WD 2004/ 078799 PCT/ US2004/ 004472 Titl e HEXADENTATE
LI GAND AND CATALYTI C COVWLEX THEREW TH CROSS- REFERENCE
Wa DRBISATED APPLI CATI ONS [ 0001] None.  STATEMMMNITUS2004/004472
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[ 0002] Not applicable. REFERENCE TO A M CROFI CHE
APPENDI X [0003] Not appliggpl e. FIELD OF THE
| NVENTI ON [ 0004] The present application relates
generally to olefin oligonerization. Mre
parti cul arbymrhbe (RESSER appkifat LoBLEehAtBsHo a
novel hexadentate |igand, associated hexadentate
bi netal | i c conpl ex, and met hods of nmaki ng such
hexadent gt e || e L y, the
hexadent *4'&3&%@8@%@@ éﬁ%ﬁ@@é&%ﬁ% he
ol igonerization of ol efins. BACKGROUND OF THE
[009]NVENPEN [ 0005]- O efins, al so commonly known as
al kenes, are inportant itens of commerce. Their many
appl i catYBREEMENTRE ERALLY SPONRORER i n
t he manuf act ur e RESERRE REVELOPRHENT
environnental ly friendly replacenents where refined
[0063]) s Wpigipligblser wi se be used, as rmononers, and as
intermedi ates for many other types of products. An
i nportant SRBEBRENCE DeAiMECR\(gEIQﬂIEfA EBYPEoners, and
one met hod of naking olefin oligonmers is via
[006’3; gowgp?ﬂ%%n_ of ethylene, which is a catalytic
reaction’involving various types of catalysts.
Exanpl es of catalysts used commercially in

pol ymeri zati on an%lﬁt'gg@fr% ﬁ\FI{fEN'T?(ENlol efi ns include
S e

al kyl al um num conpounds; cértairn nic - phosphi ne

npl exes, and a.titaniymhalide with a. Lew s aci.d
ofdlch T8 diresply PORGHH AT AR GERAAY [DodaT AUSPREF AP, More
part@fule@lléf,_efﬂ'l& b}j_i’&_leﬂcﬁ&;ﬁﬂlﬁ&idnp lﬁeﬁﬁt&i ab ?/ﬁtrﬁ)vélslc}xébelﬁkntﬁd figa@8) associated
pyridine DI SImnes. catal ysts of this type,
hexa%eewg BngAlG GompigEn gn ﬁ@%@é Afymaligg G hsadhiate figands and

conf 3@l | ORaWkibILI, the afRgideh@RR MBAA! ad®ldompR€are employed in the
~coordi nation reaction forns a netal conplex, whichis
oliggmerzagipy sfolefgsecur sor. The metal conpl ex further
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[0065]T/ USROI04 230 4aRonlydnewn ad Kidnes frermmpertashiteins efecommerce. Their
N Y
morz! @firtienenfall) G ¢gndBp piplacahémnehan defttedwild riight whadisa be used, as
mo 0(1)1|1 Sr’re a¥1 ag ri]n er?nle!iigt%ﬁorrsmgr%lngtk&ut?pésoof r{)llj’clﬁuk:tgl Yan 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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and conpetition to supply them correspondi ngly
intensifies. Thus, additional novel and i nproved

wae 210al0y&ps and net hods for ol efin pol yneri zat i BOT/ERZN04/004472
ol i gonerization are desirable. SUMVARY OF THE

metti MNRNO-Ghef GOGE]: sPedtesxarivriaatyst teb@@RdibMlthe generation of the metal

pol yneri zation of qlefins jncluding chem cal structure
alkﬁrl of metaphylrideignpeiespolypengeRaIRInS- R5 RA N N W 10 30-~ ;]

[OO@R’J- " Ap Raftbhs Nn&‘l dembhd 3P oBﬁn B31yRkrs ﬁ%ndélgoﬁém cB%m;}@Wmultlply,

em cal structure are each 1 endent

andhwmmgmn tmy@npéicﬂrebylcorresmmigtgﬂx mt@ﬁlﬂwdrﬂuw bdditiongk ngyel and
nnp!r&%ﬁ tcat[ﬂggg %r}d%&lﬁ c% 'f&%?eﬁn% )}%{rkg%éa?%g%g olg%%}eﬁ%artlton are desirable.

epende
functi onal group&UMMARYsQFﬂ‘ﬂEEH\IWNTmNr byl; Y1 is a

1008 ool SRR Porkrer o oL i EhRr e Gt e Lis

pro®ig@st i tuted hydrocarbyl having from about O to about

30 carbon atons. In an enbqodi nrent of chem ca
structure |, the groups W and Z are sel ected such
that an activated trangf Rt al conpl ex of the
ligand, in the presenge of or gfror e nononers under
sui tabl e pol yneri zati on [ ns, results in a

pol yneri zati on product Vi ater t han about 50
wei ght per cent oI“@oner§°haV|ngm¥r about 4 to about
30 carbon atoms. In another embodi chem ca
structure | includes a rror pla In anot her

enbodi nent of che\“EaF~ tructdﬁ the groups W Y1,

and Z are selected to pdoduQ@ Clen1cal structure I1: 2
14777. 01/ 4081. 01301 WBs / 8, PCT/ US2004/ 004472
R2R3/R1RRDR5\NGR@RS RO OC N N 120 RC RB
R3 R1
Rz

I

Ri, Ry, and R3 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, Y, 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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RB R7 Y2 RBRT RCRB RO/ "0~ NN 130 R10 V3R Rs
RDRS RA RAR Il R6, R7, R8, RO, and Rio of chem ca
wa@eoorsree |11 are each i ndependently hydrogen, PCT/US2004/004472

hydrocar byl, an inert functional group, or substituted
hydrocarbyl; RA, RB, RC, aild RD are each
i ndependent |y hydr ogen,Rs{ | , an inert functional
group, a primry carbon secondary carbon

R prﬁ% is a structural

group, or a tertha Y
bri dge between tw8 o/~s{ructure, and nore

particul arly 6%1 3 N m‘arbyl group
‘conpri si ng YUt A
met hyl ene (CH2), eryyléne (C2 %
functional group; and any two of RA,
R8, R9, Rio, and RD, or any portion of
one another, takenrfogether may form
anot her enbodlnent a Tfexadent Bte
havi ng cheni cal @ met hod of
produci ng sane, i $<provy : RS I RA N WN 70
\,,N Xn Y1 Z~N8BwN- - ARSLRARR2 1113
14777. 01/ 4081. 01301 WP 2 Pao D78 g\PCT/USZOO4/OO4472
Rl, R2, R3, R4, R5, W % rYl are as defined above
for chenical structure . N and M2 are netal atons
that may be i ndependently selected fromthe group
consi sting of cobalt, iron, chrom um and vanadi um
each X may be an anion, such as a halide or acetyl

Re, MEIRNARE, aiRiO R, § Rat chteﬁ%ai QirgdtuRUNbefe @fchn ﬁﬂ@ﬁéﬂﬁ&lﬂy hydrogen,

charges on X is equal to the oxidation state of
hydwarbgh@n inert functional group, or substituted hydrocarbyl; Ra, Rg, Re, and Rp are

i nert

R7, RB, RC,

2, wvicinal to
ring. [0009] In
tallic conpl ex

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 O to about 20 carbon atoms, methylene (CH;), ethylene (C;H,4), or an inert
functional group; and any two of Ra, R¢, R7, Rg, Rc, Rg, Ro, Ry, ;and Rp, or any portion of Y5,
vicinal to one another, taken together may form a ring.

[0009] In another embodiment, a hexadentate bimetallic complex having chemical

structure III, and method of producing same, is provided:
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nis 1l 2, or 3, so that the total nunber of negative
charges on X is equal to the oxidation state of M or
WORBOXIOL | n anot her enbodi nent, a hexadent at BCT/US2004/004472
bimetal |l i c conpl ex having chem cal structure 1V, and
Rt Roe:al: pr ol wed VY sl etired a‘@é\ﬁé\&bld@ﬁmldgl?str@gugﬂ- MRQld M, are
RS 1 NIO1 R4 RA 4 ROQO A R 26 210 Rg 100 nn,\
metpb alope thet mayabe sgepardently SzlectR% RE) 45 up F@ls%nasbcobalt iron,
g A6 gD o J e L PR, o B ol A e et o
thatstiﬂﬁ tqt:etl gr@benpfi mngatwg eleargds i Agis &qpA} 4 de neidattamyaenM; or My; and
w4 09, SORRLAR LSl MBS B sy e o s
ofMt DIIME ure VI: 4 14777.0114081. 01301 WO 2004/ 078799

[OOF(ﬁT / 2004 Qroéel:f"n gd1m|§r(13t %6 hlg)éldentate bimetallic complex having chemical

structure IV, and method of producing same, is provided:

v

[0011] The method for producing chemical structure IV includes mixing a pyridine

compound having chemical structure V:
/

R5 \ R4
N

v

with a substituted arylene diamine having chemical structure VI:

14777.01/4081.01301



HZN\ / Y2\ /| NH2 RB R7 R7 RB VI and a substituted
aryl am ne having chem cal structure VII: RL0O RD R9

WO 20u/0M129 R8 RC VII in a suitable solvent; apdr/asmiosgp4472
at | east one netal salt of the fornula MX,. Rl, R2,
and R3 of chemigal strurdure IR;are eagh
i ndependent |y hydr
hydrocar byl , or an//®\{ functiona—g{oup; R4 and R5
are each inﬁg ' hydr Qgen, ocarb%é, an
inert functi abst'tutaq yardzar byl ;

' cpendent | y

R6, R7, R8, R9,
hydr ogen, hydrocarbyl, an inert §uncthonal group, or
substituted hydgpcarbylr, RA, RB Rc, gpd RD are each
i ndependent |y hydrogen, fluorine, an inert functiona
group, a primary carbon groyp, a secondary carbon
group, or a tertiary carbon group; Y2 is a structura
br | n. .hal.ves of e ucture, and nore

mmﬁﬁP %%ﬁ?géﬁﬁﬁnﬁégg%%ggmg%ﬁg#ngnﬁ3ghgcarbyI group
conprising from about O 20 carbon atons,
net hyl ene (CH2), ethyl eng , Or an inert
functional group; any two)o R6, R7, RB, Rc, RS,
R9, R10, and RD, or any po of Y2, vicinal to one
anot her, taken togeRe m—eHg i ng; M and M2
are i ndependently sel ecte al atonms that are
selected froma group cofprising cobalt, iron
chrom um and vanadi um _éach s an anion; and n is
1, 2, or 3, so that th&8t ot al Nunber of negative
charges on X is equal to the oxidation state of ML or
M2. [00121 In another enbo¥lnent, a nethod for

. preparing a polynerization catal yst systemis

in apyugghlel edvenS aan afding adlonsh enceeis! slted the fegmea MXs. Ry, Rz, and Rs

dinat.| react.l o e e at L gan .
o EABFEANSHAR. 6Rckl OB PeLUEER Rl K050y gy
hydp@awbi)) 78780 ireCTIIUSRDOU LOO0HAR2 an®RRANRIRED BhdepdBieRy Rydrogen,
hyd?ocﬁr’%yEGan inFé?t ﬁ&nc%o%llgrgu]p?%) su Stﬁl%ed E}adr&?arbe%; Rs, R7, Rg, Ry, and Ryq are

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

o abo

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;Hy), or an inert functional group; any two of Ra, R, Ry, Rg,
Re, Rs, R, 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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R8 R7 RO 1\1 150 N N X30/ *i,,| CRB RB RDR5 Ra RA

R2 1l an d a netal salt of the fornula MX,,, to form
w@2dvenzsfent at e binetal lic conpl ex having chenPCHIUS2004/004472

structure IV: R AIRBRR a RO RS RRs io AR 26 N

, 210 RO R100 M\~ 120 RC Xa RB 220 R8 R7 2 RB RC Xn

R7 RO\ RB 230 150 M2 3 /R 250 N ' 1 240 ~0 RD N R6

R5 1140 Ra RA R3 R1 R2 IM1offhe nmet hod al so i ncl udes

generating a netg%'eﬁi Raydri de species; and

contacting the cates =t one or nore

nmononer s under Suj [ zZ0)di tions to

Re R, Rz, /ang |

structures Il and kyV are each gpendent | y hydrogen
hydr ocar byl , substituted hydrocarbyl, an inert
functional group; R4 and R5 are each irldependently
hydr ogen, hydrocarbyI,Ran inert fumegtidnal group, or

I

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;, Ry, and Rzof 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; Rs, R7, Rs, Ro, and Ryo are each independently hydrogen,

