lrooi/osal novel and i nproved catal ysts andpoetuhmdgood472
for olefin polynerization and oligonerization are

1%&51?%1@? bﬁm&tﬁllﬂyﬁm dﬁ'}i‘%ﬂ%ﬂﬁﬁ% bk M g @Q}?&ﬂelg&%e_raﬁon of the metal

exadent.ate.l 1l gan or po rization o olerlns

Al PR Qo i ARG PUEREERAIEDT [ o  provided: VAR

mﬁle Rﬁ)plicdaérés aﬂ? deﬂﬁhnWﬂx()c;l&& pblymeds dﬁﬂloﬁgﬂmeﬁﬁlconﬂﬁe lto multiply,
) ,...aNn chem ca truct.ur e e

P FSPBHTOR R PSR o erRp B BAL st TG iifong! novel and

inpebveC akadits andmetitdds for elefin pelyradrizationlandslipuperiédonaredicible.
are each i ndepen I arbyl, an

i nert functionalqgﬁ%ﬁ%qn€¥%§3§§ﬂ$Y€¥gﬁﬁﬁydrocarbyI; YI
0808  SA hexadedtatellighd fohgym]ynsenichtidf ofYdlefina ivdluding cleemical structure I is
ind&@endently hydr ogen, hydrocarbyl, an inert

FPATE onal group, or substituted hydrocarbyl having
fromabout O to about 30 carpon atonms. In an

enbodi ment of chem cal sBr B 1, the groups W Y1,
and Z are sel ected squ t hat Ptivated transition
nmetal conplex of the Ii d;N e presence of one or
nore nononers under sui nmeri zati on
conditions, result¥n a'%ol ynefd i on product having
greater than about 50 weight peiﬁgprﬂoligoners havi ng
from about 4 to abgut 30gfarbonatens. I n another
enbodi nent , chenica%\§TTﬁ§ ﬁgi ncl udes a mrror

pl ane. I n anot her enbodifxeniv of | chemical structure |
the groups W Y1, and Z ar ecfed to produce

chem cal structure H 2 égl4031.013301 WO

Ri, Ry, and R; of chemical structure I are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an inert functional group; R4 and Rs are each independently
hydrogen, hydrocarbyl, an inert functional group, or substituted hydrocarbyl; Y; is a
structural bridge; and W, Y3, and Z are independently hydrogen, hydrocarbyl, an inert
functional group, or substituted hydrocarbyl having from about 0 to about 30 carbon atoms.
In an embodiment of chemical structure I, the groups W, Y, and Z are selected such that an
activated transition metal complex of the ligand, in the presence of one or more monomers
under suitable polymerization conditions, results in a polymerization product having greater
than about 50 weight percent oligomers having from about 4 to about 30 carbon atoms. In
another embodiment, chemical structure I includes a mirror plane. In another embodiment of

chemical structure I, the groups W, Y, and Z are selected to produce chemical structure II:
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AINRo R RARJ ROR3~10NN120 Rc Re RggR?7
Y2 R R7 Re Rg 1500 NN13~ R6 RO RS R4 RA Ra
VRR' R2II 7, its, RO, and Ri o of chem cal
structure Il are each independently hydrogen, R6, R
Wwooega@sByl , an inert functional group, or seOBWUB1004/@e472
hydrocarbyl; RA, Ra, Rc, and RD are each
|ndependently hydr ogen, fI ori ne, an inert functional
group, a prinary carbonR® Ria secondary carbon
group, or a tertiar lég; Y2 is a structural
bridge between twg, fstreucture, and nore
particularly may b ar byl group
conprising from, car bon at oms,

nmet hyl ene (CH2), ethylepe (C2H4y, ®r \an inert
functional group; aftd any two of RA? , R7, RB, Rc,
Rs, RO, RIO and RD, or any portion of ¥2, wvicinal to
one anot her, taken oget her may fo m ring. [0009] In
anot her enbodi nent, ya Rkexadent at e tallic conplex

havi ng chem cal Re ture 111, t hod of
produci ng sane, is ided: Al R& N_ N W70m Xn
Xn Yt Z VR3- ~80dd1l- G Re
R o] ™™
Rs & R4
Rz

I

Rs, R7, Rg, Ro, and Ryp of chemical structure II are each independently hydrogen,
hydrocarbyl, an inert functional group, or substituted hydrocarbyl; Ra, Rg, Rc, and Rp are
each independently hydrogen, fluorine, an inert functional group, a primary carbon group, a
secondary carbon group, or a tertiary carbon group; Y> is a structural bridge between two
halves of the structure, and more particularly may be a bond, a hydrocarbyl group comprising
from about 0 to about 20 carbon atoms, methylene (CH;), ethylene (C;Hi), or an inert
functional group; and any two of R, R¢, R7, Rp, Rc, Rs, Ro, Ry, .;:llld Rp, or any portion of Y>,
vicinal to one another, taken together may form a ring.

[0009] In another embodiment, a hexadentate bimetallic complex having chemical
structure 111, and meﬂj.od of producing same, is provided:
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2 111 3 14777.01/4081. 01301 WO 2004/ 078799
PCT/ US2004/ 004472 R1,R';'Rs; xa; mss;"W
"~>'drr"dyl'"2"rdras defined above for chemi cal
structure I. M and M2 are netal atons that nmay be
wulppeevennt |y sel ected fromthe group consi sPCHYSmh4/004472
cobalt, iron, chromum and vanadium each X nay be
fHﬁR?mts,h :it<§fm12 ASIRY hais% déﬁnéﬂfab&iéﬁbwherﬁi@ﬁtsﬁﬁkﬁﬁréxl ®Pand My are
e total nunber of n ive es on s e
2 MR b TdhRdey SRS, SOt Bk AnIcng of SValpron,
calmlﬁlﬂml Andtvabdd@mt; QEdeX fagibe an adiod) @@ﬁtds H%aﬁdbadr&eaylwetéﬁate, )
e oxl dation ate r, V2. 010
it G0 et o St e gk v S Rt BN St ana
£BMPL,ex3,hatiate edtd finabdr of Sdghtive chiirges oW X ia BghalBtiieastidafion state
%rl\&doli'l Ing sane, is provided: RZ Ra/ R RDR ~NO R4
L 4°ARs RioRB~10N n4 NZ210 120. Rc , RI,
PeM] Rdn Ribotier embodimé, % Shelmieritaid Obimitalic NeokdpRa having6chemical

|V, ][0 011] Th d f d
R L fg‘%rﬁ'&g. ng a pyridine.

[0011]  The method for producing chemical structure IV includes mixing a pyridine
compound having chemical structure V:

=

N

\4

with a substituted arylene diamine having chemical structure VI:
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conmpound havi ng chem cal structure V: '":~" I Rs \ Ra
NOO V with a substituted aryl ene di am ne havi ng
chem cal structure VI: 4 14777.01/4001. 01301 WO

2004/ 078799 PCT/ US2004/ 004472 Rs Rs RA NZN\ / YZ O
Wdzooddss® R7 Rs VI and a substituted aryl pOT/0S2004/004472

havi ng chem cal structure VII: R o RD RO/ \ NH2 Rs
Re VII in a suifjabl e sgtvent; mand ad@lng at | east
one netal salt of t\he fgrnula : , R2, and R3 of

chem cal structure A% e each i andent | y hydr ogen,
hydr ocar byl , bst hwdr or \An i nert
functional gréup:; R5 &re \& ndepeﬁdently

hydr ogen, hydroca , an inert ) t| onal group, or
substituted hydrocarbyl ;\ R6, R7,/Rs, , and RIO are
each i ndependent IRg hydro@en hy@wocarb&i an inert
functional group, or substituted hydrocarbyl; RA, RB
Rc, ‘and RD are each indepen¥&ntly hydrogen, fluorine,
an inert functional group, a primary carbon group, a
aé e ovelidinipd eraif dswne pvingshergeal girucare VBr y carbon  group;

Y2 is a structural bridge between two hal ves of the
structure, and nore part®eul ar|]R» nmay be a bond, a
hydr ocar byl group conpris rom about 0 to about 20
carbon atons, nethylene/ et hyl ene (C2H4), or an
inert functional gr®yp: ofNIBA, R6, R7, RB

