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conpl exes may be used as catalysts for al kene pol ynerization processes.
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10 complexes. The transition metal complexes may be used as catalysts for alkene

polymerization processes.

BACKGROUND OF INVENTION

Pyridyl amines have been used to prepare Group 4 complexes which are useful
transition metal components for use in the polymerization of alkenes, see for example US

15 2002/0142912, US 6,900,321, and US 6,103,657, where the ligands have been used in
complexes in which the ligands are coordinated in a bidentate fashion to the transition metal
atom.

WO 2005/095469 shows catalyst compounds that use tridentate ligands through two
nitrogen atoms (one amido and one pyridyl) and one oxygen atom.

20 US 2004/0220050A1 and WO 2007/067965 disclose complexes in which the ligand is
coordinated in a tridentate fashion through two nitrogen (one amido and one pyridyl) and one
carbon (aryl anion) donors.

A key step in the activation of these complexes is the insertion of an alkene into the
metal-aryl bond of the catalyst precursor (Froese, R. D. J. et al., J. Am. Chem. Soc. 2007,

25 129, 7831-7840) to form an active catalyst that has both five-membered and a seven-
membered chelate rings.

There still is need for adding synthetic routes to widen the range of catalysts
complexes that may be prepared and broaden their performance in alkene polymerization.
The performance may be varied in respect of the amount of polymer produced per amount of

30  catalyst (generally referred to as the “activity”) under the prevailing polymerization
conditions; the molecular weight and molecular weight distribution achieved at a given
temperature; and the placement of higher alpha-olefins in terms of the degree of stercoregular

placement.
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Mis a Group 3,4, 5,6,7,8,9, 10, 11 or 12 metal;
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10 where Rj4 and Rjs are independently selected from the group consisting of hydrogen,
hydrocarbyls (preferably alkyls), and substituted hydrocarbyls, and wherein adjacent
R4 and R;s groups may be joined to form an aromatic or saturated, substituted or
unsubstituted hydrocarbyl ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and
where substitutions on the ring can join to form additional rings,
15 pis 1or2, and
qis 1 or2;
R; and R;; are independently selected from the group consisting of hydrocarbyls (such as
alkyls, aryls), substituted hydrocarbyls (such as heteroaryls), and silyl groups;
R, and Rjy are each, independently, -E(Ri2)(Ri3)- with E being carbon, silicon, or
20  germanium, and each R;; and Rz being independently selected from the group consisting of
hydrogen, hydrocarbyls (e.g. alkyl and aryl), substituted hydrocarbyls (e.g. heteroaryl),
alkoxy, silyl, amino, aryloxy, halogen, and phosphino, R, and R;3 may be joined to form a
saturated, substituted or unsubstituted hydrocarbyl ring, where the ring has 4, 5, 6, or 7 ring
carbon atoms and where substitutions on the ring can join to form additional rings, or Ry, and
25 Ry; may be joined to form a saturated heterocyclic ring, or a saturated substituted

heterocyclic ring where substitutions on the ring can join to form additional rings;

.
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intermediates for the above complex and methods to polymerize olefins using the above
complex.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of the molecular structure of transition metal complex C3

according to the invention as determined by single-crystal X-ray diffraction, and drawn with

50% thermal ellipsoids. Cocrystallized ether molecules and hydrogens are omitted for
clarity.

20 Figure 2 is an illustration of the molecular structure of transition metal complex C7

according to the invention as determined by single-crystal X-ray diffraction and drawn with

30% thermal ellipsoids. Cocrystallized hexane molecules and hydrogens are omitted for
clarity.

Detailed Description

25 The specification describes transition metal complexes. The term complex is used to
describe molecules in which an ancillary ligand is coordinated to a central transition metal
atom. The ligand is bulky and stably bonded to the transition metal so as to maintain its
influence during use of the catalyst, such as polymerization. The ligand may be coordinated
to the transition metal by covalent bond and/or electron donation coordination or intermediate

30 bonds. The transition metal complexes are generally subjected to activation to perform their
polymerization or oligomerization function using an activator which is believed to create a
cation as a result of the removal of an anionic group, often referred to as a leaving group,

from the transition metal.
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terns " gr”hydf'opar'by]aﬁhdmll"' js d¢fthed to be C;-Cigo radicals, that may be linear, branched, or
cyclic, and when cyclic, aromatic or non-aromatic.

Substituted hydrocarbyl radicals are radicals in which at least one hydrogen atom of

15  the hydrocarbyl radical has been substituted with at least one functional group such as NR*,,
OR*, SeR*, TeR*, PR*,, AsR*,, SbR*,, SR*, BR*,, SiR*;, GeR*;, SnR*;, PbR*; and the
like, or where at least one heteroatom has been inserted within a hydrocarbyl ring.

The term "catalyst system" is defined to mean a complex/activator pair. When
"catalyst system" is used to describe such a pair before activation, it means the unactivated

20  catalyst complex (precatalyst) together with an activator and, optionally, a co-activator.
When it is used to describe such a pair after activation, it means the activated complex and
the activator or other charge-balancing moiety. The transition metal compound may be
neutral as in a precatalyst, or a charged species with a counter ion as in an activated catalyst
System.

25 Complex, as used herein, is also often referred to as catalyst precursor, precatalyst,
catalyst, catalyst compound, transition metal compound, or transition metal complex. These
words are used interchangeably. Activator and cocatalyst are also used interchangeably.

A scavenger is a compound that is typically added to facilitate polymerization by
scavenging impurities. Some scavengers may also act as activators and may be referred to as

30  co-activators. A co-activator, that is not a scavenger, may also be used in conjunction with
an activator in order to form an active catalyst. In some embodiments a co-activator can be
pre-mixed with the transition metal compound to form an alkylated transition metal

compound.
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15  stoichiometric activator, and Lewis acid activator can be used interchangeably. The term
non-coordinating anion includes neutral stoichiometric activators, ionic stoichiometric
activators, ionic activators, and Lewis acid activators.

When a polymer or oligomer is referred to as comprising an olefin, the olefin present
in the polymer or oligomer is the polymerized or oligomerized form of the olefin. An

20  oligomer is defined to be compositions having 2-50 monomer units. A polymer is defined to
be compositions having 51 or more monomer units.

A higher a-olefin is defined to be an a-olefin having 4 or more carbon atoms.
Unless otherwise noted, all molecular weights units (e.g., Mw, Mn, Mz) are g/mol.
Unless otherwise noted all melting points (T,,) are DSC second melt.

25 A "ring carbon atom" is a carbon atom that is part of a cyclic ring structure. By this
definition, a benzyl group has six ring carbon atoms and para-methylstyrene also has six ring
carbon atoms.

The term "aryl" or "aryl group” means a six carbon aromatic ring and the substituted
variants thereof, including but not limited to, phenyl, 2-methyl-phenyl, xylyl, 4-bromo-xylyl.

30 Likewise heteroaryl means an aryl group where a ring carbon atom (or two or thee ring
carbon atoms) has been replaced with a heteroatom, preferably N, O, or S.

The term "ring atom" means an atom that is part of a cyclic ring structure. By this

definition, a benzyl group has six ring atoms and tetrahydrofuran has 5 ring atoms.

-5-
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15 Dblends. A solution polymerization is typically homogeneous. = A homogeneous
polymerization is one where the polymer product is dissolved in the polymerization medium.
Such systems are preferably not turbid as described in J. Vladimir Oliveira, C. Dariva and J.
C. Pinto, Ind. Eng, Chem. Res. 29, 2000, 4627.
A bulk polymerization means a polymerization process in which the monomers and/or
20  comonomers being polymerized are used as a solvent or diluent using little or no inert solvent
as a solvent or diluent. A small faction of inert solvent might be used as a carrier for catalyst
and scavenger. A bulk polymerization system contains less than 25 wt% of inert solvent or
diluent, preferably less than 10 wt%, preferably less than 1 wt%, preferably 0 wt%.
In a first aspect of the invention there is provided a pyridyldiamido transition metal
25  complex (optionally for use in alkene polymerization) having the general formula: (I)
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carbon atons. The term"aryl" or "aryl group” means a six carbon aromatic
ring and the substituted variants thereof, including but not limted to,
phenyl , 2woebtwdiigshenyl, xylyl, 4-brono-xylyl. Likew sePh@&tusec@anyddineans an
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hydrocarbyls, and silyl groups (preferably alkyl aryl, heteroaryl and silyl groups);

R, and Rjy are ecach, independently, -E(Ri2)(Riz)- with E being carbon, silicon, or
15  germanium, and each R;; and Rz being independently selected from the group consisting of

hydrogen, hydrocarbyl, and substituted hydrocarbyl, alkoxy, silyl, amino, aryloxy, halogen,

and phosphino (preferably hydrogen, alkyl, aryl, alkoxy, silyl, amino, aryloxy, heteroaryl,

halogen, and phosphino), R;; and R;3 may be joined to form a saturated, substituted or

unsubstituted hydrocarbyl ring, where the ring has 4, 5, 6, or 7 ring carbon atoms and where
20  substitutions on the ring can join to form additional rings, or R;; and R;3 may be joined to

form a saturated heterocyclic ring, or a saturated substituted heterocyclic ring where

substitutions on the ring can join to form additional rings;

Rs;, R4, and Rs are independently selected from the group consisting of hydrogen,

hydrocarbyls, substituted hydrocarbyls, alkoxy, aryloxy, halogen, amino, and silyl,
25  (preferably hydrogen, alkyl, alkoxy, aryloxy, halogen, amino, silyl, and aryl), and wherein

adjacent R groups (R3; & R4 and /or R4 & Rs) may be joined to form a substituted or

unsubstituted hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8 ring atoms and

where substitutions on the ring can join to form additional rings;

L is an anionic leaving group, where the L groups may be the same or different and any two
30 L groups may be linked to form a dianionic leaving group;

nis 0,1, 2, 3, or4;

L' is neutral Lewis base; and

wis0,1,2, 3or4.



A bul k polymerization neans a pol ynerization process in which the nononers
and/ or conononers being polynerized are used as a solvent or diluent using
littl e orwoaoiomar43ssol vent as a solvent or diluent. A smallust@eooiemt of
inert solvent mght be used as a carrier for catalyst and scavenger. A bul k
pol yneri zati on systemcontains | ess than 25 wt % of inert solvent or

diluent, preferably less than 10 vt % preferably |l ess than 1w % preferably
0 W% In a fiRrsferabfpetR gfouphebivevdtdtionr R feups hentiorediteeghftar, contain up to
pyridyldiam da transition metal conplex (optionally for use in alkene

pol yner i P Srall P RPre Hngdrarban aﬁwwﬁeecwélr/;} tdg@acefmn glomg. 5 g, 7,

8, 9, 10, 11 i ( or
) 2 1s (R o o FIAr SR Ryt O) Bradl SIS RN e 04
fromthe cgfrtbeu poroples ibyt adm@enm‘ cdnlytdmmjawphemydnng,aankiyE s cabeh, subls i butié dased

hydr arb ef er abl 0 nd and. wherei n acent Rl14
o o5, PR RSB RIS Tb i e et Ot indRER e A SN o
or unSubQ%Hkﬂh@ﬂn@xﬂtpgﬁﬁﬁﬂhﬁmmqu ere the ring has 5, 6, 7, or 8 ring
carbon atons and where substitutions on the ring can join to form
addi ti onal rilmgyreforred embedin®nt, ghelcegmplexds efrth; inRintign drRaf theezenerdb frematnt | y
selected om the group consisting of hydrocarbyls, substituted
hydrocarb | s, and silyl groups (preferably alkyl, aryl, heteroaryl, and
silyl groups); R2 ard Ri o are each, independently, -E(R2)(Ri3)- with E
bei ng carbon,Rsilicpn, or germanium and each R 2 and R13 being
i ndependently s ed &%onlthe group consisting of hydrogen, hydrocarbyl,
and substituted/hydr Ikoxy, silyl, am no, aryloxy, halogen, and
phosphi no (pr abl hydrUgen al kyl, aryl, al koxy, silyl, amno, aryloxy,
het eroaryl, hal o ; an osphino), Ri2 and R13 may be joined to forma
saturated,p§ubst| ut ed % ﬁubstituted hydr ocar byl ring, where the ring

r|n%

10

has 4, 5, 6, atons and where
W
\
Re R4
R av)
10
wherein: Rg R7, R, and Ry are independently selected from the group consisting of hydrogen,

hydrocarbyls, substituted hydrocarbyls, alkoxy, halogen, amino, and silyl, and the pairs of
positions, and wherein adjacent R groups (Rs&R7, and/or R7&Rs, and/or Rs&Rg) may be
joined to form a saturated, substituted or unsubstituted hydrocarbyl or heterocyclic ring,

15  where the ring has 5, 6, 7, or 8 ring carbon atoms and where substitutions on the ring can join
to form additional rings; and M, L, L', w, n, R;, Ry, R3, R4, Rs, Ry and Ry, are as defined
above.

In a preferred embodiment, R; and R;; may be independently selected from phenyl
groups that are variously substituted with between zero to five substituents that include F, Cl,

20  Br, I, CF;, NO,, alkoxy, dialkylamino, aryl, and alkyl groups with between one to ten
carbons.

In a preferred embodiment, L. may be selected from halide, alkyl, aryl, alkoxy, amido,
hydrido, phenoxy, hydroxy, silyl, allyl, alkenyl, and alkynyl. The selection of the leaving
groups depends on the synthesis route adopted for arriving at the complex and may be

25  changed by additional reactions to suit the later activation method in polymerization. For

example alkyl is preferred when wusing non-coordinating anions such as N,N-

-8 -



substitutions on the ring can join to formadditional rings, or R 2 and R13
may be joined to forma saturated heterocyclic ring, or a saturated

substi t utwo 2brerssycl i c ring where substitutions on the@CriusgoeamIipi n to
formadditional rings; R3, R4, and R 5 are independently selected fromthe
group consi sting of hydrogen, hydrocarbyls, substituted hydrocarbyls,

al koxy, aryl oxy, hal ogen, am no, and silyl, (preferably hydrogen, alkyl,

al koxy, aﬁmbthmamlhﬁlrﬁgtemakiqmmaﬂucﬁrbﬂ)hdnyl)amdatawI tris(pendflubepkénylddiaacenin R
groups (R3 R4, and /or R4 & RD) b 0|ne to forma substltuted or
unsubst i tAPRET KPGPOEEIBYIVO dr gFfB{PérfB%ﬁyéF ?@kﬁql ﬁ‘g onfh &r anigricrlegdng goup, fer 7,
or 8 ringy Eﬁmg&gzmhere substitutions on the ring can join to form

addi ti onal ngs; L is an anionic |leaving group, where the L groups nay be
t he sane or dilhfaeothﬁtembmﬂlmnqﬁ tagb ulsgnmg@edmmly sblectieil Iﬁlk)ﬂdthlecgrdtm‘aﬂn&lstlng of

di ani q@ni c | eavj.n r S neut S base;
and v s cers g Rings, whiRs et TG i Pas e e B RS gr oups
nentioned her egfet @mpl &R GRLAMNLD heRiB thay HeedrBl@PiYoullh diPeRnt BAh3R ©atdlod]
atons, especially fron12 to 20 carbon atons. Preferably Mis Ti, Zr, or Hf
and/ or Z viddiag &mybogmb&pwwhldgﬁﬁgmmﬁncowﬁmh@dreﬁn¢ﬁd@nn@i1&¥edcoﬁbm@nhby
adj acent garb n Hf based
conplexegpbgyﬁgng@ﬁéngpP Xﬁml lgpgéSg?§H§Sag”mgwnb&MWIHé%mpfn whi ch case
the two adj acent carbon atons -C-C acaap@r.t of an aryl ring. In a
preferred enbodi meg the conpl exes ofxthis invention ar t he general
formul a | Vynker 4l ¢ ted f omthe

) ‘ :
al koxy, hal ogs ' [ : ' mhereln

10

In a second aspect of the invention there are provided various processes for
synthesizing the complexes of the first aspect, such as those shown above. Some of these
processes may use intermediates that are novel in their own right and form an additional

15  aspect of the invention.

A first synthetic approach relies on the formal insertion of an imine into the metal-
carbon bond of an ortho-metallated aryl group of a separately synthesized intermediate
pyridylamido metal complex. The insertion of the imine results in the replacement of the

metal-carbon bond with a metal-amido bond. Thus the original metal-ligand complex in

-9.-



joined to forma saturated, substituted or unsubstituted hydrocarbyl or
het erocyclic ring, where the ring has 5, 6, 7, or 8 ring carbon atons and
wher e subwoi201G10438 on the ring can join to form additi ecaluseémyssoiand M
L, L'y w n, R, R, R3, R, R5, R o and Rn are as defined above. In a
preferred enbodinent, R and Rn may be independently sel ected from phenyl
groups that are variously substituted with between zero to five

subst i t ueitish tHealigandclasd@ofdindttd toBhe nctal ChidugNBGvo nittdeex yind dhalckpbaribners,

aryl, and al kyl graqu W th between one to_ten_carbons. In preferred.

enbodi rrerfFf,ae“EX iRy g ééw&e&aﬁ FOMPITaES das dggrk fndampytelly éqaagt‘QwecL?ﬁ dwt it

hydri do, : Ly I I I, qT
&Q@W&lﬂfﬂ%y%@f@h thEkd ﬂﬁltrggéﬁ by ors,qgéﬁr%éf to a?ﬁgﬂsli@ YR and %)gnp[;[l%xgs.f or

sel ection of the [eaving groups pends on the synt s route a
arri vi ng Acomheurciosoplanxing adarpay-nitogehalogeld boyd auidh #s teamineeRaNFOR 12181 9L t

the later actiyvation t hod, i n, pol i zat] For, e | e .al kyl i s

or of &Pt od ARG Roh e Bl RARd MotomANENseaer It VB RaF e TRATahFed #1m
tetraki s(Renkail-memepRe bt AR | 0L, tahil W PeRt Af dRe@RBSRY | TROmRBediatt
anot her enbodi nent two L groups may be linked to forma dianionic |eaving

group, fanridylmde mostal dNNO) gomnbsxhe rmanisbehsebyms, hewc lvatalytics pphydwpaatdont | y

selected fr.omt [ oup..consj sti of et hers, ~thi,0-ether ani nes,
oot rel g i cofacllRiRic Betl, e, BerefiABES op sDbD i s ufhiSigs o be

conpl exesméléified it e iEhChEw PRYsiblitias in (@thst & elghstditflctir&nbind polyhRRSizstion
routes, all yielding the conplex with a tridentate coordi nated
pyrid@ldﬂ@ﬁbﬁﬁmﬂﬁgand. Exenpl ary Pyridyldiam do transition nmetal conpl ex

structures ar g QQMBE%IB&ISN SMils &s s@a%tmlcl%drmaabss?ﬁgm @ESHS?% g&hi&ghe

invention there are various processes for synthesrzing

conpl exesrah thbeHf-torsiinagpNC istahcdide tdoatpdexs hefefredhova. Infomn offic thiv@aer

processes, iy yse | nter medi ates that are novel in. their qun. fight, gnd form
analogous to some complexes disclosed in US 6,900,321.

15 Other, more general, synthetic routes for the preparation of complexes of the type
shown in Chart 1 employing pyridyl diamines or their alkali or alkali earth metal derivatives
instead of NNC intermediate complexes may be used. The invention may use imines,
carbodiimides, isocyanates, isothiocyanates, or other reactants containing carbon-nitrogen
double bonds to yield tridentate NNN ligands. Of particular interest in the use of imines,

20  which will give tridentate pyridyldiamido donor ligands. Equation V below shows a general

example of the formation of a NNN complex from a NNC complex and a reactant with a

carbon-nitrogen double bond

V)

25 where M, L, L', w, n, Rl, Rz, R3, R4, Rs, R@, R7, Rg, R9, R10 and R11 are as defined above.