6
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substituted hydrocarbyl; R6, R7, R8, R9, and R10 are

each independently hydrogen, 6 14777.01/4081.01301 WO
wQoe4n0mr8¥99 PCT/ US2004/ 004472 hydr ocabyl, anPCTER1004/004472

functional group, or substituted hydrocarbyl; RA RB,

hydRﬂ:arbgr[J dinRExrerient @RAC Broiup, d@p@ﬁﬁtﬁﬁ\ﬁehm el Q%GRA, Rb, Uy, laﬁ@ Rp are
on group

nert funct i onal group, B@Pna@i/
eacl g AN T Bringft fsFiio gTO@n,rqobwn@W&a{‘s’on \gpoup, 2
sechrRlady %Edﬁcétﬁﬁﬁlorwﬂeﬂﬂﬁy Qﬁﬁdﬁﬁgﬁuﬁ V\’?Z is zggt\f@c b de%@ between two
structure, and more particul arl
halyey of e airagireandupere prrevlaingay b¢ ® hvmbemwdx@carbylsmmcomnsmg
frOIﬁ an@@tn 0 ?ch %é%g?to%qz ltcﬁwr)lg Eg)}l{sgr%??}htyl&% %}Eg enel__\ZF H&B of™hn inert
ﬁln@mnampumny Rvo of Rn,dRR[Bﬂ, Bi, B RspRs, ;19 mnd)lRDYé’r any portion of Y5,

e B R el B SR8 L e haflnty et
metal DrEs thhedre wl@téﬂfﬂcﬁa@h ebup cODisifl BBt GRINPEHrShikgh, and vanadium;
iron, chromu and vanadium each X is an

al t,
eac%%)léﬁn apiop.gn ip 1, 3, orgy S(ghla%@e f9falnunphsr pigregptive Ahpkees off X is equal
to theBRANR émarom@ 91n1v;>< lafd BRAAS mal, Qr thE &%Ibégﬁés‘aﬁk SURL Giep of
of ML or , ol efins may or may not be present at
gen@lﬁ@n&q@5tab¢lky1g>éﬁ@raéhydfgleapwasa| al kyl or metal hydride

speci es. hEE%? Eﬁ% [0013]
The present application |s%ses a exﬁ%ent ate ligand

[00x3r " Tln@aﬁ@m) appihtdtlas tirsalpms athexadshietei I@hd &irrligandt)e illustrated by
f yShs f or
che%[(}?f sﬂru?ch?gﬁg ?ﬁ/a?gs efhiplo gc}m rﬂ?:ﬁ%el %ba%lnlgeg?ﬁt ﬁ%t lyﬁg;& forAR%ﬁgEazmg and
olighthedngNldfins30 Z~~60 40 N NR5 R4 VRIR3 R2 | [0014]
Enbodi nents of the various kypes and conbi nati ons of
"R' groups are defined bel g _The hexadentate |igand
structure nmay be i dent i {7 By $i x nitrogens denoted
by reference nuneralsg 10,20k 30z, 40, 50, and 60,
wherein the |igand may as consisting of two
hal ves or sides; one e including nitrogen groups
10, 20, and 30, ald the'®ther % i ncl udi ng nitrogen
groups 40, 50, and 60. The two hal vesY¥jqare connected by
0
o

a structural bridge Y1, Wen cing a netal
conpl ex fromthe h%:iemu?atell the ligand is
reacted with the salt of a%raflsition netal. A
coordi nati on reacti onRpet shexadentate |igand

of

[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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chem cal structure | and a netal salt forns a

hexadentate binetallic conplex (or "conplex"), 7
wQ2004/07€099 4081. 01301 WO 2004/ 078799 PCT/ US2004PODUE2084/004472

such 9 the one illustrated by chem cal structure II

suchViay @8 oi® alidEiRsy 6 yenettiifad eRRAle BT, tvitch/Rclaad twétalmmlt Sites 70 and
the netal salt may coordjnate with the Ii gand.

80 wiasre themeial salbmmpeogrdinate wishibe digands The ﬁ@fﬁd@rﬁme hmet?éltcmoaﬂplex of
chelnlldal étﬁlct%réjﬁﬁg Y ?)ﬁe@ﬁrsér% fl %at‘a‘l%t%rﬁ%gg% zm%%%ﬁféoh?ehﬁgg olefins.

and ol i gonerizing olefins WN/0 --
X,, Xn Y1 Z801 NM N V3 T®5 R4 R2 Il [0015] In an
enbodi ment, the conponed¥ssoitfhe hexadentate |igand
of structure I and h xad e bimetal lic conpl ex of

structure 111, |abeled “"R3, R4, R5, W Y1,
Z, M and X" are as fo R2, and R3 are each
i ndependent |y hyd hyGMOcarb substituted

hydr ocar byl , or an |nert fu tional gyoup, as defined
bel ow; R4 and R5 are each undepend 'y hydrogen

hydr ocar byl , an i A Nenal ~~group, or
substituted hydrocarbyl ;|| Yl iis structural bridge
bet ween the two- hal vex, rgand and may be a bond

bet ween nitrogen group 30 and nltrogen group 40; or Vi
is a structural bridge wh mrY1, and Z are each
i ndependent |y hydrogen, hydmgcarbyl an inert
functional group, or substituted hydrocarbyl

i ncluding fromabout 0 to agput 30 carbon atons; M
and M2 are netal atoms that may be independently

[oofsql ectresh ELOMiItBE, BEURpofRRSdiSthl MexREntseRbLG of 5‘[%‘[1116 I and
hrom um and vanadi um each X may be an ani on, such

heanat%‘amﬁaﬂwmonm@éw istregtee dhalebeledss R&y, RheRa, ®salV, Y1, Z, M,
egative charges on X is equal to the
mﬁﬂ@ é{ﬁgivgtate of ML or M; and nis 1, 2, or 3, soO
t hat RheRi oted Risurahaereacdxf imlegratlently bdhdoges ydroXaibgl, substituted
equal , to_the on_ st M2. [0016] In
hydéo%ari’%%w]it ﬁg]fc Lgﬁo}l%a?ﬁgefgﬂ?g bggnﬁ(pl ex of structures
| andR) khd RRlare Rach B¥lcpdndentlyahylirbenahedridedbyicah agert functional
above nd Z are selected such that an

nd
goﬂb?¥?%?@%“@¥%ﬁ@?¥? metal conplex of the ligand, in
the pyegangichial OABzObWREhSTRRPRRTSE JRtElca8d bl BRLE be a bond

between nitrogen group 30 and nitrogen group 40; or Y is a structural bridge wherein Y, W,
and Z are each independently hydrogen, hydrocarbyl, an inert functional group, or substituted
hydrocarbyl including from about 0 to about 30 carbon atoms;

M; and M; arc 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 Ma; 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, Ra, Ry,
and Rs are defined as above; and W, Yy, and Z are selected such that an activated transition

metal complex of the ligand, in the presence of one or more monomers under suitable
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pol yneri zation conditions, results in a polynerization
w@e@dotd7ohavi ng greater than about 50 wei ght PET/T82004/004472

ol i gomers having from about 4 to about 30 carbon

por@ir@iBuon @nameﬁsh@ésmr@ma@ﬁbmeﬁzaus@@rbdhal Hav@ly dr&ier than about 50
hexadent ate |i gand of chem cal structure | "and each

weighi| perespt Phéom%%ﬁ‘@@at%&% 0BHpf R Bouic AR rraban aemyctlfr @other

emHolidmen® e@c}mﬁaﬂf O thk MBGRerite liBRAYE r&ﬁémméi'l@m&tﬁf% Ityiﬁli\égc‘h half of the
one dénot ed by nitrogen groups , , 30, and

hexesteniete cgmplsed chymipd] strenjern 1§ icaipéTorGmagese, thapttlers Ol:he a\V@ halves

one oo A o b 1oL G o PREARS LRy Bl pifaen toups 40,

50, amto(; erplieseddfy stirte tplane thiat pastes ehretghUet LInEylet dahar @gdodithents of

tho (o 85 I GR] ARG SPRPIR (¥ LRy T (S Ee) Bnfiots may be

cycBh&dps W Y1, and Z are selected to produce the
hexadent at e Ilgand i1 Iustrated QY chem cal structure
[007]:  Rb an R imenipigheiyx plenilk ligand iHpeyapsdiy spryeiereny the gropps W,
891 ZarcBSleddd t8 rodB@b iy h&%déﬂ%te %ﬂ&' ﬁﬁEtr%d\%ﬂc%g&cgﬁsthQeRI
"Ra ‘RA RLO VR3 [0 en prepari'ng a catal yst
for olefin polynerlzatlon ol i gonerization, the
hexadentate ligand illu$ d‘by structure Il is
reacted with a mnet IRsaItiﬁﬂ h that a coordination
reaction resultsgjnit ,ta'efhlnetalllc conpl ex
of structure IV

0847 9(1301 WD 2004/ 078799
PCT/ US2004/ 0044f.

II

[0018] When preparing a catalyst for olefin polymerization or oligomerization, the
hexadentate ligand illustrated by structure II is reacted with a metal salt such that a coordination

reaction results in the hexadentate bimetallic complex of structure IV:
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RRRL40LRRAR RRDRG ~k 10 26 N-_ 210 Rs /100
R7 2 RBRCX R7/Z RO C\ RB230 150 M' 130 250 N ;
WQA@4BI0IRD N R6 Ra RA R6 1140 R3 R1 R2 1V PEDOSAP4/004472
The groups RA, RB, Rc, and RD are ortho to the am nes.
Ti an enbodi nent of the hé%(adent ate ligand Il and
conplex IV, the follow T '
R1, R2, and R3 are each i d]@endently hydr ogen,
hydrocar byl , subskj t utteg> rOr an inert
functional groupy _S and R5 are each
i ndependently h hyM ocar byt 12@&n i nert
functional gPROupF=ar substilt ut ed Ny
R7, R8, R9, and R o 3f e each%i nd8pendeniy
hydr ocar byl , an inert functional group,
substituted hydrocarbyl, as defined bel ow,Y2RA, RB, Rc,
and RD are indep snde’?t ly gel ected fr@;n hydr ogen,
fluorine, an jne Unct i 3/ 1B0i mary car bon
group, a second
group; ML and NMN2™3§ .
i ndependent |y S8l rict ed 10 X Reonsi sting of
cobalt, iron, chromiurh aj each X may be an
ani on such as a hal i de of, &€ekyl acetonate, so that
the total nunber of negatirge charges on X is equal to
the oxidation state of ML or M2; nis 1, 2, or 3, so
that the total nunber of nepwative charges on X is
equal to the oxidation state of ML or M;

[0019] The groups Ra, Rg, Re, and Rp are ortho to the amines. In an embodiment of the

hexadentate ligand IT and complex IV, the following pendant groups are defined:

Ri, Ro, and Ry 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; ‘

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

Ra, Re, R, 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 My;

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
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Y2 is generally a structural bridge between two hal ves

of the structure, and nore particularly my be a bond
wWheioaees199 i ngs 120 and 130, a hydrocar byl gr oupCT/US2004/004472

including from about 0O to about 20 carbon atons,

met hy bagrevs (Cﬂ‘l%)'"‘,’Rs SR RE, RCAAR ) R, 288 ah{ ?JSIttlon of Y5, vicinal to
functional group; and 10 14777.0174081.01301 WO

Onef@eﬁlﬁ@%?@@gﬁéqr/fwzf@%ﬂmM?z ariy' Owo"of RA: "' RS,
[002Y]: KirBanobfer effBodiiBeht IRt hdZRien®idyi ﬁ P i l&f IVY%he pendant

vicinal to one another, taken togeéether may
groppsrge as[dgBnag]abeve, with tlisercaniibothiaivent of the hexadent ate

et noBiRal SR b b e AERER e, SRR R Ro ar

primpary nearhonc grobps) grouipry thbon ngpoaes, tphmyl Ofubtsﬁimtedfp}RByl or inert

C nd RD are rinmar arbon .grou secon
rung g RO ot et sRainF Sfdfim e P Red phIHED oo i o
f unct vbeiek , Brase@mdagtdiboh erdupBeeRe, Gfc, &FBwoBE Ry AQaddR ) are
are hydrogen or fluorine; or when RAis a secondary

PriTRay bSEP R SLOHPS. t HEMIAGH S DSh SIOBS, PhYbS SUREItIRE B iRor inert
finé@fdRal R6UpIBIY tﬁeairemﬁd&r&mslzc,sa%@ @%%?Jyydg@grel?%ﬂl% KPS

pheny substituted phenyl, or inert unct i1 ona
gr oup¥hemsRylistarertipa parbedroups thBonROr ormef RRDRarad Ry are

terdw' ER& S oPEubbti R gﬂ&% Qhd wignﬁg%ér are%aia%[%%ﬁ a NuFRLPeR

then none ‘
t er ti ‘ahgn chh@rgdmam carboi gioup,Lth@thgnb.emg| or tamdafmeRB, and Rp are

' e en oy fluorine
oo TR Pl SO0 ehen e Bal oSt edongy” or iner
mnRBngmdlpRDna thee remmlnﬁaqu RAﬁblRﬁ@ﬁd Bbgt&lﬁldrd‘gleﬁ enfladrine; or
car bon substitute eny or _inert
oo TR R seBaGY LoDy B b, iR, Y6 qeiyo RER g rAB o e
prinddr® daydh08RapsYsefdndeiyl BADOO lgroMpe, nplEé@yl Ssuestﬁ@t@@ f}fi@ﬁ e inert
carbon group, then none, one, or two

funcfjogal %94?%119 theAPIaHdE S FysRe.98¢ Bn (%?rfiydl%ﬁlb éhﬂ‘g%f@@,p?é
phe ny‘lvhensR{Pﬁ E'térﬂ&r?Qaﬂ%Bﬁ’ @%lup, tRén ﬂoﬁll@ BI ond da* @% RQ) %h Rp are

groups, and the rénai nder
tertiggye Plesgadh obyubstituied phesyl, grd tbh éﬁnmenr gf BA;tRBF @«IllChRIy are &y firogen or
flucBhQup, then none or one of RA, RB, and RD are
tertiary, phenyl, or substituted phenyl, and the
[0021¢ mai IncharendodiRint, BE; 1i gmd IR@ldaG‘(m’lfﬂE}KdWOgleYI beiewket lam bbﬁmtmg of
adi

0 th
oYt s e RuRers rnky o 1 A 120 88 oo Gl metucing
1ing® N0 Ql4d,emﬂ néd.udthegvs halgs ai@ébnnad&i by strikRPal badge Yhem another

her side.in n rings 13Q, 1 and 150. The t
eyt b St B b6 e Beple pasiacdefiard by Fgrel oW 110, gnd 130 is a
. min@P GhARE lof tHRBEREhATEHH the Qig:nsk, dehi6H isidtaiRQNRALRY:akE, 140 and 150.
structure identified by rings 100, 110 and 120