Rc, Rs, R9, R o, and RD, portion of Y2, vicina
to one anot her, taken togg may form a ring; M
and M2 are |ndependently sel ecthegd nmetal atoms that are
sel ected froma group cénpr|5|ﬁg cobalt, iron
-«chromium and vanadi um eacyX i S an anion; and nis
1, 2, or 3, so that the total nunber of negative

iﬁ/g bR S&Oﬂéi and g&fﬁ?g' at ﬁe%sttolﬂg m%i Qjﬂto.k‘ f1d f&%ﬁiaq\/lﬁf,. IM, R%[ and R3

of chemical structure IV are each independently hydrogen, hydrocarbyl, substituted

hydrocarbyl, or an inert functional group; R4 and Rs are each independently hydrogen,
hydrocarbyl, an inert functional group, or substituted hydrocarbyl; Re, R7, Rs, Ry, and Ry are
each independently hydrogen, hydrocarbyl, an inert functional group, or substituted
hydrocarbyl; Ra, Rs, Rc, and Rp are each independently hydrogen, fluorine, an inert
functional group, a primary carbon group, a secondary carbon group, or a tertiary catbon
group; Y> is a structural bridge between two halves of the structure, and more particularly
may be a bond, a hydrocarbyl group comprising from about 0 to about 20 carbon atoms,
methylene (CH,), ethylene (C,Ha), or an inert functional group; any two of Ra, Rs, Ry, R,
Re, Rs, Rg, Ryg, and Rp, or any portion of Y, vicinal to one another, taken together may form
a ring; M; and M, are independently selected metal atoms that are selected from a group
comprising cobalt, iron, chromium, and vanadium; each X is an anion; and nis 1, 2, or 3, so
that the total number of negative charges on X is equal to the oxidation state of M; or M,.

[0012] In another embodiment, a method for preparing a polymerization catalyst system is
provided. Such method includes executing a coordination reaction between a hexadentate

ligand having chemical structure II:
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[0012] In another enmbodi ment, a nethod for preparing a
pol yneri zati on catal yst systemis provided. Such

nmet hod i ncl udes executing a coordination reaction

bet ween a hexadentate |igand having cheni cal

o 6408 @oH 5 14777.0114061. 013&1 WO 2 0 0£4&0u082084/009472
9 PCT/US2004/004472 Rz Ra R RDs'" Na RS R)KPS
10N12 RRRB RBR Y2 ®2a R7T Rc RB Ra ~0\ NN

\30~ R4 RA RO RD VFREBEBA R H and a netal salt of
the formula MX,, aiofiexadent ate binmetallic

compl ex having chef utyufealdy: R2 Ra R7 RDR
1101 A RAR N Ra 220 Ra R7 2

R R7 Re

Yo

and a metal salt of the formula MX;, to form a hexadentate bimetallic complex having

chemical structure IV:

v

The method also includes generating a metal alkyl or metal hydride species; and contacting

the catalyst system with one or more monomers under suitable reaction conditions to

polymerize the monomer. R;, Rz, and Rjof chemical structures II and IV are each

independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or an inert functional group;

R4 and Rs are each independently hydrogen, hydrocarbyl, an inert functional group, or

substituted hydrocarbyl; R, R;, Rg, Ry, and Rjo are each independently hydrogen,
6
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RB ROXRB 230 150 , -. 13 250N' if N240 R RO R4
RA Ra VR Ra' RZ IV The nethod al so includes
generating a nmetal al kyl or metal hydride species; and
contacting the catalyst systemw th one or nore
woore7soeinder suitabl e reacti on conditi ons POT/US2004/004472
pol yneri ze the nononer. Rl, R2, and R3 of chem cal

m:roumw @Sttt iasaonkiVeraus of atktituied AeREALSN R Y RBYRE, @€ Ry, are
rﬁgﬁtll subst i uted hé@“g‘fﬂé{l@ét or an iner H’P
HosERgen, am}fn HOWh G PR RTPS) group, a

shwldam eabod mﬁmc‘oarahmhary&ﬁrbbm @foup;l MNi3ta @iedirad biidep betdieen two

b t yd R | ..
AT g Bt el
fﬂﬁf)é&ﬂ&’ 87199abmwﬁ2§@4¢t&ﬁ§}4ﬂéihyldmy C{CH;)( lethlylene @Iﬂhior an inert

"tion "id uhst ted drocarb
tunonal o Ao B PR, RorR5 K s At 55 By TG of T
vidinabto ane anailrer,i taien togéthmneiycfmai a g dp, anﬁl\@meﬁmfeyemwlly@elected

u sec y carb r.a tertiar
584 o BEGOTE BIR POR B0 B S af R
eacfh X hﬁeansmmum isrle2, cBgsortinat @eﬁatal numlolemﬂnygamuy clizegea o Engequal

t; ﬁ%‘?‘%on S tL: og’M)lu(pr l}(f;lo TR o%é'ﬁ&%&) 9{311?918{%6 ? &%Eh?qge%tep of

gawerdting p toctaf alh]dtomnal hygndnﬂpeclany two of Rp, R6, R7, Ra,
e, R RO R DD RIPIGROIPREBINAINTS.

Vi Ci naI to one anot her, en toget y rma

[0018hy; Whe prsepnigppligation ﬁ@éﬁ%@ﬁdwtaéélgm (ei“ligpmst "h pllustrated by
oRERER Srlire AT $haf & @ﬁbl@&df 0Ot ndiln3 Ud¥ &1@&55@&' it Ebglymenzmg and
cobalt, 1ron, chromum and vanadium each X'i§
ofigqasizingolefnsy 2 or 3, so that the total number of
negative charges on X is eqwal to the oxidation state
of M or I1VI2; and olefim
at the step of generatl ng
hydri de speci es. DETAFERD DRSCRFFI ON OF EMBODI MENTS

[ 0013] The present applilcati?dn gi scl oses a hexadent ate
ligand (or "Ii gand/‘v)/,"rﬁbust r ata® y chem cal
structure |, that is enployed in thewyaking of

ggt al ysts for pol yiTEI‘\IZ\I.?\?)g and 409»/60n13r| zi ng ol efins.

ARy ROI nay not be present
@ etal al kyl or netal
DESC

I % ]

| T ®
=
R Ry
Rg

Rg

I

[0014] Embodiments of the various types and combinations of “R” groups are defined
below. The hexadentate ligand structure may be identified by six nitrogens denoted by
reference numerals 10, 20, 30, 40, 50, and 60, wherein the ligand may be viewed as consisting
of two halves or sides; one side including nitrogen groups 10, 20, and 30, and the other side
including nitrogen groups 40, 50, and 60. The two halves are connected by a structural bridge
Y:. When producing a metal complex from the hexadentate ligand, the ligand is reacted with
the salt of a transition metal. A coordination reaction between the hexadentate ligand of

chemical structure I and a metal salt forms a hexadentate bimetallic complex (or “complex”™),
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RS RA A2 NN W _sl10 300\ Z~" INN Rs R4 VRI1I' R2

| [0014] Enbodi nents of the various types and

conbi nations of "R' groups are defined below The
hexadentate ligand structure may be identified by six

wa wogee7ddenot ed by reference nunmeral s 10, POT/USIN4/004472
40, 50, and 60, wherein the Iigand nay be viewed as

e 154 orlegiiRited Syochhmlcnesudure 8, detfich inoheles twebati ffanedt sicts 11Q and

i t.rogen groups 10, 20 0, a he ot her side
iR Sponrn st i Tomed e bbbl omptex of
dhahical straotiee IDIR A prteshr bythescattysifod potyaderifing shgeligovierizivighelafins.
producing a netal conplex frgmthe hexadentate |igand,
the ligand is reacted wigh khegsalt of a transition
metal . A coordination reacfi off between the hexadentate
I i gand of chem cal stRsuc Rd a netal salt forns
a hexadentate binetallicilconpl e} (or "conplex"), 7
14777.ov4052.01301WM£P20® dm287§ PCT/ US2004/ 004472
such as- nme one "WMr' Ete b%"cl?\ésa} structure |11,
whi ch includes two differehk %itiﬁ/}01and 80 where
the netal salt nayzeeoLgLﬁﬁngM the ligand. The
hexadentate binetallic cqgnpliex gf chem cal structure

[1l is a precursor to k k, for polynerizing
and ol i goneri zing olefins.{l2 [RB/"R RS\ | RA YN
NN WI ! 70 ° X Xn Z; Rl N R4 VRR 1,

Ra

ox

[0015] In an embodiment, the components of the hexadentate ligand of structure 1 and
hexadentate bimetallic complex of structure IT, labeled as Ry, Rz, R3, R4, R5, W, Yy, Z, M,
and X, are as follows:

Ry, Ry, and R3 are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, as defined beiow;

R, and Rs are each independently hydrogen, hydrocarbyl, an inert functional
group, or substituted hydrocarbyl; ‘