-10-



aspect of the invention. Afirst synthetic approach relies on the fornal
insertion of an imne into the netal carbon bond of an ortho-netall ated aryl
group of woOzepanat3sl y synt hesi zed i nternedi ate pyri dyl arcaaSaewalessopnpl ex.
The insertion of the imne results in the replacenent of the netal -carbon
bond with a netal -am do bond. Thus the original netal-1igand conpl ex

i nwhi ch the Iigand was coordi nated to the netal through two nitrogen and
one carbon donorscond siethetddapm@oat INNCsynthesiatsa auithbompletxasral NN haeitlary

f undanent aII transforned so thﬁ it now coor&]@nat es thro gh t hree nitrogen
donors, rERBY PEGUISE! af NS t.ha% o fRacdnpite §fan§hktl%ﬁ’ﬁ A TEERmRIS g a
car bon- nidisGaag NeNGhaRPNdhiSHER @ftchEorh T firINRHR AR in B B6es
inserted Iinto a tal -aryl orma NNN co one fve-nenbered
and one g®vVee mtmn’iﬂé}(édompktlxw es [Htﬂgledﬁm’:;s RDfe @pdoﬂfé}r thiagsoahhf isrntedecaiiove.
The internediate rid Iam C) c npl exes,. may t hensel ves have
catal t i CUBBTY REITYd PTEDE H@IPIOE PormpEl I EnEoREl orifirite of
such i nt enprAtiat ﬁ&mah%% %&cﬁ%&pﬂiéﬂcﬁgmm @h eV pAftoned PSS hbbidahbd-es
in terns of catal yst structures and polyneri zati on perfor mance. For ‘exanpl e
t he NNN dﬁhquneﬁr O aBProvagnENuUITTaRgent a@ﬁbdm@ thaypﬁaiy&m@leld@t meclﬁmgaﬁ borreadtast

Hf - cont ai n|n t,er pedi ate co e erre

Hosor i badvih? kAT fole | ORC'sRifnE ARk DG Bt B¢ BamplelstelBr dRREN
li gand”. th@heaﬁilﬁgs"%ﬁie@@@ﬂiSﬁ@ﬂsa[@n@wmtwmaidsctmggemfm anh1 908caBds

O her, nore general, synthetic routes for the preparation of conplexes of

t he t1)9pet %wtl% Oéﬁ&‘r pyrdyddipmengi kg Wity ihaynetalil%mlﬁ%gr@Mﬁﬁem fogpi tyei NN

al kal i }‘ﬂ’ derivatives instead of NNC internedi ate conpl exes may be
used. The I nven |on may use i m nes, carbodiimdes, isocyanates,

i sot hi ocyanat €khe p}épamhﬁlrofrmtmhm\m tgartdaiton iung irc the 3ol iymhgeia approbtiecdnonds
to yield trjdentate NNN | igand O, parti.cul ar, interest he use of

i mines, Vi GORCWRTIPUSHY il deyPihglis areaRicF By rmet P@fsawd@ SoRg eV Flon v

bel ow Shqiﬁ\@rrﬁecgﬁgﬁr e general synthetic route that may be used to prepare pyridyldiamines

15  ligand precursors that have identical substitution (i.c. the R groups are identical in compound
E of Scheme 1) of the amines is shown in the top part of Scheme 1. In the first step the
commercially available (Sigma-Aldrich) boronic acid A is coupled with B using Suzuki-type
conditions to yield the dialdehyde C. Typical reaction conditions would use one equivalent
of boronic acid A, 0.8 to 1.2 equivalents of compound B, 1.0 to 1.4 equivalents of Na,COs,

20 0.001 to 0.05 equivalents of a suitable catalysts such as Pd(PPhs)s, and a biphasic mixture of
solvents comprised of approximately equal volumes of toluene and 4:1 water:methanol.

The di-aldehyde is a novel compound that may be used as an intermediate in other
syntheses. Thus invention also provides novel compounds for making the ligand precursors.

The dialdehyde has the general formula:

25
where R; to Ry are as defined above.

The dialdehyde C can react with an aryl or alkyl amine in the presence of an acid

catalyst to form the di-imine D as shown in Scheme 1. Compound D can then be reduced
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exanple of the formation of a NNN conplex froma NNC conpl ex and a react ant
with a carbon-nitrogen double bond where M L, L', w, n, Rl, R, R3, R4,
R5, R, RYO2Re/01R35 Ri o and Rn are as defined above. A secorus2&piotdvet i c
approach is to synthesize a suitable novel neutral NNN ancillary |igand
precursor that can be then be coordinated with the transition netal in the
conplex in a tridentate NNN nmanner. This route differs fromthe first

synt het i wﬂpmmrs hhydridé baircdstto dor@s tlreqiyﬂdlgb‘thetﬂ‘iﬁe WNCT gsiogd Ireaceisn @8nditions that

i nt er nedi at One optjon for th| appro o react neut r. al
pyri dyl di%hi Raised 15 8 plleibt eOfe ‘Frch&Pﬁagfé‘t gt %ﬂ?lwds@&rﬁoelbe%‘@ﬁl@éo For

an al ternabiMRnRPLFOfet S iddl 50 %0@‘(")@ E v Ayt dhagliaec£ahstP8uch as
37 h%n

depr ot onat'ed using an organol i't hi um or gano- magnesi um reagent and t
t hi s pyr itdipkdkdsalfowio asidenoredrydiare @egme@ddw)wrtdhomem@blalbenhaia sdvenOmefoexanpl e

of the first option is fo in.t Ex S under the headin
Psynt Hesi i @ 3 barver HOS sl d QSRR Rt Bakdo Rt "Bbeine S hsual o
descri besefiipe WIRRCHLOM vaith tahDeRY.KStadly |tehpats RendA Wt WatdherorBéahinam AR pic
Zr(Nve 2)4 to formthe NNN conplex C7. The preparation of neutral NNN

li gands tdsstiléon. nAtfhe2§eéﬁdndul§ynmhthf thq)mlml@h aeauds tlee dionme\ar iITbeidiimanes
usi ng establ i shed t i che t
"ot oF rmoai el GRS TG SiiBRE: fi SRS B B LisHe T I%rl%sﬁlregal

pyri dyl disaiicAgs sh¢lga§ldhd¢th§ﬂcbthérobﬁ tétmydﬂaw@n [ ebﬁﬁt(n 3atb BYbsblat Wyuivalchis. 6f
the R groups are identical in conpound E of Schene 1) of the amnes is

showd 0 n kifdHy oplisatatively NeBdpmin alcohel emethes P@Itohxciré}? YeHuctaR R bampsd in

avai | abl legc%'o?rlEA drich) boronic acid Ais coupled with B using
Suzuki -t ype con i'ons to yield the di al dehyde C. Typical reaction
condi ti ons WoW detse gereras (pynthatie nbutef toboguoral NN lipaAds @s Beinongtra?ed in the

equi valents of co nd B, 0 to 1.4 equivalents O 2C33, 0.001 to 0.05
equi val S R A ﬁv%‘g%ﬂé BRI E IOy, Vo5l P b gnde
m xture Qfs.§¢l Ml‘?tl@é n th@eﬁf;‘r ﬁ%stﬁﬁféﬂ?hﬁ?lt ﬁhﬁﬁnﬁg Walh 30ld ‘r&??%%n@fM Lpkuppg and
4:1 water nethanol he di -al'dehyde is”a novel conpound that nmay be used as
an i fter nedihateeR jih nott ¢émpral to R". The sequence may begin with the formation of imine F by
reaction of the aldehyde B with an alkyl or aryl amine. Typically one molar equivalent of the
aldehyde B is mixed with one equivalent of the amine in toluene or benzene to form a
solution that is between 0.05 and 1.0 M in the aldehyde B. Then 0.001 to 0.05 molar
equivalents of an acid catalyst such as p-toluenesulfonic acid monohydrate is added and the
20  mixture is heated to reflux while fitted with a Dean-Stark trap to remove water that is formed.
The product F can then be reacted with either organo-lithium or Grignard to form the amine
G. Alternatively, compound F could be reduced with a hydride source, such as LiAlHa4, to
form G'. Compound G can then be coupled with the boronic acid A using Suzuki reaction
conditions identical to those described above to form compound K.
25 The intermediate used for preparing asymmetrically substituted ligand precursors may
use a compound that permits successive aminations. Accordingly the invention also provides

a novel compound IX as follows:

(IX)
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synt heses. Thus invention al so provides novel conpounds for naking the

| i gand precursors. The di al dehyde has the general formula: where Rto RO
are as devpneu/dbosse. The di al dehyde C can react wth amCarmskooons@ikyl
amne in the presence of an acid catalyst to formthe di-imne D as shown
in Scheme 1. Conpound D can then be reducedw th various hydride sources to
formthe pyridyldiamne E. Typical reaction conditions that can be used are
as fol | owsher@n®R NR} and Bgtwi Rahtrent defindddodé.al dehyde C i s conbi ned with 2.0
equi val ents of th am ne 0 to 0.05, equival ents of an _acid catal yst such
as pt ol uenesul f6r dchads & ﬁ%hglﬁy&@a%ct%dsé iRy iggHyes e huenecdr 1
benzene t

T P e e S R L
Dean- St aerompmqndtJocandJmeéudekieomm dramimr by macaloazrfdl I opil © Mi iutlonabf dnin

Af t 48h f th ffards.the di he
o e st oy e RH A o iRt gl B3 07 4Gnai Rty St
sol uti ons jaiHpP 'A[lte%a'ﬁ%l'yaNaI§HJ| Vi€ RS holSHCHhSS btoRY dHde RHR&AN rmaKl be used in

tetrahydrofuran, with 03 to 1.4 nolar equivalents of LiA H4 ternatively
NaBH4 i n rdcsaHdliAbL. ot her bor ohydri de reductants may be used |n pI ace

OLIAIH4. A's enera ynt heti.c.rou tra NN

deronst 1 at ed | oA P DB e R En b A e e PR kb RERERridhe o o
IS espemsa{dn)tb\ématl le in that it can be used to rrake unsym‘retri cally
substltut ed pyridyl diam nes such as conpound Min Schene 1 where R is not
equallft o R'. The s¥®heBKck Anesppieefi silictinraus te pyrarligmivg ligadhe F by

reacti on of rgmor@\ln{;l%thaéﬂ%ubanu%Erhne@__@ kyl or aryl am ne. Typically one nol ar
equi val ent of the al dehyde B is mxed with Qne equivalent of the amne in

t ol uene or ben@?ﬁc’dbfo solpg(;,,g,ho)n t hat] | between 0.05 and 1.0 Min the

al dehyde B. Th 001 “ent sRF> gn acid catal yst such
as p-tol uenesul fonilc aci’d yéf?séte and the m xture is heated to
reflux while f|t4e8 vvlth aEDean Stark trap ¢o renove water that is forned.

S
1. LiAIH, |
2H0 N
HN .
R

D E

route for unsymmetrically substituted amine dgroups

\ 1. R'Li or LiAlH4
RNH, | 5 HZO
B —— =z
Br N

=
Pd(PPh3)4 N R NH2 N L|AIH4 N
A+ G —
base \

\
\

where R, R', R" are, independently, hydrocarbyl or substituted hydrocarbyl, preferably alkyl
groups.

15 These synthetic process options may result in the ancillary ligand precursors below
that may be used also to make the complexes shown in Chart 1 above by reaction with an

appropriate organometallic or metalloamide reagent or by reaction of the pyridyldiamido
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The product F can then be reacted with either organo-lithiumor Gignard to
formthe amne G Alternatively, conpound F could be reduced with a hydride
source, swolor#1l438l H4, to form G . Conpound G can thenPb@/useuloecdini t h t he
boronic acid A using Suzuki reaction conditions identical to those

descri bed above to form conpound K. The internedi ate used for preparing
asymmetrically substituted |igand precursors may use a conpound t hat
permts sitcioahsisyeaakproadrados withcagamblitghy drhweginvneghedimatsenr avd déh
novel conmpound |1 X as follows:wherein Rl, R, and R3 to RO are as defined
above. THENgE Sftcan then be reacted with primary amines to formthe
imne J . The feaCt'0Q1ﬁ9@9@&h9ﬂﬁmﬁﬁﬁ:ﬁ@ﬁm§ m@ﬁébﬁﬁ§%ﬁ9ﬁ§Cf'bed above for

the formati on of conpound F.  Conpound J can be reduced to the diam ne L by

reaction of 0.1 t«\;.o M solutions of R.in etherial solve such as
di et hyl et her orlteirahydrofuran, i ]3 to 1.4 nolar ¢ val ents of
Li Al H4. Alterys et~y NaBH4 i n ‘ N bor g educgants may
be used inﬂi!ﬂ i . The i s dig sed above fpr naking
the ancillary®N £ SOr's a oh w  Sciene . "N~cotml e of
di am ne |i e for syt trlc
p e f | v substit uteg anfnhe groups
i ndependent hy or substituytéd hydrocarbyl,

yI™~groups. These synt het process options y result in the
ancillary ligand precursors below that _may be used also to

conpl exes shown
or ganonet al Li
pyridyl di a
or ganonmagn

L7 L8

In a further aspect of the invention various ancillary ligand precursors or intermediates
therefore can be made that are novel and useful for some of the process routes for making
ancillary ligands discussed above. In this aspect the invention provides a pyridyl diamine

10 compound for use in making a transition metal complex which compound is of the general

formula (IT)

Ry
Rs SN Rs

| =
T N TR,

|

R HN
|10 R,
HN

Ry

(1)
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Chart 2. Pyridyldiamne ligands and their abbreviations In a further aspect
of the invention various ancillary |ligand precursors or internedi ates

t her ef or ewoanioya143ade t hat are novel and useful for someCofUSRéve/OpFOLESS
routes for making ancillary |ligands di scussed above. In this aspect the

i nvention provides a pyridyl diam ne conpound for use in making a
transition netal conplex which conpound is of the general formula
(I'')wherein Z, RR to R, R o and Rn have the neaning indicated above. As

for the twiahehtz, @) RE,H,, 6RIRL 608 tHhaemalgviadichieg abolast i tution patterns may
be varied widely to provide an extensive range of structural option for the

final transitifnfarehaltraagiiph enctalrenmplpxpheaseleesnibe esebsfituione paticeny mayybe

| i gand pr.ec: e t - I

shoan i b PE0 Sy BB R G A TR Rortfe Bkt - BERIAR, e

sel ectted c@mplexdi Fat pe:fadbal eompleecss ik hedllzigdligadpprexigsorsayaypraws e dtrastuiche

transition netal conponents for catalysts us for polynerizing or

ol i gomer i ¥iSig ZdPRERfed aryh@eup %W@W&é@éhwe@ig ‘5H) conbi nation with

appropriate activators for olefin polynerization such as ethyl ene-based

pol ymers or propylengﬁbased pol ymers, including ethyl ene-octene

pol yneri zation. They jray al so have activity in ethylene oligonerization and
may be highly Qé%i % Raurt her enmbodi nents, it is preferred that R to
R13 contain up,t < no nore than 30 carbon atons, especially from2 to

: ~ang~Rn substituted on the nitrogen atomare preferably

gﬁbup ontaining from®6 to 30 carbon atons, especially

phenyl group is prefigrred that R and Rn be chosen fromaryl or alkyl

groups anBs't hal Ri Zi¢ hr oughrRi 5 be i ndependently chosen from hydrogen,

al kyl, and arygr, grgups, such as phenyl. The phenyl groups may be al kyl

substituted. The al Kyk substituents nmay be ah&aight chai n al kyl s but

i ncl ude branched alkylg. Preferably each Ri d Rn are a substituted phenyl
group wi titheRe eRiidredrdepshdengy selqgted as indicated above.

10 The synthesized complexes may be used as the transition metal components for

sel ect ed fr0|

catalysts used for polymerizing or oligomerizing alkenes. These complexes may be used in
combination with appropriate activators for olefin polymerization such as ethylene-based
polymers or propylene-based polymers, including ethylene-octene polymerization. They may
also have activity in ethylene oligomerization and may be highly active.

15 In further embodiments, it is preferred that R; to Ry3 contain up to 30 and no more than
30 carbon atoms, especially from 2 to 20 carbon atoms. R; and R;; substituted on the
nitrogen atom are preferably selected from aryl group containing from 6 to 30 carbon atoms,
especially phenyl groups. It is preferred that R; and R;; be chosen from aryl or alkyl groups
and that Ry, through R;s be independently chosen from hydrogen, alkyl, and aryl groups,

20 such as phenyl. The phenyl groups may be alkyl substituted. The alkyl substituents may be
straight chain alkyls but include branched alkyls.

Preferably each Ry and Ry, are a substituted phenyl group with either one or both of the
carbons adjacent to the carbon joined to the amido nitrogen being substituted with an group
containing between one to ten carbons. Some specific examples would include R; and Ry

25  being chosen from a group including 2-methylphenyl, 2-isopropylphenyl, 2-ethylphenyl, 2,6-
dimethylphenyl, mesityl, 2,6-diethylphenyl, and 2,6-diisopropylphenyl.

R, is preferably selected from moieties where E is carbon, especially a moiety -

C(Ri12)(R13)- where Ry, is hydrogen and R,; is an aryl group or a benzyl group (preferably a
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carbons adj acent to the carbon joined to the am do nitrogen being
substituted with an group containing between one to ten carbons. Sone

speci fi c wean/as3doul d i ncl ude R and Rn bei ng chosen PComsangneam1

i ncludi ng 2-met hyl phenyl, 2-isopropyl phenyl, 2-ethyl phenyl, 2,6-

di met hyl phenyl, mesityl, 2,6-diethyl phenyl, and 2, 6-diisopropyl phenyl. Ris
preferably selected fromnoieties where E is carbon, especially a noiety -
C(Ri 2) ( Riphkaylwier kil Zhrbsgthyrdaleglenc aoibtiRhdhias nenhyend toghoGpt@n). al teepteyl1

group (preferably aphenyl ring linked, through an al kyl ene iety such as
met hy| ene'®¥ R VRSTERERY ST B HiSRYISSh PRI RaSIFRBHR b ut5e Py TieeoBaly]
di Scusseqrr(ﬂf? &4 ¢ fb%B% cﬂl@oyPri%ra{b@y 5%91 ol fomdﬂ'oqg)%?e %Q/Illagulé%tgu@ﬂtgm 1to 4

£
carbon atons. Preferably O, or 2 of Rto are a stituents. The
pyri dyl di am ddFhegpyaldybbapidexndtali sorgplex diismabedinale thetradtalcemterasastralentate

tridentate |igand .through, t am do donor,s, and o ridyl, dopor. The.netal
centor miieend PG G B eelBe i irataagy &hos 15 Mikcbnien T Rt il o
cat al yst,m@scRsfli Gdup®3 GHNMPENVhAORORY udd dsSa Qa[t\?\l;)]@t[ akloYdih® td bSrd® Whco¥@ Ve
state, it is possible to create conpounds in ich Mhas a reduced val ency

st at e andrefetdibnia ifstiourf vlend statca itanpgssbiatoecregtopoppapds &t whisch M hahereduced
catal ysts st em by cant.act i i th_an tivator. Preferably jn additi,on to
Che pyri T, SAnaSRACY RmAL el PEC LG Sleppliih S 85 dobisAf el o,
ani oni ¢ ldogaptsg with tah abtiva@é Préfe@Blylintadddion Th ehedridPidéantids tisnd e thidi v@l |y
hal i de or al kyl, but a w de range of other anionic groups are possible,

i ncl Jdi ngs abpecopriinatet © @ sumbehel gnippigliggnds gathne being fFagp rh oot e dbF @sionkat

coul d be i der i anioni ¢, c ~cF ' exesqit is
ety HEpORHE LR ERIER, dF g R e kRSO ARE of ol SRLF o BPRERPRER
al so be dodudingabdmd tliap aichwvatehudy liclesuttegethdrno forpr @bkciledthantmdd beodénsideral O,

oot S eSO R oL ALY LA o0 Gl ar vara oo
P APLROA S0 ST BRSNS
sevensnerdeodinatiel atle 1r2 og3.f or med by M N-R 10-C-C-C- N introduces a third
chiral For stercoregular forms of polymerization, and/or variations in the polymerization
properties within isomeric structures, preferably Z is an aryl group and R, is not the same as
Ri3 and R4 is not the same as Rys. Preferably R, and Ry are centers of chirality. Suitably
then the seven-membered chelate ring formed by M-N-R;(-C-C-C-N introduces a third chiral
20  clement due to the conformation adopted by the large ring, as shown in the solid-state
structures in Figures 1 and 2. This is also indicated in the 'H-NMR data for many of the
NNN complexes, such as C1, presented in the experimental section. Thus diasterecoisomeric
mixtures of complexes are accessible, which when used with activators to oligomerize or
polymerize alkenes may give polyolefin products with broad polydispersities relative to
25  typical "single-site" catalysts which demonstrate M,/M,, values typically around 2. E is
preferred to be carbon.
Many of the options and synthesis steps are described in connection with the
preparation of complexes having analogous tridentate NNC ligand systems as referred to
above. These details will focus on the options within the broad categories described

30 previously and the differences from previous synthesis options having tridentate NNC

configurations.