Theybve hefyesiorsiges ftheshractutetrir difidpd byos mirres e, eichrmssonfiraish V>
In ah@thér@%ﬁ%ﬂlfrdeﬁtd ¥t t@lﬁ?m%?’ 920 403020 ﬂmeé' 1 acet1§Q glglettégf?osmons and

hal ves or sides o e Structure are
the R greens apsl logaeed ahibie céspprtis pwa positiongh 2. In anot her

[Ooﬁzzpec{f%ghg to %hecﬁ)é}n(? %}a?e cc!)rﬁ %‘ }%hot%?%m rrgtlve elgp%dlments of the

e” neta pOSI I ons
ligahdarait ethpddx hiyeresdspeeabsevike fagsal 000510, i180)%nd 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 R may rotate to the
inside of the structure, and the groups Rp and R; may rotate to the outside of the structure.
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[0022] Referring to the hexadentate conplex 1V, other
di stinctive enbodi nents of the |igand and conpl ex may

w0 eaulors7Because the rings 100, 120, 130, and 1POI/I83004/004472
rotate at their chenical bonds. For exanple, the ring

Sifil @Ay e 1mofn@ty&dta{é alI FHoaddso; 2130 130 eHa9 ot A1oaH Bbnds2ab and 220;
the resultant or conplex is not atrue mrror

ring {Afgeay mﬁtetqlf@g&a 89 a8 2490 aféesiig 15 may rasate alpng bavd 250.
[0023]“9 ﬁ?&oﬁlepagb&ﬁﬁe&%@% eald angha2d 1e§%v' k! glg '@t edd Ry are

groups RA and R6 may rotate to t i hst’de ’of 't he
sel@ﬁdmpm that anregtivites gemsifes 1REala ek, rmycher oteagree tof onpi@r more

oo eI S o S AR AR AT v

greateltthﬁlﬁabahtfﬂ@gv@@iﬂpercenn oli go2fyratesying ditoat #boad 40 gbéa3d Sarﬁdlﬁatoms

d 2 13 ot te | ong bonds. 230 and 240:;
100205 F e filobhg SahoTtsplsy WG oMok o 5o 4l propgphpha the
keyqj’éﬁddihe Bro@e0R€ b @ifine®hbovBe Irl drg@ibdlnhen® BEHhE BERHAEK ald codlex IV,

and RD are selected such that an activated

Ra %ﬁs?rﬁfa(ﬁrog@% A0d RenpibRp 4 eptheingeneadsmily esthidnehyy propyl, or

1501:{{9[53@ M%&ﬁm%dRR arURY ﬁf@ |nfetlﬁ@'a¥1m AR, Oe each independently
cond |t|OnS results in a glner|zat|0n pro uct haV|ng

metfyleethely propigdreratsoipyhdn we p@m upettcrand Rpiagpondrogetiand Rg and Rp
are F!ﬁ‘ﬂ%@éﬁgﬁgem?%%lgﬁhgé gftﬁ 1, %poﬁ& L rop 0 rﬁ'}éﬁwﬁn an El%ggtﬂnelgt,g&t: %T%I Rpare

| 'owr n SS O ' se specli
metgyloapd RatfhndrRﬁ A@reath mdejmrylerptb’l’miethyl gthyl, g»soparf erdampropyl. In an

e SSHAEh SPYE RSB RTRL 52d B BH o

proleﬁ,cbr lsl‘)piep}ﬂn diandn Mn‘mﬂiﬂmit RetultyRp aerogyyl; a®d Ry and Re are each

SO odlnent RA and RB are nethyl; and
indegedany Feengh BGOSR 1y et by et ]

[0025]0PY fn, mpémboaﬁﬁén@ BY b -hekdlette Qﬁﬂa&@lhm&hpleﬁm 3ndy Fi&énailﬁ groups
hydr F and RA and RB are each independently
ma cin

finghaBgYe, exsenihat botiy My arshioy Icobaltn Iyt @mbwbmﬁnt both
M, R I@IE‘Qre Rbh afnEanofiEl Modlrﬁéﬁg oB@‘oPtﬂg nﬂgél 351%5 QACH M, i I1s 1ron and the

i ndependent 'y met hyl, , propy or 1'sopropy
othexps cobath ol er, eanAdJmmt Rﬂﬁ@pe ofiylal pishin affectscbelRBicarnd RRCRB, Re,

8y gﬁh%lndependently met hyl , ethyl, propyl, or
Pi'sopt opy In an enbodi nent, RA and RD are met hyl ; and

[0 anbh RCndodineacdt a liemikaptated:e’methlyic nahpigt [T et IVy lincluding pendant

r opyl r.i.sopropyl .. [0025] I n an enbodjment of .a .
o S0 e i B R R ettty P PR SIS Rt t3ving ercatr
tharQdbo B peroalt 1bdkes coi@éritned above, except that both Nﬂ

d are _cobalt. In another enbodi nent, _both

0% o B FyHROdMmenL{ Foup Iy o BFIdRHEIOWH élabiﬂ’e?héeﬁd’é@ alpove with
the flll6WEg ehbepBbnsM2, 1S iron, and the other is cobalt. In

anot her enbodi nent, selection of ML and M2 affects

sel ecRi-Bn 9 RRaAre Iygrogms, RD, W Yi, and Z. [0026] In

gp ﬁ.nﬁ‘?%igr%ﬁ}eﬁ&hﬁ ngléfﬁggéﬁat e binetal lic conpl ex |11

ng pen groups as defined above, an
act i VB¢t &d, RsoRplaekRoessehydsogen; ad al pha ol ef i n product

cont o ey B3 Rp PP Mbne AR i, G opisoprony
[OOMHdahtﬂl@fodiuwmgmai)boﬂlﬁleﬁls oflefcomgldx V. Peadaniviziolps tbebe as defined
above leylcc%m @% ﬁxced Iz grrelsiron and 152 and?{r;dare met )rlle IIQ%I?%I%%&P ment, Ry and
Rg are hydrogen, and R¢ and Rp are methyl. In an embodiment, Ry and Rp are methyl, and Rc
and Rp are hydrogen. In another embodiment, Ry and R¢ are methyl, and Rp and Ry are

hydrogen.
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R4 and R5 are nethyl or hydrogen; R6, R7, R3, R9, and
Ri o are hydrogen; and RA, RB, Rc, and RD are each

wo pabefpesigent |y nmet hyl, ethyl, propyl, or isoprP@EyiUS2004/004472
[0028] In the foll ow ng enbodi nents of a conplex IV,

[Uupgqn dambi gL[rpwé§ STeNs' pliagioded hp@bcar® @yYdip 1@&%@@ &Jﬁ?ﬁmng only
and are iron, and R4 and. R5 are nethy

Caf@?b%{ﬂh l%irﬂgen RA ngh gthergsegtateds yidis Reredsht hacdr%m@yhgoap%herem
s Yy b l

o e ORI L5 8 8 S B,

ma?éb%ﬂ%trﬁgrphanamlyRB and RD are hydrogen. 12

ou3)77 750344080, 0140 YRR004 I813% RETLUSEONI 044781 ronp

which centginoone @ondresutistigers gropps whrchcare mmduﬁr;edtmgﬁdmessl donditions to
ot her wi d rocar

whi e o RpRPE ConP e kee' drours iRl S hel i REs aHpudo no

subbt&ﬂitﬂiﬂy 'ihyere eathlid proadasl If abtl@therwa;& @ta%ﬁuit ‘iﬁbx@ﬂ:ﬁed ﬂﬁﬂl substituted
used i nterchan eably éOOSO Fo ur poses of
hydf?ﬁaé’y WPP%B?T?I&?OH%I“S b ot A& gathgRy . gtylud@%mathe meaning of

"su 1ﬂﬁ&p@ﬁhﬁ&mgﬁ&ﬂgmrﬁggch contai ns one or nore
substituent groups ich are inert under the process

[003Yndi Foroprspeses o %wptlw@on,oarnpmmﬁ dunsbeonzhigriungs & esew, other than
hydc8pPor sﬁb&ﬁiﬁécﬁw&arb SR RBLI A Slkea B IR A48 Bt Qny process
al’l € process. T R0Y

subst ant | re wth
desmblﬁé rhaiege whtrg tthel comnoun@ upmiohrlt edpreteat takedpdrd. t Ekzmubles of inert
in 1 t 30
funpti/ %10&%‘ lpsy 4nc OlﬁQISO (Itﬁﬁgr%lrrglélﬁllpog Frjlog]?o an(i 8%161 ??({lilrueiﬂg & cs:a as -Ong
whdreit @ﬁ@ﬂrhytln)barbylrdrmglstltuﬁéd(]@ﬂh}ocﬁbyl pucas@siasviadh théi ﬁﬁwtlonal group
catlo an i er function p isS a.g
g e A by 1K of Kibe 1 HAIGU R Bphe should no
coovhadtodREe meaDitoMURsE 8iérigh} thin tHateREIpS i codhfolind®Bbntaining R4, Rs,
rocess, _descri bed herein where the conpound in whi %1

Rs, Re: Re aﬁql Beawlich %Ré%o"ﬁla"rstcoor@%?ﬁﬂ tadheypetplptom, that is they should not

displatR &l RAA B6:QHREN B&lgide halo (fluoro, chloro, bromo
and i odo), or ethers such as -OR18 wherein R18 is

[0033 dr oBermsymosey ofsthissippliaation) anyimay srbyh groun fedksies aigroup of the
chyrt h I r | ato

fonéé‘({l}% h&gs gﬂfefé% b %%@ ﬁ%ﬁc%gg’ o I o %%r RS et 8 i3 FeorBleBlTh by the

hyphenois o $techehzbna amng te wibrcﬂnhrapmnary chifben gmiup lis &tao]mdbml"}ﬁs the free

B N e S R

atorg0ere.dinnathemgoids, thieefredbtatdnc@hom b tahydrseehNBYydrsdagiil, dsubstituted
coordi nati ng group. [0032

not spl ace the desjre
hydf?&?rbwﬁo’gg@wa?l SMPs EXAEPiet & RTBRATY S3BoT SRR leﬁv%nCﬂIs, ~-CHp
CH@WHMUR -0k ogesna (grmsuamp.fcﬂygc}gor mul a - CH2-, wherein

the free valence is to any other atom (the bond

100334 b s piengsesof e apphigatioana segondsrt ¢rebapegiowpriaclidesg group of the
forni¥ CHrL Reh i fﬂérﬁ’ee%feg g&r ) léﬁy Io elaéﬁn?lg Qﬁg bond MSsented Dy the

free val ence may rogen atom
hyphra is ipethe bergane wnertp @fhlcatthﬁﬁecmdylgeqarban group ssﬂtlfadred) aftom; the free

valeﬁ& gr Jgrbeootoﬂ&glr g‘ég&gmgén a?m{xf l}eafcigualaterrhc & Qz?oac%{p,o%yg%lr atom, sulfur
atorfi,ustc t ilo other g/londsptheEﬁmnqaleﬁ&sQfla}pbda R hydregenphydrédatiyl Ssubstituted
hydrlogclb}L/jl of a ﬁmq:_tlﬁ)’nal gr%i'nz Specific examples of secondary carbon groups include -
CH(CHa),, -CHCI;, -CH(CgHs),, cyclohexyl, -CH(CH3)OCHs3, and -CH=CHCHj.

[0034] For purposes of this application, a tertiary carbon group includes a group of the

formula -C 5 wherein the free valences are to any other atoms. Thus, the free valences may be
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CHCH3 )2, --CH2 d, --CH2 C6 H5, and --CH2 OCH3 .
[ 0033] For purposes of this application, a secondary
W@ 2000078797 oup i ncludes a group of the fornul aPE1ZHS2004/004472
wherein the free valences are to any other atoms (the
botlagNeh 4 ﬁ%drﬁ%@n‘att@tﬁ ‘Bilcdehtont) eRIBEA atosn, toszygéﬂeat&ﬁ %ﬁmeatbmn gtc. In

to whic e secondaré carbon group is attach
e

othqrriyrds, itheefrge vadencesamanbete hydspeen hydioaahyl wbatlthtyél Lwaewrbyl or a
fun@iRM grB&. Efaﬂn;ﬁésoaﬁteﬁ gegf&oﬁlﬁum?s EHQEN. cg& g} éa‘%h%, -CCl, -

atom etc. n ‘ot her ree va

C(@f%étﬂ@éiarrc ﬂﬁr@@ﬁh@lﬁ~c}éﬂa 6l €Bt, end lagadnantydr by | or a

nct { o of se dar vy :
0038 5ol St EaRcioe fy BUAENES B RERARRAE complen i
proeided. diftexiydthod-cChipsds nfiXihi3 a pantine dChpG(dHBwing @D&MiLal Swucture V:
pur poses of this applicatio a tertiary carbon group
i ncludes a group of the a -C -=3 wherein the
free val ences are to any (ot her |jat ons. Thus, the free
val ences may be 14774, 01/ 4081. 01391 WO 2004/ 078799
PCT/ US2004/ 004472 ° d géh at om hal ogen
atom carbon atom oxygen atom sulfur atom etc. In
ot her words, the freellval ences ma be to hydrogen,
hydr ocar byl , substi t uPed hydrocarbyl or a functiona
gr oup. Exanples of tertlary‘parbon groups i ncl ude:
-C(CH3)3, -C(C6Hb) 3, - QGBNGB-CH

il W&gﬁ%"&g BUGL AR KExadentate

binmetallic conplex is p OV|ded The nget hod conpri ses
m xing a pyridin P ¢
V: R R4 N5 YO 0 @V wth a substituted aryl ene
di ami ne havi ng chem structurg VI:\ RA R6 R6 RA