Y is a structural bridge between the two halves of the ligand and may be-a bond
between nitrogen group 30 and nitrogen group 40; or Y] is a structural bridge wherein Yy, W,
and Z are each indei)endently hydrogen, hydrocarbyl, an inert functional group, or substituted
hydrocarbyl including from about 0 to about 30 carbon atoms;

M, and M; are metal atoms that may be independently selected from the group
consisting of cobalt, iron, chromium, and vanadium;

each X may be an anion, such as a halide or acetyl acetonate, so that the total
number of negative charges on X is equal to the oxidation state of M; or My; and

nis 1, 2, or 3, so that the total number of negative charges on X is equal to the
oxidation state of M; or M.
[0016] In an embodiment of the ligand and complex of structures I and IIT, R;, Ry, Rs, Ry,
and Rs are defined as above; and W, Y;, and Z are selected such that an activated fransition

metal complex of the ligand, in the presence of one or more monomers under suitable
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Rz 11l [0015] In an enbodi nent, the conponents of the
hexadentate |igand of structure | and hexadentate
binmetallic conplex of structure Il1l, |abeled as R1,

R2, R3, R4, R5, W Y1, Z, M and X. are as follows:

Wo 200920783@md R3 are each i ndependent!|y hydr OgROTI/US2004/004472
hydrocarbyl substituted hydrocarbyl, or an inert

ﬁzaamabongmmpresﬁﬁ mfporyﬁﬂnmibmptodﬁé havi @&mmenea&h 50

weeﬁ%&%?r?awiﬁlg%vp%% bty Bt § by b eabiBytiomsy 1 gnger

efifbbdigéni cath bulf dfge: eidsat liphed df\ob)cnhaill viestued I dnld @adhi lgHRd the

R PR AP ) HRgoeb o 1L P e & i e two v,

oné gcfnﬁieﬂl b%/ hitroMsh gréupsl 1?1 2?,r ad ea,czimd |mm;ee aeetat by nimybghnt@@m 40,
I arlr n iner u | O n a or S bs
e B ies R B e s e 3 ot S Shodtht®s of

tiet gand dfflistracrate NP argir mmm%f muoum Mhéde snfagtm’a\ebndge Y; may be
c(Y"g%lg?endently selected fromthe group consisting of

iron, chromum and vanadi unmt each X may be an
[6017Dn, Isamcimbadimentlofithe Hexadantatedagend illestratbdpadmctus @, thengadups W,

h ; it )
A BT Ao DRI RS B, Xy By
so that the total nunber oFangat|ve charges on X is
equal to the oxidation® 'of M or M2. [0016] In
an enbodi ment of the dig ddiol ndgconpl ex of structures
I and 111, RL, RXp ¢e defined as
above; and W Y1, d such that an
activated transr$i of the ligand, in
t he presence of on ochm)re nowone S under suitable 8

ol i gomers havin %bout 4 B _glbout 30 carbon
atons. |In anothet hal f of the

ture | and each
hal f of the hexdﬂe-, E Qf Rhenmical structure
Il is amrror inmage of || other. The two hal ves,
one denoted by nitrogen Rgrgups 10, 20, and 30, and the
ot her denoted by nitrogen §roups 40, 50, and 60, are
divided by a mrror plane that passes through Y1. In
yet ot her enbodi nents of t He ligand of structure I
and co | ex of structure Il, the structural brld YI
[9p81 o PIBHEEah ésata[YBtOiW]OITﬁ%‘ AAYREHFARANN & oligom jon, the

hB@X@ﬁiﬁHg&icﬁﬂﬁstr&édWy strhd i (i feRelledoyiths tidtdl kAl sBcH that b B&brdination
re%g’uoo% Qesélﬂ)cévin the hexadentate bimetallic complex of structure IV:
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Y1, and Z are selected to produce the hexadentate

ligand illustrated by chemcal structure Il: RZ R3 R
Rp Re 101 RA Ro ( NI Re 100 NN 120 Rc RB Re R Y2
Re R7 RCRe Re NN 130J R4 RARe RO Rs VR3R,' RZ ||
w®td8)7shen preparing a catal yst for ol ef i npcT/US2004/004472
pol yneri zati on or oligonerization, the hexadentate

ligand illustrated by strucfure Il is reacted with a
metal salt such that a iAdtion reaction results
in the hexadent ate bi C | ex of structure |V:

9 14777.01/ 9081, 0%901"
1' CT/ t 1S2004/ 0044
26 N N 210 RD ;(9

[0019] The groups Ra, Rg, Re, and Rp are ortho to the amines. In an embodiment of the
hexadentate ligand I and complex IV, the following pendant groups are defined:

Ri, Rg, and Rs are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group, as defined below;

R4 and Rs are each independently hydrogen, hydrocarbyl, an inert functional
group, or substituted hydrocarbyl; ‘

Ré, R7, Rs, Ry, and Ryp are each independently hydrogen, hydrocarbyl, an inert
functional group, or substituted hydrocarbyl, as defined below;

Ra, Rg, Re, and Rp are independently selected from hydrogen, fluorine, an inert
functional group, a primary carbon group, a secondary carbon group, or a tertiary carbon
group;

M; and M; are metal atoms that may be independently selected from the group
consisting of cobalt, iron, chromium, and vanadium;

each X may be an anion such as a halide or acetyl acetonate, so that the total
number of negative charges on X is equal to the oxidation state of M; or My;

nis 1, 2, or 3, so that the total number of negative charges on X is equal to the
oxidation state of M; or Mj;

Y, is generally a structural bridge between two halves of the structure, and more
particularly may be a bond between rings 120 and 130, a hydrocarbyl group including from
about 0 to about 20 carbon atoms, methylene (CHy), ethylene (C;Hy), or an inert functional

group; and

10
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Re *R ,; Xa 7 RB 230 0 Re RSRA RA N 240 3VR R' R
TV [0019] The groups RA, RB, Rc, and RD are ortho to
the amines. In an enbodi nent of the hexadentate
ligand Il and conplex 1V, the foll ow ng pendant groups
wo2odgdsed: R, R2, and R3 are each i ndepen®#emulsy004/004472
hydrogen, hydrocarbyl, substituted hydrocarbyl, or an
i nert fapeys erral mmsukn, E@R@,aigt R{OR D ehOwy ﬂ%ﬂnoarb@YB&mmal to
are ECh |ng ?tgndenc,}Jl)él7 %%gzogen hydrocar byl, an inert
5 AR Grfedfen ©OgPBERIaY P3N i t ut ed hydrocarbyl; ° R,
[Bﬂzo] Rs ,In Bithed BiiibddirBent b the deXadénae RRAC BNkint )éompletr Dy e, pendant
drocar ner functi.onal group, or
?ﬁeﬁﬁt?%aé%"\? Y@F%‘?F’,‘“’% §8Fi ned bel ow; RA, R3, Rc,
and RD \ﬁreﬂHAﬂHiEﬂﬁﬁﬁHiﬁbﬁrbgn gealpethte floric) @18) d1 )66 0fiRE) Re, and Rp are
r|n inert _functional aro a pr.imary. carbon
i oo, Btk aisberdny pitoR Bhu b ufiinliR hel 3 tner
fynasiopa] gMJ.psalﬁd thremninderef Rj, Raf adR ptakeditydrogyn dadluorine; or
I ndepen ly sele ted m t h roup
cobal t, qtrg ysasﬁ?oclalmarﬁ r%ou\?aﬁlgrg‘?%ﬁ’lon% ﬁ”%‘cﬁgﬁ;ﬁ‘b d Rp are
maimagy c&bmh gawpa dsednddg mboacgbgﬁs abayb rsabsatuteslopltehglt or inert
e Ve r ual to
ilfobd bbys INREE had O3 RS RS R aflecr oS
t hat t hvéhen Ba &la tertimysrrbarf grn@gﬁm vaecheregd 8p.dir, #idi Ry, are
phe@yi i NSt
S oty Al ol B e Mol fudgpa.
t he st rv\(belt Be &3 rawmehryeateon wt then maze.| ope.rrmywhef Bu, Berrtd Rp are
a}"§a eRbéd %Qﬁ sl%gcoﬁﬁgy lu%g)ona% rgﬁﬁ&lb%hbsgfu@édpphenyl or inert
ro about

di ng m about 0 to carbon ato

giqapsg xdghe rel@tln«}qr eﬁ%m Reomé Rp arsrhydiesss fiuorine; or

functi q/gh Rc BQ6Bnday 7@&1@% 4)9@131‘%391{&,\@ and Rp are
20041078799 PCT/ 1182004/ O alls i W"

PR carbey: gropgs, spepnday (Farbep graﬁ’a at?yylpavtsr@t?dorhew or inert
fMrhcEibibR frotiss, and e radghdee be,t ag and Rggféth?&ﬂb ROy LS &

ring. L‘% 1.1n another i ment o 1% hexa%l nt at e

| i gand "*f ’Gaé%flﬂ’%%{ qn\ﬁm‘tph ’b%’l’i‘a%‘tn“ 4> Rp, and Rp are
tertiary, phenyl, or substituted phenyl, and the remainder of Ra, Rp, and Rp are hydrogen or

fluorine.