-16 -



el ement due to the conformati on adopted by the large ring, as shown in the
solid-state structures in Figures 1 and 2. This is also indicated in the
1H NVR dawe 2hovoimssy of the NNN conpl exes, such as O, pcedsatod4dont t he
experinental section. Thus diastereoi soneric m xtures of conpl exes are
accessi bl e, which when used with activators to oligonerize or polynerize

al kenes may give pol yol efm products with broad pol ydi spersities relative to
typi cal "singh ensbﬁeﬁéi‘rddeﬁrﬂidﬁﬁh&lt\ﬂﬁis(dhﬁdm argt @ bt ﬂldb/cvmbues:ohymoeaé toy

around 2. _E is preferred 1o be carbon. f the opt adsythesrs
Steps. ar dogRYEAY pat £ H]ﬁéé’f AR Mﬁegrﬁp gt e B OB B B ndt ng
anal ogousarg,lrén tate . MGn %Q)%ﬁ)?eeﬁ%%%@%a nkeferred to above. These details

will focus e options In the bro categories described previously
and the diffex em«:fesed rsgmthpsie \af oths Wrdyhb&nsioommpinseshesvraagtlcm iofleth¢ ateatrAiNC

confi gurat In o referred enbodi ne def ned t hat
o o sl TSRl ity o Miemomice. GBenfge 20 Br 2 oRBahan <
defi ned eﬁfaziMegndA&r deNEt%pdABbtheﬁgre%earsﬁn%Mk oY (RURT i d§AEdM I8 HbAHpxRY is

between 6 to 20 carbons referred synthesis of the pyridyldiam do
conpl exesh¢ geagercef ba netitral rperldelrdtarrane bgfmddgrle@rrm meth| angag@hqbuﬂe@mrrs@gegt Wth

a netall cI udi.n

Another par S PG AEAdp e Bk by FRBTR R il il seE Vhh S’ on

of the netinkigion pyfetly ki, atichlidg gmm, pHcﬁ@ur m4(mrdwma¢mogy@1mmeylﬂfcum,z-

reagent to formthe dil i thio pyri dyl di am do _derivative foll owed z(}é!reacti on
o

of tHOs sjwethesysthang).ei eh(teirahydridimanbn ndfEi(tashydrofysaudi dgBr(d(OEtPf ¢
7061 a( 1 ot A PRy A TRt S o PP Dy pction of
Hf Bn2C 2(thiEtni2jitral ﬁg?l@dﬁéramm&ilgaﬁcbqir@ymbh;_emltﬁ of orfemomeralldy Ireticeamt,dincluding
o or gandhbial | LEORCRSORY,  ZHCTboME 2 BAACT A Mot 2¢Enz) "It Bate) 4
Zr ( CHZCIVQ@@(@HZM)OL HH@E%@&@%LO;[ 2),
15 In another embodiment, Z is a 5 membered ring (such as substituted or unsubstituted
cyclopentadiene, "Cp"). In a particular embodiment, Z is a ferrocenyl group where one of the
Cp rings links to Ry to the pyridyl ring.
Activators
After the complexes have been synthesized, catalyst systems may be formed by
20  combining them with activators in any manner known from the literature including by
supporting them for use in slurry or gas phase polymerization. The catalyst systems may also
be added to or generated in solution polymerization or bulk polymerization (in the monomer).
The catalyst system typically comprise a complex as described above and an activator such as
alumoxane or a non-coordinating anion. Activation may be performed using alumoxane
25  solution including methyl alumoxane, referred to as MAO, as well as modified MAO,
referred to herein as MMAO, containing some higher alkyl groups to improve the solubility.
Particularly useful MAO can be purchased from Albemarle in a 10 wt% solution in toluene.
The catalyst system employed in the present invention preferably uses an activator selected
from alumoxanes, such as methyl alumoxane, modified methyl alumoxane, ethyl alumoxane,
30  iso-butyl alumoxane and the like.
When an alumoxane or modified alumoxane is used, the complex-to-activator molar
ratio is from about 1:3000 to 10:1; alternatively, 1:2000 to 10:1; alternatively 1:1000 to 10:1;
alternatively, 1:500 to 1:1; alternatively 1:300 to 1:1; alternatively 1:200 to 1:1; alternatively
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Hf (CH2Si Me3) 4, Hf (CH2CMe3) 4. I n another enmbodinent, Zis a 5 nenbered ring
(such as substituted or unsubstituted cycl opentadiene, "Cp"). In a

parti cul avoentvodi4sent, Z is a ferrocenyl group where oneCofUskéve/o@P1ri ngs
links to Rio to the pyridyl ring. Activators After the conpl exes have been
synt hesi zed, catal yst systens may be formed by conmbining themwth
activators in any manner known fromthe literature including by supporting
them for us® tonldl uheratdrelgasopbake; garynivelyz ot 0on.1: Thavieat e ywstivaysisens
may al so be added to.or generated in solution polynerization or bul k

pol yner i lfmwn(:.(ﬁmﬁp dn%rn%%?él icehh ORI APBAHMSTIS iSelftt &Zhﬁ.re%wnba%ws%f a
conpl ex

mon coor e ag T Ao RO Ry B SaBE PreBn B MR AR Qalftic sic)
soIution7quhdﬁnn¢nnmnhymaahunmx@nempk@ﬁaursd,Imm&sr&%() as well as

nodi fi,ed MAO,, referred t erein as MVAO, cont ai ni. ng sone her al .
Groups To | mAEY e RS 8 BF PR RIS T DR VAT G DY ased

from Al bejrand & pk QeribOd W EP S97 Bd3 AN 4nd HFOD EOR: Aihﬁcqaahﬁw%tadéa@ﬁﬁm form
enpl oyed in the present invention preferably uses an activator selected

from al uredxanies, pasmumnasfomﬁmplea[mm&]ne[NGfoldm wélephn@pﬁyw -dimetiptambnivet hy|
al unoxan but no xane or dlfled
21 uroxand DR dior setid TPE Be GO Rabing g Fon e Por o R ITR AR isE

1: 3000 t arah@itibn n@étziletfoﬂqﬂexv@wn ahd PAOA |t 0TAO cdtionahttes pREtINEe Ma}l alieftiv ey,

10: 1; alternatlvely 1:500 to 1:1; alternatively 1:300 to 1:1

al t erlfat iBgelryyls : Aigrnatvely, jthe drapsitiam mesd) Wpi@o nay be: reactggl (i ateyEryNeAs o
to 1:1; t

(o 11 e et skl SO Bt 60 oh ARIGHFC bobth Bord BB ILTRY AR
actlvatonmavmﬁdSOQ@xkﬂld rmﬂmm emx®s$nnvemcmbe cabsidisitthplaadiniwor (gerkis

netal catalytjc site). The preferred m.ninoum activator-to-conplex ratio is
1+ 1 ol arPpiEiropenyDaarpsnt Ifay PN@%BQ@M} Bg Ry Hgn%ﬂalgﬁawa} feffakiy
ani ons, r&EREARARDHhASNSALS where Ph is phenyl, and Me is methyl.

15 Additionally preferred activators useful herein include those described in US 7,247,687
at column 169, line 50 to column 174, line 43, particularly column 172, line 24 to column
173, line 53.
When an NCA (such as an ionic or neutral stoichiometric activator) is used, the
complex-to-activator molar ratio is typically from 1:10 to 1:1; 1:10 to 10:1; 1:10 to 2:1; 1:10
20 to3:1;1:10to 5:1; 1:2to 1.2:1; 1:2t0 10:1; 1:2 t0 2:1; 1:2 to 3:1; 1:2 to 5:1; 1:3 to 1.2:1; 1:3
to 10:1; 1:3to 2:1; 1:3to 3:1; 1:3to 5:1; 1:5to 1:1; 1:5to 10:1; 1:5to 2:1; 1:5to 3:1; 1:5 to
5:1;1:1to 1:1.2.
Alternately a co-activator may also be used in the catalyst system herein. The complex-
to-co-activator molar ratio is from 1:100 to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1;
25 1:15t0 15:1; 1:10 to 10:1; 1:5 to 5:1, 1:2 to 2:1; 1:100 to 1:1; 1:75t0 1:1; 1:50 to 1:1; 1:25 to
1:1;1:15t0 1:1; 1:10 to 1:1; 1:5to 1:1; 1:2 to 1:1; 1:10 to 2:1.
Supports
The complexes described herein may be supported (with or without an activator) by
any method effective to support other coordination catalyst systems, effective meaning that
30 the catalyst so prepared can be used for oligomerizing or polymerizing olefin in a
heterogencous process. The catalyst precursor, activator, co-activator if needed, suitable
solvent, and support may be added in any order or simultancously. Typically, the complex

and activator may be combined in solvent to form a solution. Then the support is added, and
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of the type described in EP 277 003 Al and EP 277 004 Al. NCA may be added
in the formof an ion pair using, for exanple, [DVAH + [ NCA] in which the
N, N- di metwol2ardii4ssum ( DMAH) cation reacts with a basi c PCeaszeng/ogroup on
the transition netal conplex to forma transition netal conplex cation and
[ NCA] . The cation in the precursor may, alternatively, be trityl.
Alternatively, the transition netal conplex nay be reacted with a neutral
NCA pr ecuhsarixtugus btirasd B C rhsite, to ibihohrsa i3 naal o ldivnavnlané mag e wpeatdraimant he

conplex to form | vat ed speci es. QRej{iul a _t|,v ors include

N, N- di nettﬁwarﬁ.wo tmlfa the SHaTs (lb%ea?m leslslﬁtérilﬂ fefebsqliption VOl‘f“Pﬁ R W
B(C F

H B(C FS)hat &@&dﬁ&\hﬁhﬁ%@[ﬂ# ﬁnygpum éA%rt@&b@%( Pt%@ér%l#r‘é‘%&tnﬂm‘ﬁdb‘% Lbarat e,

where Ph 1s phenyl, itionalfy preferred activators
usef ul hegroed voluncd) ud!éftethsii;ﬁngteﬁlcrriehduhli solwdst 75, ﬁxﬂﬂqv@&?undbr gaduum t4Heallyl ane

50 to_col |ine 43, par y,col um 172 ne 24 .to colum 173,
e 8. A A Resadirs ko e 10 el B ety & Ttseb s SbIPaE At o8 or
i's used, gbeonpl ex-t o- actlvator nolar ratio is typically from1:10 to

1:1; 1:10 to 10:1; 1:10 to 2:1; 1:10 to 3:1; 1:10 to 5:1; 1:2 to 1.2:1; 1:2
to 10:1; 1:2 ﬂalezwmple.lx mavaﬂ@ tie swpp@rt@d) abse_nt tme @tmv@tom n_a tmat qas@ the at@vator 1: 3
to 2.1, ](nd c?actva s e(? 3‘ g olrnerlzt,ln proce Pul 1ha]SGStO
3:1; 1: 5 #8579 AT § fieﬁl th? 8Iy£ oaC%Q/t?%§/(ﬂ%Beused
in the ca&@dly@ﬁaus;ysmrrbmﬁ&b ndifféheat Cdbﬁﬁﬁl@éh Oma¥ (hed@lac¥@tcd tilsame I Qipporti S
from1:100 to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to
15: 1;101; 1lgkewisqgwe;or mage petigtars oy ap agtévagorand posagtivater may be plapsd pp the samey : 50
toll]ss ot 0 111 1:15 to 1:1; 1:10 to 1:1; 1:5to 1:1; 1:2 to 1:1; 1:10
to 2:1. orts The conpl exes descri bed herein may be supported (with or
wi t hout an actSwiablerSolidypaatigie rmpﬂsmd; atfgpicae compasgpof polgthiret croefrdétogt i on
cat al yst sy(ftems effe%t ive me q t hat .
oxide materials, each being pre erab ¥ porous. Preferably any support material that has an
average particle size greater than 10 um is suitable for use in this invention. Various
15 embodiments select a porous support material, such as for example, talc, inorganic oxides,
inorganic chlorides, for example magnesium chloride and resinous support materials such as
polystyrene polyolefin or polymeric compounds or any other organic support material and the
like. Some embodiments select inorganic oxide materials as the support material including
Group-2, -3, -4, -5, -13, or -14 metal or metalloid oxides. Some embodiments select the
20  catalyst support materials to include silica, alumina, silica-alumina, and their mixtures. Other
inorganic oxides may serve cither alone or in combination with the silica, alumina, or silica-
alumina. These are magnesia, titania, zirconia, and the like. Lewis acidic materials such as
montmorillonite and similar clays may also serve as a support. In this case, the support can
optionally double as the activator component, however, an additional activator may also be
25  used.

The support material may be pretreated by any number of methods. For example,
inorganic oxides may be calcined, chemically treated with dehydroxylating agents such as
aluminum alkyls and the like, or both.

As stated above, polymeric carriers will also be suitable in accordance with the

30  invention, see for example the descriptions in WO 95/15815 and US 5,427,991. The methods
disclosed may be used with the catalyst complexes, activators or catalyst systems of this

invention to adsorb or absorb them on the polymeric supports, particularly if made up of
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the catal yst so prepared can be used for oligonerizing or polynerizing
olefin in a heterogeneous process. The catal yst precursor, activator,

co- acti vawonoioioimséded, suitabl e solvent, and support mregThS2@0ddecd1i n any
order or simultaneously. Typically, the conplex and activator may be
conbined in solvent to forma solution. Then the support is added, andthe
mxture is stirred for 1 mnute to 10 hours. The total solution vol une may
be gr eat gloréusgpurtidies, pomeayvied chveicdllyt vamnd uppoagh fuditionsgreusntuat e i $n tharn t
the total solution volunme bel ow that needed to forma gel or slurry (about
90% t o 400§ EPEFabl y about 100-200% of the pore vol une). After stirring,
the residual SlYAMiphsts ARG nMRACL.HAE YN ofl dth G800 rtle AR Yblume of
tenperature and over 10-1 ours. But greater or lesser timnes an

t enper at Ur. b4.0accde poban bverageTivetidonpt @X 16&90ains.o Shme suppdmiads sthee atsutfhee

activator; i h case, the activ r, {and co-activator. if.ne IS
dded ot o e e S8 RO rebEus oD Pt e g e g ABAP T Bl i o
di f f er entomenBhSo@ B Yelb& dNudGesaRh of N60-260M &L BPBEL volliK 81 $€3.0 LW, &1d
nmore activators or an activator and co-activator may be placed on the sane
support . Buaveesk @agiold dzgelr 10-t0kumupisoiut suppods typpiatialbaye e papsrdizeef 1000
pol yneric, or refractory oxd terials ein ref erably porous.
Prefer abI@ngﬁﬁrgmguﬁ%&aflxﬁlﬁigg?ﬁg{gﬁﬁsa? M @%@v@??@%n%arti cle size greater
than 10 mm i ThsWatadisk &ofPlexys dedchibbdihSreim ¥RNEdnRkllyV@dpositesl eiraediuppbitsat a
sel ect a porous supiﬁort material, such as for exanple, talc, inoréani C

¢

oxi dd9, ilpstigakivel ehl b dQaucromgics of spplexmgy seen ahdeKl BibPed dirmnatdy 2ot
support j ol efn . ri or
any ot hertBf b o Rl A p L X e R Pl A TR o ok AR B e
I nor gani ofexpgtet. NBhiegicates oaksdcheakitppay thermBte proxidedrthatutle rgalGnadipt af solil,
-4, -5, -13, or -14 netal or met al | oi d oxi des. Sone enbodi nents sel ect the
cat al yst QUP)Srdocarkiicasktne SUBNOEISRPES ¥9IPM€a,  al uni na, silica-al unina, and
their mXgJdNgsizaEbher inorganic oxides may serve either alone or in
conbi nation wwth the silica, alumna, or silicaal um na.

15 Invention catalyst complexes are useful in polymerizing unsaturated monomers

conventionally known to undergo metallocene-catalyzed polymerization such as solution,
slurry, gas-phase, and high-pressure polymerization. Typically one or more of the complexes
described herein, one or more activators, and one or more monomers are contacted to produce
polymer. The complexes may be supported and as such will be particularly useful in the

20  known, fixed-bed, moving-bed, fluid-bed, slurry, solution, or bulk operating modes
conducted in single, series, or parallel reactors.

One or more reactors in series or in parallel may be used in the present invention. The
complexes, activator and when required, co-activator, may be delivered as a solution or
slurry, either separately to the reactor, activated in-line just prior to the reactor, or

25  preactivated and pumped as an activated solution or slurry to the reactor. Polymerizations are
carried out in either single reactor operation, in which monomer, comonomers,
catalyst/activator/co-activator, optional scavenger, and optional modifiers are added
continuously to a single reactor or in series reactor operation, in which the above components
are added to each of two or more reactors connected in series. The catalyst components can