5 It ut ed aryl
am ne havi ng chen1 ructure - KO0 RD RO/ \
NH2 R8 RC VIl Thg—ToRpounds hay hem ca
structures V, VI, /and | may be’ mixed in a suitable
sol vent, as thod® are cdimonly ®nown i Rethe art. In an

enbodinent, t he hexadentatevilgand

and a substituted aryl amine having chemical structure VII:

Rig Rp

ViI

The compounds having chemical structures V, VI, and VII may be mixed 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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and binetallic conplex maybe nade up of the conpounds

havi ng chem cal structures V, VI, and VII in the
wo odosovd7ay rati os: 2 parts chemical structure RCT/USIDO4/004472
chem cal structure VI, and 2 parts chem cal structure

coMstinids! dﬁdaﬂdc@f&%ﬁb{fﬁ%ﬂhé -céiigoungd ahi be saleBuiN S ofkr I Raxikdze the
4777.01/ 4081. 01301 WD 2004/ 078799 PCT/ US2004/ 004472

yield st ieerdientals lisrerbef sypctol] nipbererRibi Sntd salhef b form MX., as
def]ﬁl@d a6dwd niag lﬁgg ed! 8 IR MhiIFE g ¥ iHRkEeRfatd B?netalhc complex

exadent at and of structure |I. Subsequent
havingtchpmisall Struotfiiret IBiTeorfWr fn BXAMbedimentette pertlaabgrouns quymbbx I or
he m r ar dentate binetallic
v f%gg&fjbe}; tRe g ac{yeﬁn i lélelrﬁ;%l}{:ba d&'{h%uagtfgl?gé@s[ Il or IV. In an
enbodRrreRi,, aﬁdﬁéigpenedaamh gdepspdently byhpgeax Hylitocaibyl, | bstituted

for abaove net hod e defined as follows:
hydgopar Pég Ii%{?mﬁp%naég@ﬁp’iaﬁgg@éﬁg’gln‘m’y hydr ogen,

hydr oraaky |R.5 Sekadl indepshdedlyOn@adchy hydrofar®y), bf@Adrt functional

functi onal %roup, as defined below, R4 and R5 are each
go?%&&ﬂ’é’ﬁ%ﬁfi ydmeAbPHgen, hydrocarbyl, an inert

funct Rg-') ri@;l Rg,gl?igo 4Rd R?{ a&%@ﬁ Eﬂd%&%rﬁ]‘:&dﬁy‘a?@geﬁy ﬁydr&@rbyfe?an inert
RS, R10 are each | ndependent|y

ﬁmﬁmalcm@upbyw sub@tﬁuﬁeda bydrocatyhas idefired }omx P, or
bst h
Subs R%A u e‘i{c pe en%‘;hc;;}pe ngg sélgcﬁgir Hglln% e, ﬁ:‘l).%nnge an inert

and are | ted fromh
fundtionalr grey, aanmmmgrctarbthgmtp, anebongryu@rbe gmumarrya tatidoy narbon
roup, a secondary carbon group, or a tertiary carbon
gro oup; ML and M2 are netal atons that may be
i ndepEhdad M;yars @lett taging thatnnbBe GHdepyhdemtBNsiletddnigomtthe group
rom um .and vanadi um each X may be an

cobal t
Consa‘ﬁin&f’fﬂ}?ﬂi ggnéi T ReAng Y aRpdBiy | acet onate, so that

the t@kRIX nfiyrHRem &fioh @lﬂﬁtdsVaehzﬁﬂ@rcﬁ %@et?ﬂat?étdnﬁteeﬁﬂ'ﬁiat e total
t he oxidation state of M nis 1, 2 3, so

numbsk et ReAwIEShABET RIS é e9ghl 1 éxym%%ﬁ%ﬁ §EM: SF MG | &
equal , §01 ther 30 Gaf i @ot§1trﬁﬁ1?oegt)f Moo e é\f%r%]g{%n'f is ef-qual to the

general |y ‘a structural bridge between two hal ves
oxidatien stetewEMiros Moand nore  particularly may be a bond

Ibﬁz: }Nﬁg? gé &%1#39%%%%&?@? %Btk%gﬁ %oa%%?% OO%I tf:,?l%J Ptructure and more
partimatanlyl regyebe( Chitid, betkdeplrege 12@C2444) 30, athydwocarbgr group 1nc1ud1ng from

e S0 2 10 e By o o

grogpiendinot her, taken together may form aring. [0036] M

an enbodi ms of. the abov%r met hod, dexadent ate
| | ganﬂlyﬁﬁ’\‘?l e Rerke B Retiey e e RD’ ghd fqy pagtion,phy¥y viginal to

one@Rothét ﬁf{gfﬂgg@p@rﬁ@%mmﬁnge i nvolved in a coordination
reacti,on to  produce a hexadentate binetallic conplex

[0033 v i nfg Ehenbenentafiibe abeve| methesh 3 hexadqntaim demey having chemical
stru tforHlfed %bﬁl 1?1@%&1&??&9&9@ oi?ﬁ%ﬁg&ﬁﬂ%%%&diﬁ%&%acﬁon to

aVI ng C em cal structure
produce a hexadentate bimetallic complex havmg chemicél 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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as an internedi ate, wherein ligand purity is at |east
about 90 percent when neasured by nuclear nagnetic

w0 e@an81ee spectroscopy (N R). In another enboPCTERL004/004472
the two halves of the hexadentate |igand and conpl ex
f or mednky ) hea pizame cambh gebupf Berthote08sk, BYtwad dARY, RE, and Ry, are
pl ane. I n another enbodi nent, the endant groups are

prlra%,ry %O FOPPS: t 7EOTHIBTY SRR HEPSe i@b@b@ subglititegnPheny \gp inert
i 8
B e s e S R e D ot o
t hen WheneRa Bricccandany\serben SREp, thz@ ncalndorRD)réWQ o Rirfar 41d Ry are

ore e B SR e PR DL R, BRIt obogyy or fer

fun¢thomalr gmmsnmhdrth@femﬂadeﬂf RpaRd, aRDRaraee ltwidcrgag enfloorine; or
fluori RA.,is a S e ondary carb then
none, E?ﬂs yocfrbﬁggﬁg gﬁlﬁnﬁﬁoﬁf’%eo Bl’%ﬁr%}ﬁ

tert@fyQ yhdhyl, € metﬁiafe;a pBedyl @Ad HeQtRsindR@ AR Bikdrogshl bﬁﬂmdﬂm%adld
phenyl ., or {nert fun tional ﬁroups and the renginder
of RBVIRRC KAPTRESY CE ﬂw%@é eNRONE| QRS PHEO QfRanRerPiRRo are

pnma%yaca}%t fi¥s, CRERABryI Yo g&aﬁoe BRASI, ogubsmﬁte@fptﬁﬁyl or inert
RC, and RD are tertiar gheny . “or “substi tuted
A:

fungsipaphgroupsrind threrepaing ey nf Repragrgfesidragen pf feqringieor

and t R:ON8

o, 8 R ol TGRSR DA00000 G e
prirgay ordwny goupsh oenccgwd@nyp sarberh enuips, shﬁmszt i smbstadte@ hpm;zyl or inert
fun%@nal as%éy{pl_s\,ﬁnﬁ nl% I'Cl%gl%delq{f?y pﬁ? laﬁ% %{D r%e y(rgl?orgﬁ% ndﬁlﬁ%jqe Ty

secondhdnyRER rabﬁnaxg'rcan]npn gtongtherige o o ofcRA, RﬂmndeDR@e

RB d RD are. pripmary carbon gr r arbon
et B0 o g g e L THRERGHT O B iy apd Ko e H5ar05eh or
fludriBCt i onal groups, and the remai nder of RA RB, and RD

are hydrogen or, f]luorine; or when Rc |s atertiary,
[00%4 b @1? enfbedimenp ke grdes pf Bxingaof tlis amyisae Ritpring and the

sub§t§t§t5d amiM3eR RA)L be chta'ié@ﬁ%‘tﬁeuﬁe%gdeﬁﬁfenyﬂnetaﬂmantfkﬁex desired. In

r emai n er of are ydrogen or ["'uor 1 ne.

anotheogmyodlmenérﬁax s RemtrddRmemtselegtpd swhdhqt anfactn\rai@drtgan@;flon metal
conblls QIR B QTSRO0 05, BRI Sl R ngvin

condilasmsr wultsl ma ad@mhmatlmrbmduwtﬂm/mg I@eqateRE;anR(Bpuiaﬁm wa@ht percent

ohg%?)lrrngrslsh:l)x(fl%%]tc d S %I?% abmﬂ ?ﬁgar%c?xtbgg)ﬁ%reagxrsl tquilgeQ Oe?rllebtﬁaljrn%ent, the
actlmmmﬁemﬁﬂlﬁéd Byl |t1teahﬂoee mdthoﬁqm)cmtas flpha Glefitd hdvixgSgreater than
results in pol z oduct  havi.n rea
sbot D PetegIr G0 G e b oS BIH G HrHEge Fragying K, W,
X, ¥bn thnd‘k/[tg@ou@@%ﬂché’rﬁlc@la&ﬂ@tﬂre@t\pm addV A HeF selected such that the
enbodi ment, . the activated con‘&]ﬁex fornme y the above
hexaepigiscbipeiglis complgphiesliiag fiom Wa Aoy Bedad éPanH&r‘io the various
nBRAHENsHRARST BB fol tRIHEENE 268 BoRAExes hivifd Bfical
e mbodrllsmsnt S, theopendgnt ar ouprgﬂ()fer%c ug% ng l?a WHCHBI(CSI 1T, T
andW. 7, and M groups) of chemical structures V, VI, and
{ t .
ool B Eu2 ShERLRE U0 AL rbley ARSIy g s
ligandsrahd complexes hETabds 1:.0us  conbi nat| ons defined above for
the ligands and conpl exes having chem cal structures
[, 1, 10
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and I'V. [0038] In various enbodi nents, the above

nmet hod produces the related and desirable |igands and
wa@ormplogsres of Table 1: 16 14777.01/4081. 01301PANDUS2004/004472

2004/078799 PCT/U82004/004472 STRUCTURE VIII -Tr N

N N\ | RgR FITXINNT N - EQKUCNtmE? Craad X

N i | NV N1 NN N CTI1 | N—NFe—|N C
cl d d X|H|I| ON'/\\/m\iL [ N NNif~~ N
Y ‘

i a- 11|N xwm/c‘iu 1 ﬁﬁﬁ' a c
Cl In the chem gal ucture‘ 2

r epr esept-edby—fothi-rg—are uydr“

represewtegxgy a sin e in broken ILne or boId
line are nethyl. [00&9] _ng \ hod for
preparing a poly tLF? %

X 4

N N Y
/é(N“?i'NN"/Fé{'Nﬁ\

¢ a cl ql
XII @ 2

[} \N NI* ‘:IN h o}
XI1I @ A

( 7""‘Fe/N N‘FB/N\Q\{
! C| € O O cl cl -

In the chemical structures of Table 1, groups represented by nothing are hydrogen, and

groups represented by a single line, broken line, or bold line are methyl.

[0039] In an embodiment, a method for preparing a polymerization catalyst system 1s
provided. The method comprises a coordination reaction between a hexadentate ligand having
chemical structure I or II, and having embodiments as set out previously in this application, and
a metal salt. The result of the coordination reaction includes a hexadentate bimetallic complex
having chemical structure III or IV, and having embodiments as set out previously in this
application. The method further comprises 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.

[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 ano\ther 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

17

14777.01/4081.01301



provi ded. The nethod conprises a coordi nation reaction
bet ween a hexadentate |igand having chem ca

wareorsree | or |1, and havi ng enbodi ments as BEL/US2004/004472
previously in this application, and a netal salt. The

(CoF £53Ud rt(C@Iﬂs);:Bj gAﬁ é;ﬁuirﬁijl ilen(ﬁ’tai rﬁﬁalr}@aﬁﬂé ﬁrNeiBml %ﬂ%ﬂ@lr embodiment, the
nt ate | ta IC CO chem Ca

metgﬁtyala UPTngtpl m.fsneews 5280 H %ﬁb%% ppipwE cquppg spghyas, for

exaﬁp@vmu@la}ﬁmﬁmmtm aRPirogRt LRFodintibie, MEthed hz&ﬁcfehfr’rmetal alkyl

nprises generatl ng a nmetal al kyl or netal
pe@fﬁetﬁ gegerateg iy a alkyk elmigoras wish aﬁwsmegybtlmwmﬁ @FEO). In
anoffr R PRt Rl 0 b D UG PRPE MR RNEY 4 bttnation of
Levasrodi stkyltalufinirhe ongkf ebtinfimxapssepar i ng a
pol yneri zati on catalyst may or may not be
present during generatloaggvﬁgbﬁet al kyl or netal
EXAMPILEI® species. |n another enbodl msnt t he net al

oo 2By ok bRk Fhi s B e

agent. Exanpl es of Lew s aci i nclude 17
14777.01/4081. 01301 WO 2 044/@87?99 PCT/ US2004/ 004472
(C6F5)j B "of (C6Hs)' 3B anpt e of a netal hydride
is NaBH4. In another e rment, the netal hydride or

netal al kyl species is generat ed by an al kyl al um num
conpound such as, for examp¥e, triethylal um num
(TEA). In anot her embodi ment, the netal hydride or

0.34ge4l rginRl) jof 454p-@&1|y@ged1gn g)étnénng,t@d Byngaot matokyghesulfonic acid were

a )

sadf 0 K A Lo gD Sy Mo bGP BB Mo R mhcrons
tolugye CTI&reia@ioge\mrsatrecﬂ Wﬂl;le helng) mﬁluxad f@rs h(ﬁurs tuedet meaczimlSsphere

aIk aIum u noxanes.