[0021] In an embodiment, the ligand II and complex IV may be viewed as consisting of
two halves or sides; one side including rings 100, 110, and 120, and the other side including
rings 130, 140, and 150. The two halves are connected by a structural bridge Y,. In another
embodiment, one side of the hexadentate structure identified by rings 100, 110, and 120 is a
. mirror image of the other half of the structure, which is identified by rings 130, 140, and 150.
The two halves or sides of the structure are divided by a mirror plane, which passes through Y5,
In another embodiment, Y> connects rings 120 and 130 at their respective meta positions and
the R groups are located at the respective para positions.

[0022] Referring to the hexadentate complex IV, other distinctive embodiments of the
ligand and complex may result because the rings 100, 120, 130, and 150 may rotate at their
chemical bonds. For example, the ring 130 may rotate at its bonds 230 and/or 240 such that the
resultant ligand or complex is not a true mirror image. In the case of a 180 degree rotation of
the ring 130 along the bonds 230 and 240, as illustrated, the groups R and Rg may rotate to the
inside of the structure, and the groups Rg and R; may rotate to the outside of the structure.
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groups are as defined above, with the exception that:
when RA is a primary carbon group, then none, one, or
two of RB, Rc, and RD are prinmary carbon groups,
secondary carbon groups, phenyl, substituted phenyl,

WO 1002078799 unct i onal groups, and the remai ndecTws20R8004472
Rc, and RD are hydrogen or fluorine; or when RAis a

ﬁﬂmmg £inY rovahiyGrhi ra:wgboﬁdrmn, hgreo m@ﬁfb‘cat@ﬂoﬁg\/@n@fﬂﬁi&d 220;
ggxa}B f%F?Z ng%é?}%?%%( f‘@?@g &‘r o8 q.’?’qj]pg)fer'% ongbon% ?(9 :

[bomt i an ahotlgk eP&liméinof ihla agarne IIBzirﬂd:GIIhpl@:f IRR,, Re, Randd RD are

lersb ARG 8 e iredin Rl Ot B ey ol gr more
th@fotieBfuyider pligalily bolyxﬁénzamdmsbndmmm desplitseiin ¥ bolyi@ i atida@roduct having

AP S T R MG 850 o s

[Mc% andn BB felloeringemibodimgnts, anlemmﬂgmamammmr@mpy other then the
{ t

e PG aDRERY tro d7 b il G s o0t V.

Ryraad Raclreoigervger; ahil Rer andeRp are eadfhemdﬁendestlyamethﬁo ntﬂyir propyl, or

SRR A8 WBoobIED RODS n ANSe iU RO BBl BRlcny

Imary car Ay ou secd
rp¢tbd|,ydthyl, srspb}dt wrussvpmdylp reamydmbodimenty Rerand R am hydmma,l and Raand Rp

' fo
%{/ gggnﬁﬂﬁn? ﬁlg?l ﬁdﬁ%&l %%roﬁ? at ert | ary Cal‘%id Rpare
mgtieilipandt Bee tndrien are @ﬂclbméep@mdem mpdyl, ethd. RPp¥s @ isopropyl. In an
e‘ir%%&ﬂr@ﬁ Ra maqgglrc %ngggxy B34 iR} E%@ﬁﬁm e ndépe gde%ﬂﬁmethyl ethyl,

remal nder  of and RD are y roq%sn or [‘'uor i ne.
ro0B 1 ioproay. elatagdvrhediment Ra 2nd Boprg m vhread FenpleBe fry each

R erlantly @S @51, RT3 Isb )f two hal ves or sides;
one33|<§lé’ |‘r%§’ S ?ln? ring ssl%gp 110, and 120, and the

825k,  dn aeembpdivgraf alge ?@éﬁ@@telbs@efﬂhﬂ@m%ﬁdmlgw neRdant grgups

R bé@s de'ﬂhai é?b@ﬂﬂ Sﬁkﬁdh:«b YotB Mg lahdIWf, 46 8dbaldl ind@i6thef 2mbédiment, both
f the hexadent ate

anot h nbodi one S|de
Ny I ogedio o B ?ree&l BYFRLRFS of pmetpliaiomsylfly o My 19 irongand the
offief 1s@bbalt TBO@otaér ehihsd:mtaﬁteyelebt@hfofm atd ¥, Stettsl Sdlddtieh of ™A Re) Re,
APZW g,ent' ied by rings 130, 140, and 150. The two

v 'sides of the structure are divided by a
[M%I or Itphtﬁd’mﬁ)de&thiﬁ afhadasatd bimewilb cofablex Iror N Giidh@ing pendant

PGP hlp S GRRD Sl bt 2 o ot greser

tlhancam&iomcenﬁealkeaspmmantve para positions. [0022]

WA, o B SR AP BT lnd ol A et s it

thegfollivtingreoptios: t he ri ngs 100, 120, 130, and 150 may

rot at e patp theipl bonds. For exanple, the ring
130 rmR I%t%tg are%.m bnds 230 and/or 240 such that

t he rBs@ndtlhimemﬁ@dnﬁhﬂkog@mnpl ex is not a true mrror

i mage. gl k.t eR fredvdB0nd6gree rotation of the
ring 13 6711%8ng§ gor?glg geo and 240, as illustrated,

t he gr Bads, Ra 2aé BD 2. em}nciemndﬁlélymﬂtyh ethyl, propyleoragopton.

[GgpCt B{ﬂie f@%g Iaﬁb&ﬁlﬁeh@ssoﬁ%o g@ pEERnt (%su@; Bia Qe iR fined
out'si d he Structure. A777F0114

above, except that M1 and M; are iron, and Ry and R;5 are methyl. In an embodlment R and

Rg are hydrogen, and R¢ and Rp are methyl. In an embodiment, R4 and Rp are methyl, and R¢

and Rp are hydrogen. In another embodiment, Ry and Rc are methyl, and Rp and Rp are

hydrogen.
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WO 2004/ 078799 PCTI US2004/ 004472 Sirfiiil] ttl}?,
fin's" 1'"66" ]n y.rbt$fi aib itbond 260; ring 120 may
rotate al ong bonds 210 and 220; ring 130 nay rotate

al ong bonds 230 and 240; and/or ring 150 may rotate
woogydrgned 250. [ 0023] I n anot her enbodi nenpCDUSA0MZ004472
ligand Il and conplex IV, RA, RB, Rc, and RD are

lﬁequa'ct &7 Glipbied BediisappiRatdny 8 hedtodaftaN gioth BN ghedpdontaining only

e ol HEPPS S BRI JHe VRBRIT] Eopay el

q@ﬁﬂawtetb laBait BO barinQebas! Theusid hy@oeatyeT antl alkyl'ake eduivlent, and
per cent 8I i goners having fromabout 4 to about

%ﬁ'b%é’ﬁﬁidﬁer Iy. 10024] I'n the fol | owi ng enbodi nent s,
[0080gS S Fot bﬁ-pwessef tbipeglitited, a abltitgédhydsocabilas a hhhasnafblyEgmup

R O Dot TR PR T AN 5 e Bgee Samiigs to
witieh thy conggemt coaraﬁmigctham grotis mmjeetad:h[he lsmbeimmd entpsyalso do not
subste g&ée:m Pﬁmt}é/r%tﬁ él?e’%ocg?,soff no{ ?S;(ﬁf)rwmg%tate('i_2 6P i§ Hzaaf@ﬁlsd glrate substituted
lfydmharb)rl @empmumm lcymtaim tth ybqut éO legtbon gipop Vihcluded in the meaning of

WA iment, Rc and RD are hydrogen;
SJ&B%E’ areh a%%a%gggﬁ(:gh |ndependently met hyl, ethyl,

[p%‘dbyl Foopurpczsgqaoﬁjpylappﬁcmoanarembmdtmmml grRp Jaraogrﬂb aliher than
8 PO A 1 G0 O UBBEET S e
ARz %hmm wdererike compoRMD larvdmhclt &y presspicihkep m@rép@ﬁ@mm of inert
f[ﬁ?cttlm {ng)ﬂc}ude Hg@ Eﬂd Q:Elloi‘os %Rfr&)o)ﬁkd 10[1(3 anethers such as -OR;g

enbodi rren are meth are

R s o SR oGl T o 3y e Arokonal grotp
m@q,e 59.93 knetal 202 5511011 dg anRse mig qq; e nandqip the RRABAL gltoaﬁ ﬁmuld not

birmetallic co 1 V, pendant groups
cqerdigale fio@g nﬁ@b%t@n n@}i‘?:%ﬁ%glf ﬁlale s STRPAR SRBOUDES %ﬂn@lmng Ra, R,