30  be added to the first reactor in the series. The catalyst component may also be added to both
reactors, with one component being added to first reaction and another component to other
reactors. In one preferred embodiment, the complex is activated in the reactor in the

presence of olefin.
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These are magnesia, titania, zirconia, and the like. Lewis acidic materials
such as nontnorillonite and simlar clays may al so serve as a support. In

t hi s casewothw/E|wsport can optionally doubl e as the act iPcatuseooon@onent ,
however, an additional activator nmay al so be used. The support material may
be pretreated by any nunber of nethods. For exanple, inorganic oxides may
be calcined, chemcally treated with dehydroxyl ati ng agents such as

al um num al kyh a2 padciilagy |préferred rentbotiimenfsthst il cddbbior, prpodsy Heral conti@nouser S
will also be suitable in accordance with the invention, see for exanple the
descri pt ilbAESHn WO 95/ 15815 and US 5,427,991. The nethods di scl osed may be

used with th%gﬁﬁ& zxﬁ‘&n Aseag% heR% 't)ﬁﬁéa@lg fgétcahtxaﬁ (%Séﬁ%t &Mhofd alkBicS

invention to a rbt em on ert ¢ supp particularly
i f nade upomfnpws euth tpalcbmple@ss (and, u;&wnbby,cﬂ@emtoaldeycrﬁmdr}rstrmmr &oghurpose of

functi_onal. groups bound to in.the a 0

oo e ThisSoetBoe ikags 6, &g ¢ MEPGoRTEre RoRs Ciendrdtisranasdrlignss 4. o
cc/ g and Iﬁrs}m%v?‘fsﬁ%ﬁe RRJubicC bén Pl Z%lﬁherlﬁuéﬁomwnbes%mogdﬂ@% (RNitnSE etk a
surface area o 00 n2/g, a pore volunme of 57 cc/g, or an average

particle mlmermatlgm) Qlobetnmge@oruer(sl@rrmm meliquid sdelluelm on geuphatwe- uaraeaaso@us
100- 400 re vol 0 _cc/ n article SI

of 30- 20010 OB PIeASE of BFie et 1ty Fas A PLvETLAER. B8 b &l
Angstr orrsa,cnaétbleﬁla@ﬂab “epported- SUaAR gsdftilonEa support dedb) GRYS tfa@EEr agddh® (such
cat al yst conpl exes described herein are general Ify deposited on the support
at a Iooacﬁsrli‘qdlloéﬁlélméfeth}dlmnw@ﬁélﬁ%ﬂ iaghpragigan ék@sy@fengﬁalam of solid

cupgert o g £t PRyCAT TATRLS PR a1 el ok pyaner
val ues rrayclb&ng&etén@emwlrelem abhlat3(1 fe té abalt 2000 tpreftrablyl frﬁtnoﬁmm ex 19Hés, not
exceed t hp?refsera%?yoﬁgmsﬁp%rtg 1\68 8 The Pp(lr)olc)égse rl;fl!cl}g é Icoonrgiucted at a pressure of from 0.05 to
1500 MPa. In a preferred embodiment, the pressure is between 1.7 MPa and 30 MPa, or in
15  another embodiment, especially under supercritical conditions, the pressure is between 15
MPa and 1500 MPa.
Monomers
Monomers useful herein include olefins having from 2 to 20 carbon atoms, alternately
2 to 12 carbon atoms (preferably ethylene, propylene, butylene, pentene, hexene, heptene,
20  octene, nonene, decene, and dodecene) and optionally also polyenes (such as dienes).
Particularly preferred monomers include ethylene, and mixtures of C, to Cjo alpha olefins,
such as ethylene-propylene, ethylene-hexene, ethylene-octene, propylene-hexene, and the
like.
The complexes described herein are also particularly effective for the polymerization
25  of cthylene, either alone or in combination with at least one other olefinically unsaturated
monomer, such as a C; to Cy a-olefin, and particularly a C; to Cj, a-olefin. Likewise the
present complexes are also particularly effective for the polymerization of propylene, either
alone or in combination with at least one other olefinically unsaturated monomer, such as
ethylene or a C4 to Cy a-olefin, and particularly a C,4 to Cyo a-olefin. Examples of preferred
30 o-olefins include ethylene, propylene, butene-1, pentene-1, hexene-1, heptene-1, octene-1,
nonene-1, decene-1, dodecene-1, 4-methylpentene-1, 3-methylpentene-1, 3, 5, 5-

trimethylhexene-1, and 5-ethylnonene-1.
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I nvention catal yst conpl exes are useful in polynerizing unsaturated
nononmers conventionally known to undergo netal |l ocene-catal yzed

pol ymer i 280i20r/@wsh as sol ution, slurry, gas-phase, andPlirgis2@aesour e

pol ynmeri zation. Typically one or nore of the conpl exes described herein,
one or nore activators, and one or nore nononers are contacted to produce
pol ynmer. The conpl exes may be supported and as such will be particularly
useful in the Ikrowma enfbodietknbetlc niomvineg niedre hhyhide bedprisd aneror, m@oldidneont, or

bul k operatin es conducted in single, series, aor parallel reactors. One
or nore e D ey ggmd}-&?%?laarl Ver: ﬁhﬁxwlag@m 02 He0-pr Erich as
| nvent i ongonf *O.Ebo@qm:%«%; b@sg 'u}Séﬁ e SRk GoY o%%mf%ﬁlfﬁae%ﬁlgl%é QF usdfy be

delivered as a so I on or urry, elther separately to the reactor,
act i vat edli¢nes| iindufle)st cypidpentatdient, henarbarnbdicne, ordigycdageniadened amthypdeme?t as

an activated solution or, slurry to.t reactor. _Pol ymreri zations are carried
out 1 o MRS gP 8 OB OB adr Bic e in Lh MR Ger - LCORBRORaRS o
cat al yst /[pptadiat 06 ne@h@ACt 6-Yidht@dienQ P, 7-8B@kichE AV aRaRN -1, ABEa ABkd, ONGUdcdragtinki er s
are added continuously to a single reactor or in series reactor operation,

i n whi ch ltahé 9ahethel- LBrdgeatkencs are added to each of two or nore reactors
connected in S6rlecale, CalalHat comROnent s Fai R ddded. b0t Dg fldSt
reactor in the serives “The'd taT)ng C onent may al'so &Gt o rbotlh
react or s,catllyish s9ems oY Neider bpRepraedesndifiods, I'&hemasticdfegang FNPhBLT or
conponent to other reactors. In one preferred enbodi nent, the conplex is
act i VAt edpolymerh Bayipg sterorqgylar seauspessdm e ROty Berehpiis| n a particul arly
preferredy gpfodigrent, the polynerization process is a continuous process.
Pol yneri ocess used herein typically conprise contacting one or

nor e al kene ndnsoek:mbiotlimdnite wienpkegeabe ¢(@nplexapicka@ital hgreidgiarticat aly) when
descri bed, herei.n. For gurpose of this invention alkenes are defined to

i ncl ude rifY #reAMREREECH QB eRUBROTHhRA Jekitey py i vall RAdEENHIK fomPTISESPe BREOTe
doubl e baaglenPRlY ERRpAAHE ONHARY (ReDAMRIACARIMS bPbitld AaR! abfpound that

15  removes polar impurities from the reaction environment. These impurities adversely affect
catalyst activity and stability. Typically, the scavenging compound will be an organometallic
compound such as the Group—13 organometallic compounds of US Patents 5,153,157,
5,241,025 and WO-A-91/09882, WO-A-94/03506, WO-A-93/14132, and that of WO
95/07941. Exemplary compounds include triethyl aluminum, triethyl borane, tri-iso-butyl

20  aluminum, methyl alumoxane, iso-butyl alumoxane, and tri-n-octyl aluminum. Those
scavenging compounds having bulky or Cs-Cy linear hydrocarbyl substituents connected to
the metal or metalloid center usually minimize adverse interaction with the active catalyst.
Examples include triethylaluminum, but more preferably, bulky compounds such as tri-iso-
butyl aluminum, tri-iso-prenyl aluminum, and long-chain linear alkyl-substituted aluminum

25  compounds, such as tri-n-hexyl aluminum, tri-n-octyl aluminum, or tri-n-dodecyl aluminum.
When alumoxane is used as the activator, any excess over that needed for activation will
scavenge impurities and additional scavenging compounds may be unnecessary.
Alumoxanes also may be added in scavenging quantities with other activators, e.g.,
methylalumoxane, [Me,HNPh] [B(pfp)4] or B(pfp); (perfluorophenyl = pfp = CeFs).

30 In a preferred embodiment, two or more complexes are combined with diethyl zinc in
the same reactor with monomer. Alternately one or more complexes is combined with
another catalyst (such as a metallocene) and diethyl zinc in the same reactor with monomer.

Polymer Products
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pol ymeri zation) or heterogeneous (slurry -in a liquid diluent, or gas phase
-in a gaseous diluent). In the case of heterogeneous slurry or gas phase
pol yner i 2s0i201v/01143¢ conpl ex and activator nmay be suppor Pea/USSIioee@1i S
useful as a support herein. Chain transfer agents (such as hydrogen, or

di ethyl zinc) may be used in the practice of this invention. The present
pol yneri zati on processes nmay be conducted under conditions preferably

i ncl udi ng a t ewpi¢ dicunelcaflarmbeight @0thO Golymeadpiotlu@AthdB&n ipingiuenaidiby tiaon 60
0C to 195 Og preferably from75 0C to 190 OC. The process may be conducted
at a pre<Onfidos CHGHLICHBCREIQ.Z00NAUSA CORGENH ARG EUERBIS I fREAES Ok thaln
pressure : : : [

especi al Itsﬁﬁﬁagﬁeﬁr%es Bt;sr%l rd :\{E?élg]@’qggﬁgﬁﬁ%lgs ,er ta ﬂ%%gé)&elglglgrr gr%ihgaf)gfdva\}tggend tl)% thl\?Pa
and 1500 pveent Mocessemsy kbvio are Mw usfedbolit h@O0Rito abnel 2,0€0,00@ &imal, hbsmatglyf ofom 2

to 20 _carbon at , alte ly 2 to 12 carban, at refer hyl ene,
b opy Pond Dot lhe Bpurdib'shad hlateitid wodte TR gbBheHanE S0kl dncTnns
dodecene) sapde@hd Pyl Grcal oAty edemés usbd@asddhapasly U@aﬁéﬂﬁpﬂlﬁ%ﬁé or
preferred nmononers include ethylene, and m xtures of Cto Cl10 al pha

ol efi ns, conelymgss. elthyinselerrpd eppbdimeent dichgdreerontrsiee aes, presdnglag e-tocilemel %o,
propyl ene- hexene, a the ike., T S scra b erein.are o)
Doty o aiTor e et Poo bl phERER DLeTERoCF EERTRE A50S Blifafune o

in conbi maid 0&swi th at | east one other ol efmcally unsaturated nononer,
such as a C3 to C20 a-olefm and particularly a C3 to Cl2 a-olefm Likew se
the pgPesent cokpickesasaderesing polypert Peaduagd peispy gy ipeluglyfof pgample, molded

| 2 . | . e ;L N
e ot ert oISy RUshPFORENERE Shd JRH& NP Rbubib G XA ARk BhehRRE,
a- ol ef m centhinpay, t peesdnal Icyreabditit 2dicd- adnediners Efimiphes, ahd pt@hgewad, toys,

o 01 e 5 ) Ul 8 0§ R PSRUATAS PRI RSP Shprin LEUSTSe o
applications above is merely exemplary, and is not intended to be limiting.
15 In another embodiment, this invention relates to:
1. A pyridyldiamido transition metal complex for use in alkene polymerization having the

general formula (I)

R3
R4

N
N\&M/—L
Z~—Ryq "
S

N
|

Rs™ N\

R4 (1)
wherein:

20 MisaGroup3,4,5,6,7,8,9, 10, 11 or 12 metal;
Z1is -(R14)pC-C(R15)q- )

where R4 and Rys are independently selected from the group consisting of hydrogen,
hydrocarbyls (such as alkyls), and substituted hydrocarbyls, and wherein adjacent R4
and R;s groups may be joined to form an aromatic or saturated, substituted or
25 unsubstituted hydrocarbyl ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and

where substitutions on the ring can join to form additional rings,
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nonene- 1, decene- 1, dodecene- 1, 4-nethyl pentene-l, 3-nethyl pentene-|, 3,
5, 5- trinethyl hexene-1, and 5-ethyl nonene-l.In sone enbodi nents the
nonomer rweor1mMsy al so conpri se one or nore di enes at Pap/use00204681f4 such
as fromO0.00001 to 1.0 wt% for exanple from0.002 to 0.5 w% such as from
0.003 to 0.2 wt% based upon the nonomer m xture. Non-limting exanples of
useful dienes include, cyclopentadi ene, norbornadi ene, dicycl opentadiene,

5-et hyl i dene- a}mmpﬂboﬁnaﬂe 5-vi nyl - 2- nor bor nene, 1, 4- hexadi ene,

1, 5- hexadi ene, 1, 5-heptadi ene, 1,6- heptadi ene, 6-nethyl-I|, 6-heptadiene,

1, 7- oct adi ene,q népﬁ 1-1,7-octadiene, 1,9-decadiene, |and 9-nethyl-

1, 9- decady efigy ﬁW@fEQn&)é S dléﬂﬁ asreﬁegféﬁeﬁjorﬁhﬁé un eankﬁﬁn%/Bf ﬁg oEaI”B R Quch as

branchi ng, suc ene; cat al yst sy er proprlate

cond|t|on@gdganbmabhssbﬂnmﬁdhgbbambpbKgmbashﬂmbpgﬂymHM$ﬂhhgwugx

st ereqrequl ar ;s ence n. t.he ner. ngers | n sone
ormoa ooty g B GE Bcn misile P ae R D By Ef NS bl SHFY uffen
they are Jopmiim 6fcR0 R, %H@m;semg ﬂﬁieﬁéﬁd@hﬂ’}s&elé&&{ 88Whé bragdiohiional by

COITpI’I Se one or nore scavengi ng co ounds. Her e, the term scavengl n
conpound lwémnahw;?wbﬂ@l (4redt ay ey @rxi@)l atkaxpp syl |aesnd,ramoe<hesub@awadon

envi I’Onrmhnt aﬁ)glasl fsy&? £ he{eroa halSe ynp% %sph?q%}, d% |gV| t]#e Illeid ©

stablllty scavengi n o

conpound fsulh saﬁlratb@ sasmﬂmeclar OhGBREIRY alyldiceatEag, ﬂﬁlﬁer@iheliﬁlfﬂds%ti? 6, or
5,153,157, 5, 241, 025 and V\DA—9 1/.09882, "WO- A- 94/ 03506, WO- A-93/ 14132, and

that 18f ioioseah gmtor@@élﬁmlzﬁr EhsHvbianY 8N ithctingiean joietoniprm additiopdpings, or
triethyl I?O gq% F:iﬁ ot?rllrgdytjl t%hﬂrg &1 teﬁphtew& ily% aB'Iea thunag&y %]ubstltuted

al unpxane, um num ose scavengi ng’ compou
bul ky or lﬁter@‘ay@w nﬁglwhle;echubstanbcyﬂs @uhs ting demjosn wobneatdidohd ringe, met al or
netaIIO|d center sual ly nlnlnlze adver%ﬁd;nteractlon with the gctlve

Cat al yst . REAIPHES HnaiUdRIPFTtyT SSHThIRMbUE HORE BPEFERELP) hHRaRY.
Corrpoundsny%ﬂ’tfélar‘tﬁlifs (sUét hSQRYEYAnd aryls), substituted hydrocarbyls, alkoxy, aryloxy, halogen,

15  amino, and silyl, and wherein adjacent R groups (R3; & R4, and /or R4 & Rs) may be joined to
form a substituted or unsubstituted hydrocarbyl or heterocyclic ring, where the ring has 5, 6,
7, or 8 ring atoms and where substitutions on the ring can join to form additional rings;
L is an anionic leaving group, where the L groups may be the same or different and any two
L groups may be linked to form a dianionic leaving group;
20 nis0,1,2,3,o0r4;
L' is neutral Lewis base; and
wis0,1,2, 3or4.
2. Complex according to paragraph 1 in which M is Ti, Zr, or Hf and/or Z is a substituted
aryl group bridging NRy; to the remainder of the complex by a chain of three adjacent atoms
25  of which two are adjacent carbons of a substituted phenyl ring and the third is covalently
bonded to one of these two carbons.
3. Complex according to paragraph 1 or paragraph 2 in which Z is an aryl group so that the

complex is of the general formula IV
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alum num tri- o-prenyl alum num and |ong-chain |linear alkyl-substituted
al um num conpounds, such as tri-n-hexyl alum num tri-n-octyl alum num or
tri-n-dodwoybiealissnum When al unoxane i s used as the a®CIrusk@w/04@my excess
over that needed for activation will scavenge inpurities and additional
scavengi ng conpounds may be unnecessary. Al unoxanes al so may be added in
scavengi ng quantities with other activators, e.g., nethylal unoxane, [M
HNPh] +[ B(PfP) ] or Bgpfp)3 (perfluorophenyl = pfp = CFs). In a preferred
enbodi nent, tRy pre conpl exes are conbined with diethyl zinc in the
sane reactor w Alternately one or nore conpl exes i s conbi ned

w th anot her ca S&Qh_gﬁ a netall ocene) and diethyl zinc in the sane
reactor wth_men ol yper Product sWi | e the nol ecul ar wei ght of the
pol ymer s proauceo Mej n i/s influenced by reactor conditions including

t enper at ur ®&;_nonoher c _Qg[ation and pressure, the presence of chain
term nati ng ages %ﬂt e\llke, t he honopol yner and copol yner products
produced by t} 0 Arocess may have an Mv of about 1,000 to about

2, 000, 000, gL+m 3 terngbely of about 30,000 to about 600,000 g/nol, or

al ternat el of\»eo 100,Q00 to about 500,000 g/nol, as determ ned by GPC
Preferred pol ynfers pReoduceg,here may be honopol ynmers or copolynmers. In a
preferred enbod nent the conononer(s) K§ present at up to 50 nmol %
preferably from0.01 to 40 nol% preferably 1 to 30 nol% preferably from5
to 20 nolwher@ind Uses Articles made using pol ymers produced herein may

i ncl ude, for, examl e,, nol ded, articles (such.as containers .and bottles, e.g.
housenol dedi Anare i sy S ThE e b5 AR R orgu FonaSit Of ghfen
bottl es, H@ﬂﬁﬂc@ﬁitylél(m&lﬁiaﬁl%ﬂ@ls Aehrylankibstitibd Bd6 QREBMET Bkoxty) helogShl&fhiso,

pi pes, tubing) filnms, non-wovens, and the like. It should be appreciated

t hat fhe anfdstlybfand sh paitstafaesitigpsaadivshareip adipcentdhproany (Refaly, iagdgsR&Rs,

i ntended £Q/R% SIRT) hh e jdiRe ARANR" GARALE BB bl bPuhYGHE Ry iR A§ ol O

heterocyclic ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and where substitutions

on the ring can join to form additional rings; and M, L, L', w, n, Ry, Ry, R3, R4, Rs, Ry and
Ry, are as defined in paragraph 1.

10 4. Complex according to any of the preceding paragraphs 1 to 3 in which R; and Rz to Ry
and/or R;; to Rjs above contain no more than 30 carbon atoms, especially from 2 to 20
carbon atoms.

5. Complex according to any of the preceding paragraphs 1 to 4 in which E is carbon and R,
and R;; are independently selected from phenyl groups that are variously substituted with

15  Dbetween zero to five substituents that include F, Cl, Br, I, CF3, NO,, alkoxy, dialkylamino,
hydrocarbyl (such as alkyl and aryl), and substituted hydrocarbyls (such as heteroaryl),
groups with from one to ten carbons.

6. Complex according to any of the preceding paragraphs 1 to 5 in which L is or are selected
from halide, alkyl, aryl, alkoxy, amido, hydrido, phenoxy, hydroxy, silyl, allyl, alkenyl, and

20  alkynyl; and L' is or are selected from ethers, thio-ethers, amines, nitriles, imines, pyridines,
and phosphines.

7. Process for preparing a pyridyldiamido complex according to any of the preceding
paragraphs 1 to 6 comprising the formal insertion of an imine into the metal-carbon bond of
an ortho-metalated aryl group of a separately synthesized intermediate pyridylamido metal

25  complex as shown in equation V
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1. Apyridyldiamdo transition nmetal conplex for use in al kene

pol yneri zati on having the general fornula (I) wherein: Mis a Goup 3, 4,

5, 6, 7, 802010/01%43511 or 12 metal; Zis -(R 4)pC C(R 5pqTAIS20000069¢1 Ri 4 and
Ri 5 are independently selected fromthe group consisting of hydrogen,
hydrocar byl s (such as al kyls), and substituted hydrocarbyls, and wherein
adjacent R and RI5 groups may be joined to forman aromati c or saturated,
substituted or unsubstituted hydrocarbyl ring, wh&e the ring has 5, 6, 7,
or 8 ring carmon atans and where substitutiRns on/the ring can join to form
additional ringsp=rs 0,,1 or 2, and q is 0, }—of | and Rn are

i ndependently sg t)e F?qnlt e group conS|st|ng of, y&&ocahbyls (such as

al kyl s and bstit tted’ hydrocar by s het roaryls) and

silyl groups? R KO arfe each, i ndepend%nt I y Y(Ri S)- with E being
carbon, silgicon, ium any"é%ﬂch Ri;2 and/ R13 \f1g-iLndependent |y

sel ected frorm thgstBWg of _hydr oges #oc thIs (such as

al kyls, aryls y, dilyl, amno, arylo ) t ed',hydrocar byl s
(such as heted halldgen, and phosphiat ) and 3 may be joined to
forma safurat® substituted or unsubsﬂtut dr ocar leI ring, where the
ring has 4, 5, 6, orRy ring carbon atons and er eRgubstrt utions on the
ring can join R formadditional rings, or R and R nay be jougﬁd to form
a saturated heterocyclic ring, or a saturated substituted heterocyclic ring
wher e subgliartintMohs Lonw} heRr,i Rig ReaRa) Bi, R4, R/ BgRadRliytandridy, atre agslpfill inR4,
and R5 are independently selected fromthe group consisting of hydrogen,
hydr ocar B &% ‘%g al kyl s and aryls), substituted hydrocarbyls, alkoxy,
aryl oxy, d1abpgeq, fo@-rﬂr%ﬂngrhdc&h l}éJ( acEHINBNET BlyNo Ml §5HEMdIRE Brestashs( R3o & R4,

and /or R4 & R5) may be joined
5  comprising reaction of a pyrldyldlarmne with metallo-amide or metallo-organic reagents as

shown in equation VI

,4& b/ N— R
W(I—)n+2

Z‘~—R10 Z~—~R10
NH
| |
Ry Ry (V1)

wherein M, L, L', Z, w, n, Ry, R, R3, R4, Rs, Rjp and Ry; are as defined in paragraph 1.
9. Process for preparing a complex according to any of the preceding paragraphs 1 to 6 in
10 which a pyridyldiamine is deprotonated using an organolithium or organomagnesium reagent

and then this pyridyldiamido reagent is reacted with a metal halide as shown in equation VII.