SeRiere FRR oftagh g Far B G HeoR M bRot of dark
prediyhtaté‘l andthe Sﬁllveﬁie’mg elﬁsnbymsﬁeﬁLiﬁ Tv?zkfz@ ()jEﬂaanohk/asl dddégdl ©Q thé(iﬂén;.jammg
1 4 et hyl enedi -1 n-tol ui di ne, an

oil, 2%(1':"3‘%6 st op e (R Rier Sl Sl G P Sline dn sioaR e H and
BC NMR adléneh9ont sthuchilrd VDR [puyyds- asided, fol I owed by addition

of 30nml of anhydrous 'tol'uene.” The reaction was

EXAMBLE3 while being refluxed for 5 hours under inert
[OO%IIJI te@llﬂagt{l@cﬂ sﬁI&&rervﬁP fS@ngW@Sifﬁ 0 néé\ﬁ ?#1& g%;o‘ﬁggp}(loﬂtﬁstetrahydrate

to renove a very snma
(0.392 erngl) tveeree ad@ddogati@r dolavsaradl flesk Wiﬁen Stiebao\imet drgbox. 10ml of
anh (ﬁ&&é"m}ﬁxﬁé‘ﬁ?& ?gejt tlonowésg% owe o s ﬁgtlg élo%rya'f’entane was

e result Was’ ° 8
adddd, lahd altei mactmndwmsdﬁltﬁrdzd‘ a;r&ldwbe)hed Mithmgkntah3 G VIR EB82mg (95% yield,

st aHetaPt D BctmeBY Pl R s TR RAD) and
EXAMBI(E!») chloride tetrahydrate

[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.
Afier 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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(0.372 mmol) were added together in a small flask wth
a stirbar in a drybox. 10m of anhydrous THE was
w@odaea7s7and t he reaction was allowed to stir fPCT/LI82004/004472
hours. Pentane was added, and the reaction was
ovebdight, %@d 0apei %%I%Qldw&ﬁememda@emﬁ@nc@ﬂ afer 1824nehd(i@ddified by 'H

i el assun1ng%$yo eqU|vaIents of THE per conpl ex
N%Sé@%ﬂéﬁ“@'ﬂct@ﬁ R B¥Puct ure | X. EXAMPLE 3 [0043]

415.1 nmmol ) of nonoketone 5, represented by
structure_ XV, and 1.42g (7.17 nmol) of )
[00414]4 - reMhgdetrioiidami | (HeOswer €18 sywtaked dnd 5@-nesthylenebis(2,6-

i PUEHRY T o0k Sl foels B eq if $08N B LBEM U PR boctker. 5

ul'ar sieves were ad

droﬁ@dﬂbbétﬁ;%cl@ﬁer@aﬂdb&?dﬂ tﬁe re&ctionf \O:Is a]lSwlad)ttf sit atIXbe@ for several days.
nol ecul ar sieves were th | wed. by th

SevgiabroTach coRia rHpalccat (2o dhhe vagied M el ek g identificd
by VRS HERlalsBlcideBaLr s, al lowed to cool, and then

flltered The solvent was renpved in vacuo, and
EXaMRIF was added. The flask was placed in a freezer

oufs O o30S S0 AOOTBIER 13 e

weradissaleadon Gmbyf a{nhyctrowsttolmcneaﬁ tdlasklindadrytand iddeeltduldr eigves were

che cture X
addg(ﬁﬁl%lg Mﬁﬁ?& 4 4£]s owge 10 %1{ fo)}'l%glla S dll\%%re «é %&J z)e_)(es were added,
followal Hy the dldéltlé-n of e tdiypk @t eltlifisic 2cfl- ’Eherreﬁdmyh ani éfieyd for 3 hours,

IENC DT K RN AT W I

rem@%di Hy"fﬂtrzﬁtﬁ)ﬂcéthe@lﬁl Wakadadd, @Mﬁdsoh@ wak EolRbted ﬁft@ﬁoﬁs entey sdlid was
Several crops. of crystals were col

rem(yailehzzf'gl frgn o, cthyeh IR Re em&tareeétrﬁaﬂﬁ@}tl i Hd]@WRi #5 ehgmical
stm@eﬁrebtml\elw%@g 19‘%%%1@&195@%14 ure Xl|. EXAMPLE 5 [0045]

Chem cal stfructure Xl g, 3.67 mml) and
EXAMEIu 6yl ani | i ne (1. 8ml 11 3 mol) were dissolved in

0037 ShaBPIERUR, XRL e, D B2 Bl RO M

(14&hg, OWeEd rmmol$ Wbrefadded&ogk&l)ﬁs in dbmal fiwk edihl sastirtsr evedeybes el 5ml of

o R P oot e h b brh 6.5 P Op Heupro egtane was

addad, |aadved reartien las fitedd td tvedhed w1tlirbﬁqeﬁa|hcep¢ﬂme & E@¥ 8S0mg (78%
re washed wt anol . The, sol rem)ved
yield; ssviib 19, bR ﬁtapib THE pesgEglex hOWT q%emwalsmc‘mre
Exasriegted by filtration. This soli d was
recrystal lized froman ethanol cyclohexane m xture and
[004Fent i f Lagdesemioniproussoneréing cenditions, 120 gramas xf pyclohexane were

pu.n(é)%g Y 1 ifStordefh Snd 1R AcR hak )essuﬁ%lﬂ%ﬁetﬁglg%g g\@xt pumps were

em cal ‘structure X II (300ny, 2rmo|_
used r on (quic)dofh |transfete th@etﬁrﬁih)hdlltr@t amo@mid 8af), chomip4l sty XIV  and

uieég@fé.r&);r@o fil"lﬁg%‘qg h‘?%ac{ r =100 ]%L'ﬂgmgéés %%ghdﬁ’% sgt;faf t?ﬁ éatiﬂ?st and

co-c¢athyt, | and thm&a@tiohmobllkmeéto exdtioarm1i8 the dessed Bantemp_eram&s The
rea(glgg S?asaﬁgp%ﬁéﬂgghgl%ﬁ%é 3 gr\grasg%%%{fg% Qdda\t/ava]%ah&l %qlctml;lmg table

represent the last sample taken before stopping the reaction.
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yi el d, assum ng two equival ents of THE per conpl ex
nol ecul e) of chem cal structure XIV. EXAMPLE 7 [0047]
wQeae/787e9 - cont i nuous operating conditions, ,RCODUSI8HB04472
of cycl ohexane were punped into a 1 liter reactor,
and the react @G Vas(Bogssuri zed with ef ene. Next
punps were used to quickly transfer the flirst hour's
amount s of cherical—stTucture XtV and
triethylalum r#aér%m?#EA) to the reactor. }ﬂ;\é hourly fl ow
rates were thepg—set—for—the—eatalyst—apd—co-catal yst,
and the reacti% A (“%ﬁ/lFrE)vved to exot hef iifo the
desired run tenperature The reaction was stopped 150
m nutes after [¥ielldE) ng 50C. The data in37#e fol | owi ng
table represent the |ast sanple takenl befiore stopping
the reaction. [Ik@rodlBA47. 01/ 4081. 01301 \MDOZ004/ 078799
PCT/ US2004/ 004472 Sol vent 6*.0g) CyH [Catdl yst XN

Fl owr ate (ng/ flb%:rd@/lgl?e\éhtf{kﬁ(ﬂg) 374 1bspgjod/ b Al
5004 I|b prod/flb Fe cat (x103) 509 Al| Fe |ratio 2000

K(C20/ C 18) O. - C 16/ C 14)- 0.69 10/ C8) 0.69
P et hyl ene (psfge% 1- hexene Puri tyﬁzgg?m C6 %
Branched Al pha-£-efins—(BAS—0-17—C6fParaffin 0.21
1-octene Purit C(’g@k‘olé C8 % Branched A %ﬁ A efins
(BAO 0.29 Thetfellowingechartiltlustrateg the

catal yst's hi gﬁ(@é{@é"?i vity for ethyl en®%?el ative to
higher olefims: 20 14777.0114081 01310_LMD
2004/ 078799 PAISARNA/ 004472 1- HexeneOBRrity vs
Percent 1-Butene in Reactor 100- 99.5-
P ethylene (psig) 500

1-hexene Purity 99.34

C6 % Branched Alpha Olefins (BAO)| 0.17

C6 % Paraffin 0.21

1-octene Purity 99.05

C8 % Branched Alpha Olefins (BAO), 0.29

The following chart illustrates the catalyst’s high selectivity for ethylene relative to higher

olefins:

20

14777.01/4081.01301



= 99 m98.5- V98- 4 6 8 10 12 % Mass 1-Butene
[0048] Wile the present invention has been

WO bdousr8799 ed and described in terns of parti CuP@r/US2004/004472
apparatus and nethods of use, it is apparent that
equiprat-ent—techni-ques—and—ngredi-epts—ray-—be———
subgt i t ut edi-HexenenBaritysisRencerdtridBatehein Rbagtges can be
madg within the scope of the present invention as
defi|ned gy t-he appended clains.  [0049] The particul ar
enmbgdient s di sclosed herein are illustrative only, |as
t he |i rEvens = ' i
di f fledent but equi val ent manners apparent to t#8se
Ski||83j P9 —the—art—having—thebenef+t—of the
teachiznhgs herein. Furthernore, no limtations are
i nt endedd-® the detai s of constructiom or desi
heregi n shown, other than as described in the clains
bel qw. P TS Therefore evident that The particul ar
enmbadi ment & di scl osefl above meY be altef®d or 12
nodi|fied and all such var%altassahautauee consi dered w th
t he
the protection sought herein is as set forth in the
clainms below 21 14777.01/4031.01301 WO 2004/ 078799
PCT/ US2004/ 004472 CLAI M5 What we cl ai m as our

[0048]V entihgs tHe presént idvehigosdiche BeatiBudiia@ansl d<€ribed in terms of particular
nerlzatlon of oleflns conpr|5|ng chem ca

aPPértaWé apd gthpds of se, itAs ReaRIgR} thpisedpuyalen] trphnignegandgneredjents may be
subditated for tﬁge 4f¥wn, BRd ther MEnR &R b‘é@ﬂd@'\ﬂthﬁi]-the R2opeadTdhdBresent

are each |ndeﬁen ently hydrogen, hydrocarbyl,
inventips g9 defipedpy the appended claims.

[0049] The particular embodiments disclosed herein are illustrative only, as the invention

n

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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hydrocarbyl, or an inert functional group; R4 and RS

are each i ndependently hydrogen, hydrocarbyl, an inert
wo eova7gyeal group, or substituted hydrocar byl PCEHOS20¥4/004472

is a structural bridge, and W Y1, and Z are
cLhpggpendent |y hydrogen, hydrocarbyl, an inert

functional group, or substituted hydrocarbyl having

f r othatislaip a6 euEBBItIoOBG: car bon atons. 2. The |igand

of j ienl. 78 : X
L o bR SRS 8 e LB S R Rl

results in greater than abo 50 wei ght percent of the

pol ymeri zati on product ¢&e ifig ol i goner s havi ng

fromabout 4 to aboutRBO Qrb n atons. 3. The |igand

of aiml further co ] “ror plane. 4. The

l'igand of Claim1 wher eil,\p \ isN’cycI ohexane. 5. The

I i gand of Cl ai m lwseredt W YI130~aqd Z are selected to

produce chem cal structure II: 22

14777.01/4081. 01301 WO 2004/ 078799 / US2004/ 004472

R2 R3 R1 RR5\16‘|\R¢?EINI48 Re RO RNN) 120 C

RB Rg R7 Y2 R8 R7 RO|IN Nsd30) *Rlo CRB R6 Rp RS

R4 RA VIR R2 wherein R RI'RE+gR9, and Rio are each

i ndependent |y hydrogen, hyHrogarbyl, an inert ‘

functional group, or subg d hydrocarbyl; RA RB,

Rc, and RD are each i ndepenagntly hydrogen, fluorine,

an inert functional group, a primary carbon group, a

SeGRREaK R, CRL PN B OHPeach in®pbfichilyAhydrEh DR8I, substituted
hydrocarbyl, or an inert functional group;

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

Y is a structural bridge, and W, Y, and Z are independently hydrogen, hydrocarbyl,
an inert functional group, or substituted hydrocarbyl having from about 0 to about 30 carbon
atoms. ’
2. The ligand of Claim 1 wherein W, Y;, and Z are selected such that an activated
transition metal complex of the ligand results in greater than about 50 weight percent of the

polymerization product comprising oligomers having from about 4 to about 30 carbon atoms.