FGORAI R anll Rp2RAEHNEE stRFR a8léodRitatind X0tk mdwl a@RCIthMIs e Pshould not
ipron. |In another enbodi nent, one of the net al at ons,

dﬁﬁ’laﬁq’th?\&es‘r?d@?rfl’& MmELYP+ he other is cobalt In anot her
[eoBapdi mnpmpcﬁal &Tahik @ppliedtioh] a prﬁdarMaraM £6ipSinSleded Gtdréip of the

f
BT R G By st st S Bty e 17 U ARCCApPTPRepteg; py the
HyphenllmIMan@np ¢ingl Whllclgme pﬁx&m&&mﬂ&i grnqdls ahaiel). 'Hfﬂls, the free
t ts I.n.an
R IF bR S e i St Rl oDt Gl R 6, uttr
amamteent[n oﬂ)e:f)%’z]ds | the dine eatbedinmynte ©f h}@lrongem'piyémcdnﬁy;l substituted
f] d bov
SPER o BT s B IR A5 R Bl
GHEHRG, ~a£EIéz et ﬁﬁb C@Hsl‘ﬂ}ldﬁ-@@eﬁ),CI‘Bﬁ R7, Rs, R9, and Rio

h
[ﬁ]?’gle pg%& nt f/esﬁrogt@iﬁ%p}Iﬁ?%n)’/ F?“Br 0 y‘%ﬁgocfﬁ;{gﬁq }Z g]%frades 7 Eoup of the
$ro0RCHFnwhdnan the fieo valengesembocinmetiesaterfis @ed)@nﬁbreels@sqnvd by the
hﬁ@{%ﬁi %3& 3 b OHER Yo Qﬁcﬁ"ﬁe g&&ﬁdaﬁ'dcarb@}? gl)é%els g‘?fénﬁ&? ’I‘lﬂ)@tthe free

are iron, and and
valptreinaebe bongded te p &ydrepen atiom, ha}qae@ g’@m; caghog am mermbom,r sglfur

af¥RE ¢! - In ! ofhe HoREPAE HER DllencB AnaN He RPuttceAT ol M8babyR Wbdfuted
hydrocarbyl or a functional group. Specific examples of secondary carbon groups include -
CH(CHs),, -CHCI,, -CH(C¢Hs),, cyclohexyl, -CH(CH3)OCHs, and -CH=CHCHa.

[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 valences may be
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and RD are hydrogen. In another enbodi nment, RA and Rc
are nethyl, and RB and RD are hydrogen. 12
147777.01/4081. 01301 WD 2004/ 078799 PCT/ 1JS2004/ 004472
[0029]" " "Rif puipos'e"s 6f t is"application, a
Wwodbbemasiyl group is a group containing onl ypCTasoemo4472
and hydrogen. |If not otherwi se stated, it is preferred
Hoha%ig £h1 cﬁt&mﬁgdﬁbayrﬁﬁ,g{mwﬁat&@,rogiban o) lb@g@n ltoﬁl,oTlﬂthloatﬁm,wc. In
car bon at ops. e terpgs " rocar " and "a . are
QO di T yripmoat e R 3?@%%2&&89@6? Bfsgsrovt or o
ffional 5RO €Bxdaiplds b Sertappaitoatgtdfs indluddl DSEIHL Wt -€(CsHs)s, -CCls, -

it GoRbCRERe S P i Bhi haer the

{ptg]sep essn G@Iaab@dhﬁaﬁ,ba_f ﬁhethtM(; fot ?rddhc&ngt;ﬁ) ipeadethte Biftfcailinicogplex is
t he roups ,1 S su ect ed. e substi.tuent ro S | .
R e et P e ByRdie SO bRt B S ¥

not otherw se stated, it L// eferred that substituted
hydr ocar byl groups herein“contgdin 1 to about 30 carbon
atons. Included in the ani ngflof "substituted" are
het er oar omati c ri nfss ses of this
application, an inert unct i"onal oup is a group,

ot her than hydrocarb or substitluted hydrocar byl ,

whi ch does not substaﬁ?ially interfere with any
process described herein 2§pre t he conpound in which
it is present takes part. anpl es of inert

f.unctd |, arou i.nGl l | yorg, chloro, brono
AR ShoR R e AR RN 7 Ry T
hydr ocar byl or sq&stitutgg hydrggarbyl&\ln cases in
whi ch the functiongl grgup naybe neay a netal atom

such as R4, R5, R8,)=BB{ Rc, and RB=tKe fnttonal group
shoul d not coordinate tN\o the nw om nmore strongly
than the grotig¥ \Qonpo Nds2con Ag R 5, Rs,
Ra, Re and RD whi ch\.a 4/ shown a;\ par/di nating to the

metal atom that ig X\ shoul d Not Jisplace the
desired coordi natRgng grorp. [O00¥2] ForRgur poses of
this application, a primary carbon group includes a
group of the fornula -CH2-yiwherein the free val ence
is to any other atom (the bond represented by the

ahy phubstititsd drgl dnkise Ineing ehsenical stopctuee Vi ch t he prinmary
carbon group is attached). Thus, the free val ence nay
be bonded to a hydrogen Rat om [Ral ogen atom carbon
atom oxygen atom sul fur\ _atgm etc. In other words,
the free val ence nay be t4 dr ogen, hydrocar byl ,
substituted hydrocayb \ Hcii.onal  group.
Exanpl es of primary carbo oups include --CH3, -CH2
CHCH3 )2, --CH2 d, --CE&< H5, and --CH2 OCHs.

[ 0033] For purposes of tWis application, a secondary
carbon group includes afﬁroup of the formula -CH=,
wherein the free val ences to any other atons (the
bond represented by the h?bﬁen is to the benzene ring

glcj&{:fuggst q?v' Y egh%qugc%{ gu'u%%{'ego\a gf, %.%E VLIf maaty tbaecmhﬁgg in a suitable

solvent, as those are commonly known in the art. In an embodiment, the hexadentate ligand

and bimetallic complex may be made up of the compounds having chemical structures V, VI,
and VII in the following ratios: 2 parts chemical structure V, 1 part chemical structure VI,

and 2 parts chemical structure VII. In an embodiment, the relative amounts of the
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val ences may be bonded to a hydrogen atom hal ogen

atom carbon atom oxygen atom sulfur atom etc. In

ot her words, the free val ences nmay be to hydrogen,

hydr ocar byl , substituted hydrocarbyl or a functional
Siooepo789eci fi ¢ exanpl es of secondary car bonpgr/Osy064/004472
i nclude - CH(CH3)2, -CHCl2, -CH(C6H5)2, cyclohexyl,
cotbiatBifdier o2 RtinghiEcbiabiundd P08 sdttiedH lORRE ﬁﬁmﬁbﬁmze the

bR ShL B b RN 8 S .

Rt o) nHt RERddEd WTEhe dilktiSe fdrhegl 4 Gexadalf GRSEIRY cdlex
13 14777. 01/ 4081, 01301 VO 20 04/0

heing ShsDEraLI TR AL or Vi Méi thfgmeg@ﬁnfgfo&m of-cpplgp KT or
[9tfeed ﬁﬁlﬂnQ@Ebv%hﬁtﬁod@:?éyE@ﬁbﬁﬁMfol’&)hﬂsf ur atom etc. In

ot her wor the free val.ence y, he to
hydrocgﬂ’bg‘lZ and (s 1 47 ﬁ%%&?@?ﬁ?b’@ft&mﬁ E%(fj ﬁ’g?'?osﬁ'&ﬁumted
Hy:10tHPby], oX amrink:® SmeHonhigdduppdsyiefimd belawgr oups i ncl ude:

- & Croyembil SO, iR R ARV Godsye Fetona

group Sorladiited hydracar®i;hod f or produci ng a hexadentate

o R B e AT R 8 e

fisictibtiml Rdup, ¥Mbstutéd Afdrostrdyl, & dsﬁrbdtoblbm ed aryl ene

v "Ry Riqs TRy B b Gl Wil o Bt gt e e
fmmtwtal g@vp, regprithapricehdn grorm ot mceldWIqarbomuRDor RErifgFy carbon

g%)pRC VI1 The conpounds having chem cal structures
and VI may be mxed in a suitable solvent, as

those ¥heand Mirrsnimgtak sfowp thahme be independentls seleqigsofmreistaroup
K&%mﬂg&(ﬁg ﬁ&r?cﬂrbﬂﬁﬂganmgadﬂinget all'ic conmplex may be

he’conpounds havi nq%échem cal structures V,
VI, aﬂ'@h\?f maVrbetaneamromsrl@wsmgh ¢ b geety) agatprate, shi thytotal

n%ﬁnb&%wég@uéé, chdrgR¥ntx & RAM ©Rhe oxidabiG 4t or MAd 2
parts chem cal structure VII. In_ an enbodi nent, .the
rel ati 988 &t §F8ssodhatthedtotal number of negative charges on X is equal to the

oxidation state of M; or Mp;

Y, is generally a structural bridge between two halves of the structure, and more
particularly may be a bond between rings 120 and 130, a hydrocarbyl group including from
about 0 to about 20 carbon atoms, methylene (CHy), ethylene (C;H,), or an inert functional
group; and

any two of Ra, Re, Ry, Re, Re, Rs, R, Rig, Rp, and any portion of Y>, vicinal to
one another, taken together may form a ring.