R3 R3
R4 R4
— R2 e R2
N-" 1 N
Rs™ N\\__N H Rs™ \\__N /
1. organolithium or \M__L
Z~Ry, organomagnesium Z~R,; \ n
\ reagent \ / L
NH 2. M(L')/(L)n(halide), w
| - |
R Ry (VID)

-26 -



forma substituted or unsubstituted hydrocarbyl or heterocyclic ring, where
the ring has 5, 6, 7, or 8 ring atons and where substitutions on the ring
can joi n wo2bovanigddi ti onal rings; L is an anionic | eaviPng/use@epseomhere t he
L groups may be the sane or different and any two L groups may be |inked to
forma dianionic |leaving group; nis O, 1, 2, 3, or 4; L' is neutral Lews
base; and wis O 1, 2, 3 or 4. 2. Conplex according to paragraph 1 in

whi ch M iwheFein ML, 10yZ, K, mRd/ Ry, RZ, Rs Ra, Buypaidi R yaetasalefihedinquapagdoaphdi ng NRn

to the renminder. of the conpl ex a chain of three adjacent atons of which
two are ad} Acéntidvdiapis Cempau%églt UsEIt IR dTRHER Y4 t?%nﬁlgoanlae&aﬁéomﬂ% whach
coval ent | % HanHeH Jrond eﬂﬁﬁ5 wo carbons. 3. Conplex according to
paragraph 1 or paragrd%%’ Zis an aryl group so that the conpl ex

is of the geneRal fornula IVMhereln R, R7, Rs, and R are independently
sel ected &@on1the . oup consi sting of hydrogen, hydrocarbyls (such as
al kyl s and™a 7 substituted hydrocarbyls, alkoxy, hal ogen, am no, and
silyl, and t k pai rs of positions, and wherein adjacent R groups (R6&R7,
and/ or R7 , ~aTd Rg&R ) may be joined to forma saturated, substituted
or unsubstituted hyﬁrocarbyl or heterocyclic ring, where the ring has 5, 6,
7, or 8 rimg carbdﬂVatonB and where substitutions on the ring can join to
form addi tional rlngs1 and M L, L', w, n, R, R, R3, R4, R5, R o and Rn
are as deﬁNﬁ¢q1|n paragraph 1. 4. Cbnplex aQ ordlng to any of the preceding
paragraphs l1to3 |n which R and R3 to RO d/or Rn to R 5 above contain
no nore t a @$§ especially from2 to 20 carbon atons. 5.
Conpl €x a WB%H@ ﬁfﬁ shihe preceding paragraphs 1 to 4 in which Eis
carbon and Ri -

where Ry4 and Rjs are independently selected from the group consisting of hydrogen

hydrocarbyls (such as alkyls) and substituted hydrocarbyls, and wherein adjacent R4
and R;s groups may be joined to form an aromatic or saturated, substituted or
unsubstituted hydrocarbyl ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and

10 where substitutions on the ring can join to form additional rings,

pis 0,1 or2, and

qis 0, 1 or2;
R, and Ry; are independently selected from the group consisting of alkyl, aryl, heteroaryl, or
silyl groups;

15 Ry and Ryy are cach, independently, -E(Ri2)(Ri3)- with E being carbon, silicon, or
germanium, and each Rj; and R;3 being independently selected from the group consisting of
hydrogen, hydrocarbyls (such as alkyls and aryls), substituted hydrocarbyls (such as
heteroaryl), alkoxy, silyl, amino, aryloxy, halogen, and phosphino, R, and R;3 may be joined
to form a saturated, substituted or unsubstituted hydrocarbyl ring, where the ring has 4, 5, 6,

20  or 7 ring carbon atoms and where substitutions on the ring can join to form additional rings,
or Ry, and R;3 may be joined to form a saturated heterocyclic ring, or a saturated substituted
heterocyclic ring where substitutions on the ring can join to form additional rings; and
Rs;, R4, and Rs are independently selected from the group consisting of hydrogen,
hydrocarbyls (such as alkyls), substituted hydrocarbyls, alkoxy, aryloxy, halogen, amino, and

25  silyl, and wherein adjacent R groups (R; & R4, and /or R4 & Rs) may be joined to form a
substituted or unsubstituted hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8

ring atoms and where substitutions on the ring can join to form additional rings.
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and Rn are independently selected from phenyl groups that are variously
substituted with between zero to five substituents that include F, C, Br
|, CF3, N©o20m/do#s¢, di al kyl am no, hydrocarbyl (such asPalTRiskooandsaryl ),
and substituted hydrocarbyls (such as heteroaryl), groups with fromone to
ten carbons. 6. Conplex according to any of the preceding paragraphs 1 to 5
in which L is or are selected from halide, alkyl, aryl, alkoxy, am do,
hydri do, Idhe€oopyundyatoniyg tosparadraphal 0 il whiah Kenyh arydebupl dswhyshn irethd generbls or
are sel ected fronlethers thi o-ethers, amines, nitriles, imnes, pyridines,
and phosﬁﬁﬁﬂgé( 1D Process for preparing a pyrldyldlanldo conplex accordi ng
to any of the preceding paragraphs 1 to 6 conprising the formal insertion
of an imne into the netal -carbon bond of an ortho-netal ated aryl group of
a separately synthesiRaed internedi ate pyridyl am do netal conplex as shown
in equation VthQeln M H%3L', w, n, R, R, R3, R, R5 Re, R7, Rs, R9,
Rio and Rn areRas d Red 1n paragraph 1 and 3. 8. Process for preparing a
conpl ex agcording tjo apy of the preceding paragraphs 1 to 6 conprising
reaction of™>y mne with nmetall o-am de or netall o-organic reagents
as shown in Yy wherein M L, L', Z, w, n, Rl, R, R3, R4, R5,
Ri o and RQ S Q@glneﬂNLn par agr aph 1 9 Process for preparing a
conpl ex accordlng no any of Rt he preceding paragraphs 1 to 6 in which a
pyrldyldlanlneRssFMEprotonated using an organolithium or organomagnesi um
reagent and then thlsR@yrldyIdlanldo reagenIHDs reacted with a netal halide
as shown in equation VII.wherein n, RI, R2, R3, R4, R5, R o
and RA areheseingRé Rndik, prd Baar@gn@phnd@nﬂy@eleﬂe@ﬁpndghp Erepi qqéSlétmanﬁhydrqg@n, use
in makin I oun n

%yﬁf V\ﬁ) ﬂ fsu | S ESIQ& %’Eg %i(e&v‘%(%?c&l?@ﬂ?, a"fkoq( Y, %al% eﬁ, ha?mgg, gI{daLllyl,

fornmul a

ion VI

and the pairs of positions, and wherein adjacent R groups (R¢&R7, and/or R7&Rs, and/or

Rs&Ro) may be joined to form a saturated, substituted or unsubstituted hydrocarbyl or

heterocyclic ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and where substitutions
10  on the ring can join to form additional rings; and

wherein Ry, Ry, R3, R4, Rs, Rjg and Ry are as defined in paragraph 1.

12. A pyridyl-derivative of the general formula VIII

(VII)
wherein R3, R4, Rs, Rs, R7, Rg, and Ry are independently selected from the group consisting of
15  hydrogen, hydrocarbyls (such as alkyls, substituted hydrocarbyls alkoxy, aryloxy, halogen,
amino, and silyl, and wherein adjacent R groups (R3 & R4, and /or R4 & Rs and/or R & R,
and/or R; & Rg, and/or Rs&Ry ) may be joined to form a substituted or unsubstituted
hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8 ring atoms and where
substitutions on the ring can join to form additional rings.

20 13. A pyridyl derivative of the general formula (IX)
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where R14 and R15 are independently selected fromthe group consisting of
hydr ogen hydrocarbyls (such as al kyls) and substituted hydrocarbyls, and
wherei n awlpacsvtiifdB54 and R 5 groups may be joi ned to forPoras2ewomneii c or
saturated, substituted or unsubstituted hydrocarbyl ring, where the ring
has 5, 6, 7, or 8 ring carbon atons and where substitutions on the ring can
join to formadditional rings, pis 0O, 1 or 2, and gqis O, 1 or 2; R and
Rn are independent|yRsel ected fromthe group consisting of alkyl, aryl,
het er oaryl , ups; R and Rio are each, independently,
-E(R|2)(R|3) ¢ carbon, silicon, or germanium and each R 2 and
R13 bei ng |ndeuend sel ected fromthe group consisting of hydrogen,
hydrocarb§1 alky] s and aryls), substituted hydrocarbyls (such as
het er oaryl ), silyl, amno, aryloxy, halogen, and phosphino, R 2 and
R13 may bg 4 o] formma saturated, substituted or unsubstituted
hydrocar by? ring, ere theR ring has 4, 5 6, or 7 ring carbon atoms and
where substituRéon® on the ring carx)join to formadditional rings, or Ri2
and R13 may be joined to forma saturated heterocyclic ring, or a saturated
substltuﬂ@@ﬂﬁéterocycllc ring where substitutions on the ring can join to
f orm addi d F e t rom
the or oupeniser e TS il o, S Some i {CRRRSIESI} [T TRORaild
subst i tut&ﬁsj’lyﬁfsﬁﬁﬂéd)W(ﬁocaalb}HQ&Mter@d’ryﬂspde mﬂ]ﬁlg@@@j@ am no, and silyl, and
wherein adjacent R groups (R3 & R4 and /or R4 & R5). may be joined to forma
subst Pt uthediSorE(Brd@ask ivith Edbeipelcabapnyilices: (P”Fegfé’méél}dé} |Q§‘Cli1 .% anglfop eilige
ring has r i u n
Foin to rserndhuyREichicll i Mg B0 MRS AR e BBErR, L8 bl e
which Z umdamd@cmﬂmgmmmﬂmd&xaﬂgmnamnxyhﬂygenmmﬁhabgmnmhaph¢ﬁmhthere|n R
ff;dr fjgenafP £ R CR! HECRENISIR,Y e i cadently” b HodPnd Wsir chidsed of
hydrogen, hydrocarbyls (such as alkyls and aryls), substituted hydrocarbyls, alkoxy, aryloxy,

10 halogen, amino, and silyl, and wherein adjacent R groups (R; & R4, and /or R4 & Rs, and/or
Rs & R7, and/or R7 & Rg, and/or Rg&Ro ) may be joined to form a substituted or unsubstituted
hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8 ring atoms and where
substitutions on the ring can join to form additional rings.

14. Catalyst system comprising a complex according to any of paragraphs 1 to 6 and an

15  activator or cocatalyst such as alumoxane or a non-coordinating anion.

15. Polymerization process comprising contacting alkene monomer with a catalyst according
to Claim 14 to make a polyalkene.
EXAMPLES

Examples of synthesis of ligand precursors

20  Synthesis of N-N bidentate ligand precursor Int-1 (not according to invention)

Int-1 (structure below) is an intermediate used for synthesizing complexes with

tridentate N-N-C ligands. 2-Phenyl-6-pyridinecarboxaldehyde (4.08 g, 22.3 mmol) and 2,6-
diisopropylaniline (3.95 g, 22.3 mmol) were mixed with benzene (125 mL). Then p-
toluenesulfonic acid monohydrate (0.010 g, 0.05 mmol) was added (cat. acid in reaction

25  scheme below). The mixture was heated to reflux for 4 hours while fitted with a Dean-Stark
trap. The removal of the volatiles under reduced pressure at 40-50 °C afforded the pyridyl
imine Int-1 as a yellow crystalline solid. Yield: 7.35 g, 96.2%. "H NMR (250 MHz, C¢Ds): &
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hydrocar byl s (such as al kyls), substituted hydrocarbyls, alkoxy, halogen,
am no, and silyl, and the pairs of positions, and wherein adjacent R groups
(R6&R7, awmO/2010/RT®Rg, and/ or R8&R9) nay be joined to foreTASS@OI@IEd,
substituted or unsubstituted hydrocarbyl or heterocyclic ring, where the
ring has 5, 6, 7, or 8 ring carbon atons and where substitutions on the
ring can join to formadditional rings; and wherein Rl, R2, R3, R4, R5, Rio
and Rn ar%%@lfﬂaﬁ,i&l&a@(ﬂ}n dpas. s (aphl) 17. 2724 (SN, oy, BAYI (2He sépratl i266(10H, HheThe
general fornu ?rla VI erelg R5 R,R7, Rs, and RO are independently
sel ect ed $PEH FHEYrSOPNE bl P%“Eait?ﬁ@eéqwhydr ogen, hydrocarbyls (such as

al kyl' s, substituted hydrocarbyls al koxy, aryl oxy,
silyl, and wherein adjacent groups (R & R4, and
R7, and/or R7 & Rg, and/or %R9 ) may be 10| ned
unsubstitute rocar byl

ogen, am no, and
R4 & R5, and/or R6 &
m a sb tituted or

(heteroaryls), and silyl groups, Ris - E(Ri 2) (R 3)- E being carbon,
silicon, or germanium each Ri and R13 being i ndependently sel ected from
t he gsouByndresisof NI tﬁdenltaxdtigmelmremdﬂdmal moltscdosdinshtca'swaitionl)s and aryl s)

substituted hydrocarbyls, alkoxy, sil am no, . hal oge and hosphi na
RS R . REINEY CyeuRgbepy) ?(%dﬂél @ﬁ%’gﬁ@ él%qdeg RS e 60 f?gﬁs' Wi

consi sti ngyaftadydnegen adaxdr@@t?erhw}o?u&ﬁ L(@b rﬁE? %Kyddae@rwl 26y @pmpylamhne
substituted hydrocar by? al koxy, aryl oxy, ogen, amno, and silyl, and

wher ei n d@jd4ad¢ent. SR rgmoumd@Rﬁlg&rm melpcldroricvieg (&. RS miandl fgm S@ll& 2Rphenghel or
R7 & RS, / d t ubst t.ed
unsubst i t@f@&l%hV? ’6@%9% Litéﬁeé’er2 yg}q?%l r nﬁ]gp té\liﬁgfeé{l ‘lﬁggra}ch% popohydrage 7

or 8 1pi NqOADANE A mMMY Qere added (cat. acid in reaction scheme below). The mixture was

heated to 65 °C in a sealed flask. After heating overnight the mixture was cooled and solid

LiAlH4 (0.243 g, 6.40 mmol) was added in small portions over 10 minutes. The mixture was
stirred for 20 minutes and then water was carefully added. The organics were extracted into
Et;0 (30 mL) and dried over MgSO4. Evaporation of the volatiles afforded the pyridyl amine
15 Int-2 as a very pale yellow oil. Yield: 0.86 g, 98%. "H NMR (250 MHz, C¢Ds): & 8.11 (2H,
d), 7.32-7.04 (8H, m), 6.74 (1H, d), 4.75 (1H, br), 4.28 (2H, s), 3.66 (2H, sept), 1.26 (12H, d).

The general reaction scheme is illustrated below.

| AN
s
¢ id Ph N
_cat. acid. LIAIH
Int-1 —— HN
Int-2

20  Examples-synthesis of transition metal complexes

Synthesis of Int-3 with tridentate N-N-C ligand (not according to invention)

Int-3 (structure below) is used as intermediate for making N-N-N complexes. A

benzene (5 mL) solution of ZrBn,Cl,(OEt;) (0.532 g, 1.27 mmol) was added dropwise over

30 seconds to a benzene (5 mL) solution of Int-2 (0.438 g, 1.27 mmol). The orange solution

25  was heated to 70 °C for 2 hours and 45 minutes. Then the black solution was cooled to

ambient temperature (about 23 °C). The solution was filtered and Et,O (1 mL) was added.
-30-



substitutions on the ring can join to formadditional rings. 14. Catal yst
system conprising a conplex according to any of paragraphs 1 to 6 and an
acti vat orwonromguat3al yst such as al unbxane or a non- coor #CmAIS200Y/0a6¥iDN. 15.
Pol ymeri zation process conprising contacting al kene nmononer with a catal yst
according to Caim114 to nake a pol yal kene. EXAVMPLES Exanpl es of synthesis
of ligand precursors Synthesis of N-N bidentate |igand precursor Int-1 (not
accor di ngCdmeentrationt 1006)mLned Ito (tht rfoahatiom belaowysthinarpredipieateredliat acxtséd f or

synt hesi zi hg. conpl exes with tridentate NNN-C | i gands.. i

2 Phenyl -6 BipRdrRGS 1) BbaareaHgise (henghe gark 5tyst Rafoo)id i collgstod on a fritted
diisopro il : : 1 i (

Then bt ol L Bnbil Pt i (Kot e e g R g Bl ey G AR ot
acid in rsacgraprsolat hEiwkd: H6] oW} %. THEN MR 30 MitasCPe@lb e & &.00-7 &8I (UK, froy 7.37-

hour s _whi itted w n-Stark .t ... dhe remoy. f. .t vol atil.e
under °r ejuﬁsegé%rr&sﬂi%@ﬁ Iﬁ)gaz"s@ %@Laﬁ)f é?‘gé&ﬁt ﬁ%’%ﬁ?ﬁ%{ﬂ*ﬁi% ﬂi6 I(ﬁl][”'L ), als(ﬁga
ye||0W/CﬁFHEQ!|ine solid. Yield: 7.35 g, 96.2% 1H NWR (250 WMHz, C6D6) :
d8.69 (IH, s), 834 (IH d), 8.14 (2H, d), 7.2-7.4 (84 m, 3.27 (2H,

sept), 1.25 (12H, d). The general ion schene is illustrated bel ow
Synthesis of N-N bidentate |igand precdyrsor Int-2 (not according to
invention) Int-2 (structure FRZAMN | pdi at e used for synthesizing
conplexes with tridentate N i ga ds.NTetrahydrofuran (10 nmL) was added

to 2,6-diisopro hl 4 0. ~ 256 and 3 angstrom nol ecul ar

si eves (ca. .15 %ﬁ#&£$ﬁgﬁgg%lid 219hemy*de- di necar boxal dehyde (0. 469 g,
2.56 nnolﬁ“é%d p-tol uenedul foni c aci d none ate (0.004 g, 0.02 nmmol) were
added (cat. acid in reaction scheme BEkboy\

The m xture was heated to 65 0C
in a sealed flask. After heating overnight the m xture was cool ed and solid
LiAlH (0.243 g, 6.40 mol) was added™-A smal| portions over 10 ninutes. The
m xture was

Synthesis of Int-4 with tridentate N-N-C ligand (not according to invention)

10 Int-4 (structure below) is used as intermediate for making N-N-N complexes. Diethyl
ether (15 mL) was added to ZrBn,Cl,(OEt,) (0.217 g, 0.519 mmol) to form a cloudy yellow
solution. At -68 °C a solution of the imine Int-1 (0.178 g, 0.519 mmol) in Et,O (4 mL) was
added dropwise. The mixture was allowed to warm slowly to ambient temperature (about 23
°C) over several hours. After stirring overnight a dark solution had formed. The volatiles

15  were removed by evaporation and the solid was suspended in pentane. The gray solid was
collected on a frit, washed with pentane, and then dried under reduced pressure. Yield: 0.24
g, 61%. '"H NMR (250 MHz, CsDg): & 8.22 (1H, d), 6.5-7.3 (ca. 14H, m), 5.88 (1H, d), 4.93
(1H, dd), 4.32 (1H, sept), 3.48 (1H, dd), 3.32 (4H), 2.8-2.1 (2H, m), 1.64 (3H, d), 1.32 (3H,
d), 1.28 (3H, d), 1.21 (3H, d), 1.03 (6H, t).

x Ph

| =
N

ZrBn,Cl,(OEt,) Z*r/ N

CI/T\

=

Int-1

Y

cl
OEt,

Synthesis of Int-5 with tridentate N-N-C ligand (not according to invention)
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stirred for 20 m nutes and then water was carefully added. The organics
were extracted into Et O (30 nL) and dried over MgSO . Evaporati on of the
vol ati | eswef2bavidessst he pyridyl amine Int-2 as a very palPeTyuskéooxw@il .
Yield: 0.86 g, 98% 1H NWR (250 MHz, C6D6) : d 8.1 1 (2H, d), 7.32-7.04
(8H, m, 6.74 (IH, d), 4.75 (IH, br), 4.28 (2H, s), 3.66 (2H, sept), 1.26
(12H, d). The general reaction schene is illustrated bel ow. LiAlH,