3. The ligand of Claim 1 further comprising a mirror plane.

4. The ligand of Claim 1 wherein Y is cyclohexane.

5. The ligand of Claim 1 wherein W, Yj, and Z are selected to produce chemical
structure II:
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Y2 is a structural bridge between two hal ves of the
structure, and nore particularly may be a bond, a
whyanoceaebyl group conprising fromabout 0 to PODUS2080004472
carbon atons, nethylene (CH2), ethylene (C2H4), or an
inert functional group; and,any two of RA, R6, R7, RB
RC, R8, RO, R o, and RBs y portion of Y2, vicinal
to one another, taken t may forma ring. 6.
The ligand of O ai my5s eﬂlBA is a primry
3 of RB, RC, and RD
y carbon gr oups,
functi onal
d RD are
dary carbon
Yand RD are
groups,
functi onal
and RD are

are primary carb

phenyl, substi tist eg=A enyI or

groups, and the regni Mfer of RE R,

hydr ogen or fluorine; when RA is a dec

group, then none, one, or two of RB,

primary carbon grolps, secondary cajbg

phenyl, substituted_pbgnyl, orRsnet

groups, and thelerefin

hydr ogen or fl uoriyg,” waen RA ertiary carbon

group, then nonerarg onellof nRB IRC amed RD are

tertiary, phenyl, of‘%ubs1ub te§4ﬁhenyl and t he

remai nder are hydrogen QJ erne mhen Rc is a-

primary carbon group, théanone one, or two of RA,

RB, and RD are primary carbon groups, secondary

CarARRAAURS, RS R SURS bhchhEdb R Inya:Bker Hllocarpyl, an

functional” groups,-and the remal nder of Ey
lnﬂéﬁéwhvmiﬂgém<mﬁubﬁﬂwﬁ®hm@90@9ﬂ-14777 01/4081 01301 MD

200 5120 PR PR R4S 5005 36T e

gnameppmmnmg%m%m@qnagmnm@syuﬂmmguﬂgyrm&ﬂhww@w@ngmug

AT T S NN AT LR M-

mamsel Ragan, mecﬂﬂob@byll‘@oupaé‘tdnpﬂsﬁig iRﬁmlaSo@t 0 & Ehoat Y0 @ambbe itoms,

mofigpt () SbRg (CHsh 38 Sert e bmab B, Dand t he
r e%fl;ﬁd@t)f]@ﬁ 1@%, IR@; R@nq I%D %%mgbpg%o%n Jth OV 8t to one

e li Claim 5 further conprising a mfror
aﬂo&%rﬁ@en@geﬂﬂﬁlémw@élﬁ@% Claim5 wherein Y2 connects

rlng§1%%n4 lhind £5B&ELI ve meta positions and R7 is

| ocat e e respective para positions. 9. The
| i gandhef Rcisaa pritBaryicarben groRA, th@BlonRCcmeathRDf &BeRc, and Rp are

prist S BGR.  MBlaal BELLY SDe BAADR AbRlEE Ben, op iner
funetienglfgroypss azﬂlmhe Itaﬁlatrnkiehofs@%’]ﬁamnd ﬁa?%@@? gx:guonale 20
P ot B SGTRAS cRn Db B SR e dorife PERR Frgand Ro are

pringddd dRBboar grohysql r@g@ﬂaryaaﬁb&ﬁ godifhs, REhaWE duBStR@emd@shyly or inert
net hyl , ethy % or isopropyl 11. The Ijgand
fungijonel %?L}ﬂsamldmeqe@aw et RaoRrond Re apdprroges eriluorpd,  The

I'i gangnaf RE!igiaMeRiaWh 8456 gfdtp,2ihen RBhA6E ohly 8 RIERL, MR are

tertiary, phenyl, or substituted phenyl, and the remainder are hydrogen or fluorine;

when Rc is a primary carbon group, then none, one, or two of Ry, Rp, and Rp are
primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert

functional groups, and the remainder of R, Rp, and Rp are hydrogen or fluorine;
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RA and RB are independently nethyl, ethyl, propyl, or
i sopropyl. 13. The ligand of Claim 12 wherein RA and
w@RBoanes7eot h met hyl . 14. The |igand of C ai m SP@UTERI04004472
RA and RD are hydrogen; and RB and RC are
i ndepeRaert 154 B8Rk ,c}di@brhgﬂomﬂhme, @k, dr$RBOORY, IRy and Ry, are
~15. The ligand of aiml4 erein RB and RC are baoth
PringAgY Hiprbon1 grounTa eSepengayd B POCIZEIURS-5 PR} efulstiptest ohgnyl, or inert
r
g G A e e e U R
N Nwvher8Rc The ﬂertxgemglarbqn Glosp.nhen mans ny oshefRaaRs, and Rp are
stru
eri, B s e uistatebl g ik o R s S0 Rp Bt gcoeen or

fluokink. N O 24 14777 01/ 4081. 01301 WO 2004/ 078799
%6?2004/ 0@447% 0." The %And Olf Claim5 having

7. 1gpndsgf furthpy ‘iomP“Fméb GrofPlpne. \j N )\ N N 21

8. TherHRexasent alfm! I gAAENOY, EnatdR dingLachdd rdspectiof Met positions
hexadentate binetallic conplex having chem cal

and Kyrrigloeaipdatithq resprotiveraPOSiiRES. R4 - N 7ML_ ' -N WO xn Y1
9. N 8l‘yé/%gaﬁ\é‘l of Madh RahbreR A, B3, Rc,Bhd Y are selected such that an activated

transition metal complex of the ligand results in greater than about 50 weight percent of the

polymerization product comprising oligomers having from about 4 to about 30 carbon atoms.
10.  The ligand of Claim 5 wherein Ra and Rp are hydrogen; and
Rc and Rp are independently methyl, ethyl, propyl, or isopropyl.
11.  The ligand of Claim 10 wherein R¢ and Rp are both methyl.
12.  The ligand of Claim 5 wherein Rcand Rp are hydrogen; and
R4 and Rp are independently methyl, ethyl, propyl, or isopropyl.
13. The ligand of Claim 12 wherein R4 and Ry are both methyl.
14.  The ligand of Claim 5 wherein R4 and Rp are hydrogen; and
Rp and R are independently methyl, ethyl, propyl, or isopropyl.
15.  The ligand of Claim 14 wherein Ry and R are both methyl.
16.  The ligand of Claim 5 wherein Y, is a bond, methylene (CHy), or ethylene (CHa).
17.  The ligand of Claim 5 having chemical structure VIII:

& o

18.  The ligand of Claim 5 having chemical structure X:

&Moot

19.  The ligand of Claim 5 having chemical structure XII:

fN |
'YOY
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wherein ML and M2 are netal atons that are
i ndependently selected froma group conprising
W@ oialorg799 r on, chrom um and vanadi um each X PGI/ER2004/004472
anion; and nis 1, 2, or 3, so that the total nunber
20.0f "MRABLEVS ChE 988 i eh¥mic] @fidike XOT:t he oxi dati on
state of ML or M2. 22, The conplex of Claim21 wherein
ML and M2 are iron. The conpl €Jof O aim 21
wherein said co e [ alm'r for _pl ane. 24,
The conpl ex ofh}(E §| ML anﬂ@&(are cobal t.
25. The conplekx of Caim?21 wherein X, Y17 and Z are

sel ected such that greater thgn about 50 wei ght
21. perlhshexylenigtedisged 9;?@?« @rfalaﬁ e Lexpdguiatg prmgfallic complex

iy hRgR

havift ¥l etk SRl g conprises ol i gomers having from
about 4 to about 30 carbon atonms. 26. The conpl ex of
Clai m 21 wherein the activatied conpl ex produces al pha
olefins of at |east abdu rcent 1-al kene
content. 27. The conpkex f\d ai my21 wherein selection
of ML and M2 affects sehgctinon %, Y1, and Z. 28.
The conpl ex of C Ww\er:ei‘n;\jx is a halide or
acetyl acetonate. . The 70l ex™f C aim 21 wherein
X, Y1, and Z are selected % produce > ¢ghem cal
structure TV: 25 _14777.0 O"\4(381. 2(15301 WO 2004/ 078799
PCT/ US2004/ 0044722M M~-R\101 RRDs | N1 aRA
Rs R10 26 N__M,--N21p R3 1~|,\ 12% RC X Ry 220 Ra
, R 2 Rs RO RC Xr,\ RO _ M2---- 130 R 250
IN' N 240 10 RN Rs

Rs - R
Ro

wherein M; and M; are metal atoms that are independently 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,.
22. The complex of Claim 21 wherein M; and M, are iron.
23.  The complex of Claim 21 wherein said complex comprises a mirror plane.
24, The complex of Claim 21 wherein M; and M, are cobalt.
25. The complex of Claim 21 wherein X, Y, and Z are selected such that greater than
about 50 weight percent of the polymerization product made by an activated complex
comprises oligomérs having from about 4 to about 30 carbon atoms.
26.  The complex of Claim 21 wherein the activated complex produces alpha olefins of at
least about 80 percent 1-alkene content.
27.  The complex of Claim 21 wherein selection of M; and M, affects selection of X, Y3,
and Z.
28.  The complex of Claim 21 wherein X is a halide or acetyl acetonate.
29. The complex of Claim 21 wherein X, Y;, and Z are selected to produce chemical

structure IV:
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DR5 1140 Ra RA R3 RlL RZ wherein R6, R7, R8, R9, and
Ri o are each independently hydrogen, hydrocarbyl, an
WO p@rt7§7enct i onal group, or substituted hydr ocBebys2004/004472
RA, RB, RC, and RD are each independently hydrogen,
fluorine, an inert functional group, a primary carbon
group, a secondary carbb p, or a tertiary carbon
group; and Y2 is a structfungl bridge between two
hal ves of the straict (¥ pagtécularly may be
a bond, a hydr &ea ng °f rom about 0 to
about 20 carbon ¥), ethylene
(C2H4), or anRe -Qg any two of

functlohal gr otp

RA, R6, R7, RB, BC, ®8, R9, X o, Rand RROX“Or - any
portion of Y2, vitinal to one another Naken toget her
may forma ring. 30. The conpl ex of Clal Y29 wher ei n:
when RA is a prlﬁﬁry_carbgn group, then none, one, or
two of RB, apd_RD are pri mary_ car borsogr oups,

secondary car o
or inert functj
RC, and RD ar eRhy e
secondary carbon groﬂﬁ
Rc and RD are primary ' rgroups, secondary carbon
groups, phenyl, substltuter phenyl, or inert
functional groups, and the renainder of RB, RC, and RD
ar eylhersh ®YER,, L, |R,UMd RE; ar® %adMlﬁ@ep%{fdénﬁy Ehyih% bd nyﬁrocarbyl an
car bon group t hen none or one of RB, RC, are
mﬂﬁ@ﬂpﬁﬁﬁggﬁﬁhéﬁﬁwﬁﬁﬁﬁﬂguﬁgPW?M%ed phenyl , and the
r erﬁ@)\ 'Tg;e RAb&d R}ﬂda&é) gﬁ:‘ﬂ 19{1 rﬁeh&éﬂﬂ& rllﬁdro@@}fj ﬂ’ﬁ@ﬁﬂe 1h§t functional
primary carbon group, none, oOne,
groRRB a paimhrRBrizomegroyy; p ﬁ@pydmc@b@n gouups 2 t@l@w n@hmygroup, and
carpo upst o 4N
£ unch IPonaftbfRy cROEKoored) % Wb B0 Syt S bttty
maypibe ahyadpg aydlomrbjlll,mnﬂlp’ler)mmi‘sir%6ﬁorﬂ14h'56’ﬂt 01d 481 ZOkBﬂDbn atoms,

20 7 P us2004/ 2 .when R is a
me%‘\qé%gﬁw ﬁﬁ’? Sﬁ%f‘%l?ﬁan’c“ﬁ 11’? el Soi®s a8 two of RA,
RB R dw&br RL,RPRY, R Ko, 08! RYR; HERURS or SSCHMEG OF 201008l to one
phenyl , substituted phenyl or inert

ano(ﬂl?héelﬁeaﬁéaeth@mab ©rmating he remni nder of RA, RB, and RD

30.8r erIMBRR B 1 ClaithRYWHeRg: or when RC is a tertiary
car bon group then none or one of RA, RB, and RD are

t er t i ®hen Rpenyimary cabop stoup fheringsiseong or recfiRee Re, and Rp are

pr FFPLPET elipd Secolfan ARG dfifpe, BAORE Qs MBI or inert
fungtiapnl erads, mdehwnmn@m @iReCRei 2wl B anhierdedgen saflorivengl ex

COMpr i & ,? 1er s%éo%al% A5n group, then none, one, or two of Rg, R¢ and Rp are

tuted phenyl,
emai nder of RB,
oRswhen RA is a
he, or two of RB,

primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert
functional groups, and the remainder of Rg, R¢, and Rp are hydrogen or fluorine; or

when R, is a tertiary carbon group, then none or one of Rp, R, and Rp are
tertiary, phenyl, or substituted phenyl, and the remainder are hydrogen or fluorine; and

when Rc is a primary carbon group, then none, one, or two of Ra, Rg, and Rp, are
primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert

functional groups, and the remainder of R4, Rp, and Rp are hydrogen or fluorine; or
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33. The conplex of Caim?29 wherein ML and M2 are

cobalt. 34. The conplex of Caim29 wherein RA RB,
woReg4armt9RD are sel ected such, that greater tPEIUSIDOL004472

50 wei ght percent of the polynerization product nade

by anyaet Ry Rta@e: s B%on SRNPS th&EHone] drﬁocwva ohﬁxl Mflnd Rp are
from about 4 to about 30 carbon atons. 35 he conpl ex

priradry Ghaahom 29U etceqndlath aren i syeived phonypl @sbstg%é uehssyl, or inert
f e
funGi P B S Femilinden 36} RB AR RA W ARG br udikOl®
of MlLwhaerd Ryds af ediats ca“bbregtqup,nth@ﬁ nefe oRBne oRBa, RadalRDRp are

teﬂ%&@i}r%ey&%&'s'@?'fﬁﬁl&%fp@gﬁi e SR B o o S8 fefrggen o

fludthe. R2, and R3 are hydrogen R4 and R5 are nethyl or
hydr ogen; 7, -R8, R9 0 are hydrogen; and RA,
31.RB, Tlﬁéomaﬁao%ﬁa&%%ﬂﬂ?“? &Rt et hyl, et hyl ,

32. Pr ofél comBlex lof OREARY hwheredPsaidl e is&@fa vk Pladd
wher ei n and RB are hydrogen; and and RD are

33.i ndegeaueivr 0§ Ciasn 9 IWherthiy andpMo@rglcobad i sopr opy! .