[6036] In an embodiment of the above method, a hexadentate ligand having chemical
structure I or II is formed as an intermediate that may be involved in a coordination reaction to
produce a hexadentate bimetallic complex having chemical structure IIT or IV. In another
embodiment of the above method, a hexadentate ligand having chemical structure II is formed
as an intermediate, wherein ligand purity is at least about 90 percent when measured by nuclear
magnetic resonance spectroscopy (NMR). In another embodiment, the two halves of the
hexadentate ligand and complex formed by the above method are divided by a mirror plane. In
another embodiment, the pendant groups are as defined in the above method, except that:
M1 and M2 are iron;
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14 14777.0114081. 01301 WO 2004/ 078799

PCT/ US2004/ 004472 corhp6tind's afid ofef O'ihiafing
ffjtrcompounds may be selected in order to nmaxim ze

the vyield of the hexadentate |igand of structure H
Swhmeguresdl y, a nmetal salt of the form MXn, R6T/US2004/004472
defi ned above, may be added to the mxture formng a
hexadeRimti&; i NgFingdry taabaon@ipethen hk&l‘é,l di]@, dtheobERY, Re, and Rp are

RIS, BT R ey o P Gy iy SR, PR, or inert
fmdtibodl groays, el thikakinniader aSR, (Rlcl mdmp a{%hydﬁgm aifdofit; &r e

each in ndent | drocarb
hydr oc 3&’5@ orse%oédarﬁ € 8 t %%ne’d’f%l? two s &é}%‘i oo are
ﬂmiaoy/\rcarBéh @mipsRGsemndare aatbon ngleyye ginyl )Sulssynthte:dg phepyl, or inert

e By oo o0y R g 8 o Sl g o

each i mdvemﬁm t*erterhgryhardwmgeup,, thhynlmoaoﬂ@)df Redt, mtdeRdare

t%‘ﬁ%& gnsbeqr %b?tﬁ’t?{&d %ﬁu %?’d%ér%%;%%ﬁ'? ar e [ n%&% en 8‘2"&’( 1y

sel ect exhet Rom dpraraogemhonfgranpr therenongrong,ma two of Rin R aam &b are

n A r .
PR B oSG LR B MRERP AR BB, o o
frractighal grovres andiizet remaipdey of R Reprad Bente Iyd®9¢reqrtﬂ§qnlfer om
the grqQug, Rgg%%bc%mmcmonfg%al then foh® rane, %meqkm REABE R, are

vanadi um each be an ani on such as de or
EERTY lcathere BEHes esew@éary rratbon Hegoups: Blfenyln @nltﬁéFuteéf phenyl or inert

fﬂﬁc%ﬁdl g% %Eﬁﬁ%‘e?rexﬁ&ln&& bBRE @g Sdnd RY afe'?ﬁrdl% éﬂj&tﬂh%es&at e

nits so that the total nurrber

of negéi‘[hP%%C SRRy C%Pé%r?@, Bemane preneRERade #dBoie
t&hatyqaheéyl IR suEithBd phédyll SnddRIemahdeY ofR S IRE il B abe HytdogGior

between two hal ves of the structure, and nore
f95RS cul arly may be a bond between rings 120 and 130,

[eoj';ydr Q¢ ahdihdr o@ibOdieht) @ieusiﬂagoﬂ‘ ﬁmﬁg b @ tarfledeodiab@eltand the

r bo at ons, h | e C2114),.0
SR, AT AR T B SO g B heybdenie Ygeipic pptripg el Tn
ahbther elBodifent, 135 RaRRe, abll By akérselectad] suﬂm yhapar ﬁdﬁ@ﬂed)ﬁranbfﬁon metal

Vi cin ne. anot her t aken to

t
oP PR Oy B8RS RO N E et B GIB SHED e memation
cbﬁkmie nesatteinl 4 gﬂ}’lﬂeﬂzmrrgodubtdmvmglgreatst ﬁm:bbuue 50 v&(erghtl tercent
Olll 0ImE HE A8 ord bl “EtzF {omabdoluél E@ %rpgi} atom: )F{l g't}@r' é/n?b%diln{ént? the
60[' és ex adan te

Nat 1fon T 6ac ce"a
aptivated abthplex fompd bytﬂaazbowgn@h@mre@cesyﬂphaomﬁne hining greater than-
enhodi £
ol 8 B0 e oSHRP S TR ool WL nfhuting . W,
2, Of, e énd M sgreuns)i of ickempiend] istactires\ih eflednd VI gande prlecte pudhghat the

1efadbeAS binfRRRIE coglglef& rr@s%%g VR I BASH R codfh 88the various
combinations defined above for the ligands and complexes having chemical structures I, II, IIT
and IV.

[0038] In various embodimerits, the above method produces the related and desirable

ligands and complexes of Table 1:
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magneti c resonance spectroscopy (NVR). In another

enbodi nent, the two hal ves of the hexadentate |igand
and conpl ex formed by the above nethod are divided by

a mrror plane. In another enbodi nent, the pendant
gvonopso7aree as defined in the above nethod, eRCEpS2004/004472
that: M and M2 are iron; 15 14777.0114081.01301 WO
2004/ 07 8 T8EINFEIE 8N filf004432Ruw&@REK I 1S a phniary
CaTbon grjoupst hén none, ~§ne, or tmo RD, Rc,| and RD

are primary carbon grpoyp E ar Jups,
ar e

phenyl, gubstituted foh
hydr ogen [0T i U0l 1 NE; or/ en RA |s a condary car bon

groups, and the renai

group, then none,| one ,I ar e
pri mary carbon grogg%%;%? ef—g

phenyl, gubstitufed t, ¢ ona

groups, and khe lenalnde/f T HB HL d RD are

hydr ogen |or fluorl RA is i ary |carbon
group, then none ’EéﬁNOf == and e
tertiary, phenyl bstltu ed . envI d the

Re, and RD are pri VQmMm TES
carbon groups, phen SUQStI uteo phghy ijnert

functi ong—ggpups;—and—t e Tenmarmder and RD
are hydrggen or {luorirel when secondary
carbon group, then nongfﬁjﬁgg:254§§§3§gjéA, RB {and RD
are prinary carbon groups, con y carbon_grjoups,
phenyl , subXiilt uted phg;xflfpr ' [ I
groups, and the remai T NOT

hydr ogen |or qu0'iQe(Ebr whgﬁfgcuggé car bon
group, then nonel or-ohe of A RB.