Exanpl es- synt Has} s(sofictturcabslotv) o3 t®idaks doephekias Oy ninhkeiap SNaN-N ndondplaickh

tridentate NNN-C | d t di to i t | nt-3 { t
bel v | SRIGRE 44 Th o o dHdth o SoRBHGOR, N R aniled. Gbemenk 1 m)
sol ution @B%%E’ﬁ?lg %51432 (0. §%1rﬂol)1 T%gnwe)somﬁ)naxgg%a@d%VHOS@ ?éfefS 30

seconds to a utlon of g, 1.27 mol)
or ange sahmifesn T/lasvdwdeed/eteoth%ﬁ) e drated 20 mourr ch‘yaﬂd Mddriionad dsnzethéh nnIh)e

cof ut Pon SN 1A A0 et g B Gty WHEeadd0g. EDRRAT RetoH Vi RS | e

to the fqrnati %doain@ GRaEs tradi ced §rs@e Piicdd:e0.491¢, 86 day nadiRli @Al Et 20
(10 m) was added. Then the dark crystalline soli "was collected on a

fritted diliCland SWALABEOW O (B, @, 780 (AH) ), ¥ Her7. br (6&H nuin 8P (ZBduc@66 (4H,

pressure Y, Yield: 40 g, 54% 1H NMR
(250 MHz,d &5@% Septgeje?%g’q#%%slam&@rﬁl@f@fj% 15 (6H, m. 5.15 (2H, ),
3.60 (4H, q), 3.46 (IH sept), 1.35 (6 d), 1.16 (6H, d), 1.08 (6H, t).
I nt-3 Synthesis of Int-4 with trldent[ate N-N-C ligand (not according to

invention) Int-4 (structure bel o Is€d. as i pternediate for making N-N-N
conpl exes. Diet hyI et her (15 rBn2Cl 2( Cet 2) (0.217 g,

0.519 mmol) to 7 -68 0C a solution of the
imine Intpd %"Zéﬁﬁ%sammn.n)zgcg

s added dropw se. The
m xt ur e vvas aIIovved to warmslowy fb 64nbp

erature (about 23

10

Synthesis of Int-6 with tridentate N-N-C ligand (not according to invention)

Int-6 (structure below) is used as intermediate for making N-N-N complexes.
Benzene (10 mL) was added to HfBn,Cl,(OEt;);5 (0.585 g, 1.08 mmol) and the imine Int-1
(0.371 g, 1.08 mmol) to form a dark solution. The mixture was heated to 65 °C for 14 hours
15 and then evaporated to a residue. Et,O (15 mL) was added, and the suspended product was
collected on a glass frit, washed with Et,O (5§ mL), and dried under reduced pressure. NMR
data indicated that about 1.45 equiv of ether was coordinated and/or cocrystallized. Yield:
0.65 g, 76%. '"H NMR (250 MHz, CD,Cl,): & 7.99 (1H, d), 7.80 (2H, t), 7.69 (1H, t), 7.50-
7.20 (8H, m), 6.98-6.92 (2H, m), 6.21 (1H, d), 5.09 (1H, dd), 3.98 (1H, sept), 3.52 (5.8H, q),
20 3.33 (1H, dd), 2.91 (1H, sept), 2.72 (1H, dd), 1.43 (3H, d), 1.28 (3H, d), 1.23 (3H, d), 1.19-
1.10 (6H, m).
x Ph

HfBn,Cl,(OEt,),
Int-1 - Ve T\




0C) over several hours. After stirring overnight a dark solution had
formed. The volatiles were renpoved by evaporation and the solid was
suspendedwOropanisne. The gray solid was col |l ected on aPCmiusoosasdsed w t h
pent ane, and then dried under reduced pressure. Yield: 0.24 g, 61% 1H NWR
(250 MHz, CeD6) : d 8.22 (IH, d), 6.5-7.3 (ca. 14H m, 5.88 (IH d), 4.93
(I'H, dd), 4.32 (IH sept), 3.48 (IH, dd), 3.32 (4H), 2.8-2.1 (2H, m, 1.64
(3H, d), Slynﬁ%s(sfﬂ)lﬂhgﬁﬁdL4.(a2801€131§,t0ﬁhvenf1012)1 (3H d), 1.03 (6H t). Synthesis
of Int- 5vv|thtr|dentate N-NC and(not accar di.ng Vi Int 5
(structure belTNenrdlygdd W "}drﬁif"é? R e @hllélzrfﬁmﬂﬁl@al gﬁﬁﬁ)‘r 62'
Benzene (%sz(%-&(g%ﬁ %C’(ﬂ?ﬁ b C@H@kxﬁ%ﬁsﬁ% Rbs bk (LoP (8 forh §11:féa

and Hf Bn 0.442 The orange sol ution was ate
to 60 OC }feﬁowﬁﬁlunonutﬁefser Ishheuschavolagles werectaperntel apo thatres doowaedissolved

d 5 t ded dth d lid
CeaosT T dRd b P RIR NG o Rl S I8 el TS RS eSSBS G50 28
under recMg@@ parn@sew]b@rateh{lﬁlg ve %é@lzrrgne §1@d98{0 aslEtMRof125%1 MR Mgy, : d
8.00 (IH 81 (2H, d), 7.40-7.15 (6H mn), 5.40 (2H s),

3. 66 (4H C@a 5759 - é;&Q(léHpm),,6 62 (sawsa;zH ) #.266RH, )br), 14224(2@1651) 345

Synt hesi t t according to

inventio Fletrb 2?%% t@u gg?}f{d%el I's us’ ?&rﬁ’gﬁ'mdi ate for making N-N-N
conpl eXGSSvnB%@E%'ﬁ@l(vﬂ-l@l md)anmsmdmdgam (irdchftQ@ @(idindibhp (0.585 g, 1.08
mmol ) and the jmne Int-1 (0.371 to forma dark solution. The

ol
m xt Ufe was he%@éhcﬂn(665Lb®lﬂ6¢n Qgimémﬂsl%ﬁj &Wénmé\%)p‘@iisa%@@dtt@ PRCHsN Rl e.
Et 20 (15 |

i wadBh e PSSR ThESSURRCRARY, BIORNKY K306 RETEatnoRa BlPSS

i ndi cat edvoﬂehﬂés \&él@uém&weftﬁto&q“furd! aatsiéidhnt meﬁﬂm’fedlwnﬂt EtiOa(rSth) and filtered.

cocrystal ized. Yield: O. 76% NVR (250 , 2) . d 7.99 (IH,
d), 7.80 {enifationzpfehissp thfl)to i iopd @z*od%wm%t‘zt 16,795 Woorypiglline fymbg 21

(2| SEI. ?? H ﬁggig t()(()|8b1 f ‘ég% 1I‘?I I\%&R( da!fit 111%[?0%6)5 1tha’,-}t t@c@ggﬁg% E?Od(l:il;ét é% 4(2 gﬁméﬁije) %f)
1: 19-15 confo?‘rnatlona.l dlasteremsorners, and has O 75 ,equlvalent.s of co-crglstalli,zed EtzO. H NMR
(250 MHz, C¢Dg): & 7.3-6.6 (overlapping aryls), 6.45 (1.25H, br d), 6.14 (0.25H, d), 5.67
(1H, s), 5.39 (0.22H, s), 4.68 (0.44H, AB quartet, Av = 186 Hz, J = 20 Hz), 4.39 (2H, AB
quartet, Av = 160 Hz, J = 20 Hz), 3.75-3.60 (1.4H, m), 3.26 (3H, q, Et,0), 2.30 (1H, sept),
1.57 (1.62H, dd), 1.50-1.44 (3.86H, m), 1.33 (3.31H, d), 1.11 (5.59H, t), 0.96 (6.28H, d).
20  Synthesis of C2 with tridentate N-N-N ligand (according to invention)
CH;Cl; (4 mL) solution of Int-5 (0.105 g, 0.158 mmol) and PhCH=NPh (0.0332 g,

0.183 mmol). The vial was sealed and heated to 60 °C for 18 hours. The volatiles were

removed to afford a residue that was dissolved in Et,O (10 mL). Concentration of this
solution to 2 mL and leaving overnight caused the excess imine to crystallize. The mother

25  liquor was decanted off. To this was added pentane (4 mL) to cause the product to precipitate
as a pale yellow solid. This solid was isolated and dried under reduced pressure. Yield:
0.085 g, 65%. 'H NMR data indicates that the product was isolated as a 2:1 mixture of
conformational diastercoisomers and that there was a small amount of ether (0.1 equiv) and
pentane (0.7 equiv) present. Due to the complexity of the NMR spectrum, only selected

30 (methylidene and methine) resonances are presented. 'H NMR (250 MHz, CD,Cl,): & Major
diastereoisomer: 5.71 (1H, s), 4.63 (2H, AB quartet, Av = 97 Hz, J = 20 Hz), 3.31 (1H, sept),
1.95 (1H, sept); minor diasteroisomer: 5.89 (1H, s), 5.03 (2H, AB quartet, Av = 221 Hz, J =
20 Hz), 3.93 (1H, sept), 3.31 (1H, sept).
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1.10 (6H, m.Synthesis of ligand L4 (according to invention) Toluene (15
niL) was added to Int-5 (0.0881 g, 0.132 mmol) and PhCH=N(2,5-Me 2- C Hs)
(0.0277 gvonwadisssol ). The suspension was warned to 90P0TuSeooueme cl ear,
pal e yell ow solution. After 16 hours the volatiles were evaporated, and the
resi due was dissolved in Et O (10 nL). Water (10 nL) was then added. The
organi cs were separated, dried over MJSO , and evaporated to give the

di am ne Byaciesis od€ 3avitthiritkntate N-N:-N Iidird (@&o0rdifrizto iG6dbibn) d 7. 55 - 6. 80
(16H, m, 6.62 (IH s), 6.49 (2H m, 4.26 (2H, v br), 4.22 (2H s), 3.45
(2H, sept), 2.08H,8H, (6shl) dol8Gor( 3HInt$)(0.10.120 0161, mohp]) vaslatlded ity PHTH=N Pr
Synthesis of Cl1 with tridentate N-N-N |igand (accordi ng to i nvention) A
CH2d 2 ( d0M2Y9 20l0uk&2ommef). | dhe ¥iglovandeatpd mdi igitedrisl PO wasfoadded hows Phliie=NPh
(0.0317 175 mmol ). The wvi al s _seal ed eated . tg 50. far.15..5
hour o, TREUUEAFPEdem st ettt o P SR ol Rl R e e hal Bl G
Wit h Bt 2Qn9il@tad. auhcbithdion @ thiCieesH ot mbmfftdddl@ngebdiict aydlwlcribials.

af forded cl ean produc(;t ﬁ; a yellow crystalline lunp. Yield: 0.089 % 069%
1H NVR daYigld: Adi78 4 6370 HANMRdagy ipdicaics thas ghoprrpriglbized rrodudtis meptkt (87 ofa

Er20 Tri T (JDRRER BRI SRl syt dFRAR SREap nhRREELE) Bl r
br d), 6.td4hd &nRBekityd)f,th&NGIR pddirus), onky. B8cl{cd.(Bi2Hylid¢ne #hdGBethhefidshbnahBes
quartet, Du = 18 AB_quart et

(I;lé) . 3. 75@%95%61@%-?@ I\T]ME ég@gﬁ%éﬁdﬁs EZSI;B (I, Ssﬂet)E PA2 él'élp;),}f% éHfrH( %Bzzﬁ?
, 1h. 50- 4, (3 N 1k733 I 7 A1 5. 59H, , 0.96 (6.28H,
d)? ég?nt h uéftés]t %g) _Cl,ggv'#\nhf ELt rlﬁéh?ggéﬁhﬁ?%ﬁygglr% S%%té'cor di ngt % 0 i nven'gi on)

CH2d 2 ( Bymithesis olf GHivwith fdehtate-19-N-BL 11630 d daccOrdlgBtonnadntioand PhCH=NPh (0. 0332
g, 0.183 mmol ). The vial was sealed and heated to 60 OC for 18 hours, The
Vol ai i Les wer & HEOGL oMo 4t D1 QDK (Onih mied) WA e S 1010

m) . ConcemBhal Q8 ndthofn irﬁf SRI Wak QIddind HEhtcBR6 65 SV %I AY eTRE Bhlhtiic@usRI
the excess imne to crystallize. The nother
evaporated and the residue was extracted into Et;O (5 mL) and filtered. Concentration of the

15  solution to 1.5 mL afforded the product C4 as crystalline solid overnight. Yield: 0.018 g,
16%. 'H NMR data indicates that the product is a complex mixture of conformational
diastercoisomers. Reaction of an ether solution of the isolated product with water cleanly
formed the diamine L4 (by 'H NMR spectroscopy).

Synthesis of C5 with tridentate N-N-N ligand (according to invention)
20 Toluene (7 mL) and PhCH=N(2,5-Me,-CsH3) (0.0821 g, 0.392 mmol) were combined

to form a clear yellow solution. Then this solution was added to solid Int-5 (0.261 g, 0.392
mmol). The mixture was heated to 90 °C overnight. An aliquot of the reaction mixture
(about one-third) was filtered and evaporated to afford C5 as a white solid. Yield: 0.114 g,
36.3%. 'H NMR data of a CD,Cl, solution of C5 indicates that the product is a complex
25  mixture of conformational diastereoisomers. The rest of the toluene solution was quenched
with water (4 mL). The organics were extracted with Et;O (10 mL), separated, and dried
over MgSO,. Filtration and evaporation of the volatiles yielded the diamine L4 (by 'H NMR)
as a sticky residue. Yield: 0.131 g, 60.3%.
Synthesis of C7 with tridentate N-N-N ligand (according to invention)
30 A toluene (3 mL) solution of ligand L4 (79.5 mg, 0.144 mmol) was added to solid

Zr(NMe»)s (38.4 mg, 0.144 mmol) to form a yellow solution. The vial was sealed and heated
to 120 °C for 1 hour. The volatiles were removed to afford a crystalline residue. This was

crystallized from a mixture of toluene (0.5 mL) and hexanes (4 mL) to give the product as
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| i quor was decanted off. To this was added pentane (4 nL) to cause the
product to precipitate as a pale yellow solid. This solid was isolated and
dried undeo 20eduessd pressure. Yield: 0.085 g, 65% 1H NeRTAmR@iomdicat es
that the product was isolated as a 2:1 m xture of conformational

di astereoi soners and that there was a small anmount of ether (0.1 equiv) and
pentane (0.7 equiv) present. Due to the conplexity of the NVR spectrum
only sel epl@tbs{ retshyd. i ddak: andrngptSh%néH NM;Rmadhcasd aha& aprsﬁlgimb@tdorrﬂa‘tioﬁdhﬂ

250 WHz, .CD2Cl2) : d Mj dj t
Coorter dwtere«y#m&r Vo e N @@%’5@%@%9 19 B5-Ch i Siab st nrs

50 T,y ) 1.9 9 RO i BT T

Iigand (az:m)m{ Y 2t09 (3Rl €Y1l i88rHHAS)CHETI(ZH( @), hitL0).8 $IHH) tolverapping mtkiplofOarki01
g, 0.175 mmol ) was added to PhCH=N‘Pr (0. 0269 0. 182 nmol The vial was
seal ed arf@MieRrdustellizebhoenenr s, léerﬁtm ok themf@ YRS | VS qoeérwi by swiglsoadstil

afford a yell gwQ4apge solid that was extracted with Et20 (5 nL) and
filtered. ncentration of this solution to 1nL afforded cl ean product as
yel | ow crimtlelss of ¥i8elith NEN-OV 8gand (6&&drdifipitd\iuRetatna by nali-owtatlsestshat t he

tallized duct t | 09 f |
G 2at or 601 SonI A KhanB) B> Ritieq aperiarior b EP)aRhl Piaammebeo S o
the conpl@ydnyionf Theg aﬁwﬂ%@@&ﬁﬁ&mm%@@mﬁt)e@l@%m LWvleRg&danto 1§y ne)

resonances are presented. 1H NMR (IH, sept
( | H, 1§), ove78 ARH ntlt@ﬁ;aAtftet 30 mnﬂi%ﬂlel—tzolatileS:WZrelewwated ad tpq: lrtsu@e:pws

.76 (I H, _se theS| ri dent ccording to
Cvent | o aRet Y BUER TATaat ofulinh WA B Ged oD VAl bRGCRG AP
PhCH=N( 2, gredVBredo @@T@)he(&om a@a fBarkS Yi®ra! 93 rnEhQS%l éﬂl NMIR deinaitarpehdieat ed
to 65 OC overnight. The volatiles were evaporated and the residue was

ext r act edrPdicH 5 38 (BxtHIe) ofgeafarmatianal dliastprisamerat i tofthe KemalsKity P o

1 5 L af h@{\tﬁ}ﬁq %pﬁﬁ& &P?ﬁ%sor%h E&;tf&r %%hadlllg ?1§(9Ané1da1% Oﬁ%ﬁ%}%ﬁt 1H\ﬂﬂ€/hgg%5(b 018

g, 16% |ca epro iIs ac m xture
conf asmatMeRatsDy): & major diastercoisomer: 5.79 (1H, s), 4.49 (2H, AB quartet, Av =155 Hz, ] =
20 Hz), 0.64 (3H, s, Zr-Me),-0.06 (3H, s, Zr-Me); minor diastereoisomer: 5.79 (1H, s), 4.89

(2H, AB quartet, Av =134 Hz, J = 20 Hz), 0.23 3H, s, Zt-Me), -0.16 (3H, s, Zr-Me).

Polymerizations Examples

General polymerization procedures

20 Ethylene/1-octene copolymerizations were carried out in a parallel, pressure reactor,
as generally described in US 6,306,658; US 6,455,316; US 6,489,168; WO 00/09255; and
Murphy et al., J. Am. Chem. Soc., 2003, 125, pages 4306-4317, each of which is fully
incorporated herein by reference for US purposes. A pre-weighed glass vial insert and
disposable stirring paddle were fitted to each reaction vessel of the reactor, which contains 48

25  individual reaction vessels. The reactor was then closed and each vessel was individually
heated to a set temperature (usually between 50 and 110 °C) and pressurized to a
predetermined pressure of 1.38 MPa (200 psi) ethylene. 1-Octene (100 microliters, 637
micromol) was injected into ecach reaction vessel through a valve, followed by enough
toluene to bring the total reaction volume, including the subsequent additions, to 5 mL. Tri-

30  n-octylaluminum in toluene (100 microliters, 10 mM in toluene, 1 micromol) was then added
to act as a co-catalyst/scavenger, if used. The pyridylamido catalyst Int-3 is not according to

the invention; catalysts C1, C3, and CS are.
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di astereoi soners. Reaction of an ether solution of the isolated product
with water cleanly fornmed the diamne L4 (by 1H NVMR spectroscopy).