40. f
2440 SRR TR L 0. WERS, g, B0 PR 00
thalaabouh)‘ilr‘mmelaﬂd m@n@m&uhen prodegtenatierityl 3n sbivitgd complex

et h lex of Claim
conffi¥ oeBnER g fohaPROPY o 8 eppPf bR T ompiex
35.0f THeaompR? o\ﬁ/lwnmlw wferein theRioti eated &wm@g@nducmm alpkBolafik of at
nde ent | hyl, ethyl, propyl, or
leaﬁRC%Oﬁ‘It 8%9‘?“’6“ el?‘?]‘é&/né%ﬁpl ex of O aim 43 wherein RB and
36.RC Be@oh@leh olHEJlehM|29 wittBein Jdeti6® 6PV XndM, @Ffadtétedektion of Ry, Ry,

vvherei n: R4 and R5:are nmethyl; RA and RB are hydrogen;
RegAdRoRe and RD are nethyl. 46. The conpl ex of O aim 31

37. V\hefh%'ce B%Z of &thid 89 Weﬂe%ﬁk 1Qéll$ﬁl¥1e\épac%%@%e@&ﬁ%99
CT/ US2004/ 004472 'R4 and R5 - are nméthyl; RA and RB

38. ar lhewpmplex 0fFHIM RS VASERITFR, Re.cnH \Rd ASdWAIOSHE.  The
R4 and R5 hyl ; RA
Qo B e e Fpethy RS e R and T are methy

Rs, R7, Rg, R and Rlo are hydrogen; and

Ra, Rs, Re, and Rp are each independently methyl, ethyl, propyl, or isopropyl.
39. The complex of Claim 29 wherein R4 and Rp are hydrogen; and

R¢ and Rp, are independently methyl, ethyl, propyl, or isopropyl.
40. The complex of Claim 39 wherein R¢ and Ry are both methyl.
4]. The complex of Claim 29 wherein R¢ and Rp are hydrogen; and

R, and Ry are independently methyl, ethyl, propyl, or isopropyl.
42.  The complex of Claim 41 wherein R and Rg are both methyl.
43.  The complex of Claim 29 wherein R, and Ry, are hydrogen; and

Rp and R are independently methyl, ethyl, propyl, or isopropyl.
44,  The complex of Claim 43 wherein Rp and Rc are both methyl.
45.  The complex of Claim 31 wherein:

Ra and R;5 are methyl;

Ra and Rp are hydrogen; and

Rc and Rp are methyl.
46.  The complex of Claim 31 wherein:
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RB and RD are hydrogen. 48. The conplex of O aim 29
wherein Y2 is a bond, nethylene (CH2), or ethylene
W@ aY8799 49. The conpl ex of O aim 29 havi ng POEDB8I/004472

structure I X cll NI . NFe-N /N Ci t_\f / C d
50. mTaggRggfggﬁ@pg 10f Caim 29 having chem cal structure
Xl : c!l | NFe~-N N., -NFe C/ C C Cd 51. The

corfp ?iélﬂ%fafﬂnﬁﬁhbﬂ 2o havi ng chemical structure XIV: NI
NI dr JNFNA~ /7 AV NFI G G Ca C 52. The
coRlanldﬂ a]fed*y %1% 21 further conprising a
47. pol”&lmpmp]axloﬁﬁla@’aﬁémtensyst em the polynerization
cat st em corrprl sing a netal alkyl or metal
&%%@héﬁ% ‘%h > 53. The conpl ex of C aim52 wherein
tha{mﬂaicaiiéiﬁyﬂhybandret al' hydride species is

ge er at conpound sel ected fromthe group
%@ga%?a%?ﬁ? Bor nmore Lewis acids; a conbination

48. of BRRoRAPIAVE ElakB 2D smefamz RRGoAM eIk Ber¥qCE, c?abﬂ(@ﬂlﬁéﬂer(gfz}h).
agents; one or_nore alkyl alum num conpounds; one or

49. mrﬂleépmylexﬁlfg}ﬁfﬁéﬁélﬁ@% C}P?ﬂl?ﬁl PrygtieiRoxane; tri - et hyl
al um num and conbi i ons thereof ~54. The conpl ex of
Caim?29 further &9@\5‘,5 ap ation-catal yst
system the pgéggﬁez—a Nyl em conpri si ng
a netal alkyl © t&d hydri d pefie . The
conpl ex of Cl aim54 wherein the fretal al kyl or netal

hy |de S [ enerated. b pound sel ect ed
30-£7 oTHeCREP f‘8l§§§a&%§ghg¥1%§he&m%ﬁ%l g‘fre Te Lewis acids;
a conbination of nor e LeW| g~aci ds and one ore
nore al kyl ating
14777. 01/ 4081.
al kyl alumn
al um noxanes; nethyd &l um noxane; ¢tre-ethyl al um num
and conbi nati ons thereof. 56. The conplex of Caim49
51.f urteermplbrpf Chim g9 Aaypog yhesricat stricture EdYal yst system

t he _
|
ot o
~Fe— ~Fe—
Cll a c|l;c| \Q\é

52.  The complex of Claim 21 further comprising a polymerization catalyst system, the

004/ 004472

polymerization catalyst system comprising a metal alkyl or metal hydride species.

53.  The complex of Claim 52 wherein the metal alkyl or metal hydride species is
generated by a compound selected from the group consisting of one or more Lewis acids; a
combination of one or more Lewis acids and one ore more alkylating agents; one or more
alkyl aluminum compounds; one or more alkyl aluminoxanes; methyl aluminoxane; tri-ethyl
aluminum; and combinations thereof.

54.  The complex of Claim 29 further comprising a polymerization catalyst system, the
polymerization catalyst system comprising a metal alkyl or metal hydride species.

55. The complex of Claim 54 wherein the metal alkyl or metal hydride species is
generated by a compound selected from the group consisting of one or more Lewis acids; a

combination of one or more Lewis acids and one ore more alkylating agents; one or more
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pol ymeri zation catal yst system conprising a netal

al kyl or nmetal hydride species. 57. The conpl ex of
wW@@uiorH8 wherein the netal al kyl or nmetal hydrCTES2004/004472

species is generated by a compound selected fromthe
au{}ﬂ raﬁﬁ‘rﬁm?rﬁ RSMPEUNAG RE PRI ﬁlkflndllﬁmﬁasx\dn%s 3t al@ninoxane; tri- -ethyl

mbi nation of one or nore Lewis acids and one ore

alufﬁ@ﬂ@, andaprbinaigneienrels: one or nore al kyl al um num

co q (el K { syst
56, R ex VIR Rt B ity e B A i AT ystem, the
polym@'tzemn cafByst éryse:rrccnmjmmg@fmel}hlailkw B0métak Hyidede species.

i on .catal yst. syste he . L.
7. o Ueritet oh QAFE ey SRl Bl R eh opide species i
genédaféyllbyaf coffpo@thd kefettdddfeors lﬁ&acgreﬁp ccﬁﬁlstlﬂ'glef mrmlxﬁxe dEwis acids; a
.ai.m 5 wher ei n he et al (g hydri de
P%g PR Oy BEY %}a agigs gn aﬂ%sfa‘ﬁaorg 1@&3&]@& 3EFYn f ST more
allqg AN ER REMpbINE Rk &%f@ﬁﬂ{fﬂﬂlﬁmﬁa@ﬂn%s 361Kl 'alvdninoxane; tri-ethyl
combi nati on of one or nore Lewis acids and one ore
alupgpes; andspribinafigneerels; one or nore alkyl al uni num
co I :
5B, o e B B il eystem, tho
polym@“rzemn cagQyst Tsencempyirgingefmdilallyl sumétalitkdede species.
g, CONRLI [ zat i t S yst
9. b ot Pl oh QARERS PG B8R IR By opice species is
genadated [byar comgioand kqlﬁd:tsddﬁeorﬁ mleacgre@ ccﬁ]]ilstlﬂ'g’1ef mr‘qﬁlrm)te @bwis acids; a
.al.m 60 where he netal al kyl or
COH‘SH?EP%Q °8e Obg’ﬁéertt vay agigs 3“‘? Sﬂ%%r{aorg e"‘ﬁkéi%“&é aﬁ?ncdﬁ%"t“ﬁ &r more
alkyd Qi GO REMESUNAEG B 0 ADIOEIKPIHENinENUnSs; RIS aludinoxane; tri-ethyl
conbi nation,. of, one or nore Lewis acids and one ore

alugigpg; spdsprdinatgnsiferels; one or rmre al kyl al umi num

60. Com@%ﬁfﬁlexml@ﬁn BD IR 1R le¥npAdikeTh SatioBlafYst system, the
al um noxane; tri-ethyl al um num an combi nati ons

polyresizaldn caibyst sysiest ¢pmprisie agraiel alivher methldridningeies.

610, A0l B BRENETSR SEAUGLUES) Mo Becios i

genRateRdDyRIconpdind KRiEcRE hdnRdheREoR caREBtiRHoMNne ot mord|L2W G agids; a
combma%ion o%/%ne o1> m(lJ‘r2 OLP%VC;'S )§61d5 gncg (?3196 orlgsmoF\rz aﬁiylalt:\;%g Iggents oﬁz or more
alkyl aluminum compounds; one or more alkyl aluminoxanes; methyl aluminoxane; tri-ethyl
aluminum; and combinations thereof.

62. A method for producing a hexadentate bimetallic complex having chemical structure

INE
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RO RI3 230 "0\ 130/ 250 "N 240 R1I0 RD R6 R5 1 140
RA RA RSB RL R2 conprising: mxing a pyridine

W@ oippotsTee havi ng chemcal structure Vi R5 R PBCHUS2004/004472
with a substituted aryl ene di am ne having cheni cal
structure VI: RA R6 R6 RAR: H2N Y2 NH2 RB R7 R7 RB
and a substituted aryl Raqi Ravi ng chem cal structure
VII: RIO RD RO/ \ NH2 |R$|Rc in a suitable solvent;
and 30 14777.01%408%
PCT/ US2004/ 004482\ aggi'ng at |lkast Ang°netal salt of
trie formula MX, wher ei R, I' R3 are each
i ndependent | YRy deggen, hyd\ocarb W7 bs&ituted
hydrocarbyl, or gn ifert fuvcti ofral groyp, R4 and R5
are each independently hydrogen, hydrocahbyl, an inert
functional group, or substituted hydrocatbyl; R6, R7,
R8, R9, and R o mre each independentky
hydrocarbyl, an jneftc fuficti onaks grbup/230r
substi t ut ed H?o‘ and RD are each

i ndependently h o8, nert functiona
group, a primfy garbo r'\_ secondary carbon

group, or a tertiary'%ar Piao rod%; Y2 is a structura
bri dge between two halv khe structure, and nore

particularly may be a bon ; a hydrocarbyl group

conprising fromabout O to about 20 carbon atons,
ang&I I ene (CH2), ethylene (C2H4), or an inert

uncti onal gyoup;

mixing a pyridine compound having chemical structure V:
Rs \ R4
N
0] O

with a substituted arylene diamine having chemical structure VI:

Ra Rs Rg Ra

HoN Y, NH,

Rg Ry Ry Rs
and a substituted aryl amine having chemical structure VII:

R1o Rp

in a suitable solvent; and
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any two of RA, R6, R7, RB, Rc, R8, RO, R o, and RD, or
any portion of Y2, vicinal to one another, taken

wo ogehsIpd may forma ring; ML and M2 are i ndepROi®©R1004004472
sel ected netal atons that are selected froma group

Corﬁdﬂinﬁlaﬂ&aﬁ%h@hk’sal santamneqummn, and vanadi um each
X is an anion; or so that the t

al
nurfﬁlaqrelalen&gaﬁnc{/ Ba @ﬁ%ﬁ@éganﬁeﬁé%y bydiagen éy@rﬁ%arbyl subsituted

hydpggagg,; OQQnﬁlteﬂtfﬁmggn%og M2 . 63. The nethod of Caim
2 whérern: i's a primary carbon group, then

n oy, and Re aremacln memhd%y hrdrogem dydoraby, aningriingtional group, or
ro secondary carbon groups, phenyl,
ﬂméﬁk@???% é%gghenyl, or inert functional groups, and
t heRg; él‘faim;j@rg afd RB, alRGaclanoddgEhdenidy ydiogere rhydrocarbyl, an inert
fluo I ne; s.a secondary carbon group, then
ﬁmﬂ&ﬂ’?@ QP Or S?%dg‘?’drﬁﬁ‘ b)&c and RD are prinary carbon
gr RIPR;, &S and R Yar€ a3kdaondépepdtndy hghery, fludthg tant iMée dunctional
phenyl or jnert functional groups, and .the remai nder

gropy, appmapcarbaiEIeEy, 3 FeCORJATY BYBIP HPUR: O & FSIHAEY CHAHERMD; 5
d t‘?éfs' Aliduch10RRA0 'b@c'vl/@en ERERIRRNS 8¢ stPRGurSf anfBnorBparticularly
D are tertiary, phenyl, or substituted phenyl,
mazahd at pady @ heritiedeshylagreuth geirrsising Bemfabawr§ fre abawh @A dRebop gitoms,

or two of RA,
met@yfhe (Y STIGRTCHET P on hORTuRO0R BB < ocondary
cardngriwgobBRRe, Bh%yRc, ReuBs (R4, etteBp, oh empyportiar ofi Yeewicinal to one
og%n t|oq9l ﬁéouyf and the remai nder of RA, RB, and RD
oL ﬂ?ﬂ?&ﬁg oF qqﬂﬁ?%% when RCis a secondary
carMpand MuUgre itdependenthesclerd, mewl ttams afiat Rfe sdRBtainfloRD group

are. pr rban g secondary carbon groups,
congg b A o DS AR GE mort” T anot ! ong

gr alaps X iddadibie ah@mai nder of RA, RB, and RD are

hydr ogen_ or fluorine; and 31 14777.01/4081. 01301 WO

2004/50%8%99 Pav/thgtbe doteonmber offesntive chages eirt isagayal to the
oxiGA Rt H ARy M NEN None or one of RA, RB, and RD are

tertiary, phenyﬁ or substituted phenyl, and the
63reﬁﬂmmmﬂmdﬁfG%MH¢EWh@ﬁ@ RD are hydrogen or quorine

a ex

o5 ThEedRL MOfpRhall Bt Brbub L rﬁé‘%%%%?%g oRfi B4 Ro are

priraayyi mlmnngmum esehmdme nirhdre grcbupg,apﬂeﬂyavsubgutuleé nplteajzl or mert

funstgorfu t %Epes and the remalpr‘ll(\lle Q B’5RC, and RD are hp}‘fdrogen or ﬁ'uonne R

when Ry is a secondary carbon group, then none, one, or two of Rg, R¢ and Ry are
primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert
functional groups, and the remainder of Rg, R¢, and Rp are hydrogen or fluorine;

when Ry is a tertiary carbon group, then none or one of Ry, Re, and Rp are
tertiary, phenyl, or substituted phenyl, and the remainder are hydrogen or fluorine;

when R¢ is a primary carbon group, then none, one, or twol of Ra, Rp, and Rp are
primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert
functional groups, and the remainder of Ra, Rp, and Rp are hydrogen or fluorine;

when R is a secondary carbon group, then none, one, or two of R, Rg and Rp are
primary carbon groups, secondary carbon groups, phenyl, substituted phenyl, or inert

functional groups, and the remainder of Ra, Rp, and Rp are hydrogen or fluorine; and
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RCRe RBRT Y2 RBRT RCRg Rg Ox NN\30~R NR