TS

tertiary, pﬁgﬁyl or sqﬁ%ﬁLﬁhtedUphEHan and the
remai ndef of RA, | RB, ROI rigen lluori ne.

remai nder] ar®¥l hydr ogen gfﬂfluorlne en Rcjis a
primary garbon gloupé one on 3 §§ of| RA,
, |,

[0037] In another I pent rq§% o] X|ng of
t he aryl ene—diamne—and—the—substituted—arytr—an ne

may be dictated by the hexadentate blnetallic conpl ex

hgglé cﬁseg'ﬂcal %tﬂlg Sugl%l’fla%lil at? g}aefg aré!‘?%lét?es Itl r ar%l t1o cﬁ[%gﬂé}t aﬁl
npﬂeemsegfed bhesinglgtnedbroken linheor pelddiopwemethybne or nore
9PeLs a:PQxﬂﬁdeq‘% dht LARbEP %r%'éfu?gag 'pGlgme&‘aH&:! Ea!té?ﬁ’é system is
yr h

results In neri zat | on oduct ving greater °
Pravisdad. aﬁmmet@g coRpright 2 @Qﬁé@'ﬁ‘tﬁ regstipryeniieges aﬂ?@@%@@ﬁtﬁr ligapd having
cﬁ&mﬁ stéhefuf x%bﬁ%d AR ir DO MR O Bt duf‘pt@ﬂ&fsﬁ% this application, and

nmbodi nment activated conpl ex forned @%bpﬁ above

amw Eh@ffa@te%f they %Wﬁmﬂoéff?aﬁ%"nﬁﬁﬁ}‘iqﬁ@a Baden glajlic complex

w&eﬁ&ap%ﬁfét THoralvk @R haaI3t @odindehts Qb Ba rou’t prevmusly in this
enbodi ments, the pendant groups (i ncl uding

applicstion The Wta?do PRSP eI PR AL mftalwdndsmcwsa

aM borlt@iind heS@ltBet StemUGHh tdhator th@e nltR¥RAEE NinddrGsuitable reaction
bi metal | 1 ¢ conpl exes resultlng fromthe above nethod

congiiops i PPRymen7S theaionem

[0040] In another embodiment of the method for preparing a polymerization catalyst,
olefins may or may not be present during generation of a metal alkyl or metal hydride species.
In another embodiment, the metal hydride or metal alkyl species is generated by a Lewis acid

or a combination of a Lewis acid and alkylating agent. Examples of Lewis acids include
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conbi nati ons defined above for the Iigands and

conpl exes having chemcal structures I, Il, Ill and
I'V. [0038] In various enbodi nents, the above nethod
produces the related and desirable 1|igands and

sopbee®of Table 1: 16 14777.01/ 4081. 0130RCTMIS2004/004472
2004/ 078799 PCTI US2004/ 004472 STRUCTURE NN \ N NN
(RkFsP5B ok (Gel¥iB:~Gh EEmplIel6f a Mefal hyldridd is NaBNL, Nin laiAhdr embaglime®t, the

' LE 1 N~ N, N ~
ot Ite{] gmirﬁg or snst%l a?cyﬁ SRegiss i g?an §ﬁ1’éld anVAlfﬁcsll f.lug;%‘nr -chc{omi)oﬁd ISIfchl asN for
akmnhzﬁh&ukhmmm&nmﬁhmeéenmEMHbgmmhmhmr@pnuﬂﬂﬂnhmhagemﬁdzﬂqd
t K ,
ks P70 SPLPREN SR SRS hiARBIRKER MAS: 1o
anethérombédimen; tepuaetaligdride poingtalealliyt sprepienis gat:ategl §y a sopatingtion of
s o i 16, SRSPR QIR SES @ coor di nati on

reac Tween a he entate Ilgand having chem ca
structure I or 11, and HH@NM@léﬁbodlnents as set out
ﬁﬁﬁﬁ@? gsly in this application, and a netal salt. The
resu of the coordination reaction includes a

[B& b d e it08s 6. 1irereeldfimcpoketonp §.avbichligippragguich bnsietire XV:
structure Il or 1V, and havj enbodi nents as set out

previously in this appli The nmet hod further
conprises generating a EEE%Q alkyl or netal hydride

species, and contactin catal yst systemw th one
or nore nononers.under suipg@le reaction

0.34g (1.42 mmol) of 4,4’-ethylenedi-m-toluidine, and 25mg of p-toluenesulfonic acid were
added to a flask in a drybox. A stirbar was added, followed by addition of 30ml of anhydrous
toluene. The reaction was stirred while being refluxed for 5 hours under inert atmosphere.
Tﬁe reaction was allowed to cool, was filtered to remove a very small amount of dark
precipitate, and the solvent was then removed ir vacuo. Ethanol was added to the remaining
oil, and the resultant solid (426mg, 39%) was isolated by filtration and identified by 'H and
13C NMR as chemical structure VIII (purity ~ 95%).

EXAMPLE 2

[0042] Chemical structure VI (150mg, 0.196 mmol) and iron(I)chloride tetrahydrate
(0.372 mmol) were added together in a small flask with a stirtbar in a drybox. 10mi of
anhydrous THF was added, and the reaction was allowed to stir for 18 hours. Pentane was
" added, and the reaction was filtered and washed with pentane to give 182mg (95% yield,
assuming two equivalents of THF per complex molecule) of chemical structure IX.
EXAMPLE 3

[0043] 4.24g (15.1 mmol) of monoketone 5, represented by structure XV, and 1.42g (7.17
mmol) of 4,4’-methylenedianiline were dissolved in 50ml of anhydrous toluene in a drybox.
After dissolution of the solids, 3A molecular sieves were added and the solution was allowed to
sit for 18 hours. More molecular sieves were then added, followed by the addition of 4 drops
of sulfuric acid. The reaction was refluxed for 3 hours, allowed to cool, and then filtered. The

solvent was removed in vacuo, and ethanol was added. The flask was placed in a freezer at 0°C
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conditions to polynerize the nonomer. [0040] In

anot her enbodi nent of the nethod for preparing a

pol ynmeri zation catal yst, olefins may or may not be
present during generation of a netal alkyl or netal
Wotobgersdpeci es. I n anot her enbodi nent, thepoeusdoos/004472
hydri de or nmetal alkyl species is generated by a Lew s

Feinfhnt, Md 1&)4&?@/@"’@%&1@%@&@%@& fitratidh dfé@ndiap khiliatifisicy 'H
nples of Lewis acids include 17
H&ﬂﬁcwcmcméfdi ROPYEH4/ 078799 PCT/ US2004/ 004472
]ﬁ)@ﬁﬁﬁmﬁ bf (C6H5)3H An exanple of a net aI hydrl de is
NaBH4. anot her. enbodi nent, .t he t al r..
(AR 3?4‘2’9‘!“ ceblpypifing | égg%neré};rf)edmﬂﬁ? an 2 k ?‘{ “AThiN2:6-
&ﬁé@}@ﬁﬁlﬂleﬁ@@hg,@ﬂﬁ nﬁ:ﬁxﬂ) wers aiasalved irt 3oom1 bﬂéﬂ@hwﬁl ﬁhudspen beaker. 5
I n anot her_ enbodi nent, the 8?
o aF acsfif i e GidRaing he JEMn Y B IR A C Tor overal days.
Qb &N AP 8By sBGHerGolIBctaI AN, 9Bk ) Wedhok Rile cdididnol, 4nid identified

anot her enbodi nent, the metal hydride or nmetal alKkyl
nHAYMR a5 chemgisplsirutaeiXly a combi nation of Lewis acids,
B kvierglsum nuns, or al kyl al um noxanes. EXAMPLES

RSl 8 P s APRBASIFRR e

| erl'e dli%oNHDin)SOQf offaniydraRk ’fbydeﬁm& dlﬂaskrmta(dbﬂbbxil Mmohmﬂar ﬁE@ were

| f
s ba SRS Wil S apf ol b RS, aces
tBﬂ)cmﬂed cbﬁz thandaylitiow o2 diopd efenifuricTdeRl. rBwctactim wasefhtxed foed hours,
%Yh WD o] ﬁooll ngd fi fels u m?lgcgulzé s1p&%§l 5&%6%&1%& V}ltH gﬁl&qol The solvent was

ron Was
rémb\teé bfﬂluaﬁmnr ehmvlevaa added,yné&mwlifl waﬂwuﬂqteddfy fitentikn. Thls solid was
i . S .

S RFBEL A ol 1o SR Ml RRGKATEBENMR s phomical
Strh@lrﬁ Kﬁb(@&n& lg%lywﬂi,(*%%ngit}’)%% was i sol ated by
li‘)EAIVﬂ’ ©n and identified by 'Hand 13C NWR as

em cal structure VIII émurlt% 959% . EXAMPLE
[pesh 2] Coprigplcsinctere X8t GPems/| 03 (r&rsd}rgnd @011(%% fetrafyydrate
(us%gg b, 473401%915 &NQI% aa@eh &@@ﬂ&e{rﬁs Small fhs #2n T8Rbar M&@b@d degli of

her in k wwth a stirbar in a dr

o T 1 G B SRRl e e S TR, Jaieawas
AhddoOMRARd Radtbh wad SlierdiGmnl GlafHd “ﬂﬁ@ﬂﬁﬂ&d\ﬁﬁﬁtme&d @re 35@H(78%
the reaction was filtered and vvasheﬂg heyag Etane%&V
Sl @sSUpImEHvq WBYs WwaHF PELOIRIeN Frotieend ghepaserTipatg
BHEvipex 7conpl ex nol ecul e) of chemical structure I X

LE 00431 4.24 15.1 k
DRG] oo o GHoRs i porimes BPsyns Avaidons; 930 Gns

pumped into a 1 liter reactor, and the reactor was pressurized with ethylene. Next pumps were

{z]c?oh&ane were

used to quickly tramsfer the first hour’s amounts of chemical structure XIV and
triethylaluminum (TEA) to the reactor. The hourly flow rates were then set for the catalyst and
co-catalyst, and the reaction was allowed to exotherm to the desired run temperature. The
reaction was stopped 150 minutes after reaching 50°C. The data in the following table
represent the last sample taken before stopping the reaction.