Synt hesi swof200®1w3sh tridentate N-N-N | i gand (accor di ngPCO/US2a0Q0490N)

Tol uene (7 mL) and PhCH=N(2, 5- M 2-C6H3) (0.0821 g, 0.392 mmol) were
conbined to forma clear yellow solution. Then this solution was added to
solid Int-5 (0.261 g, 0.392 mmol ). The m xture was heated to 90 0OC

over ni ght . An Hlei gutzitsadf thdreesselaedrt olfenndtixtedrae 0@ Bont Aonetit ior shluti@s(either
filtered and e,vartzorég)%ed to afford. C5 as %,white solid. Yield:

) . 0.1 14 g,
36.3% 1H-ReRIYAE- B Myt Y @YU IRTYTS e ihreriicay! pHar (fiﬁlé%'éﬁl%ﬁ@t is
a_compl exofill bF €00 06 Mo LR ANAlingY AThELAR (AT n tchléhe $2k Bln Hired

t ol uene sol ution was quench il e organics were
ext r act edntai tht rd&cB@ (dBelrldng wehada e diolitonsitodudnedfotiverd by 8@olucké bdlntadn of

and evapor at i the. volatiles yielded the dianmine L4 (by 1H NVR S

o PP RERE 0.9 an B ingRud e Bt bl S0h Pt frderiofh Sand o
N-N-N i ggnend B00ehidiolger)0 BEqunaNico ) deferh@hdden8ed &n He)mSQgttvhRAtsQElatil @gNd
L4 (79.5 ng, 0.144 mol) was added to solid Zr(Nwe2)4 (38.4 ng, 0.144 mmol)

to form ghyalolaswf g tranisiien mMdiel i jthel capdgst sembled.- and heated to 120 0C for 1
hour. The vol at,il es were renoved to afford a.. st.all i;ne residue., Thi s was
erysial | zoq (isreseth et SRy R et o a3 BT huRs ESH ST by e
t he produié raseed Ethesk Heyatcalss m¥inelitkd iAQablreabidn vdsktINVithd pdisealeeel tyhat
a si ngl e conformati onal djastereoi somer was present. 1H NWVR (250 MHz, .

cD2Cl1P)  :compptes cgnigol).q ithis popd, the ppackyn was ggenchpd bamresserizieg thepipsse] ydthyy |

J =20 H, t ; : : 4 . 1S; : :
2.09 (BE,ZC)OEBP?GS?%%J% Gﬁ,%ﬁeg)t?le fé’%%“q?r%ﬁ&"%)sﬂg%?oﬂ’- gh.eségl](a%% Hldl,al o%lséerﬁ%%ﬁl(ﬁ%@ L
mul ti pl etlyand modict aad Gbiwshiawhs zaabvedXfeomeshe pebaire delhtind yheoinetthempsphdtec t
was confirmed by sjingle-crystal X-ray di ffragti.on. ynt hesis of C8 with

N-N-N i gAY Qo et B vglatils amRaments mjerpirmoyet Unae 3 ¢rasy & BEHAsatriuessind was
added to QmRiex&o00D1 Vicuh RafdtdioPBetath@ {OERMVAed temperature and reduced

15  pressure. The vial was then weighed to determine the yield of the polymer product. The
resultant polymer was analyzed by Rapid GPC (see below) to determine the molecular
weight, by FT-IR (see below) to determine comonomer incorporation, and by DSC (see
below) to determine melting point.

To determine various molecular weight related values by GPC, high temperature size

20  exclusion chromatography was performed using an automated "Rapid GPC" system as
generally described in US 6,491,816, US 6,491,823; US 6,475,391; US 6,461,515; US
6,436,292; US 6,406,632; US 6,175,409; US 6,454,947, US 6,260,407, and US 6,294,388;
cach of which is fully incorporated herein by reference for US purposes. This apparatus has a
series of three 30 cm x 7.5 mm linear columns, each containing PLgel 10 um, Mix B. The

25  GPC system was calibrated using polystyrene standards ranging from 580 - 3,390,000 g/mol.
The system was operated at an eluent flow rate of 2.0 mL/min and an oven temperature of
165 °C. 1,2,4-trichlorobenzene was used as the eluent. The polymer samples were dissolved
in 1,2,4-trichlorobenzene at a concentration of 0.1 - 0.9 mg/mL. 250 ulL of a polymer
solution was injected into the system. The concentration of the polymer in the eluent was

30  monitored using an evaporative light scattering detector. The molecular weights presented
are relative to linear polystyrene standards.

Differential Scanning Calorimetry (DSC) measurements were performed on a TA-

Q100 instrument to determine the melting point of the polymers. Samples were pre-annealed
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suspensi on. Then an Et20 solution O Me 2My (0.94 nL, 0.163 mml) was added
drop-wise over a 2 to 3 mnutes. After 30 mnutes the volatiles were
evapor at esdoant/ahssr esi due was extracted with benzene (2CES2009l0e693D] uti on
was filtered and evaporated under reduced pressure to yield the product as
a foam Yield: 93 ng, 98% 1H NVWR data indicates that the product is a 3:2
m xture of conformational diastereoisoners. Due to the conplexity of the
spectrumapr2y €efectedinesonadces ilwedawhcdabi as tresmoicmpomiuraroscmigseriied.

1H NMR (250 , D6) | or diastereaisomer: 5 .79 (IH s), 4.49 (2H,
AB quart éempgéﬁmggﬂem%?é@g 10 24 (32 e 1090C @ %{_%@, coqgiey’ 48 0fx0 " C
Zr-Me); mper Mélﬁﬁ%?o?ﬁ?é IR Lo Rte %ﬁh@ th%)lteaﬂng?eﬂigct" B AHG 8 oottt L34
Hz, J = 20 Hz), O. 3H, s, Zr-Me), -0.16 (3H,”s, Zr-Me). Polymerizations
Exanpl es dBerercalinguoporated i matthorpopyasdGvaghtEChy vewedctéenpotdney rapid FT-IR
copol yneri zations were carried ouf_ip a al.l el , pressure reactor, as
Gener 31 | yPaatsFINesh f prijerd-aonsosy: Tl Ellpeosrisdbl SEPIE Ve i Th o

00/ 09255; thAnfl Mk YL yedvaBbrative depdSitioPM&RhiqReE , WePBperéan | -RAGRSWAIVeriARL 7,
each of which is full'y incorporated herein hy reference for US purposes. A
pr e- wei gHea gheargtio of ataki esghts ataldd 8 dnd goghpme. Jhismethgd pasidiléreied esihgatsed to
each reactiaplveﬁseu of thﬁ,reacHRr, mhi%@ con%%&nf %3 indkvkdual reaction
vessels.(¢ﬁeyﬁg§cf%ﬁe%&ﬁ§p9 &' bs%&mgﬁé)eggﬁnve§ééPcﬁ%%aFH%ﬁvidualIy

heat ed t @anfid | IRIPEEEtaHLE of bhyRhE ¥ndebveadnbuandinklidt-8Ghd and pressuri zed
to a predeterm ned pressure of 1.38 MPa (200 psi) ethylene. 1-Cctene (100
mcrdliters, 637 nolepgistignsyereipsjfawpddinianagalich eresssaEacton ay dessebed #iaydgh a
val ve, f d..hy; ' . ' ol ure,

it i g R AROHE L ARLE AP AR, (106 FiAIHEBE! ML ene
(100 m crvadsi ddaled, as19d 1nt% ntotueheisolatiod. Nt atalgsotgnce@satiohe rveael @00 et (s a
co-catal yst/scavenger, if used. The pyridylam do catalyst Int-3 is not,
accor di ng}lapampﬁecafa%o% Wff{an;“ kol gfapaiugy scayengeryeiegnoluscdrHAle GFt B B

the vessef,pel e A €1l K6 bPAR fRMon ST BRIHMPP i AhHE | afhe(Btd ffFwn

15  indicates that C1 has a greater activity for the formation of ethylene-octene copolymers than

does Int-3 at temperatures between 50 and 100 °C. The C1 catalyst also generally forms
lower molecular weight polymer (than does Int-3) that has lower My/M, values. Catalyst Int-
3 is not according to the invention; catalyst C1 is according to the invention.

Table 1: Polymerization of ethylene and 1-octene using Int-3 and C1.

activator activity
Example | catalyst | (1000 ;Ezr;lp (g/mmol Zvctz)ne M, M, Mw/M,

equiv) cat/h/bar)
1 Int-3 MAO 50 5076 4 450,668 | 97,606 | 4.6
2 Int-3 MAO 80 15626 4 180,608 | 53,629 |34
3 Int-3 MAO 80 14607 5 252,141 | 77,375 |33
4 Int-3 MAO 110 | 18076 4 132,804 | 48,142 | 2.8
5 Int-3 MAO 110 | 20210 3 129,407 | 48,292 | 2.7
6 Cl MAO 50 29207 3 133,973 | 60,086 | 2.2
7 Cl MAO 50 25620 3 110,680 |50,435 (2.2
8 Cl MAO 80 46641 5 72,715 137,599 | 1.9
9 Cl MAO 80 42145 4 74,381 | 40,141 | 1.9
10 Cl MAO 110 | 30894 5 55,531 23,382 |24
11 Cl MAO 110 | 31797 3 59,355 126,909 | 2.2

20
Example 2: Polymerization of ethylene and 1-octene mixture using Int-3 and C3.

The polymerizations were performed in a parallel pressure reactor as described above,
but with the following specifics. MAO activator (1000 equivalents per catalyst equivalent)

was added as a 1 wt% toluene solution. Catalyst concentrations were 0.00800 mM (40
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1.0 equiv of 0.40 mM dinethyl aniliniumtetrakis-pentafluorophenyl borate
(dmah-NCA) in toluene or 100-1000 nol equiv of nethyl alunoxane (MAO in

t ol uene) wex0tdam3snj ected into the reaction vessel al oRgTWS2EVIBOD11
mcroliters toluene, followd by a toluene solution of catalyst (0.40 nMin
t ol uene, between 20-40 nanonols of catal yst and another aliquot of toluene
(500 mcroliters). Equivalence is determ ned based on the nol equival ents
rel ati ve raaoibB daniless usdd)! Mrialltydndinkinom stetaigeisnvérb@moc asell yBita aasrpiosnn inThe
reaction was then allowed to proceed until 20 psi ethylene had been taken
up by t helab&azt CotalyseCByib éorencdrbysthe reactians ofrBh@HaNRxdwithn cgalybt Inedcthhonlata
vessel at the pre-set level by conputer control). At this point, the
reaction Shawnqu@mtﬁedﬂby Gf éxsuri grr:éﬁgr tehavie feel the fpﬁn@,tmppés@bﬂe%ﬂ PCtensf t er

h |
product” aRavEBveRe” B8 B el Tailis ki Bl e ERAERR IR CRRLRE I
at mosgherigngl R¢érdbpxo t%ﬂv&rﬁﬁ)nvﬁdtﬂWﬂ@ @@Umamgtt@tn@aﬁeenmﬁnved using a

Genevac HT- 12 centri fu e and Genevac VC3000D vacuum evaporator operatl ng
at el evated t enpekablad:Fohymmerizatine afjcthylene pirdel -ogtgae ysing Infgs andhed. wei ghed t o

determne the yield of at:ﬂn‘empo ﬁlg pctudtyct wive nesul tant pol yner was

anal yzed dyymBlpli chtdBREC | (509 bel Og/denr mi ne’ t hevinol equViar  weli MhiM, by
FT-1R (See below) to degermi ne' comprarbar) nC6rPorati on, land by |DSC (see
bel ow) tjo det er|ni,ng meMADY Pos@t . | 5076let el m ne Varpgys o geul [af 6 Wel ght

rel at ed ?al Ues oy §°C N?A@“ te@)eraqm Si 7g excl Ligb,%gc 3%’@tog3r§pny was

g L L S el v Ve P
6. 406, 634 Us g Wvd 4d0MAQs gl Wil 480765 §4o60 4d32.80hd 48648 Jdou8383] each
of whichH3is full¥-Bnco™hdPat ed! Her ¢PA2HY r¢Ber endd294P7 UBA2ndskd. Thi s
appar at s has a Geri eg MAOt hre®0 30|dM36 7. $3mm || i8400¢dlMnidS, [€ath
contai nijng PLgelc10 umMNOXx B 5(0The | GBM4system was 188/14br|atoes70s)i ng

pol ystyriene standgr ds [ngRe Ng| §¢ Om 3887 - 31390, 00Q695891|- 75,673 [ 2.2

9 C3 MAO 80 5128 2 142,768 [ 73,769 | 1.9
10 C3 MAO 110 1224 3 129,461 (30,544 [4.2
11 C3 MAO 110 ] 829 3 125,633 [31,788 [4.0

Example 3: Polymerization of ethylene and 1-octene mixture using C8.

The polymerizations were performed in the parallel pressure reactor as described

10  above, but with the following specifics. Isohexane was used as the solvent. N,N-

Dimethylanilinium tetrakis(pentafluorophenyl)borate, abbreviated as dmah-NCA, activator

(1.0 equivalents per catalyst equivalent) was added as a 20 mM toluene solution. Catalyst

concentrations were 0.00400 mM (20 nanomols catalyst used). Tri-n-octylaluminum (0.100

mL of 0.010 M solution in isohexane) was used as a scavenger. Data are shown in Table 3.

15  The data shown indicate that C8 with the non-coordinating anion activator dmah-NCA is an
active catalyst for the polymerization of an ethylene 1-octene mixture.

Table 3: Polymerization of ethylene and 1-octene using C8.

. activity
examplelcatalyst af tivator T (°C)(g/mmol My, M, M./My
(1.0 equiv) cat/h/bar)
1 C8 dmah-NCAJ50 (14034 630778 338252 1630778
2 C8 dmah-NCARO 22582 544394 83986 544394
3 C8 dmah-NCARO 2197 492637 262243 1492637
4 C8 dmah-NCAJ110 (157 337119 175278 337119
5 C8 dmah-NCAJ110  [182 369850 174061 369850

Example 4: Polymerization of propylene using C1, C2, C3, and C5.
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The system was operated at an eluent flowrate of 2.0 nL/m n and an oven
tenperature of 165 0OC. 1,2,4-trichlorobenzene was used as the el uent.
pol ymer swiopbs@iwmsse di ssolved in 1, 2,4-trichl orobenzenecCatusaroonmdent r at i on
9 mg/nmL. 250 uL of a polyner solution was injected into the

of 0.1 -

system The concentration of the polyner

an evaporative light scattering detector.

The

in the eluent was nonitored using

The nol ecul ar wei ghts presented

are rel ative tkhel poigacripalops twere neerfirand ain ds . pabilficf @ﬁ@@lﬁﬂeajea&oaﬁmimglanner
Cal orimetry (DSC)
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was obt aiwesrd afllpmrdtthaom@f:tedofoofzop@mutdseu thasaratshmw&naﬁdalméz2Tb¢nd31ta shpins
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RISat LIk @
St &Phyi%ne

and 1- octgetige satxliysts Goribé pelymbtizatioand ptdpylehBe pol yneri zations were perforned
but with the foll ow ng

in a parallel

specilfi c

S.

pressure reactor

as descri bed above,
MAO activator (1000 equival ents per catal

st equi val ent) was

added as a_1 wt % t diabkerfs Pobymugrizanon gaprapylsee eorgeht CatGlard Wére 0. 00800 niv

(40 nanondl s cat a] yst u<ed1) Tr| al k)l al padtivitgn s¢cavenger $ were not use
Data are shsamplon| deedile J‘E 'a % | B(fmanised | M, t he 1 aacti opnMafM,
PhCH=NPh wWith Intf3. The Zl%pt VJ\; i(rfol Cadtds) t hat Cl hag a greater
activity flof the fermati Qpalf ethyTene;pLtengogp )ol YIReEs [T hansJpes bnt
t enper at urjes et W i 5Ur j\ﬂthl?o, ?E.M Lnn (,%ligé{ 2‘6'922’ geTRr Al 2%[
'Vgrﬁgsfm'cgg‘#'—“ﬁ! ot ,cr'“ TN e 5 Y G R VT3 B T Bl )
4 MAO 85 2216 15834 7051 2.2
5 Cl MAO 100 1089 9231 4465 2.1
6 Cl MAO 100 981 7954 4121 1.9
7 C2 MAO 70 3780 19399 8710 22
8 C2 MAO 70 3891 19649 8669 2.3
9 C2 MAO 85 2297 7941 4190 1.9
10 C2 MAO 85 2388 8549 4480 1.9
11 C2 MAO 100 2644 28432 4495 6.3
12 C2 MAO 100 2508 27754 4385 6.3
13 C3 MAO 70 1780 10548 5534 1.9
14 C3 MAO 70 3158 77692 | 10657 7.3
15 C3 MAO 85 1435 8698 4618 1.9
16 C3 MAO 85 1453 10089 5092 2
17 C3 MAO 100 857 5636 3388 1.7
18 C3 MAO 100 889 5870 3500 1.7
19 C5 MAO 70 3462 59630 | 12391 4.8
20 C5 MAO 70 2369 18887 7990 2.4
21 C5 MAO 85 2377 21442 8483 2.5
22 C5 MAO 85 3726 45757 | 13980 3.3
23 C5 MAO 100 2321 14701 6458 2.3
24 C5 MAO 100 2315 14819 6514 2.3

15

d.

-3 at
ns

All documents described herein are incorporated by reference herein, including any

priority documents and/or testing procedures to the extent they are not inconsistent with this

text. As is apparent from the foregoing general description and the specific embodiments,
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3 is not according to the invention; catalyst C is according to the

i nvention. Table 1. Polynerization of eth I ene and 1-octene usin Int-3 and
Cl . ExanpWe 2B10/01PsEyneri zati on of et hyl ene and 1- oct enePgiTAISa00e/0u®i1ng | nt -3
and C3. The polynerizations were perfornmed in a parallel pressure reactor
as descri bed above, but with the follow ng specifics. MAO activator (1000
equi val ents per catal yst equivalent) was added as a 1 w %t ol uene sol ution.
Cat al yst \clﬁtmﬁ)lmhs @f tlensveion O B300 ilidvira0nad dexdrided ataloys tmddi$fﬁdi)ions can
Trial kyl _alu en were not used are shown in Ta

Cat al yst Beamp Yerorde w%% oPLRESPBH 288 S ﬁfﬂ@% PHIVERHH. cAPeardiggly) Htls got The
data shoupchid e et olnfod Basifidl TEBly. 2CtLiKbke! Bl 186 FOSHRIGAR

et hyl ene-oct ene copolynmers than at 50 OC,” but is less act ve at
hi gher tampedatdsﬁmnmﬁnmahmhnmimhﬂ3nmhumug facmopaokicngf Aosttalienilaw.ent i on;
catalyst C3 is according to the invention. Table 2 : Polynerization of eth
| ene and 1l-octene usin Int-3 and C3. Exanple 3 : Polynerization of ethylene
and 1-octene m xture using C8. The polynerizations were perfornmed in the
paral |l el pressure reactor as described above, but with the foll ow ng
specifics. |sohexane was used as the solvent. N, ND nmethylanilinium

t et raki s(pent af | uor ophenyl ) borate, abbrevi ated as dmah- NCA, activator (1.0
equi val ents per catal yst equival ent) was added as a 20 mM t ol uene sol ution.
Cat al yst concentrations were 0.00400 mM (20 nanonol s catal yst used).
Tri-n-octylal um num (0.100 nL of 0.010 M solution in isohexane) was used as
a scavenger. Data are shown in Table 3. The data shown indicate that C8

wi th the non-coordinating anion activator dmah-NCA is an active catal yst
for the polynerization of an ethylene 1-octene mxture. Table 3 :

Pol yrmeri zation of ethylene and 1-octene using C8. Exanple 4 :

Pol yneri zati on of propylene using d, C, C3, and C5. The pol yneri zati ons
were perforned in a parallel pressure reactor in a manner anal ogous to that
descri bed above for ethyl ene-octene polynerizations, but with the foll ow ng
specifics. |sohexane was used as the solvent. Propylene (1.0 nL) was used

i nst ead
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of 1-octene. The total volune was 5.10 nL. MAO activator (700 equival ents
per catal yst equivalent) was added as a 1 wm % tol uene solution. Catalyst
concent r avpanr/omet3é 0. 01600 mM (80 nanonol s cat al yst usedr/usTemoakdoyi

al um num scavengers were not used. Reactions were allowed to proceed for 20
m nutes. Data are shown in Table 4. The data shown indicate that the
pyridyl diam do conplexes O, C2, C3, and C5 with MAO activator are active
cat al yst sCEAaIMiShe pol yneri zati on of propylene. Al docunents descri bed
herein are incorporated by reference herein, including any priority
docunent sWéfﬁdfélf””t’@gt‘-i ng procedures to the extent they are not inconsistent
wth this text. As is apparent fromthe foregoing general description and

t he specific enbodi nents,while forns of the invention have been illustrated
and descrli. badpyrubidiamslontoatisitionané¢tehsonslox e wede allienb potyndepanén hgvifg dm t he
spi ri% and scrf)e OL@ Ehe invention. Accordingly, it is not intended that the
i nventi oreBEa| 1ORPEd her eby. Li kewi se, the term "conprising” is considered
synonynmous with tRe term "including" for purposes of Australian |aw CLAI M5
What is cla,med is: 1. A pyridyldiamdo transition netal conplex for use in
al kene poly ' ion_having the general formula (I) wherein: Mis a Goup
3, 4, 5 6, 7/ 8, 5@\ 11Ror 12 netal; Zis -(R4)pCGC(R5q-, were Ri
and R15 e_ifydepemdent | h-Sel ected fromthe group consisting of hydrogen,
hydrocar byt s ( S aﬁyl s), and substituted hydrocarbyls, and wherein
adj acent R14 and Ri 5¥gr/oups may be joined to forman aromatic or saturated,
substituted orZunsF%)st {utted hydr ocar byl ring, where the ring has 5, 6, 7,
or 8 ring carbon at and where substitutions on the ring can join to form
additional rings, pifg 0, "™ or 2, and