RA's RIO RDR5 VRBRR2 6 6. The nethod of C aim 65
woberersTIsai d i nt er nedi at e hexadentate |i gand PEBUS2004/004472

purity of at |east about 90 percent when neasured by-:

NVR. Ghen Raeisetchody oirbéd gioipbhewh@neiod ohdidd Ry, RB, and Ry are

hexa entate |i i"ﬁd and hexadentate binetallic | ex
et MG U PIEBES BRe T aer Th Banion 60 RorChighgen or
flufmeWherein RA, RB, Rc, and RD are selected such that

the activated con‘pl ex results in a polynerization

64.pr okhganetbeshefGlaimney Yeesein ot anAdfe 2pBER- 50 wei ght
per-gen

65, or Bn oot 32Tl RF el bR Wmted 9o JRBHIcoR: ponadentar

ligand deving Ehemigal siguctae 8: pyri di ne conpound with said
substituted aryl ene diam ng and said substituted aryl
am ne in said suitabl e ol enk,is dictated by the
conpl ex desired. 70. The od of Claim62 wherein X
is a halide or acetgylrs ER47R]. The net hod of
Cl ai m 62 wher ei nRgaild pt odue® a conpl ex having
chem cal structup Ncll NY Fe NCl 01 ci a
32 14777.0114087T. 1 WD 2004/ 9

an i nternedi ate I|68and havi ng chem Ral
is formed: | NI NI NN/ \ NN

o

66.  The method of Claim 65 wherein said intermediate hexadentate ligand has a purity of

at least about 90 percent when measured by NMR.

67.  The method of Claim 65 wherein said hexadentate ligand and hexadentate bimetallic
complex each comprise a mirror plane.

68. The method of Claim 62 wherein Ra, Rg, R, and Rp are selected such that the
activated complex results in a polymerization product comprising greater than about 50
weight percent oligomers having from about 4 to about 30 carbon atoms.

69.  The method of Claim 62 wherein the order of mixing said pyridine compound with
said substituted arylene diamine and said substituted aryl amine in said suitable solvent is
dictated by the complex desired.

70.  The method of Claim 62 wherein X is a halide or acetyl acetonate.

71.  The method of Claim 62 wherein said method produces a complex having chemical

structure IX:
Q Y )3}
N“Fe"N N‘Fe/N
Cl Cl Cll Tl
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73. The nethod of C aim 62 wherein said nethod

produces a conpl ex having chem cal structure Xl: N
w@Ri04/078799N. _ N\ N._ i NC C C C 74. The per/nsmoodos472

Caim73 wherein an internediate |igand having
72.C NETHGAthST SHIATH B Whetdif ah eierB@dial gadd Fdvilg chem¥alNtiNcture

N 75. The nethod of O aim 62 V\herel n sai d net hod
Viibisdorisds a conpl ex having chemical structure XIV: -Y

I "~\' N Fe C Cl 76. The hodofCIa|m75
wherei n said an 'mf%d' ate |i i ng chem cal
structure X | or me I Ow'm/ \ NO / i
77. The netho CI aim in an rmedi at e

| i gand havi ng chemi cal structure XIll is formed: N

NNI ~ 78. A thod,f
3. ol Vieprizat PR o2 N it oo g ikt oy baving chemmical

Stm@ﬁ@drm nati on reaction between a hexadent ate ligand
havi ng chem cal structure Il1: 33 14777.0114081. 01301
WO 2004/ 078799 PCT/ 004/ 004472 IAN RR*RC Rp 5 a

RARSNNlZO/& h,l
"/\ ;\}

74.  The method of Claim 73 wherein an intermediate ligand having chemical structure X

& oT

75.  The method of Claim 62 wherein said method produces a complex having chemical

structure XIV:
N~Fe—4NN\Fe/N
I
Cl Cl CI CI

76.  The method of Claim 75 wherein said an intermediate ligand having chemical

structure X1I is formed:
{L ﬂ(
I N T i i I N T

is formed:

77.  The method of Claim 75 wherein an intermediate ligand having chemical structure

X111 is formed:
\(E/]\/ \p\'/
v N"N "
AL

78. A method for preparing a polymerization catalyst comprising:

executing a coordination reaction between a hexadentate ligand having chemical

structure II:
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RB R Y2 RB RT Rc RB RO "0\ NN 130 R10 RD RS V]~

RA RA R2 nd a netal salt of the formula MX" to forma
wheooadesvat e bi metal lic conpl ex having a chenPCHIUS2004/004472

structure IV: R R RI RDR5 1101 R RARs R o 26

iN__;---N 210 100 M 120 R:R9 220 R~ Xn RB R8 R7 2

R8 R RO RC X0\ RB 7 23F: Q250 N---M2- ---N 240 130

Rro RDNI RS RS 1140 R4 R3 R R2 wherein Rl, R2,

and R3 are each | nepex §ﬁ“og@n, hydr ocar byl ,

substituted hydr'§ imeft functiona

group; R4 and R5_a tIy hydr ogen,

hydr ocar byl , af®i ng or

substituted hydrochrbyf: R6, and R10 are

each i ndependentl|ly hydrogen, , an inert

functional group, or substituted hydrogafbyl; RA RB
Rc, and RD are each |ndependently kydr/ogen, fluorine,

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

chemical structure IV:

wherein R;, Ry, and R; are each independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, or an inert functional group;
R4 and Rjs are each independently hydrogen, hydrocarbyl, an inert functional group, or

substituted hydrocarbyl;

Rs, Ry, Rg, Ro, and Ryp are each independently hydrogen, hydrocarbyl, an inert
functional group, or substituted hydrocarbyl;

Ra, Rp, Re, and Rp are each independently hydrogen, fluorine, an inert functional

group, a primary carbon group, a secondary carbon group, or a tertiary carbon group;
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group, a primary carbon group, a secondary carbon
group, or a tertiary carbon group; 34

wQ2004/07€099 4081. 01301 WO 2004/ 078799 PCT/ US2004PODUE2084/004472
"Y2 is "a " structural bridge between two hal ves of
t hey;sis raihibinie]l baage” Bavesnpaol hatwds afltie E\Eﬂtbub@ aAad bmﬁei ,paﬁlcularly
hydr ocar byl group conpr|3|n%E¥:§n1about to ahb

may; B¢ Bd??ng»t%ﬁﬁogoc%@fl PPN PRI P& tq el ¥ Carbogﬁtoms
metl&gl@ﬁé R%dm%%my%e czgrﬁo Pan RBY AlnéRoR R6 R7, RB, RC,

or any portlon vicinal to
oneny FoefRx Ret Rk Bn, Rodet lﬁe Rigyed R opeey pqr'm;l ofNf, ¥igigpal to one
| ected netal atons that are
mmﬁ%&%%?e&ﬁgggﬁggfg%%éﬁigconpr|srng cobalt, iron,
chrMn‘anderaam@ indapeudéently) sebeated nxethlsatams ahmtcan: sqlectesl from 2, group
t ot al er of negative charges on

COqu@gégfﬁﬁa\tr lr?% fmr?gnurg,)&ngg "State of M or M :and
whenel X iodednidhs may or nay not be present when

generating a netal alkyl hydrjde s

T Ttne. e oo gRet chesf L BRI PBrs e W Knfeiaual o the
oxi@oh stafe¥FMVRNL, BAdi S @ primary carbon group, then

none, one, or two of RB, RC, and RD are primary

c arisreiy plafins may s SRYAI0) be FBER Hreaugsacrapippayietal alkyl or metal

ted phenyl, or inert functional groups, and

lndﬁﬁea%tﬁglnder of RB RC, and RD are hydrogen or
79f|dﬂmmmmmhﬁéﬂmmN&w&%ﬂsecondary carbon group, then

none, , PNey thm twe 9f,.RB. RC and RD are prinary carbon

groups, “secéd é%ry carbon groups, phenyl, substituted

phenyhmmnRArymwﬁmmﬂummbmgnmp theronps, m&ndﬂﬁh&ﬁﬁ&nﬁbnﬁﬁﬁQﬂne

and RD en_or

pricy ciRRyc SrORR F G BT GO L LS PR hef, 'of inert

fun@itihalRPods andtted fehndinder dTRGNRE, an® RpSidistdidgeh obflpdrey |
and t e remai nder are hydrogen or fluorine;

a pri PR 6 HrAs6TP Ry ERoOR BN BRI S it P%RMRM“' D are

ridosy SbnRBRPE seBbddIBf ¥arb& Resupar 914@1%11 SB6RRLAr phenyl, or inert
caf bon groups, phenyl, substi tuted phenyl, or inert

fun¢tinnet growmsl anglrthmr@glaméprcpftﬂmeRc,eﬂﬁé Rndét hygrogemor fgpringnd  RD
are h e r n r
carboﬁﬂéfg'qsq‘ﬁﬁaﬂpgﬁg&lgﬁgﬁ’géﬁ?ggegr%%%?@%%’ﬁﬁamgbRDzwe
tertaary phenyi, masubstitated phergl, cup $1e remeiodaarghydessonr Gramps,

pheny%,h ﬂbSt%ﬁJt ed cgrlgeg‘%rou QE | DR tone WB o%rkal Rg, and Rp are

group in

prithjt§ir @gison  groupd, uetondary aa{rﬁom@asupRCphmya mestitumd yplreaylbam inert
t hen none or o

B,
funfhirel 4pyPS, PR e iBHaEO: RS dorRy roEh Ah iz
remai Raet RO s aRCconB®y caen Ridu \Aﬁrtﬁerm@léocgﬁl’brﬂﬁ/o of RWKH &R, are
80. The nmethod of Claim78 erein each of said
PriraEyY a¢feh g Eoups, g%?ﬁ‘épdéﬂ’d cyhery groups, phenyl, substituted phenyl, or inert

functional groups, and the remainder of Ra, Rg, and Rp are hydrogen or fluorine; and

when Rc is a tertiary carbon group, then none or one of R, Rp, and Rp are
tertiary, phenyl, or substituted phenyl, and the remainder of R,‘r, Rp, and Rp are hydrogen or
fluorine.
80. The method of Claim 78 wherein each of said hexadentate ligand and said

hexadentate bimetallic complex comprise a mirror plane.
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hexadentate binetallic conplex conprise a mrror
pl ane. 35 14777.01/4081. 01301 WO 2004/ 078799
WEAA0B2004/ 004472 81. The nethod of C ai m 78PCTMIS2004/004472
RA, RB, Rc, and RD are selected such that an
$1.act Theatmétiod ofllan 783suhie]tea1 RA, Bpe@® Erand QN 2RbQMctedQuch that an

rcent. of th nerization product
ety it ABE TP T T B GO Nashinbersambret dbsaelyperization
protiet a&ﬁpﬁseﬁﬂpﬁeﬁél@ﬁ@ oRddMRs ha¥ving flrcﬂﬁ abTRE D ed, b%ﬁt 49 t%kﬂgn Lfoms.

wherein ML and are cobalt. 83. The nethod o aim
82.78 Theapdhad cbfqlaémanh‘ﬁ]lqu%}él\’éran@t%ta;ﬂ cobalbt onat e. 84. The

83. mtm%éﬁﬁod@f@lmn?ﬁ \If%‘i‘&ﬂ%ls gﬁ’lgﬁ{{e o% DQ13ES qg a met al
or netal hydri speci es. ) )1lh %iod of
84.c| af/ hey Bathohef elaim 78 durtiedr domatikiyy addingratmétalnyikdyli atemetal hydride
Spegigsem es is generated by a conpound selected fromthe
group consisting of one or nore Lewis acids; a

85. c orfthiematthagirof chim @A evimreine enedt2wikyl @Ghélsl @aﬁd@ﬁﬁm@g R generated

by JTOr € al [gg ff 3:1% ents; one or nore al kyl aluni num
Y TonpoinaETe i %P&Pmtm&olﬁ%%m@&ewweﬁwacombmatlon
of cak MBS adidd andloy loreh bl aﬂ@ﬂﬁtlngggentsc 8APLNALI NS aAluminum

thereof. 86. The nethod of claim further conpri'sing
compgpdse PReey Tpre bt alupdroxgpeshmethel elpminskens; irbabyerieminum; and

condbv@bnsSHEEGD! € reaction conditions to polynerize the

mononer. 36 14777.0114081. 01301
86.  The method of claim 84 further comprising contacting the catalyst with one or more

monomers under suitable reaction conditions to polymerize the monomer.
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