19

14777.01/4081.01301



nmol ) of 4,4’

SOM of anhydrous toluene in a drybox.

di ssol uti on of

t he soli ds,

added and the solution was allowed to

- et hyl enedi ani | i ne were dissolved in

After

3A nol ecul ar sieves were
sit for
Wwaowzoes/078m9 e ol ecul ar si eves were t hen addedpctuosdoovea72
by the addition of 4 drops
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of sulfuric acid. The

reacti on was rq%h%ﬁ

and then filtej

r 3 hours, al

W0y

ed. he

sol vent was r¢

nov

to cool,
bd i n vacuo,

and et hanol wag
freezer at 0OC

a@ﬂ%d The fTask was
18 14777.01/4081. 01301

pl

WO

aged in a

P004/ 078799
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Was renoved by
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tration after 1 day

and 1.04

and

by 1H NWR as
EXAMPLE 4 [004¢

:f}glgz(@a struaceuare A (-

Di acetylpyrldlne

3

19% of solid
identified
pure).

O0g, 61.0

nmol ) and 4

in an open beal
and the reacti ¢
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used to quickly transfer the first hour's anmounts of
chem cal structure XIV and triethylalumnum (TEA) to
the reactor. The hourly flow rates were then set for

the catalyst and co-catalyst, and the reaction was

WO mopaistoe exothermto the desired run tenperParusmn4/004472
The reaction was stopped 150 m nutes after reaching
50C. Fhe=data—t+nthe—fot-towng—table—represent—the
| ast sanpl e t1-Hexeneufrily us Bersppti iQuteheinrReactdron. 19
14777}01/4081. 01301 WO 2004/ 078799 PCT/ US2004/ 004472
ol vent 1 NO-E&y—Catatyst—xtv—H-ewat-e—{+g+br)r—06-3
Yield|(g) 314 1b prod/Ib Al 5004 |b prod/lb Fe|cat
(x103) 58S AT Ferario 2000  K(C20/%Ct 8] ©. 68, oo |
K(Cl6 (14) Q.69 K(Cl0/C8) 0.69 P ethylene (psig)|500
1- hex¢=n§ urlty 99.34 C6 % Branched Al pha d efins
( BAO Oé’]gzs C6 % Paraffin 0 21 1-octene Purity 99/05

C8 % Branchdd Al pha O efins (BAO 0.29 The fol I owi ng
chart |i | | ustHates—the—eat-alyst—s—high—seleettvity for
et hyl ene relsative to éhigher osefins: 20 12

NJ

14777 031408141301 WO 20044 mé87-8RRCTI US2004/ 004472
1-Hexene Purity vs Percent 1-Butene in Reactor 1001 ~.
99.5 99 ? 98. 5-

[0048] ‘While the present invention has been illustrated and described in terms of particular
appa’tratus and methods of use, it is apparent that equivalent techniques and ingredients may be
substituted for those shown, and other changes can be made within the scope of the present
invention as defined by the appended claims.

[0049] 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. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than as described in the claims below.
It is therefore evident that the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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98 4 6 8 10 12 % Mass 1-Butene [0048] Wile the
present invention has been illustrated and descri bed

in terns of particular apparatus and nethods of use,
it is apparent that equival ent techni ques and
ingredients may be substituted for those shown, and

ot her changes can be made within the scope of the
present invention as defined by the appended cl ai ns.
[0049] The particul ar enbodi ments disclosed herein are
CilAivStrative only, as the invention nmay be nodified
and practiced in different but equival ent manners
apparent to those skilled in the art having the )
1benefA hexafentatedighmbfohdlizgmetization of olefins havinethe gxllowwg chemical
limtations are intended to the details of

SESHEEr uct i on or desi gn herein shown, other than as
described in the clainms below. It is therefore

evident that the particul ag, enbodi ments di scl osed

above may be altered oR, dlhyed and all such

vari ations are consi der e’y 'hln the scope and spirit
of the invention. gAsgor d , Rshe grotection sought
herein is as seﬁhJo thin the ifs,*bel ow. 21

for ollgonerlz._ f ol efins h g the foll ow ng
chem cal structurg: & R3 Rl rRRD R 1101 R4 N RA Rs
Rio RO 100 NN 120 Rc RB R8 R7 Y2R R3
\N~NN-~-30l R RA RARORDRS VR I

R7 RDRB RO /

wherein Ry, Ry, Rs, Ry, Rs, Rs, Ry, Rs, Ry, and Rygare each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional group;

Y, is a structural bridge between two halves of the structure and is selected from the
group consisting of a bond, a Co. hydrocarbyl group, methylene, ethylene and an inert
functional group;

wherein Y, connects rings at their respective para positions and R, is located at the
respective meta positions; and any two of Re, Ry, Rs, Ro and Ry, or any portion of Y,
vicinal to one another, taken together may form a ring;

characterised in that Ry, Rg, Rc and Rp are selected as follows:

wherein R, and Ry are hydrogen; then Rc and Rp are independently methyl, ethyl,
propyl, or isopropyl; or

wherein Rcand Rpare hydrogen; then Ryand Rg are independently methyl, ethyl,
propyl, or isopropyl. :
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wherein R, R2, R3, R4, R5, R6, R7, R8, R9, and R10

are each i ndependently hydrogen, hydrocarbyl,
substituted hydrocarbyl, or an inert functional group;
Y2 is a structural bridge between two hal ves of the
structure and is selected fromthe group consisting

of a bond, a CO0.20 hydrocarbyl group, nethyl ene,

et hyl ene and an inert functional group; wherein Y2
connects rings at their respective para positions and
2R7 i & ligasd@hedrdadg tb kixim 1 wjxech RuendrBs aredudiogpbans Regnd Ro are
any t of R6, R7, R8, RO and R10, or any portion of

beg FWHSfcinal to one another, taken together may form a
ring; characterised in that RA/, RB, Rc and RD are

sel egted as fol.l ows: .wherejn. d Rx are
3¢ hen Arean desaring ﬁ1aﬁ§gp%§%‘ﬂt | aﬂ%{’ﬁ? | @a'g’tg%?{dqg"%d Re
beth@yyl. or isopropyl; or wherein Rc and RD are

hydrogen; then RA and RB are independently nethyl,

ethyl, propyl, or isopropyl. 22 51096.01/4081.01311
42.  AA hegadedtagdizandifon gligomedikaionofl glefigs spmprisigrong of thrgpllowing
ﬁregﬁ drggen and Rc and RD are both nethyl. 3. A
PRI HEES ding to claim 1, wherein Rc and RD are
hydrogen and RA and RB are both nethyl. 4. A
hexadentate |igand for oligonerization gf_ol efins

conpri sing on the following chem | tructures:

NY, Vi N _NI NI N N \<N | | N NN
N5 Ang andNof ny \of
cl ai s, oN4, whe Ns are N

i ndepd tly sel ected '
cobal t, on, chrom um and vanaflium 23
51096, 01/ 4081. 01311 6. A netal conplex according to
claimb5, wherein the netal atons are iron. 7. A netal
conpl ex conprising one of the foll ow ng chem ca

struct ures: Z | /’l
N
l SN | N
N NN N

= -
. .
N N
N N N N
/7
>
5. A metal complex comprising a ligand of any of claims 1 to 4, wherein the metal

atoms are independently selected from the group consisting of cobalt, iron, chromium and

vanadium.
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I I N-Fe.1GN\ NCI'"Fe; N GC Cl "ONN....... F

\. ...NN....Fe... . -N-~Csd CLCd 1 \N1NY,
'Y, N~Fe , NNC Fe-Nci \ ' 8. A process of

ol efin oligonerization, which conprises contacting a
substrate olefin wth a nmetal conplex of any of

c:ains 577 undﬁr sri%able reaction conditions to
ol iggnerize the olefins,. ' :
ol | G SepIghsssPIiaD Srigh S b BHMEb ki e ron

7. A metal complex comprising one of the following chemical structures:

8. A process of olefin oligomerization, which comprises contacting a substrate olefin

with a metal complex of any of claims 5-7 under suitable reaction conditions to oligomerize

the olefins; and recovering an oligomerization product.
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