Ry )

wherein:

Mis a Group 3,4, 5,6,7,8,9, 10, 11 or 12 metal;
Z1is -(R14)pC-C(R15)q- )

10 where R4 and Rys are independently selected from the group consisting of hydrogen,
hydrocarbyls (such as alkyls), and substituted hydrocarbyls, and wherein adjacent R4
and R;s groups may be joined to form an aromatic or saturated, substituted or
unsubstituted hydrocarbyl ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and
where substitutions on the ring can join to form additional rings,

15 pis 0, 1 or2, and
qis 0, 1 or2;

R, and R;; are independently selected from the group consisting of hydrocarbyls (such as
alkyls and aryls), substituted hydrocarbyls (such as heteroaryls), and silyl groups;
R, and Rjy are each, independently, -E(Ri2)(Ri3)- with E being carbon, silicon, or

20  germanium, and each Rj; and R;3 being independently selected from the group consisting of

hydrogen, hydrocarbyls (such as alkyls, aryls), alkoxy, silyl, amino, aryloxy, substituted
hydrocarbyls (such as heteroaryl), halogen, and phosphino, R;; and R;3; may be joined to
form a saturated, substituted or unsubstituted hydrocarbyl ring, where the ring has 4, 5, 6, or
7 ring carbon atoms and where substitutions on the ring can join to form additional rings, or
25 Rz and Rj3 may be joined to form a saturated heterocyclic ring, or a saturated substituted

heterocyclic ring where substitutions on the ring can join to form additional rings;
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gis 0, 1 or 2, R and Rn are independently selected fromthe group
consi sting of hydrocarbyls (such as alkyls and aryls), substituted
hydr ocar bwb=0(wuedssas heteroaryl s), and silyl groups; RPCaru2004@1E each,
i ndependently, -E(Ri 2)(Ri 3)- with E being carbon, silicon, or germanium
and each R 2 and R13 being independently selected fromthe group consisting
of hydrogen, hydrocarbyls (such as al kyls, aryls), alkoxy, silyl, am no,
aryl oxy, BubRi,i ant € hydrindepehddnsly ( seledicdSrdiet theogropb) colsadtingenf Mdebgen,
phosphing, R 2 and R13 nmay be joined to forma saturated, substituted or
Cnsubst | e Hy U GG by Mey kg AHeh o PR HgORasbuls SKow). S70W.-fagen
car bon atiRo ad LRI SMERE SdiAdANR RBurshR, B RY afidbri 0] & RsPrabioined t
addi ti ona r?’ngs,swgr’ Rﬁiz andd R(?S emay gge I}tsglRﬁledﬁ%S orrr;l?'a sa glragt edo et
het er ocydbim arsubgjituted oa usaubstitatedchyduizstbiyl ot betetvey@icamg; where thagingthes &, 6,
substistut'on on %he ridn can ﬂﬁﬁ n to f%m addi ti.onal. rings; R-3,. R4, and R
5 ar e”i ndefeRJERA YU ELLHS 'PRROY J&%&Hé‘?lgﬁ‘? demoaf‘f%H%P&Pg%‘éﬁ%;
hydr ocar by {sSan( 6t ?e%vﬁlgi@fblﬁa,mr@ﬂﬂéms%m&ﬁyﬁﬁr ibk Wk Shnkty 6 @irFcRY hiid arfyl XY
an

aryl oxy, hal ogen, am no, silyl, an erein adj acent R groups ( & R4,
and /or R4g@upSinaydy libked toi fard atdmniamedcavisgigeaipt ut ed or unsubstituted
hydrocargyil or iu;,'t elréqcyclic ring, where the ring has 5, 6, 7, or 8 ring
atons an \R/IQere’ ubst’i tuti ons on the ring can join to formadditional

rings; L 1i'ss @ut@nlefisbateeand ng group, where the L groups nmay be the sanme or
different and any two L groups may be linked to forma dianionic |eaving
grougd nwe @ 1.3,30r43 or 4; L' is neutral Lewis base; and wis 0, 1, 2, 3
or 4. 2. Conplex according to claiml in which Mis Ti, Zr, or H and/or Z

is a subsyifuted aryl droup.bridging. NRy to..the r i nder, of the.c I by
2 chan o CRPEE i Gl B T NhitTR b 2F & AR B bRUSGEA
substit gtgeﬁlu;pbﬂﬁgihg NRYg tathd rehgindbi 60the SoaPVexl BNk lcilaib @i digde ajaodit afmd sese
two carbons.

which two are adjacent carbons of a substituted phenyl ring and the third is covalently

15  bonded to one of these two carbons.

3. Complex according to claim 1 or claim 2 in which Z is an aryl group so that the complex

is of the general formula IV

Iv)

20  wherein
Rs, R7, Rs, and Ry are independently selected from the group consisting of hydrogen,
hydrocarbyls (such as alkyls and aryls), substituted hydrocarbyls, alkoxy, halogen, amino,
and silyl, and the pairs of positions, and wherein adjacent R groups (R¢&R7, and/or R;&Rs,
and/or Rg&Ro) may be joined to form a saturated, substituted or unsubstituted hydrocarbyl or

25  heterocyclic ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and where substitutions
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3. Compl ex according to claim1 or claim2 in which Zis an aryl group so
that the conplex is of the general fornula IV wherein R R7, Rs, and RO are
i ndependewOl291ai46t ed from the group consisting of hydirogarsodapdeacar byl s
(such as al kyls and aryls), substituted hydrocarbyls, al koxy, hal ogen,

am no, and silyl, and the pairs of positions, and wherein adjacent R groups
(R6&R7, and/or R7&R8, and/or Rg&Rg) may be joined to forma saturated,
substi t utedtheringransihitd dored addidod ainby,| andrMhEf BY @C yi¢ Rii, CR 1, IRagR4, e Rey drtte
ring has 5, 6, 7, .or 8 rlng carbon atons and where substitutionson the ring
can join Rio arcqsifichned i #m 1r i ngs; and M L, L', w, n, Rl, R2, R3, R4, R5,
Rio and Rh are as defined in claiml1. 4. Cbnplex according to any of the
precedi ng, c 2]

contain %% Egﬁlf?#ghﬁgggggﬂﬁg Q}ﬁhaﬁﬁﬂfgg%ﬁgﬂly f?gﬁﬁglgg %8R§g$%on a

5. Coipl &, ac duk dibog: tentainyndotrd ehapr BT eglbogy acdrad, respcidlly #omn2 \Msn20hcaEboIs
car bon and Ri and Rn are independently sel ected fron1pheny| groups that are
vari ous| Y Q¥bstituted with between zero to five substituents that include
F, d, Br, I, CF3, NO, alkoxy, dialkylamno, hydrocarbyl (such as alkyl
and aryI) ( th
from one 5to@t8 en carE Hltgetg.an%gr?r&% %Qéaég@ CZ#,%IQ l'?t § 42?&{1@??%%&&?%{:(35' ]gé(ﬂd
clains 1RQ &ciindspenddntly sdeded droen gileaylt gﬁbubs Ctmthaﬂel dﬁlolﬁlykylhbstlanc;d with

al kox m do, hydrido, phenox hydr oxy, sil | . al kenyl, and
ey tdn 290 v, s GBI PR B Bbr . 1o fiFo MR KR 2 e imino.
n|tr|Ies i 0 i I

Dyr iyt oiSOrORRTL (RKh & 9831 gl P %%S%%“ﬁgd S T

conpri si rggotsevitlofromlon e eantdachonef an inmine into the netal carbon bond of
an orthonetal ated aryl group of a separately synthesized internedi ate

ridylamd | ex as
Py y ng %ornpiex accorr;rirljng to any of the preceding claims 1 to 5 in which L is or are selected
15  from halide, alkyl, aryl, alkoxy, amido, hydrido, phenoxy, hydroxy, silyl, allyl, alkenyl, and
alkynyl; and L' is or are selected from ethers, thio-ethers, amines, nitriles, imines, pyridines,

and phosphines.

7. Process for preparing a pyridyldiamido complex according to any of the preceding claims
20 1 to 6 comprising the formal insertion of an imine into the metal-carbon bond of an ortho-
metalated aryl group of a separately synthesized intermediate pyridylamido metal complex as

shown in equation V

(V)
wherein M, L, L', w, n, R;, R;, R3, R4, Rs, R, R7, Rg, Ro, Rjg and R;; are as defined in claims
25 1and3.
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shown in equation V wherein M L, L', w, n, Rl, R2, R3, R4, R5, R, R7, Rs,
R9, Rio and Rn are as defined in clains | and 3.8. Process for preparing a
conpl ex awoapuvmg3so any of the preceding clains 1 to 6PCOMSRéSiong1r eacti on
of a pyridyldiamne with netallo-am de or netall o-organic reagents as shown
in equation VI wherein M L, L', Z, w, n, RI, R2, R3, R4, R5, Rio and Rn
are as defined in claim1l. 9. Process for preparing a conplex according to
any of the Ppreesdisrgpebaings alcdnpléx iascadinghtoa apy rafdihk dpracddives ickims 1 to 6
deprot onat ed usi ng an organol ithium or or gaq magnesi um r eagent . and t hen
this pyri@yIPasRg Gerto8Lfehpyridyldiamuteeyithinqialo-sraidg orHaftRlRsOpanicHiSHRF I sH2s
equati on : i L, L', Z, w n, Rl, R, R3, R4, R5, Rio and Rn are
as defi nesgb‘%vﬁﬁ({:\’?(g{aﬁ]b{%.\mlo. A pyridyl di am ne conpound for use in nmaking a
transition netal Bonplex which conpound isRef the general fornula
(I'l)whereimsZ is (R 4)pCC(Ri 5)qg- ,Rahere/ R and R15 are independently
selected fro rogp consisting of en ngdrocar byls (such as

al kyl's) and spbsti gt ed\hydgpocar byl s, rei'n adgacent Ri4 and R 5
groups may j0i ned to forman argr orsatur ted, substituted or
unsubstituted Rydr car byl ring, whefe theTi hads 5, 6, 7, or 8 ring
carbon atons and where sud@ihﬁ@r)ﬂb&ﬁs on_the rithgi.cap join to form

addi tional ri né?’i{tois 0, T or Z >and qu“S“FOQI/'k Q! 2" R and Rn are

i ndependently selected fromthe group consisting pf al kyl, aryl,

het eroaryl, or silyi‘”"groups; R2 and Rio are &ach, i'ndependently,
-E(R2)(Ri3)- with bei ng carbon, silicon, @r germanium and each R 2 and
R13 bei ng i ndependent'l y sel ected fromthe groilip consisting™) hydrogen,

nydr ogar Byl 5 S 1357 3l K kS, RIS KR, SHER. | LYLS AN ERERY s (such as

9. Process for preparing a complex according to any of the preceding claims 1 to 6 in which
a pyridyldiamine is deprotonated using an organolithium or organomagnesium reagent and

then this pyridyldiamido reagent is reacted with a metal halide as shown in equation VII.

Rs Rs
R4 R,
— R2 — R2
N R N R
/ N-— 1 / N— R
1. organolithium or \M
Z~R organomagnesium Z—R —L,
10 0 \
\ reagent \ / !
NH 2. M(L"),(L),(halide), N w
| L S |
0 RH Ris (VII)

wherein M, L, L', Z, w, n, Ry, Ry, R3, R4, Rs, Ry and R, are as defined in claim 1.

10. A pyridyldiamine compound for use in making a transition metal complex which

compound is of the general formula (II)

R4
Rs N Rj
| =
T N R,
|
Rio HN\R1
i
HN —
Ry

(1)
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heteroaryl), al koxy, silyl, am no, aryloxy, halogen, and phosphino, R 2 and
Ri3 may be joined to forma saturated, substituted or unsubstituted

hydr ocar byb 20ionmg143dhere the ring has 4, 5, 6, or 7 ringPcarusemmsens and
where substitutions on the ring can join to formadditional rings, or R 2
and R13 may be joined to forma saturated heterocyclic ring, or a saturated
substituted heterocyclic ring where substitutions on the ring can join to

form addi t, onal, ri X , R4, and R 5 are independently selected from
the gr oupw%eé?%%lizs‘?i'@%?)a??@@%f%ggaen, hydr ocar byl s (such as al kyls),
substituted hydrocar byl al kox ar vl ox hal.oge am no, and sj and
wher ei n adj aceh erﬁﬁgﬁ? %ndi;%”(al%l Eﬁl,deétrlpé S%%‘f'te%tfo% %E)gr%ﬁ)ycdf)lélsﬁ%g ﬂ%hﬁrggefnor m

a substit ut ed Wdrdsamystshéiiies Py dacanbytutcdrhydedceryty ehd wheicigadjuhrat R 4 he
ring has 5, 6, 7, or 8 ring atons_and where substitutions on the rln% can

join to form adi RisoB®upy ivpys be tigincddapmdamcEapdicngr tsatugited. ubgtituigdwii ch
Zis agn aryl . i r . &l rein: 7 Rs,
and Roare 1 naohsuBuffir Rbed B he, ARBEAL chabls . 0: bf SERELH D sPme oFl
hydr ocar byl s (whwehs@stialtions o thesingstan faih eel fdmndrddambiiggs, al koxy, hal ogen,
amno, and sily], and_the pairs of positions, and wherein adjacent R groups
(R6&R7, and/ orP RPERGT 2/ or R8&RIY) may be joined to forma saturat ed,
substituted legmﬁyg§§ituted hydr ocar byl or heterocyclic ring, where the
ring has 5, 6, /7, or 8 ring carbon atons and where substitutions on the

ri ng can Rioind R afeomdezudent]yoseddctadi frgys ;thagmupivenestmgRE alll, ar@3 hetRdary®50r Ri 0
and arqrfs defined in claim1. 12. A pyridyl-derivative of the general
formil’a VI'V18WHEYein R3, R4 R R R Ry, and RO are independently sel ected

fromthe @r aHp rRQNSFStchéld ﬁﬁeﬁéﬁ@élﬁ%nﬁ(ﬁyﬁg@?ar@ﬁhsﬂ_Eé{ﬁﬁ' @%b, K¥lidon, or
substituted hydrocarbyl s al koxy, aryloxy, halogen, am no, and silyl, and
wher ei n affasEnm, Rdgeahds: @RS Re: Ring adgpensients sdeqrs! framdhe graRp&oristizmel] or
R7 & RS,

unsubstitS@%ﬁghygg %%?%%Eaﬁwg e%§%03y%%§ f%&%&?yl%gﬁ%&{E%ﬁgf%%yﬁagmg? v 7,
or 8 ri Nthetdredr®l)adioMheild, amino, aryloxy, halogen, and phosphino, R}, and R;3 may be joined
15 to form a saturated, substituted or unsubstituted hydrocarbyl ring, where the ring has 4, 5, 6,
or 7 ring carbon atoms and where substitutions on the ring can join to form additional rings,
or Rj; and R;3 may be joined to form a saturated heterocyclic ring, or a saturated substituted
heterocyclic ring where substitutions on the ring can join to form additional rings; and
Rs;, R4, and Rs are independently selected from the group consisting of hydrogen,
20  hydrocarbyls (such as alkyls), substituted hydrocarbyls, alkoxy, aryloxy, halogen, amino, and
silyl, and wherein adjacent R groups (R; & R4, and /or R4 & Rs) may be joined to form a

substituted or unsubstituted hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8

ring atoms and where substitutions on the ring can join to form additional rings.

25 11. Compound according to claim 10 in which Z is an aryl group as shown in the general

formula (1)
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substitutions on the ring can join to formadditional rings. 13. A pyridyl
derivative of the general fornmula (I X)wherein R is independently sel ected
from t he woaaw/ao3si sti ng of hydrocarbyls (such as al kylPsTarsdooasydos)
substituted hydrocarbyls (heteroaryls), and silyl groups, Ris
-E(R2)(Ri3)- with E being carbon, silicon, or germanium each R and R13
bei ng i ndependently sel ected fromthe group consisting of hydrogen,
hydrocarbyls (such aRjal kyls and aryls), substituted hydrocarbyls, alkoxy,
silyl, amno, h and phosphino, R3, R4 R5, R, R7, R, and RO are
|ndependently sel® om the group consisting of hydrogen, hydrocarbyls
(such as glkylu andl ary| s), substituted hydrocarbyls, al koxy, aryl oxy,

hal ogen, } F i R, and wherein adjacent R groups (R3 & R4, and /or
R4 & R5, and , apd/or R7 & R8, and/or RB&R9 ) may be joined to
forma su twFed or unsmpbstituted hydrocarbyl or heterocyclic ring, where
the ring has 5, 6 R?? or 8 Ring atonms and where substitutions on the ring
can jointo f oRem itional rings. 14. Catal yst system conprising a conpl ex
according to any of cRainms 1 to 6 and an acfjipyator or cocatal yst such as

al unoxane or a non-coordinating anion. 15. Polynerization process

conpr i si ngharant Be Rir Ry, ahkBnarermdapardently sbleeted &val ths grapaconsistmg ofdydragem 14
to nmake 3,

golcgl%lyll(se&%éh as alkyls), substituted hydrocarbyls, alkoxy, halogen, amino, and silyl,
and the pairs of positions, and wherein adjacent R groups (R¢&R7, and/or R7&Rs, and/or

5 Rs&Ry) may be joined to form a saturated, substituted or unsubstituted hydrocarbyl or
heterocyclic ring, where the ring has 5, 6, 7, or 8 ring carbon atoms and where substitutions
on the ring can join to form additional rings; and

wherein Ry, Ry, Rs, R4, Rs, Rip and Ry; are as defined in claim 1.

10 12. A pyridyl-derivative of the general formula VIII

(VII)
wherein R3, R4, Rs, Rs, R7, Rg, and Ry are independently selected from the group consisting of
hydrogen, hydrocarbyls (such as alkyls, substituted hydrocarbyls alkoxy, aryloxy, halogen,
amino, and silyl, and wherein adjacent R groups (R3 & R4, and /or R4 & Rs, and/or R & Ry,
15 and/or R; & Rg, and/or Rg&Ry ) may be joined to form a substituted or unsubstituted
hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8 ring atoms and where

substitutions on the ring can join to form additional rings.

13. A pyridyl derivative of the general formula (IX)
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(IX)

wherein

R, is independently selected from the group consisting of hydrocarbyls (such as alkyls and
aryls), substituted hydrocarbyls (heteroaryls), and silyl groups,

R; is -E(Rj2)(R;3)- with E being carbon, silicon, or germanium, each Rj; and R;3; being
independently selected from the group consisting of hydrogen, hydrocarbyls (such as alkyls
and aryls), substituted hydrocarbyls, alkoxy, silyl, amino, halogen, and phosphino,

Ri, R4, Rs. R, R7, Rg and Ry are independently selected from the group consisting of
hydrogen, hydrocarbyls (such as alkyls and aryls), substituted hydrocarbyls, alkoxy, aryloxy,
halogen, amino, and silyl, and wherein adjacent R groups (R; & R4, and /or R4 & Rs, and/or
Rs & R7, and/or R7 & Rg, and/or Rg&Ro ) may be joined to form a substituted or unsubstituted
hydrocarbyl or heterocyclic ring, where the ring has 5, 6, 7, or 8 ring atoms and where

substitutions on the ring can join to form additional rings.

14. Catalyst system comprising a complex according to any of claims 1 to 6 and an activator

or cocatalyst such as alumoxane or a non-coordinating anion.

15. Polymerization process comprising contacting alkene monomer with a catalyst according

to claim 14 to make a polyalkene.
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